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ABSTRACT
This thesis describes the design of inverted pendulum system and control algorithms to

control the vertical balance of rotational inverted pendulum. The mathematical model of the

system is determined from its structure and control the system by computer. The experimental

results also are shown in the thesis.
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o =] . [ y
sansodouiiuudenlaezunsu( Block Diagram ) 14l

SP
PC |

DAC (| DCDrive [

01

Motor&Arm Pendulum

Counter12bit  lg——1

Encoder1

Counter12bit  (g———

Encoder2

<

o d 2
51'71 3.1 Uaﬂﬂ‘lﬂﬂgllﬂiuﬁ]ﬂﬂizﬂﬂ'ﬂﬂ“uﬂ

U

3.1 aumsuazlunavesssuy

91n31% 3.1 sransorianduaisTouveeszuy DC Motor 1991011140 “ Modem

13

] ] y
Control Engineering ” 489 Ogata ¥ii1#1 118 fanti 121 sz ldunurasamendiasmansidai

wiedagilaumsinild

®|(s) _ K,
E,(s) - s(T,s +1)
®1(s) K,

. @ T - Y o ;
arulsareq Helaasil

K,= K

R b, KK,
T,= RJ,

R by KK,

1 4 o
:A1NINUBINBIND I (motor gain constant)

1 1 14
A1AINIIRIVDINBIADS (motor time constant)

K -A1nefiusaiavequsines(motor torque constant)

K, :nefiusedubeundu(back emf constant)

4 14
R, :ANUAIUNIULIS11903 (armature resistance)

b,

motor shaft)

(3.1)

(3.2)

AT ud yaAN1IU(equivalent visous-friction coefficient of the motor and load referred to the
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o 4 . .
:T!Jmuﬂﬂ?‘lmﬁﬂu(equivalent moment of inertia of the motor and load referred to the motor

- o W G e w—
P s e L T S - — .

——— .

[ S—_——

v M wn we g

R A U e W e m—

- e e

shaft)

M : UIRUDLVUY
1, : ATHYIVDULVU

J .
7, TuuAANUABIYBYUTO VAN Y

o & o
7 TUUARNUR DYYDINBIADT

0, : yuveavuiidouliad)
%mmsﬁm'amuazi’fagamamama{(mﬂwmﬂ)
K =0.181 N-m/A
K, =19 V/KRPM = 0.1814 V-sec/rad
R,=12Q . M =0293 kg
b, =0.00351 N-m/rad/sec , 1, =074m
J_=0.00028 kg-m’
I =(112)M,” = 0.01337 kg-m’

I, =1 +1,= 001365 kg'm’

K, = 0.181 = 4886
(1.2)(0.00351)+(0.181)(0.1814)
T = _ (1.2)(0.01365) = 0442
(1.2)(0.00351)+(0.181)(0.1814)
dounusiaegz'ld
O,(s) _ _4886 _ 110543 63)

E,(s) 0.442s +1 s +2.262

a(s) M ®1
— ~p Motor8Arm +——p

314 3.2 uraauuuinesvesnamB LAY
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I, :ANNOVBUYUNVIINYAKYU(m)
v 4
L, :A21M813VRINURNAN(m)
: as 1 4 9y
m Hdnyenugnguke)
6, :yuvosuuiiaon i rad)

0, aynveafugnduindouTcad)

ee &2

o

shfudugnAuN)

p3j

v usdluun

H usealuuiavesuiihifufugndu)

[ t 4
angUil 3.3 samnsamitenduaieTeu 1dded

y a o v
NNNHVD 2 Y9IUIAU 'nz"lﬂ

nosanluunuy; V —mg

frsan luunu X; H =

d2
m:i;;(lz cosd, ) (3.4)

2
mg;z—(lz siné, +6,1,) (3.5)

de 6,1 fvszozmeiiuvumdewd lifuasnaudaogm 6,

LY o o o
91nM1i9d8”"Modern Control Engineering” H111 103 1519¢ lannuduwus fe

J,0, +b,0, = Hi,cos8,—Vl,siné, (3.6)

15
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2
J,0, +b,0, = ["’Edﬁ(lz sin6’2+l,9,)}12 cos 6, — I:mg+mjt

16

2

(I, cos )]12 sind,

)z)+10] mgl, sin 6,

6]

uag
d? . ..
(—i;z—sine = —(sin0)§* +(cos@)
d? . ..
Ez—cos@ = —(cos8)d? - (sing)d
2
sz—292 +b2i92 = ml,cosd, [l (cosé’ sm@
t dt
—ml?}siné [ sm0( cos¢9
= ml?(cosb,)’ —ml} cosé, sm0( )2+mll cosé?( )
—mgl, sin@, +mi2(sind,)’ 8, + mi; cos6, sinb, (6?2 )2
= mi2, (cos2 8, +sin’ 02)— mgl, sin@, + ml|1, cosé?z(él)
wld

(J, =mI2 B, +,6, +mgl,sin6, = &mil, cosé,

1571521104R1 sind, ~ 0 UAZ cosB, ~ 1 111D 0,~0

(7, ~mi2) 6, +b,6, = éml],

Laplace transform wld

(5) ml [,
( ) (J —ml )s2 +b,s

lJJﬂLLYmﬂ']W']i'UJME)iﬂ’N"]
m = 0.05 kg o = 047 m L, =

J, = 0.02536 kg-m

b, = 0.002768 N-m/rad/sec

az'ld
0,(s) _ 0.01128
O,(s) ~  0.01384s* +0.002768s
= 0.815

S(S+0.2)

(3.7

0.48 m

(3.8)
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GIIHOMIANDN. MIeOMNAIMIRNTEL

Vnaumsti 4.12 FaidumioTouresnnesnIunuusAune
E,(s) 10
Vo (s) s+1.775

HAZIINTUNIIN 4.13

O(s) _ _110.543(5+0.002)
V m(S) (s+1.775)s +2.262)

MNAUATA (3.3),3.8),(4.12),4.13) 1519z ldnnuduiuivesssuudgii 3.4

14 E ®
pom 10 a | 11.0543 1yl 640,002

s+1.775 §+2.262

A

0.815

s(s+0.2)

Eﬂﬁ 34 waALuUsIae luaaveessuy

3.2 MI99NUNUISUVAIVAN

TumseenuuuszuLAIaY aunsamseenuuyld 2 338 ssuumuguAIsLQR

HAZITUUAIUNUAIY State Feedback Control System
3.2.1 szvumvguuuutloundudasmsileunduuyvaan

MnaunIiandusieToun(.11)

6,(s) 110.543(s+0.002) 110.543

v (s)  (s+1.775(s+2262)  s®+4.037s+4.015

5°0,(s)+4.0375%0,(5)+4.0150,(s) = 110.5437,,,,(s)

suesaanlmaezla

6.() = —4.0376,()-4.0156,(r)+110.5437,, (1)

MnaunsHnFusieloun G.8)uaz4.13)

®,(s) 0.815(s +0.002)
©,(s) s2+0.2s

Sagtaumsld

5s20,(s)+020,(s) = 0.81550,(s)+0.001630,(s)

sunosaanlmaezla

d,() = 0.8156,(r)+0.001636,(r)-0.26,(r)

33932

(3.10)

(]

(3.9
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isudalsmandalng x dade Ui
X = 6,
x, = 6
X3 = é]
X, = 6,
Xs = 92
VINAUMS (3.9), (3.10) 9219
% = X,
X, = X3 |
%, = —4015x,-4.037x, +110.543v
X, = X5
%, = 0.00163x, +0.815x, - 0.2x
annsasaaumsaandiu 5 07 4R
X = Ax+ Bu
y = Cx
Tau#
Xy
%) Yy 5,
X = X ) Y= Y2 = 0,
X4
i xs—‘ U=V
0 1 0 0 0 0
0 0 1 0 0 0
x = 0 -4015 -4.037 O 0 x+ | 110.543 Vpum
0 0 0 0 1 0
0 0.00163 0815 O -0.2 0 J
y = [1 000 0]x

0 00 1 O
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(F1T00ONUVUAUNUK feedback) Tloundutdeinms ¥ lsunsuMATLAB A

X X y
» B >® > C >
¢
3UN3.5 szvuneumsaIUg
X X
—»! B »b »Cl—»

JUN3.6 szuunmdemsatugu

[k &k K
[8.87 13.04 0.464

HaZsTUUNAIMSAUGNAS

X

(4-BK)x
0 1
0 0
-980.516 -1445.5
0 0

0 0.00163

k, k]
-5.93 -9.48]
0 0
1 0
-55.33  655.52
0 0

0.815 0
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SV

PID | DCDrive i Motor&Arm 9 Pendulum >
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319 3.7 uden laezunsuvesszuundsgnaiugu

P
Fusrensosenuuumsnluguuuy PID 1dvnmsidlisunsy MATLAB 18
L4
Controller 483$VUAIN

0.07812(s+0.15) (3.11)

Vol

E_(s) (s+2.86)(s+0.002)

Tor

o

} 4
deamsmsudasdufaasanomirvlyd@suTdsunsy 1dasd

NNTUNIG.8)ve 14

Vwm(s) = 0.0741 + 0.00405
E(s) s+2.86  s+0.002

1

T, -1
-e(_a )Z

910 Z transform U993 1

sta 1

A'i 24 . . £ LY a <y
149 T 19 Sampling time FUNINY 0.005IUMN

I

0.0741 + 0.00405

~2.86(0.005) - -0.002(0.
E,.(2) ¢ 50009 71 1-¢ 202009

b1
2107 V(@

Z-l

= 0.07815-0.07815Z"

1221477
-1 -2 -1
V@ = 227V, (@YZ”V,, (ZW0.0T815E, (2)-0.07815Z E, (Z)

prm(n) = 2V

pwm

(@-1)-V,,.(n-2)+0.07815E,_ (n)-0.07815E,, (n-1)

[ a4 1 H ¥
sdpduna sHUTINIAILAUIUUPID W gunsoadugu lARsus ddugnduannse

L4 ]
nyeiaeg lduunvn TasTinan®, ~ o) iy Tamnsanluguiumisvesianldegiie
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UNN4

HAN1INADDY

P b 4 Y -3 ) g = °
nnszuuie ldesnuuuuas Idsereuiuamuuuinmn sefudusiianus
4 = 4 o 4 o 1t ' 3
{ufiszdosmmisiiinespudnuaizvesszuunou udusSwesihnumaniuuunululuea
yoeszuume 15 lumsniuguas )

4.1 m:imm‘nﬁma%'ﬂlmszuu
v A ' e a 2 Pl Y 1
4.1.1 Tﬂlﬂuﬁﬂ’nﬂlﬂ ﬂtl‘Uﬂ\MH]u(Jl)llﬁwﬂTﬁ'ﬂljizﬁ'nﬁ'ﬂQTJJIﬁ'tlﬁn'Iu‘Uﬂ\HIOWO(bl)
o 2 9 ;Y
ANVGIWVUUVIINGANYUDIUOADYNAN(,) = 0.47 m
¥
TIMInUIUM) = 0.293 kg
' o & ' ' o A o
Jl = ﬂ'l1111.1114ﬂﬂ'J'liJm?JU‘U?Nﬂ')Ull‘Uu+ ﬂﬂumummmmawmnamas
v (4 A t 2
A TIUAN NURBIYBITIUUVU(I,) = (1/2)M],
\ o d’l o (] o dy
A luuaaNuRBsYBINeMes () fuan lddsll

'a1ﬂfmmwmnama{ﬂsxuﬂme(Dc motor)
Jo+b6 =1 (4.1)
IannzSudu 90)=0uay 6(0)=0 udnimsutnsanlon
Js?0(s)+bs@(s) =1z(s) (4.2)

nn@2)wou iy

O(s) = ). (4.3)

Js+b

el w(s) = T*U(s)

o) = LUk (4.4)

Js+b

T/b
= Tkt
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[ 3 A ° =Y o P Y ¢ ¥ o
fauloismimsdeunselinneNamil (Step Torque) I uusmes udnins i o
FIUTUNYUINNNARDIN IS BTG (fit curve) AUns IR lATINMIsRIULLLYB NS
v [] 3 b4
(4.4) 1o J wag b Minnzau(lasmsnaasadsumnsasadninndouuuy Ty lda

A d 3 4 [ ~ 1 1
Indifive) NansamAIves J uaz b veswemesoanu 1@ A1 4.192 14 7 uaz b Sauilu

O(s) T/b 135.14

U(s) ~ (/b)s+1  0.08s+1

lagh T = Piw = 047376

wld J_ = 0.00028 kgm’
b, = 0.00351 kg-m’/s

140 , ; 1
120f----------- ARREEEESEEE R ST SEEE e e
1) S A S . S A L
Y1) S L A e R
ool A R A B
sobeef oo S S FR— SR S
20--f--mne-- e I RBSOREEE oo e deeenen

0 : : i E E

0 0.05 0.1 0.15 0.2 0:25

time (sec)

317 4.1 wan ldnnmsi@ouuuy TaeTUsunsy MATLAB ewian J_uag b,
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1.1.2 Tuwudnufeevesd ugnguy, uasaduisednsanudsanuvedoss b,)

ANUEIAIUGNAN(,) = 0.48 m
Y
Wiminvesdugnduim) = 0.05 kg

g 1 3 1 a v o do 4
wersauuu Pudnaesldhugnduundeediedass s ldanudiniusiegifa.

17 42 naasuuiasnismaasaa I uag b,
91NN V2UDIIAY

norsanlunuaunu v eeld
d2
V-mg = m?(l2 cosé’z) (4.5)
worsanluuuunu X 0214
d? .
H = m;it—z(l2 sin 02) (4.6)

91nM119d® “Modern Control Engineering “ 489 Ogata #i11 103 15192 W@anuduiusae

J,0,+b,0, = HI, cos@, - V1, siné, 4.7
Thaumsfi (4.5),4.6) unuaslu @.7) 9218

23

2 2
J,0,+b,0, = [m;i—z(lz sind, ) [I, cos@, — [mg +m g:‘—z—(l2 cosé, )jll2 sin@, (4.8)

uag
2

i—zsine = —(sin0)d* +(cos6)d
2

;—20059 = —(cos8)f* —(sin0)d
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wld
2 »
J2 %6’2 +b, '6%02 = ml,cosb, [l2 (cosé’2 (92 )-— siné, (02 )2 )]— mgl, sin@,
—ml} siné, [— siné, (52 )— cosd, (92 )2 ]
J,0,+b,6, = mi’f, -mgl,siné, “9)

' . 4 14
slsznme sing, ~ 8, 91nn1snsEateynsuNBIIz 1A

b -mgl,0 b :
6, = 21—, (4.10)
J,-mly J,—ml,
4 o : o o
wasudunlsmanlvi x 1ddsdl
X = 6
X, = X% = 92
az"lﬁ'ﬂumi state space Mﬂmsﬁm:}uﬁe
X, = 0 1 X,
X, -mgl, b %

2 2
J,-ml, J,-ml,
ismanreuszuy lanlaesldfugnduunds Tasaszdoyuisudu 90 ssm use 1.57
winou vazdauwuldegiuilunuaszay viufe x,0) = 6,(0)= 1.57 sifou uaz x,(0) =
6,(0) =0 ud21¥1sunsu MATLAB luns@ouuuuawaumsaian b, uaz J, ifn
1 o a4 o s o a 9/ -1 91 1 o
dnqiu iterhuufSesuiousunai 1dninnismaases 14 b, uas 1, sy

0.02536 keg-m’

1

b, = 0.002768 kg-m’/s
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Graph of Pendulum

o ! . s | s !

% N N S SRR SO N O
WA S S S S
T T

BT s e e S
, LU T -

s

1 LA A A

R A R S SN S e

sl

90 , . .

0 10 20 30 40 50 60 70

time (sec)

1M 43 wman ldnnnisnaneuiena I, uaz b,

4.2 minaasamlantudslonvesisesmuguuseiy
A v o A o ' = d' '
11199AYNITAIVANUTTUNRUANYULIININANNEG WAL Vpwm Afould hitly
3 & da ot 1Y 1 1
1duase Fusrensomiendunie Touvesnsauguussuld TasmsaenesiuInan
s o . o - H
fie vemeinYsznouuvund uazrnisilon Vpwm A28 Unit Step 1ins i 1dsinms
nanes laoldTdsunsusanme 6, () deildnanrmmudluumd 2 iulSsufeuduy

n3 i 189 nns1sTsunsy MATLAB Asgifi 4.4 tag 4.5



26

Graph of Omega
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Graph of Omegadot
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Graph of PID
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#include <DOS.H>
#include <CONIO.H>
#include <MATH.H>
#include <STDIO.H>

#define TCK 0x0d
#define DATA 3333

void interrupt (*Old_ISR)();
float PID(float);

volatile int port300,port301,port302,p0rt303;
volatile float T=0.005,Mi,Mp,Kp,Ki,Md,Kd,y0,y1;

void interrupt My_ISR()
{
disable();
outportb(0x303,port303);
port300 = inportb(0x300);
port301 = inportb(0x301);
port302 = inportb(0x302);
outportb(0x20,0x20); I* End of Interrupt */

enable();
}
void main()
{
int sp1,sp2.encoder1,encoder2,encoder2_t,bin,i;

float teta1 tetal_t teta1dot,teta1dot_t,tetatdotdot teta2 teta2_t,teta2dot;

float Kteta1,Kteta1dot,Kteta1dotdot,Kteta2,Kteta2dot;
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float

FILE

fb1.fb1dot.fo1dotdot,fb2,fb2dot,output,.err;

*fp1,*p2;

i=0;

sp1=2500;

encoder2_t=0;

outportb(0x305,0x00);  /* Clear All PIC Microcontroller */
delay(5); ‘
outportb(0x305,0x0f); /* Enable All PIC Microcontroller */
outportb(0x303,0x00);  /* Clear PWM */
outportb(0x304,0xff); /* Set Samping Period */

Old_ISR = getvect(TCK); /* Recieve Interrupt Vector */
setvect(TCK,My_ISR);  /* Set Interrupt Vector to My ISR */
outportb(0x21,(inportb(0x21) & 0xdf)); I* Enable IRQ5 */

if((fp1 = fopen(“tetat.m","w"))==NULL)
{
puts("cannot open file teta1.m\n");
exit(1);
}
fprintf(fp1,"a = [");

if((fp2 = fopen(*teta2.m*,"w"))==NULL)
{
puts(*cannot open file teta2.m\n");
exit(1);
}
fprintf(fp2,"a = [ ");

while (Ikbhit())
{
encoder2=((port3018&0xf)*256)+port300;
if (encoder2<2000) encoder2=encoder2+2000;
else encoder2=encoder2-2000;

encoder1=(port302*16)+((port301&0xf0)/16);
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if (encoder1<2000) encoder1=encoder1+2000;
else encoder1=encoder1-2000; .
printf("Encoder1 = %d Encoder2 = %d\n",encoder1,encoder2);
}

getch();

Mi=0.0;
Kp=5.0;
Ki=0.25;
Kd=2.25;
while ( 1kbhit() & encoder2>25 & encoder2<3974 )
{
encoder2_t=encoder2;
encoder2=((port301&0xf)*256)+port300;
if (encoder2<2000) encoder2=encoder2+2000;
else encoder2=encoder2-2000;
encoder1=(port302*16)+((port301&0xf0)/16);
if (encoder1<2000) encoder1=encoder1+2000;
else encoder1=encoder1-2000;
err=((float)(sp1-encoder1))*0.001571;
if (encoder2>2000 & (encoder2-encoder2_t)<0) sp1=1500;
if (encoder2<2000 & (encoder2-encoder2_t)>0) sp1=2500;
" if (encoder2>3500 | encoder2<500) Kp=3.25;
output=PID(err);
printf("Encoder1 = %d Encoder2 = %d\n",encoder1,encoder2);
if (output<0)
{
output=0-output;
bin=(128/5)*output;
POrt303=bin80XTf;
}
else
{
bin=(128/5)*output;
port303=bin|0x80;
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}
port303=0x00;
sp1=2000;
sp2=2000;
teta1_t=0;
tetatdot_t=0;
teta2_t=0;
Kteta1=3.0;
Kteta1dot=3.0;
Kteta1dotdot=0;
Kteta2=-17.0;
Kteta2dot=-4.5;
encoder2=({port301&0xf)*256)+port300;

while ('kbhit() & encoder2!=2000) encoder2=((port3018&0xf)*256)+port300;

.

while (Ikbhit() & encoder2<2200 & encoder2 >1800 & i<DATA)
{

encoder1=(port302*16)+((port301&0xf0)/16);
if (encoder1<2000) encoder1=encoder1+2000;
else encoder1=encoder1-2000;
encoder2=((port3018&0xf)*256)+port300;
teta1=((float)(sp1-encoder1))*0.001571;
teta 1dot=(teta1-teta1_t)/T;
teta1dotdot=(teta1dot-tetatdot_t)/T;
teta2=((float)(sp2-encoder2))*0.001571;
teta2dot=(teta2-teta2_t)/T;
teta1_t=tetal;
tetaldot_t=tetaidot;
teta2_t=teta2,

fprintf(fp1,"%f %fAn",0.003% teta);
fprintf(fp2,"%f %f\n",0.003% teta2);

i=i++;
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printf(*tea1=%f teta2=%fn" teta1teta2);
fb1=Kteta1*tetat;
fb1dot=Kteta1dot*tetatdot;
fo1dotdot=Kteta1dotdot*teta1dotdot;
fo2=Kteta2*teta2;
fo2dot=Kteta2dot*teta2dot;
output=-fb1-fb1dot-fb1dotdot-fb2-fo2dot;

ifv (output<0)
{
output=0-output;
bin=(128/5)*output;
port303=bin&0x7f;
}
else
{
bin=(128/5)*output;
port303=bin|0x80;
}
}
port303=0x00;
outportb(0x303,0x00);  /* Clear PWM */
outportb(0x21,(inportb(0x21) | 0x20)); /* Disable IRQ5 */
setvect(TCK,OId_ISR);  /* Return Interrupt Vector to Old ISR */

fprintf(fp1,"%f %f\n",0.003% teta1);
fprintf(fp2,"%f %f1\n",0.003%i teta2);
fprintf(fp1,"x = a(:, 1);\n");
fprintf(fp2,°x = a(:, 1);\n");
fprintf(fp1,"y = a(, 2):\n");
fprintf(fp2,'y = a(:, 2);\n"):
fprintf(fp1,"plot(x,y), ...\n");
fprintf(fp2,"plot(x,y), ...\n");
fprintf(fp1,"xlabel ('t secs');"\n"):
fprintf(fp1,"ylabel (‘rad');\n"):;
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fprintf(fp1,"title('Graph of Teta1’), \n)
fprintf(fp2,"xlabel ('t secs’);\n");
fprintf(fp2,*ylabel (‘'rad");"\n%);
fprintf(fp2,title('Graph of Teta2'), ..\n");

fprintf(fp1,"grid\n");
fprintf(fp2,"grid\n®);
fclose(fp1);
fclose(fp2);

}

float PiD(float y1)

{

Mp=Kp*y1;

Mi=Mi+Ki*y1*T,
Md=Kd*(y1-yO)/T;
yo=y1;
return(Mp+Mi+Md),
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#include <DOS.H>
#include <CONIO.H>
#include <MATH.H>
#include <STDIO.H>

#define TCK 0x0d
#tdefine DATA 4000

void interrupt (*OIld_ISR)();
float PID(float);

volatile int port300,port301,port302,port303;
volatile float T=0.005,Mi,Mp,Kp,Ki,Md,Kd,y0,y1.
void interrupt My_ISR()
{

disable();

outportb(0x303,port303);

port300 = inportb(0x300);

port301 = inportb(0x301);

port302 = inportb(0x302);

outportb{0x20,0x20); /* End of Interrupt */

enable();
}
void main()
{
int sp1,sp2,encoder1,encoder2,encoder2_t.bin,i;

float output,temp,y,y1,em,m,

FILE *fp1;

i=0;
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sp1 =250(i;

encoder?2_t=0;

outportb(0x305,0x00);  /* Clear All PIC Microcontroller */
delay(5);

outportb(0x305,0x0f); /* Enable All PIC Microcontroller */
outportb(0x303,0x00);  /* Clear PWM ¥/
outportb(0x§304.0xff): * Set Samping Period */

Old_ISR = getvect(TCK); /* Recieve Interrupt Vector */
setvec(TCKMy_ISR);  /* Set Interrupt Vector to My ISR */
outportb(0x21,(inportb(0x21) & 0xdf)); /* Enable IRQ5 */

if((fp1 = fopen("pid.m",'w"))==NULL)
{
puts("cannot open file pid.m\n");
exit(1);
}
fprintf(fp1,"a = [ *);

while (Ikbhit())
{
encoder2=((port3018&0xf)*256)+port300;
if (encoder2<2000) encoder2=encoder2+2000;
else encoder2=encoder2-2000;
encoder1=(port302*16)+{(port301&0xf0)/16);
if (encoder1<2000) encoder1=encoder1+2000;
else encoder1=encoder1-2000;

printf("Encoder1 = %d Encoder2 = %d\n",encoder1,encoder2);

}
getch();

Mi=0.0;
Kp=5.0;
Ki=0.25;
Kd=2.25;
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while ( Ikbhit() & encoder2>25 & encoder2<3974 )

{

}
port303=0x00;
sp2=2000;
Mi=0;

Kp=5.5;
Ki=4.0;
Kd=4.0;

encoder2_t=encoder2;
encoder2=((por1301 &0xf)*256)+port300;
if (encoder2<2000) encoder2=encoder2+2000;
else encoder2=encoder2-2000;
encoder1=(port302*16)+((port301&0xf0)/16);
if (encoder1<2000) encoder1=encoder1+2000;
else encoder1=encoder1-2000;
err=((float)(sp1-encoder1))*0.001571;
if (encoder2>2000 & (encoder2-encoder2_t)<0) sp1=1500;
if (encoder2<2000 & (encoder2-encoder2_t)>0) sp1=2500;
if (encoder2>3500 | encoder2<500) Kp=3.25;
output=PiD(err);
printf("Encoder1 = %d Encoder2 = %d\n",encoder1 .encoder2);
if (output<0)
{
output=0-output;
bin=(128/5)*output;
port303=bin&0x7f;
}

else

{
bin=(128/5)*output;
port303=bin|0x80;
}

encoder2=((port301&0xf)*256)+port300;
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while (tkbhit() &:encoder2!=2000) encoder2=((port301&0xf)*256)+port300;

while (1kbhit() & encoder2<2100 & encoder2>1900 & i<DATA)
{
encoder2=((port301&0xf)*256)+port300;
ermr=((float){(sp2-encoder2))*0.001571;
fprintf(fp1,"%f %f\n",0.0025% err);
i=i++;
printf("Encoder2=%d error=%f\n",encoder?2 err);
output=PID{err);
if (output<0)
{
output=0-output;
bin=(128/5)*output;
port303=bin&0x7f;
}
else
{
bin=(128/5)*output;
port303=bin{0x80;
}
}
outportb(0x303,0x00);  /* Clear PWM */
outportb(0x21,(inportb(0x21) | 0x20)); /* Disable IRQ5 */
setvect(TCK,OId_ISR);  /* Return Interrupt Vector to Old ISR */

fprintf(fp1,"%f %fl\n",0.0025% err);
fprintf(fp1,"x = a(;, 1);\n");
fprintf(fp1,"y = a(;, 2):\n");
fprintf(fp1,"plot(x.y), ...\n");
fprintf(fp1,"xlabel ('t secs');"\n");
fprintf(fp1,"ylabel ('rad’);"\n");
fprintf(fp1,"title('Graph of PIDY), ...\n%);
fprintf(fp1,"grid\n");

fclose(fp1);
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float PID(float y1)

{
Mp=Kp*y1;
Mi=Mi+Ki*y1*T;
Md=Kd*(y1-y0)T;
Yo=y;
retum(Mp+Mi+Md);
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device pic16¢56,hs_osc,wdt_off,protect_off
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register1 = 08h
register2 = 09h
main mov Iporta,#00h ;a0 output
mov iportb, #0ffh  ;b0-b6 input
mov porta,#00h
loop_main mov register1,portb
and register1#01111111b
cine register1,#00000000b,next
clrb porta.0
jmp loop_main
next mov register2,#10000000b
sub register2,register1
setb porta.0
foop1 dinz register1,loop1
cirb porta.0
loop?2 dinz register2,loop2
setb porta.0
jmp loop_main

end
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ontime
offtime

delay

main

loop

onloop

offloop1
offloop2

Tilsunsuasradtutuns Sampling Period

device pic16c56,hs_osc,wdt_off,protect_off

mov
mov

mov

mov
mov
setb
djinz
clrb

mov
djinz
djnz

jmp

end

08h
09h
Oah

Iporta,#00h ;a0 output
Iportb,#0ffh  ;b0-b7 input
porta #00h

ontime,#0ffh
offtime,portb
porta.0
ontime,onloop
porta.0
delay,#0ah
delay,offloop2
offtime,offloop1

loop
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device pic1 6c57,hs_osc,wdt_off protect_off
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main mov Iporta, #03h
mov Iportb,#00h
mov Iportc,#00h
mov portb,#00h
mov portc,#00h
snb porta.1
jmp phase1x
inb porta.0,phase10
jmp phase11
phase1x jnb porta.0,phase00
jmp phase01
phase00 jb porta.0,detect01_up
ib porta.1,detect10_down
imp phase00
phase01 jnb porta.0,detect00_down
jb porta.1,detect11_up
jmp phase(1
phase11 jnb porta.0,detect10_up
jnb porta.1,detect01_down
imp phase11
phase10 ib porta.0,detect11_down
jnb porta.1,detect00_up
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detect00_up
next00_up

testb00_up

detect01_up
next01_up

testbO1_up

detect11_up
next11_up

testb11_up

jmp

cje
incsz
jmp
inc

jmp

cse

jmp

mov

mov

jmp

cje
incsz
jmp &
inc

jmp

cse
jmp
mov

mov

jmp

cje
incsz
jmp
inc

jmp

cse
jmp

mov

phase10

portb,#9fh testb00_up
portb

phase00

portc

phase00

portc,#0fh

next00_up
portb,#00h
portc,#00h

phase00

portb #9fh,testb01_up
portb

phase01

portc

phase01

portc,#0fh

next01_up
portb,#00h
portc,#00h

phase01

portb,#9fh,testb11_up
portb

phase11

portc

phase11

portc,#0fh
nexti1_up
portb,#00h
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mov

jmp

detect10_up cie
next10_up incsz
jmp
inc

jmp

testb10_up cse
jmp
mov

mov

jmp

detect00_down cCje

dec

jmp

testc00_down  cje
dec
dec
jmp

next00_down  mov
mov

jmp

detect01_down cje

dec

jmp

testc01_down cje
dec

dec

jmp

portc,#00h
phase11

portb #9fh testb10_up
portb

phase10

portc

phase10

portc,#0th

next10_up
portb,#00h
portc,#00h
phase10

portb,#00h, testc00_down
portb
phase00

portc,#00h,next00_down
portb

portc

phase00

portb,#9fh

portc,#0fh

phase00

portb,#00h testc01_down
portb

phase01

portc,#00h,next01_down
portb

portc

phase01
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next01_down

detect11_down

testc11_down

next11_down

detect10_down

testc10_down

next10_down

mov
mov

jmp

cie
dec

jmp

cie
dec
dec
jmp
mov

mov

jmp

cie
dec

jmp

cie
dec
dec
jmp
mov

mov

jmp

end

portb #9fh
portc,#0th
phase01

portb,#00h,testc11_down
portb
phase11

portc,#00h,next11_down
portb

portc

phasettl

portb,#9fh

portc,#0fh

phase11

portb,#00h,testc10_down
portb
phase10

portc,#00h,next10_down
portb

ponc'

phase10

portb,#9fh

portc,#0fh

phase10
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Instruction Set 424 PIC16C5X

s=+xx Darallax PIC16Cxx Assembler PASM v4.5 '5x Test File *****

; (formatted with 8-space tabs)

; NOTE: Assembler is case-insensitive, except within strings

; DEVICE directive - must preceed all other directives/instructions

; with the exception of INCLUDE

device pic16c58,Ip_osc,wdt_off,protect_off

+

; Equates

expression = 0

fr = Oh ;0-7Fh
fr1 = Oh :0-7Fh
fr2 = Oh ;0-7Fh
d = 0 Oor1
b = 0 ;0-07h
bit = fr.b :0-3FFh
bit1 = bit ;0-3FFh
bit2 = bit+1 - 10-3FFh
port = 5h 5,6,0r7
literal = Oh ;0-0FFh

address = Oh :0-3FFh
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: Directives

symbol_2

symbol_1

; Data Types

equ

org

ds

reset

.include 'stuff.asm’

:end

1234h :Set device id to 1234h

[
expression :Equate a symbol to a value
expression Same as =
expression :Set code origin
expression :Define space in bytes
address ;Set reset JMP

:Include another source file

:End assembly (optional)

retw 100
retw 27h
retw 0B6h

retw 10101110b

retw ‘Al
rew §
dinz  fr,$

jb bit,$

;decimal 100

;hex 27

;hex B6

;binary 10101110
;ASCII value 'A' (41h)

;current origin

;use $ for delay loops, etc.
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; Operators and expressions (resolved strictly from left to right)

. = BIT ADDRESS
;& =AND
|=0R
; T =XOR
+=ADD
- =SUBTRACT
* = MULTIPLY
/= DIVIDE
<<= SHIFT LEFT

*

>>= SHIFT RIGHT
< =HIGH BYTE
>=LOWBYTE

setb
mov
or
mov
inc
mov
retw
mov
mov
mov
mov

mov

fr.7

w,#expression & 7Fh
w,#expression | 40h
fr1,#X' ~ 80h

fr2 +1

w,H#62 - expression
expression * 3
w,#expression / 10h
w,Hexpression << 5
w,#expression >> 3
w,#expression<

w,#expression>

:BIT ADDRESS function
;AND function

;OR function

XOR function

;ADD function
;SUBTRACT function
;MULTIPLY function
;DIVIDE function
;SHIFT LEFT 5 bits
:SHIFT RIGHT 3 bits
:HIGH BYTE function
;LOW BYTE function

; Symbols can be up to 32 characters and may contain alpha, numeric, '_', and

;"' characters. They must not begin with a numeric character.
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; Local symbols

Routine_1

:Loop

Routine_2

:Loop

Routine_3

Some_Routine

]

mov
mov
call

djnz

ret

mov
mov
call

djnz

ret

mov

mov

jmp

ret

w,#100 ;A local symbol can be called
fr,W ;...within its regular-symbol
Some_Routine ....boundary by its own name.
fr,:Loop

w,#200 ;Local symbols can be used over
fr'W ;...and over again.

Some_Routine

fr,:Loop

w,#250
frW

;A local symbol can be called

;...outside its regular-symbol

Routine_2:Loop ;...boundary as shown.

: Using DS to allocate sequential variables

byte_variable_1
byte_variable_2
byte_variable_3
word_variable_1
word_variable_2
word_variable_3

string_variable

org
ds
ds
ds
ds
ds
ds
ds

org

0Ch

o N NN

40h

:Set variables' origin.

;List symbolic variables with length.
:This way, equate 'stacking' is avoided
;...in naming sequential variables.
;Also, variables can be moved without
....typing new equate operands.

:Of course, no code is generated.

:Now that variables are declared,

;...set up code origin.
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: Using RETW to define complex strings

String

retw ‘This string has an inverted end chr.'~80h
retw OFFh~'This string has an inversed first chr.’
retw 'This string ends with 0.'.0

retw 1.'This string starts with 1.

CRARARARRRARRARRERA AR ARRA R AR AR R AR

o>
'

*

* PARALLAX INSTRUCTION SET *

ok
'

*

AR RRRARRRRAR R ARk kdhdkkhdkdd

; Byte-oriented operations

mov
mov
mov
mov

mov

add
add
add
add

mov
sub
sub

sub

w,Hliteral ;mov's
w,fr

frw

fr,#literal

fr1,fr2

w,fr ;add's
frw

fr,#literal

fr1,fr2

w,fr-w ;sub's
frw
fr #literal

fr1.,fr2
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and
and
and
and

and

or
or
or
or

or

xor
xor
xor
xor

xor

clr

clr

mov

inc

mov

dec

mov

mr

mov

rl

mov

swap

w,Hliteral
w,fr

frw
fr.#literal
fr1.,fr2

w,#literal
w,fr
fr.w
fr,#literal

fr1,fr2

w #Hliteral
w,fr
fr.w
fr #literal

fr1.fr2

fr

w,++r

fr

w,--fr

fr

w,>>fr

fr

w,<<fr

fr

w,<>fr

fr

.and's

or's

Xor's

clear's

inc's

dec's

;right shifts

Jleft shifts

:nibble swaps
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not
mov

not

test

test

; Bit-oriented operations

clrb
clc

clz

setb
stc

stz

addb
addb
subb
subb

movb

movb

w.,/fr

fr

bit

bit

fr,bit
fr./bit
fr,bit
fr./bit

bit1,bit2
bit1,/bit2

; Inc/dec conditional branches

movsz
incsz

iinz

movszZ

w,++ir
fr

fr.address

w,--fr

:not's

test's

:bit set/clear's

:bit add/sub's

;bit moves

;inc/dec with skip if zero
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decsz fr

djnz

fr.address

; Compare-conditional branches

csa
csa
csae
csae
csb
csb
csbe
csbe
cse
cse
csne

csne

cja
cja
cjae
cjae
cjb
cjb
cjbe
cjbe
cjie
cje
cine

cjne

fr #literal ;compare skips
fr1,fr2
fr,#literal
fr1,fr2
fr.#literal
fr1,fr2
fr.#literal
fr1,fr2

fr #literal
fr1,fr2
fr.#literal
fr1,fr2

fr#literal,address;compare jumps
fr1,fr2,address
fr.#literal,address
fr1,fr2,address
fr,#literal,address
fr1.fr2,address
fr,#literal, address
fr1,fr2,address
fr,#literal,address
fr1,fr2,address
fr.#literal,address

fr1,fr2,address
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; Unconditional branches

; Bit-conditional branches

sb
sC

SZ

snb
snc

snz

ib

ic

jnb
jnc

inz

skip

jmp
jmp
jmp

call
ret

retw

Iset
ljimp

lcall

bit

bit

bit,address
address

address

bit,address
address

address

address
pc+w

w

address

'String'{80h

address

address

address

;bit skips

;bit jumps

;skip

Jjumps

;callfretumn

:long addressing
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; I/O and control operations

mov
mov

mov
mov
mov

mov

clr

sleep

nop

Iportw
Iport #iiteral
Iport,fr

loption,w
loption,#literal

loption,fr

wdt

TR R o o dre s o o e o e e e ok o o o o vk d ke o o o o

o

*

;¥ MICROCHIP INSTRUCTION SET

ok

w

o Wl s ek sl o ol s ol o o ooy de ok sl o s ok s s s W i s de e o

addwf
addwf
addwf
andwf
andwf
andwf
clrf
clrw
comf
comf

comf

fr.d
frw
fr
frd
fr.w
fr
fr

fr,d
frw

fr

stristate registers

;option register

;miscellaneous

.no operation

;byte-oriented file

sregister operations
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decf
decf
decf
decfsz
decfsz
decfsz
incf
incf
incf
incfsz
incfsz
incfsz
jorwf
forwf
iorwf
movf
movf
movf
movwf
nop

rif

rif

ff

rrf

rrf

rrf
subwf
subwf
subwf
swapf
swapf
swapf
xorwf
xorwf
xorwf

fr.d
frw
fr
fr.d
frw
fr
fr,d
fr.w
fr
frd
fr.w
fr
fr.d
frw
fr
fr.d
frw
fr
fr

frd
fr.w
fr

fr.d
fr.w
fr

fr.d
fr.w
fr

fr.d
fr.w
fr

fr.d
fr.w

fr
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bef
bcf
bsf
bsf
btfsc
btfsc
btfss
btfss

andlw
call
clrwdt
goto
iorlw
moviw
option
retiw
sleep
tris

xoriw

clrc
setc
cirdc
setdc
clrz
setz
skpc
skpnc

skpdc

skpndc

skpz
skpnz

tstf

fr.b
bit
fr.b
bit
fr.b
bit
fr,.b
bit

literal

address

address

literal

literal

literal

port

literal

fr

:bit-oriented file

;register operations

Jiteral and contro!

;operations

;special instructions
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moviw
negf
negf
negf
addcf
addcf
addcf
subcf
subcf
subcf
adddcf
adddcf
adddcf
subdcf
subdcf
subdcf
b

bc
bnc
bdc
bndc
bz

bnz

fr

frd

fr.w

fr

fr.d

fr.w

fr

fr.d

fr.w

fr

fr,d

fr.w

fr

fr,d

frw

fr
address
address
address
address
address
address

address
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main

phase1x

phase00

phase01

phase11

phase10

Tlsunsauilaedtyan Encoder wia A uge

device pic1 6057,hs__osc.wdt_off.protect_off

mov
mov

mov

mov

mov

snb
jmp
inb

jmp

jnb
jmp

jb
ib

jmp

jnb
jb
jmp

jnb

jnb

imp

jnb

Iporta,#03h
Iportb,#00h
Iportc,#00h

portb,#00h
portc,#00h

porta.1
phase1x
porta.0,phase10
phase11

porta.0,phase00
phase01

porta.0,detect01_up
porta.1,detect10_down
phase00

porta.0,detect00_down
porta.1,detect11_up
phase01

porta.0,detect10_up
porta.1,detect01_down
phase11

porta.0.detect11_down
porta.1,detect00_up

B (HuAsumis
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DC Motor 100 V. M3300 Series

Motor size M-3358-C

L I
s -

Anausay Wi % 100 - .
Ananszue Wi 6 - -
Ananseua’lifhgga 37 - -
ATl rpm 5000 - -

| Hinausatia LB-IN 8.8 NM 0.99
Nnausdagaga LB-IN 59.4 NM 6.71
mnafiusedia LB-IN/A 1.61 NM/A 0.181
usaan Ivhdoundy V/Krpm 19 . .
anuAUMUITIIeT OHMS 12 - -
anumileniofaneed mH 3.6 - -
Tuandanudion LB-IN-52 0.0024 KG-CM2 2.75
Yimin LBS 10 KG 45
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SEMICONDUCTOR TECHNICAL DATA by MJ11012/D
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‘ ‘ PNP

High-Current Complementary
Silicon Transistors

... foruse as output devices in complementary general purpose amplifier applica-

tions. .

« High DC Current Gain — hgg = 1000 (Min) @ I — 20 Adc
+ Monolithic Construction with Built—in Base Emitter Shunt Resistor

o Juriction Temperature to +200°C

3

MJ11013
MJ11015
NPN
MJ11012
MJ11014
MJ11016*

MAXIMUM RATINGS *Motorols Preferred Device
e MJ11013 { M311015
30 AMPERE
Ratin: mbol | MJ11012 | MJ11014 { MJ11016 | Unit
i 3 S DARLINGTON
Caléctor—Emitter Voltage VcEo 60 90 120 Vde POWER TRANSISTORS
Cobkgctor-Base Voltage Vce 60 90 120 Vdc COMPlIﬁl\CRENTARY
~ S ON
Collector Current Ic 30 Adc 200 WATTS
Basé Current 1 . 1 Adc
Total Device Dissipation 8T¢ =25°C |  Pp 200 Watts *
D.erate above 25°C @ T = 100°C 1.15 w/°C
Opérating Storage Junction Ty Tstg ~55 to +200 °C
Témperature Range
THEI?MAL CHARACTERISTICS
; Characteristic Symbol Max Unit
Themal Resistance, Junction to Case RgJc 0.87 °CW CASE 1-07
: TO-204AA
Maximum Lead Temperature for TL 275 °C (TO-3)
Spldering Purposes for < 10 Seconds. L.
»
i
' L}
i
PNP COLLECTOR NPN COLLECTOR
MJ11013 ? MJ11012 '
Mitt0Ols F————— 1" (YNIT .7 S e ——"
} l | MJT1016 |
( | |
{ I BASE © I :
' | Yy | r i
. | | [ |
' ' B :
' !_____._1'____1 AL —_

[ -

Q
EMITTER

Figure 1. Darlington Circuit Schematic

Prele'rred devices are Motorola recommended choices for future use and best overall value.

REV 1
|

® Mg'lorola, inc. 1995

.
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MJ1 ‘IRQ13 MJ11015 MJ11012 MJ11014 MJ11016

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

' Characteristics

| symbol |

Min | Max

Unit I

OFF CHARACTERISTICS

Com:ador—Emitter Breakdown Voitage(1)
(lc = 100 mAdc, I = 0)

MJ11012
MJ11013, MJ11014
MJ11015, MJ11016

V(BR)CEO

60

120

Vde

3

Cogfdor—Emitter Leakage Current

CE = 60 Vdc, Rgg = 1k chm)
(VCE =90 Vdc, Rgg = 1k ohm)
(Vce = 120 Vde, Rgg = 1k ohm)
(VCE = 60 Vdc, Rgg = 1k ohm, Tg = 150°C)
(VCE =90 Vdc, RpEg = 1k ohm, Tg = 150°C)
(VCE = 120 Vdc, Rgg = 1k ohm, TG = 150°C)

MJ11012
MJ11013, MJ11014
MJ11015, MJ11016
MJ11012
MJ11013, MJ11014
MJ11015, MJ11016

ICER

mAdc

Emitter Cutoff Current
(VB =5Vde, Ic =0)

lEBO

OO, - ==

mAdc

Cofector-Emitter Leakage Current
(VCE =50 Vdc, Ig =0)

Iceo

mAdc

ON CHARACTERISTICS(1)

DC Current Gain
(lc =20 Adc,VCE =5 Vdc)
(tc = 30 Ade, VcE = 5 Vdc)

hre

1000
200

Collector—Emitter Saturation Voltage
(G = 20 Adc, Ig = 200 mAdc)
(iG = 30 Adc, Ig = 300 mAdc)

VCE(sat)

Vde

Bage—Emitter Saturation Voltage
(fc = 20 A, Ig = 200 mAdc)
(fc =30 A, Ig = 300 mAdc)

VBE(sat)

Vdc

DYNAMIC CHARACTERISTICS

Curent-Gain Bandwidth Product
(lc'= 10 A, VGE =3 Vdc, f = 1 MHz)

hfe

MHz

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

E

Fe ey
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sl ST P —

S
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Figure 4. “On” Voltages (1)

There are two limitations on the power handling ability of a
transistor average junction temperature and secondary
breakdown. Safe operating area curves indicate Ic — VCEg lim-
its of :the transistor that must be observed for reliable opera-
tions e.g., the transistor must not be subjected to greater

|

i

= v

50
o —
S 10 3
< — ~
£ 5 =
g2 2 A RS
o 05 X\
5
3 021 . — BONDING WIRE LIMITATION \
2 O} _ THERMALLIMITATION @ T¢=25°C
o 005 SECOND BREAKDOWN LIMITATION
(&)
= 002 MJ11012

0.01 MJ11013, MJ11014

MJ11015, MJ11016 =it

MJ11013 MJ11015 MJ11012 MJ11014 MJ11016

g 2 ] I
1 frmm———
% 05 S
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o - N
S o2l PNP MJ11013, MJ11015 ~
B TTEL ——— NPN MJ11012, MJ11014, MIT1016 N
3 001 =t—t NE
2 Eveow -
w — CE=
= 0.005[— 1= 10mAde
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f, FREQUENCY (kHz)
Figure 3. Small-Signal Current Gain

2 3 5 7 10 20 30 50 70 100 200
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 5. Active Region DC Safe Operating Area

dissipation than the curves indicate.

At high case temperatures, thermal limitations will reduce
the power that can be handled to values less than the limita-
tions imposed by secondary breakdown.

Motdrola Bipolar Power Transistor Device Data
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Designer's™ Data Sheet
TMOS vV

Order this document
by MTP3055VL/D

"MTP3055VL

¥ - - Motorola Preferred Device
Power Field Effect Transistor
N-Channel Enhancement-Mode Silicon Gate
TMOS POWER FET
TMdS V is a new technology designed to achieve an on-resis- T™MOAQSYV 12 AMPERES
tance area product about one~half that of standard MOSFETSs. This 60 VOLTS
new technology more than doubles the present cell density of our Rps(on) = 0.18 OHM
50 and 60 volt TMOS devices. Just as with our TMOS E-FET
designs, TMOS V is designed to withstand high energy in the
avalanche and commutation modes. Designed for low voltage, high ™

speed switching applications in power supplies, converters and
power motor controls, these devices are particulary well suited for
bridge circuits where diode speed and commutating safe operating
areas are critical and offer additional safety margin against
unexpeécted voltage transients.
]

New Features of TMOS V
¢ On-resistance Area Product about One-half that of Standard

MOSFETs with New Low Voltage, Low RDS(on) Technology
* Faster Switching than E-FET Predecessors

Features Common to TMOS V and TMOS E-FETS
¢ Avalanche Energy Specified

CASE 221A-06, Style 5

* Ipss and Vpg(on) Specified at Elevated Temperature TO-220AB
o Stalic Parameters are the Same for both TMOS V and
TMOS E-FET
;
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)
¥ Rating Symbol Value Unit
Drain-Source Voltage Vpss 60 Vde
Draiq—Gate Voltage (Rgs = 1.0 MQ) VDGR 60 Vde
Gatg-Source Voltage — Continuous VGs *+15 vde
¢ — Single Pulse (tp < 50 pis) VGsM +20 Vpk
Drain Current — Continuous @ 25°C ip 12 Adc
— Continuous @ 100°C Ip 8.0
. — Single Pulse (t < 10 ps) IpMm 42 Apk
Total Power Dissipation @ 25°C Pp 48 Watts
Delrate above 25°C 0.32 WrC
Opefating and Storage Temperature Range T Tstg -5510 175 °C
Single Pulse Drain-to-Source Avalanche Energy — Starting Tj = 25°C Eas 72 mJ
(Vbp =25 Vde, Vs = 5.0 Vdc, I = 12 Apk, L = 1.0 mH, Rg =25 Q)
Thermal Resistance — Junction to Case Rauc 3.13 °C/wW
" ~— Junction to Ambient Roua 62.5
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 10 seconds TL 260 " °C

Designer's Data for “Worst Case” Conditions — The Designer’s Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit

curves — representing boundaries on device characteristics — are given to facilitate “worst case" design.

E-FET, Designer's and TMOS V are trademarks of Motorola, inc. TMOS is a registered trademark of Motorola, Inc.
?

Preferred devices are Motorola recommended choices for future use and best overall value.

¥
REV2,

© Motofola, Inc. 1996

@ MOTOROLA
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MTP3055VL
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted)

T Characteristic Symbol | Min | Typ | Max | unit |
OFF CHARACTERISTICS )
Drail—Source Breakdown Voltage V(BR)DSS
{Vas =0 Vde, Ip = 250 pAdc) 60 —_ - vdc
Temperature Coefficient (Positive) — 62 — mv/C
Zero, Gate Vottage Drain Current Iss uAdc
(Vps = 60 Vdc, Vgg = 0 Vdc) — - 10
(Vpg = 60 Vdc, Vgg = 0 Vdc, Ty = 150°C) —_ — 100
Gatg—Body Leakage Current (VGg = +15 Vdc, Vpg =0) lgss —_ —_ 100 nAdc
ON CHARACTERISTICS (1)
Gaté Threshold Voltage Vas(th)
DS = VGs. ID = 250 pAdc) 1.0 1.6 20 Vdc
Temperature Coefficient (Negative) — 3.0 — mV/°C
Staifc Drain-Source On-Resistance (Vgg = 5.0 Vdc, ip = 6.0 Adc) Rps(on) - 0.12 0.18 Ohm
Drain-Source On-Voltage (VGs = 5.0 Vdc) VDS(on) Vdc
(ip =12 Adc) — 1.6 26
(lp =6.0 Adc, Ty = 150°C) — - 25
Fow;Vard Transconductance (Vps = 8.0 Vdc, Ip = 6.0 Adc) 9FS 5.0 8.8 —_ mhos
DYNAMIC CHARACTERISTICS
nput Capacitance ' Ciss — 410 570 pF
Owtput Capaitance (Vg =25 Vi o =0 Ve Coss — | ma | 1e0
Rea;.erse Transfer Capacitance Crss - 21 40
SWITCHING CHARACTERISTICS (2)
Turfl—pn Delay Time td(on) -— 9.0 20 ns
Rise Time (VDD =30 Vde, Ip = 12 Adc, t - 85 190
— Vgs = 5.0 Vdc,
Tum—Off Delay Time Rg=9.1Q) td(off) - 14 30
Fal Time t - 43 90
Gaée Charge Qr - 8.1 10 nC
(See Figure 8)
i (Vps =48 Vdc, Ip = 12 Adc, Q1 - 1.8 -
X Vgg = 5.0 Vdc) Qo —_ 4.2 —
: Q3 — 38 —
SOURCE-DRAIN DIODE CHARACTERISTICS
Forward On-Voltage (1) (s = 12 Ade, Vg =0 Vdc) Vsp 057 ia vdce
i (is = 12 Adc, Vgg = 0 Vdc, T = 150°C) — 0.86 -
Reverse Recovery Time t}r - 55.7 — ns
(See Figure 14)
(Is = 12 Adc, Vgs = 0 Vdc, ta — 37 -
i dig/dt = 100 A/ps) th — 18.7 -
He:verse Recovery Stored Charge QRR — 0.116 - e
INTERNAL PACKAGE INDUCTANCE
Intbrnal Drain Inductance Lp nH
Measured from contact screw on tab to center of die) —_— 3.5 —
Measured from the drain lead 0.25” from package to center of die) 4.5
Intemal Source Inductance Ls - 7.5 —_ nH
Measured from the source lead 0.25” from package to source bond pad)

(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2%.
2) §witching characteristics are independent of operating junction temperature.

¥

¥
L}
B
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TYPICAL ELECTRICAL CHARACTERISTICS

MTP3055VL
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Figure 5. On-Resistance Variation with
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Figure 6.
Current versus Voltage
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TL783C, TL783Y

HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036C - SEPTEMBER 1981 ~ REVISED APRIL 1997
—

® Qutput Adjustable From 1.25 V t

o125V

When Used With an External Resistor

, Divider
® ' 700-mA Output Current

® Full Short-Circuit, Safe-Operating-Area, and

Thermal Shutdown Protection

® 0.001%/V Typical Input Voltage Regulation
® (.15% Typical Output Voltage Regulation

® ;, 76-dB Typical Ripple Rejection
@ Standard TO-220AB Package

3
description

The TL783C is an adjustable three-terminal high-
voltage regulator with an output range of 1.25V to

125 V and a DMOS output transist

sourcing more than 700 mA. It is designed for use

KC PACKAGE
(TOP VIEW)

2

IN
] ouT

ADJ

The output terminal is in electrical
contact with the mounting base.

TO-220AB

or capable of

in high-voltage applications where standard
bipolar regulators cannot be used. Excellent performance specifications, superior to those of most bipolar

E regulators, are achieved through circuit design and advanced layout techniques.

tAs a state-of-the-art regulator, the TL783C combines standard bipolar circuitry with high-voltage
double-diffused MOS transistors on one chip to yield a device capable of withstanding voltages far higherthan
‘standard bipolar integrated circuits. Because of its lack of secondary breakdown and thermal runaway
characteristics usually associated with bipolar outputs, the TL783C maintains full overload protection while.
gperating at up to 125 V from input to output. Other features of the device include current limiting,
* safe-operating-area (SOA) protection, and thermal shutdown. Even if ADJ is inadvertently disconnected, the

protection circuitry remains functional.
Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary

, only when the regulator is situated far from the input filter. An output capacitor, although not required, improves
transient response and protection from instantaneous output short circuits. Excellent ripple rejection can be

) achieved without a bypass capacitor at the adjustment terminal.

i AVAILABLE OPTIONS
PACKAGED DEVICE cHip
i T HEAT-SINK MOUNTED |  copm
(3-PIN) )
(KC)
' 0°C to 125°C TL783CKC TL783Y

—~

-

1

i
PRODUCTION DATA information is current as of ication date.
Preducts conform to specifications per the terms of Texas Instruments
stangard warranty. Production sing does not rily include
tasting of all parametacs.

*

P

‘E’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright ©® 1997, Texas Instruments Incorporated



! TL783C, TL783Y
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036C — SEPTEMBER 1981 ~ REVISED APRIL 1897

S N

{

functional block diagram

! I
IN
i Error Vo=V (1 + BZ)
| Amplifier 0 ref R1
+
I ?
¥
1 A Vo
| i Protection our T
Circuit

; - Vret R

ADJ l
¥
¥ R2

k

i =

absglute maximum ratings over operating temperature range (unless otherwise noted)t

Input-to-output differential voltage, Vi= VO  «tvnererneenreniiiiinmrariiiiiiariaiaaaees 125V
Continuous total power dissipation at (or below) Ta = 25°C (seeNote 1) ....oocieiiniieiiianinnnns 2W
Continuous total power dissipation at (or below) T¢ = 70°C (seeNote 1) ...c.oiviviiinainnnns 20W
Operating free-air, Tp, case, T, or virtual junction, Ty, temperature range ...........c..... 0°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 secoNds ........oevenernnmrnnannneerees 260°C

T Stressas beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
funciional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: For operation above Ta = 25°C or Tg = 70°C, refer to Figures 1 and 2, respectively. To avoid exceeding the design maximum virtual

*  junctiontemperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal
resistance, the built-in thermal overload protection may be activated at power levels slightly above orbelow the rated dissipation

§
¥
} FREE-AIR TEMPERATURE CASE TEMPERATURE
{ DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
. 2000 24
E ‘1800 Derating Factor = 16 mW/C — =
! RgJA ~62.5°C/W £
§ '1600 g ® A
2, £ N\
‘@ 11400 @
2 2
& E 16
5 . 1200 g
5! e \
a , 1000 - 12
2] 3
g 800 E
£t £ 8
g1 3 N
g ) 400 g Derating Factor = 250 mW/°C \
£ E 4| Above70°C
E , 1200 .;é RgJc =4°CW
=
0 0
! 25 50 75 100 125 150 25 50 75 100 125 150
¥
Tp — Free-Alr Temperature ~°C Tc - Case Temperature - °C
Figure 1 Figure 2
g
S R —
; )
I
: X Texas
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TL783C, TL783Y

HIGH-VOLTAGE ADJUSTABLE REGULATOR

WSQMC - SEPTEMBER 1981 — REVISED APRIL 1997

recommended operating conditions

')

' MIN MAX | UNIT
L input-to-output voltage differential, Vi - Vo 125 Vv
L.Output cufrent, 10 15 700} mA
Operaﬁngrvirtual junction temperature, T 0] 125 °C

-
- ]

electrical characteristics at Vy—

Vo=25V,1g=0.5 A, Ty=0°C to 125°C (unless otherwise noted)

PARAMETER t TL783C UNIT
\ TEST CONDITIONS MIN WP MAX
: + |Vi—Vo=20V10125V, P rated dissipation |loaow 0001 001}
i - = 0 s rated dissipati 9
Input vottage regulation =Yo P T, =0°Cto 125°C 0004 002
Ripple rejaction AVipp) =10V, Vo=10V, f=120Hz 66 76 ds
' Vos 5V 75 25| mv
v lo=15mAto700mA,  Ty=25°C
voltage reguation Vo2 5V 0.15% 0.5%
putve: ~ |vossv 20 70| mv
{p=15mAto 700 mA, P < rated dissipation
Vo2 5V 03% 1.5%
Output voltage change with 0.4%
temperature 4%
| ddo ”ﬂ“’“‘ "f"age long-1eMm {4400 hours at Ty = 125°C, V|-V =125V, See Note 2 0.2%
| Output nojse voltage f =10 Hz to 10 kHz, Ty=25°C 0.003%
Minimum i'output current to
tain regulation Vi-Vg=125V 15 mA
f | Vi-Vo=25V, t=1ms 1100
Vi-Vo =15V, t=30ms ' 715
eak output current 1= 70 . mA
Vi-Vo=25V, t=30ms 700 900
b Vi-Vo =125V, t=30 ms 100 250 '

" Finput current at ADJ 83 110| pA
Aog:"“ infnput cument at |,y _15v10125V, Io=15mAto700mA, P < rated dissipation 05 5| paA
Reference voltage Vi-Vo=10V1t0125V, 1o=15mAto700mA, P srateddissipation, 1.2 127 13 v
(OUT 1o ADJ) See Note 3 ) . .

1 Pulse-te@ﬁng techniques malntain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately.
input

NOTES:

tage regulation is expressed here as the percentage change in output voltage per 1-V change at the input.
2. Sinca long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a
I guarantee or warranty. Itis an engineering estimate of the average drift to be expected from lot to lot.
3

. Due to the dropout voltage and output current-limiting characteristics of this device, output current is limited to less than 700 mA
at input-to-output voltage differentials of less than 25 V.

3

}

-

— e
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TL783C, TL783Y
HIGH-VOLTAGE ADJUSTABLE REGULATOR

SLVS036C ~ SEPTEMBER 1981 — REVISED APRIL 1997

DESIGN CONSIDERATIONS

e Bmth g B W o

b
protéction circuitry (continued)

i¢
vi —-l~m

L I R

»
i
E !
i

[ Figure 17. Regulator With Protective Diode
i

load regulation

“The current set resistor (R1) should be located close to the regulator output terminal rather than near the load.
This eliminates long line drops from being amplified through the action of R1 and R2 to degrade load regulation.

;To provide remote ground sensing, R2 should be near the load ground.
]
13

TL783C Vo Riine

Vi N . ouT

ADJ

R1 Ry,

Ay
1

R2

T VR i SN m o e Wt

Figure 18. Regulator With Current-Set Resistor
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ARRIS RFG50N06, RFP50NO6,
i RF1S50NO06, RF1S50N06SM

]

' 50A, 60V, 0.022 Ohm,
dctobel 1997 N-Channel Power MOSFETs
Features Description
 50A, 60V These N-Channel power MOSFETs are manufactured using

the MegaFET process. This process, which uses feature

* rps(on) = 0.022Q sizes approaching those of LSI integrated circuits gives opti-

» Temperature Compensating PSPICE Model mum utilization of silicon, resulting in outstanding perfor-

i mance. They were designed for use in applications such as
* Péak Current vs Pulse Width Curve switching regulators, switching converters, motor drivers,
« UIS Rating Curve and relay drivers. These transistors can be operated directly

v . from integrated circuits.
175°C Operating Temperature

Reélated Literature
- TB334, “Guidelines for Soldering Surface Mount

Formerly developmental type TA48018.

Components to PC Boards” Sym bol
Ordering Information o
PART NUMBER PACKAGE BRAND
RFG50N06 TO-247 RFGSONO6 G
RFP50NO6 TO-220AB RFP50N06
RF1S50N06 TO-262AA F1S50N06 S
RF1S50NO6SM TO-263AB F1S50N06
NOTE: When ordering, use the entire part number. Add the suffix, 9A,
o ob!tain the TO-263AB variant in tape and reel, i.e. RF1S50NO6SM9A.
|
Packaging
! JEDEC STYLE TO-247 JEDEC TO-220AB

] SOURCE
o DRAIN SOURCE

]E (BMM ‘ o DRAIN Dzll\\l#E
1SIDE METAL) (FLANGE) ‘
' P
AN

R

f JEDEC TO-262AA JEDEC TO-263AB
1
SOURCE
DRAIN
i DRAIN
(FLANGE) GATE
< DRAIN
i \ (FLANGE)
GATE
{ SOURCE
¢
SAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3575_3

Sopyright © Harris Corporation 1997 .50

}



H
i RFG50N06, RFP50N06, RF1S50N06, RF1S50N0O6SM
£

Absolute Maximum Ratings T¢ =25°C, Unless Otherwise Specified

RFG50N06, RFP50NO6
RF1S50N06, RF1S50N06SM UNITS

Drain fo Source Voltage (Note 1) ... ... oo ittt iaiaaaans Vpss 60 '
Drain to Gate Voltage (Rgs =20kQ)(Note 1) .. ....cooviviiinaian, VoGR 60 \
GatethSourca Voltage .. ....cviiir ittt iiiiincitetannnenenas Vas 120 \'
Contirjuous Drain Current (FIgUre 2) . ........vvueeernnneereninreeeeen.. Ip 50 A

PulsedDrain Current .. ....covvnnriiiiiiniiiiieeesuiannesearennns lom (Figure 5)
Pulsed Avalanche Rating. .......ooiiiiniiiineiiii ittt e Eas (Figure 6, 14, 15)
Power Dissipation. . . . ... e e Pp 131 w

Lingar Derating FaCtOr . . . ... vueerenereraeneaeaeesarnesescnenenananns 0.877 w/reC
Operaiing and Storage Temperature . .. ....covvriuiereernannnanacenns T TSTG -551t0 175 °C
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10s................ooooiiiiiins T 300 °c

Package Body for 10s, see Techbrief334 ................ooiiiiiiiin, Tokg 260 °c

CAU77bN Stresses above those ksted in “Absolute Maximum Ratings” may cause permanent damege to the device. This is a stress only rating and operation
of the device at these or any other conditions above those Indicated in the operational sections of this specification is not implied.

NOTE}
1. T}=25°C to 150°C.

Electrical Specifications T¢ =25°C, Unless Otherwise Specified

¢ PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss Ip = 250pA, Vgg = 0V (Figure 11) 60 - - v
Gate to Source Threshold Voltage VasaH) | Vas = Vps. Ip = 250pA (Figure 10) 2 - 4 \
Zero Gate Voltage Drain Current Ipss Vps = 60V, Tc=25°C - - pA

. Vas =0V Tc = 150°C - - 50 bA
Qate. to Source Leakage Curmrent lgss Vagg =20V - - +100 nA
Drain to Source On Resistance TDS(ON) ip = 50A, Vgg = 10V (Figures 9) - - 0.022 Q
Tum-On Time ton Vpp =30V, Ip =50A - - 95 ns
Tum-On Delay Time 14(ON) 2'(-;; 980, Vs = 1oV IR ns
Rige Time tr (Figures 16, 17) - 55 - ns
Tum-Off Delay Time t(OFF) - 37 - ns
Fall Time 4 - 13 - ns
Tum:Off Time torr - - 75 ns
Total Gate Charge Qqrom) | Vas=0t020V | Vpp=48v, - 125 | 150 nC
Gate, Charge at 10V Qo) | Ves=0to 10V :g;sgg\é o - [ er | e nC
Threshold Gate Charge QqgmH) Ves =012V | (Figures 13, 18, 19) - 3.7 4.5 nC
Input Capacitance Ciss Vpsg =25V, Vgg =0V - 2020 - _pF
Output Capacitance T coss I;;:;‘:f 2 - |e00 | - pF
Reverse Transfer Capacitance Cprss - 200 - pF
Thermal Resistance Junction to Case Rayc (Figure 3) - - 1.14 °C/W
Thermal Resistance Junction to Ambient Rgua TO-247 - - 30 o°cw

' TO-220, TO-262, TO-263 - - 62 o°cw

1

Soul:ce to Drain Diode Specifications

! PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Soufce to Drain Diode Voltage Vsp Igp = 50A - - 15 '
Reverse Recovery Time ter Igp = 50A, digp/dt = 100A/us - - 125 ns

a

[
b

' 3-51




RFG50N06, RFP50N06, RF1S50N06, RF1S50N06SM

Typical Performance Curves uniess Otherwise Specified
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‘ RFG50N06, RFP50N06, RF1S50N06, RF1S50N06SM

Typical Performance Curves unless Otherwise Specified (Continued)
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PIC16C5X

‘Pin Diagrams
PDIP, SOIC, Windowed CERDIP PDIR, SOIC, Windowed CERDIP
A —
: m.—.En J u%-——nm ookt —= (O« 28[] =—— WCLRVPP
1 RA3 ~—eL32 171)=—= RAO voo —= (]2 27[] =—— oscicixm
3 Tocki —(]3 28301 U 1V 16{]«— OSCICLKIN —_—
1 wctavee —04 8228292 1sh— oscorcurout ne O asp) OSC2CLKOUT
vss—0s 33333 B B14P-—Voo vss —[4 25[) =—= RO7
: ABo =—=[]6 8gg§m§§133~mv N Os pgyup— mo
¢ sy —(7 8@ ghguuzj-—.m mo=—Cs § O G2 Acs
? Re2 =—=[]8 11[)=—= RBS rat =—[17 8«»@22]-——- RC4
. g 10[Je—=RB4 a2 —[ls mggml‘—" RG
pa———lo J® @0+ re2
RBo «—= {10 19[] =— RC1
RB1 =11 1g[] == RCO
RB2 «—[]12 17[] =— RB7
RB3 =—[]13 16[J =— R8s
RB4 «— 14 1s{J = RBS
SSOP
RA2 ++01 - RA1
RAS =02 190 == RAD
Tocki — i3 181 =— OSC/CLKIN
woAvee —O4 IS BIZE 17P—e oscorcLrouT 332
vis—=Os 222222 1sp-—wo QQQ
DO DN - b d
ves—=Os ognpﬂoo 153 +—voo gg“’
RBO =07 a%a%ﬂ? 140 == RE7 ﬂ‘ﬂg
Re1==Cs 2 2%8" 13Pp==nr8s Qo e
re2 =09 120 == RBs “
RE3 =10 -+ AB4
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PIC16C5X.

Device Differences

Device V;:::gee g:g:::::: Osciliator Tel::hm::&y eq?leawllent h;g:;?
(Program) {Microns)
PIC16C52 3.0-6.25 User See Note 1 0.9 — No
PIC16C54 2.5-6.25 Factory See Note 1 1.2 PIC16CRS54A No
PIC16C54A 2.0-6.25 User See Note 1 0.9 - No
PIC16C54B 25-55 User See Note 1 0.7 PIC16CR54B Yes
PIC16C54C 2.5-6.5 User See Note 1 0.7 PIC16CR54C Yes
PIC16C55 2.5-6.25 Factory See Note 1 1.7 —_ No
PIC16C55A 2.5-5.5 User See Note 1 0.7 —_ Yes
PIC16C56 2.5-6.25 Factory See Note 1 1.7 —_ No
PIC16C56A 2.5-56.5 User See Note 1 0.7 PIC16CRS6A Yes
PIC16C57 2.56.25 Factory See Note 1 1.2 — No
PIC16C57C 2.5-5.5 User See Note 1 0.7 PIC16CR57C Yes
PIC16C58A 2.0-6.25 User See Note 1 0.9 PIC16CR58A Nof@)
PIC16C588 25-5.5 User See Note 1 0.7 PIC16CR58B Yes
PIC16CR54A 2.56.25 Factory See Note 1 1.2 N/A Yes
PIC16CR54B 2.5-5.5 Factory See Note 1 0.7 N/A Yes
PIC16CR54C 2.5-5.5 Factory See Note 1 0.7 N/A Yes
PIC16CR56A 2.5-5.5 Factory See Note 1 0.7 /A Yes
PIC16CR57B 2.5-6.25 Factory See Note 1 0.9 N/A Yes
PIC16CR57C 2.5-5.5 Factory See Note 1 0.7 N/A Yes
PIC16CR58A 2.5-6.25 Factory See Note 1 0.9 N/A Yes
PIC16CR58B 2.5-5.5 Factory Seo Note 1 0.7 N/A Yes

Note 1: If you change from this device to another device, please verify oscillator characteristics in your appiication.

Note 2: In PIC16LV58A, MCLR Filter = Yes

© 1998 Microchip Technology Inc.
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