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Microprocessor: TS9C51RD2, 11.0592MHz

Memory: 128kB SRAM with battery backup

ADC: 7109 12 bits Dual-slope integrating type, analog-to-digital converter
MUX: differential 4-channel analog multiplexer |

RTC: DS1307 12C interface real-time clock

LCD: 16x1 LCD display

DC input: +9V 300mA DC adapter

Firmware: Mini3.c, compiled with Micro-C for 8051
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>>=

START 06:00
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AUTO
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START 06:00 >99:99
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START 99:99

STOP 99:99
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MANUAL

>>

1 L4
=3 =] -1

nasasiufindayaluganAnds n na Y fuladrazdayafituiniidnlddreTunnfu i uueiesidud
ﬁﬂuﬁqﬂ%mﬂﬁy’uqdqLﬂummmﬂﬂm

>>N

New record?(Y/N)

<-- Enter description text (max 30 characters)-->

test1

a e o | alal «
[ANNARAL I LW@@"J’WNﬂLﬁ‘ﬂﬂ‘ﬂﬁ‘ﬂ
>>r
0 records available
>>
AI 9 @ & 9 P o I'd d‘ o ' a =
wumuuuwnmm&a‘immmm@nwu_lm S2 91N STOP 419 START ﬁ\iLﬂfF]’ﬂﬂﬁ‘ﬁﬂ’]ﬁ‘ﬂﬁ‘ﬁWﬁ‘U‘ﬂ‘ﬂ\i LED D1 /2y

¥

dnsamiznszyFuidu 1/3 T eyl dunisuendinnstiufindeyaldBuTuuds
luszwdnstufinsanunsagirdauseseresafivilaudelaednds r 1§ duiunadenines va.o &
azlimeauganafunuesds (LCD) azudmedrinuamanefnilaqiude

>>r

20 records available

>>

azifudnilaqiiuiivommn 20 Saresn

nanesuansATNaRatAnds A

>>3

test1

0 30-07-46 21:45:37 2461 2451 2453 2741

1 30-07-46 21:45:43 2858 2821 2811 2972

2 30-07-46 21:45:48 2999 2962 2951 3055

3 30-07-46 21:45:54 3029 3009 2999 3091

4 30-07-46 21:45:59 3036 3006 2999 3111



5 30-07-46 21:46:04 3064 3033 3028 3119
6 30-07-46 21:46:10 3092 3067 3058 2947
7 30-07-46 21:46:15 2917 2889 2883 2853
8 30-07-46 21:46:20 2828 2798 2792 2785
9 30-07-46 21.:46:26 2765 2740 2734 2735
10 30-07-46 21:46:31 2708 2683 2678 2697
11 30-07-46 21:46:36 2669 2645 2639 2666
12 30-07-46 21:46:42 2638 2614 2609 2641
13 30-07-46 21:46:47 2613 2589 2584 2620
14 30-07-46 21:46:52 2591 2568 2563 2605
15 30-07-46 21:46:58 2573 2543 2536 2590
16 30-07-46 21:47:04 2571 2545 2540 2577
17 30-07-46 21:47:09 2551 2520 2513 2570
18 30-07-46 21:47:14 2547 2527 2521 2563
19 30-07-46 21:47:20 2531 2505 2499 2554

>>

a 2 0 ﬂll
1158 MARI x

>>X

test1

0 2461 2451 2453 2741
12858 2821 2811 2972
2 2999 2962 2951 3055
3 3029 3009 2999 3091
4 3036 3006 2999 3111
5 3064 3033 3028 3119
6 3092 3067 3058 2947
7 2917 2889 2883 2853
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8 2828 2798 2792 2785

9 2765 2740 2734 2735

10 2708 2683 2678 2697

11 2669 2645 2639 2666

12 2638 2614 2609 2641

13 2613 2589 2584 2620

14 2591 2568 2563 2605

15 2573 2543 2536 2590

16 2571 2545 2540 2577

17 2551 2520 2513 2570

18 2547 2527 2521 2563

19 2531 2505 2499 2554

>>

fdfa x azsinamda o msaRinaRfinaslaluanseanin fratineaan1sldAnde x azldRun1smanesiise
dounynaasdadinglidnifudosiufindng ansiignd a @*”Lﬁnun’muumnﬁmmqmwmmm?wmums
wazuulaeiuinan

FoyalEsunstuintSlumiaadusaslinuaina e CR2032 +3V flauldiuusaidie

wnasangtannauatinefilanaan ﬁunmﬁf;mnqwmﬁué’muu sraizinanis i uannsnldasnatias

b3
lnanietawly
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Firmware Listing

/*
minié.c
Firmware for MiniLogger V3.0
89C51RD2+ICL7109+128kB SRAM+RTC+LCD+GPIO

Copyright (C) 2003-2005

WICHIT SIRICHOTE, 29 June 2003

Department of Applied Physics

Faculty of Science

King Mongkut's Institute of Technology Ladkrabang, Bangkok 10250
THAILAND

June 7, 2004 found bug on compare time, DS1307 uses BcD for time
updating but compare function uses binary number, need to fix it!

June 16, 2004 fixed AUTO mode!

Sep 6, 2004 save and restore flagl

Nov 17, 2004 use Manual start/stop for_external trigger
Mar 21, 2005 modify analog display to +/-400.0mv

Apr 29, 2005 add command that set maximum records to stop
recording

Apr 30, 2005 stop uploading with ESC key
*/
#include <8051io.h>
#include <8051reg.h>
#include <8051int.h>
#include <8051bit.h> // require preprocessor -P when compiling
//#include "d:\mc\tiny\miniled.c"
#define BUSY 0x80
#define LCD_command write 0x0000
#define LCD_data write 0x0001
#define LCD_command_read 0x0002
#define LCD_data read 0x0003

#define LCD 0x0A
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LcdReady ()
{

while(xpeek(LCD,LCD_command_read)&BUSY)

return 1;
}

void clr_screen (void)
{
LedReady () ;

xpoke(LCD,LCD_command_write,OxOl);

~char InitLed (void)

{
if (-1 ==LcdReady()) return -1;

xXpoke (LCD, LCD _command write, 0x38) ;

LcdReady () ;

xXpoke (LCD, LCD _command write, 0x0c) ;

clr screen/();
goto_xy(0,0);
}

goto_xy(char x,char y)

{

LcdReady () ;
switch (y) {
case 0 Xpoke (LCD, LCD _command write, (0x80+x)) ; break;
case 1 xpoke (LCD, L.CD . _command wr1te,(0xCO+x)); break;
case 2 xpoke (LCD, LCD _command write, (0x94+x)) ; break;
case 3 xpoke (LCD, LCD _command write, (0xd4+x) ) ; break;

char *Puts (char* str)
{

unsigned char i;

for (i=0; str[i] I= "\O';
LcdReady () ;

i+4){

xpoke(LCD,LCD_data_write,str[i]);

}

return str;
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void putch lcd(char ch)
{
LcdReady () ;
xpoke(LCD,LCD_data_write,ch);
}

// print 4 digits decimal on LCD at current position

print 4digitl (int n)

{
char buffer[6];
int temp;

if (n<0) buffer[0] = Y-t
else buffer[0] = Yt

temp = n;
if (n<0)

{

n=~temp;

n++; // convert to unsigned
}

buffer[1l] = (n/1000)+48;
temp = n%1000; ‘
buffer[2] = (temp/100)+48;
temp = n%100;

buffer[3] = (temp/10)+48;
buffer[4] = 'L, )
buffer[5] = (temp%10)+48;

putch_lcd(buffer[O])
putch_lcd(buffer[l]),
putch_lcd(buffer[2])-
putch_lcd(buffer(3])
( )
( )

putch lcd buffer[4]);
putch_lcd(buffer[5]

[4

[4

print_4digit (int n)
{
char buffer[6];

int temp;
if (n<0) buffer[0] = '-';

else buffer[0] = T+,
temp = n;
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if (n<0)

{

n=~temp;

n++; // convert to unsigned
}

buffer[1] = (n/1000)+48;
temp = n%$1000;

buffer[2] = (temp/100)+48;
temp = n$100;

buffer([3] = (temp/10)+48;
buffer[4] = (temp%10)+48;
putch_lcd(buffer[O]);
putch_lcd(buffer[l]);
putch_lcd(buffer[2});
putch_lcd(buffer[3]);
putch_lcd(buffer[4]);

#define
#define
#define
#define

word unsigned int
byte unsigned char
beginsysdata 0
beginrecord 100
#define begincre 1000
#define status 0

/* system status eqg.,
input, analog input */
#define name 2

main/battery power,

#define adc 0x08
#define gpiol 0x0c
#define gpio2 0xQe
#define lcd 0x0a //

// ICL7109 12-bit ADC
// 8-bit output port
// 8-bit input port
LCD

// flagl bit usages
#define keypressed 0x01

//extern register char cputick;
register unsigned char

door open/close , digital

seclOO,sec,sec5,min,hour,day,month,year,flagl,ACCU,temp,led;

register unsigned char i,command,counterB;

register unsigned char BUFFER[BO],mode,key;

register cld, new;
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register char n,page,channel,POL,OV, temp8;
register int temp3, temp4;k,templ7;
register int buffer[4];

register unsigned char tbuffer([8];

extern register char lastread // flag for last byte to be read

Cchar title[] = "\n\nMiniILOGGER V3.3 (? help)";
char prompt[] = "\n>>";
char menu[] = "\n\nHELP MENU\

\n/ print analog reading)\

\nt TIME set)\

\nd DATE set\

\nc Clock display\

\ns set START/STOp recording time)\
\ni sampling Intervall

\n= display setting parameters)\
\nr number of record\

\nm set maximum record\

\nb terminal connection)\

\nn New record\

\na ALL read: press ESC to stop)\
\nx Read All: sample and data\
\nu About MinilLOGGER V3.1\

\n? help";

char _about[] = "\nMiniLOGGER was desinged by Wichit SIRICHOTE 28
June 2003\

\nApplied Physics Dept. KMITL\

\nfirmware updated: 22 April 2005\

\nURL: www.kmitl.ac.th/~kswichit email:
kswichit@kmitl.ac.th";

char terminal[] = m\p 1 2 3 4 5 6 7 8 9
10 11 12\

\nIN1+ IN1- IN2+ IN2- IN3+ IN3- IN4+ IN4- -5y
+5V 0V +yr;

register unsigned int blink every;

register unsigned int
count,number_of_record,counterl,counter2,interval,templ6,j;
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register

register
external
register
used for
extern r

register

register

#define
#define
#define
#define
#define
#define
#define
#define
#define
(5000*50

page 0--
#define
#define
#define
#define
#define
#define
#define
characte
#define
#define
#define

main ()
{

asm" M
when acc

IE 0

char counterd;

unsigned char pointer[3];
RAM pointer

unsigned char templ[3], temp2(3];
24-bit storage
egister char Longreg[];

// 24 bit long number for

// templ and temp2 are

unsigned char channel_display;

unsigned char esc;

constant definition

XOFF 0x13 // transmission
XON 0x11

adj 2

LED P1.7

trigger P3.5

Standby blink 100
recording blink 300

base 100 // start address for NVRAM -storage

Max record 5000 //limit maximum record for 256kB SRAM

)

flow control

*/
start _hour 0

start min 1

stop hour 2

stop min 3

interval_saved 4 // 4-5 (1l6-bit)

record saved 6 // 6-7 (16-bit)

description 8 // 8-58 (max description string 50
rs)

mode_saved 60 // mode 1 manual, -1 auto
save_flagl 61 // for flagl saving

set_max 62 // int 0-65535 records

address for setting parameters saved in NVSRAM 256 bytes

OV $8E,#3"; // normal access to external memory, emits ALE
ess ram
x81; // enable external interrupt0
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//

TCON |= 0x01; // edge trigger
channel = 0;
channel_display = 0;

xpoke(gpiol,O,channel); // select mux channel 0

old = new = 0;
counterd=0;

flagl = 0;

interval = 6000; // 60000 ms = 1 min

blink every = standby blink;

longset(pointer,lOO); /* initialize pointer to 100 */

reload_setting(); // reload previous recording setting
swapping mode (); // reload what mode is?

InitLed();

Puts ("MiniLOGG") ;
goto_xy(0,1);
Puts ("ER V3.3");

delay(500);

key = 0xbf;
flagl |= 0x02;
execute_key(); // emulate key S5 was pressed

serinit (9600) ;
putstr(title)
sendprompt () ;

14

clr_screen();

while (1)
{
tick wait();

————————————— the following tasks execute every 10ms -----—

cputick = 0;
Cpubeat () ;
getcommand () ;
printtime();
settime();
setdate () ;
set_interval();
dec_counter2 () ;
start_record()
save_record() ;

14
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print_number_of_record();
Set_start stop();
new_record() ;
show_setting();
print menu() ;
clock() ;

read all();

xread all();
manual_start stop();
about () ;

get_key() ;
key_released();
execute key();
terminal signal();
prompting() ;
print_adc();
print_no_record();

set_max_record() ;

}

/************************************************************/

}

INTERRUPT(_IEO_) service adc()

{

//
//

//
//

P1 &= ~0x40; // hold ADC
asm" MOV $8F,#0"; // x1 mode

temp3 = xpeek(adc,2); // get low byte
temp4 = xpeek(adc,1); // get high byte

asm" MOV $8F,#1"; // x2 mode
printf ("\r %02x %OZx",templ,temp2);

POL = temp4&0x10;
OV = temp4&0x20;

tempd &= OXOf;
temp4 <<= 8;

temp3 |= temp4;
if (!POL)
temp3*=-1;
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if (ov)
temp3 = 9999;
buffer[channel] = temp3;

channel++;
channel &=3;
xpoke(gpiol,O,channel); // select next channel
delay(1l); // wait for mux settled
// Pl |= 0x40; // run ADC after mux settled for next channel
scanning

if (channel == )
{
Pl &= ~0x40; //stop ADC
flagl |= 0x80; // set ADC result bit
// printf(" %d sd 4
%d",buffer[O],buffer[l],buffer[2],buffer[3]);

}

terminal signal ()

{
if (command == 'b!)
{
putstr( terminal);
sendprompt () ;
}

setpage (char x) // emit Al6,Al17,A18,A19 to P1.0-P1.3

{
temp = x;
asm{
MOV A, temp
MOV C,ACC.0
MOV P1.0,C
MOV C,AcCC.1
MOV P1.1,C
MOV C,ACC.?2
MOV Pl1.2,C
MOV C,ACC.3
MOV P1.3,C

}
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xpeek (char X,int vy) // read byte with page, address
{

setpage (%) ;

return peek(y);
}

xpoke (char x,int y,char z) // write byte with page,address, data
{

setpage (x);

poke(y, z);
}

output 1Hz ()

{
send start();
send byte (0xd0) ;
send_byte (0x07); // pointed to address 7
send_byte(0x90); // enable 1Hz output
send_stop () ;

}

readRTC ()

{
send_start () ;
send byte (0xD0) ;
send_byte (0x00) ;
send _stop() ;

send_start ();
send_byte (0xD1);

lastread = 0;

for (i=0; i<6 ; i++)
tbuffer(i] = read byte();
lastread = 1;
tbuffer(i] = read byte();
send_stop () ;

// printf ("\n $02x~-%02x-%02x

%02x:%02x:%O2x",tbuffer[4],tbuffer[S],tbuffer[6],tbuffer[2],tbuffer
[1],tbuffer[0]);

}

initRTC ()
{

31



send_start();
send byte (0xDO0) ;
send_byte (0x00) ;
send byte (0x00) ;
send byte (0x30);
send_byte (0x12) ;
send _byte (0x03) ;
send_byte (0x25) ;
send_byte (0x07);
send byte (0x00) ;
send_stop () ;

}

send time ()
{

readRTC () ;
}

about ()
{

if (command == 'u')

{

putstr( about):;

sendprompt () ;

}

}

settime ()

{
if (command == 't!')
{
putstr("\nenter current time HH:MM:SS >");
hour = getbyte();

putch(':"');
min = getbyte();
putch(':");

sec = getbyte();

send start();
send_byte (0xD0) ;
send_byte (0x00) ;
send byte (sec);
send byte (min) ;
send_byte (hour) ;
send _stop();
sendprompt () ;

}
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int getnum/()

{

char s[6]; /* five Characters plus terminator */
char c;

int 1i;
for (i = 0; (¢ = putch (getch())) 1= 13; i++)
s[i] = c;
s[i] = '"\0';
if (i==0)
return (-1);
else '
return ( atoi(s));

}

getbyte ()
{
char s[3]; /* two characters plus terminator */
int 1i;
for (i = 0; 1 <« 2; i++) /* read two characters then return
value */
s[i] = putch(getch()); // echo to terminal
s[i] = '"\0"';
return(((s[O]—Ox30)<<4)|(s[l]—0x30)); // return BCD
// return (_atoi(s)); // return binary

}

char getbyte dec()
{

char s[3]; /* two characters plus terminator */
int i; .
for (i = 0; i < 2; i++) /* read two characters then return
value */
s[i] = putch(getch()); // echo to terminal
s[i] = "\0';
// return(((s[O]—Ox30)<<4)l(s[l]—0x30)); // return BCD
return ( atoi(s)): // return binary

}

set_interval ()
{
if (command == ity
putstr("\n interval 1-600 sec > ")
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setpage (0) ;
pokew(interval_saved,(getnum()*lOO)); // convert to *10 ms
interval = peekw(interval_saved);
counter2 = interval; // load interval to counter?
sendprompt () ;

}

dec_counter? ()
{
if (flagl&0x08) {
counter2--;
if (counter? <= 0){
counter2 = interval;
flagl |= 0x04;
after save(); // reset manual start
flagl &= ~0x20; // enable trigger read again
}

}

start record() {
unsigned char temp;
counter3--;
if ( counter3 <= 0) {
counter3 = 100; // run this task every 1 second
readRTC() ;
temp = tbuffer[2]>>4; // convert BCD to binary for hour
temp *=10;
tbuffer[2] = temp+(tbuffer[2]&0xf);
temp = tbuffer[1]>>4; // convert BCD to binary for min
temp *=10;
tbuffer[1l] = temp+(tbuffer[1]&0xf);
setpage (0) ;

//

printf("\n%d:%d==%d:%d",tbuffer[2],tbuffer[l],peek(start_hour),peek
(start min));
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if((tbuffer[2] == peek(start_hour)) && (tbuffer[l]==
peek(start_min)))
{flagl |= 0x08; // start dec counter?
blink every = recording blink;
poke(save_flagl,flagl); // save start flag has been set
}
if ((tbuffer[2] == peek(stop_hour)) && (tbuffer[l] ==
beek (stop min)))
{flagl &= ~0x08; // disable running dec_counter?
blink every = standby blink;
}
}

setdate ()

{
if (command == 'd')
{
putstr("\nenter current date DD-MM-YR >") ;
day = getbyte();

putch('-");
month = getbyte();
putch('-");

year = getbyte();

send_start();
send _byte (0xDO0) ;
send_byte (0x04) ;
send_byte(day);
send_byte (month) ;

(
send_byte (year) ;
send_stop () ;
sendprompt () ;

}
}
prompting()
{
if (command == 13)

{
putstr(title);
sendprompt () ;
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}

print_ADC(char i)
{

templ7 = buffer([i]/10;

temp8 = buffer[i]%lo;

printf (" %d.%d",templ?,tempB);
1

printtime()

{
if (command == 1/
{
readRTC () ;

printf("\n%OZx—%OZx—%OZx ",tbuffer[4],tbuffer[5],tbuffer[6]);
printf("%OZx:%OZx:%OZx ",tbuffer[2],tbuffer[l],tbuffer[O]);
read_ICL7109¢();

// printf (" %d ed %4 %d",buffer[O],buffer[l],buffer[2],buffer[3]);

print ADC(0);
print ADC(1);
print ADC(2);
print ADC(3);

sendprompt () ;
}
1

getcommand ()
{

if (SCON&Ox01)
command = putch(getch()) ;
else command = -1; /* no cammand has entered */
}

sendprompt ()

{
putstr (prompt) ;
}

pause (int 9)
{
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int i;
for (i = 0; 1 < ;o oi++)

Cpubeat ()

{
beatSSec();
livecpu();

}
beatSSec() /* clear P3.4 every 500 tocks */

{
counterl++;
if (counterl > blink_every )
{

counterl = Q;

flagl |= 0x40; /* set bit 6 of flagl to signal livecpu
task */

Clrbit (LED) //asm " CLR P3.4";

led = 5; /* 5*10ms = 50ms LED on */

}
livecpu ()

{
if (flaglseOx40)
{

led--;

if (led == 0)
{
setbit (LED) //asm " SETB P3.4";
flagl &= ~0x40;
}

read ICL7109() /* read analog from ICL7109, save in BUFFER */
{
// clrbit (LED) // while reading ADC turns LED on
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Pl |= 0x40; // start ADC
while((flag1&0x80)==0)

flagl &= ~0x80; // clear flagl
// setbit (LED)
// printf (" g 2d %d %d",buffer[O],buffer[l],buffer[2],buffer[3]);
}

tick wait ()
{

asm {

JNB TCON. 5, * /* wait for timer0 overflow */

CLR TCON.5

ORL THO, #$DC /* reload $DCOO, i.e., for 10ms overflow */

}

int get_address() /* return address pointer */

int i;

i= pointer[1];

1 <<= 8;
return(ilpointer[O]);

}

inc_pointer()

{
asm{
Mov A, #1
ADD A,pointer
MoV pointer, A
CLR A
ADDC A,pointer+1
MoV pointer+1,Aa
CLR A
ADDC A, pointer+2
MOV pointer+2,A

}

int Set_RAM address() /* increment next address SRAM */

inc_pointer();
Ssetpage (pointer[2]);
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return(get address());

int iset_RAM address() /* increment next address word based */

inc_pointer();

inc pointer();

setpage (pointer[2]);
return(get_address());

}

char convert_hi_nibble(unsigned char c¢)
{

return((c>>=4)+0x30);
}

char convert_lo_nibble(char c)
{

return((c&OxOf)+Ox30);
}

// format raw data saved in external ram

// number day month year hr min sec adc0 adcl adc? adc3 *
// number = 16-bit

// adcO-adc3 = 16-bit

// 17 bytes each record

save_record()
{
if(flag1&0x04)
{
read_ICL7109();
readRTC () ;
pokew(iset_RAM_address(),number_of_record);
// save date & time
poke(set_RAM_address(),tbuffer[4]); // save day
poke(set_RAM_address(),tbuffer[S]); // save month
poke(set_RAM_address(),tbuffer[G]); // save year

poke(set_RAM_address(),tbuffer[Z]); // save hr
poke(set_RAM_address(),tbuffer[l]); // save min
poke(set_RAM_address(),tbuffer[O]); // save sec
// now save the buffer read from ICL7109
pokew(iset_RAM_address(),buffer[O]);
pokew(iset_RAM_address(),buffer[l]);
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pokew(iset_RAM_address(),buffer[2]);
pokew(iset_RAM_address(),buffer[3]);

flagl &= ~0x04;

++number_of_record;

max_limit (); // check maximum for 5000 records

setpage (0) ;

pokew(record_saved,number_of_record); // save available
records

// printf("%u",number_of_record);
}
}
max limit () // disable recording mode if number of record >
max_record
setpage (0);

if (number of record > peekw (set max) )
{flagl &= ~0x08; // disable running dec counter?
blink every = standby blink;
poke (mode_saved,-1); // change to auto mode indicating
maximum limited
}
}

print_number of record /()
{
if (command == 'r')
{

printf ("\n%u records available",number_of_record){

sendprompt () ;
}
}
/*
get record() // test reading until found record terminator
{
Cchar 1i;
if (command == 'g')
{
putch('\n');
3 = 101;

for (3 = 101; 4< 101+(number_of_record*46); j = j+46)

{ .

for (1 = 0; i <46; i++)

{

if (peek(i+y) 1= 0)
putch (peek (i+j));
else putch('\n');
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}
}
sendprompt () ;
}
}

*/

get_key()
{
if((xpeek(gpioZ,O) '= 0xff) &s ((flagl&keypressed)==0))
{
flagl |= keypressed; // enter only after key was pressed
key = xpeek(gpio2,0);
// printf ("gx", key) ;
}
else key = -1;

key_released()
{

if(xpeek(gpioZ,O) == 0xff) flagl g= ~keypressed;
y

execute key()
{
if (key != -1)
{
switch (key)
{
case 0Ox7f: channel display++;
break;
case 0Oxbf:
flagl*=0x02;
flagl &= ~0x10; // show unit
clr screen();
goto_xy(0,1);
Puts (" mv ") ;
if(flagl&OxOZ)
{
putch lcd(' ');
}

else

{

clr_screen();

41



show_mode_on_lcd();
goto_xy(0,0);

Puts ("Record= ") ;

flagl |= 0x10; // show number of record on LCD
}

break;

case Oxdf: break;
case Oxef: break;
}
}

}

set_start_stop()
{

if (command == 's"){

setpage (0) ;

printf ("\nSTART $02d:%02d
>",peek(start_hour),peek(start_min));

poke(start_hour,getbyte_dec()); // save new start time

putch(':");

poke(start_min,getbyte_dec());

printf ("\nSTOP $02d:%02d
>",peek(stop_hour),peek(stop_min));

poke(stop_hour,getbyte_dec());

putch(':");

poke(stop_min,getbyte_dec());

printf ("\n 202d:%024
%02d:%OZd",peek(start_hour),peek(start_min),peek(stop_hour),peek(st
op_min));

swapping mode () ;

show_mode_on_lcd();

sendprompt () ;

set_max_record()
{
if (command == 'm')
{
setpage (0) ; .
printf ("\nEnter maximum records (1-5000) >");
pokew(set_max,getnum());
sendprompt () ;
}
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Swapping mode () // enable/disable manual check
{

setpage (0) ;

if (peek(start_hour) == 99) poke(mode_saved,l); // manual
mode

else (poke(mode_saved,—l)); // automatic mode
}

show_setting() {

if (command == =1y

setpage (0);

printf ("\n Start
%02d:%OZd",peek(start_hour),peek(start_min));

printf ("\n Stop %02d:%OZd",peek(stop_hour),peek(stop_min));

printf ("\n Sampling Interval (sec) =
%u",peekw(interval_saved)/100);

printf ("\n Maximum Records = %u",peekw(set_max));

if (peek(mode_saved) == 1)
printf ("\n MANUAL") ;
else (printf("\n AUTO")) ;
sendprompt () ;
}

}

reload_setting() {
setpage (0) ;

flagl = peek(save_flagl); // restore flagl
interval = peekw(interval_saved);

counter2 = interval;
number_of_record=Apeekw(record_saved);

longset(temp2,46); // temp2 = 4¢
longset(templ,number_of_record); // templ = number of record
longmul (templ, temp2); 7/ Longreg = templ*temp2

longset templ, base); // templ = base = 100

(
(
longadd(Longreg,templ); // Longreq = Longreg + templ
longcpy(pointer,Longreg); // restore pointer

new_record ()

{
if (command == 'n')
{
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putstr ("\n New record? (Y/N)");
if (getch() == 'y")
{ flagl &= ~0x08; // reset start bit enable
number_ of record = 0;

setpage (0) ;
pokew (record_saved, 0); // reset number of record to 0
// printf("%d",peekw(record_saved));

longset(pointer,base);
enter_ description();

}

sendprompt () ;

}

print_menu(){
if (command == 274
putstr (menu) ;
sendprompt () ;
}

}

clock () {
if (command == 'c') {
readRTC () ;
printf("\n%OZx—%O2x—%O2x ",tbuffer[4],tbuffer[5],tbuffer[6]);

printf("%OZx:%O2x:%O2x ",tbuffer[2],tbuffer[1],tbuffer[O]);
sendprompt () ;
}

}

print ADC2 ()
{
templ7 = peekw(iset_RAM_address());
temp8 = templ7%10;
templ7 = templ7/10;
printf (" %d.%d",temp17,temp8);

read_all() // read all record from 100 to current pointer
{

if (command == 'a') {

esc = 0;

send_description () ;
longset (tempi, 1) ; // decrement pointer
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longsub(pointer,templ);
longcpy(templ,pointer); // copy end address to templ
longset(pointer,lOO); // point to start of NVRAM

// while (longcmp(templ,pointer) > 0)
for (j=0; j<number_of_record && esc == 0 ; J++)
{
send (0x0d) ;
send (0x0a) ;
peekw(iset_RAM_address());

// printf (" %d",peekw(iset_RAM_address()));
printf (" &d",§);

printf (" $02x-%02x-
%OZx",peek(set_RAM_address()),peek(set_RAM_address()),peek(set_RAM
address()));

printf ("
%02x:%02x:%02x",peek(set_RAM_address()),peek(set_RAM_address()),pee
k(set_RAM address())); |

//printf (" %d", peekw iset_RAM_address ;
//printf (" H

( (

(" &d", beekw(iset RAM address
//printf (" g4, beekw (iset RAM address

( (

)

)

) i
//printf (" %d", peekw iset_RAM address )

print ADC2();

print ADC2();

print ADC2 () ;

print ADC2();
see_XOFF () ;

}
sendprompt () ;

}

Xread_all() // read all record from 100 to current pointer

{

if (command == 'x'){

send_description();

longset (temp1,1); // decrement pointer
longsub(pointer,templ);

longcpy(templ,pointer); // copy end address to templ
longset(pointer,lOO); // point to start of NVRAM
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// while (longcmp(templ,pointer) > 0)
for (j=0; j<number_of_record; Jt++)
{ 4
send (0x0d) ;
send (0x0a) ;
peekw(iset_RAM_address());

// printf (" %d",peekw(iSet_RAM_address()));
printf (" &d",4);

// dummy peak for date and time
peek(set_RAM_address())
peek(set_RAM_address())
peek(set_RAM_address());
peek(set_RAM_address());
( ())
( ())

’

’

’

peek set_RAM address
peek (set_RAM address

’

printf(" %d", peekw (iset_RAM_addreSS () ) ) ;
printf (" sq", peekw(iset_RAM_address()));
printf(" %d", peekw (iset_RAM_addreSS () )):
printf (" sqr, peekw(iset_RAM_addreSS()));

see_XOFF() ;

}
sendprompt () ;

}
/%

send_formatted_record()
{

send (0x0d) ;

send (0x0a) ;

printf("%c%c/%c%c/%c%c",BUFFER[O],BUFFER[l],BUFFER[Z],BUFFER[B],BUF
FER[4],BUFFER[5]);

printf(",%c%c:%c%c:%c%c",BUFFER[G],BUFFER[7],BUFFER[S],BUFFER[9],BU
FFER[lO],BUFFER[ll]);
for(j = 0; j< 24; G+=3) 7/ skip BUFFER[12] = »*
printf(",%c%c%c",BUFFER[13+j],BUFFER[14+j],BUFFER[15+j]);

printf(",%C%C%C%c%c%c",BUFFER[37],BUFFER[38],BUFFER[39],BUFFER[40],
BUFFER[41],BUFFER[42]); :
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}
*/

see XOFF ()
{
char c;
C = chkchr();
if (c == 27)
esc = 1;

if (¢ == XOFF)
{
while( ¢ != XON)
C = chkchr();
}
}

send (char a) // Dave's putch () automatically send 0x0d after
0x0a
{

temp = a;

asm{

JNB SCON.1, *

CLR SCON.1

MOV A, temp
MOV  SBUF, A

}

enter_description()
{
putstr("\n<-- Enter description text (max 30 characters)--
>\n") ;
_9getstr (BUFFER, 30); // get string max 30 characters
setpage (0) ;
for (3 = 0; BUFFER[]] != '\0Q'; j++) // save to NVRAM
poke((description+j),BUFFER[j]);
poke ((description+j), '\0'); // put line terminator
// sendprompt () ;
}

send_description ()
{
char c;
send (0x0d) ;
send (0x0a) ;
setpage (0) ;
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for (j = 0; (¢ = peek(description+j)) '= "\0'; j++)
putch (¢) ;
}

after save ()

{
flagl &= ~0x08; // disable running dec counter?2
blink_every = standby blink;

}

// detect edge every 0.5s

char falling_edge()

{
if(++counter4>50)
{
counterd = Q;
old = new;
if(P3&0x08) new = 1;
else new = 0;
return (new-old) ;
}
else return 0;

}

/*
manual_ start stop() {
setpage (0) ;
if (peek(mode_saved)==1){
if(falling_edge()<0)
{flagl |= 0x08; // "start dec counter?
counter? =interval; // reload interval
blink every = recording blink;
// printf("\n start dec counter2");
}.
}
}
*/
Manual_start stop(){
setpage (0) ;
if (peek(mode_saved)== )
if((P3&OxO8) == ()
{flagl |= 0x08; // start dec counter?
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blink every = recording blink;

}

else

{flagl &= ~0x08; // disable running dec counter?
blink every = standby blink;

}

}
}

show_mode_on_lcd ()
{
setpage (0);
if (peek(mode_saved)==l)
{
goto xy(7,1);
putch led('M');
}
else
{
goto_xy(7,1);
putch lecd('a');
}
}

print adc()
{

if(flagle0x02)

{

read_ICL7109();

goto_xy(0,0);

channel display &= 0x03; // only 0-3 can be used

putch_lcd(channel display+49); // show channel 1 to 4
instead

putch lcd('=');

print_4digit1(buffer[channel_display]);

}

print_no_record()
{
if(flagls0x10) // print number of record on lcd
{
goto_xy(0,1);
print_4digit(number_of_record);
}
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EC RC

EC-q = ECe
g = EC(I—e_yRC)

E(l —e'VRCJ (2.1)

Ve

NnEumMsfl 2.1) aziinlddn RC Snsaodiwam sniumdninduiuni (second, )
a1 R Sndamiulandt ohm,0) uaz ¢ fnshdunnde (Farad, F) ualapunfinsiianisa
Dumsiasflngannliduitenls dnaclfiduwamalulasifansefilavnia d RC 928
ARt Wi udazees iflsnudisuunudn RC dn T Sunidaenaim (time
constant) t1 t = RC 131321641

Ve = E(l-e¢)
V. = E 1—1)
e
v, - Ee-1)
€
Ve = 0.632E (2.2)

sum13fl (2.2) usasliifiui maﬂswa"lw'ﬁhmaauﬂmummumu R wazauaglu
anmJ's.,a c iflwaan t = Re lasfianussdndason C fenin 0.632E mnl*n 2.2 AR
maulfuudasves Ve nuaan t lag lumaifivdse £92842993 RC
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T=RC t

A [ = 1 hd
3UN 2.2 noINaNMURURUTTENI9 Ve L t LB IEE)

PNFUMIA (2.1)

E
E-V, = Rk

(E—VC] _ e

ln(E—VC) = —%t + InE (2.3)

P @ o ) a v & Y P
NNFUMSIT (2.3) TEUNTINAMATURRTIZAT In (E-VG) 7 t aldnsiimdunse Tanf
Qs 1 1 Lod Q- A
ANNTU(Slope) aINTINTAWYINNY -1/RC ay3Un 2.3

|n(E‘ C) 4

Slope = -—
= RC

A o Q 1] L=
JUN 2.3 nnanuFuRuSzne In (E-Vg) fiu tmmuﬁuﬂs:fg
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2.1.2 msmUﬂi:ﬂﬂﬁ'ﬁrmé‘uﬁuﬂ'szq (Discharging circuit)

>
>

<
<
<

S.w,

|
Eﬂ‘l’l 2.4 127 RC NIUAATY mmzmﬂﬂszq

ﬁnngﬂﬁ 2.1 Lﬁaﬂ'm'mﬁuﬂ'szqamﬁuﬁ ﬁaﬁﬂn'jmg’ﬂuama:mﬁ"s (steady state) A13614
dndasan C Sdwvindu Ve = E dnmssusindluiteunied 2 ﬁ’asﬂﬁ 2.4 ziinsann
Usz9a1n6a C dudadums R iAadunszualni i = do/dt LLawﬂT]&lﬂ'NﬂﬂtlﬂSa&l C 1w
g/C = V¢ Gl\‘l‘ilh’l 2.5 iyazldanuduiutiin

0=V, +V,
0=iR+Z
c

o |8 alke
2

t:l A [ = GJ (1 s J o Ao
AWt =0, g = Q, Warasdwly t Sunfi tizfimfaagludnfivdseg ¢ fia g Mlkldan

q !
ﬁ = _L .[dt
o4 RC ;
Inl L _
0 RC
g = Qi
v, = Ee/c (2.4)
fit=Re = T 1maeledn
V. = 0368E 25)
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A 1 § ("]
INFUNITN (2.5) aztfinlddn Lﬁaﬂizﬁﬂwﬁwgnmﬂaanmmnmuﬁuﬂs:qlﬂmm
t = RC Surfiud? %zﬂ’amﬁﬂi:ﬂwqﬂwLﬁuamwangﬂﬁﬂﬁ’ﬂmmmﬁ'nﬁﬂs'aw c faniwn
2 ' o [
0.368E unzilald In lugumsn (2.4) a2lg

InV., = ———¢ + InE 2.6
nV, 7 n (2.6)

U et o ) L L 4 A' s
MZeunsINANUTINRETERI In Ve 1 t agldnmwiluiduase Taofianusuang
@ o
NN =-1/RC mgﬂﬂ 2.6

0.37E S

T=RC

A oo o 1
gﬂﬂ 2.5 MTINANMURTNANUTIZRT Ve Uag t mm:mﬂﬂixq

InVc .

A' v ot 1
-Eﬂﬂ 2.6 NTINAMUINAUTIZRIN In Ve Uas t mm:mﬂﬂszfg
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A 'nmammmmummummma""l,smumun mwﬂsiwu‘lumsmﬂuIaJsunm
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1 2
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V =V, sinot AP
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Fandieanh AMUTIUMU R () aaf f (Hz2) mquﬁﬁoagu 0 (radss) X= 0L
330 65,981 414,570 330.000

470 93,973 590,450 470.000

0.796 mH 560 111,968 703,516 © 560.000
680 135,961 854,268 680.000

820 163,954 1,030,153 820.000

330 8,526 53,571 330.000

470 12,143 76,299 470.000

6.16 mH 560 14,469 90,909 560.000
680 17,569 110,390 680.000
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