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Special Project Title Study and development of a Root Canal Apex Locator
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Department Applied Physics
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Academic Year 2548

Special Project Advisor Assoc.Prof. Anupong  Srongprapa
ABSTRACT

A root canal apex locator based on impedance measuring at frequency of 800 Hz
and 400 Hz was constructed. The two voltage signals responsed to the generated square wave
current signals, after amplification and filtering, were processed by Philips PS89LPC 938
microcontroller. Vitro study for various tooth which was submerged in 2.5% NaQCl solution
revealed that the ratio and difference of impedance both decreased rapidly when the file tip
approached the apical section. The ratio of the impedance was more appropriated to represent the
approach distance which was shown by bar level on LCD propgrammed to display row of

character perpendicular to the canal one.
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-0.25 0.488 0.456 0.465 0.4697
-0.5 0.444 0.450 0.451 0.4483
075 0.407 0.411 0.435 0.4177
-1 0.377 0.391 0.391 0.3863
-1.25 0.359 0.365 0.366 0.3633
-1.56 0.350 0.345 0.353 0.3493
-1.75 0.340 0.334 0.333 0.3357
-2 0.331 0.331 0.299 0.3203
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szupvna(mm) nanfafl 1 uanfon 2 nanfodl 3 wén
5 0.024 0.023 0.024 0.023667
475 0.015 0.020 0.023 0.019333
45 0.007 0.026 0.024 0.019
425 0.011 0.018 0.019 0.016
4 0.015 0.020 0.018 0.017667
3.75 0.011 0012 0.014 0.012333
35 0.009 0.010 0.016 0.011667
3.25 0.008 Q0.011 0.017 0.012
3 0.008 0.010 0.019 0.012333
2.75 0.008 0.018 0.018 0.014667
2.5 0.020 0.012 0.012 0.014667
2.25 0.009 0.010 0.008 0.009
2 0.005 0.008 0.001 0.004667
1.75 -0.004 -0.010 -0.005 -0.00633
1.5 -0.013 -0.014 -0.024 -0.017
1.25 -0.013 -0.024 -0.082 -0.043
1 -Q0.138 -0.224 -0.236 -0.19933
0.75 -0.311 -0.316 -0.314 -0.31367
0.5 -0,350 -0.380 -0.368 -0.366
0.25 -0.447 -0.500 -0.494 -0.48033
0 -0.543 -0.524 -0.514 -0.527
-0.25 -0.525 -0.557 -0.548 -0.54333
-0.5 -0.569 -0.563 -0.562 -0.56467
-0.756 -0.606 -0.602 -0.578 -0.59533
-1 -0.636 -0.622 -0.622 -0.62667
-1.25 -0.654 -0.648 -0.647 -0.64967
-1.5 -0.663 -.668 -0.660 -0.66367
-1.75 -0.673 -0.679 -0.680 -0.67733
-2 -0.682 -0.682 -0.714 -0.69267
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#n Devider peak to peak (800 Hz-4000 Hz)
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[—e—Frminattudd 17 |

AIWANITUDL WA 199D 986 194 Peak to Peak3er ety miansnnud dwsuilu

fae819m9 2 Tzt luasaa1e NaOCL [utU 2.5 %wiwis lAnamsnaansssnis19h 4.20

oz 4.29 1 Idudouns g Tdnsdegali 4.13a uag 4.13b mudiey

M9319%1 4.20 SEBENIIOIN Apical section AUAMHAMTVBITAIATBIN LA VO IHUE2

ssuevI(mm) naafont 1 unafofl 2 narkol 3 \afe

5 0.905 1.230 1.020 1.0517
4.75 0.905 1.180 1.019 1.0347
4.5 0.905 1.100 1.034 1.0130
4.25 0.805 1.050 1.039 0.9980
4 0.905 1.040 1.041 0.9953
3.75 0.905 1.023 1.044 0.9907
3.5 0.905 1.006 1.043 0.9847
3.25 0.903 0.999 1.043 0.9817
3 0.900 0.995 1.036 Q.9770
275 0.896 0.982 1.002 0.9600
2.5 0.890 0.879 1.003 0.9573
2.25 0.886 0.850 1.000 0.2453
2 0.880 0.909 1.009 0.9327
1.75 0.820 0.860 0.882 0.8873
1.5 0.818 0.877 0.946 0.8803
1.25 0.707 0.810 0.836 0.7843
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1 0.654 0.686 0.763 0.7010
0.75 0572 0.675 0.722 0.6563
0.5 0.557 0.558 0.590 0.5687
0.25 0.445 0.455 0.432 0.4440
4] 0.405 0.387 0.360 0.3840
-0.25 0.382 0.394 0.393 0.3930
-0.5 0.370 0.369 0.380 0.3730
-0.75 0.338 0.333 0.354 0.3417
-1 0.322 0.318 0.329 0.3230
-1.25 0.308 0.310 0.317 0.3120
-1.5 0.295 0.303 0.304 0.3007
-1.75 0.288 0.296 0.291 0.2917
-2 0.270 0.285 0.282 0.2790
andnefugn 2
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A15191 4.2 TTEINII9IN Apical section NUANAN VO ITY DI NUBVOIRUTN?2
sturvna(mm) narfad 1 nanfoft 2 nanfofl 3 adlo
5 -0.114 0.211 0.001 0.032667
| 4.75 -0.114 0.161 0.000 0.015667
45 -0.114 0.081 0.015 -0.006
425 -0.114 0.031 0.020 -0.021
4 0.114 0.021 0.022 -0.02367
375 -0.114 0.004 0.025 -0.02833
3.5 -0.114 -0.013 0.024 -0.03433
3.25 -0.116 -0.020 0.024 -0.03733
3 -0.119 -0.024 0.017 -0.042
2.75 0.123 -0.037 -0.017 -0.059




50

2.5 -0.129 -0.040 -0.016 -0.06167
225 -0.133 -0.069 -0.019 -0.07367
2 -0.139 -0.110 -0.010 -0.08633
1.75 -0.199 -(.159 -0.037 -0.13167
1.5 -0.201 -0.142 -0.073 -0.13867
4.25 -0.312 -0.209 -0.183 -0.23467
1 -0.365 -0.333 -0.256 -0.318
078 -0.447 -(1.344 -0.297 -0.36267
0.5 -0.462 -0.460 -0.429 -0.45033
025 0574 -0.564 -0.587 0,575
0 -0.614 -0.632 -0.659 -0.635
-0.25 0. 627 -0.625 -0.626 -0.626
-0.5 -0.649 -0.650 -0.639 -0.646
075 -0.681 -(.686 -0.665 -0.67733
-1 -0.697 -0.701 0.690 -0.696
-1.25 -0.710 -0.708 0.702 -0.707
-1.5 -0.724 0716 -0.715 -0.71833
-1.75 -0.731 -0.723 -0.728 -0.72733
-2 -0.749 -0.734 -0.737 -0.74
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. ' v o o
4.3.3 WONTINANRIN WA TUATHAA 13 VBT ANATEIN NA VO SHUGR3
AWBNITUAZ HAR DT G815 Peak to Peaksenidgananinand dmiviu
o8N 3 nseilumsazaie NaOCT iBudiu 2.5 %wiw 3¢ 1ANANYARBIRIA1T197 4.30

uag 4.3% Wil Iuridsuns ez 1Ans s e310% 4,140 1ae 4.14v audiay

M13197 4.3 SZBTMIDIN Apical section HUMNATITUDINRYA I Peak to Peakudh 3

seagva(mm) nanfofi 1 uanodl 2 nanfod 3 wads

5 0.688 0.705 0.707 0.7000
475 0.682 0.703 0.706 0.6970
45 0.681 0.704 0.689 06913
425 0.681 0.698 0.681 0.6867
4 0.676 0.669 0.677 0.6740
3.75 0.659 0.664 0.681 0.6680
3.5 0.648 0.646 0.674 0.6560
325 0.651 0.6836 0.664 0.6503
3 0.600 0.634 0.650 0.6280
275 0.600 0.625 0.640 06217
25 0.600 0610 0.630 0.6133
225 0.600 0.609 0.627 0.6120
2 0.600 0623 0.615 06127
1.75 0.621 0.630 0.617 06227
1.5 0.610 0620 0616 0.6153
1.25 0.606 0613 0.614 06110
1 0.593 0.616 0.612 0.6070
075 0.580 0.583 0.610 0.5910
05 0.570 0.562 0.590 0.5740
0.25 0.447 0.555 0.580 05273
¢ 0.403 0.452 0.445 0.4333
-0.25 0.387 0414 0.410 0.4037
0.5 0.354 0.379 0.366 0.3663
-0.75 0.323 0.351 0.333 0.3357
-1 0.320 0.332 0.329 0.3270
-1.25 0.318 0.322 0.321 0.3203
-1.5 0.307 0.300 0.305 0.3040
-1.75 0,294 0.290 0.299 0.2943
-2 0.280 0.287 0.280 0.2857
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sTa¥MI(mm) nanfod 1 nanod 2 uanfon 3 Ll
5 -0.328 0.311 -0.309 -0.316
475 -0.334 0.313 -0.310 -0.319
45 -0.335 -0.312 -0.327 -0.32467
4.25 -0.335 -0.318 -0.335 -0.32933
4 -0.340 0.347 -0.339 0.342
3.75 -0.357 -0.352 -0.335 -0.348
35 -0.368 -0.370 -0.342 -0.36
; 3.25 -0.365 -0.380 -0.352 -0.36567
i 3 -0.418 -0.382 -0.366 -0.388
2.75 -0.416 -0.391 -0.376 -0.39433
2.5 -0.416 -0.406 -0.386 -0.40267
2.25 -0.416 -0.407 -0.389 -0.404
2 -0.416 -0.393 -0.401 -0.40333
1.75 -0.395 -0.386 -0.399 -0.39333
15 -0.406 -0.396 -0.400 -0.40067
1.25 -0.410 -0.403 -0.402 -0.405
1 -0.423 -0.400 -0.404 0.409
0.75 -0.436 0.433 -0.406 0.425
0.5 -0.446 -0.454 -0.426 0.442
0.25 -0.569 -0.461 -0.436 -0.48867
0 -0.613 -0.564 -0.571 -0.58267
0.25 -0.629 -0.602 -0.606 -0.61233
-0.5 -0.662 -0.637 -0.650 -0.64967
| 0.75 -0.693 -0.665 -0.683 -0.68033
| -1 -0.696 -0.684 -0.687 -0.689
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-1.25 -0.698 -0.694 -0.695 -0.69567
-1.5 -0.709 -0.716 -0.711 -0.712
-1.75 -0.722 -0.726 -0.717 0.72167
-2 0,736 -0.729 -0.726 -0.73033
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scut¥wnin Aplcal section

JUH 4149 uaaIniwad1ve L 3

AWANITUAZ NOA VBT Q10 Peak to Peak3e M Ndgg mansnnyd dmiuiu

A0819%7 4 nszdi luasazate NaOCT WUt 2.5 %w/w 12 MHAMINARBINIATT 1IN 4.40

uag 449 i ldudouns ez 1Rnsdsgld 4.050 uae 4150 amdidy

A15197 4.4 T2BZN190IN Apical section AUAIHAY I VDAY 1M Peak to Peak T 4

ssEva(mm) uanior 1 nanfod 2 naafordl 3 e

5 1.099 1.114 1.119 1.1107
475 1.099 1.113 1.112 1.1080
4.5 1.1114 1.108 1.109 1.1093
425 1.109 1.112 1.110 1.1103

4 1.097 1.114 1.115 1.1087
3.75 1.085 1.115 1.112 1.1040
3.5 1.080 1.113 1.111 1.1013
3.25 1.080 1.114 1.113 1.1023

3 1.070 1.085 1.085 1.0800
275 1.060 1.080 1.079 1.0730
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fsuswivwmon Apical section

317 4.150 tmans e smanisviug 4

2.5 1.053 1.079 1.081 1.0710
2.25 1.030 1.088 1.034 1.0507
2 1.125 1.093 1122 1.1133
1.75 1.132 1.100 1.110 1.1140
15 1.095 1.098 1.092 1.0850
1.25 1.093 0.888 1.081 1.0207
1 1.070 0.832 0.990 0.9640
0.75 0.835 0.588 0.881 0.7680
0.5 0.595 0.531 0.789 0.6383
0.25 0.512 0.452 0.587 0.5170
0 0.489 0.437 0.517 0.4810
-0.25 0.410 0.400 0.497 0.4357
0.5 0.364 0.354 0.366 0.3613
-0.75 0.339 0.336 0.331 0.3353
-1 0.389 0.316 0.318 0.3410
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= . w1t o o
A15197 4.49 SZETN19910 Apical section NUMINAM1IYDINYLY I Peak to Peak Wi 4

sraana(mm) uanfofl 1 nanferd 2 nanfodl 3 wén
5 0.084 0.099 0.104 0.095667
475 0.084 0.088 0.097 0.093
45 0.096 0.093 0.094 0.094333
425 0.094 0.097 0.095 0.095333
4 0.082 0.089 0.100 0.093667
3.75 0.070 0.100 0.097 0.089
3.5 0.065 0.098 0.096 0.086333
3.25 0.065 0.099 0.098 0.087333
3 0.055 0.070 0.070 0.065
275 0.045 0.065 0.064 0.058
25 0.038 0.064 0.066 0.056
225 0.015 0.073 0.019 0.035667
2 0.110 0.078 0.107 0.098333
1.75 0117 0.085 0.095 0.099
1.5 0.080 0.083 0.077 0.08
1.25 0.078 -0.127 0.066 0.005667
1 0.055 -0.183 -0.025 -0.051
0.75 -0.180 -0.427 -0.134 -0.247
0.5 -0.420 -0.484 -0.226 -0.37667
0.25 -0.503 -£.563 -0.428 -0.498
0 -0.526 -0.578 -0.498 -0.534
-0.25 -0.605 -0.615 -0.518 -0.57933
-0.5 -0.651 -0.661 -0.649 -0.65367
-0.75 -0.676 -0.679 -0.684 -0.67967
-1 -0.626 -0.699 -0.697 -0.674
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#include <reg938.h>
#include <lcdfh>

1 DeclareVariable

bit signal=P0"6; //Port0.6 4KHz
sbit signal 1=P0"7, //Portl.1 808Hz
sbit buzzer=P04;

sbit reset=P1"3;

unsigned int

numn,numl, num?2 Max, min=0xFFFF,avr[8],avrmin[ 8], avr Max,avr Min,diff;
unsigned char sw=0,tick=0;

unsigned char xdata root[ }="ratio=";

unsigned char xdata title[ ]="Apex Locator";

unsigned char xdata  ap[]="APEX";

unsigned int num3,avr1[10],avr2[10],dat800,dat4k,sum,suml;

I/ Declare function

void init();

void timers_init(void);
void timers_isrO(void),
void timers _isrl{void);

unsigned int chkmax{unsigned int dat,unsigned int datl),
unsigned int chkmin{unsigned int min,unsigned int mindat);
void hex2lcd{unsigned char addr lcdunsigned char dat);

I Function routine

void timers_init(void)
{
/I configure timer 0
TMOD &= 0xF0;
TMOD |= 0x01;
TAMOD &= 0xFE,

/i timer values
THO = (xF6;
TLO = 0xFF;

/1 set timer O isr priority to 0
IPO &= OxbkD;
IPOH &= 0x¥FD;

/{ enable timer 0 interrupt
ET0=1;
/i start timer O
TRO = 1;
fwiksk ARk otobkk o Timer] for multiplex *# 4k ikimikior ks sk



/f configure timer 1
TMOD &= 0x0F;
TMOD |- 0x10;
TAMOD &= 0xEF,;

/7 timer values
TH1 = 0x6F;
TL1 = 0xFF;

// set timer 1 isr priority to 0
1P &= 0xF7,;
IPOH &= 0xF7;

/{ enable timer 1 interrupt
ET1 = 1;

/f start timer 1
TR1 =1;
} // timers_init

void timers_isr0{void) interrupt 1 using 1
{

// reinitialize

if{ sw=—0xFF)

{

THO = 0xFE; // 4000 Hz
TLO = 0x33;
signal™=1; // P0.0 toggle

else

THO = 0xF6; ¢/ 800 Hz
TLO = 0xFF;
signall"=1; / P0.0 toggle
}
}

void timers_isrl{void} interrupt 3 using 2
{

/! resmtialize

tick++;

TH1 = 0x6F,

TL1 = 0xFF;
} // timers_isrl

unsigned int chkmax{unsigned int chkdat,unsigned int chkdat1)




}

unsigned int admax;
if(chkdat>chkdatl)
{

admax=chkdat;
return{ admax);

}

else

{
return (chkdat1); /freturn Max

}

unsigned int chkmin(unsigned int min,unsigned int mindat)

{

h

unsigned int admin;
ifimin<mindat)
{
admin=mimn;
return {admin);
}
else
{
return {mindat);
}

vold hex2lcd{unsigned char addr_lcd,unsigned char dat)

{

}

unsigned char convert;

convert = dat & 0x0f

if{ convert>0x09)

convert= (convert-9) | 0x40;

else convert = convert | 0x30;

led_jumporigin(); // ton modified
led_command(addr led); /f ton modified
led_text({convert);

void init()

{

only

POM1=0x0f; /f Set P0.0-0.3 to input

POM2=0x00;
PiM1=0x00;
P1IM2=0x00;
P2M1=0x00;
P2M2=0x00;

SCON=0x52;

BRGRO = 0xF0; // set up baudrate generator 9600




}

BRGRI1 = 0x02;
BRGCON = 0x03;

ADOCON = 0x44,
ADMODB = 0xEQ;

void main()

{

unsigned int m=0,0=0,p;
init();

led_init(};

EA=];

timers_init();

font(};

led command{0x82);
led_text(0x00);
led_command{0x83);
fcd_text(0x01);
led_command(0x84},
led text(0xD2);
led _command{0x85);
led_text{0x03);

lcd_command(0x86);
led text{'');

led_command{0x87);
led_text(0x04);
led command(0x88};
led_text(0x05);

led_command(0x89);
led text(0x06);

lcd_command(0x8a);
led text(0x00);
led _command{0x8b);
led text{0x07);
led command{0x8c);
led_text{0x02);

P2=0x00;

while(1)

A

/P

HE

X

L

HO

HC

HA

T

iE

/1 start baudrate generator

// Enable AD
/{ divide clock by 1

// loop forever



{

while(tick<10)
{
if{ 2<tick<9)
{
do
1
ADOINS = 0x01;

ADMODA =0x20;
ADOCON |=0x01;

num = ADODATOR;
numl = ADODATOL;
numl &=0xc0;

num l=num] <=3,
num2=num1 num;
Max=chkmax{num2,Max};
min=chkmin{num?2,min);
avr[ 0]=Max;
avrmin{0}=min;

num = ADODATIR;

numl = ADODATIL;
numl &=0xc(;

num]=num]l<=<2;
num2=num1 {num;
Max=chkmax(num2,Max};

min=chkmin{num?2, min);

avr[1]=Max;
avrmin| 1 ]=min;

num = ADODAT2R;

muml = ADODATZL;
mum1 &=0xc(;

numl=numl==2;

num2=num] jnum;
Max=chkmax{num2,Max};

avr| 2]=Max;
avrmin| 2 ]=min;

/f timing control 100 ms

// to avoid transient. Will convert only 20-80ms duration

/1 P0.1 ADDO

/I Continous conversion

/1 start immediately

/{ LSB

/f MSB

/{ clear bif 0-5 of ADODATOL
/f shift left 2 bits

/! combine num1 with num



num = ADODAT3R;

numl = ADCDAT3L;
num1 &=0xc0;

numl=numl<<32;
num2=num] jnum;
Max=chkmax(num2,Max};

min=chkmin{num2,min);

avr|3]=Max;
avrmin| 3]=min;

mum = ADGDATYR;

numl = ADODAT4L.;
numl &=0xc0;

numl=pum]<<2;
aum2=num1|mumn;
Max=chkmax(num?2 ,Max);

min=chkmin{num?2,min};

avr[4}=Max;
avrmin[4]=min;

num = ADODATSR;

numl = ADODATSL;
numl &=0xc0;

numl=numl<=2;
num?2=num1|num;
Max=chkmax(num?2,Max};
min=chkmin{num2,min);
avr{5]=Max;

avrmin| 5]=min;

num = ADODATS6R,;

numl = ADODAT6L,;
num] &=0%xc0;

num1=numl <=2,

num2=num1 jnum;
Max=chkmax{num2,Max);



min=chkmin{num2,min),

avr[ 6}=Max;
avrmin[6]=min;

num = ADODAT7R;

numl = ADODAT7L;
num1 &=0x¢0;

numl=numl<<2;

num2=num1|num;
Max=chkmax(num2 , Max};
min=chkmin{num2,min),
avr| 7|=Max;

avrmin| 7|=min;

avr_Max=(avr[0]+avi{1]+avr| 2] +avr{3]+avr[d]+ave] 5] +avi] 6] +avr 7])/8;
avr_Min=(avrmin[ 0]+avrmin[ 1]+avrmin{ 2] +tavrmin[3}+avrmin{4]+avrmin[ 5]

+avrminf6]+avrminf 7])/8;
ywhile(!{ADOCON & 0x08)); /* ADCI=0 do nothing
ADCI=1 exit*/
ADOCON &=0z08; ficlear ADCI

avrl[m]=avr_ Max;
avr2[m]=avr Min;
nr—+;

1f{m=10)

{

m=0;
sum=(avrl[0]+avrl[1]+avrl[2]+avri[3]+avrl[4]
+avr1{5]+avrl[6]+avrl[7]+avrl[8]+avri{9])/10;
suml=(avr2[0}+avr2[1]+avr2{2]+avr2{3]+avr2[4]
+avr2{5]+avr2[6]+avr2[ 7] +avr2[ 8]+avr2[9])/10;

}
diff=sum-suml;
if{sw—0xFF)
{

datdk=dift,
}
else
{

dat800=diff
}



}hf 2<tick<9
}//1oop tick<10
sw'=0xFF,
Max=0;
min=0xFFFF;
signal1=0;
signal=0;

ek ROk ok R ek oh v soales on TOT) HHkkdob kb ok o
if{sum=—=1023)
{
led command{0xc0);
for(n=0; n<12; n++)

led_text('");

}

else

{

if{800<sum=<1010)

{
led _command{0xc0};
for(n=0; n<4; n++)
{
led_text{0xft);
Pt
}

}

if{ 500<sum<800)

{
led _command(xcd);
for{n=0; n<4; nt++)
led_text{0xft);

}

ifl0<diff<250)

{
lcd_command{0xc8);
for(n=0; n<4; n++)
led text{DxfT);

}

}/else



f-'** she e ke she e stk oo e che ok 2he Sheofe ool o ale o ofe sheale afesle sfa e CHeckAp ica]****ﬂl*********************** *',f
if{((dat800<=161)&&(datak<=207))&8(buzzer—1))
{

lcd_command{0xcc);
led_text{0x00);
led_command(0xcd);
led_text{0x01);
led _command{0Oxce);
led_text{0x02),
led_command{0xcf),
led text(0x03);

buzzer=0; // Indicated APEX found!
H

/*** For clear 'APEX & off buzzer when file depart from apical section’ ****/

if{({dat800=161&datdk=207))&&(buzzer—0))
{

led _command(0xcc);
for{n=0; n<4; n++)
i

y
buzzer=1; /f Off buzzer

}

Jeadeseloba bbbk R aoat flnncti oppte ekt st ok et st st de st ok Rk siedestoe /

led_text("''");

if{reset=—0)

{
AUXR1=0x08; /isoftware reset

AUXR 1 &—(0x08;
buzzer=1;

}
tick=0;

}//loop while(1}

}//main program
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#include <reg938.h>
#include <ledfh>

{7 DeclareVariable

bit signal=P0"6; //Port0.6 4KHz
sbit signal 1=P0"7, //Portl.1 800Hz
sbit buzzer=P0"4;

sbit reset=P1"5;

unsigned int

num,num1,num?2, Max,min=0xFFFF,avr| 8],avrmin[ 8],avr Max,avr Min,diff;
unsigned char sw=0,tick=0;

unsigned char xdata root{ }="ratio=";

unsigned char xdata title[ |="Apex Locator";

unsigned char xdata  ap[]="APEX";

unsigned int num3,avr1[10],avr2[10],dai800,dat4k, sum,suml;

i Declare function

void init(});

void timers_init(void);
void timers_isrO(void);
void timers_isrl(void);

unsigned int chkmax{unsigned int dat,unsigned int dat1});
unsigned int chkmin{unsigned int min,unsigned int mindat);
void hex2lcd{unsigned char addr_lcd,unsigned char dat);

i Function routine

void timers_init{void)
{
// configure timer 0
TMOD &= 0xF0;
TMOD |= 0x01;
TAMOD &= OxFE;

// timer values
THO = 0xF6;
TLO = OxFF;

/{ set timer 0 isr priority to 0
PO &= 0xED;
IPOH &= 0xFD;

/1 enable timer 0 interrupt
ETo=1,
/1 start timer 0
TRO=1;
[oksokictokdokiskdok kbbb 44 % Timer] for multiplex kb shhbkbkkkkohikokon



// configure timer 1
TMOD &= 0x0F;
TMOD |= 0x10;
TAMOD &= 0xEF;

// timer values
TH1 = 0x6F;
TL1 = 0xFF;

/[ get timer 1 isr priority to 0
1IPQ &~ OxF7;
IPOH &= 0xF7,

// enable timer 1 interrupt
ET1=1;

/{ start timer 1
TR1 =1,
} // timers_1nit

void timers_isrO{void) interrupt 1 using 1
{

/1 reimtialize

if{ sw=—0xFF)

{

THO = 0xFE; /1 4000 Hz
TLO = 0x33;
signal™=1; /7 P0.C toggle

else

THO = 0xF6; /{ 800 Hz
TLO = 0xFF;
signall"=1; /f PD.0 toggle
}
}

void timers_isrl{void) interrupt 3 using 2
{

// reinitialize

tick++

THI1 = 0x6F;

TL1 = OxFF,
} // timers_isrl

unsigned int chkmax(unsigned int chkdat,unsigned int chkdat1)



unsigned int admax;
if{ chkdat>chkdat1)
{

admax—chkdat;
return( admax);

}

else

{
return (chkdat1), ffreturn Max
}

}

unsigned int chkmin{unsigned int min,unsigned int mindat)
{
unsigned int admin;
if{min<mindat)
{
admin=min;
return {admin);

return (mindat};

H

void hex2led(unsigned char addr_led,unsigned char dat)
{
unsigned char convert;
convert = dat & 0x0f
if{ convert=0x09)
convert= (converi-9) | 0x40;
else convert = convert | 0x30;
led_jumporigin(); #f ton modified
lcd_command(addr lcd); /f ton modified
led_text(convert);

}

void init()
{

POM1=0x0f /! Set P0.0-0.3 to input
only

POM2=0x00;

PiM1=0x00;

PiM2=0x00;

P2M1=0x00;

P2M2=0x00,

SCON=0x52;
BRGRO = 0xF0; {/ set up baudrate generator 9600



BRGR1 = 0x02;
BRGCON = 0x03; /f start baudrate generator

ADOCON = 0x44; // Enable AD
ADMODB = 0xE(; /! divide clock by 1

}

void main()
{
unsigned int m=0,n=0,p;
init();
led_init();
EA=1;
timers_init();
font();

lcd_command(0x82);
led_text(0x00); /A
led cormmand(0x83);
led_text(0x01); /P
led_command(0x84);
led text(0x02), /E
lcd command{0x85);
led_text{0x03); X

led_command(0x86);
led_text{"");

led command{0x87); /1L
led text(0x04);
led_command{0x88}; /0
led_text(0x05);

led_command(0x89); #C
led_text(0x06);

led_command({0x8a); /1A
led_text(0x00);
led _command(0x8b); T
led_text(0x07);
led_command({0x8c¢); /E
led text{0x02);

P2=0x00;

while{1) // loop forever



{

while(tick<10)
{
if{2<tick<9)
{
do
{
ADOINS = 0x01;

ADMODA =0x20;
ADOCON [=0x01;

num = ADODATOR;
numl = ADODATOL;
muml &=0xc0;
numl=numl<<2;
num2=num1|num;
Max=chkmax(num?2 ,Max};
min=chkmin{num2.min),
avr| 0]=Max;
avrmin[0]=min;

mum = ADODATIR;

numl = ADODATIL,;
numl &0xc0;

numl=pumnl<<2;
num2=num]1 jnum;
Max=chkmax(num?2,Max);

min=chkmin{num2,min};

avr[ 1]=Max;
avrmin| 1 ]=min,

num = ADODAT2R;

numl = ADODAT2L;
numnl &=0xc0;

numl=numl<=2,

num2=num1|num;
Max=chkmax({num2,Max);

avr] 2]=Max;
avrmin| 2]=min,

// timing conirol 100 ms

// to avoid transient. Will convert only 20-80ms duration

// P0.1 ADOO

/f Continous conversion

/1 start immediately

/ LSB

T MSB

/f clear bit 0-5 of ADODATOL
[/ shift left 2 bits

/! combme num1 with num



num = ADODAT3R;

numl = ADODAT3L;
num | &=0xc0;

numl=num]l<<2;
num2=num] jnum;
Max=chkmax{num2,Max);

mm=chkmin{num2,min);

avr{3]=Max;
avrmin{ 3 }=min;

num = ADODATAR;

mml = ADODAT4L;
numl &=0xc0;

numl=num1<<32;
num?2=num] [num;
Max=chkmax(num2,Max);

min=chkmin(num2,min);

avr[4]=Max;
avrmin[4 |=min;

num = ADODATSR;

muml = ADODATSL;
numl &=0xcl;

muml=numl<<2;
num2=num1|num;
Max=chkmax(num?2 Max);
mir=chkmin{num?2,min};
avr] §]=Max;

avrmin{ 5}=min;

mum = ADODATG6R;

numl = ADODATEL;
num1 &=0xc0;

numl=noml=<<2;

num?2=num1 |num;
Max=chkmax(num2 ,Max);



min=chkmin(num?2,min);

avr] 6]=Max;
avrmin[ 6]=min;

mum = ADODATTR;

muml = ADODAT7L;
mim 1 &=0xc0,

num]=numl=<2;

num2=num1|num;
Max=chkmax(num2,Max),
min=chkmin{num2,min);

avr] 7]=Max;

avrmin| 7]=min;

avr_Max=(avr| 0]+avr[1]+avr{2]+avr[3]+avr{4]+avi] 5] +avi] 6] +avr[ 7])/8;
avr_Min=(avrmin{0]-+avrmin[ 1]+avrmin| 2] +avrmin[3}H-avrmin[ 4] +avrmin[ 5]

+avrmin[6]+avrmin{7])/8;
ywhile(!{ ADOCON & 0x08)); /* ADCI=0 do nothing
ADCI=] exat*/
ADOCON &=-0x08; ficlear ADCI

avrl[m]=avr_Max;
avr2{m]=avr Min;

m+t;
if{ 10}
{

m=0;

sum=(avrl[0}-+avrl[1]+avrl[2]+avri[3]+avrl[4]
+avrlf5]+avrl[6]+avrl]7]+avrl[8]+avr1{9])/10;

suml=(avr2[0]+avr2[1]+avr2{2]+avr2]3]+avr2[4]
+avr2[5]+avr2[6])+avr2[ 7] +avr2[ 8] +avr2[9])/10;

}
diff=sum-suml;
if{ sw=—0xFF)
{
dat4k=dift;
}
else
{
dat800=diff;
}

fMax=0;



YA 2<tick<9
}//loop tick=10
sw=0xFF;
Max=(;
min=0xFFFF,
signal1=0;
signal=0;

Fdcs R RS AR ddook hoce coales oy LOT) Rtk bk ok
if(sum—1023)
{
led_command(0xc0);
for(n=0; n<12; n++)

led_text(" ");

}

else

{

1f{ 800<sum<1010)

{
led command(0xc0);
for(n=0; n<4; nt+)
!
led_text(0xdt);
ptt;
i

}

1f{500<sum<800)

{
lcd_command(0xcd);
for(n=0; n=<4; n++)
led text{0xff);

!

if{0<diff<250)

{
led_command(0xc8);
for(n=0; n<4; nt+)
led text(OxfT);

}

}ielse



JrssiombickioRERRokio. (CHeck Ap] caltRHRERIk Rk R Rk
if{((dat800<=161}&&(datdk<=207))& &{buzzer=1})
{

led _command{0xcc});
led_text(0x00);
led command(0xcd);
led_text{0x01);
led command{0xce);
led_text(0x02);
led_command(0xct);
led_text(0x03);

buzzer=0; /{ Indicated APEX found!
}

*** For clear '"APEX & off buzzer when file depart from apical section’ ***#/

ifl((dat800>161&datdk>207)) & & (buzzer==0))
{

led command(Oxcc);
for(n=0; n<4; nt++)

{
led_text{'');
}
buzzer=1, /{ Off buzzer
}
Sahioiokdis ookl R aget Flumetiop ki kRt ok oo ik
if{reset—0)
{
AUXR1[=0x08; f/software reset
AUXR1&=0x08,
buzzer=1;
}
tick=0;
+//loop while(1)

}//main program
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HD44780U (LCD-II)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

ADL-207-272(2Z)
9oL
Rev. 0.0

Description

The HD44780L dot-roatrix liquid erystal display controller and driver LSI displays alphanumerics,
Japancse kana characters, and symbols. It can be configured to drive a dot-matrix liquid erystal display
under the control of a 4- or §-bit microprocessor. Sinee all the functions such as display RAM, character
generator, and Jiquid erystal driver, required for didving a dot-matrix fiquid erystal display arc internally
provided on one chip, a minimal systent can be jnterfaced with this controller'derver.

A single HD44780L can display up to onc ¥-character line or two 8-character lines.

The HD44780 (. has pin function compatibility with the HD447808 which allows the user o casily replace
an LCD-11 with an HD4A7800. The HD47800L character generator ROM s cxtended to generate 208 5 X
% dot character fonds and 32 5 x 10 dot character fonts for a totas of 240 different character fonts.

The fow power supply (3.7V o 5.5V) of the HDA47HUL is suitable for any portable battery-driven product
requiring low power dissipation.

Features

e Sxgand 3 x 10 dotmatrix possible

*  Low powcr opcration support:
— 2.7 to 5.5V

s Widcrange of liquid crystal dispiay driver power
— 30t }1V

»  Liguid crystal drive waveform
— A (Onc line frequency AC waveforny)

» Correspond to high speed MPL bus interface
— 2 MHz (when Ve —~ 5V)

o 4-bit or §-bit MPL. interface enabled

o 50 x 8-hit display RAM [80 characicrs max.)

s 9,920.bit character generator ROM for a total of 248 chacacter fonts
—— 20% character fonts (5 < 8 dot)
-— 32 character fonts (5 x 11 dot)

HITAGHI
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s 64 x §-bit character peocmtor RAM
— ¥ character fonts (5 x 8 dot)
— 4 character fonts (5 % 10 dot)
s Jh-common x A-scgment Jiquid erystal display driver
o Programmable duty cycles
— 18 for onc linc of 5 x 8 dots with cursor
— 111 forone linc of 5 < 10 dots with cursor
— 116 forbwo lincs of 5 % 8 dots with cursor
»  Widc range of instruction functions:
—= Display clear, cursor kome, display onfoff, cursor onioff. display character blink, cursor shift,
display shift
s Pin function compatibility with HD44 7808
» Automatic resct circuit that initializes the controllerdriver after power on
s Intcmal oscillator with cxtemal resistors
s Low power consumplion

Ordering Information

Type No. Package CGROM
HD44780UAOOFS FP-30RB Japanese slandard font
HCD44780UAQ0 Chip

HD44780UABOTF TFFP-30F

HD44730UAQ2FS FP-80B European standard font
HCD44730UA02 Chip

HD44730UAD2TF TFP-80F

HD44780UBXxFS FP-B0OB Custom font
HCD447B0UBx®x Chip

HD44780UBXATF TFP-80F

Note: x: ROM code No.
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HD44780U Block Diagram
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HD44780U Pin Arrangement (FP-80B)
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National
& Semiconductor
LM1117/LM11171

General Description

The LM1117 is a series of low dropout voltage regulators
with a dropout of 1.2V at 800mA of load current. it has the
same pin-out as National Samiconductor's industry standard
LM317.

The LM1117 is avaitable in an adjustable varsion, which can
set the output voitage from 1.25V to 13.8V with only two
axtemal resistors. In addition, it is also available in five fixed
voltages, 1.8V, 2.5V, 2.85V, 3.3V, and 5V.

The LM1117 offers current limiting and thermal shutdown. lts
circuit includes a zener fimmed bandgap reference to as-
sura outpul voltage accuracy to within £1%.

The LM1117 series is available in LLP, TO-263, SOT-223,
TOQ-220, and TO-252 D-PAK packages. A minimum of 10pF
tantalum capacitor is required at the oufput lo improve the
transient response and stability.

800mA Low-Dropout Linear Regulator

June 2004

Features

® Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and Adjustiable
Versions

® Spaca Saving SOT-223 and LLP Packages

8 Current Limiting and Thermal Protection

1 Output Current 800mA
® [ine Regulation 0.2% (Max)
u Load Regulation 0.4% (Max)
u Temperature Range
e LM1117 0'C to 125°C
— LM11171 —-40°C 10 125°C
Applications

m 2.85V Model for SCSI-2 Active Termination

m Post Regulator for Swilching DG/DC Converter
m High Efficiency Lingar Regulators

% Battery Charger

& Battary Powered Instrumentation

Typical Application

Active Terminator for SCSI-2 Bus
1100
[
1100
M1117-2.85 \ nE
18 10 27
iN out ’ e
GND 1
i 4,75V TO + + i
= 5.25V 10 uf 22 uF § 1104
| = (N
10081805
Flxed Cutput Regulator
LM1117-XX

Tentalum

- FYin Your
| GND
10 pF & ==

L.
I

Tantalum

* Roguired if the regutator is located far from ths powsr supply filter.
1tostiza

© 2004 National Semiconductor Comporation
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Typical Performance Characteristics coimuen;
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Typical Performance Characteristics counuesy

LM1117-5.0 Line Transient Response
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Applicaticn Note

1.0 Exdernal CapacitorsiSiabity

1.1 Input Bypacs Capacitor

Anomput capacko 12 recommengad. A T00F Entalum on the
ifpat is a seabla inpul bypasging for almoet all anplcatbon s
1.2 Adjust Terminal Bypass Capaciior

Thv adjuet tarminal can be Dypaseed 1D groond with a by-
,.}ri”' Canan oy (G 1o anpow rpple reiecton This by-
S Caltadiad events jppie tora Dewtng amobted as ihe
pat woltage s incrgased At any niople fragquency, the
innedanee S Re L shonlit e ees e P by evant the

Il‘\r‘l!i frovee, ra

A C g
The P15 theresictor between theoulpot and the adjest oy
Hs value s ronmally i the range of 10020000 Fo axarmnple
wdh 1 = v and tpny o = TEE the Co o) shoulid be S
1

H

1.3 Gutput Capacitor

The outpid capaciton 1 oritical in rmantaining regulatsr sla-
Qility &g st mest e requied condilions for noth rin-
shiprs arnoudd of capacifanos and £88 { valan Series
Resistance! The rnimum oolpuf eapaciance requirmsd by
the LMIITY Qs 10ul o & lantslum capachar & used Any
CrEase of e Gulpui capalitance wii merely inproe e
0P sallite and hiansient responge The ESR of the output

capacior shoubl range between 030 - 2200 Inthe case of
tho adiustaldy ramiaty: whan e usad. o lanjer
lJl—llE}L:l CalrecigeetT e s P taltia g

2.0 Cutput Volage

The LMY adjstabin varsion devaiens & 20V relaiance
Mlage Ve-q Dehween e output ang the adiunt e
AL shown i ruﬁ;m tothis vodtan e s annhet A

™t oy sametart coerach 11 Tho o
MY Qonemalon o R EH A SR B

the adiusl torminat coukh nbeaucs aron i oThe output Bl
Since b & wery emall (S0pA) comparad with the I and very
wnstant vath ine and load changet the sprdr cdn e in-
veprad The constanl cursnt 11 hen flows Dueugh e outmul
Sl elsher

Sirwr ot o
LTI

Fro
ER=Ritri

2 atid eie (fie oolpul voileye o e desied
iy e

ez, 11 and M2
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FIGURE 1. Basic Adjustable Regulator
+6 Load Reguiation
The LTV regutlates e voltage tha! appna;c\ batween it
oUpUt and grodnd pins o belween s opit ang adus
(AL I St Lo IS ENEEE Lot INGTuc 2 o ors fo
e vz ge acials e isad. To obtain the best oad regula-
uoh. & few pracaalions are needed
Figuee Zodhows a typical application ssing a fixed output
regulator. Fhe HIt and Hi2 are the fine resmlanees i
obvinus Wal the ¥, nap 18 1258 han e Vo By e sam of
the voltag ape 2ieng thadne resistances In thiscase, the
el e iialion fesi al e Riosg woild be degiaded Tam
e date cheal speCcalion. 1o rnprove thie. the oad sholid
Be tiedd directly i the sulplt tarmingl an the positive slde and
airectiy bed o the ground tesmimal on the negative side
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Typ:cal Performance Characterislics contnuan

LMI117-5.0 Line Transient Response
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Application Note

1.4 Bxernal CapacitersfSabiity

1.1 Inpul Bypass Capacitor

A inputapaciton s esommended & 1005 tantalin on the
mput s a e bie input Syoaseng or almoes!t all abploations
1.z Adjust ferminai Bypass Capaciior

The adjusl “erminal can be bypateed f grocnd with a by-
Jase Capeiior (Caoyt to ngrove tpple 1eechia This by
DESE capaciol orevents ripple o Being amnghifiad as e
autput vollage 1o mcreased At any npple fraquency, the
PR AANTE Fiee (T Shonld e dear tan P b et the

ke i
T TH o

L TR
The 81 iz therasictor between the oulput and the adjust pir
Mz waiue & norraaliy o the smnge of 1002000 For axampie
Wi BT 2 12390 and ngnpy - = 12092 e 0o shioul] be -
nuk
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Copd < P

1.3 Qutpul Capaciler

Ther Qutpil « apaciion <& Crtical in o mamtamning requlatsr sta-
Gility, and ru s eet the required conddlione for Dol mim-
mum arnsi il of capaciiance and ESF (Equivalen! Series
Resistancey The muownum oulput cagactance required oy
‘I'IE: LMITT ds touF 1 a tandsiom capedilor 12 ysed Any
norease of fne Gutpul capacitance wii meely iaprove the
w}op stability and translest res pum 2 Hm ZSR of the output

Pha adju

DPU Capadi
%40 Cutput 'u'nliage

Fhe LMD adjuctable varsion deveinps & 1.25Y refarance
woltane, V.- bDelween the oglpat ang the adjust tenminal

Eai; shown i Figps Foitis valtan e 1= anphiad Acrans rerisior
P

Y rn\ﬁwfﬁr‘ﬂ o

'l MRt Tho forrsowrd
e i LTLAT a il

g RPN -U UL
e adjust terning! ool Inhaaucs ereor W the oliput B
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conslant with Ime and Ioad changes, e s can e g
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il
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FIGURE 1. Basie Adjustable Regulator

The M1 iequiates the voitage thal agpears betwesn its
Sulput and qrounc pins. ar between iis oulpal and adpst
IS i some caces. e resistances can infrocuce srrors o
the vallage aciuen e sad To obtain the best load requla-
tan, a e prevaltions are needed

Figaies 20 whioaws o tyiscal apphoation using s hxed oulpul
requlaton The FIE1 and B2 are the hne resislances |
Sovious that the ¥ oqp 05 1ess than the Vﬁ,w oy the sum of
ths woltage dipps along e ine reselances In this case e
H¥Yity] et wighion neat at e i»L(A”"D W GUId :’E‘ 1 &g aded o
M@ dala EReal SRacmealon 10 rnpraes Uus Hie oad shouid
e tied durechiy 1 the output tenminal on the posifive sule and
girectiy tied 1o ine ground izminal on the negaties side.
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Physical Dimensions incie: fniumeters) uniass oiharvize noted (Continued
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EM124, L1244, LI224, LM224A, LM324, LM324A, LM2902, LM2302V,
LM222K | M,’!?#ﬂk LM&"&K L!‘Jl&"#!’(ll LA ’!"99"!‘ !.M"QH"!(’L’ LM2302KAY
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOCORER - ZEPTEMBER 1375 - FECASED JakU ARy 200s

2-kV ESD Protection for: LE#124 ., .
- |LMZ24K | M224KA,

- LM324K, LM3Z24KA

B, DRW PACKAGE
L1244 . J PACKAGE
LMZZ1, LMZEAA, LM224K, LM224KA . . . DOR N PACKAGLE

- LM2902K, LM2902KV, LM2902KAY

L3224 LMIAZAK . .,

D, N, NS, DR PW PACKAGE

LM324A ... D, DB, N, N5, OR PW PACKAGE
* Wide Suppiy Ranges LMIZAKA ... D N, NS, DR PW PRCKﬁqE
- Single Supply. . .3Vto 32V LM2902. . . D N. NS, OR PW PACKAGE
e o LM2302K . .. D, OB, N, NS, NR PV PACKAGE
(28 V lor L2902) L2026V, LM2SO2KAY . . D OR 51 PACKAGE
- Dual Supplies . .. +1.5Vio 16V {TOP VIEW)
{13 V for LM2902)
# Low Supply-Current Drain Independent of 1out fjr 14l souT
Supply Voitags . .. 0.8 mA Typ - 2 ] di-
' s - Alhie
®* Common-Mode input Voltage Range 1k g “3 I ] j”g‘_‘_
Includes Ground, Allowing Direct Sensing Yor [ N 1 E GND
Near Ground 2+ [ 5 TR ik
. oini- [} 6 o] k-
® Lowinput Bias and Offset Parameters - 2 s ot
- Input Offset Voltage 2 my Typ el i
A Versions. .. 2 mV Typ
- Input rent . ..
P D_ﬁFSSt Curert 2nA yp LM124, LMI24A . .. FK PACKAGE
~ |nput Bias Current .. . 20 nA Typ TP VIEW)
A Versions . . .15 nA Typ ‘ ‘
- N
®  Uifferential input Voltage Hange Equal to = S 5 Sz
Maximuwm-Rated Supply VYoltage . . . 32V = £ ot st
{26 V for LM2802) f;";' ke
®  Open-Loop Differantial Veitage (L 1 E 4Ny
amplification . . 100 WmV fvp A TR U R
; e 3 15 1] GRD
® |nternal Fraguency Compensation + N %b 22 e
descriptiornfordering information it {8 g 14113 12{4 SNy
e e e Y |
These devices consigt of fowe independend fop o b
high-gain frequency-cormpensated  aperational =N 7Y o=
ampiifiers hat are designed speofically to operals %, =
from a single supaly over awide range of vollages. P — Mo ternal connectinn

Oiarabion from split supplies aiso s oossinle iftne

b Flpar S sy esbne e Bl 1A e Ilfin’i"}\.!
SROTONCS DOHWEOH S WG R ur‘-f.uu. 518 2

{3V 1o 28V for the LMZ80Z), and Vo is at least
1.5 ¥ more positve than the nput common-mode
vollage.,  The low  suppiy-curer  dran s
mdenenderd of the magnitede of the zunely

vinkage.

Asphcabons  incude  tansducer amplifiers,

dc amphficaton  biccks, and al the conventonal

cperational-amiplfizr crcuils tial now can bie mae sasily implementad in single-sugnly-voitage systems. Faor
exampls, the L1124 can be oparated diredly from the standard 5=V supply that is used in digtal systems and

provides e regurad inferface slactronics, without reguning additonal H18Y sunning
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QUADRUPLE OPERATIONAL Al F’LIF!ERS

SLOSOESR - 5f PTEMBER 1375

REVITED Lan]] AR

descriptionfordering information {continued)
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LM124, LM124A, L2248, LM223A, LIM324, LM324A, LM2302, L2962V,
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The PBOLPCS38 is a single-chip micracontroller, available in low cost packages, based on
a high performance processor architecture that executes instructions in two to four clocks,
six times the rate of standard 8CC41 devices. Many systsem-level functions have been
incorporated into the P8SLPCS38 in order to reduce component count, board space, and
syslem cost,

B kB byte-erasable Flash code memary organized into 1 kB sectors and B4-byta
pages. Single-byte erasing allows any byte{s) to be used as non-volatile data storage.
256-hyte RAM data memory and a 512-byte auxiliary on-chip RAN.

512-byte customer Data EEPROM on chip allows serialization of devices, storage of
set-up parameters, etc.

8-input multipiexed 10-bit A/D converter. Two analog comparators with selectable
inputs and reference sourca.

Two 16-hit counter/timers (each may be canfigured to toggle a port autput upon timer
overflow or to become a PWWM output) and a 23-bit system timer that can also be used
as a RTG.

Enhanced UART with fractional baud rate gensrator, break detect, framing error
detection, and automatic address detection; 400 kHz byte-wide FC-bus
communication port and SPl communication port,

CCU provides PWM, input capture, and output compare functions.

High-accuracy nternal RG ascillatar aption allows operation without external oscillator
components. The RC oscillator option is selectable and fine tunable.

2.4 V10 3.6 V Vpp operating range. Y0 pins are 5 V tolerant {may be pulled up or
drivento 8.5 V).

28-pin TSSOPR PLCG, and HYQFN packages with 23 /O pins minimum and up to 26
/0 pins while using on-chip oscillator and reset opticns.




A high performance 80C51 CPU provides instruction cycle times of 111 ns to 222 ns
for all instructions except multiply and divide when executing at 18 MHz. This is six
times the performance of the standard 80C51 running at the same clock frequency. A
iower clock fraquency far the same performance resulls in power savings and reduced
EnI.

Serial Flash ICP allows simple productian coding with commercial EPROM
programmars. Flash security bits prevent reading of sensitive application programs.
Serial Flash ISP allows coding while the devige is mounted i the end application.
In-Application Programming of the Fiash cade memary. This alinws changing the code
in a running application.

Vatchdog timer with separate on-chip oscillator, requiring ne external components.
The watchdog prescater is selectable fram eight values.

Low veltage reset (brownout detect) allows a graceful system shutdown when power
fails. May optionally be configured as an interrupt.

Idle and two different power-down reduced power modes. Improved wake-up from
Power-down mode {3 LOW interrupt inpul starte execution). Typical power-down
current is 1 pA {total power-down with voltage comparators disabled).
Active-LOW resel. On-chip power-on reset allows operation without external reset

comgponents. A reset counter and reset glitch suppression circuitry prevent spuriods
and incomplete resets. A software reset function is also available.

Configurable on-chip oscillator with frequency range options selected by user
programmed Flash configuration bits. Oscillator options support frequencies from
20 kHz to the maximum operating frequency of 18 MHz.

Oscillator fail detect. The watchdog timer has a separate fully on-chip oscillator
allowing # to perform an oscillator fail detect function.

Programmable port output configuration options: quasi-hidirectional, open drain,
push=-pull, input-only.

Port ‘input pattarn match’ detect. Port 0 may generate an interrupt when the value of
the pins match or do not maich a programmable pattern.

LED drrve capabiity {20 mA) on all port pins. & maximum imit is specified for the
entirg chip.

Contralied siew rate port cutputs to reduce EML. Outputs have approximalsly 10 ns
minimum ramg times.

Only power and ground connections are required to operats the PBSLPCO38 when
internal reset option is selected.

Four interrupt priority levels.

Eight keypad interrupt inputs, plus two additional external interrupt inputs.

Schmitt tngger port inputs.

Second data pointer.

Ermulaton suppori.
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997 750 12051

Type number

P3GLPCO38FA
P39 PCI38FCH

FBOLPCO38FHN

Type' number
P8OLPCI38FA
PEOLPCYH3BFCH
FBSLPCI30FHN

Package

Name Description Version
FLCC28 plastic leaded chip carier; 28 ieads SAaT261-2
TSSOF23  plastic thin shrink small outline package; SaT361-1
28 leads; body width 4.4 mm
HYQFN28  plastic thermal enhanced very thin quad flat SCTTBe-1
package; no leads; 28 terminals;
body B 6:x 0.85 mm
Flash memory Tempearature rangs Frequency
8 kB —40-Cto +85 C O0MHz to 18 MHz
3kB —40“C to +85 °C 0MHzto 18 MHz
SkB 403 °C to +85 °C OMHz to 18 MHz
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MC78XOULM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

+ Qutput Currentup to 1A

+ Output Vbltagesof5, 6, 8,3, 10, 12, 15, 18, 24V
+ Thea Overloal Protection

+ Short Circutt Protechion

* Qutput Transistor Safe Operating Area Protechion

internal Block Digram

Description

The MCTEXX/LMTEXIMCTEXX A series of three
terminat positive regulators are available in the
TO-220/0-FAK package and with several fxed output
voltages, making them useful in a wade range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
iz provided, they can deliver over 1A cutpub cusrent
Although designed primanly as fixed voltage regulators,
these devices can be used wath external components to
obtain adjustable voltages and currents.

T0.220

1. inpui 2. GND 3. Output
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MC78XXA M7BXXMC TBXXA

Absolute Maximum Ratings

Param eter Symbol Value Unit
Input Yoltage (for Vo = 8V to 18Y) V| 35 V
(for Vio = 24V) Vi 40 v
Thermal Resistance Junction-Cases (T(O-220) Ralc 5 vy
Thermal Resistance Junction-Air (TO-220) Raja B5 BCAnN
Operating Temperature Range TopR 0~+125 9iC
Storage Temperature Range TeTe 65 ~ +150 °C

Electrical Characteristics (MC7805/LM7805)
(Refer to test circup 0°C < Ty < 125°C. 1g = 500mA, Vi = 10V, Gj= D.33uF, Co= 0.1uF, uniess otherwise specified)

\ M7 805i LW 800
Paramster Symbel Conditions Unit
Min. | Typ. | Max.
T4=+250C 4.9 5.4 5%
Cutput Veltage Vo 50mA <o £ 10A Po < 15W Y
V=7V 10 20V 475 50 | 5725
Line Regulation {Note 1) Regline | T j=+259C Ve A\ = d = my
Vi=8Vto 12V - 18 30
[0 =50mAtol 54 - q 100
Load Kegulation (Notel) Hegioad | 1y=+25%C [0 =250m& to i 4 50 oy
750mA
Quiescent Current Ig Ty =+25°C « 5@ 8.0 A
Quiesrcent Current Change Alg R 3T 1 03, =6 maA
V=TV to 25V - 0.3 1.3
Qutput Valtage Drift AVOIAT | lo=8mA g -08 - |mvioC
Output Noise Voltage VI f=10Hzto 100KHz, Ta=+25°C - 42 - BV ivo
Risplc Rejection oe ifo?g\*ﬁn s g | 1S 48
Dropout Voltage VDrop | 10=1A, Ty =+25°C - 2 . v
Qutput Resistance ro f=1kKHz - 14 - mid
Short Circuit Current isC V=35V, Ta=+259C P 230 - mA
Peak Current lpk | Ty=+25°0C g 22 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
intn arrnunt separately Phlsa teating with lnw dity is neeed




MC 78X X1 M78XXMC 78XX A

Electrical Characteristics (MC78086)

(Reter totest arcwt U0 < 1) < 120%C 10 = S0UmA, VI =11V, Ci= U dduk, Co= U.1pk, uniess otherase specihed)

MCT7 806
Parameter Symbol Conditions Unit
4 Min. | Typ. | Max.
Ty =+25°C 575 60 | 628
Qutput Valtage Y0 5.0mA =1 = 1.0A Pg £ 15W v
Vi=B.0OVto 21V 87 g6c 63
Line Reguiation (Note1) | Regline | Ty =+25°¢ | - ov102 . SR SR Gy
eguiation (No eglineg = ~
= megUatan e 4 ! Vi=9Vio 13V N BT T
. lo =5mAto 1 .5A - g 120
Load Regulation (Note?) Regload | Ty =+25°C m
o =250mA to750A - 3 60
Quiescent Current lQ Ty =+26°C - 50 a.0 mé
_ I =6mAto 14 - - n.4&
Quiescent Current Change AlQ mé
V| = 8V to 26V - - 1.3
Cutput Voltage Orift AVOIAT | 10 =5mA ’ -08 . v/ °C
Output Noise Voltage VN f=10Hz to 100KHZ, Ta =+25°%C - 45 L Vo
. . F=1200z N
Ripple Rejection RR Vi = 8V to 18V 59 Fis] - dB
Cropout Voitage VDrop | 10 = 1A Ty=+26°C X 2 - v
QOutput Resistance rd f=1KHz - 18 - el
Short Circuit Curment Isc V=35 Tas+25 00 = 250 = mA
Peak Current 1PK Ty =+25°C - 2.2 - A

Note:

1. Load and fine regulztinn are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Hulse testing with low duly s used.
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