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ABSTRACT

A device used for remote controlling and monitoring by digital GSM mobile phone has
been developed. The device was built with MCS51 microcontroller, Commanding was formulated
with SMS technology. The device is capable of providing 8-channel relay output. For monitoring
mode, the device accepts 2-channel pulse,1-channel analog input and 8-bit digital input.The 8-bit

digital input was designed for interfacing the water level sensor.
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SantuTaoTsunsy L5t Saezsmygadiderng  Aéedafadu unzadeoorfiondlndd

muyrtioony uazdugahossfumaudasiegluglveasnivd (uwana HEX)

Mdamnd (umna .0

fnuanSin srmansimIumanaulndl)sun sy

| aawlndlan €51 werldeethondldd (nmema .OBD

woumFuninlas Ls1 unyldeetiondIMdfianysal (vumnn .0BY)
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2.3.2 Inusabuasiszlonlusna

= :Jﬂ = " ] - ] =l 1
mmEPumufidounin Insade 18 lase@oudunguirdinamanFondidn
o 9/ ~ o« ot o o L] o oA = » o o
- $u Tnoyn 9 Tsunsuezdoadifendundnlumsiinu dadeniudu 9 exiFonifedsu
dou ferdusesszennsagaonulFlmild  WwTysunsumuidnindesmsidfulses

-] L ¥ ol Uw o n A
Fosiimsdszmafusdense e nninld msdszamsdndswzidudndelssion
A o ] 4 w & M K '
vosdoyamudindovnaduilsidents Tavkevesdanlsinezdiiulalduasdeslinge
o a_ A nln
Fudfitey (keyword) NitmunldvesnoyIndioed uazmndeamsiszmadainlsnaids

TnodudusftudoynlszmBuatufmusodszmadaauuvendisdld

dsuanvesdeyn | wne @) |

bit 1 0 fe1

char 8 -128 4 127

Unsigned char 8 0 D9 255

int 16 -32768 D4 32767

Unsigned int 16 0 04 65535

fong 32 -2147483648 D4 +2147483647
Unsigned long 32 0 D9 4294967295

float 32 -1.17549 -38 fi19 +3.402823¢ +38

o Y o
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u r v
My eves IsunsummEiuesiauamuidudazfidesesdnuiuly lud
s o a o ! o o w & > A
Fotumuroimsdenidide wieldidmdesq fuldleeldlse Tvamunuiiuiou
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Uselon iffelse @utlse ToaRlFlumsauguhirmsmsvhauves Wsansulnoe:

Suswuomusuudfe jzinzibinbjcine Iasfigauuils: Tenoeauufe

Ll‘]_l‘]_l“ﬁ 1 if(expression)
{
statement;
}
LLU‘]J?T"J 2 if{expression)
{
Staternent I;
}
else -
{

Staternent 2;
}
Tudse Toauuudt 1 szmmsassmeudewlumnidouludiusiedehmuddalunuduin
m mndenludiumeeliiddaluaaiuiinm daludss Tsnuuudt 2 sehimsasas
geuioulymndenlufiussaszimdenaduilonusn (statement 1) Minitouludiu
Wavziddadauluaadinilnn (statement 2)

s Ton switch Silse Toafi 18 unssifidimadennate 9 madennsidseTon
iffelse vzirligerannd WeauiwialdilszTon switch unu Tnsnsasseaoudivesdy
wls k Iwnutunsfila (case) mzﬂzmmuﬁﬁwﬁhnitﬁ&uq unzezeenndsy lun
switch ofafade break winawauls k liwhfunsilamefesiddmssiiveny (e
fault) unw guuuvvestlssTon switch e

switch (k)
{
case 1 : statement 1;
break;
case 2 ; staterment 2;
break;

case 3 : statement 3;
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break;

default : statement 4;

}
L] o & : A e ﬂ’ A L
Uszlon for iWlszTonliidndadn Taeil Snuauseumaifiiniueu Tgduuy

voslsz Tonfe
for(initialization; condition; increment)
{

statement;

}
o & o 4 4 a
sz Tom while Shatlsz lonlivgidedn Tnsasdeaouidon Jomniaeuluduesaee

o o - A ta_ o w
wmudidalnaduinn mndenlvdumess ivinddalusaduiinm Sgduvuvesds:

Tuafie
while{expression)
{
statement;
}

dsglom doswhile Sualse Tonmshddad Tnsszvauddaaadulinnides
udiSaee asreereudonty minderludustsznduumhanddaluraduiiom win
douluthufie 2 lindunwhimdelunadiiinndn glunuveadszlonfle
do
{

Statement;

}

while(condition);
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2.4 mimuunziaaaszeyinaladldinsdwimaeuft GSM
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Tumsdaruarunguld Actuator e 18 Tasdsdrdaluguuuves sMS s

1 o 4 a ! ar A w o @
Tassthwszrn Insfwiinfeusl GSM s sMs szgniulae Ms e Ms dfudmdelugd

yoe SMS fezdedyguli MCU Minsewfdmlafumn wog MCU wlizmanam
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Foyonald MCU shusmduazalssunonadinner iyt Actuator BnATe Actuator
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MS
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2.4.3 wdnnsviveaniuaaskaseezInalanldinsdwiindoun GSM

Tumsuaaanioseeuwace aumesifudarsiudygaduymuns dedy
B - o A [ ng ’ o
g 1Ay McU Mipyszunnnvpedygoniy wogesdawnnsdszuiana inu MS

A : o o - 1 L} 1

Moad1edoaunuy SMS fnoandesfudyg udunnnamumed uazdwuinioiinse
ar A | é o d‘ 1 o' 1

vuTnsfniindoun GSM Feeevimiiids sms lubsdlde uasions SMS #u MS
b & 2 dv © ¥ 1 &

vasfldom densreaunamsurasnationnmuaiuaaasann 4 srananlanamils

A =) c: oy
AlfvSe Wuananadelimsn/fountnmedusunneesszuy

SENSOR :
} NETWORK
LEVEL
TEMP. | i i i

1A 210 uermsmsthenvesnsuananaszes Ina Tasld Gsm
2.5 Msfemni5zHIN MS uaz MCU

msdedoynsEniie Ms uaz Mcu 14 nsfforsuuueynsy & Mou sy id me
Fyanumumelfun medsdeyalyis Ms (Tx) awiudeynnn MS (Rx) unzawdy
QIanI1In (SG) dau Ms AlFmedygnuguifisitiu MCU uimedgyanu Tx 183 MCU
szamdniumedagm Rx ved MS uazmedgqia Tx voe MS szaoidumedoyg i
Rx 489 MCU dhumufigygns SG 183 MS 1oz MCU ezdefiefiu dandadoyase

3
#1198 MCU fiu MS Hoglugduuy Asynchronous
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Tx pPrm————"—== Rx

MCU Ry F=l———— T MS
sg Kl————>> sG

i A ' ' o
1A 211 uaasmndeuARIENIN MCU AU MS

2.5.1 M3A0MI3UUY Asynchronous

Asynchronous Shumsdsesuvylideidlesdie gunsalfivmihiidugsudeyaty
aunsofieedidndoynezdunidels unzAugadoyaideln ﬁufylum'iﬁoms'ﬁ‘aqaaq
ALY Asynchronous edelddnRimudeuuazniavesdadoyn (Data bit) Fediafiery
feudatoyndont strt bit uiinfiuenligunslfdusiudeyadniideyadniun:

ad . ooa . o o d do w s o
finfiogudsintoyaienit stop bit Huiinfivenlgunsaidudivdeyaihdugaves

]

t ]
fatoynuds uazuensniifieramuinasisaounugnaoavesmsdatoya (Parity bit)

B

oy

BaanT10a0uTAeUeUUUAD Even Parity Lia2 Odd Parity §MSULLUY Even Parity

»
o -

A ] L] ] o 1
vumniindeyadeuiin High iWudmaug deassaevdeiiduiiuLow niedriladeyn

da 4 a ar ' 4 sa : a

Aty High Audwoud deamvteudefisndu High Slidumuivenlviifieduda

aruAanma lumsdedoyn dwmiunuy odd Parity mindiadeyafifisuiu High Wud
{ = = 1 = A + &

waud daasavaoudesdiaid Low dminiadeyaindiu High dudioug faassasy

A A ci ] T -3
Aoafisuiiu High e Ikasmveiindoyauns Sansreaenntiauily High Heufiuimou

[}
o

t A l:ly t =y = U
A minldduldeudeulviiteduinnmianainlumsdadoyn

1 Frame Asyschronous

Start bit Data bit Parity bit Stop bit
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yaffsdmiunTes Insinyinfoud Jwady WuyasidefiFondt AT Commands

L]
3

. c:’ o n’: J Y = o -] @ o o
(Attention Command) IR0 wumzwnuﬁw AT uﬁﬂHm:ﬂﬂﬁ'lfJﬂ‘]JﬂTﬁdfﬂ'H‘iU Modem

»
= o o

Fnsusidanlelu myiteiinei

© - Commands " Description
AT Attention
AT+ CSMS Select Message Service
AT+ CPMS _ Preferred Message Storage
AT+ CMGF Message Format
AT+ CNMI New Message Indication to TE
AT+ CMGR Read Message
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AT+ CMGS

Send Message

AT+ CMGD

Delete Message

P 0w LY &4 o o A At -]
#1599 3.1 uepagamdadimiviniod InsAnninneunlendy

L] & o [ o A L1 ﬂ.f [ A o A .ﬂ
TunsdearsnusuTedydnualh 1l d i fueTos Insfmsifountisady o2

L4 ] o A
#owidoyn Tediuguuna Protocal Data Unit (PDU) &aeg o159 ASCIT Code Haumu

o o ol ol 1 A " ﬂv - =y
Fdnusuadgdnuoinieg Fedoyamariiewn 7 On wlaslfifudeynuuin s Saudn

= 1 = 1 :l St
Weultogluglvosaugmufunnidunon SaeymuisadetoynldgnAssaaiinaudade

ya 7 Jalieylugy 8 da uras1ddagl

Character H e I a
7 bit hex x4 B8 D65 x6C 0x6C OxeF
7 bt binary 1001000 1100101 1101100 1101100 11_'1111
MsD~memm- Lsb
2y
Compress |™__& ! e 4 )
to 8 nit 110071000 0a110010 10011011 11111101 110
In OxCB 0x32 0x98 OxFD Ox06
hexadecimal

310 3.1 uamemsutlasdoyn 7 Snlieg lugd 8 Oa

= d's 1 J d'l of  dos o
3.2 Angnisiousoszununiesinidnniviuinsnowinsans

o y W J A o o A A o o = [y
Tumsiudedoyn seniunios InsdwsiindounifuluTasneu Insamedeeiinisfy

1 1] o o ‘ o - é -]
daru Faygo Rx wag Tx Teelmedygnunsnadiuszaudedadaimsiiauee 19 lulas
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tun133%0 19010 Data Link Wums@eudetudaunies nsdmindeuidemelu
&1 Data Link 9iss1/fusedudgyaa i lunmdemsiiiul)amnasgiu Rs-232
safulumsdouroduluTnsaeu Insames Sedealfurssudyane it lumsdons
voeluTnsmedlulnsnouTnsamed Aifhanesgiu RS-232 Aewufulneldnesi

(1c) wes MAaX 232 lumrlfudayem i

Data Link

MCU MS

1 A ¥ A o 4
11# 3.2 nansmiaiondemnies Insdnituu lnsrouTnsamed

A A 1 A o  dw I'd
11/fi 3.3 uannesnanparsudomie Insdwinu lulasnoulnsawes
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3.3 BAUUUNTTITUUAIUUUASUTAIND

RELAY <: ATS89CS2 <:> AT89CS2
1 Channel

B A

L
Il

Interface to MS Interface to PC

Interrupt 0

<_—_—_' ADC
(—

91l 3.4 uansfanisesnuuy RCM Inuld MCU mosfa

4
Tunseenuuuaaiil 1y Tnsnoulnsamesaesdnivuiniu Taylulnsneu
Q IH‘U O = ' o -y g é ~
Tnsawmed A dwmilmiudygrusuwnuazlszuiarndygautunmiu Fduyynauiin
Sudggraeuinenlf Taeliduasdygymeuaondudteeads ity luTasnouTnsained
o

o o = = o A 1 o
A unzSudggrasunmsumesiu uennnil lulnsneuInsamefmuisadeudofiu pc
I8 lnedusaadygaassoatiuinasgu rs232 dmivlulaseeuinsamed B W

d’ A L o T o o o ) O
miiseudeiy Ms Taokudunlasszfudygyuavasadfudygauinsgu RS-232 ung
4w 4 ¢ p
eudnfiu Relay Modluoriynlunsnugy Taslulasaeulnsawed B wwilszuiom
Y A o W e M
foyanmuein Ms oniugu Relay unglulnsneulnsames B Hifuddeninlulnsnou
A4 &
Tnsmand A wedAnrnfiu MS Ay
Qs P |- [V o o o

NAURUR29II3N 3.4 wuhilaugudouiunsfsuse s lunsniuguns
-] A ol . 2
Memnn Wesnndeslfeefinitaomeivinilunsaiugu Mcu mesdaliheom

¥ [ o o o'a
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»
] [ 7] o o A
Whindn et

£ a4
WNAY SuA1 RCM
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BATTERY

RCM Higaeiudggiaeuiaen 1 499 vefudgqudumest 2 vofe Interrupt
4
0 uae Interrupt 1 tazivesiudggnudmiumsinseduii [Ane 8 sedu diuvosdoygu
wTiWnasenIugadld 8 Yoe lussuumeadhaueld McU ATsocss Timiienay
o F-1 -] = Y DY Y or A 1 = A o o dl .:q'
fuuunvar 20 kbyte HoedRe? Ivesdimiusoude PC H301AT09 INTARARADUT 1
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1 A -] a L] l A
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PC or Mobile Phone

UM 3.5 ueRHINIIORAUUL RCM

RELAY A <: ADC
8 Channel N
ATS9CSS5 <: Interrupt 0
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Level ::> < Interrupt 1
MAX 232
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71 4.6 UAAINTHNAINANBLTIBIIUA TG IUBUIADNA

Wit | dyaaewaen (v) | misendideminsiing (Unit mitldornTnsdnit (v)
1 0.0 0.0 0.0
2 0.5 27 0.5
3 1.0 5.3 1.0
4 1.5 8.0 1.6
S 20 10.5 21
6 2.5 13.1 2.6
7 3.0 158 3.1
8 35 18.3 3.6

4,0 21.1 4.1
10 4.5 237 46
11 5.0 25.5 5.0
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:nts and Settings\Lim Only\My Documents\keilProgramming\rcmv2.c 03/14/06 14:42:40

eerrrearnr ey heesar e abasean RCMVZ . .o vvnrrrtnanans sreseresrerrraas e/
3 's program for " Remote control and menitoring by GSM mobile phone " /7
jn and develop by Ch.RBoonyarit & Th.Ananpanyavong. Department of Applied /7
;,King's Mongkut Institute of Technology Ladkrabang,Bangkok,10520,Thailand //
*/

<regx53.h>

char get_value[80], index_get;

int value_int(, fifty milli;

_intl, count;

_a,hour_b,min_a,min_b,phone_nunker[8),mode, reset, new_mode;

uncticn for initial program XXXXAXKEXXNRXAXEXANXAXXXXAXAHXAXRXXAXAXXKRRXHEXKK

9w

vay

zial_interrupt(void}

= 1; //Enable Interrupt

= 1; //Timer2 Interrupt

= 15 //External Interrupt 1

= 1; //External Interrupt O

= 1; //Interrupt at INT1 1 at 0O
= 1; //Interrupt at INT0 1 at O

J({void) interrupt 0O

NO;
0;
N0=0; w0<=30000; wO++)

s_intlO++;

Li{void) interrupt 2
wl;

0;
#1=0; wl<=30000; wl++)

2_intl++;

ial intertupt(veid) interrupt 4

0:
I == 1) // IF interrupt by reciver data work in klock

get_value[index_get} = SBUF;:
index_get++;
if (index_get == 67} //check for control
{
if{get_value[62] == 0x31)

{
if (get_value[35] == phone_number[2])

if{get_value[36] == phone_number([l]})
{ if{get_vaiue[37] == phene_number{4])
( if {get_value[38} == phone_number([3])
: if (get_value[38] == phone _number([6])

{
if{get_value[40] == phone_number[5])

if(get_value[Ql] == phone_number[S])
{
if(get_value[42] == phone_number[7])

{
if (get_value[&3] == 0x32)

switch(get_value[64]}
{
case 0%x41 : new_mode = 0;
break:;
case 0x33 : new_mode = O;
reset = 0;
break;
default : new_mode = 1;
reset = 1;
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}

:r2_interrupt{void} interrupt 5

7 milli++;
= 0

tial_timer2(veid) //Timer2 Mode (O auto~reload 16 bit

0x00;
0;
0;

L. I O AT IO (Y
(=)

tial_serial (veid)

= 0x21: /{ Timerl ModeZ (B bit autoc reload) for serial port
// and Timer0 Mode 1

= 0Ox50; // Setup for 8 bit data

= OxFD; // 5et 9600 bps (FD) 4800 (FA) Timerl default

= 0; // Clear bit over flag Timerl

= 0; // Clear bit over flag TX

= 1; // Start Timerl

e_int0

SubfunCction PrOQIAIM —s===rm—— e o s e e e oSS ST S
d_serial {unsigned char *s)

e{*a != 0x00)
SBUF=*5;
while {!TI};

TI = 0;
s++;

ar_time{veid)
ew_mode == 0}

count = 0;

ﬂ_ﬁelay(void)

y_milli = 0O;
e {count)

if(fifty milli <= 1000)
{
switch(fifty milli)
i
case 0 i WR = 1}
clear time(;;
break;
case 38 : WR = 0;
break:
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case

case

case

case

casge

case

case

case

case

case

case

case

case

case

case

cage

case

case

case

cagse

case

case

case

case

case

case

case

case

case

case

case

cese

case

case

case

40

78

80

118

120

158

160

158

200

238

240

278

280

3le

320

358

360

388

400

438

44¢

178

480

518

520

558

560

598

6C0

638

€40

678

68C

718

720

: WR =

. WR =

: WR =

: WR =

: WR =

: WR =

: WR =

. WR =

: WR =

: WR =

: WR =

: WR =

I WR =

P WR = 1;

clear_time();
break;

: WR = 0;

break:

: WR = 1;

clear_time();
break;

1 WR = 05

break;

WR = 1;
clear_time{);
break:;

WR = 0;
break;

WR = 1;
clear_time (};
break;

! WR = 0y

break;

1;

clear time(};
break;

0;
break;

WR = 1;
clear_time(};
break;

! WR = 0;

break;

i:
clear_time();
break;

: WR = 0;

break;

1;
clear_time():
break;

: WR = 0g

break;

WR = 1;
clear_time();
break;

WR = 0;
break;

WR = 1;
clear_time{);
break;

WR = 0Oy
break:

1;
clear_time();
break:;

: WR = 0;

break;

: WR = 1;

clear time (};
break;
Q:
break;

: WR = 1;

clear time():
break;

: WR = 0;

break;
1;
clear_time({);
break;
WR = 0;
break:
1;
clear_time(}:
break;
0;
break;

: WR = 1;

clear time();
break;

'K
break;

1;
clear_time!();
break:

0;
break;

1;

clear time()-
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case

case

case

case

case

case

case

case

case

case

case

case

case

}
]

758

760

7986

Boe

838

840

878

880

918

520

558

960

998

: WR

: WR

: WR

break;

Q:
break:

1;
clear_time():
break;

o;
break;

WR & 1;
clear_time{);
break:

WR = 0;
break:

: WR = 1;

clear_time ()7
break:

: WR = 0;

: WR

: WR

: WR

¢ WR

break;

1:
clear_time(};
break;

0;
break;

1;

clear time(};
break;

0
break:

WR = 1;

clear time();
break;

WR = 0;
break;

LE(fifty_milli == 1000}

[

"WR = 1;
fifty mil
count--;

1i

0;

_time_delay({void)

a,b,c,d,e, ;
10;

50;

a*b;
our_a*c;
aour_b*b;

nin a*a;

[

L= {{d+e)+f)+min_b;

_delayl):

ay_ceommand (unsigned int a}

gned int i,¢t;

L = 0;
1=0; i<=a; i++}
for (t=0; t<=a; t++)

{
!

SMS Function XXHXXAAXXXXAAXKEEAKXKAXAHAMHEEXAXXXXXAEAAAAHARHAAAKAREARAALXKKKKK

Library protocal sms

void)
_serial ("0");
void)
_serial [("1");
void)
_serial({"2"):
void)

_serial{"3");
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roid)
serial{"4");
roid)
aerial ("5");
roid)
_serial("6");
roid)
_gerial {"7");
roid}
_serial(“e");
roid)
_serial("3"};
7oid)
_serial{™a"};
/oid)
_serial ("b");:
Joid}
_serial("c");
sold)
_serial ("d");
vold)
_serial({"e");
vold})

_serial ("f"};

Library of NumeriC——r—rmre—m—mrroe e e e T T
6 {void)

;xb()ixB ()
7{vold)
PR 2xT ()
{vold)
ix8 ()
{void)
iXB{):
(void)
ira{):
(void)
ixb():
{veid)
rxe{);
{void)
(x00);
{void)
Fl{)e

{void)
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X2 )i
(void)
X0}
{void)
tx1():
{void)
P2}

Point one digit (.0} --—-—=--=-mmm————weenm
{veid)

rzbb6 ()}
(void)
:2bb6{)
(void)
rzbbb ()
(void)
rzbbB () ;
{vold)
;zbb6 ()
{veid)
;Ibb6 ()}
{void)
:zbb6 ()¢
{void)
;Tbb& () !
(void)
izbbT ()
(void)

;zbb7{);

Two digit (00) -=w-s-—ve—re—m—mm—m
(void)

yiz98 () ;
{void)
Y;298();
{(veid)
):z292():
{void)
Yiz99():
(void)
Yiz9al):
{void)
Yyiz9af);
{void)
Yizob ()
{void)

):z9b () :
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{void}
Jizoe(}:
{void}
1:1z89c ()
{void)
y:z98();
(veid)
1iz98B();
{void)
1:z881():
{void)
):z09(}y
{vaid)
yizlal{):
{void}
Yiz9al);
{velid)
Yiz8b (};
[vold)
}rz8b();
(void)
Yiz8c ()
[void)
Yrz9e{):
{void)
Y298 ()
{void)
Yrz98();
Ivoid}
1:298()
{veoid)}
}iz99():
{void)
yiz9al)s
[void)

y;zhal(}s

T3 P — B S U
h_electric_int0{veid) //INTOD

_serial("5a5£fd13a50915dled3e5e971980d");
n_overrange (veid) //INTQ
_serial{"5a5fd13ad0d35e9683e461£Tba0c");
water P2(void) //P2

_serial ("6aB96e9f2b20e740dd3cb7210bbec2fb341");

sensor_error{veoid) //p2
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serial {"6a96e%f2b20e342dhbeT6£3%a02¢c% 70 esS");
leasure (void) //INT1 and ADC

serial ("aabad3741daB8580ecfebf272bbecat03");
wverrange (void) //7INTL

serial ("aabad3741deB632fcbqlf2blIb5c0601™);

'le code for send sms (first gsm code(}; + lim number(); + after_phene{); + PDU + finish_gsm code(};)
't_gsm_code {veid) //first code

serial ("0011000aalée™);
:r_phene_code_electric_int0({void)//INTO
serial {"0000fF14™);
tr_phone_code_measure (void} //INTL

//ADC
serial ("0000Ff16"M);
ir_phone_ceode_water P2{void) //Water level
serial ("DQO0O££18");

.sh_gsm_code (veid) //code end after PDU ward

_serlal ("04028140");

_humber (void) //phone number
th {phone number (2]}

;ase Ox30 : x0{j:

break:
case 0x31 @ =1():
break:
rase O0x32 : x21();
break:
rase OX33 @ x3():
break:
case Ox34 : x4(};
break;
zase 0x35 : x5();:
break;
~ase O0x36 : x6/();:
break:
zase 0x37 : x71{);:
break;
case OX38 : x8B8():
break;
zase 0x35 : x9();
break;

ch (phone_number([1])

case Ox30 : x0{};

break;
case O0x31 : ®1()7
break;
case 0x32 : x2();
break;
case 0x33 : HA3({);
break;
case O0x34 : x41);:
break;
case 0x35 @ x51{);
break:;
case O0x36 : x6();
break;
case Ox37 :© x7{j;
break:;
case 0x38 : x8(}:
break;
case 0x39 : x9();
break;

ch{phone_number([4]}

case 0x30 : x0{();
break;
case 0Ox31 : x1¢();




:nts and Settings\Lim Only\My Documents\keilPrograrming\rcmv2.c 03/14/0€ 14:42:40

break;
tase 0x32 : X2(}:
break;
zase Ox33 : x3();
break;
rase Ox34 : x4¢{);
break;
tase O0x35 : x5{():
break:;
rase 0x36 : x6{):
break;
sase 0x37 : xT();
break:
rase 0xX38 : x8();
break;
zage 0x3% : x8(}:
break;

ch (phone_numbker[3])

zase 0x30 : x0{):

break:
zase 0x31 : x1{():
break;
rase Ox32 : x2():
break:
zase 0x33 : x3{):
break;
zase Ox34 : x41();
break;
zage 0x35 : x5():
break;
case 0x36 : x6();
break;
zagse 0x37 : xT7{):
break;
~ase 0x38 : x8():
break;
sase 0x39 : x9():
break;

zh{phone_number([6])

zase 0x30 : x0();

break;
case 0x31 : x1()/
break;
cage O0X32 : x2():
break;
case 0x33 ; x3():
break;
case 0x34 : x4{);
break:
cage 0x35 : x5();
break;
case 0x36 : x6{):
break;
case 0x37 : x7():
break;
case Ox38 : x8(};
break;
case O0x39 : x9();
break;

ch (phone_number[5])

case 0x30 : x0{);

break;
case 0x31 : =1{);
break;
case 0x32 : x2();
break;
case 0x33 : x3{);
break;
case Ox34 : x4(});
break;
case 0x35 @ x5{):
break;
case 0x36 : x6{):
break;
case 0x37 : x7(});
break;
case O0x38 : x8{);
break;

case 0x39 1 x9()¢
break;
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hi{phone_number[8]}

ase 0x30 : %0{);

break:
rase 0x31 @ x1{};
break;
tase OX32 : x2():
break;
tase 0x33 : x3(});
break:;
case 0X34 : x4();
break;
tage 0x35 : x5{);
break:
tase 0OK36 : x6{);
break:
rase 0x37 : x7():
break;
rase 0x38 : xB8{);
break;
tase 0xX39 ; x9():
break:

*h{phone_number{7])

rase Ox30 : x0{);

break:

rase Ox31 : x1()!
break;

rase 0x32 : x2();
break:;

rase Ox33 : x3();
break:

xase 0X34 : x4¢):
break;

zase O35 : xH5{):
break:

tase 0X36 : x6();
break;

case 0X37 @ =x71():
break;

rase 0x38 : x8();
break;

rame 0X39 : x9{);
break;

mmand for send SM§ ~—werorc—vam——- ——— e e s e e o ek

i now(vold) //command to send sms

_serial ("\xla");
y_cormmand (260) ;

t command {void} //command test AT command wWith the phone

_serial (Mat\r");
y_command {2€0) ;

nand_send_electric_intO({void)//command for initiazl to send PDU to the phone for moni electrical function

_serial {"at+cmgs=35\r");
y_command (Z60) ;

mand_send_water F2(void} //command for initial to send PDU to the phone for moni water level function

_serial ("at+cmgs=38\r");
y_command {260} ;

mand_send measure (void) //command for initiel t¢ send PDU to the phone for moni measurement intl functi

//and for moni measurement adc function
_serial ("at+cmgs=37\r")/
y_command (260) ;

_get_sms{void)

0;

_command {) ;

_serial ("at+cnmi=3,3,0,0,0\c");
y_command {260) ;

’

omment function for sms —=--——-mr s —em e e e e
ote moni begin{void)

0;
command {) ;




:nts and Settingsi\Lim Only\My Documents\keilProgrammingh\remv2.c 03/14/06 14:42:40

serial {"at+cmgs=38N\r");

*_command (260} :

:_gsm_code{);

wumber (};

_Berial ("0000L££17");

serial ("d272fb4d2fB3%a€L779afeS6a7dd6730b07c4ebb01") ;
ih_gsm_code();

nowi);

+_command (800} ;

1;

ste_con_ready{veid)

0;

jet_sms{];

serial ("at+cmgs=35\r"};
/_command (260) ;
:_gsm_codel);

wumber(};

_serial {"0000L£f14"™);
serial ("d272fbqd2£83866£275dfe6683a4e530380£f");
sh_gsm_code (};

now{]);

+_command (800) ;

1;

_successfully(veid)

0:

command{) ;

_Serial ("at+ocmys=35\r");
?_command {260) 7
:_gsm_code{);

wmber ()

_serial {("0000££14"™);
Sserial ("c3b79b2e7fb341d3faT85chectcd75363b0EY);
sh_gem_code();

_now{);

/_command (800) ;

?

1 e L L B T B 1 e o e e L e e e e e M B e e e i B o i e T B T T S e T i o A 2 e

error(volid)

0;

_command (};

_serial {("at+cmgs=29\r");
y_command {260} ;
:_gsm_code();

umber(};
_serial("0000ff0d");
_serial ("c3b79b2e7fb34145L9fc2d07") ;
sh_gsm_code();

Jnowid;

y_command {800) ;

1;

i password ck(void)

a;
_command.{}

serial {"at+cmga=27\r");
y_command (260) ;
t gsm code{};
number () ;
serial ("0000ff0b™);
_serial("d0f07c7e7fcbc9ale712");
sh_gsm code{);
_now(};
y_command {BQQ) ;

1:

d_error{void}

0;
_command () ;
_serial {“at+cmgs=22\r"}:
y_command (260} ;
t_gsm code():
number ()
_serial ("QQ0QEf05");
_serial ("45a8£42905"};
sh_gsm_code ()
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now{):
_command (800) 7
1:

_reaset_ock{void)

0:

conmand () ;

serial ("at+emgs=24\r™);
'_command (260) ;
_gsm_coede();

umber () ;

serial ("GQOOff0B");
serial{"d2e2b448053a57");
h_gsm_code({]s

now(i;

_command (800) ;

1: -

|_new_mode (void)

Q:

command () ;

serial ("at+cmgs=24\zr");
r_command {260} ;
._gsm_code({);

umber{):

serial ("000OLL08") ¢
serial ("cee2l5d47¢c128b™);
th_gsm_code () ;

nowi);
r_command (800} ;
1:

‘unction contrel & monitoring
‘unction for monitering electrical energy {intQ) -=-—--ccmmmccmmmr e
._electric intO(volid)

0;

command (] ;
ind_send_electric int0{);
i_gsm_code () ;

wmber ()¢

:_phone_code_electric_int0{);

1lue_intb <= 599) // 00.0kwh - 00.9kwh
00 () ;

LE{value_int0 <= 39)

x_00)¢
!
.flvalue_int0 >= 60)
" if(value_intO <= 119)
{
X_1():
H
}
if (value_int0 >= 120)

[
if({value_intD <= 179}

X_2()2

}

}

Lf{value_int0 >= 180}

{
if(value_intd <= 238)
(

)

x _3();

1
if{value int0 >= 240)

{
if(value_int0 <= 259)

{
i

X_40)¢

}
if(value_int0 >= 300}

{
if{value_intQ <= 359)

{
}

x_51):
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]
if{value intd >= 360}
(
if(value_int0 <= 419)
{
X_6{}s
!
]
if{value int0 >= 420)
{
if{value_int0 <= 478)

{
)

®_7{):

)|
if{value intl >= 480}
{
if(value intQ <= 539}
{ -
x_B()s
}
}

if(value int0 >= 540)
{
if({value intC <= 598)

{
}

¥ _S0):
}
alue_int0 >= €00} //value ts 01.0kwh - 01, Skwh
if{value_int0d <= 1199}
{
®01(});
if (value_int0 <= 658)
{
x_0():
)
if({value_intC >= €60}

if(value_int0d <= 7183}
{

}

x_14);

}

if{value_int0 >= 720)

{
if{value_int0 <= 779)
{

)

x_2();

}
if(value int0 >= 780)

{
if{value_int0 <= B39)
{

}

}
if{value_intD >= 840)
(

X_3{};

if(value_int0 <= 899)
{

x 4{):
}

}

if(value_int0 >= 900)

{
if{value_int0 <= 859)
{

}

X 5¢(};

}

if{value int0 >= S60)

{
if(value_into <= 10189)
{

t

x_6();

}
if{value_int0 >= 1020)

{
if{value_int0 <= 1079)

{
)

x_7(1;
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}

if{value_int0 >= 1080}

{
if{value_int0 <= 1139j
{

]
}
if{value_int(l >= 1140}
{

x_8B();

if({value_int( <= 1199)
{

)

®x_90)#

|
1lue_int0 >= 1200) //value is 02.0kwh - 02.9kwh

if(value_intd <= 1739)

{
x021(};
if (value_int0 <= 1259)
{

|
if{value int0 >= 1260D)
{

x_04):

if{value_int( <= 1315}
{

}

x_1(};

}
if(value_int0 >= 1320)

if{value_int0 <= 1379)
{

)
]
if{value_int0 >= 13280)
{

X_21);

if (value_int0 <= 1439)
x_30):
}
)
if{value_intQ >= 1440}

!
if{value_intd <= 1458%)

{

}
'
if{value_intd >= 1500}
(

X _40):

if(value_int0 <= 1559)

x_S50);
}
}
if (value_int0 >= 1360)
{

if{value inth <= 1619}

x_6();
1

}
if {value_intC >= 1620}

{
1f{value_int0 <= 1679)

x_T();
]
1
if{value_intC >= 1E80]

{
if(value_int0 <= 1729)

{
}
}

if (value_intQ >= 1740)

x_ 8()¢

if{value into <= 1799)
{
X S(ys;
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!
}
}

alue_int0 >= 1800) //value is 03.0xwh - 03.9kwh

if(value_int0 <= 2399)
{
Xx03{});
if (value_int0 <= 1859)

x 00y
}
if{value intd >= 1860)
{
if{value_int0 <= 1919)

{
X_14{);
} -
}
if(value_int0 >= 1920}
{

if(value_int0 <= 1%79)
{
}

)

if{value_int0 >= 1980)

{

®_20);

if{value_int0 <= 2039)
{

}

x_3();

1
if(value_intC >= 2040}

{
if{value_intd <= 2099)

{

)
}
if(value int0 >= 2100)
{

®_40);

if{value_int0 <= 2159)
{

)

}
if{value_int0 >= 2160)

x_5();

if(value_int0 <= 2219)
{

]
J
if({value int0 >= 2220)
{

® _60);

1f{value_intQ <= 2279)
{

}

x_10);

}

if{value_intd >= 2280)

{
if(value_int0 <= 2339)
{

}
}
if(value_int0 >= 2340)
{

x_8{():

if{value_intQ <= 2399}
{

}

x_9();

}
alue_int0 >= 2400) //value is 04.0kwh - 04.9%wh

if{value_int0 <= 2999)

{
x04();
if(value_int0 <= 2459}
{

}

¥ 00}z
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if(value_int0 >= 24E0)
{.
if {value int0 <= 2519)
i
x_10);
t
)
if{value_int0 >= 2520}

{
if{value_int0 <= 2579)

x2():
}
}
if(value_int0 >= 2580)

{
if(value_int0 <= 2639)

oM 3
H
]
if({value_intd >= 2640}
{
if(value_int0 <= 2&99)
{ .
x_440):
I

)

if{value_int0 >= 2700}

{
if(value_intd <= 27589}
{

}
1
if (value_int0 »>= 2760)
{

x50

if(value_int0 <= 2819)
x_6();
}
}
if(value_int0 >= 2820)
{

if(value_intD <= 2879}
{

]
}
if{value_int0 >= 2880}
{

x_T0):

if(value_intQ <= 2939)
{

}

x_B0):

}
if(value_int0 >= 2940}

{
if(value_intd <= 299%)

x 9()¢

}
alue_int0 >= 3000} //value is 05.0kwh - 05, %kwh

if(value_intd <= 3599)

{
x05(};
if{value intd <= 3038)

x_0{};

!

if{value_int0 >= 3060}
if{value_int0 <= 3119)

® 10):

1

!

if (value_int0 >= 3120)

if(value_int0 <= 31789)
{

i

x 2017
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}
if[valuerintD >= 3180}
{
if{value int0d <= 3239)

{

]
H
if{value_int0 >= 3240)
{

X 307

if(value int0 <= 32899
{

1
)
if{value_int0 >= 3300)
{

x_41):

if(value_int0 <= 3359)

x_5();
)

if{value_int0 >= 3360}
{
if{value_intQ <= 3419)

x_6()7
H
)
if{value_int0 >= 3420)
{
if({value_int0 <= 34789)
{

!

x 70

|
if(value_intD >= 3480)
{
if{value_int0 <= 3538§)

{
i

x_B();

1
if(value_int0 >= 3540}
{
if{value_int0 <= 35899)

{
)

X_9();

}
alue_intQ »>= 3600) //value 1s 06.0kwh - 06.9kwh

if(value_int0d <= 4159)

{
®06¢(});
if{value int0 <= 3659}
(

}
if{value int0d >= 3660)

{

x_04):

if (value_int0 <= 3715}
{
x 1();

i
}
if (value_int0 >= 3720)
{
if{value_int0d <= 3779)
X_2()¢
}
1
if{value_int0 >= 3780}
(
if(value_int0 <= 3839)

X_3{():
}

if({value_int0 >= 3840}
if({value int0 <= 3899)

Xx_40);
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)

}

if(value‘intO >= 3900)

{
if(value_int0 <= 35859)
{

}

X_5();

)

if{value_int0 >= 3960)

{
if{value_intd <= 4019}
{

]

X _60);

}
if{value_int0 >= 4020)

{
iffvalue int0 <= 4079)

X 70)s
}
}
if(value_intd >= 4080)
{
if(value_intQ <= 4139}

#_BI():
}
)
if (value_intl >= 4140)
{
if{value_intd <= 4199}
{

1

® _90)s

1
alue_intd >= 4200) //value is 07.0kwh - 07.9kwh

if{value intD <= 4799)
{
®r07();:
if{value_int0 <= 4259}
{
x_0();

if (value_intD >= 4260)

{
if {value_inth <= 4319)

{
}

]
1f{value_int0d >= 4320)
{

H_14)¢

lf(value_intQ <= 4373}
{

}
}
if (value_intD >= 4380)
{

x_20);

if(value_int0 <= 4439)
{

}
}
if{value_int0 >= 4440}
{

¥ _30);

if{value_intd <= 449%3)

x_40);
}

if{value_int0 >= 4500)
{
if{value_int0 <= 4553)

x_51);
}
)
if{value_int0 >= 4560)
{
if({value_int0 <= 4613)
{
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x_6();
b
}
if(value_int0 >= 4620}

{
iffvalue_intd <= 4679)

® 7005
1
j
if{value_int0 >= 4680}
{
if{value_int0 <= 4739)
{

!

H_B()s

)

if{value_int0 >= 4740)

; _
if({value_int0 <= 4799}
{

)

x_S50):

lue_int0 >= 4800) //value is 0B.0kwh - 0B.9kwh
£(value_int0 <= 5399)

x0B{);
if(value_int0 <= 4859)
{

}
if(value_int0 >= 4860}

{

x 00);

if{value_int0 <= 43918)
{

!

®_14):

)

if{value_intD >= 4520)

{
if(value_int0 <= 43879)
(

3

x 207

ifi{value_int0 >= 4980)
{

if(value_int0 <= 5039}
{
}

)

if (value_int0 >= 5040)

®_3()¢

if(value_intd <= 5089)
{

1

x_4();

}
if{value_int0 >= 5100)

{
if{value_int0 <= 53159}
{
)

}

if{value int0 >= 5160)

{

x_5(1:

if(value_int0 <= 5219)
{

!

T x_6{)s

}

if{value_int0 >= 5220)

{
if(value_int0 <= 5279}
{

1

}
if (value_int0 >= 5280)
{

x 7():

if(value_int0 <= 35339)
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{
)

x_8();

]
i1f(value_int0 >= 5340}
{
if (value_int0 <= 3399)
{
x _9();
1

lue_int0 >= 54900) //value is 09.0kwh - 09.9kwh
f{value_int0 <= 5999)

x08();
if{value_int0 <= 5459)
{
x_0{);
1
if (value_int0 >= 5460)
{
if{value int0 <= 5519)
{
x_1();
)
)
if(value_int0 >= 5520}
{
if{value_int0 <= 5579)
{

]

x 20}y

)
if{value_lnt0 >= 5580}

{
if({value_intQ <= 5635}
{
]

)

if({value int0 >= 5640)

x 3();

if{value_int0 <= 5699}
{

}

1
if(value_intd >= 5700)
{

z_40);

if{value_int¢ <= 5755]
{

1

x_5();

)
if(value_int0 >= 5760}
{
if{value_int0 <= 5819}
{
x_6(};
1

)
if(value_int0 >= 5820}
{
ifi{value_int0 <= 5879}
{
x_T03;
} .
}
if(value_int0 >= 5880}
{
if{value_intd <= 5939)
{
x 8();
]
}
if(value_int{ >= 5540}
{
if {value_int0 <= 5399)

x_91{);:
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-ue_int0 >= 6000) //value is 10.0kwh -~ 10.9kwh
{value_int0 <= 6599)

x10{};
if{value_int0 <= 6059)

{

]
if(value_int0 >= 6060)

{

x_0()s

if(value_int0 <= 6119}

x_10)¢
}
1
if (value int0 >= £120)

{
if{value_int0d <= 6179}

x_2(}7
]

}
if{value_int0 >= &180)

{
if (value_int0d <= 6239}

x_3{):
}

]
if(value_int0 >= 6240}

{
if{value_int0 <= 6299)

x_400:
}

)
if(value_int0 >= £300)

1f({value_intl <= £359)
{

}

x_500¢

}
if{value_int0 >= 6360}

{
1f{value_intl <= 6419)

{
!

®_6()7

)
if(value_intD >= 6420)

{
if(value_int0 <= £479)

{
}

x_7T0):

if (value_intC >= 6480)
1
if{value_intl <= 6339)
{
x B():
}

}
if{value_int0 >= 6540}
{
if(value_int0 <= §599}
{
x_ 900
}

]

alue_intl >= 6600} //value is 11.0kwh - 11, Skwh

if{value_int0 <= 7199)
{
x11{);
if(value_intd <= £659)

x_0{};

}

if{value_intD >= 66E0)

1
if{wvalue_int0 <= €718}
{




ts and Settings\Lim Only\My Documents\keilProgramming\rcmv2.c 03/14/06 14:42:40C

x_1()¢
}
}
if{value_int0 >= €720)

(
if(value_int0 <= 6779)

x_2{);
}
}
if({value_intd >= €780]

{
if{value_intd <= EE39}

® 3();
)

)

if{value_int0 >= 6B840)
q .

iftvalue int0 <= 6839)
{

1

®_4():

]
if{value_int0 >= E300)

if(value_intd <= 6955}
{

)
)
if(value int0 >= €960)
{

x_5()s

if{value int0 <= 7019}
{

S
)

if(value_intQ >= 7020}
{

x_6();

if(value_int( <= 7079)
{

]
)

iflvalue_int0 >= 7080)

®_74):

if{value_int0 <= 7139}
{

}

% _Bi);

H
if(value_int0 »>= 7140}

{
if (value_int0 <= 7189)

x _91{);

1lue_int0d >= 7200} //value is 12.0kwh - 12.5kwh
f{value_int0 <= 7739)

x12():
if{value_int0 <= 7259)
{

}
if({value_int0d >= 7260)
{

®_0f};

if({value_int0 <= 7315}
x_1{):
}
}
if(value_int0 >= 7320)

if{value_int0 <= 737%)
{

}

x_20);

}
if(value int0 >= 7380)

{
if{value_intD <= 7439}
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{
x_3(};
}
}
if(value intD >= 744D0)

if (value_int0 <= 7499)

x_4{);
)

]
if{value_intlh >= 7500}
{
if{value_intD <= 7559)
{
x_5()¢
!
]
if(value_int0 »>= 7560Q)
(
if({value_int0D <= 7619}
{

!

x_60):

}

if(value_int0Q »= 7620)

{
if {value_intD <= 7679)
{

1

x_T{y:

}

if{value_int0 >= 7680)

{
if{value_intQ <= 77338)
{

}

x_8();

1
if(value_int0 >= 774D}

if(value_int0 <= 7799)
{

}

x_9(}s

tlue_intD >= 7800} J/value is 13.0kwh - 13.9kwh
flvalue_int0 <= 8399}

X13(}-
if{value_intd <= 7859}
i

X G{):

if{value_int0 »>= 7860}

{
if(value_int0 <= 79315)
{

)

x_1(0v;

}

if{value_int0 >= 7520}

{
if{value_jint0 <= 75759}
{

]
i
if{value_int0 >= 78580}
{

x_20);

if{value_int0 <= 8039)

x_3{);:
}

)
if (value_int0 >= 8040)

if{value_int0 <= B0S9)
{

}

x_ 40)¢

1
if (value int0 >= 8100}
{
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if{value_int(0 <= €158)
{

1

®_5();

}

if{value_int0 >= B160)

{
if{value_int0 <= BZ19)
i

J

x_B():

!
if (value_int0 >= B8220)
{
if (value_int0 <= 8279)

x_70):
)
) -
if(value_int0 >= B280)
{
if{value_int0 <= 8339)
{

)
!
if(value_int0 >= 8340)
{

X B(}:

if(value_int0 <= B399)
{

)

x_90)¢

lue_int0d >= B400) //value is 14.0kwh - 14.89kwh
fivalue_int0 <= B8589

x14{):
if{value_int0 <= 8§439%)
{

)
if(value_int0 >= B460)
(

®_0():

if (value_int0l <= B85189)
{

}

x® 107

)|
if(value_int0 >= B520)

{
if({value_int0 <= B5379)
{
}

}

if(value_int0 >= B580)

{

x_20);

if(value_int0 <= BE39)
{

)

if{value_int0 >= B640)
{

x_3();

if(value_int0 <= 8695}
{

}

x_40);

)
if {value_int0 »>= 8700)
{
if{value_int0 <= 8759}
{
x_5{):
]
}
if(value_intD »= B7€0)
{
if{value _int0 <= BEL13)
{

}

®_61);

}
if (value_int0 >= B820j
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{
if{value_int0 <= 8873)

{

)
}
if(value_int0 >= 8880}
{

® 7Y

if{value_int0 <= 8939)
{

}

x_81();

}
if{value_int0 >= 8940)
{
if(value_intd <= 89%99)
{
x_9();
' -

}
alue_int0 >= 39000) //value is 15.0kwh - 15.%kwh

if(value int0 <= 8599)

{
x15¢():
if{value_intQ <= 3059}
{

1
if(value_int( >= 9060}
(

x_0()s

if{value_int{ <= §11%)
{

)

)
if(value_int0 >= 9120)
{

X_L1():

if (value_intQ <= 9179)

R_2{);
1
)
if{value int0 >= 9180}
{
if(value_int0 <= 9239)
{

}
!

if (value_int0 >= 9240)

x 30

if (value_intQ <= 9299)
{

}
H
if(value_int( >= 3300}
{

x_41(};

if{value_intQ <= 9359)

X_S0;
1
}
if{value_int0 >= 9360)
{
if(value_intQ <= 9413}
{
x 60)¢
}

if{value_int0Q >= 9420)
{
if{value_intQ <= 9479)

x T
i

if(value_int0 >= 9480)

{
if(value_int0 <= 9538}
{

1

X_B(};
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if{value int0 >= 5540)

{
if(value_int0 <= 95989)

x_9(}:

ue_int0 >= 9600) //value is 16.0kwh -~ 16.8%9kwh
I(value_int( <= 1019%)

x164} ¢
if(value_int0 <= 9659}
{

}
if(value_int0 >= 9660}

{

x_0();

if{value_int0 <= 9719}
x_10):
}
1
if(wvalue_int0O >= 8720}
{

if{value_int0 <= 9779)
{

}

x_21{);

|
if{value_int0 >= 3780}

if (value_int0 <= 5839)
x_30);
}
!
if (value_int0 >= 8840}

if(value_int0Q <= 9859)
{

]
)

if({value_int0 >= 9900)

x_40):

if{value_intQ <= 5859)
{

1

x_50);

]
if({value_int0 >= 5860)

if{value_int0 <= 10019%)
{

}
}
if(value_int0 >= 10020)
{

x_6(};

if({value_int0 <= 10079}
{

)
I
if{value_int0 >= 10080)
{

x 707

if{value int0 <= 10138}
{

x_8{);
]

}
if{value_int0 >= 10140}
{
if(value_int0 <= 10199)

x_9¢);

)
alue_intQ >= 10200) //value is 17.0kwh - 17.9kwh

if{value_int0 <= 10739}
{
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®1T7 (s
if{value int0 <= 10259}
{

i
if{value_int0 >= 10260}

{

X 04);

if(value_int0 <= 10319}
{

!
}
if{value_int0 >= 10320}
{

x_1(}:

if({value_int0 <= 10379}

x20)¢
j
} -
if({value_int0 >= 10380)
{
if{value_intD <= 104385}

x_3();
]
¥
if(value_int0 >= 10440)
(
if(value_int0 <= 10459)
{

}

}
if{value_int0 >= 10500}
{

x_41()7

if(value_intQ <= 10559)
{

}
}

if{value_int0 >= 10560]

x5

if{value_int0 <= 10613)

x_6();
]

)
if(value_intd >= 10620)

if{value_int0 <= 10679)
{
x_71):
}
}
i1f(value_int0 »>= 10680)

(
if{value_int0 <= 10739)
{

A_81{):
}

if{value_int0 >= 10740)
{
if{value_int0 <= 10789)
{
x_890);
}

1lue_int0 >= 10800) //value is 18.0kwh - 1B.89kwh

-f{value_int0 <= 11339)

r
b

x18(}:
if{value_int0 <= 10830}

x_0{)s
}
if(value_int0 >= 10860)
{

Lo Ma- dan e TAGTON
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{
if(value_int8 <= 10879}
{
n_21{);
}
'
if(value_int0 >= 10980}
{
if (value_int0 <= 11039)
{

}

»_3{);

1
if{value int0 >= 11040}

{
if(value_intC <= 11053}

{
) -

}
if{value_int0 >= 11100}
{

x_ 44

if{value_int0 <= 11159}
{
x_54):
}
1
if (value_int0 >= 11160)

{
if({value _int0 <= 11218}

x_B();
}

)
if(value_int0 >= 11220}

({
if(value int0 <= 11279)

x_71{):
}
1
if (value_inth >= 11280}
{
if{value_intC <= 11333)
i

]

x _B{)i

}

if(value_int0 >= 11340}

(
if{value_int0 <= 11333}
{

}

% 91):

I

1lue_int0 >= 11400} ffvalue is 19.0kwh - 14.9kwh

if{value_int0 <= 119399)

{
x181();
if (value_int0 <= 11458}
{

]
if{value_int0 >= 11460)

{

®_00):

if(value_int0 <= 11519}
x_1(}:
]
}
if{value_int0 >= 11520)
if{value int0 <= 11579}

x Z0);
}

}
if(value_int0 >= 11580)
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e

1f(value_int0 >= 11€40)

{
i1f{value_int0 <= 11699}
{
®_4{);
}

!
if({value_int0 >= 11700)

(
if{value_intd <= 11759)

{
}

}
if{value_int0 >= 11760)
{

x_50)7

if(value_int0 <= 11819)
{

)

s ox_6();

)
if{value_intd >= 11820]
i
if{value_int0 <= 11873)
{
k_T(};
)

;
if{value_int0 »= 11860)

if{value_int0 <= 11239)
{

]

}

if{value int0 >= 11940)

{ ;
if{value_intDd <= 11899)
( )

)

®_Bhs

x_90);

tlue_intl == 12000}

200)ix_010):

1lue_int0d <= 12000)

tkwh_electric_intl(};

1lue_intd >= 12001)

<kwh_overrange();

sh_gsm_code (};
Jew(};
7_cormmand {B00) ;

Function for meonitoring measurement unit {intl)

1:

i_measure_intl{void)

0:

_command (};

and_send measure();
t_gsm_code(};

number{);
r_phone_code_measure();

alue_intl <= 9)

®x001() ¢
switch{value intl)

{

case 0 :x_0();
break:

case 1 :x_1{);
break;

case 2 :x_2(1/

Lo = Y

//00.0Unit ~ 00.9Unit



case 6 x_6(});
break:
case 7 :ix_7()¢
break;
case 8 x_8{);
break;
case 9 :x_9();
break;

lue_intl >= 10)
f(value_intl <= 19}

x01 ()
switch(value_intl}
{
cage 10 :x_0();
- break:;
case 11 :x 1({);
break;
tx_2({};
break:
1x_3();
break;
sr_44)q
break;
X 30
break:
tx_6(}:
break;
PR ()
break;
ix_B():
break;
i _91);
break;

case 12

case 13

case 149

case 15

case 16

case 17

case 18

case 19

tlue_intl >= 20}

fivalue_intl <= 29)

x02():
awitch({value_intl)
{
case 20 :x_D();
break;
rx_1():
break;
PR_20);
break;
tx_3();
bresak;
tx_A()s
break;
tH_54{)s
break;
tx_6{):
break;
H SRS
break;
¥ _B();
break;
IX_9(}:
break;

case 21

case 22

case 23

case 24

case 25

case 26

case 27

case 28

case 289

1

alue_intl >= 30)
if{value_intl <= 39)
{ x03():
switch (value_inti)
: caze 30 :x_0();

hreak:

//701,0Unit - 01.%Unit

//02.0Unit - 02.9Unit

//03.0Unit - 03.9%Unit



case

case 36

case 37

case 38

case 3%

lue_intl >= 40)

tE_5{1i
break:
X_60)
break;
tx ()
break;
x_BU)s
break;
X _90);
break;

//04,.0Unit - 04.9Unit

E(value intl <= 49)

x04 ()7

switch{value_intl)

{
case 40

case 41

case 42

case 43

case 44

case 45

case 46

case 47

case 48

case 49

Jlue_intl >= 50}

x_0(1;
break;
tx_10);
break;
iR_2{):
break;
x_3()q
break;
x_40);
break;
tx_5¢();
break;
x_6{)¢
break;
x_T();
break;
iX_B1{);
break;
tx_8()¢
break;

//D05.0Unit - 05.3Unit

f{value_intl <= 59)

=x05(};

switch(value_intl)

1

case 50

case 51

case 52

case 53

‘case 54

case 55

case 56

case 57

case 58

case 59

}

alue_intl >= 60

if(valye_intl <=

x06(};

v bt frrm T s

tx_00) s
break;
x_1():
break;
TK_20();
preak;
ix_3{():
break;
ix_4{);
break;
x_5()q
break;
tx_6():
break:
X_T7()s
break;
x_B()7
break;
PR_90);
break;

//06.0Unit - 06.9%Unit

69)

irmt1y



hreak;
(E_40);
break;
1E_30):
break;
X_6();
break;
X_T7{)
break;
x_B{();
break;
M _S{);
break;

case 64

case 65

case 66

case 67

case 68

case 69

lue_intl >= 70)

f(value_intl <= 78)

XD7{};
switch(value_intl)
{
case 70 1% _0();
break;
H_1();
break:
t®_2();
break;
x_3();
break;
tX_A();
break;
tx_5();
break;
ix_B{);
break;.
H_T0):
break;
1x_B{):
break;
tk_9();
break;

case 71
case 72
case 73
case 74

case 75

case 76

case 77

case 78

casa 79

lue_intl >= 80)

.f{value_intl <= 89)

x08();
switch{value_intI)
{
case 80 :x_0();
break;
sR_L):
break;
X _24{):
break;
ix_3{);
break;
x_A():
break;
X _5{);
break;
x_6();
break;
tR_T();
break;
x_B();
break;
ix_91();
break;

case £1

case B2

case 83

case B4

case BS

case BE

case 87

case 88

case 89

!

alue_intl >= 50}

R Y R Y

//07.0Unit - 07

//08.0Unit - 0B

//098.0Unit - 0%

.9Unit

.8Unit

.9unit



case
case
case
case
case
case
case

case

lue_intl >=

92 x_2();
break:
tR_3();
break;
tx_4();
break:
ix_5{);
break;
X%_B{);
break;
1x_70);
break;
tR_8();
break;
TH_9();
break:;

93
a4
85
96
97
EL:

99

100) //10.0Unit - 10

E{value intl <= 108)

x10{);

switch{value_intl)

{

case
case
case
case
case
case
case
cage
case

case

lue_intl >=

100 :x_0()«+
break;
tX_1()s
break;
tH_20):
break

101
102

3{);

110 //11.0Unit - 11

f(value_intl <= 118j

®il(}s

switch(value intl)

{

case
case
case
case
case
case
case
case
case

case

110 :x_0();
break;
sx_10);
break;
tX_2();
break:;
iX_34{):
break;
tk_A():
break;
R_S5(3;
break;
tH_B{);
break;
x_70)7
break;
TH_B():
break;
x_9(;
break:

111

112

113

114

115

116

117

118

118

.5uUnit

.9unit



case
case
case
case
case
case
case
case

case

lue_intl »>=

130)

f{value intl <= 135}

®13();

swltch(value_intl)

{

case
case
case
case
case
case
case
case
case

case

lue _intl >=

130 :x_0()s
break;

131

138

139 x _8{):

breai;

140) //14.0Unit

f(value_intl <= 149)

X14(});

switeh{value_intl)

{

case
case
case
case
case
case
case
case
case

case

140 :x_0¢();
break;
tx_1{);
break;
R_24);
break;
ix_3():
break;
tx_4{);
break;
iX_5(};
break;
tH_B ()5
break;
tx_T0):
break;
tE_8(};
break;
149 :x_5();

141

142

143

144

145

146

147

148

//132.0Unit - 13.9Unit

- 14.5Unit



switch(value intl)
{

case 150 :x_0(};
break;

case 151 :x_1()¢
break;

case 152 :x_2();
break;

case 153 :x_3():
break;

case 154 :x_4()i
breaXk:;

case 155 :x_5();
break:

case 156 x_6();
break;

case 157 :x_7{):
break;

case 158 iy _B()/
break;

case 159 ix_8();
break;

lue_intl >= 160} //16.0Unit - 16.9Unit
f(value_intl <= 169}

X161{);
switch(value_intl)
{
case 160 :x_0():
break;
case 161 :x_1{);
break;
case 162 :x_2()s
break;
case 183 :x_3{};
break;
case 164 :x_4{);
break;
cage 165 :x_5():
break;
case 166 X 6();
breaXk:;
case 167 :x_7(}:
break:
case 168 :x_8();
break;
case 163 :x_5{);
break;

1lue_intl >= 170} //17.0Unit - 17.5Unit
-E£{value_intl <= 179)

x17();
switch{value_intl)
{
case 170 :x_0();
break;
case 171 :x_1{);
break;
case 172 :x_2();
break;
case 173 :x_3{);
break;
case 174 :x_4(};
break;
case 175 x_5{);
break;
case 176 :x_6()¢
break:
case 177 :x_7();
break;
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Lf{value _intl <= 1839
[ .
x1l8(};
switch{value_int1l)
{
case 180 :x 0{)s
break;
case 181 :x_1{):
break;
case 182 rx_21();
break;
case 183 :x_3(};
break;
case 184 tx_40);:
break:;
cgae 185 tX_S5():
break;
case 186 :x_6():
; break;
case 187 :x_7():
break;
case 1B8 :x_81();
break;
case 183 :x 8();
break;

}

alue_intl >= 190) £7/19,0Unit - 19.90Unit
if{value_intl <= 199)

{ x19();

switch(value_intl)
{

case 190 :x_0(});
break;
case 181 :x_11{};
break;
case 192 :x 2(}:
break:
case 183 x_3();
break;
case 194 :x 4();
case 195 :x 5():
case 196 :x 6();
case 197 :x 7(}):
case 158 tx_B{};

case 1599 x S5(};

}

alue_intl == 200)
x20{);x_0¢):
alue_intl <= 200}
Xu measure{);
alue intl >= 201}
nu_overrange(};

sh_gsm_code(};

_now{);
y_ccmmand (800) ;
1
Function for monitoring water lavel ——— ==

i_water_ P2 (void)

0:
_command{};
and_send_water_P2();
t_gsm_code();

number {};
r_phone_code_water P2():
ch(P2)

case 0Oxff : x00{);
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se Oxfe :

ise Oxfe ¢

15e Oxf8

ise Oxf0

1se OxeQ :

ise Qxel

ase O0xBO

ase Ox00

efault

® _04):
xm_water P2{);
break:
x01(};
x_0)7
xﬁ_waterFPZI);
break:
®02();
x_0{)+
wm water P2();
break:
x031{);
%_04{);
xm_water P2({});
break:
x041();
x_00):
im_water P2();
break;
xO5{);
x_0():
xm_water P2({};
break;
x06();

T x 00

um_water P2(}:
break;

t x07(};

X _0¢);
xm_water_ P2(}:
break;

» x0B ()

x_0(}:

xm_water P2{):
break;

x00(};

®_0();
¥m_sensor_errori};

h_gsm code();

new(};

.command (800) ;

1;

unction for monitoring measurement ADC ——=——————sr-oowmmommmeooooms oo

_measure_adc(void)

a;
command () ;

nd_send_measure({);
_gsm_code{);

umber () ;

_phone_code_measure ()}

<= 0x09)

00¢) s

witch(PO)

case Ox00 : x_0(});

break;

case 0x0Q01 : x_1(};

break:

case 0102 : x 2();

break;

case 0x03 : x_3();

break;

case O0x04 : x_4();

break;

case 0x05 : x_5();

break;

case OxCe : x_&{);

break:

case 0x07 : x_7(}:

break;

case Ox08 : x_8(};

break;

case 0x0% : x_5{):

3 »>= 0x0a)

break;

LE(PD <= 0x13)

{

x011{);

awitch {P0)

{
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case Oxba : x_0();

break;
case 0x0b : = 1(};
break:
case Ox0c : x_2{);
break;
case Ox0d : x_3();
break;
case OxCe : x _4():
break;
case Ox0f : x_5(};
break;
case 0x10 : x_6(};
break;
case Ox1l : x 71{);
break;
case 0x12 : x_B8{):
break:;
case Oxl3 @ x_9()s
break;

= 0xl4)
I{PD <= Ox1d)

x02{):
switch{P0}

{
cage Ox14 : x _0()¢

break:
case 0x15 1 x_11():
break;
case 0xl6 : x_2(};
break:;
case O0x17 : x_3{):
break;
case Ox18 : x_4();
break;
case O0xl9 : x_5(};
break:
case Oxla : x_6();
break;
case Oxlb : x_7{);
break;
case Oxlec : x_B{);
break;
case 0xld : x_%();?
break;

>= (Oxle)
£{P0 «= 0x27)

®03(}:
switch [PD)
{

case Oxle : x _0{();

break;
case Ox1f : x_1();
break;
case Ox20 : x_2(};
break;
case 0x21 : x_3{);
break;
case 0x22 : x_4(});
break;
case 0x23 : x_5();
break:
case 0x24 : x_6{);
break:
case Ox25 : x_7{}s
break;
case Ox26 : x_B{);
break;
case O0x27 : x_9{)7
break;

1 >= 0x28)

1f{P0O <= 0x31)
{
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x04 () s
switch(P0)
{

case 0x28 @ x_0(};

break;

case 0x2% @ x_1{);
break:

case Ox2a : x_2{);
break;

case 0x2b : x_3(};
break;

case 0Ox2c : x_4();
break;

case Ox2d : x_5();
break;

case Ox2e : x_6(};
break;

case 0x2f : x 7():
" break;
case Dx30 : x_B{);
break;

case 0x31 : x 9(};
break:

>= 0x32)

f{PO <= Dx3b)

®05¢):
switch (PO)
{
cage O0x32 : x_0();
break;
case 0x33 : x_1(};
break:
case Dx34 : x_21);
break:
case Ox35% : x_3(}/
break:
case 0x36 ; x_4();
break;
case 0x37 : x_5(});
break;
case Dx38 : x_6{]);
break;
case Ox39 : xu 7{);
break;
case Ox3a : x_B{):
break;
case Ox3b : x_9{}¢
break;
}
- »= 0x3c)

(PO <= 0Oxd5}

xQ06{);
switch(P3)}
{
case 0x3c : =x_0{);
break;
case Ox3d : x_1(}:
break;
case Ox3e ; x _2{)}
break;
case Qx3f : x_3();
break:
case 0x40 : x_40});
break;
case 0Ox4l : x_5{);
break:
case Ox42 : x_6{)7
break;
case Oxd3 : x_74{);
break:
case 0x44 : x 8();
break;
case 0xd45 : x 9{};
break:;

i

0 >= 0x4g)
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I{PO <= Ox4f}
®07(}
switch (P0O)

{
case 0x46 : x_0();

break:

case 0x47 : x_1{):
break:

case Ox4B : =x 2(};
break;

case 0x45 : = _3();
' break;
case Oxda : x_41{);
break:

case Ox4b : x 5();
break:

case Ox4c : x_6()/
break;

case 0xd4d : x_7(};
break;

case Ox4e : x_8();
break;

case O0xd4f : x_9{):
break;

»>= 0xD0)
f{PD <= Dn59)

®08¢{);
switch (PD)
{
case 0x50 : x_0();

break;
case Ox51 @ x_1()¢
break;
case OX52 : % _2();
break;
case 0x53 ; x_2(i;
break:
case OxS34 : x_41{);
break:
case 0x55 : x_5():
break;
case 0x56 1 x_6{():
break:;
case 0x57 : » 7(});
break:
case QOx58 : x B(};
break;
case 0x59 : x _9();
break:

) »>= 0Oxn3a)
.£{PO <= QxrE3)

x09¢{);
switch (P0)
{

case O0xba : x_0(};

break:;
case Ox5b : x_1();
break;
case Ox5¢c : x_Z(};
break;
case 0x5d : x_3();
break:
case Oxbe : x_4();
break;
case On5Ef @ x_5();
break:
case 0x60 : x_6();
break;
case Ox61 : x_7{);
break;
case 0x62 : x_81();
break:

case 0x63 1 x 9{}/
break;
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>= (x64)

£{P0 <= Qx6d}

®10{):
switeh (PO}
{
case 0x64 : x_0¢();
break;
case 0x65 : x_1();
break;
case 0x66 : x_2{);
break;
case 0x67 : x_3();
break;
case Ox68 : x_4():
- break;
cage 0x68 : x_5{);
break;
case (Ox6a : x_6{);
break:
case Ox6b : = 711
: break;
case Oxéc : #_B({)¢
break:
case 0x6d : x_S9():
break;
1
>= (Qxée)

t{P0 <= 0x77)

®11¢);
switeh (PO)
{

case Ox6e : x_0(};

hreek;
case Ox6f : x_1(};
break;
case 0x70 : x_2(!;
break:;
case Ox71 @ x_3();
break;
cage Ox72 : x_4{});
break;
case 0x73 : x_5({);
break;
case 0x74 : x_6(};
break;
case Ox73 : x_T();
break;
case 0x76 : x_B();
break;
case Ox77 : »_81);
break:

! »= 0x78)
I{P0 <= 0u81)

x12{):
switch(P0)
{
case 0x78 : x 0();

break:
case 0x79 : x_1{}7
hreak;
case O0x7a : x_2(};
break;
case Ox7b : x 3{(}:
break;
case 0x7¢c : x_41{);
break;
case 0r7d : x_5();
break;
case 0r7e : x_6();
break:
case 0x7f : x 7{()¢
break;

case O0x80 : x_B();
break;
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case 0OxBl : x_B[);
break;

>= (xB82)
(PD <= 0xBb)

x13{):
switch {PQ)
{

case OxB2 : x_0{)s

break;
case 083 : x_1(}:
break:;
case OxB4 : x_2();
break:;
cage OxB5 : x_3();
break;
case OxB8& : x_4();
break;
case OxB7 1 x_5(};
break;
case OxBB : x_6(}7
break:;
case O0x89 1 x_T7();
break:
case OxBa : x_B{):
break;
case OxBb : x_9(});
break;

>= JK8¢)

f{pP0 <= O0x95)

x14{):
switch (PO)
{
case Ox8c : x 0();
' break;
case 0x8d ; x 1();
break;
case 0Ox8e : x_2(};
break,;
case OxBf : x_3(};
break;
case 0x5%0 : x_4¢{);
break;
case O0x91 : x 5();
break:
case 0x92 : x €():
break;
case O0x93 : x 7(};
break;:
case 0x9%4 : x_8();
break;
case (Ox953 : x_9()7
break;
}
) »= 0x96)

E{BO <= 0x9f)

x15():
switch (PO)
{
case 0x5%6 : x_0{}):
break:;
case 0x97 : x_1{}):
break;
case Ox%8 : x _2();
break:
case 0%89 : x_3{)7
break;
case O0x9%a : x_4();
break;
case 0x9b : x_5();
break;
case O0x%c : x_6()¢
break:;

case 0x8d : x 7():
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break:
case Ox%e : x_BI(};
break:;
case 0x8f : x_%();
break:

»>= 0xa0}
[{PO <= Oxa$8)

x161();
switch (PG)
{

case OxaQ ; % 0{);

break;

case Oxal : x_1{);
- break;
case OxaZ2 : x_21();
break;

case 0xa3 : x_3();
break;

cage Oxad : x_4():
break;

case Oxa5 : = _5(}):
break:

case 0xaé : x_6{);
break;

case Oxa? : x_71(};
break;

case OxaB : x _8();
break:

case Oxa% : x 8{);
break;

>= (xeaj

£(PO <= 0Qxb3)

x1714):
switch (PO}
{
case Oxaa : x_0();
break;
cage Oxab : x_1{);
break;
case Oxac : =x_2():
break;
case Oxad : x_3();
break:
case Oxae : x_4()s
break;
case Oxaf @ x_53(};
break;
case Oxb0 : x_6();
break;
case Oxbl : x_7()7
break;
case Dxb2 : x_B{):
break;
case Oxb3 : x_5();
break;

) >= 0xbd})

-f{P0 <= Qxbd}
L
x18{}:
switch (FO}
{
case Oxbd : x_0();
break;
case Oxb% : x_1(}/
break:;
cagse Cxb6 : x_2();
break;
case 0xb7 : x_3();
break;
case Oxb® ¢ x_4{)7
break;
case 0xb% ; = 5(};
break;
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case Oxba : x_6()s
break;
case Oxbb : x_7(};
break;
case Oxbc : x_8();
break:
case Oxbd : x_0{);
break:

>= QOxbe)
f({P0 <= 0xc7)

%19 (};
switch (B0)
{

case Oxbe : x_0();

break;
case Oxbf : x_1();
break;
case Oxcl : » _21(};
break;
case Oxcl : x 3(i/
break;
case Oxc2 : x_4(});
break:
case 0xc3 : x 5{);
break;
case Oxcd : x_B();
break;
case Oxcd : x_7()7
break;
case Oxc6 : x_B{];
break;
case Oxc?7 1 x_8%():
break;

} »= 0OxncB)
_E(PO <= Oxdl)

x26{):
switch (F0}
{

case OxcB : x_0(};

break;
case Oxc® : x_1();
break;
case Oxca : x_2(};
break;
case Orchb : x_3();
break;
case Oxcc @ x_4{):
break;
case Oxcd @ x_5(}7
break;
case Oxce : x_6(});
break;
case QOxcf : x_7();
break;
case 0xd0 : x 8(};
break;
case Oxdl : x_ 39(};
break;

}
4 »>= 0Qxd2)

1f{P0 <= Oxdb)
{
x2114);
switch (PO}
{
case Oxd2 : = 0(});
break;
case OxXd3 : x 1();
break:;
case Oxd4 : %_2();
break;
case OxdS : = 3();
break:;
case Oxdé : = 4(});
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break;
case 0xd7 @ x 5();
break;
case (xd8 : x_6{};
break;
case O0xd9 : x_7(};
break;
case Oxda : = 8();
break;
case Oxdb : x_S(};
break:;

»= 0Oxdc)

(PG <= Oxebj

x22(): "
switch{P0)
{
case Oxdc @ x_0{):
break;
case Oxdd : x_10);
break;
cage Oxde : x=_2{):
break;
case Oxdf : x _3();
break;
case (xe0 : x_4(};
break;
case Oxel : x_5();
break:
case 0OxeZ : x_6();
break;
case 0xe3 : x_7();
break;
case Oxed : x_B();
break;
case Oxed : x_9{}r
break;

>= Oxe6)
f{P0 <= Oxef)

®23(};
switch {PQ)
£

case Oxe€ : x_0(};

break;
case Oxe? : x_1{(};
break:
case O0xe8 : x 2()¢
break:;
case Oxe® : x_3();
break;
case Oxea : x_4();
break;
case Oxeb : x 5();
break;
case Oxec : X_€();
break;
case Oxed : = T(};
break:
case Oxee : x_B():
break;
case Oxef : x 9();
break;

]

0 »>= OxfQ}

if{P0 <= Oxf9)
{

x241{);
switch (PO}
{
case Oxf0 : = _0(};
break:
case Oxfl : x 1i):
break;

case Oxf2 : x_2();
break;
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case O0xf3 : »_3{);

break:
case Oxfd : x_4{);
break;
case Oxf: : x_5{();
break:;
case Oxf6 @ x_6();
break;
case Oxf7 : x T{):
break;
case Oxf8 : x_8(}/
break;
case Oxf8 : x _S%();
break;

>= 0xfa)

f{P0 <= Dxff)

x25{):
switech (PQ)
{
case Oxfa : x_0{);
break;
case Oxfb : x_1(};
break;
case Oxfc : x_2(};
break;
case Oxfd : x_3();
break:
case Oxfe : x_4();
break;
case Oxff : x_5();
break:
1
rasure () ;
th_gam_code () :
_now();
r_command (800) ;
1;
upnction for control relay =—=——m e e e e e e e —
:rol_relay(veid)
check_command;
¢_command = 0;
t get = 0;
: {new_mode}
I = 0
snile(RI 1= 1):
jet_value[index_get] = SBUF;
Lndex_get++;
I = 0;
Lf (index_get == &€)
{
if(get_valuel[El] == 0x31)
{
if{get_value[34] == phone_number(Z2])
{
if(get value([35] == phone_number[l]}
{
if(get_value([36] == phone_number{4]}
{
if (get_value[37] == phone_number[3])

{ if{get_value{3B8] == phone_number[€])
[ if{get_wvalue{39] == phone_number(5])
{ if{get_value[40] == phone_number[8])
: if{get_value[4l} == phone_number[7]}

{
if(get_valuef62] == 0x32)
{

switch{get_valuel[E3])
1
case Oxd4l : new_mede = 0;
index_get = 0;
break;
case 0x33 : new mode = U7
reset = (¢
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index_get = 07
break;

default : new mode = 1;
reset = 1;
index_get = Q;

}
{index_get == 80)

if{get_value{34] == phone_number[2])
[ if (get_value[35] == phone_number{l])
: if({get_value[36] == phone_number[4])
{ if{get_value[37] == phone_number[3]}
( if{get_value[38] == phone_number[€&])
[ if{get_value[38] == phone_number[5])
: if (get_value[40] == phone_number[&])
[ if{get_value[4l] == phone_number[7])
{ if{get_value[€l] == 0x33)
[ switch{get_value[63])

{
case 0Ox30 : TZ = 1;

break;
case 0x31 : T2 = 0;
break:
default 1 check_command = 1;

}
switch{get_value[€2])

{
case 0x33 : T2_EX = 1;

break;
case 0x42 : T2_RX = 0;
break:
default : check_command = 1;

H
switch{get_value[€4])

{
case 0x31 : P1_2 = 1;
break;
case 0x35 : Pl_2 = O}
break;
default : check_command = 1;

}
switch({get value[66])

case 0x30 : P1_3 = 1;

break;
case Ox32 : P1_3 = 0;
break:
default : check_conmand = 1;
)
switch({get _wvalue[71])
1
case 0x32 : Pl_4 = 1;
break:
case Ox41 : Pl_4 = 0O;
break;
default : check_command = 1;
1
switch{get_value{73]})
(
case 0x3l1 : Pl1_5 = 1;
break;
case 0x35 : P1_35 = 07
break;
default : check _commanc = 1;

}
switch(get_wvalue[75])

{
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case 0x30 : P1_6 = 1;

break;
case (Ox32 : P1_6 = 0;
break;
default . check_command = 1;

}
switch(get value{77})

{
case Cx30 : P1_7 = 1;

break;
case Ox3i : P1_7 = 0;
break:
default ! check_command = 17

J
switch{check command)

{
case 0 : con_successfully(};
break;
case 1 : con_error();
break;
}
index_get = 0:
1
if({get_value[8l] != Ox38)
1
delay_command (500):
index_get = 0;
}
]
if(get_value(41] != phone_number(7]}
{
delay_command(500);
index_get = 0;
) .
)
if{get_wvalue[40] != phone_number([8]}
i
delay command{300);:
index_get = 0;
}
)
if({ger_value[39] != phone_number[3]}
{
delay_command (500} ;
index_get = 0;
1
}
if{get_value([38] != phone_number[é]}
{
delay command (300):
index_get = 0;
'
)
if{get_value[37] != phone_number(3])
{
delay_ command{300);
index get = C;
}
)
if(get_walue[36] != phone number{4l)
{
delay_command{500);
index_get = 0;
}

}
if(get_wvalue[35] '= phone_number{l})

delay_command{300);
index_get = 0;

)

J
if{get_wvalue(34] != phone number[2])
{

delay_command {500} ;

index _get = {;

ck _pass(veid)

out_check_pass;
check _pass = 1;
x_get = 0;

e {out_check_pass)
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I = 0;

thile (RI 1= 1)

et _valueiindex_get] = S5BUF;
ndex_get++;

I = 0;

f(index_get == 80}

if{get_value[§l] == 0x39)
[ if{get_value{62] = 0x46)
{ if{get value[€3] == 0x30)
( ifiget_value[64] == 0x46)
{ if{get value[65] == 0x30)
{ if(get_value[66] == 0x37)}
{ if(get_value[67] == (x43)
{ if (get_value[EB] == 0Ox4l)
{ if{get _value[€9] == 0x45}
: if{get value[70] == 0x38}
{ if(get_walue{71l] == 0x41)
: if({get_value[72] == 0x44)
{ if{get_value[73] == 0x39)
{ if{get_value[74] == Qx37)}
{ if{get_value[75] == Ox32)

{ .
if{get_value[76] ==.0x33)
: :

if{get_value[77] == 0x39)

{

get_value{34];
get_value[35];
get_value[36);
get_value[37);
get_value[38];
get_value[39];

phone_number (2}
phene _number[1}
phene number([4]
phone_numbex[3]
phone_number([6€)
phone_number([5]
phone_number(§] get_value[40];
phone_number[7) get value[41];
send_password_ok();

out_check_pass = 0;

e dmdiagw

}
if{get_wvalue{77] I= 0x39)

{
delay_commang{500);
index_get = 0;
}
}
ifi{get_value{76] != 0z33)
{
delay command (300);
index_get = 07
}
1
if(get _value[75] != 0x32)
{
delay_ command{500};
index_get = 0;
1
j
iflget_value{74]) != 0x37)
{
delay_command(500);
index_get = 0
;
!
if(get_wvalue([73] 1= 0x39)
{
delay_command {500} ;
index_get = 0:
1
)
if({get _value[72] != 0x44)
{
delay command {500} ;
index_get = 0;
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40

)
if(get_value{71] != 0x41)
{
delay_command (500]) ¢
index_get = 0;
}
}
if(get_value[70] != 0x39)
{
delay command{500};
index_get = 0;

}
1
if{get_walue[€3] 1= Oxd5)

delay commahd (500} 7
index_get = 0;
)
- !
if(get_value[68] != 0x41)
(
delay_command (500} ;
index_get = 0;

}

1
if(get_value[67) != 0x43)
{
delay command (500} ;
index get = 0;
}
]
if(get_value[66] != 0x37)
{
delay_ command(500);
index_get = 0;
}
}
if{get_value[63] 1= Ox30}
{
delay_command{500);
index_get = 0;
]
]
if (get_value(€d] != 0x46)
{
delay_command(500)
index_get = 0;
}
)
if{get _value[63] != 0x30)
{
delay command(500);
index_get = 0;
1

1
if{get_value{62] '= Ox46)

delay command({500j;
index get = 0;

H
}
if{get value[6l] != 0x39)
1

delay_command ({300} ;
index_get = 0;

*k_mode {void)

out_check mode:
check mede = 17

£ get = 0;

2 {out_check mode)

T = 07
dhile{RI != 1);
jet_valuelindex_get] = SBUEF;
index get++;
I = 05
if{index_get == BD)
{
if(get _walue[61] == 0x33)

{
if({get_value[34] == phone number[2])
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{ if(get_value{35] == phone_number{l}}
{ 1f(get_value[36] == phone_number([4])
{ if{get_value[37] == phone_number[3])
( if{get_value[38] == phone_pumber|&})
( if(get_value[39] == phone_number{3])
{ if(get_value{40] == phone_number(8])
[ if{get_value(41l] == phone_number[7]}
: if(get_vaiue(62] == 0x43)
: if{get_waluel&3] == 0x44)
) [ ?f(get_value[sql == Qx33)

if(get_value[é5] == (x37)
{
if(get_value[E7] == 0x39})
{
if(get _value[68] == 0x41)
if(get_value[63] == 0x36)
{
switch{get_value[&6])
{
case Q0x33 : mode = 1;
break:
case 0x35 : mode = 2;
break;
case 0x37 : mode = 3;
break;
case 0x39 : mode = 4;
break;
case 0x42 @ mode = 5;
break;
default : mode = 0;
}
if{get_value[7D] == Dx38)

{

switch(get_valuel71])

{

case 0x32
case 0Oxdl

default
)
)

hour a
break;

0;

hour_a = 1;

break;
; mode =

if (get_value[70] == 0x39)

{
hour_a = 2;

if[get_value[TZ]
{ switch{get_va
( case 0X31
case 0x35
case 0x39

case 0Oxd4

default
}

)
if (get_value[72]

{

switch{get_va
{ case (0x31
case 0x35
case 0x39

case Dx44

default

== (x43)

lue[73])

hour_b
break;
hour_ b
break;
hour b
break;
hour b
break;
; mode =

== 0x44d}
lue[73])

hour_b
break:
hour_b
break;
hour b
break;
hour b
break;
: mode =

0:
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1
if(get_walue[72] == 0x45)
{

switch (get _value[73])
{

case 0x3]1 : hour b = B;
break;

case 0x35 : hour_b = §;
break;

default : mode = 0;

}
)
switch (get_value[75])

{
case O0x30 : min_a = 0;

break;

case 0x32 : min_a = 1;
break;

- case 0x34 : min_a = 2;
break;

case 0x36 : min a = 3;
break;

case 0x38 : min a = 4;
break:;

case 0x41 : min_a = 5;
break;

default : mede = 0

}
switch{get_value(77])

{
case 0x30 : min b = 0;

break;
case 0x31 : min b = 1;
break;
case 0x32 : min_b = 2;
break;
case 0x33 : min_b = 3;
break;
case 0x34 : min_b = 4;
break;
case 0x35 : min b = 5;
break;
case Ox36 : min b = 6;
break;
case 0x37 : min b = 7;
break;
case 0x38 : min_b = 8§;
break:
case 0x39 ; min b = 9;
break;
default : mode = 0;

out_check_mode = 0;

!
if{get_value(ER}] i= Dx36}
{

send_error();
index_get = 0;
)
]
if(get_value[&8] I|= O0x41;}
i
send_error{):
index_get = 07
}
}
if(get_value([67] != 0x33j
{
send_error{);
index_get = 0;
|
)
if{get_value{65] != 0x37)
{
send error():
inde§ﬂget = 0;
}
J
i1f (get_value[64] != 0x33)
{
send_error(});
index get = 0;

}

]
if (get _waluel&3] != 0x44)
{

send_error(};
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index_get = 0O/

}

}
if({get_value[&2] != 0x45)
{
send_error(};
index_get = 0:
}
}
if(get_value{4l] != phone_numbexr[7])
i
delay_command (500) 7
index get = 0;

}

1
if(get_value[40] != phone_number(£])
{
delay command{500);
- index_get = 0;
}
}
if(get_value([35] != phone_number[5}}
{
delay command{500};
index:get = 0;
H
}
if{get_value[38] i= phone_number[ﬁ])
{
delay_command{500);
index_get = 0;
}
}
if{get_value{37] 1!= phene_number{i])
{
delay_command {500} ;
index_get = 0;
}
}
if{get_value{36] !'= phone_number[4])
{
delay command(300);
index_get = 07
)
1
if(get_value[35] != phone_number[1])
{
delay cormand(500) ¢
index:get = 0;
i
}
if(get_value[34] != phone_number[Z]})
{
delay_command (500}
index_get = 0;
)
}
if{get_value{6l] != 0x39}
{
delay_command (500) ¢
index get = 0;

o Main Functicn Iy o T T e T E Ty M T T VT Y T T O U Y T LT T T T UL
1{void)

ial_parameter()-
ial interrupt()};
ial_timerz(}:
tal serial{};

0:

t =1;

mode = 1;
get_sma{);

e(1)

if(reset == 0)

{

}
check_pass{};
new_mode = 1;
reset = 1;
while{reset)

send_reset ok(};
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i1f(new mode == 0}

{

}

check_mode ()¢
new_mode = 1;
while {new_mode)

{

send new_mede ()

switch (mode)
1
case 0 : send_error(};
new_mode = 0;
break;
case 1 : remote moni_begin(); //send_serial {"Monitoring electrical energy"};
delay_command(Z260);
index_get = 0;

ES = 1;
- run_time_delay{);
ES = 0O;

while {new_mode)

{
moni_electric_int0({);
delay command (260);
index_get = C;
ES = 1;
run_time_delay(};
ES = 0;

]

break;

case 2 : remote_moni_begin{); //send_serial ("Monitoring count upit®);

delay_ command{260);

index_get = C:

ES = 1;

run_time_delay():

ES = 0;

while (new_mcde}

(
meni_measure_ intl{};
delay command(260);
index_get = 0;
ES = 1;
run_time_delay{):
E5 = Q¢

1

break;

case 3 : remote_moni_begin(); //send_serial ("Monitoring water level");

delay command(260};

index_get = 0:

ES = 1;

run_time_delay{);:

ES = 0;

while (new mode}

{
moni_water P2(});
delay_command(260);
index_get = (;

E5 = 1;
run_time_delay();
ES = 07

)

break;

case 4 : remote_moni_begin(}; //send_serial {"Monitoring anaiog signal”j};

T0 = 0;

delay_command (200) ;¢

TC = 1;

index_get = O;

ES = 1;

run_time_delay():

ES = D;

while (new mode)

{
moni_ measure adc():
delay command(260);
index_get = 0;

ES = 1;
run_time_delay();
ES = 0;
}
break;
case 5 : remote_con_readyl): //send_serial {"Remote control ON/OFE");

control_relay();
break;
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&National Semiconductor

General Description

The ADC0801, ADCO0B0Z, ADCO0803, ADCOB04 and
ADCOB0S are CMOS 8-bit successive approximation A/D
converters that use e differential potentiometric
ladder—similar to the 256R products. These convertars are
designed to allow operation with the NSCB00 and INSB0BOA

driving the data bus, Thesa A/Ds appear like memory loca-
tions or YO ports to the microprocessor and no interfacing
logic is needed.

Differential analog vollage inputs allow increasing tha
common-mods rejection and offsetting the analog zero input
vollage value. In eddition, the voilaga refsrence input can be
sdjusted to aliow encoding any smaler analog voltage span
to the full B bits of resolution.

derivative cantrol bus with TRI-STATE output latches directly-

November 1999

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

m Differentiai analog voltage Inputs

m Logic inputs and outputs meet both MOS and TTL
voltage level spectfications

u Works with 2.5V (LM338) voltage referance

On-chip clock generator

0V to 5V anaiog input voitage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrler or small outtine package

Operates ratiometrically or with 5 Ve, 2.5 Vpe, or

analog span adjusted voltage reference

Key Specifications

u Resotution 8 bits
m Total error +v4LSB, 212 LSB and £1 LSB
Features ® Conversion time 100 ps
& Compatible with BOBG pP derivativas — no interfacing
iogic needed - access time ~ 135 ns
m Easy interface to all microprocessaors, or operates “stand
alohe"
Connection Diagram
ADC080X
Dualdn-Line and Small Outline (SO} Packager
— Ly
=-h 20} Vi [OR Vier)
RD {2 19}=CLKR
WR—{3 18|~ DO {L5B)
CLKIN~4 17{—De1
INTR 45 16§~ DeZ
Vi(#)—{6 15}—D83
Yul-1—7 141=DB4
AGND—]8 13§ DBS
Verr/2={9 12[=DB6
DeND—410 11}—D87 {MsB)
DS005e71-20
Sese Ordering Information
Ordering Information
TEMP RANGE 0'C TO70°C 0°CTOT70C -40°C TO +B5°C
14 Bit Adjusted ADCOBO1LCN
ERROR 114 Bit Unadjusted ADCOBD2LCWM ADCOBO2LCN
* Bit Adjusted ] ADCOB03LCN
1 1Bit Unadjusted ADCORO4LCWM ADCO0804LCN ADCOBOSLCN/ADCOBDALCY
PACKAGE QUTLINE M20B — Smalt N20A --Maided DIP
Outline

ZI-80% is a regisiored trademark of Ziog Corp.

@ 2001 National Semiconductor Comaration DS0D5671

www.national.com
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AUCUBUTTAULCOEBUA AULCUBUS AULUOVG AULUBUD

Typical Applications

r\\

BV

www.national.cam

“_""'-""'"-'b’o -] Vee L I
———»gm CLK AP
I s 1Dk TRANSDLUCER
‘ 1: TR clx " L IV REBOLUTION
- ps? 4 OVER ANY DESIAED
ANY Zie LI P v} | »S [ Iotrane Aace
APROCESSON ufe :: e Vintet b JIFF INPLTE SEE SECTION 241
< (17 Int-
. 5 AL L_—'f
- 1154 g SPANADS _
_ 17 VAR —=C BEE JECTION T2 =
* a1 n A =
Lﬂ, + 080 fanp 7_’
CEI0567 1-1
BOAG interface
e O
RB '-"—"-"‘-—’q
¥3ca0,
nu, aE———_
, AT
o4l
e O ————smd INTH
K " oata
DS00T 131
Error Specification {Inctudes Full-Scale,
Zaro Error, and Non-Linearity)
Part Fuli- Vaer/2=2.500 Vg Vaer/2=No Connection
Number Scale {No Adjustments) (No Adjustments)
Adjusted
ADCOBDY | +14 LSB
ADC0802 114 LSB
ADCOB03 | +%LSB
ADCDE04 +1LSB
ADCO0805 1LSB
2




solute Maximum Ratings (Notes 1, 2) frfrared (15 seconds} 220°C
lilitary/Aerospace speciied devices are required, Storage Temperature Range -65°C to +150°C
se contact the Nationat Semicenductor Sales Offics/ Package Dissipation at T,=25'C 875 mW
ributors for avaliabllity and specifications, ESD Susceptibility (Note 10) 8OOV
oly Voltage (V) {Nota 3) 6.5V . .

108 Operating Ratings (Notes 1, 2)

gic Control Inputs =-0.3V to +18V Temperature Range TMINST-ASTMAX

: Other input and Outputs

d Temp. (Soldering, 10 seconds)
ualkin-Line Package (plastic)
ual-In-Line Package (ceramic)
arface Mount Package

Vapor Phase (60 seconds)

=0.3V to {Vct0.3V) ADC0804LC.
ADCD801/02/03/05LCN
260°C ADCOBO4LCN
3o0o’c ADC0802/04LCWM
Range of V¢
215'C

~40°C<T,<+85°C
~40°C<T,<+85°C
0°C<T,S+70°C
0'C<T,s+70°C

4.5 Ve 10 6.3 Vg

actrical Characteristics
following spacifications apply for Vee25 Voo, TainsT asTuwax 8nd fe =640 kHz unless otherwise spacified.

Paramater Conditions Min Typ Max Units
B01: Total Adjusted Emor (Note B) With Ful-Scale Adj. ¥ LSB
{See Section 2.5.2)
802: Total Unadjusted Emor (Note B8) Vger/2=2.500 Ve 14 LSB
803: Total Adjusted Emor (Note 8} With Full-Scale Adj. E 2 B LSB
: (See Section 2.5.2)
B04: Total Unadjusted Error (Note 8) Vieee/2=2.500 Vpg 11 LS8
1805: Total Unadjusted Error (Note B) Vgrer/2-No Connection 1 LSB
2 Input Resistance (Fin 9) ADC0O801/02/03/05 25 8.0 KQ
ADCO0B04 (Note 9) 075 1.1 kQ
{1 Input Voltage Range (Note 4) V{(+} or V(-) Gnd-0.05 Veet0.05 Voe
ommon-Mode Error Qver Anslog Input Vollage £1/16 % LSB
Range ‘
r Supply Sensitivity Vee™5 Ve £10% Over t£1/16 t LSB
Allowed Viy(+) 2and Vin{-)
Voltage Range {Note 4)
= Electrical Characteristics
following specifications apply for Vocm5 Vpe and TaynSTaSTmax Unless otherwise spacified.
nbol Parameter Conditions Min Typ Max Units
Conversion Time fo k=640 kHz (Note 6) 103 114 Hs
Conversion Time {Notes 5, 6) 66 73 Mok
Clock Freguency Vee=5V, (Note &) 100 640 1460 kHz
Clock Duty Cycle 40 60 %
Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode €8 =0 Vpe, fo =640 kHz
W Width of WR input {Start Pulse Width) €8 =0 Ve (Note 7) 100 ns
Access Time (Delay from Falling C, =100 pF 135 200 ns
Edge of RD to Output Data Valid)
oH TRI-STATE Control (Delay C, =10 pF, R =10k 125 200 ns
from Rising Edge of RD to (Sea TRI-STATE Test
Hi-Z State) Circuits}
Rl Delay from Faliing Edge 300 450 ns
of WR or RD to Reset of INTR
Input Capacitance of Logic 5 7.5 pF
Control Inputs -

3 www.national.com

S08000V/P08000dV/E08000V/208000AY/L080OAY



ADCOB01/ADC0B02/ADCOB03/ADCUBU4/AUCUYYY

AC Electrical Characteristics (continued)

The following spacifications apply for Voc=5 Vpc and Tw<T aSTuax unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cour TRI-STATE Output 5 7.5 pF
Capacitance {Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately}

Vi (1) Logical *1" Input Voltage Vee=5.25 Ve 2.0 15 Voe
(Except Pin 4 CLK IN}

Vi {0) Logical "0” Input Voltage Vee=4.75 Voe 0.8 Voe
{Except Pin 4 CLK [N)

In (1) Logical *1" Input Current Vin=5 Vpc 0.005 1 BAGe
{All Inputs}

b (0} Logical “0" Input Current Vin=0 Vpc -1 ~0.G65 HAL
{All Inputs)

CLOCK iN AND CLOCK R

Vot CLK IN {Pin 4} Positive Going 2.7 an as Vpe
Thrashold Voltage

Vo CLK IN {Pin 4) Negative 1.5 1.8 2.1 Voe
Going Thrashold Veitage

Vi CLK IN {Pin 4) Hysteresis 0.6 13 2.0 Voo
(Verr=(Ve-) '

Vour {0} Logical *0" CLK R Output 16=360 pA 0.4 Voc
Voltage Vee=4.758 Ve

Vour (1) Logical *1" CLK R Output 1g==380 pA 24 Vpe
Voltage Vec=4.75 Vo

DATA OUTPUTS AND INTR

Vour (0) Logical *0" Qutput Voitage

Data Outputs lout=1.6 MA, Voe=4.75 Vo 0.4 Voe

INTR Output lour=10 MA, Voc=4.75 Ve 0.4 Voe
Vour (1} Logical “1” Output Veltage 16=-360 pA, V=475 Ve 24 Voc
Vour (1) Logical *1" Output Voitage la==10 A, V=475 Ve 45 Vibe
lour TRI-STATE Disabled Qutput Vour=0 Vpe -3 PApc

Leakage (All Data Buffers) Vour=5 Voo 3 BAse
lsource Vour Short to Gnd, To=25C 45 6 MAng
Lk Vour Short to Ve, T4=25'C 9.0 16 mAg .
POWER SUPPLY
lce Supply Current (includes Terw=640 kHz,

Ladder Current) Veer/2=NC, T,=25C

and CS =5V
ADCO0B01/02/03/04L.CJ/05 1.1 1.8 mA
ADCOBO4LCN/LCWM 1.8 2.5 m#A

Naote 1: Absolute Maximum Ratings indicate limits beyond which damage 1o the device may occur. 0C and AC electrical specifications do nol apply when operaling
the davice bayond its specified operating tanditions.

Mote 2: All voltages are measured with respact 1o Gnd, unless otherwise specified. The separate A Gnd point should always be wired lo the D Gnd.

Note 3: A zener dicde exists, internalty, from Ve 1o Gnd and has a typica! breakdown voliape of 7 Vpe.

Note 4: For Viy(~)2 V)y{+} the digitat outpul code will be D000 D00, Two on-chip diodes ara bed to each analog Input (see block diagram) which will forward conduct
for analog input voltages one diode drop below ground or one diods drop greatsr than the Ve supply. Be careful, during testing at low Ve levels {4.5v), as high
level analog inputs {5V} can cause this input diode to conduci-especially at elevaled temperalures, and cause erors for analog Inputs near ful-scale, The spec
allows 50 mV forward bias of siiher diode. This means that as long as the analog Viy does not axosed the supply vollage by more than 50 mV, the oulput code will
be comecl To achieve an absolule D Vg 1o § Vpg input vollage range will therators require a minkTum supply vollage of 4.850 Vipg over lemperaiure variations,
inltial olerance and foading.

Note 5: Accuracy is guaranieed at fo x = 640 kHz At higher clock frequencies accuracy can degrade. For lower clock frequences, the duty cycle limits can ba
exiended so long ae tha minimum clock high time intervel or minimum clock low time interval is no less than 275 ns,

Note 6: With an asynchronous stari pulse, up to B dock periods may be required before the intemal clock phaeas are proper 1o start the convertion process. The
slart requast is inftlemally iatched, see Figure 4 end section 2.0.

www.national.com 4



> Electrical Characteristics (Continued)

2 7: The &5 inpul is asaumed to brackst the W strobe input and therelore timing |s dependent on the WR pulse width. An arbitrarly wide pulse width will hokd
sonvarier In a reset mods and the starl of conversion I8 inillated by the low 1o high trensition of the WR puise (see timing diagrama}.

»8: None of Ihasa A/Da requires a zero adjusl (see section 2.5.1). To oblain zero code at other analog Input volteges see sectlon 2.5 and Figure 7.

39: The Ver/2 pin I8 the cemer point of & two-rasistor divider connecled from Vg 1o ground. In all verslons of the ADCO0B01, ADCOE02, ADCOB03, and
;0805, ana In the ADCOBOALCY, each resisler is typically 16 k0. In aft versions of the ADC0804 excapt the ADCOB04LC., each resistor Is typically 2.2 k(.

» 10: Humen body madel, 100 pF discharged through & 1.5 kel resisior.

rpical Performance Characteristics

yic Input Thrashold Voltage Delay From Falling Edge of CLK IR Schmitt Trip Levels
Supply Voltage RD to Output Data Valld vs. Supply Voltage
- i vs. Load Capacitance
: -BE°L < Ty <+IEL 15
5 7 50b ~
Do ' M 1 =l
2 . W \ [ Vs ot
2 . : ] ; a0 r =
3 d £
5 1 o -BE°T < Tg < +125°C
H A el 3 i
1 L
£ > g ang Ly :
3 ¥ [=] :
E 14 : 15 Vro e
N 200 -
3 y & | =
T 7 © .
458 : ! 3 1 b ’
WIS 800 B EBD 108 W5 435 BAD 66 BED
¥er ~SUPPLY VOLTAGE (vpp) b0 M ww R Veg - BUPPLY VOLYAGE (Vpg)
-
Daw0sa71-38 LOAD CAPACITANLE {iF) DEI0SAT140
' DS00SAT -39
« V8. Clock Capacitar Full-Scale Error vs Effect of Unadjusted Offset Error
Cenvarsion Time vs. Vger/2 Voltage
1000 b, 1 T T
I ¢ '
\\ J_ |J,.[ Tg= 73k
1
XN 3
; AHIIN R [
[ = =
= \ A | g 8 Vg * 4.5V z
& \ S e i g
>
: £ L &
= \ Vep » BOV [
\ 2 N s
\ 1 4
100 \,\__
1 100 1000 ’ ke
CLOCK CAPALITOR (pF) @ 8 0 ip 120 40 0.0t [ X 1.0 §
DSO05671-21 T, CONVERSION TIME (ui) Vrer? (Yoo
DSJ06SY 1-42 OSGIAT1-45
rtput Current vs Power Supply Current Linearity Error at Low
mperature vs Temperature {Note 9) Vrerf2 Voltages
§ 13
]\ 1 vep=tv - 24 ] T T T N
‘ DEgas: | 2AVREED) —
— — ol bt I
i : :3:?:%““1"‘”‘ = ’ ¥ T TR~ i (ZERO AND FULL- |
s NI R T g AL g i
= | 3OURCE 3 i AND ADcugy,Vic ~ Y F 1488 VALUE im¥}
S VouT * 24 Voc > 12 T S 1188 VA
= ™ ' £ TV by E Wi am L] g
5 M ] v - & 1z i) (B EITSE 877 gpmTy)
E n ooy oo 46V & At W ETE T
2 5 ] ! } =
z |
1 ~lg Nk E 04 pLK = 340 khz I.l
Vouy " 04 Vo¢ : & ALY 1
2 B, L)l v
~0 -26 8 25 S0 5 100 125 50 -2 0 25 0 76 100 175 [ ] 1 2 15
i . VRer/2 VOLTAGE Vpp)
Ta ~ AMBIENT TEMPERATURE °C! T4 - AMBIENT TEMPERATURE [°C) REF P ocsrien

T1=44
osouse DS00SAT1-46
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ADCDB01/ADC0802/ADC0803/ADC0OB04/ADCOB0S

RTARY
CONVERTION

ACTUAL INTERNAL
STATUR OF THE
CONYERTER

0ATA

ton
10

—a]

a \

| DATA
DUTPUT

[ .
1T

< aurrur

DSOCSET 1-47

DSO058T t-49

an §

wr [—

|

winL

TRI-STATE Test Circuits and Waveforms

fm

DATA
auThuTs

t=20 ns

L1

DATA
QUTPUTS

=20 ns

t‘]Hy c|_=‘1ﬂ pF

—

Yep

[T R —
1H

You 0%

GND
D3005a71-48

tons C =10 pF
eeter] 1‘.?_—-
Yer | Fro%
0%
Il

— 10K

Vee 7 /.
———errmd]
Vot 0%

DSOO5AT1-50

Timing Diagrams (Al timing is measured from the 50% voltage polnts)

/
J

“BugY~

N DATA I3 VALID IN
; QUTPUT LATCHES

e WOT BUSY
170 0x g« INTERNAL T ammsnmerr—se]
{LABT DATA WAS READ}
{LAST OATAWAENGT READ) _7£ INT ASSERTED
— VI Ten
DS005871-51
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ming Diagrams (Al timing is measured from the 50% voitage points) (Continued)

Output Enable and Reset with INTR

TR —XK INTE RESET

T A

m 3 {

NOTE
DATA ' TRLETATED

Qg™ T — e ———g | e —— e

—— Ilcc |~——

—={ 11H. 10H
[BO0SET1-62
5: Roed sirobe mut occur 8 dlock perlods (84 «) after essertion of inferrupt 1o guarantee reset of INTR
ypical Applications
6800 Interface Ratiometeric with Full-Scale Adjust
u‘v‘&}
ol
VMA o

- ————
[T TP I————— | v | 1
" < " ot T |

Py " a0 o ) | Vipte)
£e 1 ! . 1' " lt

A LU ot g U
Sy
Lz T 1
TATA, = = =
il ——ed g2t}
] }
| n !
DS0058T1-53 1 I
= 7
1 b
= sesas OFTIDNAL
i ol F3 ABIUNT
£

00587154

Nole; before using caps al Vyy or Vreel2,
see seclion 2.3.2 Input Bypass Capacilors,
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tures

mpatible with MCS-51™ Products

( Bytes of Reprogrammable Flash Memory
durance: 1000 Write/Erase Cycles

1o 5.5V Operating Range

ly Static Operation: 0 Hz to 33 MHz
-se-leval Program Memory Lock

i x B-bit Internal RAM

Programmable /O Lines

rea 16-bit Timer/Counters

jht Interrupt Sources

)grammable Serlal Channel

w-power [dle and Power-down Modes
srrupt Recovery from Power-down Mode
rdware Watchdog Timer

al Deta Polnter

wer-off Flag

scription

I )

8-bit
Microcontroller
with 20K Bytes
Flash

ATBOC55WD is a low-power, high-performance CMOS 8-bit microcomputer with
bytes of Flash programmable read only memory and 256 bytes of RAM. The
se is manufactured using Atmel's high-density nonvolatile memory technology
is compatible with the industry standard 80C51 and 80C52 instruction set and

{continued)

Configurations PDIP

a4
PO sopvee
(T2Ex) P13 02 40 1 PD.0 (ADD)
Pr2c]s 38[1 P0.1 (AD1)
P1.ac]4 57 PO.2 (ADD)
P1.4T]s 881 P0.3 (AD3
TQFP P56 353 PO (AD4)
- e P1ET]7 34 [ POLB (ADE)
Y §§ §g p17¢]a 332 Po.6 (ADS)
cE L RSTL]® 22 3 PO.T(ADT)
=D OG- on e
TLEasiPSEFEE (RXD) P30 L4 10 SIPEANEE
a¥alnlalstulakalalalal (o P31 M 30P) ALEPROG
IGNIIRRERAS UNTD) Pa2 12 26 2PSEN
(T P13 28 P27 (ATE

P1.5C)1 33} Pp.4 {ADY) (To) Pa.4 ] 14 e7piPzs (A14)

Plel]2 32 ) PO.5 {ADS) anrasE0s 26 11P25 {AL3)

p170]s a1 {1 P0.6 {ADS) {WRI P38 18 25b1P2d (M1

RSTO4 30{1 P0.7 JAD7) (RD) Pa7 17 24D P23 (AT}

P3oCs 2 Ewep xraLzri1e 2afl P22 (At

NeDs WANG AL L e 2Pz (A

P37 27 [1 ALEPROG GND[F20 21 DP20 sy

PazCR 28 (I FSEN

Pa3s 251 P27 (A15)

PASL]10 24 P26 [A14)

PasC] 11 30P2s (A3 PLCC
yorzesresggy E. 58§
CUTEGDUOTET LI LY
Egggggggggg EELiaBOEREY
['4 o e N —

!EIE. 33—_«153 PLE 39&'239:%-,(4\04)
P1.8 38 [0 PO.5 (ADS)
P17 37 [J PO.8 (AD4)
RST 26 IPOT (ADT)
{RXD) P30 35 [T ERVPR
NG spNe
XDy Pa.Y 33 [ ALEFPROG
[NTD) P32 52 [ FEER
{INTT) P13 81 PRT (5)
(o) Pa4 a0 b1 P2 (atd)
PRS0 g o QR RERE
IEEEREEEE
prgigtEiddd
g€ REEH

S
=
m
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AIMEL

it. The on-chip Flash allows the program memory to  on a monolithic chip, the Atmel AT89CS55WD is a powerful
ier programmed by a conventional nonvolatile memory  microcomputer which provides a highly flexible and cost
ammer. By combining a versatile 8-bit CPU with Flash  effective solution to many embedded control applications.

ck Diagram

FO0 - PD.7 P20 - P27

P T S s T A, ™ " F " 11" r**1-1-""r-——"*"""r-1--"t“*“rFr~"9""t1--r- - """""'"""_"'—‘“‘”""""I
Vo .
: POAT 0 DRIVERS PORT 2 DRIVERS '
GND T
N 1
; y y l
T 00 FAM ADDA POR PORT 2 Quick :
: - T O -
: REGISTER RaM LATCH LATCH FLASH ;
: .
! y ;
! 3 3 :
; :
: y y y '
: PROGRAM .
' B TACK !

i ACC ADDRESS |4
E AEGISTER POINTER REGISTER
' i
' 1
: i
: y :
' +—p BUFFER > :
: ™P2 TMP1 " i
' 1
. !
' !
' :
' H
+ PC !
‘ ALY INGREMENTER >
‘ INTERRUPT, SERIAL PORT, ;
: AND TIMER BLOCKS :
' ]
; PROGHAM !
: PSW COUNTER :
; :
PEEN 4+ ;
ALEFROD <——] TMNG | erooron | \ ] oua o
EX / Vep __L_+ co“mo,_ REGISTER ] r ” DPTR :
RST —T—¥ ;
! : F 3 h i
+
i PORT 1 PORT '
: WaATCH LATCH \RTCH,
S BOG r y .
+
; osC 3 A & ,
' PORT DFHVEHS PORT 3 DRIVEAS !
‘ t--l"‘l..-j."'----‘.’”»‘--i‘i“i‘hz--i-i—-l‘?-_n---‘-l _I--ihi'—I-f—i‘-I-_h—‘-—--_----_-‘--_-----'-__:

P10 - P17 P3.0 - P37

The AT89CE5WD provides the following standard features:
20K bytes of Flash, 256 bytes of RAM, 32 |/O lines, three

AT89C55WD messsesssssssss s
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t imer/counters, a six-vector, two-level interrupt archi-
ire, a full-duplex serial port, on-chip oscillator, and
¢ circuitry. In addition, the ATBIC55WD is designed
static logic for operation down to zero frequency and
ons two software selectable power saving modes. The
Mode stops the CPU whiie allowing the RAM,
Jcounters, senal port, and interrupt system to continue
ioning. The Power-down Mode saves the RAM con-
.but freezes the oscillator, disabling all other chip func-
until the next extenal interrupt or hardware reset.

Description

iy voltage.

nd.

0

0 is an 8-bit open drain bi-directional /O port. As an
ut port, each pin can sink sight TTL inputs. When 1s
written to port 0 pins, the pins can be used as high-
dance inputs. |

0 can also be configured to be the multiplexed low-
v address/data bus during accesses to external
ram and data memory. In this mode, PO has internal
ips.

0 also receives the code bytes during Flash program-
; and outputs the code bytes during program verifica-
. External pull-ups are required during program
cation.

1

1 is an 8-bit bi-directional I/O port with internal puli-
The Port 1 output buffers can sink/source four TTL
is. When 1s are written to Port 1 pins, they are pulied
by the intemal pull-ups and can be used as inputs. As
is, Port 1 pins that are externally being pulled low will
e current (I,) because of the internal pull-ups.

idition, P1.0 and P1.1 can be configured to be the
r/fcounter 2 external count input (P1.0/T2) and the
r/counter 2 trigger input (P1.1/T2EX), respectively, as
vn in the following table.

1 also receives the low-order address bytes during
h programming and verification.

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pull-
ups. The Port 2 output buffers can sink/source four TTL
inputs. When 1s are written to Port 2 pins, they are pulied
high by the internal pull-ups and can be used as inputs. As
inputs, Port 2 pins that are externally being pulled low wil
source current (I, ) because of the intemal puli-ups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong intemal pull-
ups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional 1/O port with intemal pull-
ups. The Port 3 output buffers can sink/source four TTL
inputs. When 1s are written to Port 3 pins, they are pulled
high by the intemal pull-ups and can be used as inputs. As
inputs, Port 3 pins that are externally being pulled low will
source current (I, ) because of the pull-ups.

Port 3 also serves the functions of various special features
of the ATBICE5WD, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

1 Pin Alternate Functions

0 T2 (external count input to Timer/Counter 2},
clock-out

1 T2EX (Timer/Counter 2 capture/reload trigger
and direction control)

Port Pin Alternate Functions

P3.0 RXD (serial input port}

P31 TXD {serial output port)

P3.2 INTO (extarnal interrupt Q)

P3.a TNTT (external interrupt 1)

P3.4 TO {timer 0 external input)

P35 T1 (timer 1 external input}

P3.6 WR (external data memory write strobe)

P3.7 RD (external data memory read strobe)
RAST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device. This pin drives
High for 96 oscillator periods after the Watchdog times out.
The DISRTO bit in SFR AUXR (address 8EH) can be used
to disable this feature. In the default state of bit DISTRO,
the RESET HIGH out feature is enabled.

ALE/PROG
Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external

R ‘l|""El 3
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Y. This pin is also the program puise input (PROG)
Flash programming.

nal operation, ALE is emitted at a constant rate of 1/6
cillator frequency and may be used for external
or clocking purposes. Note, however, that one ALE
is skipped during each access to external data
Y.

‘ed, ALE operation can be disabled by setting bit 0 of
scation 8EH. With the bit set, ALE is active only dur-
MOVX or MOVC instruction. Otherwise, the pin is
¥ pulled high. Setting the ALE-disabie bit has no
if the microcontroller is in external execution mode.

am Store Enable is the read strobe to external pro-
nemory.

the AT89C55WD is executing code from external
im memeory, PSEN is activated twice each machine

1. ATB83C55WD SFR Map and Reset Values

cycle, except that two PSEN activations are skipped during
each access 1o external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at D000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin alsc receives the 12-volt programming enable voit-
age (Vpp) during Flash programming.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

H OFFH
B
1 oooacaco OF7H
H OEFH
ACC
7|
H 1 00000000 OE7H
SH ODEH
PSW
H 0000000 0D7H
4 | T2CON T2MOD RCAP2L RCAPZH TL2 TH2 oCFH
00000000 | XXXXXX0O | 00000000 | 00O0000D | 00000CCO |  000DOODD
*H 0CTH
P
3H XX000000 OBFH
P3
oH 11111111 0B7H
IE
8H | ox000000 OAFH
P2 AUXA1 WDTRST
OH | 4111111 XXXXKXXO YOCOXXK OATH
SCON SBUF
9FH
B8H | 50000000 | XOXKXXXX
P1
g
OH 1 41119411 H
g | TCON TMOD TLO T THO TH1 AUXR 5FH
‘ 00000000 | 00000000 00000000 | O0DODDOOO | 0OO0OO00 | 00000000 |  XXXOOXXO
oH PO SP DPOL DPOH DP1L DP1H POON | o0
11111111 | 00000111 00000000 | 00000000 | 00000000 | 000000CO OXXX0000

AT89C55WD s e
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swcial Function Registers

p of the on-chip memory area called the Special Func-
jegister {SFR) space is shown in Table 1.

that not all of the addresses are occupied, and unoc-
:d addresses may not be implemented on the chip.
{ accesses to these addresses will in general return
am data, and write accesses will have an indetermi-
eftect.

software should not write 1s to these unlisted loca-
, since they may be used in future products to invoke

2 2. T2CON—Timer/Counter 2 Control Register

new features, In that case, the reset or inactive values of
the new bits will always be Q.

Timer 2 Registers: Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers: The individual interrupt enable bits
are in the {E register. Two priorities can be set for each of
the six interrupt sources in the |P register.

T2CON Address = 0C8H

Reset Value = 0000 00008

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 cr2 CP/RLZ
7 6 5 4 3 2 1 0

sbol | Function ‘

Timer 2 overfiow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set whan sither RCLK = 1
or TCLK = 1.

2 Timer 2 external flag set when either a capturs or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 wili cause the CPU to vector to the Timer 2 intetrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt in up/down counter mode (DCEN = 1}.

K Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

K Transmit clock enable. When set, causes the serial port to use Timer 2 overflow puises for its transmit clock in serial port
Modes {1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

N2 | Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX it Timer
2 is not being used to clock the serial port. EXENZ = 0 causes Timer 2 to ignore events at T2ZEX.

4 Start/Stop control for Timer 2. TR2 = 1 starts the timer.

2 Timer or counter setect for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

RLZ | Capture/Reload select. CP/RL2 = 1 causes captures o occur on negative transitions at T2EX if EXEN2 = 1. CP/RLZ = 0
causes automatic reloads to occur when Timer 2 overfiows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Tirmer 2 averfiow.
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» 3a. AUXR: Auxiliary Register

R Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - - WDIDLE | DISRTO - - DISALE
Bit 7 6 5 4 3 2 1 0

Reserved for future expansion
ALE Disable/Enable ALE
DISALE Operating Mode _
] ALE Is emitted at a constant rate of 1/6 the oscillator freguency

1 ALE is active only during a MOVX or MOVC instruction
TRO Disable/Enable Reset out

DISRTQ

0 Reset pin is driven High after WDT times out

1 Reset pin Is input only
IDLE Disable/Enable WDT in IDLE mode

WDIDLE

0 WDT continues to count in IDLE mode

1 WDT halts counting in IDLE mode

Data Pointer Registers: To facilitate accessing both  value before accessing the respective Data Pointer
nal and external data memory, two banks of 16-bit  Register.

Pointer Registers are provided: DP0 at SFR address  power Off Flag: The Power Off Flag (POF) is located at bit
ions 82H-83H and DP1 at 84H-85H. Bit DPS=01in 4 (PCON.4) in the PCON SFR. POF is set to “1” during
AUXR1 selects DPO and DPS = 1 selects DP1. The  power up. It can be set and rest under software controf and
should always initialize the DPS bit to the appropriate g not affected by reset.

& 3b. AUXR1: Auxiliary Register 1

(R1 Address = AZ2H Resat Value = XXXXXXX0B
Not Bit Addressable
- - - - - - - DPS
Bit 7 6 5 4 3 2 1 0

Reserved for future expansion
Data Pointer Register Select

LY ¥ )

DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

AT SGC 55 WV D 1000000000000
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nory Organization
-51 devices have a separate address space for Pro-

and Data Memory. Up to 64 Kbytes each of external
-am and Data Memory can be addressed.

jram Memory

EA pin is connected to GND, all program fetches are
ted to external memory.

1e ATBIC55WD, if EA is connected to Ve, program
es to addresses 0000H through 4FFFH are directed to
yal memory and fetches to addresses 5000H through
*H are to extermal memory.

1 Memory

ATBIC55WD implements 256 bytes of on-chip RAM.
upper 128 bytes occupy a paraliel address space to
ipecial Function Registers. That means the upper 128
5 have the same addresses as the SFR space but are
ically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 byles
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0ACH (which is P2).

MOV CAOH, #data

instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where R0 contains 0AOH, accesses
the data byte at address OAOH, rather than P2 (whose
address is 0AOH).

MOV 2RO, #data

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.
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dware Watchdog Timer
e-time Enabled with Reset-out)

WDT is intended as a recovery method in situations
e the CPU may be subjected to software upsets. The
" consists of a 14-bit counter and the WatchDog Timer
it (WDTRST) SFR. The WDT is defaulted to disable
exiting reset. To enable the WDT, a user must write
1 and OE1H in sequence to the WDTRST register
i location 0ABH). When the WDT is enabled, it wili
ment every machine cycle while the oscillator is run-
There is no way to disable the WDT except through
: (either hardware reset or WDT overflow reset). When
" overflows, it will drive an ouiput RESET HIGH pulse
2 BST pin.

ng the WDT

nable the WDT, a user must write 01EH and OE1H in
ience to the WDTRST register (SFR location DAGH).
n the WDT is enabled, the user needs to service it by
1g 01EH and OE1H to WDTRST to avoid a WDT over-
The 14-bit counter overflows when it reaches 16383
‘FH), and this will reset the device. When the WDT is
ded, it will increment every machine cycle while the
1ator is running. This means the user must reset the
[ at least every 16383 machine cycles. To reset the
[ the user must write 01EH and OE1H to WDTRST.
rRST is a write-only register. The WDT counter cannot
2ad or written. When WDT overflows, it will generate an
-ut RESET pulse at the RST pin. The RESET pulse
tion is 98xTOSC, where TOSC=1/FOSC. To make the
use of the WDT, it should be serviced in those sec-
5 of code that will periodically be executed within the
required to prevent a WDT reset.

)T During Power-down and ldle

swer-down mode the oscillator stops, which means the
[ also stops. While in Power-down mode, the user
5 not need to service the WDT. There are two methods
xiting Power-down mode: by a hardware reset or via a
l-activated external interrupt which is enabled prior to
ring Power-down mode. When Power-down is exited
hardware reset, servicing the WDT should occur as it
nally does whenever the AT89CS55WD is reset. Exiting
er-down with an interrupt is significantly different. The
Tupt is held low long enough for the oscillator to stabi-
When the interrupt is brought high, the interrupt is ser-
d. To prevent the WDT from resetting the device while
nterrupt pin is held low, the WDT is not started until the
-rupt is pulled high. It is suggested that the WDT be
1 during the interrupt service for the interrupt used to
Power-tiown.

To ensure that the WDT does not overtiow within a few
states of exiting Power-down, it is best to reset the WDT
just betore entering Power-down.

Before going into the IDLE mode, the WDIDLE bit in SFR
AUXR is used to determine whether the WDT continues to
count if enabled. The WDT keeps counting during IDLE
(WDIDLE bit = 0) as the default state. To prevent the WDT
from resetting the AT89CS5WD while in IDLE mode, the
user should always set up a timer that will periodically exit
IDLE, service the WDT, and reenter IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in
IDLE mode and resumes the count upon exit from (DLE.

UART

The UART in the ATBIC55WD operates the same way as
the UART in the ATB9C51 and AT89C52, For further infor-
mation, see the December 1897 Microcontrolier Data Book,
page 2-48, section titled, “Serial Intertace”.

Timer 0 and 1

Timer 0 and Timer 1 in the AT82C55WD operate the same
way as Timer 0 and Timer 1 in the AT89C51 and ATB9C5H2.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-retoad
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 4.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 4. Timer 2 Operating Modes

RCLK+TCLK | CP/RLZ | TR2 | MODE
0 o 1 16-bit Auto-Reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X i 0 {Otf)

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during 83P1 of the cycie following the one in which

AT SO C 55 WV D 00000000000
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insition was detected. Since two machine cycles (24
tor periods) are required to recognize a 1-to-0 transi-
he maximum count rate is 1/24 of the oscillator fre-
:y. To ensure that a given level is sampled at Jeast
sefore it changes, the level should be held for at feast
il machine cycle.

ure Mode

: capture mode, two options are selected by bit
12 in T2CON. if EXEN2 = 0, Timer 2 is a 16-bit timer
Jnter which upon overfiow sets bit TF2 in T2CON.
bit can then be used to generate an interrupt. |f
12 = 1, Timer 2 performs the same operaticn, but a
) transition at external input T2EX also causes the

e 5. Timer in Capture Mode

current value in TH2 and TL2 to be captured into RCAP2H
and RCAP2L, respectively. In addition, the transition at
T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit,
like TF2, can generate an interrupt. The capture mode is
illustrated in Figure 5.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-refoad mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 5). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

osCc t—w  H12 [/ N
l chz =0
e 7
e — O G —--f TH2 TL2 }-—»{ TF2 J1
. T ConTRO | OVERFLOW |
- o ™ ~W |
T2 PIN CAPTURE | WDM
i RCAP2H | RCAP2L
THANSITION :
DETECTOR i IN-QE‘F%SUE’T
o Y e u‘.._(,-"f/.”x.iﬁ_.__,r_.g I S ___'
T2EX PIN [ J———% 4 Sl » EXF2
|  GONTROL
EXEN2

‘e 6 shows Timer 2 automatically counting up when
N=0. In this mode, two options are selected by bit
N2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
FH and then sets the TF2 bit upon overflow. The
low also causes the timer registers to be reloaded with
6-bit value in RCAP2H and RCAP2L. The values in
r in Capture ModeRCAP2H and RCAP2L are preset
ftware. If EXEN2 = 1, a 16-bit reload can be triggered
r by an overflow or by a 1-to-0 transition at external
T2EX. This transition also sets the EXF2 bit. Both the
and EXF2 hits can generate an interrupt if enabled.

g the DCEN bit enables Timer 2 to count up or down,
sown in Figure 6. in this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A fogic 0 at T2EX makes Timer 2 count down. The timer
underfiows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underfiow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. in
this operating mode, EXF2 does not flag an interrupt.
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‘e 6. Timer 2 Auto Reload Mode (DCEN = 0}

osc 12 e T
Iz =0
\l\o—“_o/g’/ow__,| THz2 | TL2 I_
{CONTR oL OVERFLOW
TRz A\ N
T .= . A w—
Ccl2 =1 ¥
1 RELOAD
T2 PIN TIMER 2
RCAP2H | RCAPIL INTERRUPT
< W TF2
TRANSITION
DETECTOR
T26X PIN[_ — v\_ o/ o . » EXF2
| conTROL
EXENZ

B 5. T2MOD—Timer 2 Mode Control Register

T2MOD Address = QC9H Reset Value = XXXX XX00B

Not Bit Addressable

- - - - - - T20E DCEN

Bt | 7 | 6 5 4 a2 i 0

nbo! Function
Not imptemented, reserved for future

JE ‘ Tirner 2 Output Enable bit
EN t When set, this bit allows Timer 2 to be configured as an up/down Counter

AT SOC 55 VV D 0000000000000



AT89C55WD

re 7. Timer 2 Auto Reload Mode (DCEN = 1)
(DOWN COUNTING RELOAD VALLIE]} TOGGLE

OFFH OFFH | :)C L o ExFo

|
|

05C  |—» 12 | OVERFLOW

——O/O——*[ ™2 | T2 s

TF2

A 4

iCONTROL l l
TR2 X A\
TIMER 2

=
2 ! INTERRUPT
T2 PIN
RCAP2H | RCAP2L +
COUNT
{UP COUNTING RELOAD VALUE) DIRECTION
1=UP
0=D0
T2EX PIN

re 8. Timer 2 in Baud Rate Generator Mode
TIMER 1 QVERFLOW

|

0OSC  —# 2 —y
CM2 =20
. — ‘ oL o |
R O————b| TH2 § TL2 }— ——P, -«

' Rx
| CONTROL - CLOCK
TR2 /\v R e

i — . | ST
T2 PIN . s .
RCAP2H | RCAP2L sy TeL T
TRANSITION | 2ye PO
DETECTOR
. - TIMER 2
T2EX PIN[ |— = ot o EXF2 % \NTERRUPT
CONTROL
EXEN2

11
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.«d Rate Generator

-2 is seiected as the baud rate generator by setting
{and/or RCLK in T2CON (Table 2}. Note that the
rates for transmit and receive can be different if Timer
sed for the receiver or transmitter and Timer 1 is used
re other function. Setting RCLK and/or TCLK puts
r 2 into its baud rate generator mode, as shown in
e B.

»aud rate generator mode is similar to the auto-reload
+, in that a rollover in TH2 causes the Timer 2 registers
reloaded with the 16-bit value in registers RCAP2H
iCAPZL, which are preset by software.

»aud rates in Modes 1 and 3 are determined by Timer
serflow rate according to the following equation.

jes 1 and 3 Baud Rates = LIMer2a O:rzrflow Rate

Timer can be configured for either timer or counter
ation. In most applications, it is configured for limer
ation (CP/T2 = 0). The timer operation is different for
r 2 when it is used as a baud rate generatar. Normally,
timer, it increments every machine cycle {at 1/12 the
ator frequency). As a baud rate generator, however, it

re 9, Timer 2 in Clock-Out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given beiow.

Modes tand 3 _ Oscillator Frequency
Baud Rate 32 x [65536-RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 8. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXENZ is set, a 1-t0-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAPZL) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra extermnal interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read fram or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAPZ2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be tumed off (clear TR2) before accessing the
Timer 2 or RCAP2Z registers.

T2 | THe
osc » 2 % O/O {6-BITS) : (8-BITS)
|
[\ ¢ 1
T RGAPZL | RCAPZH
cT2 BIT
prof” N L G
e () | 2 O
T2OE (T2MOLL1)
TRANSITION
\__ DETECTOR
Pl N Q/’ ExFp TIMER 2
(T2EX0) k _/ : INTERRUPT

EXENZ2
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.grammable Clock Out

% duty cycle clock can be programmed to come out on
. as shown in Figure 9. This pin, besides being a regu-
‘0 pin, has two alternate functions. It can be pro-
imed to input the external clock for Timer/Counter 2 or
itput a 50% duty cycle clock ranging from 61 Hz to 4
at a 16 MHz operating frequency.

onfigure the Timer/Counter 2 as a clock generator, bit

{T2CON.1) must be cleared and bit T2QE {T2MGD. 1}
be set. Bit TR2 (T2CON.2) starts and stops the timer.

clock-out frequency depends on the oscillator fre-
icy and.the reload value of Timer 2 capture registers
\P2H, RCAP2L), as shown in the following equation.

Oscillator Frequency
4 x [65536-(RCAP2H,RCAP2L)}

ck-Out Frequency =

2 clock-out mode, Timer 2 roll-overs will not generate
iterrupt. This behavior is similar to when Timer 2 is
as a baud-rate generator. it is possible to use Timer 2
baud-rate generator and a clock generator simulta-
:sly. Note, however, that the baud-rate and clock-out
lencies cannot be determined independently from one
7er since they both use RCAP2H and RCAP2L.

srrupts

ATBIC55WD has a total of six interrupt vectors: two
mal interrupts (INTO and INT1), three timer interrupts
ers 0, 1, and 2), and the serial part interrupt. These
-upts are all shown in Figure 10.

1 of these interrupt sources can be individually enabled
sabled by setting or clearing a bit in Special Function
ster IE. |E also contains a global disable bit, EA, which
sles all interrupts at once.

-that Table 5 shows that bit position [E.6 is unimple-
'ed. In the ATB9C55WD, bit position IE.5 is also unim-
:ented. User software should not write 1s to these bit
ions, since they may be used in future AT89 products.

i 2 interrupt is generated by the logical OR of bits TF2
EXF2 in register T2ZCON. Neither of these flags is
‘ed by hardware when the service routine is vectored
1 fact, the service routine may have to determine
her it was TF2 or EXF2 that generated the interrupt,
that bit will have to be cleared in software.

Timer 0 and Timer 1 flags, TFO and TF1, are set at
2 of the cycle in which the timers overflow. The values
hen polled by the circuitry in the next cycle. However,
limer 2 flag, TF2, is set at S2P2 and is polied in the
2 cycle in which the timer overflows.

Table 6. Interrupt Enable (IE) Register

(MEB)

{LSB)

EA|— ‘ET2|ES}ET1|EX1’ETO‘EXO]

Enable Bit = 1 enables the interrupt.

Enable Bil = 0 disables the interrupt.

Symbol | Position Function

EA LIET7 Disables all interrupts. If EA =0,
j no interrupt is acknowledged. If
: EA = 1, each interrupt source is
| individually enabled or disabled
E by setting or clearing its enable
: bit.

- IE6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES 1E.4 Serial Port interrupt enable bit.

ETH 1E.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO 1EA Timer O interrupt enable bit.

EX0 | IE.O External interrupt O enable bit.

User software should never write 1s to unimpiemented bits,
because they may be used in future ATB9 products.

Figure 10. Interrupt Sources
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AIMEL

illator Characteristics

.1 and XTALZ are the input and cutput, respectively,
inverting amplifier that can be configured for use as
~chip oscillator, as shown in Figure 11. Either a quartz
al or ceramic resonator may be used. To drive tha
e from an extemal clock sourge, XTAL2 should be left
nected while XTAL1 is driven, as shown in Figure 12,
» are no requirements on the duty cycle of the external
signal, since the input to the internal clocking circuitry
ough a divide-by-two flip-flop, but minimum and maxi-
voltage high and low time specifications must be
rved. '

+ Mode

e mode, the CPU puts itseif fo sleep while all the on-
peripherals remain active. The mode is invoked by
rare. The content of the on-chip RAM and all the spe-
‘unctions registers remain unchanged during this
3. The idle mode c¢an be terminated by any enabled
upt or by a hardware reset.

that when idle mode is terminated by a hardware
t, the device normally resumes program execution
where it left off, up to two machine cycles before the
nal reset algorithm takes control. On-chip hardware
its access to internal RAM in this event, but access to
ort pins is not inhibited. To eliminate the possibility of
1expected write to a port pin when idle mode is termi-
d by a reset, the instruction foliowing the one that
es idle mode should not write to a port pin or to exter-
emary.

ver-down Mode

s Power-down mode, the oscillator is stopped, and the
Jction that invokes Power-down is the fast instruction
.uted. The on-chip RAM and Special Function Regis-
‘etain their values until the Power-down mode is termi-
d. Exit from Power-down can be initiated either by a
ware reset or by an enabled extemal interrupt. Reset
fines the SFRs but does not change the on-chip RAM.
reset should not be activated before Vo is restored to
ormal operating level and must be held active long
igh to aliow the oscillator to restart and stabilize.

Figure 11. Oscillator Connections

c2
—J}————I—— XTAL2
ct T
*—i———o——} XTAL1
GND

ulllwﬂ

C1i, C2 =30 pF = 10 pF for Crystals
= 40 pF = 10 pF for Ceramic Resonators

Note:

Figure 12. External Clock Drive Configuration

NG ~—————— XTAL2
EXTERNAL
OSCILLATOR XTALY
SIGNAL

& 7. Status of External Pins During Idle and Power-down Modes

e Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Internal 1 1 Data Data Data Data
External 1 1 Float Data Address Data

ver-down Internal 0 Data Data Data Data

ver-down External 1] 0 Float Data Data Data

AT 89C 55V I 1500000000000 0000000
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MAXI N

+5V-Powered, Multichannel RS-232

General Description

he MAX220-MAX248 family of line drivers/receivers is
tended for alt EIATIA-232E and V.28/V.24 communica-
ons interfaces, particularly applications where =12V is
ot available.

hese parts are especially useiul in battery-powered sys-
xms, since their iow-power shutdown mode reduces
ower dissipation to less than 5uW. The MAX225,
1AX233, MAX235, and MAX245/MAX246/MAX247 use
0 external components ang are recommended for appli-
ations where printed circuit board space is critical.

Applications

Portable Computers

Drivers/Receivers

Next-Generation
Device Features

+ For Low-Voltage, Integrated ESD Applications:
MAX3222E/MAX3232E/MAX3237EMAX3231E/
MAX3246E: +3.0V to +5.5V, L ow-Power, Up to
1Mbps, True RS-232 Yransceivers Using Four
0.1pF External Capacltors (MAX3246E Available in
a UCSP™ Package)

+ For Low-Cost Applications:

MAX221E: +15kV ESD-Protected, +5V, 1A, Single
RS-232 Transceiver with AutoShutdown™

Ordering Information

Low-Power Modems

Interface Translation
Battery-Powered R5-232 Systerns
Multidrop RS-232 Networks

AutcShutdown and UCSP are rademarks of Maxim Integrated

Croducts, fnc.

[ PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Marrow S0
MAX220CWE 0°C to +70°C 16 Wida SO
MAXZ2GCD C°C to = 70°C Dice*
MAX220EPE -40°C 1o +B5°C 16 Plastic DIP
MAX220ESE -40°C to +B5°C 16 Narrow 50
MAX220EWE -40°C to +85°C 16 Wide SO

[ MAX220EJE -40°C 1o +85°C 16 CERDIP

i MAXZ220MUE -55°C 10 +125°C 16 CERDIP

Ordering Information continued at end of data sheel.
“Contact factory for dice specifications.

Selection Table

Power Mo, of Hominal SHDN Rx
Part Supply AS-232 No. of Cap. Yalue & Three- Active in Data Rate
Number {V} Drivers/Rx Ext. Caps {yF) State SHON (kbps) Features
MAXZ220 +5 2/2 4 0.047/133  No — 120 Uitradow-power  industry-standard pinout
MAX222 +5 22 4 0.1 Yes — 200 Low-powet shutdown
MAX223 (MAX213) +5 4/5 4 1.000.%) Yes v 120 MAX241 and receivers active in shutdown
MAXZ225 +5 55 0 — Yes "4 120 Avaiable in SO
MAX230 (MAX200) +5 510 4 1.0(0.1 Yes - 120 5 grivers with shutdown
MAX231 (MAaX201) +5and 212 2 1.0(0.1) [ie] — 120 Standard +5/+12V or battery supplies;
+750 4132 same functions as MAXZ32
MAX232 (MAX202) +5 2/2 4 1001  No 120(64)  Industry standard
MAX2328 +5 2/2 4 0.1 No 200 Higher siew rate, small caps
MAX233 (MAX203) +5 2/2 0 —_ No - 120 No external caps
MAXZ233A +5 2/2 Q e No — 200 No externai caps, high slew rate
MAXZ34 (MAX204) +5 410 4 .00 No — 120 Replaces 1488
MAXZ235 (MAX205) +5 /5 0 — Yes — 120 No external caps
MAXZ36 (MAX206) +5 413 4 1.0(0.1) Yes — 120 Shutdown, three state
MAXZET (MAXZDTY +5 5/3 4 1.0 (0.1) No p 120 Complements IBM PC serial port
MAX23B (MAX208) +5 4/4 4 1.0(0.1) No — 120 Heplaces 1488 and 1489
MAX238 (MAX209) +5and 3/5 2 1.0{0.1) No — 120 Standard +5/+12V or batlery supplies;
+7.5%0+132 single-package solution for 1IBM PC serial port
MaX240 +5 5/5 4 1.0 Yes — 120 DI or flatpack package
MAX241 (MAX211} +58 a5 4 1.0(0.1) Yes — 120 Complete |BM PC serial port
MAX242 +5 212 4 0.1 Yes v 200 Separate shutdown and enable
MAXZ243 +5 22 4 0.1 No — 200 Open-tine detection simplifies cabling
MAXZ44 +5 810 4 1.0 No — 120 High slew rale
MaX245 +5 B/10 C — Yes v 120 High slew rate. inl. caps, two shuldown mades
MAX246 +5 80 o] — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 89 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MaX248 +5 8/8 4 10 Yes v 120 High slew rate, selective hatf.chip enables
MAX249 +5 B/10 4 1.0 Yes v 120 Available in quad flaipack packape
MAXIW Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.

6PCXVIN-OCCXVIN



+5V-Powered, Multichannel RS-232

- ~
Drivers/Receivers
\BSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
upply Voltage (Vo) e -0.3Vio +6V 20-Pin Plastic DIP {derate 8.00mW/°C above +70°C} ..440mw
put Voltages- 16-Pin Narrow SO (gerate B.70mwW/C above +70°C)...696mW
U e oot r e e e r e e et b are e e s 18-Pin Wide SO {(derate 9.52mW/°C above +70°C).....762mW
A (Except MAX220) ... 18-Pin Wide SO (derate 9.52mW/°C above +70°C).....762mW
Ring (MAXZ20).. e e 20-Pin Wide 50 {(derate 10.00mW/°C above +70°C)... B0OmW
TouT (Except MAX220) (NOte 1) .o +15V 20-Pin SSOP (derate 8.00mwW/°C above +70°Cj .......... 640mW
TAUT (MAXZ20) i e e e +13.2V 16-Pin CERDIP {derate 10.00mwW/°C above +70°C)....800mwW
Jutput Voltages - 18-Pin CERDIP (derate 10.53mW/°C above +70°C).....B42mW
T UT e everer e e et abe e es ek s et e et e e g e e =18V Operating Temperature Ranges
BT ceeierminrr et s ere et ree b n ettt -0.3V 10 (Ve + 0.3V) MAXZ__AC__ MAXZ2_ _C__
river/Receiver Output Short Circuited to GND......... Continuous MAXZ_ _AE. O MAXZ_ _E__ ...
sontinuous Power Dissipation (Ta = +70°C) MAXZ_ _AM_ _, MAXZ_ _M__
16-Pin Plastic DIP {deraie 10.53mW/°C above +70°C)... B42mW Storage Temperature Range ... S
18-Pin Plastic DIP (derate 11.11mW/°C above ~70°C)... BBImMW Leac Temperature {soldering, 108) ... +300°C

Jote 1: Input vollage measured with ToyuT in high-impedance state, SHON or Voo = ov.
Jote 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stressas bayond those lisled under "Absolute Maximum Ratings” may cause perrmanent damage fo the dovice. These are stiess ralings only, and funclional
speration of the device at these or any other conditions beyond those indicated in the operational sections of fhe specifications i5 not implied. Exposurs [0
ihsolute maximurn rating conditions for extended pariods may aflect device reliabiliy.

ZLECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.331F, Ta = Tmin 10 Trax, unless otherwise noted.}

PARAMETER 5 CONDITIONS [ MIN  TYP  MAX | UNITS
RS-232 TRANSMITTERS
Qutput Voltage Swing f Al transmitter outputs toaded with 3k§2 1o GND +5 +8 v
Input Legic Threshoid Low 1.4 0.8 v
All devi e t MAX220 2 1.
Input Logic Threshold High avices excep v
MAXZ220; Voo = 5.0V 2.4
Logic Puil-Unfinout Current All except MAX220, normal operation 5 40 A
ogic Pull-Upfinput Cu R
gic FUT-Upnput LU SHON = 0V, MAX222/242, shutdown, MAX220 2001 =1 | "
Voo = 5.8V, SHDN = OV, VouT = £ 15V, MAX222/242 +0.01 +10
Output Leakage Current —_— Y = =15V 0.01 10 A
P g Ve = SHDN = oV ouT = = * * b
MAX220, Vout = %12V +25
[Data Rate 200 116 kbps
Trarsmitler Output Resistance Voo = V+ = V- = 0V, Vour = =2V 300 10M Q
Vout =0V =7 +22
hor-Circui Vour = OV A
Output Shon-Circuit Current ou A0 250 m
RS-232 RECEIVERS
RS-232 Input Voitage Operating Range =30 v
- u
P ge Uperating hang MAX220 225
Al except MAX243 R2IN 0.8 1.3
AS-232 Input Threshold Low Voo =&Y v
P ce MAX243 R (Note 2) 3
All t MAX243 R2 1. &
RS-232 Input Threshold High Voo = 5V excep 'N 8 2 v
MAX243 R2)n (Note 2) 0.5 01
All except MAX243, Voo = 5V, no hysteresis in shdn. 0.2 0.5 1
RS-232 Input Hysteresis P cC= V. o yse v
MAX243 1
RS-232 1 Resist > > ! kg2
-eve Input Resislance Ta = <25°C (MAX220) 3 5 7

2 MAXIN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

LECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
oC = 45V £10%, C1-Cd = 0.1yF, MAX220, C1 = 0.047uF, C2-C4 = 0.33yF, Ta = TMiN 10 Tpmax, unless otherwise noted.)

PARAMETER ! CONDITIONS [ MIN TYP  MAX [UNITS
louT = 3.2mA c.2 0.4
TLICMOS & t Volt L v
/CMOS Cutput Voltage Low 1GUT = 1.6mA (MAX220) 04
TLCMOS Output Voltage High lout = -1.0mA 35 Vveo-02 V
TL/CMOS Cutput Short-Circuit H%ourcing Vout = GND ’ -2 -10 A
surrent Shrinking Vout = Voo 10 30
TL/CMOS Quiput Leakage Current SHDN = Vg or EN = Ve (SHDN = OV for MAX222), +0.05 =10 pA
OV = Vout s Voo
“Ntnput Thresheld Low MAX242 1.4 0.8 v
=N Inpui Thresheld High MAX 242 20 1.4 v
Dperaling Supply Voltage 4.5 55 v
MAXZ220 0.5 2
No load
Yoo Supply Current {SHDN = Vo), MAX222/232A/233A/242/243 4 10 A
Sigures 5,6, 11, 19 1 3k(2 load MAX220 12
both inputs MAX222/232A/233A/242/243 i5
Ta = +25°C 0.1 10
Ta = 0°C to +70°C 2 50
Shutdown Supply Current MAX222/242 A
HPRY f Ta = -40°C lo +85°C 2 g 1 "
Ta = -55°C to +125°C a5 100
SHON Input Leakage Current MAX222/242 z pA
SHEM Threshold Low MAX222/242 1.4 0.8 v
SHDN Thrashold High MAX222/242 2.0 1.4 Y ﬂ
CL = 50pF to 2500pF,
RL = 3KQ 10 748, MAX222/232//233A/242/243 6 12 30
Transition Siew Rate Voo = 5V, Ta = +25°C, Vius
measured from +3V MAX220 15 R a0
to -3V or -3V 1o +3V
MAX222/232A/233A/242/243 13 35
Transmitter Propagation Detay IPHLT MAKDD 2 10
TLL 1o RS-232 (Normal QOperation),
Figure - ( Operation) t MAX222/232A233AI2421243 5 as | °
PLAT MAX220 5 0
fPHLR MAX222/2320J233A/242/243 0.5 1
Receivar Propagation Delay MAXZ20 06 3
RS-232 to TLL {Mormal tiony, :
Figure 2 (Norma Operators, t MAX322/232A/233A 242243 06 i W
PLAR MAX220 08 3
Recaiver Propagation Delay tPHLS MAX242 0.5 10 .
RS-232 to TLL (Shutdown), Figure 2 | tp g MAX242 25 10 H
Receiver-Output Enable Time, Figure 3 | tER MAX242 125 500 ns |
Receiver-Output Disabla Time, Figure 3 | toR MAX242 60 500 | ns |

Note 3: MAX243 R2oy7 is guaranised to be low when R2iy is = OV or is floating.

MAXIMN 3
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5V-Powered, Multichannel RS-232
rivers/Receivers

_ECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
sc = +5V £10%, C1-C4 = 0.1pF, MAX220, Ct = 0.047F, C2-C4 = 0.33pF, Ta = Tmin 10 Tmax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
ransmitter-Output Enable Time t MAX222/242, 0.1uF caps 250 s
SHON Goes High), Figure 4 ET {includes charge-pump stan-up) W
ransmitter-Output Disable Time
SFIDN Goes Low), Figure 4 toT MAX222/242, 0.1uF caps 600 ns
ransmitter + to - Propagation MAX222/232A/233A/242/243 300

; Peg tPHLT - tPLHT ns
)elay Difference {Normal Operation) MAX220 2000
lacalver + 10 - Propagation ‘ ) MAX222/232A/233A/242/243 100
Jelay Difference {Normal Operation) PHLR - IPLHR MAX220 225 | ne

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE DUTPUT CURRENT MAX222/MAX242
DUTPUY VOLTAGE vs. LOAD CURRENT vz. DATA RATE DN-TIME EXITING SHUTOOWN
10 = 7 e OV
B § o LS QUTPUT LDAD CUHRENIJE o Ve 5
] FLOWS FROM V- TO V- U
¢ | EITHER V< ORV- LOADED \ _ iy o Lol omrows
Ty I_Vcn-tSV N 1T O B B = ! I
i NO LOAD DN & 2 z ST
! 2 | TRANSMITTER DUTPUTS 3 e Vg = 4525V g o
Doy | (EXCERT MAX22, MAX233A) E F— S
- b b ! (=] ALL DA
32 L \-1LOADED,NOLOAD ON Vs =RAN o DT P g \
H ' = Voo = +4.75V & \ 14F CAPS
3 0.pF uF ! = b
) : - s ° \i
5 -~ A
8 _‘_/ 5 Y v - " 0‘1“'; CAPS
; ] v
. L2, | OADED. ND LOAD ON V- ) - ]
0 5 w15 A B 0 0 W B K 06 500ps/div
LOAD GURRENT (m4) DATA RATE {Kallsisec)

4 MAXIMN
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