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Simulation system of automatic sprinkle water to plant by PC.
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Simulation system of automatic sprinkle water to plant by PC.
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Abstract

This engineering project presents the simulation system of automatic control of sprinkle
water using micro-controller. The sfate (ON-OFF) of solenoid valves are controlled for this
purpose. In this project, the kale vegetable is used for case study and the relative humidity in soil
are used as the condition for controller. The suitable relative humidity which is 50% to 70% is
controlled. Using the hurﬁidity sensor and electronic circuit, the measurement of soil’s humidity
can be achieved. If the humidity is less than 50%, the solenoid valves will be turned ON, and then
the humidity will be raised up until more than 70%, the solenoid valve will be mmed OFF. In
addition to, the PC program is used for user interface. The schedule and data of interested plant
can be shown and recommended to user by this program. Not only that, the history data records

of plant can be kept into computer for next decision of next plan,
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EMBEDDED CONTROLLER
Felure 2051AH ] 8031AM | 8751H | Z0CSIBH | S0C31BH | 87C3l $052AH 8032AH § 8752 | 80MH
Program Memory 4k - 4k 4k - 4% 3k - 8k 3k
{Bytes)
RAM Memory 128 128 128 128 128 128 256 256 256 192
{Bytes)
Prograr memory 64k 64k 64k 6dx 6k 6dk 64k &k 64k 64k
Expansion{Of
Chip}(Bytes)
Data memory 64k 64k 64k 64k 64k 64k 64k 6k 64k &dk
Expansion(Off B
Chip}Bytes)
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EMBEDDED CONTROLLER

Feture

8051AH

g031AH

8751H

80C51BH

30C31BH

87C51

8052AH

3032AH

8752

8044H

Max Clock
Frequency (MHz)

12

12

12

16

16

16

16

12

12

12

Typical instruction
Tune (uS)

0.75

16-Bil

Timmet/Counters

Serind

Communication

Syncronous

HDLC/
SDLC

No.of /O Line

1o

16

16

32

32

Interrubt Sources

(Two Priority
Levels) Power

Requirements 125

250

29

175

175

200

{ICC Max. mA)
Progremmable
Power Modes Idle

Power Down

4.0 mA
50 uA

A0 mA
51uA

40mA
32 uA

30 mA
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HUUSU (ROM) (1397 8051)

niaoa S muBsy (RAM) nwluseu 128 lua
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TxD 1xD

P P2 M P
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TaonnudaluTasnen Tnsamedaszgail dnevdzuinveslefidhmuy DIP 9wa

40 1 Aqusuminiugln 2.2

Cryslub or Clock inpit —l—} XTALI 100 >
) XTAL2 POl
Crystal or Clock ouiput  f——— 0.2 e | -
Program Store Enuble T opsen ’ ‘:» © Port 0
< PSENY ro3 §d » ort _
Aliernaie Funclions 104 4:* (Data and Address Bus)
I Po.5 : :
L PR L ros 1
Ta < |7 P.7
INTOA «—p .2 I't.o <«-»
INT 1IN «-—p ]| P)3 I <)
TO «—p | P34 P2 lg  p .
TI 1:: P3.5 P13 | Port 1
Wi | gy | 16 Prd €—p
RIA 1 ris J4—m
: rig 44—
Reset  —-p- | RSTUVED YRR D
! ot 4—»
Address Loteh Enable : JS—
PR ALE: P2
Lixternal Memory Access 2.2 1__—_:
' e ol NI 23 l4—p Port 2
: r2d §of—
i vp2s :_: {Add ress Bus) .
pre | 4—>»
p27 4P
|

a . J F
31 2.2 matmuamiindyenvedled sost
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#include <reg51.h>
#include <absacc.h>
#include <math.i>
#include <string.h>
#include <stdio.h>

" #include <stdhib.h>

sbit P1_0 = 0x90;
shitP1 1 =0x91;
shitP1_2 = 0x92;
sbitP1 3 =0x93;
shit P1_4 = 0x94;
sbitP1_5 =0x95;
shitP1 6 = 0x96;
sbit P1_7 = 0x97;

shit P3_7 = 0xB7;

#definePa XBYTE[OXEOEQ]
#define Pb XBYTE[OxEQEL]
#define Pe  XBYTE[OXEOE2]
#define Pcon XBYTE{OxEOE3]
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#define LCD_CONTROL XBYTE[OXEOCO]

#define LCD_BUSY FLAG XBYTE[OXEOCI]
#dcfine 1.CD_WRITEDATA XBYTE[0xE0C2]
#define LCD_READDATA XBYTE[0xE0C3]

#define ON=1
#define QFF=(0

xdata unsigned inf i;

xdata char zz| 16],j;
Hdata unsigned char clockO;

f/data unsigned char ¢lockl;

xdata char float_string[16];

void delay(unsigned int time)
{
dala unsigned int i;
for(i= 0;i < time;i++)
{
}

void wait_for_led_ready (void)
{
while (LCD_BUSY_FLAG & 0x80) |= 0)
{

n-2



}
fiwait util buy flag = 0 (led ready)

void specified_led(void)

{
fifor led more than 2 line
ffand 5x7 dot per cursor font
LCD_CONTROL=0x38;

wait_for led ready ();

void clear_lcd(void)

{
LCD_CONTROL=0x01;

/bit0=1 clear lcd
Hand cursor goto top left

wait_for led ready (),

void cursor_on(void)

{
LCD _CONTROL = 0x0f;

wait_for_led_ready ();
}

void cursor_off{void)

{
LCD_CONTROL = 0x0c;

Mfunction set bit5=1

/foit2=1 led monitor on
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wait_for led ready ();

void entry_mode_set(void)

{
LCD_CONTROL = 0x02:
/fbit0=0 after put data shift cursor to right

ifbitl=1 after read/write dd ram address increasel

wait_for led ready ();

void init_led(void)

{
specified led();
cursor_on();
clear led();
entry_mode_set();
3
void WChar(char ch)
{

LCD_WRITEDATA = ch;
wait_for led ready();
}

void gotoxy(unsigned char row, unsigned char col)

{
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if (row === 1) LCD CONTROL = Qx8(Hcol-1; else
if (tow == 2) LCD_CONTROL = 0x¢0+col-1; else
if (row == 3) LCD_CONTROL = 0x90+col-1; else
if (row == 4) LCD_CONTROL = 0xd0+col-1;

wait_for_led ready ();

void WCharxy(unsigned char row,unsigned char col,unsigned char ch)

{

gotoxy(row,col);

WChar(ch);

void string_to_lcd (unsigned char row,unsigned char col,char *st)

{

data unsigned char mcol,colfinish,len;

ten = strlen(st);
colfinish=col+len-1;

if (colfinish > 16) colfinish=16;

for (tncol=col; meol<=colfinish; mcol+t)

{

WCharxy(row,meol,stfmecol-col]);

}

void string_to_led32 (char *st)

{



data unsigned char mcol,colfinish,len,i;

xdata char display led}32];

for (i=0;1<=31;i++)
{
display_ledli}="";
}

fen = sirlen(st);

if (len>32) len=32;

for (i=0;i<=len-1;i++)
{
display_led[i]=stli];
}

for (mcol=1; mecol<=16; mcolH++)

{
WCharxy(1,mcoldisplay_led[mcol-1]);

}

for (mcol=1; meol<=16; meol++)

{
WCharxy(2,mcol,display_lcd[{mcol+16)-1]);

}

void string _to_led32RotateLeft (char *st)

data unsigned char mcol,colfinish,len,i,temp;

xdata char display _lcd[32];
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for (i=0;i<=31;i++)
{
display led[i]="";
}

fen = strlen(st);

if (len>32) len=32;

for (i=0;1<=len-1;i++) _
{
display_led[i}=st[il;
}

while (1)
{
string_to_lcd32(display_led);

temp=display_led[0];
for (i=1;i<=31;i++)

{

display_lcd[i-1]=display_led[i];

}
display_led{31]=temp;

delay(10000);
}

cal_temp()
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xdata unsigued char aaa;
xdata float y,y1,x,x1,a,b,xx;
xdata char scr[15],s[3],cl3],r[3];

xdata unsigned int I;

x=170.0; HLevel tef
a=0.1; /slope
b=26.0; /Temp ref

Pa=0x18;
delay(90000);
Pa=0x10;
delay(900600);
delay(90000);

aaa=Pb;
=aaa;

delay(90000);
sprintf{scr,"%d",1);

ser[3]="0"

xx=atof{&scr);

sprintf{ser," %", xx);
i string_to fed(1,1,scr);
delay(90000);
delay(90000);
Pe=xx;

iflxx==x)
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y=b;

string_to_led(1,1,"Temp =");
sprintf(s,"%3.2",y);

siring_to_led(1,8,5);

delay(3000);
3
if{xx!=x)
{
x1=x-xx;
y=(a*x1)+b;

string_to_led(1,1,"Temp =");

sprintfle,"%3.2f",y);
string_to_led(1,8,¢);
delay(3000);

void init_serial(void)

{

I
i
¥

SCON = 0x52;
PCON=0x00;
TMOD = 0x20;
THI = 0x{d;
TRI=1;
Ti=1;
RI=0;

7

"
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void start(int 1)

{

switeh(i)

{

case 1:

{
Pa=0x19;

delay(60000);

S

Pa=0x11;
delay(60000);

}break;
case 2
{
Pa=0xla;
delay(60000);
Pa=0x12;
delay(60000);
Yoreak;
case 3 :
{
Pa=0xlb;
delay(60000);
Pa=0x13;
delay(60000);

Ybreak;
case 4:

{
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Pa=0xlc;
delay(60000);
Pa=0x14;
delay(60000);
Yoreak;

case 5 :

{

Pa=0x1d;
delay(60000);
Pa=0x13;
dclay(ﬁOOOO);
tbreak;

case 6 :

{

Pa=0xle;
delay(60000);
Pa=0x16;
delay(60000);
}oreak:

float get_value(float M)

xdata unsigned int j;

xdata float A,B,C,D,E;

for (j=0;<=4;j++)

{



y

'

starl(i);

A=Pb;

delay(6000);
string_to_led(1,15,"1");
string_to_led(1,14,"#");
delay(6000);

}

ifG==1)

{

start(i);
B=Pb;
delay(6000);
string_to_led(1,14,"#");
string_to_led(1,15,"2");
delay(6000);
}
if(j==2)
{
start(i);
C=Pb;
delay(6000);
strﬁ:g_to_lcd(l,l4,“#");
string_to_led(1,15,"3™);
delay(6000);
}
ifi==3)
{
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start(i);
D=Pb;
delay(6000);
steing_to_led(1,14,"#");
string_to_led(1,15,"4");
delay(6000);
}

if(j==4)
{
stari(1);
E=Pb;
delay(6000);
string_to lcd(1,14,"#");
string_to_led(1,15,"5");
delay(6000);
}

M=(A-+B+C+D-+E)/0x05;
Pc=M;

delay(60000);
delay(60000);
delay(60000);
delay(60000);

Pc=0x00;

return{M);

int delivitive(float mmm)

{



xdata float mean;
mean=mintr;

Pc=mean;

ilmean<0x41)
{
return(0);

h
b if{ mean>0x41 && mean<0xc )

{
return(Q);

}

iflmean>(xc0)

{
return{1);

}

void out_valve (int i,int x)

{

switch(i)
{
case(1):
{
if{x==0N)

{
r'\))
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P1_0=0; //####H# valvel "ON"
Pc=0x01;
printf{"valvel ON");
init_led(};
string to_led(2,1,"Lower50% Val ON" );
delay(100);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
cal temp();
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
}
clse
{
P1_0=1; /f#H#H valvel  "OFF"
Pc=0x00;
init_led();
string_to _led(2,1," valvel Off");
delay(10000);
delay(10000);
delay(10000);
delay(10000);
cal_temp();
delay(10000);
delay(10000);

15
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delay(10000);
delay(10000);

}

tbreak;

case(2):

{

if{x==0N)

{

P1_1 = 0; /f#i## valve2 "ON"

Pe=0x02;

printf{*valve2 ON"); :
string to led(2,1," Lower50%");

delay(100);

delay(10000);

cal_temp();

delay(10000);

else

{
PI_1 = 1;//#### valve "OFF"

Pc=0x00;
string_to_led(2,1,"  Over70%" );
delay(10000);
cal_temp();
delay(10000);

Ybreak;
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case(3):

{

if(x=0N)
{
Pl 2 =0; /f#Hi# valve "ON"
Pe=0x04;

i printf"valve3 ON");
string_to_led(2,1," Lower50%" );

delay(10000);
cal_temp();
delay(10000);

else

{
P1 2= 1; /f#### valve "OFF"

Pc=0x00;
string_to_led(2,1,"  Over70%" );
delay(10000);
cal_temp();
delay(10000);

}

Yoreak;

case(4):

{

if{x=—=0N)
{
P1_3 = 0; /f##HH# valve "ON"
Pc=0x08;



i printf("valvetl ON");
string_to_led(2,1,"  Lower50%" );
detay(10000);
cal_temp();
delay(10000);

else

{
Pl 3 =1; /{##H## valve "OFE"

Pc=0x00;
string_to_lcd(2,1,"  Over70%" );
delay(10000),
cal_temp();
delay(10000);

3

Ybreak;

case(5):

{

if(x=0N)
{
P1_4=0; //fi#i## valve "ON"
Pe=0x10;

i printf{"valve5 ON");
string to_led(2,1," Lower50%" );

delay(10000);
cal_temp();
delay(10000);
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{
Pl_4=1; /fiHH#HH valve "OFF"
Pce=0x00;
string_to led(2,1,"  Over70%");
delay(10000);
cal_temp();
delay(10000);

}
Ybreak:
case(6):
{
if{x==0N)
{
‘P15 =0 //#### valve "ON"
Pe=0x20;
1/ printf("valve6 ON");
string_to_led(2,1," Lower50%" );
delay(10000};
cal_temp(};
delay(10000);

else

{
P1_5 = 1, //i#### valve "OFF"
Pe=0x00;
string_to_led(2,1,"  Over70%" );
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delay(10000);
cal_temp();
delay(10000);

tbreak;

main(void)

{
xdata float M,mean;
xdata int status;
unsigned char mBUF,m;

unsigned char mess[10];

delay(20000);

delay(100);

Pcon=0x82;
delay(100);



-

Pl 0 =1;
Pl 1 =I;
Pl 2 =1;
P13 =1;
Pl 4 =1;
Pl 5 =1
Pl 6 =1;
Pl 7 =l

Pe=0x{t}
init_led(;

delay(10000);
delay(10000);

init_serial();

cal temp(};
delay(10000);
delay(10000);

m=0;

while (1)

{
while (IRI)
{

}
RI=0,
mBUF=SBUF;
mess|0]=mBUF;

Pa=mBUF;

delay (10000);
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string_to_led(2,1,"Open port");
delay(10000);

delay(10000);

delay(10000);
string_to_led(2,15,mess);
printflmess);

delay(3000);

iflmess[0]=="A"

{
string_to_lcd(2,2,"Check Valvel");
delay(1000);
delay(1000);
delay(1000);
delay(1000);
i=1;
mean=gei_value(M);
Pc=mean;
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
status=delivitive(mean);

out_valve(i,status);
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ifltaess[0]=="B")
{
string_to_led(2,1,"Check Valve2");
delay(1000};
delay(1000),
delay(1000);
delay(1000);
i=2;

mean=get value(M);
Pe=mean;
delay(10000);
delay(10000);
delay(106000);
delay(10000);
delay(10000);
delay(10000);
detay(10000);
status=delivitive(mean);
out_valve(istatus);
}

iflmess[0]=="C")

{
string_to_led(2,1,"Check Valve3");
delay(1000);
delay(1000);
delay(1000);
delay(1000);

i=3;
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mean=get_value(M);
Pc=mean;
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
status=delivitive(mean),

out_valve(istatus);

iflimess[0]=='D")

{
string_to _led(2,1,"Check Valve4");
delay(1000);
delay(1000);
delay(1000);
delay(1000);
i=4;
mean=get_value(M);
Pc=mean;
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(lOOOO);
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status=delivitive(mean);

out_valve(i,status);

}
if{mess[0]="E")

{
string_to_led(2,1,"Check Valves");
delay(1000);
delay(1000);
delay(1000);
delay(1000);
i=5;
mean=ge(_value(M);
Pe=mean;
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
status=delivitive(mean);

ont_valve(i,status);

b
iftmess[0}=="F"
{
string_to_led(2,1,"Check Valve6");
delay(1000);
delay(1000);



detay(1000);
delay(1000);
=6y
mean=get_value(M);
Pc=mean;
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);
delay(10000);

status=delivitive(mean);

out_valve(i,status);

n-26



MANUHIN U,

sthavsvedlulnsnenTnsamesuesa 8032

sihsosdrmlasenaonifufinea naz Mmauanana



%1-2

P

[ = ') — eyl .

AR R
I Rt P i
ieow — Is = -— P 3
SR RL E R
= (B |F E s
“TIN Ll LT anzLe AL

AT

TEIRE,
11T

FEFIEE L il
Ty

ddagenony T
ataa—itam =
Fasw—oooR ST

S2dmmid mow IM w

e

d
L7

HOT oZW-Lta

\

Quwen Moy TRAR

Siea ] anu
1=
TS IS a3
SLLIEINTY
% &
12u
3 §E
To 'L
rEud
B E-d

-
-
ransdedn

LELLIT Y]
- P

-

o=
e

2710
LI

-1 1esveialuinsneuinsames 8032

gt



W@ N D W e

-
W M= o

v O

+5 Vdce

CLE_ADC

Y e e

SlH O 1=

3 210
»F

N GHD
r b

| Vo

-7 -8 150
gl

EDC Ok

MERSTR N ) T
o _

ADD A

/0 EXPq

Ato D Converter

5
?ESW i

) ¥R % X

17 7 g wm b gk b

P

~ s E 5§ 8 5 % ® © m

1 T L AL L g T
[ T S U O VA

g5 8-

™ .
L L
D2 D5
J\ \1
L /
D1 4

Display panel




SWMHHIN A.

Data sheet

ADC 0809



ADCO0808/ADC0809

Multiplexer

Generai Description

Tho ADCOB0B, ADCO809 data acquisilion component s a
menofithic CMOS device with an 8-bit analog-lo-digita! con-
varler, B-channel muttiploxor and microprocessor compatible
contred logle, The 8-bit A'D converter uses successiva ap-
proximation as the conversion lechnkque. The converter fea-
lurea a high impedance chopper stabilized comparator, a
256R voltaga divider with analeg swilch tree and a succes-
_siva approximation register, The 8-chanael mulliplaxer can
diractly &ceess any of 8-slngle-endad anaiog signaks.

The davica efiminales the need lor extemal zero and
tull-scate adjustments. Easy Interfacing to microprocessors
ts peovided by the latchad and decoded multiplexer address
inputs and lalched TTL TRI-STATE® ocutpuis,

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspacts of saveral A/D
convarsion techniques. Tha A 8, ADC0809 offars high
speed, high accuracy, minimal lemparature dependencs, ex-
cellent long-term accuracy and repeatability, and consumes
minimal power. Thess features make lhis device idaally
suiled 1o applications from process and machine control lo
consumer and automolive applications. For 16-channel muk
Uplexer wilth common output fsamplemold port) see
ADCO0816 dala sheet. (Sea AN-247 [or more informaton,}

ﬁfvational Semiconduclor

November 1995

8-Bit pP Compatible A/D Converters with 8-Channel

Features

s Easy interface to all microprocessors

» Operates ratiometrically or with 5 Ve or analog span
adjusled vollage ralerenca

u No zero of hull-scale adjust required

m Bchannel multiplexer with address logic

m QY lo 5V input range with single 5V power supply

= Quitpuls meat TTL voltage level specifications

u Standard hermatic or molded 28-pin DIP packaga

m 28-pin moided chip carrier packaga

x ADC0808 equivalent lo MM74C949

W ADCOE0I equivakent lo MM74C849-1

Key Specifications

8 Resolution: B Bits

w Tolal Unadjusted Error:  +'% LSO and +1 LS8
m Single Supply: 5 Ve

= Low Power: 15 mwW

n Conversion Tima: 100 ps

TPﬂ%TATE-hu-dwdemSc«mmCan

1axedniniy [sUUBY)-8 YiM SIB|BALOYD asv elqpedwog d4r ya-g 60800QY/80800QY

© 1907 Natisnal Semiconducter Comparntion  DS005872

www.national.com
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Absolute Maximum Ratings qowes 1,
2)

1 Milltary/Aercspace speciled devicos are required,
please comact the Mational Semiconductor Salas Office/
Distributors for avallabllity end specilications.

Dual:InLino Package [caramiz) 300°C
Molded Chip Carrier Package
Vapor Phase (80 seconds) 218°C
Intrared {15 soconds) 220°C
ESD Suscoplibity (Note 8) 400V

Supply Vohaga (Vec) (Nota 3) 6.5V . o
Voltage al Any Pin —0.3Y 1o (Vget0.3V) Operating Conditions (Notes 1, 2)
Except Cantrof Inputs Temperalure Aange (Nats 1) TanneSTAST o
Voltago at Control Inputs 0.3V to +15Y ADCD808C —55°C<T 541250
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) ADC0808CC), ADCOB0BCCHN,
Slorage Temparature Ranga -65°C lo +150'C ADCO809CCN —40"C<To<485'C
Rackage Dissipation at T,=25"C 875 mw ADCOBOSCCY, ADCOBOICCY -40'C £ Tp < +85°C
Lead Temp. (Saldaring, 10 seconds) Range of Ve (Note 1) 4.5 Voc 10 6.0 Ve
Dual-in-Line Package (plastic) 260'C

Electrical Characteristics

Converter Specifications: Vog=5 Yoe=Vacr., Vaery=GND, TyumsSTasThax and (=840 kHz unless otherwise stated.

Symbol Parameter Candltions Min Typ Max Unkhs
ADCOBOS T T - i

Total Unadjusted Emor 25'C i =% Lse

{Nots 5) . ‘ Tha 10 Traax . =¥ LsSB
ADC0809 ' .

Tetal Unadjusted Error 0'Clo 70°C x1 LsB

{Naola 5) Thara 10 Traax ERNA Ls8

- Input Resistance From Ref(+) to Rel{-) 1.0 2.5 9]

Analog Input Voltage Range (Note 4) V{+} or V(-] GNO-0.10 Veet0.10 Voo
Vrerts Yokags, Top of Ladder Measured at Rel{+) Yoo Veart0.1 v
VHEF[+] +Vper Vokage, Center of Ladder Veof2-0.1 Veof2 | Yes240.1 v

2 .

YRes-y Voltage, Bottom of Ladder Measured at Ral{~} 0.1 o \"
hed Comparater Input Cumrent 1.=640 kHz, {Note 6) -2 =0.5 2 - YA

Electrical Characteristics
Digftal Levela and DG 5

otherwisa noled

ificatlona: ADCOB0ACS 4.5V5Vec55.5Y, =55°C<T,<+125'C unless otherwisa noted
ADCOBOBCC., ADCOE08CCN, ADCOBO8CCY, ADCOBOSCCN and ADCOBICTY, 4.758Y 3525V, —40°0CsT,<4+85°C unless

-«

Symtol | Parameter | Canditlons [ M | Typ | Max [ Unna
ANALOG MULTIPLEXER
lorre OFF Channel Leakage Gument Vee=5Y, V=58V,
T,=25°C 10 200 nA
Tt 16 Trnx 1.0 pA
torri~y OFF Channel Leakage Cument Vee=5Y, V=0,
TA=25'C -200 -10 nA
Traire 10 Thaax -1.0 PA
CONTROL INPUTS -
Vi Logical *1* Input Vollage Voc—1.5
Vo Logical "0 Input Vollage 1.5 \'4
Liragny Legical *1° Input Cument Viy=15¥ o PA
{The Coniral Inputs)
iy Legical 0" Input Cumanl V=0 -1.0 ) LA
(The Control Inputs)
lec Supply Currant ler =640 kHz 0.3 3.0 mA

www.nafional. com
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Electrical Characteristics (continued)”

Digital Lovels and DC Specificatlons: ADCOB08C] 4.5VsVeps5.5V, —65'C<TL5+125°C unless othanwisa noted
A!r)ICUBOBCCJ. ADCO808CCHN, AQCO808CCY, ADCOBOICCN and ADCQOB0SCCY, 4.755V<5.25Y, —40°CsT,s+85°C unloss
olharwise noted

Symbol | Porameter ] Condilions [ win T 7y | max T unns
DATA OUTPUTS AND EOC (INTERRUPT)
VYourmy Logical “1* Quiput Vollage 1o=-360 pA Vec—0.4 \'s
Vourios Logical 0" Qutpud Voltage lo=1.6 MA : 0,45 v
Vouro Logical "0” Quiput Volage EOG I5=1.2 mA 0.45 v
lour TRI-STATE Output Gurrent Vo=5V 3 HA
Vo=0 -3 VA

Electrical Characteristics :
Timlng Speclficailons Voo™ Vaeri=5Y, Yrer-y=GND, L34=20 ns and T,=25'C unless othonwise noted.

Symbol Paramoter Condilfons Min Typ Max Units
va Minimum Start Pulse Widih (Figure &) 100 200 ns
bware | Minimum ALE Pulse Width (Figura 5) . 100 200 ns
1, Minlmum Address Sel-Up Time (Figure 5) 25 50 ns
by . Minimum Address Hold Time (Flgure 5) o~ 25 50 ns
to Analeg MUX Delay Time Ra=0Q (Figurs 5) 1 25 us

From ALE B '
i tio QE Conitrol 10 Q) Logle Stale C =50 pF, R =10k {Fioure & 125 250 ns
i tons - OE Control lo HJ-Z C=10 pF, R, =10k {Fizwe 8 125 | 250 ns N
le Conversion Time 1,=640 kHz, {Figure 5) (Note T) 90 100 116 psa
fo Clock Frequency 10 640 1280 IHz
teoc EQC Delay Tima ; {(Figurs ) 0 8+2 pS Clock!

' : v Periods

Cwe Inpul Capacitance At Control lnputs 10 15 pF
Cour TRI-STATE Output At TRI-STATE Qutputs 10 © 18 pF

Capacitance
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Functional Description

Multiplexer. The davica conlaing an 8-channel single-ended
analog signal multiplexar. A padicular input channel is se-
lected by using the addtess decoder. Jablo 7 shows thainput
states for the address lines to selegt any channel. The ad-
dress is latchad inlo the decader on the Jow-to-high transition
of the address latch enable signal,

’

TABLE 1.
SELECTED - ADDRESS LINE
ANALOCG G B A
CHANNEL
INO L L L
N1 L L H
IN2 L H L
N2 L H H
IN4 H L L
N5 H B H "
NG H H L
IN7 H H H

CORVERTER CHARACTERISTICS

The Convertar

The heart af .this single chip dala acqulsition syslem is ils
8-bil analog-to-digital corverter. The converier ks designed to
give (ast, accurate, and repaatable conversions over a wido
range of temperatures. The conveder Is partitioned into 3
major seclions: the 256R ladder natwork, the successive ap-
proxination regisler, and the comparaler. Tha coaverter's
digdal outputs are posiive nle.

The 256R ladder network approach (Figurg 1} was chosen
over tha conventional R/2R ladder becausa of ils inherent
monotonicity, which guarantees no missing digital codes.
Monotonicty is particularty importantin dosed loop {eedback
conlrol systems. A non-monolonic relalionship can cause os-
cilations that will ba calasirophic for the system. Additienally,

the 256R network does not causa kad variations on the rel-
srenca voltags, -

The bolom resislor and tha lop resislor ol the addar nal-
work in Figure | are not the same valus as tha remainder of
the network. The difflerance in these resistors causes the
oulput characteristic lo be symmalrncal with tha zero and
tull-scata points of the transter curve. Tha first output transi-
tion occurs when the analog signal has reached +% LSB
and succeeding autput transiticas occur every 1 LS8 later up
to hill-scale,

The succassive approximation registor (SAR) performs 8 it-
arallons lo approximate the inpul voltage. For any SAR typa
corvarler, ndterations are required for an n-bi converler.
Figure 2 shows a typlcal example of a 3-bit converler. in the
ADCO0808, ADCCE0Y, tha approximation techniqua is ex-
tonded to 8 bils using the 256R network. :
Tho AD convertars successiva approdmation regisler
{SAR) Is resat on lhe positive edge ol the start converslon

- {SC) pulsa. Tha conversion Is bagun on the falling edge of

tho starl corversion pulsa. A conversion In process will be in-
lerrupled by receist of a new| start conversion pulsa. Con-
tinuous convarsien may be accomplished by tying the
end-of convarslon (ECC) output to tha SC Inpul I used in
this mode, an extemal starl conversion pulse shoukd be ap-
plied after powor up. End-ol-converslon wilt ga kow betwean
0 and 8 dock pukses atler tha iising edga of start conversion.
The most important sectlon of the A/D converter & the com-
paralor. it ks this section which ' responsibla for the ultimata.
accuracy of the entira converler, It ks alsa the comparator
drift which has the grealsst Influence on the repeatability ol
the device. A chopper-siabilized comparalor provides the
most affedive meihod of sallstying all tha converter require-
ments, ’
The chopper-stabikzed comparator convers the DG inpul
signal Into an AC signal, This signal Is then fed throught a
high galn AC amptfier and has the DC level restored. This
lechnique limits the drft componant of the amplifier since the
drill is a DC cornponeant which is nct passed by the AC am-
plifer. This makes tha anlire A/D converter extremely Insen-
sitive lo lemperature, long term diift and input oflset emors.
Figuro 4 shows a typical amor curve [or the ADC0808 as
measured using the procadures outlined in AN-179.
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Functional Description (continuea)
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FIGURE 1, Reelator Ladder and Swhich Tree.
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FIGURE 4. Typleal Error Curve
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Connection Diagrams

BDuak-inLine Package Molded Chlp Camler Package
' - L -] 9
sy |- 88813y,
42 27 —H1 S O |
i ms—1s 26l—20 25 24 23 22 21 20 19 L
HE—44 25(—ADD A Ho— 25 184=2"4
o7 —s 2008 M1tar 172558
START—{6 25—4D0 ¢ W2—129 16—~ VYyer(-)
toc—7 2l M3 1577
PR T 21~-7""wsa Hi2 14f=277
OUTPUT ENARLE — 9 022 H5—3 1sl-cup
Lo ~{to - fofpzd HE—{4 12| Veer (4)
wede S
r ()] ZEET Y58
GRD~—413 16 1= Yep (=) P 3
27414 15} 5
E
OSEOeET2-11 8
" Order Number ADCO808CCN, ADCOBISCCN, trmsarzz
ADCO80BCCY or ADCO80AG. Order Number ADCE808CCY or ADC0305CCY
Sea NS Package J28A or N28A See NS Package Y28A
Timing Diagram X
by
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FIGURE 5.
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