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ABSTRACT

This thesis presents the construction of an automatic borehole drilling machine for
agriculture. The machine consists of using GPS controlled through a microcontroller, which
has adopted the technology. The global positioning system (GPS) came in and the
compass system was applied to the automated borehole machine for agriculture to
determine the coordinates to drill holes. The structure of the machine is a 4-wheel system,
with the front 2 wheels using a 24-volt DC electric motor as the driving wheel. The rear
wheels rotate independently as for the drilling machine system, a 24-volt DC electric
motor is used to propel the drill up and down. The punching part uses a 62 cc two-stroke
engine. The operation of the machine is automatic. It uses a microcontroller to calculate
the coordinates of 4 points by commands on the keypad on the control box and has a
battery status display.

From the experiment of drilling holes of automatic borehole machines for
agriculture can punch automatically The machine can perform automatic drilling according

to the input depth value, with depth ranging from 20 cm to 50 cm.

Keywords: Electric motor, Engine, GPS, Compass
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(fian: https://www.ai-corporation.net/2021/11/25/arduino-mega2560/)
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2.7 IN@d (Global Positioning System)
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2) dhumuax Uszneuludeaniiinaiiufu andlvgl Falcon Air Force Base
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2.8 Tugaduiia (Compass Module)
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JUN 2.8 Tugaltudia

(i https://www.mcucity.com/product/2972)

S
2.9 oudnsnaaazn (LCD)

OLAAINALDATA [9] WUIDNYIUIINNENMAIVDIASARE ARRUNdIazd ndasalng
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ylnanlugaas vilaanunaniuialaiuansduuiuuntineediudu Meundndaduliasl

| o Aaa \ ) a =~ a | A A A ° v A A
a719 WANTANWANANAUAUEVDINANASANDA LU Aen K38 a1 8% vinlileusalufaeay

v v a1 [ a

wuAudvilidenasiund @iy seusadfdusswaniagluuunienfentnildnu seueq
Fanvanvukannaldu fdnuseisunI1 2L0aTAMTNWITITNITANMUAGITNEINI 09NUTLN
wananaly uazwuuiaunsowansrailuguninvsedydnwalilendt nsilnueadd uenainil
a < PP a ‘3 ¥ o Y |
vrlialuaeninis wdefuanldameanu Midsdivukazsusraanizianzaslunisuanisa
| a aa A a = v a & v
WY WANAINOR ATesRRLaY vi3e wiUning Wudu
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https://www.mcucity.com/product/2972
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¥

3) WuvdsKIuLazazou (Transflective Mode) LLUUﬁ‘yLﬂumiﬁ%m IoAvDY
JOUARINALDATANY 2 LUU 1N5INAUT 16 Fadhes 20 FSnYINSeNINNTT LAEIIUILUTTIA
Jeiiaus 1 USSR 2 USSR 4 USSTinuSernndn
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(i https://www.mcucity.com/product/2972)

2.10 @dulweinad (Stepping Motor)
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JUN 2.10 aivdemaimasuuuwivingnds

(fian: https://www.changfi.com/fix/2021/12/23/14521/)

2) af U swameduuuUsuatnufunuwimgn (Variable Reluctance Stepping
Motor) &nuauzneusnuansfaguil 2.11 Fuaivdaewmes Aillasiasanigluiivseneusae 1s
wesnanuanas weslsuunuAnuuuseu wazludiuvesamnesiuasfuuingnans 3
fofives aiiutlwowosussiani Ao annsavililamesmuseuldgandt aiiutwowosuuy

wsn dnviedeanunsanyulaluvaeilidnsanelwiwdludgunsal dawaliaiulaewes


https://www.changfi.com/fix/2021/12/23/14527/
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JUN 2.11 adivlesawmesuuuysumanuiuniuwivian
(i https://www.changfi.com/fix/2021/12/23/14527/)

3) aufiul auelmesuuuna (Hybrid Stepping Motor) uanafaguil 2.12 1dualdvds
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\ASITIOUT (Computer Numerical Control) Dudu
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(fhan: https://www.changfi.com/fix/2021/12/23/14527/)


https://www.changfi.com/fix/2021/12/23/14527/
https://www.changfi.com/fix/2021/12/23/14527/
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a) avfiusuemesuuululnans Bipolar Stepping Motor) LARIFIgUR 2.13 Duasiuils
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(fian: https://www.changfi.com/fix/2021/12/23/14527/)

5) awfiutsuetnosuuugilnans (Unipolar Stepping Motor) wanssaguil 2.14 uaiiv

Yanawwasnduszuulniuwuy 4 wa lasawmasvosuamasuseinniazidurnalrnnwuiuy 2

(%
o w 1

o o’ | X = I @ Ao Y = &
VAUUYILLULAAN LLﬁgiuaﬁumaﬂiﬁL@aﬁu‘UﬂgLﬂuau’]lll,l,llL‘Wﬁﬂ‘mllﬂ']a\‘i@au SILNORRGINRN

£
a a

¢ v el v ' ¢ = 1 v o | & a 13
N@L@@ﬁﬂi%LﬂVl'Llllﬂ']{[ﬂj@qﬂﬂimﬂu@ﬂﬂ?’]LLUUl‘UIWﬁqi f\]ﬂﬂ\?NﬁIVGU'JLLlIL'Viaﬂmﬂﬂ’]ﬁ/ﬂ \‘1’1‘14!114!

Pennansatutuiule

JUN 2.14 aviudeaweswuvgillnans

(fian: https://www.changfi.com/fix/2021/12/23/14527/)


https://www.changfi.com/fix/2021/12/23/14527/
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2.11 ududuna (Keypad)

Y A v

wudune [11] Wugunsaldmsusudunnangly Tanvasdudunanaiedy gnimses
uludnunsnduerdisd uansfazu 2,15 wiaduumuuuou (Rows) uagunauuana (Columns)
U 3xd = 12 Y w39 4xd =16 Ju 1Jusiu wiazdu azdidyanvalideuiduld wu daa 0-9,
#, * 1 ludulagund drsedunauwendiuau 16 fa $nfudedldndyaasiomn 16 a1 usdald
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Ui 2.15 utlutuna (Keypad)

(#: Amazon.ca: Electronics)


https://www.amazon.ca/Matrix-Switch-Keypad-Keyboard-Arduino/dp/B07B4DR5SH
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2.12 nWuansaanue (Pilot Lamp %38 Status Light)

Y 9
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Y
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=

NuiN1sRsIdanIeddng Weldwaunfinvy
3) @11 (Blue) 1T udn ot lUldiug lnin 3 wavenaaiugnisvinanuvesiainiy

1191551 VDE v0sUsuineigasiu

glh?i 2.16 Wluansanug (Pilot Lamp %39 Status Light)

(17';31’1: https://misumitechnical.com/technical/electrical/pilot-lamp)

2.13 lalaawUaauas (LED)
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lalonwdsuas vi3e ueadd (LED) [13] Wugunsalansissiah S1manlaleniianansa
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3) color (wavelength) Wusuend vu1AveIAINEIAAUN LoaDALUALES

PRI

sUfi 2.17 laleadsuas (LED)

(fla: https://www.ai-corporation.net)

2.14 uagne (MOSFET)

uoaNe 88113910 (metal-oxide—semiconductor field-effect transistor) [14] Lan<A4
sUl 2.18 RensuBawesiivhanldlnenmsmuguisauulii dsaunllviidfeduldanms
Jounssdudunmdniiing (Gate) vosueaiin Fufuueaninds fogunsaibiinnsoindiaed
AIUANN1S Wa-Un vaanszualiiilaniewsssu (Voltage control current source)

Ussnvasuesine Sl

1) NMOS (Negative MOSFET) vunsiu@iawnasussinn idufidu (NPN) wlafiaausiig
fndiduuan dyarallnihiaslnasn dawesa WU duasu

2) PMOS (Positive MOSFET) 1unsiudawnesuszunn fduft (PNP) diefinanusinedng
sviseifuau dyanaliingayivann daveda W duasu

JGENG RN RGN

1) faasu Hun senvesdyaa

2) dawesa Wuw Wwesdyay

3) Yo Wudnfiviananeenlesvedany TnsaddiRnmnusedndanaseussming

weugasHie advaunliiiieauaunsitisenvesdyyialiii


https://www.ai-corporation.net/
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sUT 2.18 woaLyln (MOSFET)

(fa1: http://www. 108ham.com/?id=219&antenna.htrml)

= ¢ o .
2.15 1A%998UR 2 91KIL (Two-Stroke Engine)
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2) agdinTusanannvialads nsizandudadlduiiuias ossiafieunisanin

poldgU WadlUyievaedududusing 4 meluusnasisanismiauduiinnisiiludosanyn

mMaviolelde

gﬂﬁ 2.19 \3esuus 2 Sz (Two-stroke engine)

(1’7im https://technologyengineworks.blogspot.com/2015/09/2.html)

2.16 TumanLazhu
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4) WUIRUANYUEYRIITINTY
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7) 1A3p98URFUAUN8TY


https://technologyengineworks.blogspot.com/2015/09/2.html
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sUN 2.20 Tunanangiu

u

(fiwn: https://www.globalhouse.co.th/product/detail/392200795026 3#gallery-1)

.1

2.17 aunany (Limit Switch)

dfinaind [17] WWugunsaliln-Taasiuin ddnwasnisuenuanadagui 2.21 39
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LASDIININARAAMNTIX anemuaIdes wazaunsallwihvinly
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Turuiliisosnssiunia viseguuuuuiug wasdnldunuaindidanasig
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2) afinadnduuulsuls Wulssinndldsndusesldnsdudanianienin wianuisald

Wuweslunisnsraduingiundsgaiinimvue wazUaldanulimas dnldlununiianudssiiaziio
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https://www.globalhouse.co.th/product/detail/3922007950263#gallery-1
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ANNEYYY wien1sUuleuneddnaisduazldausaunludnaslng ¢ lalaenaluagiisian

WA WATANLLLUEILINNTT

sUfi 2.21 afinaind (Limit Switch)

u

(fhan: https://www.deveindus.com/limit-switch/)
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Drive stepmotor Drive motor Servo Motor
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Step motor Motor wheel > pilot lamp
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“Iu@alff}&lﬁﬂ” (szuvenulal) unaiun: https://www.mcucity.com/product/2972
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TUSUNIUNITINIUYDULATOAINEVANIALUSIALNONITLNYAT

#include <Wire.h>

#include <MechaQMC5883.h>

#include "TinyGPS++.h"

#include "SoftwareSerial.h"

#include <LiquidCrystal 12C.h>
#include <Servo.h>

LiquidCrystal 12C lcd( 0x27 , 20, 4);
SoftwareSerial serial_connection(10, 11);

TinyGPSPlus gps;

/aun3u wamie wadiuea

/Navswumesiudie

/a3 3o

/Naui3nmsdeasuuu §i3ua 109 Fea

//\aur3eousadi

/lauBwesh
//dsgmadildaeuneadavuin 20 au 4
//ivuavansienduen 10 wienduan 11

//l4%e Inea Tun1sisenld Inea

charl=1; //UsenaRuds

int godegree ; //dsemadanUs
intx,y, //Usgmefands

int azimuth; //UsenaRuLds
double a,0; //UsenAR kU
charS3 =0 //Usgmefands
drunsrhnuressewmesiuedeu

//HBLRNDITRDUI

ttdefine dirPinR 3 //ANTUNBASVBIABYIN HOUT 3
#define relayR 30 /U3 ad9890INB A0V HBU 30
//HBLRIR DY -

#define dirPinL 2 //ANTULBATVDIADEY AU 2
#define relayL 31 //nduiiadussonesasdiy newn 31

MechaQMC5883 gqmc;  //fviunde Aavdud5883 TunsSenld dudie

I Aav

//@rundasld@nnnn

char point_number = 4 ; //3U3UATNA
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double Golat_set[4]={ 10.722990, 10.722966,10.722876,10.722912}; //A1az#qn

double Golon_set[d4]={ 99.376815, 99.376922,99.376892,99.376792}; //ﬂ'ﬂaaﬁgm

double Go_lat = Golat set(1];  //fwunazfigauintugeil 1

double Go_lon = Golon_set[1]; //ﬁ’muﬂﬁaaﬁgﬂwhﬁmmﬁ 1

double My lat, My lon ;
char STpoint = 1 ;
double SlopeX ;
double SlopeY ;
double degree ;

intt;

//aduneLos

unsigned long pvstop;

//fulsfiuangniisoey
//FuUTTUIAUAU X

//AIUSVUIRWAY Y

//Fud Ty

//19% fieadiled {Wuilad

unsigned long pvstopl = 0; /W Weadilofil Wu 0

int dirPin = 26;

int stepPin = 6;

int enablepin =25;

int stepsPerRev = 1000;
int limit_stepmotor = 37,
int limit_state = LOW;

int drilllum ;

//\P303AY

Servo myservo;

int MotorDrill = 4 ;

int RelayDrill_UP = 32;

/W0 26 Wy lasfiu vesafivuewmnes

/W0 6 10U adufiu vesaivueines

/N 25 Ju WBuudaniu vesaduuewmnes
//fmiun adiu/seu Wi 1000 WinU 1 wuRluns
//afnainadulemnas

//an1usUaLn

//mnuanisesusuailuames

//\3anldwasin
//UDLHDSLATDUANE

//38810LA5LASD AT

int RelayDrill DOWN = 33; /Aaduemoiiaionanzas

int limitdrill_UP = 34;

//A0REINATENINEUUER



int limitdrillstate_UP = LOW,;
int limitdrill_ DOW = 35;
int limitdrillstate_ DOW = LOW;

/AN UL VRIRLNINATBUINZULER
//A0nEINATRNLENER

/@Y VRIRANINATEAINTAEN

//3nuunmnads

intv=A4: //3UA1ANFIALUR
int ledbat = 25;  //uansanidlonungeu
int Vin ; //Usenasnus

float rv ; //UsgnARLUS

void setup() {
pinMode(dirPinR, OUTPUT);
pinMode(relayR, OUTPUT);
pinMode(dirPinL, OUTPUT);
pinMode(relayl, OUTPUT);
pinMode(LED, OUTPUT);
pinMode(LED2, OUTPUT);
pinMode(LED3, OUTPUT);
lcd.begin();
lcd.backlight();
Wire.begin();
Serial.begin(9600);
////Serial3.begin(9600);

gmc.init();

//fmuadu tenving
//dmuadu oving
//dmuadu lving
//imundu loving
//dmundu Lnving
//ivuadu leving

I3

//fvuaidu lving

9

//lgn5@eanswuy 1o2%

//l9n1539a1TuUY Fisua A11uLS2 9600

serial_connection.begin(9600);

Serial.println("GPS Start");

/MR eaEUYINaU
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//ATDUANY

myservo.attach(12);

pinMode(MotorDrill, OUTPUT);
pinMode(RelayDrill_UP, OUTPUT);
pinMode(RelayDrill._ DOWN, OUTPUT); //fviuaiiu to1ving

//Serial.begin(9600);
pinMode(limitdrill_UP, INPUT);

pinMode(limitdrill_DOW, INPUT);

//Sauunimass
pinMode(v, INPUT);
pinMode(ledbat, OUTPUT);

//adusemes
pinMode(stepPin, OUTPUT),
pinMode(dirPin, OUTPUT);
pinMode(enablepin, OUTPUT);

/MAweslaldun 12
//fmumdu Lnving

//dmuandu veving

3

q

//dmuadu Sune

/iy Sune

//ivuniu Buns

//dmuadu lving

//imundu loving
/ety wevivg

//invuadu lving

pinMode(limit_stepmotor, INPUT); //mmusilu UNA

void loop() {
get gps();
get_degree();
motor_run();
func_bat();
lcd.setCursor(0, 0);

led.print("latnow");lcd. print(gps.location. lat(), 6);

/RN

//ManT

o 1

aa
UAT INLDE

o J @ a

FUAT HULYUNEA

3

/AT UL DR DSYIN9UY

//MIATUIATEAULUALNDSS

//WARIANREAYNDBNTDLATH

84
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lcd.setCursor(0, 1);
lcd.print("lonnow");cd. print(gps.location.lng(), 6);  //uaAeA1aBIINDBNTDLDATR
lcd.setCursor(0, 3);
Serial.print("latnow:");
Serial.println(gps.location.lat(), 6); //waninagRyneandisuateines
Serial.print("lonnow:");
Serial.println(gps.location.ng(), 6); //udnernansigneendiseateatines
delay(10);
}

//AAFUATUIUANTIANIY
void caculateDegree(){  //flardunamianadu ssrmandu 360 a9
SlopeX = My lon - Go_lon;
SlopeY = My lat - Go_lat;
if( SlopeX <= 0 &% SlopeY <= 0){ //vnegngJusenidgamile 1%@:!6155
SlopeX = SlopeX * -1;
SlopeY = SlopeY * -1 ;
heading(SlopeY, SlopeX);
degree = 90 - degree ;
Serial.println("Case1");
Jelse if( SlopeX > 0 && SlopeY <= 0} //vnegiirngTuanideamnile 1ignsil
SlopeY = SlopeY * -1 ;
heading(SlopeX, SlopeY);
degree = 360 - degree ;
Serial.printn("Case2");
Jelse if( SlopeX <= 0 && SlopeY > ) //mnogiirny fusonidedls 1gnsi
SlopeX = SlopeX * -1

heading(SlopeY, SlopeX);



degree = 90 + degree ;
Serial.printin("Case3");
Jelse if( SlopeX > 0 && SlopeY > 0} //MnegiiengTunndesls iﬁqmﬂf
heading(SlopeY, SlopeX);
degree = 270 - degree ;
Serial.printin("Cased");
}
godegree = degree ; //IAnANS Windu Ang
Serial.print("My degree go : ");
Serial.printin(degree);
}
double heading(double x, double y) {
double head = atan2(x, y); //\¥gms anAuny Lﬁaf-ﬁ’wmwmu
degree = head * 57296 / 1000;
if(degree < 0 ){ //¥NANDIANRAAY
degree = degree * -1 ; //vniduunlaeaa -1
}
return head;
}
//- s gusuen Anos
void get gps(  //MAtusuan Ineoa
while(serial_connection.available())
{
gps.encode(serial_connection.read());
}
if(gps.location.isUpdated())
{
My lat = gps.location.lat() ; //UsenARILUS
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My lon = gps.location.ng() ; //UsenAR I US
if( S3 >= 3) // Aumafieulaliddosndt 3 ang
if( SlopeX <= 0.00003 && SlopeX >= -0.00003 && SlopeY <= 0.00003 && SlopeY >= -
0.00003) //mnainlnaszes

{

motor_stop(); /\aisinosdongainauy
delay(2000); //iaaaan 2 i
func_drill(); /Uil duiang

ifl STpoint == point_number){ //5?(?1’1LﬂéaaagﬁﬁﬁmqmﬁmLLa”aLLammaamaLLaa%ﬁ
while(t 1= 'D'}
lcd.setCursor(6,0);
lcd.print("FINISH");
lcd.setCursor(d, 1);
lcd.print("Reset arduino ");
lcd.setCursor(3, 2);
lcd.print("to start again");
}
telsef

[y

Go_lat = Golat_set[STpoint];  //Mdiasesddlifafifngainglrisuniodudqaseld
Go_lon = Golon_set[STpoint] ;  //éanzesdidlifsiidnganelyisiaiodudgaseld
STpoint ++;

}

delay(10);

}

53 =0;

caculateDegree(); /i duu Iy

S3 ++;
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//ilsfdusuryma e

void get_degree() /s Fus UL NN T
gmc.read(&x, &y, &z, &azimuth);
azimuth = gmc.azimuth(&y,&x);
Serial.print(" Degree "); //uansanysoandisuatotives
Serial.print(azimuth);

Serial.print(n();

//HANFUATLIN UBLMDSADYINUY

void motor_run({

if( SlopeX <= 0.00002 && SlopeX >= -0.00002 && SlopeY <= 0.00002 && SlopeY >= -
0.00002 )X /ivnnlndseey
digitalWrite(LED2, HIGH);
Jelsef
digitalWrite(LED2, LOW);
if( azimuth < (godegree-l) | azimuth > (godegree+0)){
digitalWrite(LED, LOW);
if( azimuth < (godegree-1) X /mnsaesoadodeiululdasnn
motor_turnRigh(); //afide
Jelse if( azimuth > (godegree+\)  //mndnpsendesviniuldldasdne

motor_turnLeft(); /st
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lelse{
motor_up(); /vnladlavisaesnsallisniowmsely

digitalWrite(LED, HIGH);

/A Tunowasvinnu
void motor_up(X //tsiduiuaIosmsld
analogWrite(dirPinR, 230);
digitalWrite(relayR, LOW);
digitalWrite(dirPinL, HIGH);
digitalWrite(relayL, LOW);
Serial.print(" motor_up ");
}
void motor_turnRigh(X //ilefFusunSondsiun
digitalWrite(relayR, HIGH);
delay(80);
analogWrite(dirPinR, 100);
//digitalWrite(relayR, LOW);
digitalWrite(relayL, LOW);
analogWrite(dirPinL, 240);
Serial.print(" motor_turnRigh ");
}
void motor_turnLeft({ J/ilsiFusinsondeatng
digitalWrite(relayR, LOW);
analogWrite(dirPinR, 240);



digitalWrite(relayL, HIGH);

delay(80);

analogWrite(dirPinL, 100 );

Serial.print(" motor_turnLeft "),
}
void motor_stop(){ //iandugawmesngnrinu
digitalWrite(dirPinR, LOW);

digitalWrite(relayR, LOW);

digitalWrite(dirPinL, LOW);

digitalWrite(relayL, LOW);

Serial.print(" motor_stop ");

//ilefuedenang-
void func_drill(}
while(limitdrillstate DOW = HIGH X
limitdrillstate. DOW = digitalRead(limitdrill_DOW);
Serial.printin(limitdrillstate DOW);
myservo.write(10);
digitalWrite(RelayDrill DOWN,HIGH),  //Alafindeaaizad
delay(80);
analogWrite(MotorDrill,37); //\P3Baa1zas
}
digitalWrite(RelayDrill_ DOWN,LOW);  //Alafindeqatead
digitalWrite(MotorDrill,LOW); //Lﬂ%"amwaq
myservo.write(0);
while(limitdrillstate_UP = HIGH ){
limitdrillstate UP = digitalRead(limitdrill_UP);



digitalWrite(RelayDrill_UP,HIGH);
delay(80);
analogWrite(MotorDrill,150);
}
digitalWrite(RelayDrill_UP,LOW);
digitalWrite(MotorDrill,LOW);
}

J/ilidutaseiuLunmess
void func_bat(){
Vin = analogRead(v);
rv = ((Vin * (5.0/1023) )/ (0.1708));
Serial.println(rv);
if(rv<=21.61
digitalWrite(led,HIGH);
}
elsef
digitalWrite(led,LOW);
}
delay(100);

£

//388LAT99L1 U

1

//\A389NLUUY

//3@8LA399N8TU

//WAIDUANLUY

//Aneundeafisnuainiunainuunmness

//mnuustaassenlilnasawandaing

//nuustnass el lwassnaudliaing
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MCTEOULMTEUMCTEA

Absolute Maximum Ratings

Parameter Symbol Value Umit
Input Voltage (for Vo = 5V to 18) Wl 35 W
{for Wi = 24V) Wl 40 W
Thermal Resistance Junction-Cases (TO-220) RalC 5 oA
Thermal Resistance Junction-Air (TO-220) Rala G5 oA
Operating Temperature Range TOFR 0~+125 4G
Storage Temperature Range TsTG -85 ~ +150 “C

Electrical Characteristics (MC7805/LM7T805)
[Refer to test circuit ,0°C < TJ < 125°C, 10 = 500mA, V| = 10V, Ci=10.33wF, Co= 01uF, unless othenwise specified)

MCT205/LM7205
Parameter Symbol Conditions Win | Typ. | Max. Umnit
TJ=+25°C 4.8 5.0 5.2
Cutput VVoltage Vo 5.0maA = lo = 1.04, PO S 15W y
W =TV to 200 475 5.0 5.25
Line Regulation (Mote1) Begling, | T)=+25"C Vo= TVie 28 _ 40 10 mif
W =8 1o 12V - 1.6 50
10 = 5.0mA to1 .54 g 100
Load Regulation (Motet) Beglgad | TI=+25°C I =250maA to . 50 mi/
TH0mA
Quisscent Curent I TJ=+25°C 5.0 80 mA
I = &ma to 1.04 003 | 08
Quiescent Cumrent Change Alg V= TV to 257 - 03 3 méA,
Output Vaoltage Drift AVOFAT | 10=5ma - -0.5 i SC
Output Moise Voltage VN f=10Hz to 100KHz, TA=+25"C 4z uWide
Ripple Rejection RR f;] fg:ffa 1av g2 73 dB
Dropout Voltage Whrop | 10= 1A TI=#25°C 2 W
Jutput Resistance o f=1KHz 15 mil
Short Circuit Current I5C W =35Y, Ta=+25"C 30 ma
Peak Current lpg | TI=+25°C 2.2 A

Naote:

imip Agcount s=parately. Pulse testing with low duty is used.
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MCTEXULMTINLMC TN

Electrical Characteristics (MC78086)
[Refer to test circuwit ,0°C < T < 125°C, 10 = 500maA, V| =11V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

MCTE0E
Parameter Symbaol Conditions Min_ | Typ. | Max. Unit
Tl=#25"C 578 6.0 8.25
Qutput Voltage WO 50mA =102 1.04, PO S 15W v
W= B0V to 21V 5.7 8.0 8.3
Line Regulation (Mote1) Begling | Tu=+25"C VIZ BV te 23V _ : 120 i
W= to 13 - 1.5 80
Load Regulstion (Mota1) Beglgd | TJ=+25°C |0 =Smé to 1.34 - : 120 i
! 13 =250mA toT 504 - 3 80
Quiescent Current Iz TJ=+25°C - 50 | 8O md
. I = Smato 14 - - 0.5
Quiescent CGurrent Change Al i
Wi =8V o 25V - - 1.3
Cutput Voltage Drift AVOAT | 10 =5ma& - -0.8 m °C
Cutput Moise Voltage WH f=10Hz to 100KHz. TA=+25°C - 45 uvio
Ripple Rejection RR f;;'gﬂ“; o 59 75 dB
Dropout Woltage Worop | l0=1A, T)=+25"C - 2 W
Output Resistance 1] f=1KH=z - 12 mik
Short Circuit Current Isc W= 35V, Ta=+25°C - 250 i,
Peak Current Pk, | TI=+25°C - 2.2 A

Note:

inip Agcpunt separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7812)
[Refer to test circwit ,0°C = TJ < 125°C, 10 = 200mA, V=18V, Ci= 0.33wF, Co=0.1uF. unless otherwise specified)

MCTE12
Parameter Symbol Conditions Min | Typ. | Max. Unit
TJ=+25"°C M5 12 | 125
Output Voltage VO | 5.0mA S I1051.0A POS1SW y
V= 14.5V to 27V 11.4] 12 | 128
Lime Regulation (Mote1) Beglipe | TJ=+25"C V1= 18 5V 30V _ 10 ] 240 i’
W= 18Y to 22V - 3.0 | 120
Load Regulation (Mote1) Reglogd | TJ=+25"C 0= SmAta 1.52 . 17 ] =20 i’
: I = 250maA to T30maA - 50 | 120
Quiescent Current I T)=#25"C - | 51 ] 80| ma
. I = 5ma to 1.04 - 01| 08
Quiescent Current Change Al A
W= 145V to 30V - 05 | 10
Cutput Voltage Drift AVORAT | 10 = GmA - -1 - | mvrRC
Output Moise Voltage WM f=10Hz to 100KHz, TA=+25°C - TE - W
Ripple Rejection RR LT: ﬁgﬂ“m - 55 | 71| - dB
Dropout Woltage Vhrop | 10 =1A, T)=+25°C - 2 - WV
Cutput Resistance o f=1kHz - 18 - mil
Short Circuit Current 15C V= 35V, Ta=+25°C - | 230 | - i
Peak Current IFK | TI=+25°C - |22 - A

Note:

1. Load and line regulstion are specified at constant junciion termperaturz. Changes in Vo dus to hesting effects must be taken

intp Agcount separately. Pulse testing with low duty is used.

e |
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MCTEX U LMTILMCTEL XA

Electrical Characteristics (MC7805A)
[Refer to the test circuits. OFC < T < 125G, lp =14, V1= 10V, G I=0.33wF, G 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. Max. Unit
T1=+25"°C 40 5 5.1
Cutput Voltage Vo I0 = Bmd to 18, PO £ 15W W
W= T8V to 200 4.8 s 3.2
W= T.5Y to 25V
10 = 500mA s 50
Line Regulation (Mote1) Regli Vi =8V fo 127 50 -y
W= 7.3 to 200 50
Tl =+25°C
W= BV to 12V 1.5 25
T1=+25"°C
10 = 5ma& to 1.54 g foa
Load Regulstion (NoteT) | o 0=5omAtol. iy
10 = 8ma& to 14 8 100
10 = 250mA to 750mA 4 50
Quizscent Current [ TJ=+25°C 80 & mA
10 = Bma to 14 - 0.5
Quiescent Current _ —
Changs Al W= 8 to 25V, 10 = 500ma - 0.8 ma
W= 7.5V to 20V, T) =+25°C - 0.8
Output Voltage Drift AVIAT lo = 5md 0.8 - ! BT
. f=10Hz to 100KHz
Cutput Moise Voltage WM Ta=+255C 10 - wivo
) - f=120Hz. |0 = 500mA
Ripple Rejection RR W= BV o 1BV G3 - dB
Cropout Woltage WDrop o = 1A TJ)=+25°C 2 - W
Output Resistancs ] f=1KHz 17 - mik
Short Circuit Current IsC Wi= 35V, Ta =+259C 250 - ma,
Peak Current IPK; TJ=+25°C 22 - A

Naote:

1. Load and line regulation are specified at constant junction tmperature. Change in Vo dus to heating effects must be take

intp Accpunt separately. Pulse testing with low duty is used.

11
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MCTEULMTECMCTELA

Electrical Characteristics (MC78124A)
[Refer to the test circuits. 0FC < T) < 125%C, lp =14, V1= 18V, C1=0.33wF, C 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
TI=%25 G 11.75 12 12.25
Output Woltage VD = < W
F | E:?;‘Jﬂ;ﬁo‘ﬁw 115 | 12 | 125
e 1IBE
Line Regulation (Mote1) Regli VI= 18V o 22 N 4 120 Yy
- Wi= 14.5V to 27V - 10 120
TI=+25 C
Wi= 18W to 22V - 3 G0
TI=+25 C
_ . 12 | 100
Load Regulstion (Mote1) B 10 =3mA to 1.54 iy
0 = 5mé& to 1.04 - 12 100
o = 250mA to 7H0mA - 5 50
Quiescent Current 2 T1=425C - | s1] 80 | ma
Wl = 16 fo 30V, TJ=+25 C - 0.8
CQuiescent Current Change Alg W =14V to 2TV, 10 = 500maA - 0.8 s
0 = 5mé& to 1.04 - 0.5
Cutput Woltage Drift AVIAT 10 = 5mA - -1.0 mui G
Output Moise Voltage WN TI': 1‘5‘_‘;;_'; 100KHz i 0 e
Ripple Rejection RR LT:??‘TI'GELEGDF"A - | oso 4B
Dropout Yaltage Whrop o =1A.TJ =425 C - 20 W
COutput Resistancs m f=1kHz - 18 mi}
Short Circuit Current 152 W= 38, Ta =+25 C - 260 il
Peak Current 1Pk Ti=+25 C - 22 A

Mote:

intp Ancpunt separstely. Pulse testing with low duty is used.
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Mechanical Dimensions

Package

TO-220

59.80 2020 4.50 2020
a (B.70) =
Ti O
,E_ a 283.60 =010 =] 1-3':'-3;;
fx;\ N
| —1
| —_
- | E S g
A | g
al - ﬂ} & o
1 = w =
n E | g -
= I @
i =
| f -
() (! %
— | [
=] (=]
51 & |
ii bl | 5
] | Ti
o 1.27 2010 i 182=m @
R E
|
| I
LG'BU =0 "J.ED:,E .!.; 240 2020
2.84THP 2.54TYP
[2.54 zo=a] [2.54 2o =a]

10000 2020

il

25



110
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Mechangal DImensions counes
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ELECTRICAL CHARACTERISTICS (T =23 C unless othenwise noted)

112

Yiog, COLLECTOR-EMITTER WOLTAGE [WOLTS)

Figure 1. Active—Region Safe Operating Area

Characteristic Symibeol Type Mim Max Uit

Collector—Emitter Susiaming Voltage® BvcEQ® Wi
(o =003 ade, I5 =10 ED 138 45 —

BEO 137 &0 —
ED 138 a0 —

Colector Cutoff Gurrent B0 widr
MW =30Vde [g=0) 01
(Mo =4dUvoc, IE=U, Ip=12a 1) 10

Ernitter Cutoff Current IEBO — 10 widn
(WBE =5.0Vde, I =10)

DG Current Gain hrg* —
(= 0008 A Vg = 2Y) 25 —
(c=0.15A VgE=2V) 40 250
{lo=05AVCE=2V) 75 —

Collector—Emitier Saturation VWoliage® Wosizar” — 05 o
{lo =005 Adp, lg =0.08 Adi)

Baze-Emitter On Violtage® YEEion)” — 1 Wi
{lc = 0.5 Ade, VioE = 2.0 Wdc) ’

* Pulse Test: Pulse \Aidth 300 us, Duty Cycle  2.0%.
10.0 =
__Ed iE _i i
- L e
E_ 0 L= L L REET A
E 1.0 bl e ™y ‘{n k
[ — - = r
é g 5= T)= 125 e o
o LY L
= W
gy [
ﬁ .08 — e
& BB =HT %
o002 B0 =l 17
BO132
o0 L 1 1
1 2 5 10 w0 50 &0

Maotorola Bipolar Power Transistor Device Data
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PACKAGE DIMEM SIONS
1™~ c . t|..:|.'t_'.3-|._|.!.. ARD TOLERAM GIMS PER ARS
M‘r I ..\il‘..l.lll.-. DMERSKIN: IH
[ mcser [ wiiwmeress |
o[ W [ wes | wm Juax |
1 || ERLNFEFEN EEEEN N
BT T
T FEEN REREI
r o T 1.5 AT
T T
K =T —
l CREEE FEEN
T EN]
— G le— R - -
} s[@[IENmE A LED)] L T
—lla— Do Moy b -
[FlomEpin AU [5W] a1, eumen
L ;.;.t'..l.
CASE 7708
TO-225AA TYPE
ISSUE V

Motorola Bipolar Power Transistor Device Data 3
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ELECTRICAL CHARACTERISTICS (Ta = 25C uless athenwize noted) [Continued)

115

| Characteristic | Symbol [ Min TvR. Max Unit
OM CHARACTERISTICS

DC Currant Gain hFe —

(o= 10wA Vo =50V BLE4TAG4EA an
BCE40B/34TRI545E — 150 —
BCE48C 270

{lo=2.0m4 V=50V BCE48 110 — 450
BCE47 110 — B0
BCE43 110 — 200
BCE4TAG4EA 110 180 220
BC540B/54TH/I5486 00 280 450
BCE4TC/BCE480 420 520 200

(lie =100 mA Vo =5.0W) BCEH4TAG4EA — 120 —
BCE40B/54TRIS48E — 180 —
BCE48C — 300 —

Caollector— Eritter Saturation Woliage YCE(zan W
(lg=10mA, Ig=0.5ma4) il 025

I =100 mA, |g =50 mA} — 0.z 06
I =10 mA, Ig = S== Mot 1) 03 ki

Base—Emitter Saturation \oltage WBE(=sat) — or — W
{lo=10mA, Ig=0.5m&)

Base-Emitter On \oliaps WEEion) W
(le=20ma VeE = 5.0W) 055 — or
(liz=10mA Noe =50V — — 077

SMALL-SIGMAL CHARACTERISTICS

Current—Gain — Bandwidth Product fr MHz

(I =10mA, Ve = 5.0, = 100 MHz) BCE4E 150 300 —
BCE4T 150 300 —
BC54E 150 200 —

Output Capacitance Cabao — 1.7 45 pF
Moe =10V 1o =0,f=1.0MHz)

Input Capacitance Cihg — 10 — pF
Meg =05V, Io=0,f=1.0 MHz}

Srnall-Signal Cument Gam Mg —
(lo=20ma, Yoe =50V f=1.0kHz) BC546 125 — 500

BCS4T/G48 125 — Bl
BCS4TAR484 125 220 280
BCH46B/B47E/S4E8 240 0 500
BCS4TCIS4EC 450 GO0 Bl

Moise Figure NF dB
(lo=02m4 Vog =50V Rg=2k BCE46 — 20 10
f=1.0kHz, af = 200 Hz) BCH4T — 2.0 10

BCH4E — 20 10

Mote 1: |g is walue for which I = 11 mA st Ve = 1.0

Maotorola Small-Signa

Transistors, FR 5 and Diodes Device Data
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PACKAGE DIMENSION S
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SECTION X-X
| [C
- ¥ i
A N
—-H-—T

CASE 02904
{TO_226AA)
ISSUE AD

HIEEE
1. CIMESSMMMG ERD TOUEEARCIWS PER BN

1. CON C
ISURCORTROLLED

4. OWERNDEF
DIERSION D
[
16 P AA0 SEY DM DVERSIIK E U KILE

3 BETAEES FERD L

FALKEGE SEYDWE DENENSICN R

AFPLY BETWEEN L #RD &
EII0N 15 LACOMTEOLES

[ meser wiLLw ETERs |
D[ WH | WAk | Ww [wax |
CEFENEEN EFEEN EEEE N
[ 1 [EFN EEE
€ SEN T
] K 1.,
r K A,
B, iH '
H 141 X
] 138 X
= IAY]
W 104 !
I - [
R 101 !
W T 141 1

Maotorola Small-Signal T

ransistors, FET5 and Diodes Device Data
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IRFP2907 infernoonal
TGR Reclilier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Pararmeter Min.| Typ. | Max. | Units Conditions
v;urq:uss Draino-Source Braskdown mm Th _—— W Ul_;'\-_, =W. ||_| = Em
BVjepemiiT. | Breakoown Wolage Temp. Coefoent | — |0.085] — | WG | Refersnce o 26°0, I, = 1mA
| SiFic Drainto-Source On-Resis@nce | — | 26 | 45 | mi | W =100 |, =125348 @
Wason st Threshold \Vokapgs 20 | — | 40 | W | Ve =100 L = 25004
O Formard Transconductiances 1A | —— — S | Wue =29V 1, = 1264
i —|—1 2 AT
lpgs Drsin-io-Source L=aksge Cumsnt —t—t= it VoS80V Vo =0V T = 1EFC
| Zate-to-Zource Forwend Leakaps — | — | 200 A Wes = 200
s Gate-to-Source Reverse Leakage — [ — [0 Ve = 2N
Qy Torz! Gate Change — | 410 | 320 o= 1254
Qe Gate-to-Source Charge — | %2 [ 140 | nC 5 = B0
[« Gate-to-Orain (" Miller'} Charge — | 140 | 210 Wos = 10VE
Latiny Tumn-On Celsy Tems — | 23— CEET
t, Riza Timz — | 180 — I, = 1254
Faon Tum-C Dlay Time — 1T —1 "™ |R.,=120
ty Fall Teme — | 130 | — Was = 10 &
. Estwzen lzad, ]
Lo Internal Orain Induciance — | 80| — » mm (0.25in.) @
from package §
L: Imemal Source InducEnce — 13— and center of die contact '
[+ Input Capaciance — 73000 — Wes =00
Cimu Cutput Capaciance — [2100] — | pF | Woe =23
Ciica Reverse Transfer Capaciancs — | 500 — F=1.0MHz, Se=Fig. &
Comu Cutput Capaciance — | ETE0| — Was =0V, Vee =100, F=1.0MHz
Comu Cutput Capaciance — | 1360 — Was =0V, Ve =600, f=1.00MHe
Cia 2. Effective Output Capacitance & — | 2320 — Was =0V, Was = 00V 1o GO0V
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units| Conditions
ls Contiruous Sowcs Cument p— MOSFET syrbol
(Body Diods) | & | Ehowing the
. Pulsed Source Current intzgral reverse a
{Body Diods) m — | —| 840 p-n junciion diode. A
Wiy Diode Forward “foltage — | —| 13| V| T.=25C L =1258 Ve =IOV @
[ Fayerse Recovery Time —_ 140 210 ns | T,=25C, | = 1254
Q. Feyerse RecoveryChame — | 30| 1320| nC | didt=100&Ls @
[ Forward Turm-0n Time Intrinsic: fum-on fime i5 negligiols (fum-on is dominated by L.+ )
Motes:

(I Repetitive rating; pulss width limited by

max. junct
@ Staring T,
R; = 2501,
& lsp g 1258,
T,£ 175°C

on ternpersture. (See fig. 11).
=25°C, L=0.25mH

|l = 1254 (S=e= Figurs 12).
diidt £ 200475, Voo § Viaross,

@ Pulse width £ 400us; duty cycle £ 2%.

2

& C, = iz & fed capscitance that giees the same charging time
as Gy, while Wy is rising from 0 to 80% Wass .
& Cslculated continuous current based on madmum slowabls

junciion temperature. Package Brnitstion current is S04,
o Limited by T, .. . 58= Fig. 123, 120, 15, 13 for typical repstiive
zvalanche performance.

wwwirf.com
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FEATURES
&  Low forward voltage drop

Do-41

54 (HG6)
i M — —

LEL AT

#®  High current capability

#  High reliability

# High surge cument capability ui':l;:“

&  Excesds environmental standards of MIL-5-19500/223 ' J:

MECHAMNICAL DATA ::_—:: %

Case: Molded plastic , DO-41

Epoxy: UL 94V-0 rate flame retardant T

Lead: Axial leads, solderable per MIL-5TD-202, (254 L0
method 208 guaranteed MIN

Polarity: Color band denctes cathode end
Mounting Position: Any
Weight: 0.012 ounce, 0.3 gram

1

T
5o
el

Dimensions in inches and {millimeiers)

MAXIMUM RATING S AND ELECTRICAL CHARACTERISTICS
Ratings at 25 ¢ ambient temperature unless othenwizse specified.

Single phase, half wave, 60 Hz, resistive or inducfive load.

For capacitive load, derate current by 209%.

TH4001) 1M4002 | 1N4003[ 1M4004| 1M4005| 1M4006 1M4007| UMITS
Maximum Recurrent Peak Reverse Voliage 50 100 200 400 600 a00 1000 W
IMaximum RMS Voltage 35 75 140 280 420 360 | 700 W
Iaximum DT Blocking Voltage 20 100 200 400 G00 800 1000 W
Maximum Awverage Fonward Rectified 1.0 A
Current .3757(9.5mm) Lead Length at
T.=751¢]
Peak Forward Surge Cumrent 3.3ms single 30 A
half sine-wave superimposed on rated load
(JEDEC method)
Maximum Fenwvard Voltage at 1.0A DC and 11 W
25 ¢
Maximum Full Lead Reverse Curmrent Full 30 £gA
Cycle Average at 75 ¢ Ambient
Maximum Reverse Cument at T,=25 &1 2.0 £0A
Al Rated DC Blocking Voltage T.=100 ¢] 500 g4
Typical Junction capacitance {Hote 1) 15 eF
Typical Themal Resistance (Note 2) REKJA 50 e
Typical Thermal resistance (WOTE 2) R £K 25 I
JL
Operating and Storage Temperature Range -35 to +1530 ]
T Ters

MOTES:

1. MWeasured at 1 MHz and applied reverse voliage of 4.0 VDG,
2. Themal Resistance Junclien to Ambient and from junction fo lead at 0.375"(2.5mm) lead length P.C.E

mounizd.

PANNEE
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