Eriinmonyanais Kavenamnasth

s 0 d
NS OINTUANE WHUINDIADINTNAATS

DC-MOTOR POSITION CONTROL

e

WAt AT

QAT

wigeua  ywage

‘3(;4»
7 G5O
HHe

LI LTICEY IO S o S

Ma GIA34
mwxnwu...é.. ?%%9 2%51 ] R IS AN

Tusfowl

-----------------------------

=N =Y A ! =2 (Y] o o o
BaantivusiiiudiumilsveamsAnmmundngasSagimnsumanitude

T didnnseting

aotiumalulagwszasunaudmammisaianszlia

UnisAnyl 2550



: R d
Lﬂ%i’t’)ﬂﬂ?‘ljf’;mﬂ'I!m“li\i?lﬂ!ﬂ@iﬂﬁs‘:!!ﬁﬂid

DC-MOTOR POSITION CONTROL

o

WeIATE, #3331 IRa 46010753

eI Yy e 46010968

ato1sERlInM

< = o
FRMIAAITIV U VUHI I!"lf'ﬂq

= d o o a o &
ByantinusdmvivlSyanisnisumaastiama

a0 o, o d
a1 dnNTaNN

AEIAINTINAIaAT
U -} U 73 ur
asmunalulatinszesundudnammsaanszia

HnsAnu 2550



: o d
INIDINIUNNA WHUINDIADINTLUANT

DC-MOTOR POSITION CONTROL

lag
TR YT TR Bl )

WeeIe - yiegu

4

< =) o <3 \ : £ 2 | = o A
Waanimusiniuauntisvesmsanmnamvdngasdigaiains sumansiinunn

= aa a d
MUY DlanniIaundg

aatfumalulatwszsomnaudnunmsnanizils

Unadnuy 2550



=S =Y iy
UTagniwustnsdnun 2550
= Po~1 a
1A% BIANNIBNNT
a o
AL IAINTTURAAAT
a =l Y vy as
agtuma lu ladwszasundudgunmisaiansziia

1509 1ATINILANS LN UNBIADINTIUARTL (DC-MOTOR POSITION CONTROL)

LY

ASavin 1. wepAity #3971

2. uwenia yuig

M oA (R
........ » 91915 M5

o = ] ::
(DI TRTIVITY VUBY LLeeN)



: o ¢
(ATOINIUANA WHUINBIADINIZHAAT

I IATY 73390 YA 46010753

wwedd ydrigy  3vie 46010968
= l: a1

AN S WL AR R DR AT IR

Amsanmn 2550

A ¥
UNAALD
o = o~ o ' 4 d
TnsanulFggniims ninthiiumesunudiMuimsnyuieme Snszuans WU o3
1 s 3 . 3 T
12 TaadouTusunsunuaurmunn by Tnsaou Ins ataes diznend e 1. dudloudeya 2. du
ar [ i b = o
W Ha (ENCODER) 3. futiszanawanag 4. uaaana tietlaudeyaldn 11 ENCODERziiluAD
ar o o 1 o LY o ar 0 et
asrndudgyaiiasi s sueinas JaundulddedalulnsneuInsamsd Iviing
4 < '4 ) 1 = { o o
dszinanaioes BN BSnYUNToMeAN N HATUM LN I ZANINNAR M UATINT U

3 [ 8 o e [l
uaaInavasn M nyames vy liflandsuduRrm L sanaa Mg



I

DC-MOTOR POSITION CONTROL

Mr. Wuttichai Seewicha ID.46010753
Mr. Amut Pubphasuk 1ID.46010968
Assoc. Prof. Khanittha Saetung Advisor

Educational Year 2007

Abstract

This thesis is control position DC-Motor rotary by conirel rotate by microcontroller so; in
this Thesis have 1.keyboard 2.cncoder 3.microcontroller 4.led. drive DC-Motor circuit is a main
component and have-feedback circuit for stop DC-Motor rotate in position to assign by assign sum

position that motor rotate by keyboard and have encoder is position count that DC-Motor rotate .
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#include <govsirda h>

#include <stdio.h>
#include <string.h>

#define MaxBuf 10

#define PORT _LCD Po

#define PORT KB P1
prrrrrkicrr [/ PORT *F*#*kksrkk/

sbit izc_scl = P2"2;
sbit i2c_sda = P2"3;
sbit BL =P277;  //led-and black light

sbit PulseA = P3/2;
sbit PulseB = P3"3;

/*
16 1.5 1.4
A

..................... 13
N

A \2
Lol
Pl

S
L]

*

sbit  col1 =P1%s;
sbit  col2=P1%s;

shit  colz=P17g;

sbit  rowi1=P1"3:
sbif row2=Pi1"2:
sbit  rowi=Pi1" 1

sbit  rowa=P1"o:



//*******LCD PORT**************
sbitrs_led = P2"s;

sbit rw_led = P27;

sbiten_led = P2%;

//*******ContrOI Slave**************
sbit t] = P3/4:

shit tr = P3/s;

sbit PWM = P17;

Jk Ak K INT_R_AM WORKING AREA **********/
unsigned char BUF[s);

unsigned char LCDBUF[40];

unsigned char pwm_data;
unsigned int speed,;

unsigned int round;

int PV_rps;

int SP_rps;

int DP_rps;

float duty cyecle;
prrsrrerrrs BASIC FUNCTION **x¥FAk%%2/

void dmsec (unsignedint count)<{ . | \// mSec Delay
unsigned inti; / Kell CAS51 (x1)
while (count) {
i = 230; while (>0} i--;

count--;
¥

b

//***********#******************************

unsigned char code KeyCode[] =
{0X5€e,0X37.0X57,0X67, /0123

0x3b.oxsb.oxeb,ox3d, /4567
oxsd.oxed.oxze.0x6e. /39 A B

AR
S

unsigned char kev2dec (unsigned char kb _code) { // change segment to hex
unsigned char i: // oxft = Error

for (I=0ii<=11:1++)



if (kb_code==KeyCode[i]) return (i};
return (0xff);
j
[pokrrsres Qoan key pad e e o ok ok sk ok sk ke ke ok sfe e ok e ok sk sk ok ok ok
unsigned char scankey(void)
{ unsigned char key=o0x{f;
PORT KB =PORT KB & o0xs0; //don't car bit7
PORT_KB =PORT KB | ox7f; //set all to high
col1=0;col2=1;col3~1;dmsec(s);
if( (PORT KB & oxof) !=oxof){ //press any key

key=key2dec (PORT _KB-& 0x71);.//don't care bit 7

return(key);

1
)

coli=1;col2=0;¢0l3=1;dmsec(s);

if{ (PORT/KB & oxof)!=0x0f}{ //press any key
key=Keyzdec (PORT KB & 0x7f); //don't-care bit7
return(key);

}

coli=1;cal2=1;cola=0;dmsec(sy;

if (PFORT (KB & ox0f) !=0x0f){ //press any key
key=keyzdec (PORT. KB & 0x7f); //don't care bit 7
return(key);

;
5

coli=t;col2=r;col3=T;dmsec(s); //release key to high
return{ox{l);// no key press

e

[ e R LCD COMMAND INSTRUCTION LEEEEEEEEES SRS
void led_wr_ins (unsigned char com) { // LCD write instruction

rs led=0;rw led=0;en lcd=1;

PORT _LCD = com:

en _led=0;en led = 1;

dmsec(1);

j

void goto_led (unsigned char com) { // LCD write instruction
rs led=0:rw_led =0:en_led =1
com = com | 0X80;

PORT LCD = com:



en led=0;en led=1;
dmsec{1);
!
':fOid led_wr data (unsigned char dat) { // LCD write data
rs led=1;rw_led=0;en _lcd = 1;
PORT_LCD = dat;
en led=o0;en_led=1;
dmsec(1);

}

void led_set (void) { // LCD start process
unsigned char i;

for (i=0;i<=3;1++) {
fcd wr_ins (0x38); // function set

}

led_wr_ins (0x0¢); //~display on

}

void led_wr ch (unsigned char dat)-{, //load LCDBUF to L.CD
unsigned chari.j;

1=90;
for (=1 <=dat;j++)
led_wr_data (LCDBUE[i++]);

¥
void Clear Led (void)+{

//012345678901234567890
sprintf (LCDBUF," "Y;
goto_led (oxo0yledy wr_ch (20);
goto led (oxagyled wr: ch (20y;
goto_led (ox14):led we ch (20

goto led (oxs4yled wr _chi(20);
1
b

/3K o o ok ke e e e e e P3 2 *******************************/

void EncoderA() interrupt o

‘
1

if(PulseB){ //case turn Left
TRo =0; //stop timer

THo = 0x00:
TLo=o0xo00:
TFo =0: //set bit over flow



TRo =1; //start open timer
round=o0;
}else{ //case turn Right
TRo =0; //stop
speed = THo;
speed <<= g;
speed += TLo;

PV rps++;
1
b

}

JREcooskk P33 sskssoiorokoooriororior kol Rk kR ok ok

void EncoderB() interrupt 2

{
1

if(PulseA){ //case trn Right
TRo.=0; //stop-timer
THo = 0x00;
TLo =0%00;
TEo=0; //set bit overflow
TRo =1; f/start open timer
round=0;
telse{ //case turn Left
TRo =0;//stop
speed = THo;
speed <<=38;
speed += TLo;
PV rps==:

[

)
I
void StopRun (void) {
CCON = 0x00;
tl=1;t=1;
TRo =0; //stop
speed = THo;
speed <<= 3§;

speed += TLo:

dmsec( 100y,

——



Jpemmmenenen Low speed (Ramp Down when Turn Left

void cal ramp_down_Left (veoid) {
float data_pulse;

float d=0.00000003;

float c=0.00007;

float b=0.0543;

float a=16.228;

DP rps=(SP_rps - PV _rtps);

while(DP_rps>100){
DP rps=(SP_rps - PV_rps);
data_pulse = (d*DP_rps*DP_rps*DP_rps)-

{c*DP_rps*DP_rps)+(b*DP_rps)+a;

CCAP4l =data_pulse;
CCAP4H=CCAP4L;

ivhile(DP_rps>0){
DP rps=(SP rps - PV rps);
if(CCAPal<i6){//16-17-position will error 0-6 and it can drive motor
CCAPaL++;
CCAP4H=CCAP4L;
telse if{(CCAP4L> 17}
CCAP4L =,
CCAP4H=CCAP4L;
}
}
StopRun();
return;

F Turn Left Function
void TurnLett (void) |
CCON = 0x40;

ir=1;

tl=0;

while(){
DP rps=(SP_rps - PV _rps); //PV=+
If(DP_rps>1000){
if{CCAP4L<60){
CCAP4L++:
CCAP4H++;

1
L



yelse §
cal_ramp down_Left();

return;
}
;
!
rA— Low speed (Ramp Down when Turn Right
void cal_ramp_down_Right (void) {
float data_pulse;

float d=0.0000008;
float ¢=0.0004;
float b=0.0962;

float a=14.592;
DP rps=(SP_rps+ PV _1ps);
while(DP_rps>100){
DP _rps=(SP_rps + PV_rps);
data_pulse = (d*DP_rps*DP_rps*DP. rps)-
(c*DP _rps*DP/rps)+(b*DP. rps)+a;
CCAP4l =data pulse;
CCAP4H=CCAP4L;
;
while(DP_rps>0){
DP' rps=(SP_rps+ PV rps);
H(CCAP4L<14){//15-16 position will error 0-6 and.it can drive motor
CCAPaL++;
CCAPsH=CCAP4L;
telse H{CCAP4AL>15){
CCAPaL--;
CCAP1H=CCAP4L;
}
j
StopRun();
return;

/S — Turn Right Function

void TumRight (void) {
CCON = oxa40;

tl=1:

=0

while( 1){



DP rps=(SP_rps + PV _rps); //PV=-
if(DP_rps>1000){
if(CCAP4L<60){
CCAP4L++;

CCAPsH++;

}

telse {

{
cal_ramp down_Right();

return;

(-
Lo

| ettt sk skt ik s s ok s o oo o ok ok ok ok el sk o o koK ek ko ok R sk ok et sk e o eakok

void setbaud (void) { /1 set RS8232 baud rate
SCON = 0x52; I for clock 22.1'184 Mhz
TMOD = ox2i; /10 for capture pulse
TH1 =o0xfd; 19600
TR1 =1;
n ES =1 //"set.serial interrupt
EXo=1; // Enable External interrupto

ITo=1; /f Detect falling edge

EX1=1: i/ Enable External interrupt2
[Ti=1; // Deteet falling edge

CMOD = 0x02; /! Set CMOD PCA count pulse as (osc/12) 60=7.2khz
.02=21.6khz

CCAPMA4 = 0x42; // Set CCAP Module 4 as 8 bit PWM
CCAP4L =¢; 7

CCAP4H =u; /f

EA =1 /! Enable interrupt all

3
3

ROk Rk KOk RO o R Rk Rk Seryice interrupt TLIMIET() 3w ke sttt stesohe s ke skotok s sk o4



vold sevice timera(void) interrupt 1 using 2

§
1

if(round<100} # Check counter for 100 time(100X10 ms =
1 sec)
{
round-++; // Increase counter
| time
b

void menu set_sp (void) {
unsigned int data_sp=o0;

unsigned char k=0,j=0.i;
bit £;

Clear Led(); //12345678901234567890
sprintf (LCDBUF,"Qld"SP =%pdtound. = ",;SP_1ps); goto_lcd (0x00);lcd_wr_ch

(20);
dmsec{ 100);
. =1,
Sk dage FRHR R RSk AR F
while(1)¢
if(f){ sprintf (ELCDBUE,"New SP =90 1y, ~goto_lcd

(ox40);led_wr ch (20); f=o0;data_sp=0;
for (1i=0:1<s54+) BUFT} =0;

1
il

k=scankey();
if(k!=ox{t){
if(k==10){return;
else ifik==11){
H(data_sp<32000){
SP_rps=data_sp:return;
lelse f=1:

) elsef

for (i=4:1>00--) BUF[1] = BUF[1-1];
BUF{ol=k:



data sp=
(BUF[4J*10000)+[BUF[3]*1000)+(BU£‘[§]*100)+(BUF[1]*10)+(BUF[0]);

sprintf (LCDBUF,"New SP = %od ".data sp);
goto_lcd (0x40);lcd_wr_ch (20);

Jrs

dmsec{50);

o

1}
J
/i

if(data_sp>32000){ //more than sp
f=1;

b

i

dmsec(300);

-

}

[kt sk sk ks ok MAIN Aot e de ok ok ke ke /

void main (void) ¥
unsigned char keypress;
bit f;
dmsec (10);0_//delay for power up 8.5 sec
led set ()

Clear, Lcd();

dmsec(500);

setbaud();

pwm_data=00;
SP_rps=200;//initial =200 round /decoder 200 pulse/round
PV rps=0;
=1,

while (1) §

if(){

i/ 1234567890123456789
sprintt (LCDBUF,"PV=%d/%dround " PV _1ps,SP_rps);
goto_led (0x00xled_wr_ch (203
sprintt (LCDBUF."1=L.2=R,0=SP  "); goto_lcd
(0x40x:led wr_ch (2ox
t=0:

—_——



keypress=scankey();
if(keypress==1){
PV _rps=0;

sprintf (LCDBUF,"PV=%d/%d r.

goto_led (oxo0y;led wr ch (203;
TurnRight();f=1;
velse tfkeypress==2){
PV _rps=o0;

sprintf (LCDBUF,"PV=%d/%d r.

goto_led (oxooxled_wr _ch (20);

TurnLett();f=t;

Lelse if(keypress==3)§
StopRun();

¥

if(keypress==0){
menu_set; sp();
f=1;

[—

".PV rps.SP rps);

" PV 1ps,SP_rps);
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LM1575/LM2575/LM2575HV
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator

General Description Features

The LM2575 series of regulators are monolithic integrated  ® 3.3V, 5V, 12V, 15V, and adjustable output versions
circuits that provide all the active functions for a step-down g Adijustable version output voltage range,
(buck) swilching regulator, capable of driving a 1A load with 1.23V 1o 37V {57V for HV version} +4% max over
excellent line and load regulation. These devices are avail- line and ioad conditions
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an Guaranteed 1A output current
adjusféble out!:)gt version. Wide input vollage range, 40V up to 60V for HV version
Requiring a minimum number of external components, these .
regulators are simple to use and include internal frequency Requires only 4 external components
compensation and a lixed-frequency oscillator. 52 kHz fixed frequency internal oscillator
The LM2575 series offers a high-efficiency replacement for TTL shutdown capability, low power standby mode
popular three-terminal linear regulators. 1t substantially re- High efficiency
duces the size of the heat sink, and-in many cases no heat Uses readily available standard inductors
sink is required. - .

. . . f Thermal shutdown and current limit protection
A standard series of inductors optimized for use with the P4 Product Enhancement tested
LM2575 are available from several different manufacturers.
This feature greatly simplifies the design of swilch-mode pow- . .
er Supplios, ¢ Applications
Other features include a guaranteed +4% tolerance onoulput . ® Simple high-efficiency step-down (buck) regulator
v?flage within specified input voltages and oulput.load con- - u | Efficient pre-requlator for linear regulators
ditions, and £10% on the oscillator frequency. External'shut- 0 ) e o g regulators
down is included, featuring 50 pA (typical) standby current. | / :
The output switch includes cycle-by-cycle current fimiting, as - ® Positive 1o negalive converier (Buck-Boost)
well as thermal shutdown for full protection under fault con-

ditions.
Typical Application
(Fixed Qutpul Voltage Versions)
FEEDBACK
7V -~ 40v(60V) s | UM2575 /0 IS

UNREGULATED 7] LM2575HY 13 *5V
C INPUT 250 GUTRUT REGULATED
. | D
Do 7 OUTPUT
" 3Jcnp 5] onjorF | Coyr” 'A Losd
| 100 uF

1147501
Note: Pin numbers are for the TO-220 package.

SIMPLE SWITCHER® is a regisiered trademark of Nalional Semiconductor Corporation

© 2007 National Semiconductor Corporation 11475 www national.com
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Connection Diagrams

(XX indicates output voltage option. See Ordering Information table for complete part number.)

Straight Leads
5-Lead TO-220 (T)

Gnd

O

5~ ON/OFF
1 4- feadback
————3- Ground

———//72- Output

O

31~
1= Vi

1147522

Top View

LM2575T-XX

or LM2575HVT-XX

See NS Package Number TO5A

Bent, Staggered Leads
5-Lead TO-220 (T)

Gnd

O

16-Lead DIP (N or J)

N ./ 16
-_— @ —-—VlN
, 2 15,
3 14
QUTPUT —— ——GND
. 4 13
— —— GND
5 12
GND — ——GND
, 6 11
—_— ——GND
7 i0
FB i —*
8 9
* —-ON/OfF
1147525
*No Internal Conneclion
Top View

LM2575N-XX or LM2575HVN-XX
See NS Package Number N16A
LM1575J-XX-QML

See NS Package Number J16A

TABIS
GND

5- ONJOFF
[—T—T ) 4-Feedback
[T T— 733 Ground
— T 1 7- Ouiput

———— R
2 LR

1147523

Top View

Pins 1,3 & 5

EZD A

Side View
LM2575T-XX Flow LBO3 or
LM2575HVT-XX Flow LB03

See NS Package Number TO5D

1147524

24-Lead Surface Mount (M)
) / 24
PHR.GND ——1 ® <.
2 23
| S
.3 22
. 4 21
=5 20
—f 19
7 18
s ——QUTPUT
8 \\
S16 GND = — OUTPUT
9 16,
10 t5
ON/GIF — =V
11 14 \
12 13 "
FPWR CND—‘ —

*No Internal Connection

1147526

Top View

LM2575M-XX or LM2575HVM-XX
See NS Package Number M24B

TO-263(S)
5-Lead Surface-Mount Package

5- ON/OFF
i T34~ Feedback
33~ 6Ground
1592 Output
::1° Vm

1142529

Top View

N

1147530

Side View
LM25755-XX or LM2575HVS-XX
See NS Package Number TS5B

www.national.com
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Absolute Maximum Ratings (Note 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specitications.
Maximum Supply Voltage
LM1575/LM2575
LM2575HV
ON /OFF Pin Input Voltage
Output Voltage to Ground
(Steady State)
Power Dissipation
Storage Temperature Range
Maximum Junction Temperature

45v
63V
~0.3V SV S 4V,

-1V

Internally Limited
-65°C 10 +150°C
150°C

LM1575-3.3, LM2575-3.3, LM2575HV-3.3

Electrical Characteristics

Minimum ESD Rating
(C =100 pF, R =15 %)
Lead Temperature
(Soldering, 10 sec.}

Operating Ratings
Temperature Range
LM1575
LM2575/LM2575HV

Supply Voltage
LM1575/LM2575
LM2575HV

2kV

260°C

-55°C < T, < +150°C
—40°C £ T, < +125°C

40V
60V

Specifications with standard type face are for T,=25°C; and those with boldface type apply over full Qperating Temperature

Range .
'Symbol Parameter Conditions Typ | LM1575-3.3 LM2575-3.3 Units
‘ LM2575HV-3.3 | (Limits)
Limit Limit
- {Note 2) {Note 3)
3YSTEM PARAMETERS {(Note 4) Test Circuit Figure 2
{our Output Voltage Vig =12V, ) gap= 0:2A 33 \
Circuitof Figure 2 3.267 3.234 V(Min)
3.333 3.366 V(Max)
four Output Voltage 475V V), S 40V, 0.2A £ | qup S 1A 3.3 v
LM1575/LM2575 Circuit of Figure 2 3(200/3.168 3.168/3.135 V(Min)
3.400/3.432 3.432/3.465 | V(Max}
lour Qutput Voliage 4.75V SV, S 60V, 02A S ljgup S 1A 3.3 v
LM2575HV Circuit of Figure 2 3.200/3.168 3.168/3.135 V{Min)
3:416/3.450 3.450/3.482 | V(Max)
1 Efficiency Vin = 12V lioap = 1A 75 Yo

LM1575-5.0, LM2575-5.0, LM2575HV-5.0

Electrical Characteristics
Specifications with standard type face are for T = 25°C, and those with boldface type apply overtuil Operating Temperature

Range.
Symbol Parameter Conditions Typ LM1575-5.0 LM2575-5.0 Units
LM2575HV-5.0 | (Limits)
Limit Limit
{Note 2) {Note 3)
SYSTEM PARAMETERS (Note 4) Test Circuit Figure 2
four Output Voltage Vin=12V, L gap = 0.2A 5.0 v
Circuit of Figure 2 4.950 4.900 V(Min)
5.050 5.100 V(Max)
fout Output Voltage 0.2A S | opp S 1A, 5.0 v
LM1575/LM2575 vV, s4ov 4.850/4.800 4.800/4.750 V{Min)
Circuit of Figure 2 5.150/5.200 5.200/5.250 V{Max)

www.national.com
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Typical Performance Characteristics (Circuit of Figure 2

OUTPYT VOLTAGE CHANGE (%)

Normalized Output Voltage

+1.0 T T ]
Viy =20
+0.8 =
iLoap = 200 mA
+0.6 Normalized at
+0.4 TJ =259C
+0.2 e
0
o ///
-0.4 /l
-0.6
~0.8
-1.0

~50¢ -25 -0 25 50 75 100 125

JUNCTION TEMPLRATURE (°C)

1147532

Dropout Voltage

20
S LA
i AV = 5%
3 Loap = 14 out
= 15 Rinp.=.0.201
z
& i
[N ]
[ T~ It~
= ]
5 v \\
o —
= N : ey
8 Lono 00 maA
v 035
-
=
'
=
0

-75-56-25 0 “25 50 75 100125150

20
18
=
E 16
=
I 1
o
5
%) 172
-
Z w0
(=]
v
w8
=
L=
6

JUNCTION TEMPERATURE (o€}

1147534

Quiescent Current

[oVaus 57
Measured atl
1 Ground Fin
1, =25°C
| hoso, = 14
~
boap =200 mA 3

I

10 20 30 40 50 60
INPU™ VOLTAGE {V}

1147536

OUTPUT VOLTAGE CHANGE (%)

OUTPUT CURRENT (4)

STANDBY QUIESCENT CURRENT (ua)

Line Regulation

1.4
12 lLoap = 20C mA

o T,=25°C -
0.8

74
0.4 bt

oo || A

[ 3.3v, 5V & ADJ
] 3
= 12v & 15V 7]

™

-0.2 / I

~0.4
-0.6

0 0 20 30 40 50 &0

INPUT YOLTAGE (V)

1147533
Current Limit
3 I
Yy = 25V
2 //——-__.\
\\
\

1]
=S50 =25 © 25 50 75 100125 150

JUNCTION TEMPERATURE (C®)

1147535

Standby
Quiescent Current
200 ;
Vig S A0V

e

150 |1

Vaw/ofs = SV

160

Yiy = 12V I
50

0
=506 -25 ©0 25 S0 75 100 325

JUNCTION TEMPERATURE (°C)
1147537
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LM1575/LM2575/LM2575HV

EFFICIENCY (%) NORMALIZED FREQUENCY (%)

QUIESCENT CURRENT (ma}

Oscillator Frequency

8 T T T T T
Normalized at 259C
6
4
Z
Q
-2
\vm =40V
— Ay
-6
Vi = 12V
-8 ™ .

-75-50-25 0 25 50 75 100125150

JUNCTION "EMPERATURE {oC)

1147538

Efficiency
100 .
I T,=259¢
95 }
200mA 1A
90 et 4 ——
15V Out } -
85
80 [ e e B
| SY——=—1]
75 \\ 14
I
70 {
200 ma \
[ }
o l

INPUT VOLTAGE [V}

1147540

Quiescent Current
vs Duty Cycle

20‘0 T L3 T
. Ad)usliable Versicn Or:I/;
Vi, = 7V
]
15,0 \/\A
12.5 s
10.0 B S Vi = 40V
7.5 e |
=200mA
- / Roap
2.5
0

] 20 40 60 80 100
DUTY CYCLE (%)

1147522

SATURATION VOLTAGE (V)

INPUT VOLTAGE (V)

FECOBACK VOLTAGE CHANGE. (mV)

Switch Saturation

Volitage
1.2
1 0 —--‘-‘
’ =550 Lt
=1 o=
L
250¢| | AT
D38 //
et
1500¢] A"
0.6
a.4
[+] 0.2 0.4 0.6 08 1o
SWITCH CURRENT (A}
1147538

Minimum Operating Voitage
5.0

Adjustabte Version Only
4.5
40
e
NG,
—
3.0
5
2.0
05 Voyr & 1,23V
LoaD = 200 mA
10
0.5
0
=50 =253 O 25 50 75 100 135
JUNCTION TEMPERATURE (°C)
1147541
Feedbhack Voltage
vs Duty Cycle
20 — 1 T
Adjusiable Version Gnly
|5 I l
l T
=200 mA
A \\ Yorp
> \\\‘ l
Vi = 40V
0 \g
-5 Vin =7V \__
—
-10
=15
-20

a 0 43 50 3¢ 100

DUTY CYCLE (%)
1147543
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PROCEDURE {Adjustable Qutput Voltage Versions)

EXAMPLE (Adjustable Qutput Voltage Versions)

iven:
syt = Regulated Output Voltage
ntMax) = Maximum Input Voltage
sapiMax) = Maximum Load Current
= Switching Frequency (Fixed at 52 kHz)
Programming Output Voltage (Selecting B1 and R2, as shown
“Figure 2)
se the following formula to select the appropriate resistor values.

R2
Vout = VRer (1 + m) where Vgep = 1.23V

, can be between 1k and 5k. (For best temperature coefficient and
‘ability with time, use 1% metal film resistors)

1)
. Inductor Selection (L1)
. Calcutate the inductor Volt = microsecend constant,
T (V » ps), from the following formula:

Vout _

R2 = R} (
VREF

1000

Your ,
F (in kHz)

EeT = ({Vin — Vour) o7 —

(Ve
Vin

s)

. Use the E » T value from the previous formula and maich it with
e E « T number on the vertical axis of the Inductor Value Selec-
on Guide shown in Figure 7.

. Onthe horizontal axis, select the maximum load current.

. Identify the inductance region intersected by the E » T value and
1e maximum load current value, and note the inductor code for that
xgion.

- ldentify the inducior value from the inducler code, and select an
ppropriate inductor from the table shown'in Figure 9.Part nrumbers
re listed for three inductor manufacturers. The inductor chosen
wust be rated for operation althe LM2575 switching frequency (52
z) and for a current rating of 1,15 x I 5. For additional inductor
formation, see the inductor section in the application hints section
f this data sheel.

. Qutput Capacitor Selection (Cqyy)

. The value of the culput capacitor together with the inductor de-
nes the dominate pole-pair of the switching regulator-loop. For
‘able operation, the capacitor must satisfy the following require-
ient:

Vin(Max)
Vour * L{pH)

he above tormula yields capacitor values between 10 uF and 2000
F that will satisfy the loop requirements for stable operation. But
s achieve an acceplable output ripple voltage, (approximately 1%
f the output voltage) and transient response, the output capacitor
ray need to be several times larger than the above formula yields.
. The capacitor's voltage rating should be atlast 1.5 limes greater
san the output voltage. For a 10V regulator, a rating of at least 15V
r more is recommended.

igher voltage electrolytic capacitors generally have lower ESR
umbers, and for this reason it may be necessary to select a ca-
acitor rate for a higher voltage than would normally be needed.

Cout = 7,785 (uF)

~ontinued)

Given:

Vour = 10V

V y(Max) = 25V

loapiMax) = 1A

F=52kHz

1.Programming Output Voltage (Selecting R1 and R2)

R
Vout = 1_23(1 + R_?) Select R1 = 1k
0V
1) =1k|l————-1
)= (%)

R2 = 1k (8.13 - 1) = 7.13k, closest 1% value is 7.15k

V,
A1 (&_

R2 =
VREF

2./Inductor Selection (L1)
A. Calculate E = F(V » ps}

EeT =(25= 10)-19-1000
C 25

= 116V ® us

B, EsT=415Vsps
C. loapiMax) = 1A
D. Inductance Region = H470

E. Induclor Value = 470 pH Choose from AIE part #430-0634,
Pulse Engineering part #PE-53118, or Renco part #RL-1961.

3. Output Capacitor Selection (Cg 1)
A.

Court > 7,785 = 130 uF

10+ 150

However, for acceptable output ripple voltage select
Cout = 220 pF
Cour = 220 pF electrolytic capacitor

(Continved)

15
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@ 013320002
0.11040.010 . 3.86440.05
77920625 i
0.035 £ 0.005
T 1 9.035£0.085 .0
{ 0.8980.15 |
G- ——
0»40040.0\5 *
-0.005
=] |} - -
10.1673:38 - T —1 - >— |
N — T} oos730.008
702043 1P
~| St l«\
2.25020010| l ' PIN ONE 1D
™ 763510.25

0.13420.015 0.015*2:019
T340:038 *| " l" 0387828

TAPERED SIDES1°
0.343
7 0,324
‘ b 370
0.180$0.005 :w 005 L e &2
J 573013 { 0,105
‘ 1.67
I SEATING PLANE
0.050 £0.002 0.622 0.1764 0.009
15.80 1.47£0.2
1.2740.05 N 3
17.88 1650 (REv 4)

Bent, Staggered 5-Lead TO-220 (T)
Crder Number LM2575T-3.3 Flow LB03, LM2575HVT-3.3 Flow LB03,
LM2575T-5.0 Flow LB03, LM2575HVT-5.0 Flow LBO3,
LM2575T-12 Flow LB03, LM2575HVT-12 Flow LB03,
LM2575T-15 Fiow LB03, LM2575HVT-15 Fiow LB03,
LM2575T-ADJ Flow LBO03 or LM2575HVT-ADJ Flow LB03
NS'Package Number TO5D

27
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FORCLA SC XSTRS/R F

MOTOROLA
1 SEMICONDUCTOR maeSnrasrrcu it

TECHNICAL DATA

wue o ] v3wresy oosaz09 31

7-39-/3

IRF840
IRF841
IRF842
IRF843

ara given to lacilitate “worst cass™ design.

Part Numbser | Vpgs | rDSion) [}
N-CHANNEL ENHANCEMENT-MODE SILICON GATE IRFB40 500V | 0OB5(1 | 80A
TMOS POWER FIELD EFFECT TRANSISTOR IAFa41 a50v | o5 | BOA
These TMIOS Power FETs are designed for high voltage, high iRF842 500V 1100 70A
spead power swilcihing applicali9ns such as switching regulators, IRFB43 250V 1100 70A
converters, solenoid and relay drivers.
@ Silicon Gate for Fast Switching Speeds
® Low rpS{on) to Minimize On-Losses. Specified al Elevated
Temperature
® Rugged — SOA is Power Dissipation Limited
® Source-to-Drain Diode Characterized for Use With
Inductive Loads
(3]
Eal-y
— B ¥ et
SV E) — 4 .
G ar l
™ o s
3 —p
TVIOS : P -
S 3 i i
| 0
T
MAXIMUM RATINGS = ! .5,
IRF v -l 3
e m Unit
Rating ! 8a0 | 41 | ee2 | sa3 ap |
o
Drain-Source Voliage Voss 500 450 E0C 450 Vde p S
Drain-Gate Voltage Vpsa 500 450 500 450 Vdc
{Rgs = 1.0 mf) st
Gate-Source Voltage VGgs +20 Vde el
Draln Current Adc Lo
Continuous In 8.0 70
Pulsed Iom 32 28 s wio'e
Total Power Dissipation o ) R
@Tc = 25°C 128 Watty § R ARt A T BAEES W30
Dsrate above 25°C 1.0 Wre RRGULANELS ANE ALOWES
Operating and Storage 7. Tsig =55 to 150 *c TR
Temperature Range ot ,ﬂ_ﬁ
THERMAL CHARACTERISTICS B AT AT
Thermal Assisiance z “cAv jE%ﬁ :
Junction to Cese Rasc 1.0 W Tw an]
Junction ta Amblent RaJa 625 4 '_'n.g“ﬁ :
Maximum Lead Temp. for n 276 < SRR ImTAIL:
Soldering Purposes, /8" [ Lﬁ_g_
frorm Case for § Seconds :_“:
Crpe e
Swee the MTPBN45 Designer's Data Sheet for 8 completa set of deslgn curves for the 8 e
product on this deta sheet.
The Designer’s Dala Sheot permits the design of most circulis entirely from the infor- CASE 221A-04
mation presented. Limit curves — repr b daries on device ¢ch. Istles — 10.220AB

MOTOROLA TMOS POWER MOSFET DATA

3-143



'GROLA SC° XSTRS/R F 7-39-/3 1ue ol b3IL?25Y4 0089?10 TI
IRF840-843 )

ELECTRICAL CHARACTERISTICS ({T¢ = 25°C unless otherwise noted}

r Charactaristic LSvmbol I Min l Max L Unit J

OFF CHARACTERISTICS

Draln-Source Breakdown Voltage V{BRILSS Ve
{VGs=0.1p= 025 mA) IRF41, IRFS43 450 -
iAFE40, iRFB42 500 —
Zero Gate Voltage Drain Curreat Ipss mAde
{Vps = Rated Vpgs, VGs = O - 025
{Vps = 0.8 Rated Vggs. VGs = 0. T = 126°C) - 1900
Gate-Body Leakage Current, Forward IgssF b 50O nAdc
{YGSF = 20 Vdc, Vps = 0}
Gate-Body Leakage Cursent, Reverse IGssa - 500 nAdc
(YGSR = 20 Vde, Vpg = 0}
ON CHARACTERISTICS”
Gate Theeshold Veoltage VG5ith} 20 4.0 Ve
Vpg = Vgs. Ip=0.26 ma)
Sialic Drain-Source On-Resistance TDS{on) Ohm
Wgs = 10 Vde, Ip = 4.0 Adc) IRFS40, IRF41 - 0.85
IRFB842.IRFBA3 =y 1.0
On-State Drain Current Vgg = 10V} Injon) Ade
(Vpg = 6 8 Vdc} IRFB40, IRFB41 80O >
Vpg 3 7.0 Vdc} IRFB42, IRFE43 70 -
Forward Transconductance grs mhos
Vps =68V, Iip=404) IRFB40. IRFB41 40 -
(Vps > 7.0 V. Ip = 4.0 Aj IRFEA2, IRFBAT 4.0 =
DYNAMIC CHARACTERISTICS
Input Capacitance i - 1600 F
L Wps =25V, Vag = 0; ol ?
Output Capacilance 1= 1.0MHz} Cons N 350
A Transler Capacil Cras £ 150
SWITCHING CHARACTERISTICS®
Turn-On Detay Time Yaton) 7 35 sz
Rise Time Vap ~ 200V, 1= 4.0 Apk, t V. 15
Tura-OHf Delay Time Rgen =4.7 Ohms) Ig{ot) - 90
Fall Time 1] — 30
- Total Gate Charge Q, 40 50 C
. Vg5 = 10V, Vps 50.8 % 9 Tyl "
Gate-Soutte Chargs Asted Vpss, 1o = Rated 1) Cgs 20{Typ) —
Gate-Drain Charge Ogd 20 {Typ} "
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Voliage 05 = Rated Ip, Vgp B J 19.(1) T Vdc
Forward Turn-On Time vgs = 0) | _lon Limited by stray inductance
Reverse Recovery Time e 800 {Typ) r — ] ns
INTERNAL PACKAGE INDUCTANCE (T0-220)
[rternat Drain Inductance Ly nH
{Measured from the contact scraw an tab fo center of dle} 3.5 (Yypl —
{Muasured from the drain Tead 0.25" from packege 16 canter of die) 45 {Typ) —
Internal Source Inductance Ly 7.6{Typl —
[{Measured lrom the sousce lead 0.25° from package to source hond pad)

*Pulse Test: Pulsa Width < 300 ps, Duty Cycle < Z.0%
{1 Add 0.1 V for IRFB40 snd IRF41,

MOTOROLA TMOS POWER MOSFET DATA
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High Density Mounting Type
Photocoupler

¢ Lead forming type (1type ) and taping reel type (P type ) are also available. (PC817I/PC817P )

% TUV (VDEO0884 ) approved type is also available as an option.

I Features
. Current transfer ratio
(CTR: MIN. 50% atls= SmA ,Vce=5VY)

. High isolation voltage between input and
output (Vie : 5000V 1)
. Compact dual-in-line package

PC817 : l-channel type
PC827 : 2-channel type
PC837 : 3-channel type
PC847 : 4-channel type

. Recognized by UL, file No. E64380

B Outline Dimensions

W Applications
1. Computer terminals
2. System appliances, measuring instruments

3. Registers, copiers, automatic vending
machines

4. Electric home appliances, such as fan
heaters, etc.

5."Signal transmission between circuits of
different potentials and impedances

( Unit : mm)
PC817 \ \ por PC827 | | o
5542025 niernal connection diagram 2544025 nternal conneclion diagram
@ e DQ ®m| m[m? @D ®6
FTR . il U ja = % 'X_[' Il['
ank mar —8 o - E -
Mo 85 e Anode §§ §§ n
Anode mark 4> =% © [-H-l mark 'd: - :1 = © rH] [B']
a7 &
@] (0= ®|®tz© ORI HONC) @D Anode
i 02 11,08
09702 23 Ear
®® Coliector
- w  458%05 Low +05
‘al: S P @ Ancde E S sl el 2
w
2 3] ’ii @ Cathode {2 (.,I w
+= n @ Emitter += N
° I @ Collector o l !
g 0_5101_ g 0.51-0.1
pCa37 . PC847 ,
Internal connection Internal connection
. o .
« 2644025 diagram x 2 542025 diagram
! E
E Ié PO PO @O RO O @
W@ ®®@® '§® IP. .51 P S3 re 51 [? ®@@@@®®
3 :p’\r'{: e ﬂh—r? — U U g . ™~ ~ ~alw U U
C ) - — — — o
7| 28 b s o P 8§ 83 3 82 5
SR IRTHE i .28 .28 o2k O |
ollev® ®6 ®G® Anode OEO®BOOE Q®
4 +0.2 Cathode " 0 9102
0.9 u. @@ 3 Emitter 1‘2:0.3
1.2+03 ® 4§ Collector o L 19.82+08 ,
a o ;
0 \ 14.74%05 7.62%03 E-:. ?o I @
£ S o s <'7| ~
wniw S 3 o -
O g o
= o o N
pd I I 7: pe 0.5%01 6= 0o 13
- —1 g
- 0.501 o 010 13° DRED Anode @D Emitter
e @@®® Cathode 949 Collector

In the absence of confirmation by device-specification sheets, SHARP takes no responsibility for any defects that occur in equipment using any of SHARF's devices, shown in catalogs,
lata books, tt. Contact SHARP in orger 1o obtain the fatest version of the device specification sheets before using any SHARP's device.”




SHARP PC817 Series

I Absolute Maximum Ratings (Ta= 25°C)
Parameter Symbol Rating Unit
Forward current Ir 50 mA
“'Peak forward current Trm 1 A
Input
Reverse voltage Vr 6 v
Power dissipation p 70 mWw
Cotllector-emitter voltage V ceo 35 \Y
Emiiter-collector voltage Veco 6 \Y
Dutput
Collector current Ic 50 mA
Coilector power dissipation Pc 150 mw
Total power dissipation P o 200 mW
“solation voltage Viso 5000 V ms
Operating temperature T opr - 30t +300 °C
Storage temperature T sig - 5510 +125 C
*3Soldering temperature T sl 260 G

{ Pulse width<=100ps, Duty ratio : 0.001
14010 60% RH, AC for 1 minute
3 For 10 seconds

1 Electro-optical Characteristics (Ta= 25°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Forward voltage Ve Ir = 20mA - 1.2 14 A
Input Peak forward voltage VM Iem = 05A - - 3.0 Vv
Reverse current Ir Vr= 4V - - i0 RA
Terminal capacitance C V=0, f=1kHz - 30 250 pF
Output | Collector dark current leeo Vee= 20V - : 107 A
*Current transfer ratio CTR le=SmA, Vcp= 5V 50 - 600 %
Collector-emiter saturation voltage V CEtsar) le=20mA, I c= ImA - 0.1 0.2 Vv
Transfer | Jsolation resistance Riso DC500V, 40 to 60% RH Sx108 | /10! - Q
charac- | Floating capacitance Cr V=0, f= IMHz - 0.6 1.0 pF
tenistics | Cut-off frequency fe V& =5V, T c=2mA, Ri= 1009, - 3dB 5 80 - kHz
Response ime | 0Re ¥ G- Viee = 2V, Te=2mA, R = 1009 - : 18 e
Fall time tr ’ p 3 18 ns
1 Classification table of current transfer ratio is shown below. Fig. 1 Forward Current vs.
Ambient Temperature
60
Model No. Rank mark CTR (%)
PCB17A A 80 to 160 >0
PCg817B B 130 to 260 — \
PC817C - C 20010400 E 40 N
PC817D D 300 to 600 = \
PC8#7AB AorB 80 10 260 §
PC8%7BC BorC 130 to 400 K \
PC8#7CD CorD 200 to 600 g
PC8#7AC A,BorC 80 to 400 £
PC8#7BD B,CorD 130 to 600 10
PC8%7AD A, B, CorD 80 to 600 0
PCB #7 A, B, C, D or No mark 50 to 600 25 0 25 50 75 100 125

ilor2or3ord Ambient temperature T, (*C)




HARP PC817 Series

°ig. 2 Collector Power Dissipation vs. Fig. 3 Peak Forward Current vs. Duty Ratio
Ambient Temperature
10 000
200 Pulse width <=100 u s
- 5000 T,= 25C
A
E < 2000
< 150 %
P Z 1000
8 z
g = 500 i
.’é‘ 160 \ g 200 M|
5 B 100 3
g. g =0
3 \ £ 50 i
g 50 >
3 N & 20
10
0 5
-30 0 25 50 75 1000 125 5e0%2 s 190'2 s w0tz s
Ambient temperature T 5 ("CJ Duty ratio
Fig. 4 Current Transfer Ratio vs. Fig. 5 Foerward Current vs. Forward Volitage
Forward Current
200 i T
500
VCE =5¥ =) T,= 75°C
180 | ] 37
> Jry Do 200 ' 54
o 50°C~gss .
& 160 \"I‘I.I‘I 25°C
o 0 100 LE ) # 5 O.C
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Forward current Iy {mA) Forward voltage V5 (V)
Fig. 6 Collector Current vs. Fig. 7 Relative Current Transfer Ratio vs.
Collector-emitter Voltage Ambient Temperature
30— 150
A\
Ig=3 * Ta=25C Ig=5mA
M VCE =5V
25 o N — T -
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é 20 Y ‘\‘\ . E 100
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Fig. 8 Collector-emitter Saturation Volitage vs.

Ambient Temperature
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Fig.10 Response Time vs. Load Resistance
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Please refer to the chapter *Precautions for Use”

Rp

€

77

4
T

Vee

Re Qutput

X

Fig. 9 Collector Dark Current vs.

_f\m bient Temperature

10
Veg =20V
< 1€ /
3 A
] -
- 107 A
2 =
3 s LA
= 10" V.
E A
b .
g 4
8 10°° 4
3 —
/I
1010 A
7
Il
.
10 - 117
.25 0 25 50 75 100
Ambient temperature T, {°C)
Fig.11 Frequency Response
Vegp =2V
Ic = 2mA
0 — [ Ta=25°C
3 M
\
2 AN
1 \ NooQ
< ! 1k 2
S\ 10 3
S \R; = 10kQ
\
& \ Al
\ \
220 \

05 1 2 5 A0 20

50 100 200 500

Frequency f {kHz)
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