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Thesis Title Ultrasonic C-Scan Imaging System
Student Mr. Nuttaphol Kongkul
Mr.Threerawat Tubier
Mr.Narubet Kaeokhiao
Degree Bachelor of Science
Major Program Physics

Academic Year 2013

Advisor Associate Professor Dr. Warawoot Thowladda
CO0-Advisor Dr.S.Tipawan Khalayboonme
ABSTRACT

This special project proposes development of low-frequency ultrasonic C-scan imaging for
studying nondestructive testing of materials were carried out. The principle of the established system
is measuring the peak amplitude of reflected wave due to internal acoustic impedance difference at
each location along XY plane. The peak amplitude was converted to Analog data and saved as
computer filename. After completing the scan, the data wave, then, transformed to gray-scale C-scan
imaging software. Using 5 MHz ultrasonic probe, the resolution of C-scan image war found to be
around | mm. In addition, the feasibility studies of internal visualization of The developed system
was applied to study the possibility of creating images of coins and objects into shape to find the

difference of the surface porous and non-porous,

Keywords : Ultrasonic waves, Ultrasonic Probe, C-Scan, Impedance, amplitude
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k(x, —x) - mg=ma (2.3.3)

vinngdeaesesiiaduilona m efludumisaugauia m ogils

ZF=ma (2.3.4)
F *Fg=0 (2.3.5)
kx,=mg (2.3.6)

unuA mg asluaumsdmiun ozl (leszuyliauga)

k(x, — x)—kx,=ma (2.3.7)

—kx=ma (2.3.8)

a=—f—x (2.3.9)
m

& 1 o3 [ 1 o o 1ed & [ 4
Huﬁ@ﬂ??l}ﬁqﬂxlﬂuﬁﬂﬁﬂ]uiﬂﬂﬂ5Qﬂllﬂ'iiﬂiE’%ﬂlmﬁﬂﬂﬂ'lﬂﬂﬁﬂﬂu"ﬁ}'lll Lﬁaﬂ')'lllﬁzﬂﬁﬂ

'] 3
fvuald
w? ™ (2.3.10)
m
WovaunsIn gy
a,=—a*x (2.3.11)

vnanuduiuiseninanudwezanuse Taverdonggnlsey 14

(2.3.12)

dv
wld —wix =v&
dx

vav=— @’ xdx (23.13)
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¥ 1
Bunsanamesdne Taed limit vosrumuanin 4 Tdwhumia x 1a 9

v

_[vdv=-wzjfxdx (2.3.14)
A

0

= o ] 4 - o 1 = | '
i lddumisneuusmiiy 4 wieanniidwmisiinnudngdugud 1Wdesuna

Miszoy x =4 o 4 Bond1 “uomlage” oz ld

Ivdv=~wzjxdx (2.3.15)
0 A
EC (2.3.16)
2 2 2
v = (4’ -x?) (2.3.17)
| o d 7 O o '
HuADANUTINLR LN IR TU YD1
v. =+ A’ - x* (2.3.18)

X

| o ' & o o
mMsmagumaile dumiatlulansuvesnainar Tnsordedenlvvesniusa

v=-£j£ (2.3.19)
dt
@=a) b e (2.3.20)
di
—d~x-——=a)dt (2.321)
AZ _x2

(2:3.22)

X dr I
;[\/Az - x? E'([wdt

e ' o ' ' o 1 1 oW
Tunsditl x, = 4 ualaeialazfiaumlad lduddontoonimsemity 4
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x {
_[—dx--= wdt (2.3.23)
X V A2 - x2 0
[w cos”' %:I =t (2.3.24)
—cos™ —j;— +cos™ fj— =t (2.3.25)

o [

= - Y4 G 4 & , 4 oy = ' 4
Lll'ﬂl“ﬂﬁmWﬁf)\?ﬂ'lﬁcﬁ'lﬂﬂﬂlﬂuﬂ']ﬂﬂﬂ VUBYNUAUHUUTUAUUDINIG Li']ﬁﬂﬂ?‘]ull&wﬁlll@

-1 X
p=-Ccos ? (2.3.26)
wld
cos™ X —g=at (2.3.27)
A
cos™ §=— (ot + 9) (2.3.28)
%=cos[— (wr +9)] (2.3.29)
=cos(ar + ¢)
v Iddumialuiladuvenm
x,= Acos(at + ¢) (2.3.30)
d 4 & o & =
MM AN Aduissuvewan Tesorduden lvvesnnub)
_dx 2331
dt
d
V= P A cos(a)r it ¢) (2.3.32)

o &
a2 Iganusadluiatuaeaam
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v, =—awdsin(wt + @) (2.3.33)

() 1 ] a o o
‘i]'lﬂﬂ’)'lliﬁNW‘H‘E’iZH'JNﬂ’}'liJL%'JLmﬁﬂ’J'HJL'N IﬂEJ'H"IE]ku‘gﬂlﬂ‘iﬂﬂmiﬁlﬁf}unﬂnﬁl

dv
g 23.34)
dt :

=%[_m5m(wz+¢)]

e I8 afuieruvesnan

a,=—w'A cos(a)t +4) (2.3.35)

Fuduldngtevesvesiiadu Tasfinsanussiifanininguaa m nsshfvarwese udawhld

ol =}

¥ i ] E;
Tngiinnuas ninluesA AU T Tz IS I UANMTY o2 IR aumImsindoui veq

@

3/
AUNU ﬂTIlIL%"J HAYAIINLY ASil

x,= Acos(ax + ¢) (2.3.36)
v, =—aAsin(wt + ¢) (2.337)
a,=—w* Acos(ax + ¢) (23.38)
v =t 4> - x? (23.38)
a,=—a'x (2.3.39)

4 a k g a
o 4 Aouswdan ; ¢ Aeyule ;w = ’-n; AR AT

AMNAEuveTaguIa m Nanlaieaif5ede

0 = \/E (2.3.40)
m
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F=ma (2.4.1)

A o & ~ a s 4 = 2
endagnaouiivuudntassiTuiln a = —w’x

F=ml-0'x) (242)
=—ma’x
=—kx
s maInuAnduemi3e 91n
ol ;i v (2.4.3)
Bl (2.4.4)

ouinga Inglinwdsnudnddugud figaanga

j du = j kol (2.4.5)

a 0

U=—kx* (2.4.6)
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1
U=—ma’x*
2
=] v & o = ot =) = =
wuRonasuAndezuguen x =0 uazliaminfigan x =+4
wasnuIivestagan
K=—my
tesnnTaqndouiivuufuiasi Tuiin v = —wdsin(wr + ¢)
l .
K=§ma)2A2 sin? (wt + ¢)
_1 ZAZ[I 2(
—Ema) ~cos*(at + ¢)
1
K=—ma)2(A2 —xz)
2
< o; 1 : — -] {
wiiuImasuaeiinmniigaiigaauga (x = 0) wasdugudii x = +4

v Y o ¥ A - a oA 4 a [l 3 -
aumz"lﬂ‘w N'I‘LJS’HJVN“H‘llﬂ‘UﬂQﬂ'lil,ﬂﬁﬂuﬂllu‘lﬁﬁmﬂ’dmiIiJ‘Nﬂ@EJ"IN'IUﬂ’B

E,=K+U

=%mw2(442 —xz) + %mwzxz

=lma)2A2=lkA2
2 2
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(2.4.12)



18

4 o 4
2.5 auMIMInADUNVIIAAY

v ¥ & Ay vd 2 A aa o A - &
VINUIVONIHNANHIUUN LLﬁﬂQiﬂLﬁuﬂqWug’]uﬂ?\’ﬂﬁﬂﬁmﬂﬁﬂqslﬂﬂﬂuw‘Uﬂ{lﬂ'ﬁﬁu

-é'l { = U g - 4 1 Q L] = o 4‘. =
vsenauiiialuiaginatvends Tasfinsannsiadenfivesdumia x Mousunafisams

3 ¥

& =l a 4 a @ o o = A o ) a &4 a
ﬁumm’mmﬂaumumﬂﬂ cluﬁ?ﬂlﬂuw%’]'im']ﬂﬂﬁﬂﬂ'ﬁﬂ'l'ﬂﬂﬁﬂuﬂ"ﬂﬂ'iﬂﬁﬂi'ﬂgﬁuﬂ FIWDITU

4 - & 4 1 a @ L) 1 o

manfdouilveanisdurienauna elunsdifouduna wasfousudumywanisfansen
a ] - =) 4 { [ A { a o

sruvluanuiuei i ldfinsaumfissosaounilsosnouiitatuusearte Fefifosusiy

Aa ' ) 9 @ & ' v ¥ a = A o
DEABDNNVBYUINANHAWAIUAIUAIN Y I UnTanu0US 1197 ATuaDIdUANINITSY ARUIEYY
i o a y 4 = = 4 @ g
Mumnasludiame x iesnnaduideuunduaivea AaduTuanansoozaounieluy
ﬁ’anmoﬁa3ﬁ'ﬂuammuﬁ’mﬁﬂmmumﬂwhwmmmﬂum‘tjuﬂm‘lu'}"ﬁaﬁ"’maw uaznaouN

uwudeanazvne U lufiemadoafuussiisnnsz viende ndoud I lufirm x fagi 2.5

FLEL R Pt an

U7 2.5 ms Inaveanalufaguilamiiao5uns

u

o o

a d a ) 1 ' = = {
gy auudden lvveuvalumsiosuudoneudr SaginaraudlugUnssdimaoy

q

Y o 1 o 9

{ et { v da X o 4
gmnad Aiiuimhdamisugndu waziflutagifidloatunaea ( homogeneous ) iile
o 3 { ‘ - - [ a & o ° Y
Tdfuuseannadudseiindeniivnluiiomie x denalfidamsduneluSinasvestagrling

o & a { i o o w & d 9 o
wareIMsFuvoseymanamlasuulas Ax useannaduidinnssyduiuinhdaues

qJ

@ a 1 i ) 1 o & = o v
Fagdnan dewdnilu anuuananvesanuduluudazssozasa Fmmso@ouduaums 18

N



19
F = [p(x)-p(x-Ax)]A (2.5.1)

i A P
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elasticmodulus
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21.7 392
22,6 422
24.4 480
25.6 502
274 540
284 542
20.5 541
30.8 540
31.6 540
34.1 502
36.0 482
40.4 424
423 396
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Ratio 10:1 mm
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100 ... T
120
140

160

AVAZID8A = 0.1 mm.

Ratio 10:1 mm

ANNALIOUA = 0.1 mm.
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ratio 10:3 mm

ANNAZIOYA = 0.3 mm.

ratio 10:3 mm

100 90 80 70 60 50 40 30 20 10

AMNALIDYA = 0.3 mm.
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20 40 60 80 100 120 140

AUALIBYA = 0.3 mm. g9 = 32.78 mm.
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resolu 0.3mm h34.78mm

20 40 B0 80 100 120 140

ANYALIDYA = 0.3 mm. §9 = 34.78 mm.
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#include<regs1.h>

#include<intrins.h>

#include<stdio.h>

#define tx_pin P3_1

void rwx_step(unsigned int step,unsigned int dl);
void fwx_step(unsigned int step,unsigned int dl);
void rwy_step(unsigned int step,unsigned int dl);
void fwy_step(unsigned int step,unsigned int dl);
void delay(unsigned int ms);

char command,;

char getchar(void);

void getcommand();

void escape_command();

[P Reagig hrEEf

shit Aiu = P14,
shit Biu = P1/2;
shit Ciu = P1/g;
shit Diu = P1/4;
shit Eiu = P1/s;
shit Ail = P3fz;

shit Bil = P373;



shit Cil = P3/4;
shit Dil = P3"6;

sbit Eil = P37,

/*** on-off motor ***/

sbit on_off_driver = P1#s;

foees Aol RRwRf
sbit Aiut = Pon1;
sbit Biut = PoAz;
shit Ciu1 = Por3s;
sbit Diu1 = Po74;
sbit Eiu1 = PoAs;
sbit Ail1 = Pang;
shit Bil1 = P2A3;
sbit Cil1 = P27g;
sbit Dil1 = P2#g;

sbit Eil1 = P2r7;

/*** on-off motor ***/

sbit on_off_driver1 = Pore;



/*** main program ***/

*fwx command = 1
rwx command = 2
fwy command = 3

rwx command =4 ¥/

void main(void)

{
inti=o;
int j=0;
delay(1000);

delay(1000);
on_off_driver =1;

on_off_driver=1;

while(j<=30)

{

while(i<=60)

{

rwx_step(25,1);

delay(1000);

/** 50 step per 1 millimetter **/



delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(+000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);

i=i+1;

rwy_step(25,1);
delay(1000);
delay(1000);
delay{1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);

delay(1000);



delay(1000);
delay(1000);
delay(1000);
delay(1000);
while(i>=0)

{

fwx_step(25,1);
delay(1000);
delay(1c00);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);

i=i-1;

rwy_step(25,1);

delay{1000);



delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay({1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);
delay(1000);

=it

fwy_step(1500,1);

delay(1000);

on_off_driver = 0;

on_off_drivert = 0;

char getchar(void)
{
char c;

while(!RI);



Rl =0;

¢ =SBUF;

putchar(c); // echo to terminal
return SBUF;

}

void getcommand()

{

if (R1) command = getchar();

else command = -1; /* no cammand has entered */
}
void escape_commandy)
{

iffcommand=="1")

on_off_driver = 1;
fwx_step(3500,1);
delay(1000);

rwx_step(3500,1);

delay(1000);

/* step motor

1

4

Fif{command== 0x31)*/



/** Delay Milliseccond ***/

void delay{unsigned int ms)

{
ms=ms * 62;
while (ms--)
{
_nop_{);
_hop_();
_hop_{);
_nop_();
1
}

/** Reward Stepper Motor x **/

void rwx_step(unsigned int step,unsigned int dl)
* */
{

while(step--)
{

M istep 9
Aiu =1;
Biu =0;

Ciu =0;

/** 50 step per 1 millimetter



Diu =0;

Eiu =1;
Ail =0;
Bil =0;
€l = 13
Dil =0;
Eil =o;
delay(dl);

I st ep 8
Aiu =0;
Biu =0;
Ciu =0;
Diu =0;
Eiu =1;
Ail =0;
Bil =1;
Cil =1;
Dil =0;
Eil =0;

delay(dl);

I step 7
Aiu =0;

Biu =0;



Ciu =0;

Diu =1;
Eiu =1;
Ail =0;
Bil =1;
Cil =o0;
Dil =0;
Eil =0;
delay(dl);

M step 6
Aiu =0;
Biu =0,
Ciu =0;
Diu =1;
Eiu =0;
Ail =1;
Bil =1;
Cil =0;
Dil =o;
Eil =0;

delay(dl);

I Istep 5

Aju =0;



Biu =0;

Ciu =1;
Diu =1;
Eiu =0;
Ail = 1;
Bil =o0;
Cil =:0;
Dil =o0;
Eil =0;
delay(dl);

Hitiiniiistep 4

Aiu =0;

Biu =0;

Ciu =1;

Diu =0;

Eiu =0,
Ail =1;
Bil =0;
Cil =0;
Dil =o;
Eil =1;
delay(dl);

it istep 3



Aiu =0;

Biu =1;
Ciu =1;
Diu =o0;
Eiu =0;
Ail =0;
Bil =0;
Cil =o0;
Dil =0;
Eil =1;
delay(dl);

S = o

Aiu =0;
Biu =1;
Ciu =0;
Diu =0;
Eiu =0;
Ail =0;
Bil =o;
Cil. =g;
Dil = 1;
Eil =1;

delay(dl);



I step 1
Aiu =1;
Biu =1;
Ciu =0;
Diu =o;
Eiu =0;
Ail =0;
Bil =o;
Cil =0;
Dil =1;
Eil =0;

delay(dl);

HHinistep o

Aju =1;
Biu =0;
Ciu =0;
Diu =0;
Eiu =0;
Ail =0;
Bil =o0;
Cil =3¢

Dil =1;



}

Eil =0;

delay(dl);

/** forward Stepper Motor x **/

void fwx_step(unsigned int step,unsigned int dl)

1 millimetter **/

{

while(step--)
{

Mt istep o
Aiu =1;
Biu =0;
Ciu =0;
Diu =o0;
Eiu =0;
Ail =o0;
Bil =o0;
Cil =1;
Dil =1;
Eil =o;

delay(dl);

I step 1

/** 50 step per



Aiu =1;

Biu =1;
Ciu =0;
Diu =o0;
Eiu =0;
Ail =0;
Bil =0;
Cil =0;
Dil =1;
Eil =0;
delay{dl);

i step 2

Aiu =0;
Biu =1;
Ciu =0;
Diu =0;
Eiu =0;
Ail =0;
Bil =0;
Cil =0;
Dil =1;
Eil =1;

delay(dl);



I step 3
Aiu =0;
Biu =1;
Ciu =1;
Diu =0;
Eiu =0;
Ail =0;
Bil =0;
Cil =0;
Dil =o;
Eil =1;

delay(dl);

S T o
Aiu =0;
Biu =o0;
Ciu =1;
Diu =0;
Eiu =0;
Ail =1;
Bil =0;
Cil =o;

Dil =o;



Eil =1;
delay(dl);

I  step 5
Aiu =0;
Biu =0;
Ciu =1;
Diu =1;
Eiu =0;
Ail =1;
Bil =0;
Cil =0;
Dil =o0;
Eil =0;

delay(dl);

I Istep &

Aiu =0;
Biu =o0;
Ciu =0;
Diu =1;
Eiu =0;
Aill =1;
Bil =1;

Cil =0



Dil =o;
Eil =0;
delay(dl);

Mk istep 7
Aiu =0;
Biu =0;
Clu =0;
Diu =1;
Eiu =1;
Ail =0;
Bil =1;
Cil =0,
Dil =0,
Eil =0;

delay(dl);

I istep 8

Aiu =0;
Biu =0;
Ciu =0;
Diu =0;
Eiu =1;
Ail =0;

Bil =1;



Cil = 1;

Dil =o;
Eil =0;
delay(dl);

HItHH listep 9

Aiu =1;
Biu =0;
Ciu =0;
Diu =0;
Eiu =1;
Ail =0;
Bil =0;
Cil =1;
Dil =o;
Eil =0;
delay(dl);
}

}

/** Reward Stepper Motor y **/

void rwy_step({unsigned int step,unsigned int dl)
%/
{

while(step--)

/** 50 step per 1 millimetter



{

Mt listep 9

Aiut =1;
Biu1 =o0;
Ciu1 =o;
Diu1 =o;
Eiut =1;
Ailh =0;
Bil1 =o0;
Cilt =1;
Dilt =0;
Eill = 0;
delay(dl);

T Istep 8

Aiut =0
Biu1 =0;
Ciu1 =o;
Diut =0;
Eiu1 =1;
Ail1 =0;
Bil1 =1;
Cilht =1;

Dilh =0;



Eil1 =0;
delay{dl);

I step 7

Aiut =0;
Biu1 =0;
Ciut =o0;
Diu1 =1;
Eiu1 =1;
Ailt =0;
Bil1 =1;
Cih =o0;
Dilt =o0;
Eil1 =0;
delay(dl);

HITHIH I step 6

Aiu1 =0;
Biu1 =0;
Ciu1 =o0;
Diut =1;
Eiu1 =0;
Aill =1;
Bil1 =1;
Cilh =o0;



Dil1 =o0;
Eilt =
delay(dl);

I istep s

Aiut =0;
Biu1 =0;
Ciu1 =1;
Diu1 =1,
Eiut =0;
Aill =1;
Bil1 =o0;
Cilh =0
Dil1 =0
Eil1 =0;
delay(dl);

M step 4

Aiur =0;
Biu1 =0;
Ciur =1;
Diut =0;
Eiu1 =0;
Ailn =1;

Bil1 = 0;



Cilt =0

Dilt =0;
Eil1 =1;
delay(dl);

MR step 3

Aiu1 = 0;
Biu1 =1;
Ciur =1;
Diu1 =o;
Eiu1 =0;
Ail1 = 0;
Bil1 =0;
Cilh =0,
Dilhn =0;
Eil1 =1;
delay(dl);

[T step 2

Aiu1 =0;
Biu1 =1;
Ciu1 =0;
Diut1 =0;
Eiu1 =0;

Ail1 =o0;



Bil1 = 0;

Cilh =q0;
Dil1 =1;
Eil1 =1;
delay(dl);

I fstep 1

Aiu1 =1;
Biu1 =1;
Ciu1 =o;
Diut =0;
Eiu1 =0;
Ailn =0;
Bilh =o0;
Cilh =o;
Dil1 =1;
Eil1 =0;
delay(dl);

ML Istep O

Alur =1;
Biu1 =0;
Ciu1 =o0;
Diu1 =o0;

Eiu1 =0;



Ail1 =0;

Bil1 =0;
Cilh =1;
Dilh =1;
Eill =0;
delay(dl);
}

}

/** forward Stepper Motor y **/

void fwy_step(unsigned int step,unsigned int dl) /** 50 step per 1 millimetter
**/
{

while(step--)

{

i nstep o

Aiut =1;
Biu1 =0;
Ciu1 =0;
Diu1 =0;
Eiu1 =o;
Ail1 =0;
Biln =o0;

Cil1 =1;



Dil1 =1;
Eil1 =0;

delay(dl);

N step 1

Aiut =1;
Biu1 =1;
Ciu1 =op;
Diu1 =0;
Eiu1 =o0;
Ailh =0;
Bil1 =0;
Cilh =0;
Dilh =1;
Eill =0;
delay(dl);

HiHitnn I istep 2

Ajut =0;
Biu1 =1;
Ciu1 =0;
Diu1 = o;
Eiu1 =0;
Ail1 =0;

Bil1 =o;



Cih =o;

Dil1 =1;
Eil1 =1;
delay(dl);

I step 3

Aju1 =0;
Biu1 =1;
Ciut1 =1;
Diut =o0;
Eiu1 =0;
Aill =0;
Bilt =0;
Cilt =0;
Dilh =o0;
Eil1 =1;
delay(dl);

i istep 4

Aiut =0;
Biu1 =0;
Ciu1 =1;
Diut =o0;
Eiu1 =o0;

Ail1 =1



Bil1 =o0;

Cilh =o;
Dilh =p;
Eilh =1;
delay(dl);

A istep s

Aiut =0;
Biu1 =o0;
Ciur =1;
Diut1 =1;
Eiu1 = o0;
Ailr =1,
Bil1 =0;
Cih =o;
Dil1 =o0;
Eilt =0;
delay(dl);

HHTHITHI i step 6

Aiu1 =0p;
Biu1 =0;
Ciu1 =0;
Diu1 =1;

Eiu1 =0;



Ail1 =1;

Bil1 =1;
Cil1 =0;
Dil1 =p;
Eil1 =0;
delay(dl};

I listep 7

Aiu1 =0;
Biu1 =o0;
Ciut =p0;
Diut =1;
Eiu1r =1;
Ail1 =0;
Bil1 =1;
Cih =o0;
Dil1 =o;
Eil1 =0;
delay(dl);

I step 8

Aiu1 =0;
Biu1 =0;
Ciu1 =0;

Diut =0,



Eiu1 =1;

Ail1 =o0;
Bilh =1;
Cilt =1
Dil1 =0;
Eilt =o0;
delay(dl);

I istep 9

Aiut =1;
Biu1 =o;
Ciut =o;
Diut =0;
Eitrt =i;
Ailn = o;
Bil1 =0;
Cilh =1;
Dil1 =0
Eilh =0;
delay(dl);

}



1A iiutieys

Public Class Form+
Publiciommc As Ivi.Visa.Interop.IFormattedlO4s8s

Public mmc As Ivi.Visa.Interop.IFormattediO4ss

Public Shared_continue As Boolean

Public Shared_serialPort As serialPort*

Dim read As Boolean = True

Dim stop1 As Boolean = False

Dim data(,) As Object
Dim axisy As Double

Dim axisx As Double

Private Sub ButtonSerialPort_Click(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles ButtonMMC_2.Click

Dim ioAddress3 As String

Dim mgr As lvi.Visa.Interop.ResourceManager

ioAddress3 = "GPIB::" + NumericUpDownMMC_2 Value.ToString()

mgr = New lvi.Visa.Interop.ResourceManager



mmc = New Ivi.Visa.Interop.FormattedlO488
mmc.l0() = mgr.Open(ioAddress3)

mmec.l0.Timeout = 7000

ButtonMMC_2.Enabled = False

Delay(2)
NumericUpDownMMC_z2.Enabled = False
ButtonMMC_z2.BackColor = Color.Gold
ButtonMMC_2.Text = "Connected !"
Delay(2)

ButtonMMC_2.Enabled = True

ButtonMMC_2.BackColor = Color.Green

End Sub

Private Sub Button1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles ButtonSaveExcell.Click

Try
Dim oExcel As Object
Dim oBook As Object

Dim oSheet As Object

'Start a new workbook in Excel



oExcel = CreateObject("Excel.Application")

oBook = oExcel.Workbooks.Add

'Add data to cells of the first worksheet in the new workbook

oSheet = oBook.Worksheets(1)

sheet 1

oSheet = oBook.Worksheets(1)
oSheet.Range("A1").Value ="Y / X"
oSheet.Range("B1").Value = "X0"
oSheet.Range("C1").Value = "X1"
oSheet,Range("D1").Value = "X2"
oSheet.Range("E1").Value = "X3"
oSheet.Range("F1").Value = "X4"
oSheet.Range("G1").Value = "X5"
oSheet.Range("H1").Value = "Xs"
oSheet.Range("l1").Value = "X7"
oSheet.Range("J1").Value = "Xg8"
oSheet.Range("K1").Value = "Xg"
oSheet.Range("L1").Value = "X10"
oSheet.Range("M1").Value = "X11"
oSheet.Range("N1").Value = "X12"

oSheet.Range("01").Value = "X13"



oSheet.Range("P1").Value = "X14"
oSheet.Range("Q1").Value = "X15"
oSheet.Range("R1").Value = "X18"
oSheet.Range("S1").Value = "X17"
oSheet.Range("T1").Value = "X18"
oSheet.Range("U1".Value = "X19"
oSheet.Range("V1").Value = "X20"
oSheet.Range("W1").Value = "X21"
oSheet.Range("X1").Value = "X22"
oSheet.Range("Y1").Value = "X23"
oSheet.Range("Z1").Value = "X24"
oSheet.Range("AA1").Value = "X25"
oSheet.Range("AB1").Value = "X28"
oSheet.Range("AC1").Value = "X27"
oSheet.Range("AD1").Value = "X28"
oSheet.Range("AE1").Value = "X29"
oSheet.Range("AF1").Value = "X30"
oSheet.Range("AG1").Value = "X31"
oSheet.Range("AH1").Value = "X32"
oSheet.Range("Al1").Value = "X33"
oSheet.Range("AJ1").Value = "X34"

oSheet.Range("AK"").Value = "X35"



oSheet.Range("AL1").Value = "X36"
oSheet.Range("AM1").Value = "X37"
oSheet.Range("AN1").Value = "X38"
oSheet.Range("A01").Value = "X39"
oSheet.Range("AP1".Value = "X40"
oSheet.Range("AQ1").Value = "X41"
oSheet.Range("AR1").Value = "X42"
oSheet.Range("AS1").Value = "X43"
oSheet.Range("AT1").Value = "X44"
oSheet.Range("AU1").Value = "X45"
oSheet.Range("AV1").Value = "X46"
oSheet.Range("AW1").Value = "Xa7"
oSheet.Range("AX1").Value = "X48"
oSheet.Range("AY1").Value = "X49"

oSheet.Range("AZ1").Value = "X50"

oSheet.Range("A2".Value = "Y0"
oSheet.Range("A3").Value = "Y1"
oSheet.Range("A4").Value = "Y2"
oSheet.Range("As").Value = "Y3"
oSheet.Range("As").Value = "Y4"

oSheet.Range("A7").Value = "Y5"



oSheet.Range("As").Value = "Y&"
oSheet.Range("Ag").Value = "Y7"
oSheet.Range("A10").Value = "Ys"
oSheet.Range("A11").Value = "Ygo"
oSheet.Range("A12").Value = "Y10"
oSheet.Range("A13").Value ="Y11"
oSheet.Range("A14").Value = "Y1 2"
oSheet.Range("A15").Value = "Y1 3"
oSheet.Range("A15").Value = "Y14"
oSheet.Range("A17").Value = "Y15"
oSheet.Range("A18").Value = "Y15"
oSheet.Range("A19").Value = "Y17"
oSheet.Range("A20".Value = "Y18"
oSheet.Range("A21").Value = "Y19"
oSheet.Range("A22").Value = "Y20"
oSheet.Range("A23").Value = "Y21"
oSheet.Range("A24").Value = "Y22"
oSheet.Range("A25").Value = "Y23"
oSheet.Range("A26").Value = "Y24"
oSheet.Range("A27").Value = "Y25"
oSheet.Range("A28").Value = "Y26"

oSheet.Range("A29").Value = "Y27"



oSheet.Range("A30").Value = "Y28"
oSheet.Range("A31").Value = "Y2¢"
oSheet.Range("A32").Value = "Y30"
oSheet.Range("A33").Value = "Y31"
oSheet.Range("A34").Value = "Y32"
oSheet.Range("A35").Value = "Y33"
oSheet.Range("A36").Value = "Y34"
oSheet.Range("A37").Value = "Y35"
oSheet.Range("A38").Value = "Y36"
oSheet.Range("A39").Value = "Y37"
oSheet.Range("A40").Value = "Yag"
oSheet.Range("A41").Value = "Y39"
oSheet.Range("A42").Value = "Y40"
oSheet.Range("A43").Value = "Y41"
oSheet.Range("A44") Value = "Y42"
oSheet.Range("A45").Value = "Y43"
oSheet.Range("A46").Value = "Y44"
oSheet.Range("A47").Value = "Y45"
oSheet.Range("A48").Value = "Y46"
oSheet.Range("A49").Value = "Y47"
oSheet.Range("As0").Value = "Y48"

oSheet.Range("As51").Value = "Y49"



oSheet.Range("As2").Value = "Ys0"

Dim colum() As String = {"B", "C", "D", "E", "F", "G", "H", "I", "J", "K", "L", "M", "N", "O",
"PY, QN MRY, ST, T, MUY, VY, W, X, Y, M2, PAAY, "ABY, MACY, "AD", "AE", "AF", "AG",
"AH", "Al", "AJ", "AK", "AL", "AM", "AN", "AQ", "AP", "AQ", "AR", "AS", "AT", "AU", "AV", "AW",
"AX", "AY","AZ", "BA", "BB", "BC", "BD", "BE", "BF", "BG", "BH", "BI", "BJ", "BK", "BL", "BM",
"BN", "BO", "BP", "BQ", "BR", "BS", "BT", "BU", "BV", "BW", "BX", "BY", "BZ", "CA", "CB", "CC",
UCIY, Y, MCEY, B, CHE, Y, EIT, "EKY, "CL, "CNY, YENY, 1ICOY, P YOOP, "CRR,CS,
"CT", "CU", ev, "ew, "ext, 'cY", "cz", "DA", "DB", "DC", "DD", "DE", "DF", "DG", "DF", "DI",
"DJY, "DK"; "DLY, "DM"; "DN"; "DO", "DP", "DQ", "DR", "DS", "DT", "DU",."DV", "DW", "DX";, ' DY",
"D, "EA", "EB", "EC, "ED", "EE", "EF", "EG", "EH", "EI", "Es", "EC", "EL", “EM", "EN", "EQ", "EPY,
"EQ", "ER", "ES", "ET", "EU", "EV", "EW", "EX", "EY", "EZ", "FA", "FB", "FC", "FD", "FE", "FF", "FG",
“FHY; "FI; "B YFKY, UELY "FMY "ENY, YROY, P, "R "FRY; "FST T EUY "RV TEW R
", "r2", "GA", "GB", "GC", "GDY, "GE", "GF";"6G", "GH", "GI", "6l"; "GK","6L"; "6M", "GN",
"GO", "GP", "GQ", "GR", "GS", "GT", "GU", "GV", "GW", "GX", "GY", "GZ", "HA", "HB", "HC",
"HD", "HE", "HF", "HG", "HH", "HI", "HJ", "HK", "HL", "HM", "HN", "HO", "HP", "HQ", "HR", "HS",
"HT", "HU", "HV", "HW", "HX", "HY", "HZ", "IA", "IB", "IC", "ID", "IE", "IF", "IG", "IH", "n", "I}",
IR, LY, TIM, MINT IO, MIPY, MY, MIRY, YIS, T, MUt vt e, MK, My, Mze, YIAT, YIBY,
Y DS, VIR IE T, IR, I, N, R, S, N, N, i, IR, N, IR, ST T
“IUY, VR, TIWE, XY, YT, ZY, KA, KB, "KC", "KD", "KE", "KF", "KG", "KH", "KI", "KJ", "KK",
"KL", "KM", "KN", "KO", "KP", "KQ", "KR", "KS", "KT", "KU", "KV", "KW", "KX", "KY", "KZ", "LA",
"REYMECY, LD, MEER, BLPY, YLGY, VLAY ML VLR LR LY, YO MERE, PEOY, VPR LG, "TRY,
"LS", "LT", "LUY, "LV", "LW", LX", "LY", "LZ", "MA", "MB", "MC", "MD", "ME", "MF", "MG",
"MH", "MI", "MJ", "MK", "ML", "MM", "MN", "MO", "MP", "MQ", "MR", "MS", "MT", "MU",
"MV, MW, TMIXT, TMYT, "MZ, UNAY, "NBY, "NCY, "ND", "NE", "NF", "NG", "NH", "NI", "NJ",
"NK", "NL", "NM", "NN", "NO", "NP", "NQ", "NR", "NS", "NT", "NU", "NV", "NW", "NX", "NY",
"NZ", "OA", "0B", "OC", "OD", "OE", "OF", "0G", "OH", "01", "0J", "OK", "OL", "OM", "ON",
"00", "OP", "0Q", "OR", "0S", "OT", "OU", "OV", "OW", "OX", "OY", "0Z", "PA", "PB", "PC",
"PDY, "PE","PF", "PE", "PH"; "PI"; "RI"; "PR"; "PL", "PM", "PN", "PO", "PP", "PQ"; "PR", "PS",
“PT", "PU", "PV", "PW", "PX", "PY", "PZ", "QA", "QB", "QC", "QD", "QE", "QF", "QG", "QH", "QI",
"QJ', "aK", "aL", "aM", "aN’, "ao", "ap", "aQ", "aR", "as", "ar", "qu’, "av", "aw", "ax",
"QY", "Qz", "RA", "RB", "RC", "RD", "RE", "RF", "RG", "RH", "RI", "RJ", "RK", "RL", "RM", "RN",
"RO", "RP", "RQ", "RR", "RS", "RT", "RU", "RV", "RW", "RX", "RY", "RZ", "SA", "SB", "SC", "SD",
“SE", "SF", "S@", "SH",."SI", "S", "SK", "SLY, 'SM", "SN", SO, “SPY,."sQ", SR, "58T, “ST", "SU¥,
TSN, SV NS SNt TR, TYAL, MR, TTCR, VIDY, YTEY, NIRRT YRR, Y, Y, YR T,
"TM", TN, "TO", "TP", "TQ", "TR", "TS", "TT", "TU", "TV", "TW", "TX", "TY", "TZ", "UA", "UB",
"Uc", "ubp", "UE", "UF", "UG", "UH", "uI", "W", "UK", "UL", "UM", "UN", "UQ", "UP", "UQ", "UR",
RIS U, RO, ROV, UMY, S, Y, TOZE, YVAY, YVBY, "WEE, VDY VEY PNET, VET, TV,
VI, VI, VK, VLY, VMY, YN, VO™, VR, VY, VR, VS, VT, VU, WV, VW, VX,
"VY", "VZ", "WA", "WB", "WC", "WD", "WE", "WF", "WG", "WH", "WI", "WJ", "WK", "WL",
"WM", "WN", "wO", "WP", "wQ", "WR", "WS", "WT", "WuU", "WV", "WW", "WX", "WY", "WZ",
"XA", "XB", "XC", "XD", "XE", "XF", "XG", "XH", "XI", "XJ", "XK", "XL", "XM", "XN", "XO", "XP",
"XQ", "XR", "XS", "XT", "XU", "XV", "XW", "XX", "XY", "XZ", "YA", "YB", "YC", "YD", "YE", "YF",



llYGll’ "YH”‘ "YII', "YJ“’ ”YK"’ "YL”, IIYMII’ “YN“, lIYOH' “YP", “YQ"J "YR"' ”YS", HYTIII "YU“' rletl'
!IYWII’ IIYXII’ “W"’ HYZIP‘ IIZAII’ "ZB"’ “ZC",. “ZD", "ZE", HZFII, llzGII’ "ZH“‘ IIZI", I|ZJIII "ZK", PIZL]I' Ilzmll’
”ZN"‘ IIZO!IJ “ZP”, ”ZQ"’ IFZRII' HZSH’ Ilz—rll" |IZUU, IlzvllJ IIZW!I’ Ilzx"’ "ZY", "ZZ“}

Dim ncolum As Object

Dim xcel As String

For x As Integer = 0 To axisx
ncolum =2

For y As Integer = 0 To axisy
xcel = colum(x) + ncolum.ToString
oSheet.Range(xcel).value = data(x, y)
ncolum = ncolum + 1

Next

Next

' Link t0 @XCel mwmmmmsmmnmmmmmmemmmanmmemeens

Dim Ex = "E:\§O'E'@iA\scan motors\" + TextBoxSaveExcell.Text + ".xls"

'Save the Workbook and Quit Excel
oBook.SaveAs(Ex)
oExcel.Quit()

MessageBox.Show("Link to excel complete ")



Catch ex As Exception
MsgBox("Can not link", MsgBoxStyle.Exclamation)
End Try
End Sub

Private Sub stp_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
stp.Click

stop1 =True
End Sub

Private Sub Form1_Load(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles MyBase.Load

End Sub

Private Sub ButtonDMM_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles ButtonDMM.Click

Dim ioaddress As String

Dim mgr As Ivi.Visa.Interop.ResourceManager
Dim dmm As Ivi.Visa.Interop.FormattedlO48s
joaddress = "GPIB::" + NumericUpDowngpib.Value. ToString()
mgr = New lvi.Visa.Interop.ResourceManager

dmm = New lvi.Visa.Interop.FormattedlO4sgs

dmm.lO() = mgr.Open(ioaddress)

dmm.|0.Timeout = 7000

ButtonDMM.Enabled = False
NumericUpDowngpib.Enabled = False
ButtonDMM.BackColor = Color.Gold

ButtonDMM.Text = "Connected !"



Delay(s98)

ButtonDMM.Enabled = True

ButtonDMM.BackColor = Color.Green

Dim goy, gox As String
Dim value() As String
Dim backy As String
Dim backx As String

Dim mmr As Object

Try
ButtonSaveExcell.Enabled = False
ButtonDMM.Enabled = False
stx.Enabled = False
sty.Enabled = False
mm.Enabled = False
timey.Enabled = False
timex.Enabled = False
modebox.Enabled = False

Reset.Enabled = False

If (scanx.Checked = False And scany.Checked = False) Then '--Scan not select
MsgBox("Please select scan mode", MsgBoxStyle.Exclamation)

ButtonSaveExcell.Enabled = True



ButtonDMM.Enabled = True
stx.Enabled = True

sty.Enabled = True

mm.Enabled = True
timey.Enabled = True
timex.Enabled = True
ButtonSaveExcell.Enabled = True
modebox.Enabled = True

Reset.Enabled = True

Exit Sub

End If

mmr =500 * mm.Text

axisy = sty.Text
axisx = stx.Text

goy = "A:WPOP" + mmr.ToString
backy = "A:WPOP" + (-1 * mmr).ToString
backx = "A:WP" + (-1 * mmr).ToString + "Po"

gox = "A:WP" + mmr.ToString + "Po"

'forward x E&§ SerialPort1.Write("1")
'reward x E&§ SerialPort1.Write("2")

‘forward y E&§ SerialPort1.Write("3")



'reward y E&§ SerialPort1.Write("4")

ReDim data(0 To axisx, ¢ To axisy)

If scany.Checked Then '--Scan y axis

For i As Integer = 0 To axisx
If (iMod 2 = 0) Then
For j As Integer = 0 To axisy
ReDim Preserve value(o To j)

dmm.WriteString("Meas:Volt:DC? 10,0.00001")

value(j) = dmm.ReadNumber

data(i, j) = value(j)

If (j <> axisy) Then

' SerialPort1.0pen()
'SerialPort1.Write(1)

'SerialPort1.Close()

mmc.WriteString("P:14Po")
mmc.WriteString("P:15P0")

mmc. WriteString(goy) 'forward y
Delay(timey.Text)

End If



If {stop1 = True) Then '--stop scan

stx.Enabled = True

sty.Enabled = True
ButtonDMM.Enabled = True
mm.Enabled = True
timey.Enabled = True
timex.Enabled = True
ButtonSaveExcell.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

stop1 = False

Exit Sub
End If
Next

Else

For j As Integer = axisy To 0 Step -1
ReDim Preserve value(o To j)

dmm.WriteString("Meas:Volt:DC? 10,0.00001")

value(j) = dmm.ReadNumber

data(i, j) = value(j)

If (j <> 0) Then

"SerialPort1.0pen()



‘SerialPort1.Write("4")

'SerialPort1.Close()

mmc.WriteString("P:14P0")

mmc.WriteString("P:15P0")

mmc.WriteString(backy) 'reward y

Delay(timey.Text)

End If

If (stopt = True) Then

stx.Enabled = True

sty.Enabled = True
ButtonDMM.Enabled = True
mm.Enabled = True
timey.Enabled = True
timex.Enabled = True
ButtonSaveExcell.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

stop1 = False

Exit Sub

End If



Next

End If

If (i <> axisx) Then

Delay(timex.Text)

' SerialPort1.0pen()
' SerjalPort1.Write("1")

'SerialPort+.Close()

mmc. WriteString("P:14Po")
mmc.WriteString("P:15P0")

mmc. WriteString(gox) 'forward x

Delay(timex.Text)

End If

If (stop1 = True) Then

stx.Enabled = True
sty.Enabled = True
ButtonDMM.Enabled = True
mm.Enabled = True
timey.Enabled = True
timex.Enabled = True

ButtonSaveExcell.Enabled = True



modebox.Enabled = True

Reset.Enabled = True

stop1 = False

Exit Sub

End If

Next

End If

If scanx.Checked Then '--Scan x axis

For i As Integer = 0 To axisy

If (i Mod 2 = 0) Then
Forj As Integer = 0 To axisx
ReDim Preserve value(o To j)

dmm.WriteString("Meas:Volt:DC? 10,0.00001")

value(j) = dmm.ReadNumber

datal(j, i) = value(j)

If {j <> axisx) Then

' SerialPort1.0pen()



' SerialPort1.Write{"1")

' SerialPort1.Close()

mmc. WriteString("P:14P0")

mmc.WriteString("P:15P0")

mmc.WriteString(gox) ' forward x

Delay(timex.Text)

End If

If (stop1 = True) Then

stx.Enabled = True

sty.Enabled = True
ButtonDMM.Enabled = True
mm.Enabled = True
timey.Enabled = True
timex.Enabled = True
ButtonSaveExcell.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

stop1 = False

Exit Sub
End If
Next

Else



For j As Integer = axisx To 0 Step -1

ReDim Preserve value(o To j)

dmm.WriteString("Meas:Volt:DC? 10,0.00001")

value(j) = dmm.ReadNumber

datal(j, i) = value(j)

If (j <> 0) Then

' SerialPort+.Open()
' SerialPort1.Write("2"

' SerialPort1.Close()

mmc.WriteString(""P:14P0")

mmc.WriteString("P:15P0")

mmc.WriteString(backx) ' reward x

Delay(timex.Text)

End If
If (stop1 = True) Then

stx.Enabled = True
sty.Enabled = True
ButtonDMM.Enabled = True
mm.Enabled = True
timey.Enabled = True

timex.Enabled = True



ButtonSaveExcell.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

stop1 = False

Exit Sub
End If
Next

End If

If (i <> axisy) Then

Delay(timey.Text)

'SerialPort1.0pen()
'SerialPort1.Write("3")

'SerialPort1.Close()

mmc.WriteString("P:14P0")

mmc.WriteString("P:15P0")

mmc.WriteString(goy) 'forward y

Delay(timey.Text)

End If



If (stop1 = True) Then

stx.Enabled = True

sty.Enabled = True
ButtonDMM.Enabled = True
mm.Enabled = True
timey.Enabled = True
timex.Enabled = True
ButtonSaveExcell.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

stop1 = False

Exit Sub

End If

Next

End If

MessageBox.Show("Finish scan 1 ")
ButtonSaveExcell.Enabled = True
ButtonDMM.Enabled = True
stx.Enabled = True

sty.Enabled = True

mm.Enabled = True

timey.Enabled = True



timex.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

Catch ex As Exception
MsgBox("Can not Scan", MsgBoxStyle.Exclamation)
ButtonSaveExcell.Enabled = True
ButtonDMM.Enabled = True
stx.Enabled = True
sty.Enabled = True
mm.Enabled = True
timey.Enabled = True
timex.Enabled = True

modebox.Enabled = True

Reset.Enabled = True

End Try

End Sub

Private Sub Buttonscan_Click_1(ByVal sender As System.Object, ByVal e As System.EventArgs)

Handles Buttonscan.Click

mmc.WriteString("P:14P0")

mmc.WriteString("P:15P0")



mmc.WriteString("A:WP450P450")

End Sub

Private Sub Buttonread_Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
read = False

End Sub

Private Sub Reset_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Reset.Click

Dim tx As Double
Dim mmm As Double
Dim tty As Double
Dim ty As Double
Dim ttx As Double

tx = stx.Text

ty = sty.Text

mmm = mm.Text

tty =ty * mmm

ttx =t * mmm

mmc. WriteString("P:14P0")
mmc. WriteString("P:15P0")

mmc. WriteString("A:WP" + (-1 * 450 * ttx). ToString + "P" + (-1 * 450 * tty). ToString)

End Sub

End Class



Pentagon Connection

SI-7502 (SLA5011/SLA6503)

04

5-Phase Stepper Motor Driver ICs

BAbsolute Maximum Ratings (T:=25°C)
Pari No, Parameter Symbol Ratings Units
Motor supply voltage Vee 44 vV
Auxiliary supply voltage Vs 15 vV
Control voltage Vo 7 Vv
SI-7502 Reference voltage Viet 18 v
Detection voltage Vas 5 \'
Power dissipation Po 1 w
Ambient operating temperature Top 0to +65 %C
Drain -Source voltage Voss 60 \'4
Drain current Io 15 A
SLASO11 Avalanche fsnelrgy capability (Single pulse) Eas 2 mJ
Power dissipation Pr 35 w
Channel temperature Ten 150 °C
Storage temperature Teg -40 to +150 °C
Collector-Base voltage Veeo -60 )
Collector-Emitter voltage Veeo -60 \'
Emitter-Base voltage Veso -6 v
Collector current le -3 A
SLA6503 Collector current (Pulse) I (puise) -6 A
Base current la -1 A
Power dissipation Pr 35 W
Junction femperature T) 150 C
Storage temperature Tug -40 to +150 °C
MElectrical Characteristics (Te=25°C)
Limits ; 3
Part No. Parameter Symbol Units Conditions
min typ | max ;
lec 40 mA | Vee=42V, Ve=5.5V
Supply current Is 12.5 mA  |Vs=12.5V
In 50 mA  |Vb=5.5V
Input current l-t, It 1.6 mA  |Vi=Vi=0.4V
g WO lou-on 8 11 mA  |[Ve=5V, AlU to EIU pin open
SI-7502 Upper drive circuit drive current o o P Y,
o Voi-on Vs-1.5 V' |Ve=5V, AlL to EIL pin open
Lower drive circuit voltage ool TE v Vecsv
Oscillation frequency F 20 30 kHz |Ve=5V
Detection voltage Vrs 0.8 1.05 V' |Vb=5V, Vrer pin open
Gate threshold voltage V1 2.0 4.0 Vo |Vos=10V, [0=250u A
Forward Transconductance Re tyts) 2.2 3.3 S Vos=10V, lo=5A
DC ON-resistance Ros ©on) 0.17 0.22 Q  |Ves=10V, lo=5A
SLA5011 Input capacnalnce Ciss 300 pF Vos=25V, {=1.0MHz,Voe=0V
Output capacitance Coss 160 pF
Di forward voltage between source and drain Vso 1.1 1.5 v Iso=5A
Di reverse recovery time between source and drain tr 150 ns |[lso=+100mA
Collector cut-off current lcso =10 HA  |Ves=-60V
SLAB503 Collsctor-emitfer voltage Veeo -60 V.  |le=-10mA
DC current gain hre 2000 Vee=-4V, lc=-3A
Collector emitter saturation voltage VCE (sat) 1.5 v le==3A, ls=—6mA

SI-7502 (SLA5011/SLAG503)



5-Phase Stepper Motor Driver ICs (Pentagon Connection) SI-7502 (SLA5011/5LAG503)
Hinternal Block Diagram (Dotted Line)
Auxiliary power
supply
Control power supply Main power supply
T\lb TVS Vece
= ‘g S|-7502 SkERE
A2
ET :
Variable current F 5 S !
resistor Rx 8 g i (/
=8 Level shift : \ Motor
Excitation signal >—— currer;:i:::ntmi
Comparator i——q—: SLAS011
! amplifier :
O S i
AN
Current sense <L

resistor Rsi

BEquivalent Circuit Diagram

o o
SI-7502 24 20 23T 19 1aT 12 15T 11 7T 8
27
0
R17 L R18 \; R19 3 |Reo R21
ol ,
R7< J R8e R9 R102 R112
2 1 7 Trd 3 s T8
- T2 ™ ) )
Trigger pulse
gonarafer cltedl R12% R22 R13$ R23 R4 % R24 R15 $ R25 R16 L R26
Ed < T < >
o~ : ‘ ! ‘
2 : . 126
R23 3 R27 R28 R29 R3 R31
4
e Lbi
5
oS
3
o
25 lﬂ 22 J;a 17 113 14 Lw 6 J)s
e} o o o o}
SLAB503
o 2o
R 1. 1 1 .
A & a B i
2 ‘4 i g 1 8 ] ‘10
3 5 7 ] 11
R1=2kQ2 Typ Ra=50Q Typ
SLA5011 5
e}
—

q.4.9.8

12
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5-Phase Stepper Motor Driver ICs (Pentagon Connection) $1-7502 (SLAS011/SLAG503)

EDiagram of Standard External Circuit

) i
C1 : 1004FI63V
Vs (5V) ¥s(1ay) C2 50 FR25V
o o Ca 1 10uFAOV
Vec (16~42V)  C4:470pF
Cal+ Cil+ Ca| + R1 : 1kQ
D: : RK-34 (Sanken)
1] 26| 27
7407 - il Lty
oAl o 25 & - B
oBiu] 22 123 o 4 =] 3
-g' o Clu ‘D o 17 16 o 6] ©& |7
£ | obu o 14 15 8| I [
g oEM o8 7 10| @ |11
ok 7408 SI-7502 Stepper Motor
§ | oAl o 21] 20 2 3
B 8 18 19 4 = |6
7 | o2l —o—18] O =
g | o > o 13 12, 8 3|7
-, Dil o 10 1 8 % 9
| HEil g 8 10 11
1]12
Active High 2135 4 Jlo lo(typ) = 0.92/Rs
Ax R loro (typ) = (1.3xa~0.01) / Rs
a=VbxR'/ (30000+R")
& “, R’i & R'= 5100xRx / (§100+Rx)
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5-Phase Stepper Motor Driver ICs {Pentagon Connection)

SI-7502 (SLAS011/SLAGE03)

Application Notes

EDetermining the Output Current lo
(Control Current)
The main factors that determine the output current are current
sense resistor Rs, supply voltage Ve, and variable current resis-
tor Rx.
(1) Normal mode
To operate a motor at the maximum current level, set Rx to
infinity (open).
From Fig. A, when the maximum current ripple is designated
as low, its value will be,
TN 1)

OH=

Rs
VrsH can be calculated as follows:

Vrst=0.18xVe—0.03 (center valug) o (2)

From equations (1) and (2), the output current lox can be
calculated as follows:

lor= — (0.19xVex-0.03)
Rs

The relationship between lon and Rs is shown in Fig. B.

(2) Power down mode
When an external resistor Rx is connected, VrsH changes as
shown in Fig. C even when Rs is retained. Obtain a power
down output current lowro from Fig. C and equation (1).

MRelation between Output Current lo (Control
Current) and Motor Winding Current lom

The S1-7502 uses the total current control system; therefore,

the output current lo is different from the motor winding current.

In a general pentagonal driving system, the current flows as

shown in Figure D. The relation between lo and lom is as follows:
lo=4xlom

With some driving systems, the relation can also be as follows:

lo=2xlom

Fig. A

loH

Waveform of output current

Fig. B Output current vs. Current sense resistor
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Fig. C Sense voltage vs. Variable current resistor
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Fig. D Coll current flow at pentagonal driving
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5-Phase Stepper Motor Driver ICs (Pentagon Connection)

S1-7502 {SLA5011/SLAG503)

EMotor Connection

The 5-phase stepper motor supports various driving systems
and the motor connection varies depending on the driving sys-

tem used.

Use of the motor with some driving systems may be restricted
by patents. Therefore, be sure to ask the motor manufacturer
about the motor connection and driving system to be used.

BThermal design

The driver (SLA5011/SLAB503) dissipation varies depending on
a driving system used even if the output currents (control cur-
rent) are the same. Therefore, measure the temperature rise of
the driver under the actual operating conditions to determine

the size of the heatsink.

Figure E shows an SLA5011/SLLA6503 derating curve. This de-

rating curve indicates Tj=150°C;

however, when using this de-

vice, allow sufficient margin when selecting a heatsink so that
Tc<100°C (Al FIN temperature on the back of the SLA) is ob-

tained.
Fig. E SLA5011/SLA6503 Derating curve
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MHandling Precautions

Refer to the product specifications.
Solvents- Do not use the following solvents:

Substances that can dissolve
the package

Chlorine-based solvents: Trichloroethylene, Trichloroethane, etc.

Aromatic hydrogen compounds: Benzene, Toluene, Xylene, etc.
Keton and Acetone group solvents

Substances that can weaken
the package

Gasoline, Benzine, Kerosene, etc.

08 I S1-7502 (SLA5011/SLA6503)
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