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432 gahlsunsusmdenavmuauvesTassasmedaonausandilatin SRF05
shit echo = P3"6;
shit trigger = P3"7;
void trig_pulse{void)
{ trigger=1;
delay ms(1);
trigger = 0;}
unsigned int distance()
{ unsigned int mc;
trigger = 0;
echo=1;
TMOD &= 0x0F,
TMOD |=0x10;
THI = 0x00;
TL1 = 0x00;
TF1 =,
TR1=0;
trig_pulse();
while(lecho);
TRI=1;
while(echo);
TR1=0;
TF1 =0,
mec = THI;
mg <<=§;
me+=TL{;
delay ms(10%;
me=mc*1.1;

return(me/10);}



433 ﬁgﬂ‘iﬂmﬂsuﬁ1&'&ﬂwammmﬂwa (LCD)
shit e =P3"4 ;
shit 1s5=P375 ;
void inti_led(void);
void led communsigned char comy);
void delay(int z) ;
void led_display{unsigned char text);
void led_comm{unsigned char com)
{rs=0;
e=1;
P2= com;
delay(5);
e=0;
delay(s);, }
void inti_led()

{ delay(100),
led_comm{Dx38);
led_comm{0x0C) ;
led _comm(0x01); }

void delay(int z)
{intx,y ;
for(e=0;x<z;x++)
{for(y=0;y<200;y++)}  }
void led_display(unsigned char text)
{rs=1;
e=1:
P2 =text;
delay(5);
e=0;

delay(5); }
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43.4 yahlsunsasivanaugamsfusonyatung (Keypad)
unsigned int keypad()
{ unsigned chardat_scankey[l={0x77,0xb7,0xd7,0x¢7,0x7b,0xbb,0xdb Oxeb
,0x7d,0xbd Oxdd,0xed,0x 7e,0xbe,0xde,Oxee};
unsigned chari j, x ,y,z=lLw;
while(z)
{ x=0xf7;
for(i=0;i<4;i++)
fPl=x;
for{j=0;j<16;j++)
{y=Pi;
if{ly==dat_scankey[j])
{delay(100});
if{y==dat_scankey[jD
1z=0;
w=ish b}
X =x>>1;
x =x|0x10; }

treturn (w); }
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#include <regd2 h>

#inctude <stdio.h>

#include <led.b>

#include <keypad.h>

#include <math.h>

#include <ulth>

void show_error()

{ unsigned int {,x=0x82;
unsigned char error[3="ERRCR";
inti_lcd();
led_comm((x80);
for{i=0;i<5;i++)
{lcd_display(errorfil); }

}

void show_length()

{ unsigned int i;
unsigned char length1[]="Length";
unsigned char num3{}="mm.";
inti_led(;
led_comm{0x80};
for(i=0;i<6;i++)
{lcd_display(length1{il);}
fcd comm{0xc4);
for(i=0;i<3;i++)
{lcd_display(num3fil);}
¥
void show_width()
§ int i;

unsigned char width1 [J="Width";

41



unsigned char pum3{}="mm.";
inti_led(;
led_comm(0x80);
for(i=0;i<5;i++)
{led_display(width1i]);}
ted_comm(0xcd);
for(i=0;i<3;i++H)
{icd_display(num3[i]);}
}
void show_high()
{ int i;
unsigned char highl {J="High";
unsigned char num3[}="mm.";
inti_led();
fed_comm(0x80);
for(i=0;i<4;i++)
{lcd_display(bigh1[iD;}
lcd_comm{Dxc4);
for(i=0;i<3;i++)
{lcd_display(num3[il);}
H
void show_radiance()
{ int i
unsigned char radiancel{l="Radiance";
unsigned char num3[="mm.";
inti ted();
led_comm(0x80);
for(i=0;i<8;i++)

{lcd_display(radiancelfi]);}

fcd_comm(Oxc4);
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for(i=0;i<3;i++)
{icd_display(mum3[iD;}
1
unsigned int key number(unsigned int n)
§ unsigned int key=0,q=0,x=0xcl,number=0;
unsigned char numberl{}="0123456789ABCDEF ";
while(q<4)
{ key=keypad();
if{(key>=0)8&key<=9))
{lced_comm{x);
led display{numberlikey]);
delay_ms(3);
iflq==0)
{number=key;}
else {number=(number* 10)+key;}
X+ g
jelse iftkey==13)
{ o4
telse
{ show_error();
detay _ms(10);
if (n==1)
{show_length(};}
else if (n=2)
{show_width();}
else if (n==3)
{show_high(};}
else if (o==4)

{show_radiance(};}
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number={);
q=0;
*x=0xc0;}
}return(number);
}
void show_volume(unsigned long value)
{ unsigned int 1
unsigned char number[]="0123456789ABCDEF ";
unsigned char num3{]="Lt.";
unsigned char vol{]="VOL.";
unsigned char a,b,c.d.efg.hk;
a=b=c¢=d=e=f=g=0);
k =(value%1000000000)/100000000;
h =(value%100060000)/10000000;
g =(value%10006000)/1000000;
= (value%1000000)/100000;
¢ = (value%100000)/10000;
d = (value%10000)/1000;
¢ = (value%1000)/100;
b = (value%100)/10;
a = value%10;
if(k==0)
fk=16,
iflh==0)
{h=16;
iflg==0)
{g=16;
if{(f==0)
{f=16;



if{e==0)
{e=16;
if{d==0}
{d=16;

inti_icdQ;

led_comm(0x80);

for(i=0;i<3;i++)

{lcd_display(vol[il);}

led_comm(0xC4),
led_display(aumber[al);
led_comm{0xC3);
lcd_display(aumber[bl);
led_comm(0xC2);
led_display(voll3]);
lcd_comm(0xC1);
led_display(aumber[c]);
led _comm{0xC0);
led_display(number{d]);
led_comm(0x87);
led_display(numberfe]);
led_comm{0x86);
led_display(numberff]);
led_comm(0x85);
lcd_display(numberfg));



led_comm(0x84);
lcd_display(numberfhl);
led_comm(0x83);
icd_display(numberfk]);
led_comm(0xC5);
for(i=0;i<3;i++)
{lcd_display(num3[i]);}
}
void cubic
{ unsigned int length=0,width=0,high=0;
unsigned long value,old_value;
//*Recieve Length
show_length(};
length= key_pumber(1) ;
/*Recieve Width
show_width();
width =key number(2) ;
/*recieve High
show_high();
high =key_number(3) ;
/¥Calculate Volume
while(l)

{ value=distance(};
value=high-value;
value=(value*length*width)/10000;

iflvalue 1= o0ld_value)
{ show_volume(vaiue);
delay_ms(20);

oid_value = value;
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}
}
void cylinder()
{ float z;
unsigned int radiance=0,high=0;
unsigned long valug,old_value;
//Recieve Radiance
show_radiance();
radiance= key_number(4} ;
/frecieve High
show_high():
high =key_number(3) ;
//Calculate Volume
while(1){ value=distance();
value=high-value;
z=(radiance*radiance®*value)/10000;
value=2%22/7;
if(value == old_value)
{ show_volume(value);
delay_ms(20);

old_value = value;

b
}
H
void main()
{ unsigned int key,i;

unsigned char start{}="Enter Type";
while(1}{
inti_led();

led comm{0x80);
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for(i=0;i<8;i++)
{lcd_display(start[i]);}

led_comm{0xc0);

for(i=8;i<9;i++)
{lcd_display(start[il);}

key=keypad();

if(key=12)

{ while(1)
{cubic(;}

b

else iflkey==13)

{
while(1)
{cylinder();}

}

H

clse

{show_error();

detay_ms(10);
}



49

LY 9/

4.4 Mmynaaeumsedinszdmivivlaseenaudanilatinludsg e

s

Efﬂ‘uﬂﬁ‘ﬂﬂf’fﬂ‘um@’}l@‘ﬂﬁﬁWii3.;'1ﬂ‘i_l‘H'm‘H“ﬁﬂ1ﬂ1§%ﬁﬁ@ﬁiuﬂﬁ“ﬂiﬁﬁlﬁﬂﬂu !,m::ﬂ&gﬂ
nIenszUsn enameudszaninuaiseiase ﬁi.lu'muIﬁﬂﬁ]'l?fﬂﬁﬁu@ﬁ@]%‘li“ﬁﬁﬂ ituaau

ot

3

=,

4.4.1 sieyagilnsaishay
TaseSonganilnsalldnioudems e

L

4.4.2 ougiluudaussgihifutaznnadaussgini
Tamdensuvudsamifufidmua Tead A Aedeginssfmndou uag B Aedy
Gt ey o o kY Y = 3 oo
sunssnszuen uazvnavestassyiuiuRtlewd lidedimbudy fafuas
Taofidegnssdmdsudasdiounvnaie sdude nde o uazge
uazdegilnsenszuendsseu 2a1fe Salidnve uasge
] ] »
Tanamsneasmiunis1eh 4.1 uagals 1 4.2 wasnnaaesfiihunumInanesny
¥ ]
iy luaaien 4.3

i & ar o & - g o = o 8 A
A131N 4.1 l&'ﬁﬁ\?ﬁﬂﬂ'ﬁ'ﬂﬂﬁ@ﬂlﬂ5@\13{51iﬁﬁﬂun!uiﬂaa-lﬁﬂﬂﬁuﬂﬁﬁiq 1‘1511?1‘11421\3‘;,‘1}%5&’51’!,%@8%

WSz ETEE WFums 1l5ume Ande A1a

W aRidund adait 1 aei 2 Asei 3 GEY)) Hanaa

nARedas) (@n3) (Gns) @a9) (%error)
0.50 0.48 0.49 0.48 0.48 4.00
1.60 (.99 1.00 .98 0.99 1.60
1.50 147 1.49 147 1.47 1.47
2.00 2.00 2.00 1.98 1.99 0.50
2.50 2.46 2.48 246 2.47 1.20
3.00 2.96 2.96 2.96 2.96 1.30
3.50 347 3.43 3.47 3.46 1.10
4.00 3.97 3.97 3.97 3.97 0.75
4.50 443 447 4.47 4.46 0.80
5.00 4.96 4.96 4.96 4.96 0.80
5.50 543 5.47 5.45 5.45 0.91
6.00 591 5.97 5.95 594 1.00




50

6.50- 6.43 6.43 6.43 6.45 0.76
7.00 6.95 6.95 6.95 6.95 0.71
7.50 7.48 7.45 747 7.47 047
8.00 7.97 7.98 8.00 7.98 0.25

. o o
A NUHANIIPRGE = 1.09 %

3 é os @ Oy G o A o £ of
AT 42UTAIHEN I NATBUIATOYIRTE ﬁ‘}ju1llu1ﬁﬂ?)‘]ﬂ'ﬁfﬂﬁ‘u?’Jﬁﬁ‘?’ﬂﬂfﬁﬂluﬂﬁ‘g‘ﬂ‘ﬂiﬁﬂigﬁﬂﬂ

e 5u1as S1EFTR b U5ums Aunde AR

W efifnasse afaft1 afefi2 adei 3 GED) HaWae

naass@as) @as) (@a3) @n3) (Y%error)
0.50 0.59 0.50 0.48 0.49 2.00
1.00 0.99 0.98 0.98 0.98 2.00
1.50 1.47 1.47 1.47 1.47 2.00
2.00 1.98 2.00 1.98 1.98 1.00
2.50 2.48 2.47 247 247 1.20
3.00 298 2.98 2.97 2.98 0.67
3.50 3.46 3.47 3.48 3.47 0.85
4.00 3.95 3.98 3.97 3.97 0.75
450 441 4.46 4.49 445 1.11
5.00 4.98 4.98 4.98 4.98 0.40
5.50 5.47 5.49 5.48 548 0.36
6.00 5.95 598 598 597 0.50
6.50 6.47 6.49 6.47 6.48 0.36
7.00 6.97 6.98 6.98 6.98 0.28

AANNHANAIRINGY = 0.96 %



51

G‘l d’l ar a 3’ ar ar é ar o = ar :[ o~
131N 4.3Llﬁﬂ\‘iﬂﬁﬂ'lﬁﬂﬂffﬂ'il£ﬁi'ﬂﬁ’éﬁﬁgﬂ‘lju'lijuzﬁfJ'E)']ﬁ'Uﬂﬁu@@ﬂ‘i'!I“b’uﬁiui!ﬁgﬂ‘ﬂiﬁﬂﬁ’m i

Tee ¥ Tatiumunis Taviwiu

Sasiiniy 1333 5uws 151w Aunde AR

WS flidnasd afefi 1 adai 2 aved 3 GLE), AANa R

naaas@ny) @n3) GLY) @as) (Y%error)
0.50 0.50 0.56 0.48 .49 2.00
1.00 0.99 0.98 0.98 0.98 1.00
1.50 1.47 1.47 1.47 1.47 0.67
2.00 1.98 1.97 1.98 1.98 1.00
2.50 248 2.47 2.47 2.47 120
3.00 2.98 2.98 297 2.98 1.00
3.50 346 3.47 3.48 347 0.86
4.00 3.65 3.98 3.97 3.97 0.50
4.50 441 4.46 4.49 445 0.44
5.00 4.98 4.98 4.98 4.98 0.80
5.50 547 5.49 5.48 548 0.91
6.00 5.95 5.98 5.98 5.97 0.17
6.50 6.47 6.79 6.47 6.48 0.15
7.00 6.97 6.98 6.98 6.98 0.29
7.50 748 7.43 7.49 748 0.27
8.00 7.98 7.99 3.00 7.99 0.12
8.50 847 8.51 8.50 8.49 0.12
9.00 8.95 9,00 9.00 8.98 0.22
8.50 948 9.50 9.49 949 0.11
10.00 9.99 10.00 9.99 9.99 0.10

ANRATAIRIIMARNAIATIN = 0.59 %



52

ﬂl A o ar Qy B [ A o 4 =3 o
M131497 4.4 ugrasnansnateLnieinssdniniu lasewoadudand 1 Teda ludsgtnssnszuen

3 Y
TasddSmiiununmsiatiniu

WSastiny 5ms 5w ETTRE funfy AR

Wefidiasds ased 1 aseii 2 assit 3 (Ga9) HANaA

nRADANY) GLE)) Hn) (Aas) (Y%error)
0.50 0.50 0.50 0.50 0.50 0.00
1.00 1.00 1.00 1.00 1.00 0.00
1.50 1.50 1.50 1.49 1.49 0.67
2.00 2.01 2.01 2.00 2.00 0.00
2.50 248 251 2.50 2.49 0.40
3.00 2.96 2.98 3.00 2.98 0.67
3.50 348 3.48 3.49 3.48 0.57
4.00 397 4.00 4,00 3.99 0.25
4.50 4.46 451 4.50 4.49 0.22
5.00 4.96 502 5.00 4.99 0.20
5.50 5.46 5.50 5.50 5.49 0.18
6.00 6.01 5.99 6.00 6.00 0.00
6.50 6.50 6.50 6.50 6.50 0.00
7.00 7.00 7.01 7.00 7.00 0.00

t Ri' T “~
AUBABMIAFIUHANDIRTIU =023 %



33

nHanInaast af launens sy inanruAanamdudSuieshinnis Ta

a o o e P = 0w w A
ludwmssmmdounasdamsenszuen ﬁ\‘lg'ﬂ‘ﬂ 4.19L£ﬁ$§ﬂ'¥l 4.20 AN IRLRIU

nsurasnIsRavaefulSnasivhms Saihifuludaginsadvaes
YoError
4.5

PR

3 e W@w"ﬂ%-:ﬁ.l

el oA 2

5
gl ﬂ%\&ﬁ. 3
2 .

15

05 -

Litre

0 05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 & 85

:;. 13 ] = ol = = ] o 3’ at ar ol al
g‘ih’i 4.1% ﬂﬁ"]ﬂ‘is??'31«3?11?1’37%Wﬁ‘i’iﬁ'lﬂﬂ‘ljﬂﬁSﬂfil‘i‘i’l‘h’l'lf‘l'l'iQﬁuiﬁuiuﬂﬁﬂiﬁﬁmaﬂu

aswlimassnnufanmanudZnasinhms Jadinhludaginsanssuen

YoError

45

4

3.5 G
—
3 .

25 o i

2 e oo 3

15
1 >

95 , .......... . ¥’ 'é;

0 05 1 15 2 25 3 35 4 45 % 5% 6 65 7 75

Litre

:i ¥ T = s =y g; -] a4 :‘ L8 o4
51l 420 nsdszwhenmawianaaiudSnasiins dadiuTudms snszuen



54

, - o EIE 44
assaasmnnafanmaivifSinasfiims imhfdudegdns smton

Taamslsiumusiaiu

SeError

5

G i i
3.5 s G 1
3 w@mﬂ%&ﬁiz
- .
2

1.5

05 -
0 -

00511532 25335445656556657758859 9510105 Litre
t.'.; 1 1 = o ) ‘ﬂ' a o) Qy L Qs A ﬂ:{
gﬂ‘n 4.21 nswisgvinamnuRanaasulsyasihms Tathiu ludmssintsy
Efny oy s
Taons T wmuniniu
T [ af = ﬂi o ot : @ LY
ﬂsm!zmmmmmwﬂwamﬂuﬂsmmswmnﬁmumﬂmqgﬂmansman
%Error Taamskihmmunig
1.4
1.2 -
1- e BT 1
0.6
L — 5;.
0 - FR—E

Litre

g 05 1

51 4.22 s wlsznismmriRanaadudlfinasiihmsda ludmseszuen

9} g‘ :‘ ar
Tasms i umnusigu



55

T -« I
A e A T

4.5 agimsnaasuniesinszduiiniulnadunausaniviin

a : as A o 9

é or ol -~ q 4 J o
LﬁiEl\‘!’éﬂ‘i&ﬁ‘iju']i.iuiﬁf}@’!ﬁﬂﬂﬁuﬂﬁﬁ‘i"liﬂtmﬂﬁ’e}@ mmmmza’%’w%unm I 0IA

ar : s o 2 o 2 A A & = o o e ' o =

szdviniulaserdoatiudaai lydaidendunsznudlvenihdufiaseygluds 251luvvde
a A 2 @ o

sinssfmudeuuazgUnsinszuen udhimsdszuranani lulasaeuIniaed 1inms

o k4 k4 o 1 T
nareudmaegasyludeic 2gunn nuhluudasassiinagenesinefilndiRssiuvowd

ar 9

a =0 9o or 3 = 1 a ar o 3' or of A a
ﬁ%ﬂiﬂ?ﬁiﬂlﬁﬂ?ﬂﬁ‘ﬂﬂﬁ'ﬂlj AYUUTINUIUATOCIAT AU WU lagowuatua ang1iviat

2 Ed

] o =i = P ar =y @ o} oF ar o ar ar  ar
apudefiszlianudisasslumadtelSuas ussthunlyanlums dassduiuiuludsme 2

silurufe degilnssfmasuuazdeginsenszuenld



ynN 5

unargy uazdermueums

¥ o
5.1 nanH
= - A ur ar oy @ a & o o 9!
Tuunisznanirsuuivreunissinszdutihiu lavewoaiudand1 Tyiia Tayld
= = t o EX- 8 ar ]
afuwilgmrivuluszvinamsilas e Fudtlgm Yeruanus uwimensWannae T

dy o d
wazunaglveslazeauidaiiau

5.2 flgwiwylussnhamsmlassanunaz Auddaym

a A al s Y
ATINN 5.1 i!ﬁﬂﬁﬁTﬂazleﬂﬂmﬁﬁﬁﬂgﬁ]ﬂﬂﬂ llﬁzﬂﬁllﬂﬂﬂéﬂ'ﬂlﬁqjﬂﬁ\i&]u

Hdywnnw auwguazimai iy

= :’ o o pd 1 & o o S a4 uw
1. YSumsiwundaldld | auva  esnmvnsisimanaassidinmsqapdonily

- =y Qy ar 4 t é ol :‘ o i o
asefudSuasiiufane | vreamiissnnmssaudiveninds lihniedfaiedaeais

2t
Tdasllvadmsnaans | uasmiedeusyadniu
@ 1
wuan WL 1 nersniduasdedifiinisnaaoes g

JruATEN n'mﬂ'a&ﬂum&mtmz %’"EQW’J AU

o o ' A i s a4 T
2. awaeesfisaudy Print T | gung fiesenarwasesildlumsidusends Use anu
= =1 g
YUIAEANIN azBuAgY D WYDINITTITVWIAGNLN
t a d ol
uuam LA 1 TUmMs e o nHUUa 9T UMIAT IS T RN o 14
4 o o
Talsuns3 Protel99SE fAenuisasiiliiaiensssivuiadntayay

g
FIUNABINTT

o o & = P o
3. gnssiifansdigauaz | aung essngunsaidifanseiindiinrwusuinaas e
=1 1 g/ =t ar =) ns; [ b 1 & o
Ferion dosiinigand uazet IC Funma Mendanstans ndants

9t a) 1 a2 o o oy
nanesdesnead-eantosiufamsiizalaae
v 3

sunudly 81 1¢ 2 leflnidu sxldnsuhaudenluns

ar = U o ar T & g ¥
Hanfunumsldwuds uas linesginsaidresnoy




57

-
5.3 UBlanalML
' o el o 1Y o o A )
5.3.1 awnsrruurnesinineanuuua? wwds adsfies 14inTee Network Taifie
L= ot o f
wgIBuNALAZID YA Matching 7t 50 Tettu v3a'll

ar

5.3.2 19400 IC Huuiaria aashiszsedasz S lunsiiand meznamaniives I
p19BaRuiINAANS Short Circuit 16 tazasszlasyiafosmrmdaulums
Siansdae i s I dunarmmg mseeinily ic Weld

533 ilpenniRamssudaveainiy wasmea s sye st v dldlifiasna

a ar A 2 = g & I A o o
YA ﬂﬁﬁ?ﬁlﬂﬁ@u‘lﬁ Nﬂ’ﬂii%’ﬁﬁmﬂE}‘iJN'Jﬂ'I‘IﬂwLW?}ﬁﬂ\‘lﬂuﬂ’}iﬁﬂlg‘ﬁi’lﬂi’ﬂ\%

»
al

[l o
ifufintisue et ey

o T
5.4 mmantsiannde
54.1 YSutlysyeguinsaidand laidafimnnsade-Suatudad et Alarmgannan
4wasuazlnwavi@oags i
o t : or ol :‘ o ar Ai o &3
542 USmlgsyandeailnsaiaiosdaseduniniulase denaudandlaila Weunsa
T w1 ar dl 9 Y '
TgeTao' 1% Adapter HndTeussduIfaso v 1s Tavenag idomuua-
=
RPTUNY
ol ar S o

5.4.3 Yuilgsgagilnsaif ¥ lundedoynnndusaesfegininiu ludweuaas

E
o L

paszdutuiuni ey Hulfene

5.5 unagy)
& ar = : ar ) A o 9 = !
sepusuveunsasialSaniniulnseWoniudonilaiasenen lude
ar = :’ ar ar A'i ar Y = ar a{ ﬂ‘i
- awdadSuastiniulaverdendudandt iatalunsgins sdmben
or = : W or s as o = [
- drfSuestiniuTasedenaudaai ledaludegdnsenszyen
' 1o o y ' a o
AeufiviinsasgagUnsiuazisrsde luszuy swihmsnereugagdnisines
vy 9 &y = P
2995 919A% Fe lanaawunil 3 wazuni 4
A o i o 1 & o
nnnsnaaeuieinAegAnnIsia g uszunuinua HAIRINT NARD Y

3
o o

or Y ar A ar o = a; o : o [ A as g
nsiaTzsuthu laveweadudaad leiln aunsodaseduiuiulnvefondudani -
a d 4 o o o a vy ar & o4 4
fandeniunsznufirgegavssszduminiufineglude 2 gluuufe gunssmdounasgl

Y o o 4 o Y Y
nsanszven udsmnsdssulanameluissasuinsiaes Wednisnaaeuladins
Fa k4 b v [
nageudmaisgseuludets 2 iy wudilundagaisn lddhmsnadey uaziienans

s d v &£ ar ' r duwo ’ & ' A w
ﬂﬁﬁa'ﬂ'ﬂ'ﬂﬂ3J1liNﬁﬂﬁa’!ﬁﬂﬂﬁﬂuiﬂil@ﬁgﬂ'l%1@“1ﬁ'\3‘ﬂﬁﬁ@ﬂiuﬁlﬁﬁzﬂiq HHAITHATIIINA



58

o oy ar Ai ar = yﬂl i 1 o Q =y
sedimiulaseoadusani leialiin s wazususr swnsodwnFau1dess

@ Ed [ v
lumsiageduniwiuludets 2 plunyfe dmsamdounazdmsanszuenld



59

UVITMIYNTU

[1] §uA ymazaue. , “Ssuilulasneulnsames MCS-51 affumm €7, Micro Research
Technology. Lid, Part, ﬂ“ﬂﬂJ‘ﬁ?ﬁ.

[2] http:/fivedots.coe.psu.ac.th/Software.coe/LAB/Lab_y3/ULTRASO.DOC

(31 hutp://www ftdichip.com/Documents/DataSheets. him

[4] va3 aufad “msdsulilsuasunuglulasaeulnsamed MCS-51 digannd >

a 4 3 d o do d o a '
Runagen 1, fos i Sagadi Sulalniy, ngunma; 2547



MANUIN ()



Datasheet

61



62

mstBaulugadasomna sros e |

Ultrasonic Distance Detector Module
[ugansoaiuiiasdnssusmatiovdanialudin

g Distrtuted by Inovative Experiment Co. L. Thal\anm

aaaua

e fWiaee +5V flaamsnIzua i 30mA

e ldmsuuazdemtusanialatin TMaanud 40kHz Tuniminenu

[ 3 o= =8
® Sarzasnnelugog 1 muRlmsie 4 WeT
e fynaiaddmiunsziunisinau fedlrounineedsias 10 lulafiud
e Winasnfanmriarsasitluaiaunitaiadialudndiuiuszesnaidald
@ NUUNALENAD 43 Na. X 20 1. X 17 Hi. (PF19xeNIxg9)

e Feariulnlnsraulnrasasaniienldinnnizgs e wanuwanuid 28X/2P, PIC, MCS-51,
PSoC, 88HC11

e annsnAarald 2 uuufe Loy 2 dutunnd (Echo iU Trigger) willewiu SRF04 wazuLiyl
aynIudryoyronduiien

® Ao ldvsunu SRFo4 14

& r-
adnsaliaTa
@ UAsH ADX-SRF04 Tuflyafmasusmasdnufudnnaazaon uns
A L] v & & 1} a
Faureiunefaiularaauinrasa s aAIiTalL A UE iR

® gnz PCB3A duiudensatiuuainaLinuiuesiues i-nex gl{'i {\&g



2 e mslinulugadnsswsma Seros

SRF05 Wunnanesianstedunas daszesmefsnaudani Talinifinnudisws g
3
Insaunsotaszes 18 1 i luoude 4 wns sRFo4 gresnuuuin 1 ldaud luTas
o ¢ £l A t = =} d? 1o o o
asu Insawmed dd e TagldunFeuneiies 1 wie 2 v1 Tusdiumsfmuagiuuumsdauni
gy mngedubidunislszend aumumueud

o ? ar é o ] Q {

SRF0S azvnsaadyananaudaniiieinesnl udriaszuenailidya uasiou
AOUNGUNT 81ANAT 19910 SRFOS azad lugivesniunnwadseduiusiuszoz mavesdag
#insaeduld mudidaanudaniisiinues SRF05 Ae 40kHz gnaseanlllusimadigni
o I o an = =S A w 3 & o A P
1 1.125 Wadelaa i aszina 346 wasaeduril) Aniudfenswanud lumsmdoud
yoandy, e ueudnau taznaifudesazfounduin ennsofunnmavress e
14 dauaasmannansaedulugli 1

R Y oA o '\ - A g &

FEgEN T etz desimIfumndunadiamaas woldiu luTnsreu Insawes

=] 4 1 a 3 T & o 1 o 1
udrdednlwSesdeinneauals AU SRFOS tellszunananmuatiamanaias q maiill
= g 9t 5‘: ] o el o B ﬁ v dda af @ o e o af
Seudoaud? vinuudwasninia lasenuuiunadninnumieduiusiuszezneniald

t o { o = al o [ 1
mrdnaduinia ldeonuuiulwdmuniussdyanaiadenesgiigeeinni
msdaiiudeyaninensanin uansdeeenuiiiudeyafiseasinde¥aedygnainaunn
& 59 yw b < oA 'ﬂ 0 iy e & ) o o .
e ldeldmeia lunaeudediudwounau lilds duiumindwaduiesnyiiugy
ot w o= i) al 24 T | & @ Y ® A 1 o

yosdgyanaiad o ldmedyanauifisudu@o Suh Iazamnalumsiwdeusedulaulnas

o

Aoy Insalaes

ANE

!‘III!I&b-b PERPDPPRRP

444444444444

FLUTNNANARG

o ) W o v g d a a & b g s
31‘1‘1 1 Etﬁﬂﬁﬁaﬂﬂ’}imi'aﬂﬁlu'}ﬁq’[ﬁﬂi gmuﬂ..!']mﬁ?']a\lnlﬂuaﬁaﬂﬁﬁsaﬂﬁmi‘{[ﬁﬂﬂ

63



64

msfiawlugadossuima saros e 3

GND ~—
nftuua MODE %82 SRFOS
i MQDE MORE AuBenrnsdadau 1 Fynnn
Trigger pulse input: ol Aol > Walde Agals 1 oy
Echo pulse output A8 RoRRLY 2 funnn Trigger pulse Input -t Ve Trigger pulse input dawiy
+5V =] l ) Aaganad : Radauu 1 fogno +5V ™7 Aegiaiadnrnentmmsef

. 4. . - LT i
Bifinaievmfigemil lalfinsdalinfiqamsiil

gUfi 2 uanemndggaas SRFOS usznisimualunatineny

1. ganslfNuvee SRFOS

3 ]
figedadminldauediua 5 gamugili 2
1. aivl@es (+5v) dwmiuds I@eusAY +5V
= w1 o w
2. 4 Echo Pulse Output (ECHO) dluviednadmiudidyainiadosnain
& gt o dy Pogf as o o s 4 o
SFRO5 damsldanuezihanti ildedhdunesaduwaved luTnsneu Tnsames theasiuaim
] 2 ] r
rhavesdaanaiadidwesnuidfionlannumnoesmniluszesnadnamiic
3. 401 Trigger Pulse Input (TRIGGER) (Huvauwaiudyaraiadiinnunin
sgttes 10 lulasfurfienszdumsaiundudani leiinnud 40kHz sanga1mavIng?
fow @ A d do a4 4 d 4 a 4 4 gd o P
ds dunfudienduaruddenaniindeuii lnsznuddavnfisgdewihfamsas oy
s o oo oy w ek |
aduidndadasy uazgnudaseenmiluanuninvesdaygraiadResdssn linaw Echo
o 1
& w1
Puise Output ueneIndiluInua | fagm wwldvaidugedeastoyoynsudtesudeiins
FaiululnsaouTnsamed

4. 41 MODE dwiuasngluuumishndedu SRFOS
Yaowase 13 (NO) - WenTiAadeuy 2 dyaiwu Augads ECHO Laz
TRIGGER

ADaINTIIA @onlvAaseuuY 1| dyanol #1UAAs TRIGGER

q

5. 41 GND §1msudensma



4 o nmstnulugadnssosma saros

43mim i

)

ABuLtiniAas ECHO frant SRF-05 [=o
. 2.54mm
%‘% 20mmy
= . 25mm 2 DI
— ARUIUMAAY PULSE P *J $ 03$ 3
{Trigger pulse) R B :
K3 ek
{1208US] |y T
= - w e w . : éOOCE! R4, LRd ELQmm
RAULUNIARS IDC AN d viud 85999y ' Lo"a‘”&”gl :
< 8 war : GRa+ :
AWGH#2Z finldiuuTRUasn { sneos adaptor £Gyo pSe |
e 30mm ol

aut E]

| rewdinmed IDc Fuladwiudedulugs SRFOS

] ar [

a & & v oW w ol

MAAIARULUNLAES IDC 2], | 5 FIUUFIRTIEINIARDTATUNSR
oo s acxed s 2 1

ma-ﬂu@a SRF05 “a‘?‘ﬂ'lﬂ"?‘uﬁﬂ?ﬂ"?ﬁlﬂﬂﬂ‘é‘ﬂ"\?ﬁ'\uuﬁq

-

d

-2-2-1-2-]

1O O

ADX-3SRF04 (:>

SRFO5  ADX-SRFp4

suADULEniRas
fwindausde
Q0QCy ° " = o &
EEER < 1886 a0eas AWGH22 1 msapssalldnaad 3 1148
asind  OHOI R 4 =3 P o ” .
m = Baudhfirautinredfifadaisas] wasuesadeudauaziieneas
: A5 (NBIRINATULY)
3 SIGNAL
UL | A 1 +5V ~| |-—- GND
b pp—
UBTRAILIANTEY Fnex @R

Stamp-BOX, RBX-877, REX-51AC2,
A¥-11 was 8CI-BOX

Ul 3 udmsrsaTEasUasn ADX-SRFO4 uazmsifiandadulaga sRFo5

65



msiaufugadosiwsna saros e 5

2. Ua$a ADX-SRF04

e ueauazanundlFudune faniuquusudvesnTim suTunav Bnwes
1ud 3189 (nex : Hudumuimhedudued Devantech Tutlszmelnsesiaudluniams) 3418
Rannueinozuatinessu ADX-SRF04 tite T Tuga SRF04 wio SRFOS 1i@inde (Smnmien
fumeieureluyaves SRF0S) ritelilFenIdazainiy

vuveia ADX-SRF04 1ddamTannsuinmod PCB 3 widad 2 Suenfuszwnadanie
ECHO 19 TRIGGER dmiuifeudafuuaiamunuvusud uasasuiinmes IDC fudlouna
@en 4 ndwiudruamedelssime’ AWGH? iedetuimsderniniesavesn Tamaes
1BILBTA ADX-SRFO4 LazsnsARAite 1R TugUi 3

3. msld s lulnsaeulnsames

3.1 Hansulilsunsuaimn ¢ dmdufindeszviang P89VsIRD?2 Auluga SRFOS
lulnuamsfanauuu 2 Foyana

TumsAisuTdsunsuawn ¢ dwmiululasaeuinsames peovsirD2 e ldamTues
Aﬁ. i a n‘) oy 1 A ad H o
SRF05 Aannasmae a3 wilansulumsfedafieouauasszuana disdiminmaueslu
dy Ju:r
uniife Wandu aistance

1 @ ’ T
HafduihinnlFoumszrzmeiiialdnnluga srFos Sududsmsimualdumesn
E o 1 o a
r1.0 voeluTnsnouTnsames PsOVSIRD2 o ECHO veeluga SRFO5 wazimualiily
weinduna Tnefmualiiasin «17 eFuduiiiey diuy) TRIGGER vo4Tuga SRFOS Astd
o ¢ w 3 oa g g yir:j 2 A4y oo w & ol 9 =
furmesa PL1 dufulsdasdmusliiluedve dieaiudygadiaduanifianunie 5 8
o d E -
10 Ty Tas it eillunszduliTuga SRFOS Gudunssuumsiassesni

Fuiifiluga SrRF0s 18fudyyianiaduindiiv: TRIGGER Tuga SRFO5 asduiiu
msatevuuiadai 40 kiz sengemin vuawiadanudmiodsmiosan Tafinngy
Fasmumathuduase wnssiensznuiagiviegdeani mldvuniaddans Tsiin
azveunduiundidiiuvesluga SRFOS waniumiielssnasaneluluga SRFOS
winseiuas lidyaaerdussenuuiiuaunhotaduinfidudadndaensafussazme
finsresuld

66



67

6 © msiBnulunadassssma SAFS

FyayruiadnTsdu
n11s 10 lulasiund

Rrunwungsay
fan TRIGGER
dnynrudariiteiin
gndenanzn 8 Tufia
ar «f o e :_.___3
donpuriuase il ! d
e weo oa o : I H Aadsua
(Handilain) idsaanain : v'swxemfa 10 Asdiui
i riaudeiadgneialyl
1ngs SRFOS !
[y - w B ar 2 oy b
auniaadasday tandesiaunlsil
fynnuandwades ECHO 100 lulasfiunit | Arundanin 20 BaR%un?
Tia 25 Hadtundl uamritasreTulvuiag

#dsaanunatnliga SRF0S

Uit 4 Tnozunsmausnsdyanandsluds sRFos usedyanafsauiunduinain srFoS

Tunsdifpsauuy 2 duann

Fyanuwadnssdu
neattuian
10 1ulrsiund

Wadaziau (scho) ﬁ'iﬁmanmn‘fuqa SRF0S

o " firrunie 100 luladfiunfifie 25 Bad%ud

Fryeyunszay = \ P P

a winniandt 30 fadiunfided

Wi TRIGGER e
arradulinudng

fygnaaaiiisin
gndenana 8 laifa

o =l
Fmmafuanuiuiofes
-~ » = =
(Aandlaiin} fidwenain
Tuga SRFO5

Uit 5 lnazsunsuauansdyanmiidallds srRFO5 uasdmaafinausundusiain sRFOS

Tunsdlfmrawuy 1 Saeyias (andla MoDE AasdaasnsTis)



68

msliaulugasossemy seros © 7

dAwumaiuanundniadin ECHO widlnuwes 1 lulnua 16 da Hudiunm
k3 2 ] 3!
anunhvesduauiad TasrzSudwin denun Imsulfounlasasinuuuiiu 91n “0”
I o A = = U
Ty 1 nazngamsduilionumanldeuulasassnuuuvias vin 1 Tddy <o

3 r 1
wsnmiuati Idnnmainitlumséae 114 willusdszuailedfsainmiutlag
i ] ¥
YoyasvazniedildnnTuga srros TnwesvodluTnsneuTnsamesflfiuezdudduyn n
o { o = o
WA AT 11.0592 MHz ez Tu Tasasu Insaass PROVSIRD2 iheudlenmuisi 6 dyaa

wiwmae lwha

+5V +5V
0.1/50 ?

31]_40 = 21

1/50v RESET'E s LW DSP1
9 pa.li8 = SiE LCD i6x2

P3.7

.

H ;”
4
55

A b
N

RS
15V D7 D6 D5 D4 D3 D2 D1 DO
T4]13[12]11fi0] 9] 8] 7

Ri
10k 1c1 0. R2
1 PEOVEIRD2 |50y 2 10k X8
PO.7 Fr—
PO.6
PO.SET
P04
P0.3
PO.2
PG.1

PO.C

vy

e
d 2
> o o

+5V
o]

L
Ahhd

£
=~
Abhh

= 4k7 +5v
#MOD1
g ((

PLO ECHO

A )

2 6ND
L] L

oy
C3 C4
S i

11.0592MHz

=

:J ) 1 ar o
Ut 6 wesnmaacindalalasraulusaiaas raovs1RD2 fu sRFO5 Tugainssasms



69

8 o msiBaulugadnssusmy SRR

S Ao */
// Degcription  : Distance detector’ by SFROS dlsplay value on’ LD
/[ Filenmame - . ": VS18RF05.C '--_- _ S i RN __
s fc compller » i+ RIDE BL VS 35._.1]'_;ﬁ: :f_"”;f f': ';f"ﬁcjg":f_;};;‘
e L e e Ty
ﬁ#lnclude <REGLVS1RDZ. h> L ;/[ Header flle reglster ‘for PBSVSZRDzBN
#include “<ledVsl.hs oo/ Library:fox LCD display’ o .
“#include <1ntr1ns h> Lo/ Ineluded library for nop. functlon

bit echd: £ p1® O,-- 2 el /) Definel received pulse ! p;n{SDA}

b1t trlgger Pl 1,_::'j]' *// Deflne trlgger pulse pln(SCL}
.***************** Functlon Trlgger pu}_se for Start procesg **************w***/
ivoid trlgger_pulse(v01d) S : : : . - : :

L

i'un51gned char 1, 3'31,53-' // Variable for: counter .

triggei = L1;% " '~"-l;_~~-// ‘start: p051t1ve pulse

for{i=07; 1<10,1++) soihh/ /) Loop 100 times ' y
Tmep (Y ey Delay 1 microseconnd functlon B
tr1gger_=_0:~ﬂ:'-ﬂ“_ :fﬁ_-// End of p031t1ve pulse"- :

******************** Dlstance readlng functzon ****************************/
n31gned 1nt d;stance{) : : ' R

-Vﬁvarlable'for internal functlon

3 :L, AT
IMOD: &=0x0F; "
TMOD - | =0x10;

TH1 == 0x00;
TFL: = 05 R SN _n:// Clear overflow flag
TR = 0500 ' "-Tﬂrai- [/ start Timeri . - R
trlgger_pulse(}, RS . f/ send trlgger pulse: ”'_ R
while(lecho);: ' . . . // Detect riging pulse. ‘... .
ceEU Ly start dmer count
while (echo); o - - // Detect falling pulse v
TRL = Op; o 00/ Step timer v '
w0 0 el / )/ Cleax overflow. flag
C=UTHLG o 0 0o f/ Keep. highibyte:
me <<= 8; . ' //Shift to high byte
o TRy [/ Reéep low byte: .
delay (10); w0000 0/ Delay: 100 mllllSecond PR, L _
return(mc/lld), g _-g-_;'// Return dlstance value in centlmetre un;t '

************************* Ma1n program *************w************************[
01é maln() : :

un31gned 1nt value old value, S ','_// Var;able fox storlng dlstance'value

led init O F e ST S fInitials LeD

'lcd_puts{OXBG ”SRF 95 Demo LMY /[ Display. message A :

led puts (0xCO, "Dlstance S cm"}--' /[ show distance value on’ screen
'while(l) R A TR :  -:-// Infinite 1oop -

TUsunsufi 1 Wsunsume ¢ dwsunasasnsideululasaaulvsaiaas Peovs1RD2 AU
srFos lagainssasnie (fida)
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msfinulugadossemy saras @ 9

{ R
value = distance(); // Read distance
if (value != cld value) _ o _
// Compare new and previous value fo update display
led_puts{0xCA,” ') /[ Clear previous value
inttoled (0xCA,value) ;- // Update new valie
~ delay(500); // Delay for displaying
- 0ld value = value;’ // Keep previous value for comparison next time
}.
} .
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dild ErdinnaiRenu sz An il idnane

J a ar o1 oF
Tusunsad 1 Tsunsuanun ¢ Swmsunaaasms ige wlnsraulnsaiaad PeovsirD? Au
srros lugadnszasni (au)

dyd = L &
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A < i al o ot : al =
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@ DEVICE PICL6F877,HS 0SC!
DEFINE 0SC 20 T
DEFINE LCD. DREG ~ PORTD . '

Use PIClGF877 and HS Oscxlator
Set LCD Data port :
gtarting Data bit for 4- blt 1nterface

DEFINE LCD_DBIT 4_~_a-g*g{ Set

‘DEFINE' LCD_RSREG PORTC v get LCD Register Select port
DEFINE LCD RSBIT O ' Set!LCD Register Select bit:
DEFINE  LCD:EREG  PORTC - ‘' Set LCD Enable port '
DEFINE 'LCD.EBIT 6 '+ i get LCD Enable bit &~ .
DEFINE LCD BITS -4 gl" '''Set LCD bus size. {4 or 8 b;ts)'
DEFINE LCD LINES 2 Sl Sew number 6f ‘lines on LCD.
DEFINE LCD COMMANDUS 2000 ' Set command delay time in us

DEFINE LCD DATAUS -
TRIGGERVAR PORTC;3 f____;_,.
: . VBR PORTC. 4”_' SR
]tf&&m£=[ Variables )= R L L e
I VAR BYTE ' S SR RI
RESULT VAR WORD
RAW _VAR_WORD___
oM VAR WORD: -
“INCH ... VAR, WORD-
! =z==={ Tnitializatien
CLOW CTRIGEER -0 ;
o =='='='=[ Program Code }mz=='='='-_-,,;...;..._'"__:_.',.,.,'.....,__'___'.,. _' -
MAIN: - G o T
._.'GOSUB GET SONAR coomonias 0ot Take Sonar’ Reading
S =RAW /300 o Ry S Convert to Centlmeter

' LCDOUT $FE'$01:"CM:~'" ; DECCM ,; 9 ¢M" - ' Show on LCD. -
o INCH = €M %/ $03EF t % 3.937 {to 0.1 inches)
o LCDOUT $FE, $CO, "INCH = DEC INCH/10, ", " , DEC1 INCH,"'INCH" t Show on LCD
.- GOTO MAIN-. .
":====.w=.-[ Subroutlnes ]_....._—:;:_‘I__._..—_—.—====;_—.—.—.——.ﬂ:.':.—.——-——o—w-w»-—————-‘-»‘»--v-—.-—-—==£mm=
GET SONAR:. - . . DI : B

RAW = 0 13'-"~*T:- BT EAE TR TSI PIARUP
. FOR I'='1TO 5" Y h Lrs Y TR, ¥

50 i set.

data delay time in us -

t Clear Measufemeﬁt_-
t Take 5 Samples

_ -puLszN ECHO, 1, RESULT"
. RAW =

_ RAW + (RESULT’ / 5).
.. PAUSE 10" -
o NEXT
. RETURN

- PULSOUT TRIGGER, 5., - o i b i

10 w8 Trigger Pulse

' Measure Pulge _
' simple Digital Filter
St Minimum Period Between

uNEmg ms‘@rMmmarmmﬁmﬁumum @::I*ﬂmd’\vgmtﬂzmmimawﬁmm 16 ummwnm\mﬂ‘lm f 3.937
uuﬂuﬂm;ﬁummﬂgquﬁzmnwmmzmnu 03eF Tngr 03 Aadmaaluudmndoe dw EF Reavaammailun

d R’ 1] J L1 -] ar
Tdsunsadt 2 sradrelisunsununudngag PIC16F877 Aild PICBASIC PRO compiler 185U
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= d'l 1 1 ! = 1 t
3.3 Wauldsunsuiiesumainluga SRFOS ldmafianenuy 2 enadoya
¥ i-Stamp @uanuaa] 28X) uaz i-Stamp2P (udnuanuil 2p)
1. ABY1 PO U84 i-Stamp W38 i-Stamp2P ¥uase ECHO

2. ABU1.PO. Y03 -Stamp M5B i-Stamp2P 11 LYARD TRIGGER

1
=

3. Aomedyaraiiuiiu faluresyilii 8

: o ' H v v ! ar o ¥ =
Tlsunsud 3 tiuTdsunsudaodien e wmszaznanda ldan sRFos 1 lilugaan

E
W18 Debug Terminal ¥o4 Ttlsunsudnuaautiofwed Taaluldsunsuiiannsalslady

114 i-Stamp (BS2SX : tU@nueautl 25X), i-Stamp2P (BS2P : wankaauil 2P) uaz BS2 (uin
waawil 2 fusasgnn) TaszuandaelasadviidmualudufivesTusunsy

]: 0.1/50V -
E_"Z_ Ki
d RS-232

1} 2§ 3

T Rx ATN (DB-9F)
) res |2
i-Stamp (BS2SX) i i
i-Stamp2P (BS2P40) RESSET
+5V PO P1 GND i

+5V

. d oy
Tdtingdaimndqaumanit

ﬂ; = 1 ar o
5U# 8 299svRaadfiasa i-Stamp WRS i-Stmp2P NU SRFO5 Tadgmmwgma
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' {$sTAMP BS2a3x}
¢ {4$PBASIC 2.5}

'**********‘k*********‘k'k'k'k*****'k***-k***********************************’******
" BRFO5 Ultra-Sonic’ Ranger demonstratxon code on BASIC Stamp 2,2e,28%, 2p,2§e 2px
* Uging mode I (Mode pin leave no comnnect)

' Conpect Trigger pin to’ transmit,’ Echo' pin fo recezve'
l****'Jt***************'lr*************'k*':\"k******’if*'ir****************************
Trig,] pulse’ PEN; 1 s

Echo . - . PIN. O .

Distanéé' VAR “Word -

LOW Trlg Pulsef"

BO - . _
#IF‘(SSTﬁMP‘: BS28X) OR ($STAMP = BS2P) OR' ($STAME = Bssz} #THEN
PULSOUT_Tringulse,13 ... .t Pulse out 10.8 us .
PULSIN ° Echo,l,Pistance =~ . ' Read pos:.t:.ve pulse 0. Bus per un.:.t

Digtance = Distance */ $0161‘g Mult;ply'by 1. 379 copvert unit as Nllllmeter
DEBUG HOME, DECS DiStance;W'mm " CR : : R

. PAUSE 100. o -
#ELSE' * Cage $Stamp BSZ , BS2E. . BS2EE. RS _
PULSOUT Trig.Pulse,5. .. m":ﬁ_"Pulse out. 10 Ug

PULSIN * Echo, 1, Distance: R

IF Distance < 19000 THEN i e

Distance _—'- Dlstance :*/"- 50373

Millimeter : : o
: DEBUG HOME, DECS Dlstance;" mm'“,ca :

Distance = Dlstance / 29 & D1v1de by 29 convertzu'it ‘as’ Centlmeter

- DEBUG HOME, DECS D;staﬂce,“ cm'" Cr" B SR

" ENDIF . :

_ PAUSE 100._

- HEWDIF:

LOoP. - '

FOY Reaﬁ pos:.tz.ve pulse 2us per un:Lt : '

'4'4_8 convert un_it-_ as

Tusunsadt 3 sradrelusunsuaefiuingss i-Stamp Usy i~Stamp2P FWTunRTIadaUMS
feuras srFos Tupainssuswmeiaendusansiloinlulvuansindauuy 2 sedaana
s unnfmusvmefaidaadenu Tuga SRF0S ninthideiadnszduesen’y
dauga SRFOS mﬂﬁﬁuémﬁwé’f’tgrgmﬁaffnﬁ’m’hmé’f'mf‘i’a& pursn W1 3F s Distance
ymssnamssozmslumioiadumseomndiosids
Distance = Distance */ $0161 nge 1L -Stamp uas i-Stamp2P
wdr RuamseanutiineiA1e Debug Terminal stz msiuasiteuaaszes
masennlumbemudiuas daoide
Distance = Distance / 58 el -Stamp Uaz i-Stamp2P
1 IaneeanuIinIA1e Debug Terminal 1ufy nntumtawaat 100 fadhund

&
Aouunss e wmdnasy



14 e mslnulugadnssesma A0S

3.4 ﬁmu’lﬂism‘mw’%‘aém@hmnimg}a SRF05 limsfiasenuy 1 eadayn
FW5D i-Stamp (uauanuil 25X) uag i-Stamp2P (uanuaauil 2p)

1. 491 PO U84 i-Stamp W30 i-Stamp2P 111U9AAD TRIGGER

2. #9yARD MODE 184 SRF05 8nT1I8

3. semedamaiisuiu dalursesgild o

Tsunsui 4 duTdsunsudreduaiumsseznieiiialdein SRFos i ldmsAanauuy
1 aedyann 1 luandinieng Debug Terminat vosTlsunsuudnuaauiliefines Taelu
Fd 3
Tilsunsuiiaunsald1&Rune i-stamp (BS2SX : tudnueauil 25X), i-Stamp2P (BS2P : 1udn
a y Y B od M (o r o
warmaedl 2P) way BS2 (uFinuaaudl 2 Junasg) Tasvzuendislasnadidmualudiuda

yod lUsunsy

11 2] 3
X Rx ATH

i RES
i-Stamp (BS25X) '_2
i-Stamp2P (BS2P40) 51

: RESET
+5V__ PL GND 1

L CI
hifinnsredauiqamanii

U7 9 2995MAABIFARGR -Stamp LAY i-Stmp2P NU SRFUSTNQai’mﬁzﬂzma‘lmmu 1 anasugna

75



76

msfnulugednssuama SAFOS @ 15

* {$STAMP BS2ex}

.f***************************************************************************
' SRFO5 Ultra-Sonic Ranger demonstratlon code on BASIC Stamp 2, 2e 2sx 2p,2pe 2px

fl Taing. mode 2 (Mode pin tied to GND)

-t Connect Trigger pin both' tradsmit and recexve.j{;y“f-i'*
Hl***************************************************************************

rrig Echo’ PIN 1 fr;
fblstance : VAR Word

 Low Trig Echo .

Do R : R, I
' #Iiv' (§STAMP = B828X) OR" ($S‘E‘AMP = BS2P). OR. ($STAMP = BSZPX) #THEN
PULSOUT Trlg Echo, 13 j ) R pulge out 10.8 us. o
. PULBIN. Trig Echo, 1, Dlstance_'-T* o d ‘Read positive pulse 0, aus per unlt
Dlstance ‘Distante: */ $0161 L Multlply‘by 1 3?9 convert unit ag’ Mllllmeter
- DEBUG HOME DECS Dlstance L mm “,CR L . .
2 PAUSE 100" R i
#ELSE “Case: $Stamp BSZ BSZE e
. PULSOUT. Trig Echo;5: .
~ PULSIN  Trig] Echo 1 Dlstance
CIF Dlstance < 19000 THEN?
Dlstance = Dlstance * 

BSZPE g :
Pulse out 10 us ) :
Read p091t1ve pulsa 2us per unlt

S Multlply by
DEBUG HOME DECS Dlstance,“ mm CR
ELSE .

Dlstance = D;stance / 29 Lom v
: o : / Dzvzde by 39. convert un; _é_fCéhtimetér:*:fuﬁ
DEBUG HOME DECS Dlstance,“ cm " CR :-;131* R R SRR
ENDIF : . : . - N,
PAUSE 109
#ENDIF :
LOOP

unit as Millimeter:

T‘dmnmﬁ 4 masdlUTRASHATEIALUAAYEY -Stamp WS i-Stamp2P 1MSURTIAHAUMS
vieuzas srFO5 laupadnseasmeaaaudanstledinlulvannisiadanuu 1 seduane

9 : ¥y
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The ET232BL is the lead free version of the 2% generation of FTDPs popular USB UART L.C. This device hot only
dds extra functionality to its FT8U232ANM predecessor and reduces exiernal component count, buf also maintains a

gh degree of pin compalibility with the original, making it easy to upgrade or cost reduce existing designs as well as

creasing the poteniial for using the device in new epplication areas.
.5 Features

HARDWARE FEATURES

Single Chip USE e Asynchronous Serial Data VIRTUAL COM PORT (VCP} DRIVERS for
Transfer - Windows 98 and Windows 98 SE

Full Handshaking & Madem Interface Signals - Windows 2000 / ME / Server 2003 / XP
UART VF Supparts 7/ 8 Bit Data, 1/ 2 Stop Biis - Windows XP 64 Bit

and Odd/Even/iiarkiSpace/No Parity - Windows XP Embedded

Data raie 300 => 3M Baud (TTL) - Windows CE 4.2

Data rate 300 => 1M Baud (R5232) - MAC O8-8 and 05-¢

Data rate 300 => 3M Baud (RS5422/R5485) - MAC O8-X

384 Byte Receive Buifer / 128 Byte Transmit Buffer - Linux 2.40 and greater

for high data throughput D2XX (USE Direct Drivers + DLL 8AN Interface)
Adjustable RX buffer timeout - Viindows 98 and Windows 88 SE

Fuily Assisted Hardware or X-On / X-Of - Windows 2000 / ME / Server 2003 /1 XP
Handshaking - Windows XP 64 Bit

in-built suppert for event characters and line break - Windows XP Embedded

condition - Windows CE 4.2

Auto Transmit Buffer control for RS485 - Linux 2.40 and greater

Support for USE Suspend / Resume through APPLICATION AREAS

SLEER# and RI# pins - USB «»RS232 Converters

Support for high power USE Bus powered devices - USE ¢ RE422 / RS485 Converters
through PWREN# pin - Upgrading R8232 Legacy Peripherals to USB
Integrated level converler on UART and conirol - Cellular and Cordless Phone USB data transfer
signals for interfacing to 5V and 3.3V logic cables and interfaces

integrated 3.3V regulator for USB 1O - Interfacing MCU based designs to USB
Integrated Power-On-Reset circuit - USE Audio and Low Bandwidth Video data transfer
Integrated 8MHz — 48Mhz clock muitiplier PLL - PDA & USB data transfer

USE Bulk or Isochronous data transfer modes - USE Smart Card Readers

4,35V to 5,25V single supply operation - Set Top Box (S.T.B.} PC - USB interface
UMCH / QHCH/ EHCI host controlier compatibie . USE Hardware Modems

USB 1.1 and USBE 2.0 compatible - USE Wireless Modems

USB VID, PID, Serial Number and Product - USB instrumentation

Description strings in external EEPROM - USE Bar Code Readers

EEPROM programmable on-board via USB
Compact Lead free RoHS compliant 32-LD LGFP
package.

DS23281. Version 1.5
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20 Enbhancements

—

f}_"hr‘s section summatises the enhancemenis of the 2 generalion device compared fo its FTBU232AM predecessor.
For further details, consult the device pin-out description and funciional descriptions.

Integrated Power-On-Reset (POR] Circuit

The device now incorporates an internal POR
function. The existing RESET# pin is maintained
in order to allow externat logic to reset the device
where required, however for many applications
this pin can now simply be hard wired o VCC. In
addition, a new reset output pin (RSTOUTH) is
provided in order to allow the new POR circuit o
provide a stable reset {o external MCU and other
devices. RSTOUT# was the TEST pin on the
previous generation of devices.

Integrated RCCLK Circuit

In the previous devices, an external RC circuit

was reguired to ensure that the oscillator and

clock multiplier PLL frequency was stable prior

to enabling the dock internal to the device. This
circuit is now embedded on-chip — the pin assigned
to this function is now designated as the TEST pin
and should be tied to GND for normal operation.

Integrated Level Converter on UART interface
and conirol signals

The previous devices would drive the UART and
control signals at 5V CMOS logic ievels, The
new device has a separate VCC-IQ pin allowing
the device to direcify interface to 3.3V and other
logic famifies withaut the need for external level
converter .C.’s

improved Power Management control for USE
Bus Powered, high current devices

The previous devices had a2 USBEN pin, which
became active when the device was enumerated
by UBB. To provide power cantrol, this signal had
{o be externally gated with SLEEP# and RESETH.

o

This gating is now done on-chip - USBEN has
now been replaced with the new PWREN# signal
which can be used to directly drive & transistor or
P-Channel MOSFET in applications where power
switching of external circuitry is reguired. A new
EEPROM based option makes the device pull
gently down its UART interface lines when the
power is shut off (PWREN# is High). In this mode,
any residual voliage on external circuitry is bled to
GND when power is removed thus ensuring that
exiernal circuiiry controlled by PWREN# resels
refiably when power is restored.

Lower Suspend Current

integration of RCCLK within the device and internal
design improvements reduce the suspend current
of the FT232BL. to under 20004 (excluding the 1.5k

putbup on USBDP) in USB suspend mode. This

gllows greater margin for peripherals to mest the
USB Suspend current limit of 500uA.

Support for USE isochronous Transfers

Whilst USB Bulk transfer is usually the best

choice for data transfer, the scheduling time of the
data is not gusranteed, For applications where
scheduling latency takes priority over data integrity
such as fransferring audio and low bandwidth
video data, the new device now offers an option of
USHE Isochronous transfer via an option bit in the
EEPROM.

DS2328L Versiori 15 © Future Tochrology Devices Il Ltd. 2005 Page 2 o125



Programmable Receive Buffer Timeout

In the previous device, the receive buffer timeout
used to flush remaining data from the receive
buffer was fixed at 16ms timeout. This timeout is
now programimable over USB in 1ms increments
from 1ms o 255ms, thus allowing the device to
be better optimised for protocols requiring faster
response imes from short data packets,

THDEN Timing fix

TXDEN timing has now been fixed to remave the
external delay that was previously required for
RS485 applications at high baud rates. TADEN
now works correctly during a transmit send-break
condition.

Relaxed VCC Decoupling

The 2™ generation devices now incorporate a fevel
of on-chip VCC decoupling. Though this does

not eliminate the need for external decoupling
capacitors, it significantly improves the ease of
PCE design requirements to meet FCC, CE and
other EMI related specifications.

improved PreScaler Granularity

The previous version of the Prescaler supported
division by {(n + 0), (n + 0.125), {n + 0.25) and

{n + 0.5) where n is an integer between 2 and
16,384 (2. To this we have added (n + 0.375),
(n + 0.625), (n+ 0.75) and {(n+ 0.875) which can
be used fo improve the accuracy of some baud
rates and generate new baud rates which were
previously impossible (especially with higher baud
rates).

Bit Bang bMode

The 2™ generation device has a new oplion
referred to as "Bit Bang” mode. In Bit Bang mode,
ihe eight UART interface controt lines can be
switched between UART interface mode and an
8-bit Paratlel 10 port. Data packets can be sent

5232BL Version 1.8

to the device and they will be sequentially sent fo
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the interface at a rate controlled by the prescaler
setting. As well as allowing the device to be used
stand-afone as a general purpose 10 controller for
example controiling lights, relays and switches,
some other interesting possibilities exist. For
instance, it may be possible {o connect the device
to an SRAM configurable FPGA as supplied by
vendors such as Altera and Xilinx. The FPGA
device would normally be un-configured (i.e. have
no defined function) at power-up, Application
sofiware on the PC could use Bit Bang Mode to
download configuration data to the FPGA which
would define its hardware function, then after

the FPGA device is configured the FT232BL can
switch back into UART interface mode to allow
the programmed FPGA device te communicate
with the PC over USE. This approach aliows a
custorner to create a "generic” USE peripheral
whao's hardware funciion can be defined under
controt of the application sofiware. The FPGA
based hardware can be easily upgraded or

totally changed simply by changing the FPGA
configuration data file. Application notes, software
and development modules for this application area
will be available from FTDI and other 3" parties.

PreScaler Divide By 1 Fix

The previous device had a problem whien the
jnteger part of the divisor was set to 1. In the 20
generation device selling the prescaler value to 1
gives a baud rate of 2 million baud and setling it
{0 zero gives a baud rate of 3 million baud. Mon-
integer division is not supported with divisor values
of Dand 1,




L.ess External Support Componenis

As well as eliminating the RCCLK RC network, and
for maost applications the need for an external reset
circ;uit, we have also eliminated the requirement for
a 100thull~up on EECS to select 6MMz operation.
When the FT232BL is being used without the
configuration EEPROM, EECS, EESK and EEDATA
can now be leit nfc, For circuits requiring a long
reset time (where the device is reset externally
using a reset generator LC., or reset is controlled

by the {0 port of 2 MCU, FPGA or ASIC device) an
external transistor circuit is no longer required as the
1.5k pull-up resistor on USBDP can be wired to the
RSTOUTH# pin instead of to 3.3V. Note : RSTOUT#
drives out at 3.3V level, not at 5V VCC level. Thisis
the preferred configuration for new designs.

Extended EEPROM Support
The previous generation of devices only supported
- EEPROM of type 93C45 (64 x 16 bif). The new
devices will also work with EEPROM type 93C56
(128 « 16 bit) and 930685 (256 % 16 bit). The extra
space is not used by the device, howeveritis
" available for use by other external MCU / logic whilst
the FT232BL is being held in reset.

USE 2.0 {full spead option)

A new EEPROM based option zllows the FT232BL
io return a USE 2.0 device descriptor as opposed to
USB 1.1. Note : The device would be a USB 2.0 Fuli
Speed device (12Mbfs) as opposed to a USB 2.0
High Speed device (480Mb/s).

DS232BL Version 1.8
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Multiple Device Support without EEPROM

When no EEPROM {or a blank or invalid
EEPROM) is attached to the device, the FT232BL
no longer gives a serial number as part of its

USB descripter. This allows muliiple devices to

be simultaneously connected to the same PC.
However, we still highly recommend that EEPROM
is used, as without serial humbers a device can
only be identified by which hub port in the USBE
free it is connected to which can change if the end
user re-plugs the device into z differant port.




Block Disgram {(Simplified)

- FT232BL USB UART ( USE - Serial) L
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VCo ........_..........._% PWRCTL —— s S| EEP# - Baud Rate
B PWRENH 4BMHz Generator
- 33 Vol
vaouT -LBD o Beeal Port TX
2 Buffer ¥
Ragulater 128 bytes
bomreefie TXD
¢ Egpnnm RH DY
e RTSH
L4 v o CTS¥
—- OTR#
o Lt DSR#
B : : P B g ; g—0 DCDY
- SE"EE';;,-‘;:“" use UART UART  le— Ri
o} Protacol Engine FIFO Controller
- {SIE) - - »
<} lsnlm. THOEN
A B
———8 TXLED#
b [ EOHE
. fual Port RX
UsE pPLL . si“g;'gs o
<% - 3V30UT _ > EECS
EEPROM
. " Interface g EESK
’ P 4804HZ
. . o fa—pe EEDATA
SMHZ .} x8Clock )
Oscillator | 7] Multiplier ks EESET :
. L i S— RESET# =t i P RSTOUTH
: TaiHz GENERATOR

V¥

Funclional Block Descriptions

3.3V LDO Regulator
The 3.3V LDO Regulator generates the 3.3 volt
reference voltage for driving the USB transceiver
cell output buffers. It requires an external e
decoupling capacitor io be attached to the 3V30UT
reguiator autbut pin. It also provides 3.3V power to
the RSTOUTH pin, The main function of this block
is to power the USB Transceiver and the Reset
Generator Cells rather than to power exiernal logic. o
However, external circuitry requiring 3.3V nominal
at a current of not greater than 5mA could also
draw its power from the 3V30UT pin if required.

USE Transcelver
The USE Transceiver Cell provides the USB 1.1/
USB 2.0 full-speed physical interface to the USB
cable. The output drivers provide 3.3 volt level slew
rate control signalling, whilst a differential receiver

and two single ended receivers provide USH data
in, BEQ and USHB Reset condition detection,

USE DPLL
The USE DPLL cell locks on ta the incoming NRZI
USBE data and provides separate recovered clock
and data signals to the SIE block.

Ghiktz Oscillator
The 6MHz Oscillator cell generates a BMHz
reference clock input to the x8 Clock multiplier from
an externat 6MHz erystal or ceramic resanator,



x8 Clock Multiplier
The x8 Clock Multiplier takes the 6MHMz input
from the Oscillator cell and generates a 12MHz
reference clock for the SIE, USB Protocol Engine
and UART FIFO conirolier blocks. It also generates
a 48MHz reference clock for the USE DPPL and
the Baud Rate Generator blocks.

Serial Interface Engine (SIE)
The Serial Interface Engine (SIE) block performs
the Parallel to Serial and Serial to Paralle
conversion of the USB data. In accordance o the
USB 2.0 specification, it performs bit stuffing / un-
stuffing and CRC5 / CRC16 generation / checking
on the USB data stream.

VSR Protocol Engine
The USB Protocol Engine manages the data
stream from the device USB conirol endpoint. K
handles the low level USB protocol (Chapter 9)
requests generated by the USB host controller
and the commands for controlling the functional
parameters of the UART.

Dual Port TX Buffer (128 bytes)
Data from the USB data out endpoint is stored
in the Dual Port TX buffer and removed from the
buffer to the UART iransmit register under cantrol
of the UART FIFQ confroler,

Dual Port RX Buffer {384 bytes)
Data from the UART receive register is stored in
the Dual Part RX buffer prior to being removed by
the SIE on a USB request for data from the device
data in endpoint.

VART FIFO Controller
The UART FIFO controller handles the transfer of
data between the Dual Port RX and TX buffers and
the UART transmit and receive registers.

UVART
The UART performs asynchronous 7 /7 8 bit
Parallel io Serial and Serial to Parallel conversion

DS232BL Version 18
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interface. Contro! signals supported by the UART
include RTS, CTS, DSR , DTR, DCD and RI.

The UART provides a fransmitter enable control
signal (TADEN) to assist with interfacing to
RE485 transceivers. The UART supports RTS/
CTS, DSR/DTR and X-On/X-Off handshaking
aptions, Handshaking, where required, is handied
in hardware to ensure fast rasponse times. The
UART also supports the RS232 BREAK setiing
and detection conditions.

Baud Rate Generalor
The Baud Rate Generator provides a 18 clock
input to the UART from the 48MHz reference clock
and consists of a 14 bit prescaler and 3 register
hits which provide fine tuning of the baud rate
(used to divide by a number plus a fraclion). This
determines the Baud Rate of the UART which is
programmable from 183 baud o 3 million baud.

RESET Generator
The Reset Generator Cell provides a reliable
power-on reset io the device internal circuitry
on power up. An additional RESET# input and
RSTOUT# gutput are provided to allow other
devices to reset the FT232BL or the FT232BL
o reset other devices respectively. During reset,
RETOUT# is driven low, otherwise it drives out
at the 3,3V provided by the onboard reguiator.
RETOUT# can be used to conirof the 1.5k
pull-up on USBDP directly where delayed USE
enumeration is required. It can also be used io
resat other devices. RSTOUTH# will stay high-
impedance for approximately 8ms after VCC
has risen above 3.5V AND the device oscillator is
running AND RESET# is high. RESET# should
he tied to VCC unless it is a requirement o reset
the device from external logic or an external reset
generator Le.




EEPROM Interface

8 Device Pin-Out

Though the FT232BL will work without the optional
EEPROM, an exiemal 93C46 (83058 or 93CE6)
EEPROM can be used to customise the USB VID,
PID, Serial Number, Praduct Description Strings
and Power Descriptor value of the FT232BL for
OEM applications. Other parameters controlied
by the EEPROM include Remote Wake Up,
Isochranous Transfer Mode, Soft Pull Down on
Power-Off and USB 2.0 descriptor modes.

The EEPROM should be a 16 bit wide
configuration such as a MicroChip 23L.C46B or

84

equivalent capable of a 10Mb/s clock rate at VCC =
4.35V t0 5.25V. The EEPROM is programmabile-
on board over USB using a utility available from
FTDi's web site (hito/Asvi fidichin com). This

aliows a blank part to be soldered onto the PCB
and programmed as part of the manufacturing and
test process.

if no EEPROM is connected (or the EEPROM is
blank), the FT232BL will use its builli-in default VID,
PID Product Description and Power Descriptor
Value. In this case, the device will not have a serigl
nurnber as part of the USB descriotor.

LT3 TEST
T Avec

I T—1 AGND

1] XTOUT
T3 XTiN

N,

O @ |27 EEcs

-

24 [0 s
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4.1 __Signal Descriptions

2hle 1 - FT232BL. - PINOUT DESCRIPTION

ART INTERFACE GROUP

Transmit Asynchronous Data Output

RXD IN Receive Asynchronous Data Input

RTS# ouT Request To Send Control Output / Handshake signal

CTS# IN Clear To Send Control input / Handshake signal

DTR# ouT Data Terminal Ready Control Qutput / Handshake signal

DSR# IN Data Set Ready Control Input / Handshake signal

DCB# N Bata Carrier Detect Control Input

RI# IN Ring Indicator Control input. When the Remote Wakeup option is enabled in the
EEPROM, taking Ri# jow can be used to resume the PC USB Host controller
from suspend.

TXDEN ouT Enable Transmit Data for RS485

5B INTERFACE GROUP

USE Data Signal Plus ( Reguires 1.5k pull-up to 3V30UT or RSTOUT#)
18 USBDM 1O USB Data Signal Minus

EPROM INTERFACE GROUP

EECS Ho EEPROM — Chip Select. For 48MHz operation pull EECS to GND using a 10K
resistor. For BMHz operation no resistor is required, Tri-State during device reset.
*ote 1

EESK ouT Clock signal to EEPROM. Tri-State during device reset, else drives out. Adding

a 10K pull down resister onto EESK will cause the FT232BL {o use USE Product
1D 6004 {hex) instead of 6001 (hex). Al of the other USB device descriptors are
unchanged.*Neote 1

EEDATA o EEPROM - Data /0 Connect direcily to Data-in of the EEPROM and to Data-
Out of the EEPROM via a 2.2K resistor. Also, pull Data-Out of the EEPROM
to VCC via a 10K resistor for correct operation. Tri-State during device reset.
“*Note 1

e Technogy Devies L0 2005 Page 3 0125
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-« Serial) LC.

/POWER CONTROL GROUP

Goes Low during USB Suspend Mode. Typically used to power-down an external
TTL to RB232 level converter i.c. in USB <=> RS232 converter designs.

PWREN# ouT Goes Low after the device is configured via USB, then high during USB suspend.
Can be used to confrol power to external logic using a P-Channel Logic Level
MOSFET switch, Enable the Interface Pull-Down Option in EEPROM when using
the PWREN# pin in this way.

PWRCTL IN Bus Powered — Tie Low / Self Powered - Tie High (to VCCIO)

ISCELLANEOUS SIGNAL GROUP

RESET#

Can be used by an external device o reset the FT232BL. If not required, tie to
VCC.

RSTOUT# |OUT CQutput of the internal Reset Generator. Stays high impedance for ~ Sms after
VCC > 3.8V and the infemal clock starts up, then clamps its output to the 3.3v
output of the internal regulator. Taking RESET# low will also force RSTOUT# to

drive low. RSTOUT# is NOT affected by a USB Bus Reset.
TXLED# o.C. LED Drive - Pulses L.ow when Transmitting Data via USB
RXLED# Q.C. LED Drive - Pulses Low when Receiving Data via USB
XTIN N input to BMHz Crystal Oscillator Cell. This pin can alse be driven by an externat

8MHz clock if required. Note ; Switching threshold of this pin is VCC/2, soif
driving from an external source, the source must be driving at 5V CMOS level or
a.c. coupled to centre around VCC/2.

XTOUT our Cutput from 6MHz Crystal Oscillator Cell. XTOUT stops oscillating during USB
suspend, so take care if using this signal to clock external logic,
TEST [N Puts device in 1.C. test mode — must be tied to GND for normal operation,

OWER AND GND GROUP

3V3OUT 3.3 volt Qutput from the integrated [.D.O. regulator This pin should be decoupled
to GND using a 33nF ceramic capacitor in clase proximity to the device pin. its
prime purpose is to provide the internal 3.3V supply to the USB transceiver cell
and the RSTOUTH# pin. A small amount of current (<= 5mA) can be drawn from
this pin to power external 3.3v |ogic if required,

326 [vce PWR +4,35 volt to +5.25 volt VCC to the device core, LDO and non-UART interface
pins.
13 VCCIO PWR +3,0 volt to +5.25 voit VCC tfo the UART interface pins 10..12, 14..16 and 18..25,

When interfacing with 3.3V external logic in a bus powered design connect
VCCIO to a 3.3V supply generated from the USB bus. When interfacing with
3.3V external logic in 2 self powered design connect VCCIO to the 3.3V supply
of the extarnal logic. Otherwise connect to VCC to drive out at 5V CMOS level.

GND PWR Device - Ground Supply Pins
AVCC PWR Device - Analog Power Supply for the intemal x8 clock multiplier
AGND PWR Device - Analog Ground Supply for the internal x8 clock miultiplier
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5.0 B Package Cutline

P T 0.37 41 0,07
i ° 4/ 1° e - -1 [
B \ pWNe
m
a \ \ 0.09 Mift 0.09 Min
24 [+ m—— 0.2 Max, .16 Max
<& e \ —r A
' F .__.._.....£ 8.25 .35 +- 0.05
0.05Min| i
0.15 Max] Max 22 Min | ay
0.8 H-

ha FT232BL. is supplied in a 32 pin lead free LOFP package This package has a Tmm x 7mim body { 8mm X 8mm

' :cluding leads ) with leads on a 0.8mm pitch. The above drawing shows the LQFP-32 package — ali dimensions are
millimetres. Note that there are two date code formats used - X00YY = Date Code where X0 = 2 digit year number,
= 2 digit week number; or XYY-1 where X = 1 digit year. number, YY = 2 digif week number.

he FT2328L is fully compliant with the European Union RoHS directive.
n alternative 5mm x Smm leadless QFN32 package is also available for projects where package area is critical. Part

umeber for this version is FT232BQ. The FT232BQ is also a lead free packags. See their seperate datasheets for
ackage dimensions,

8 ©Future Technology Devices ntl Ltd. 2005
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6.0 Absolute Maximum Ratings

These are the absolute maximum ratings for the FT232BL. device in accordance with the Absolute Maximum Rating Sysiem
60134). Exceeding these may cause permanent damage o the device.

‘Storage Temperature —65°C to + 150°C Degrees C
Floor Life (Out of Bag) at Factory Ambient 192 Hours (Level 3 Compliant)

(30°C/60% Relative Humidity) **Mote 2

fﬁr_nbient Temperature (Power Applied) 0°C to + 70°C Degrees C
iM:T.B.F. {at 35°C) 247484 Hours = 28 Years

|VCC Supply Voltage -0.5to +6.00 Y
D.C. input Voltage - USBDP and USBDM -0.5t0 +3.8 v
‘D.C. Input Voltage - High Impedance Bidirectionals -0.5 to +{Vece +0.5) v
D.C. Input Voltage - All other inputs -0.5 o +{Vcc +0.5) vV

DC Output Current — Outpuis 24 mA
IDC Qutput Current — Low Impedance Bidirectionals 24 mA
‘Power Dissipation (VCC = 5.25V) 500 mW
Electrostatic Discharge Voltage (Human Body Model) (I < 1uA) +/- 3000 v
‘Lateh Up Current (Vi = +/- 10V maximum, for 10 ms) +/-200 mA

ote 2 — If devices are siored outf of the packaging bayond this iime limit the devices should be baked before use.
he devices should be ramped up fo a temperature of 116°C and baked for 8 fo 10 hours.

VCC Operating Supply Voltage

VCCIO Operating Supply Valtage 3.0 - 5.25 V'

Operating Supply Current - 25 - mA Normal Operation
Operating Supply Current - 180 200 uA USB Suspend *Neote 3

Qutput Voltage High | source = 2mA
Output Voltage Low 0.3 0.4 0.6 v ] sink = 2mA
Input Switehing Threshold 1.3 1.6 1.9 Vv **Mote 4

Input Switching Hysteresis 50 85 80 my
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OQutput Vaoltage High ! source = tmA
Quiput Voltage Low 0.3 0.4 0.5 v 15ink =2 mA
Input Switching Threshold 1.0 1.2 15 \Y **MNaote 4

Input Switching Hysteresis

Quiput Voltage High
Output Voltage Low 0.1 - 1.0 V  |Fosc=6MHz
Input Switching Threshold

Output Voitage High I source = ZmA
Qutput Voltage Low 0.3 0.4 0.6 Y | sink = 2 mA
Input Switching Threshold 1.3 1.8 1.9 \ *Hote 5

Input Switching Hysteresis 50 55 &0 mv

STOUT Pin Characteristics

Qutput Voltage High ! source = ZmA
Output Voltage Low 0.3 - 0.6 v I sink = 2mA

SB {0 Pin Characteristics

Ri = 1.5K to 3V30ut { D+)
Rl=15Kto GND (D-)

IO Pins Static Output ( Low ) 0 0.3 V | RI=1.5K to 3¥30ut (D+)
RI = 15K to GND { D-)

1O Pins Static Output { High)

Single Ended Rx Threshald 0.8 20 v
Differential Commaon Mode 0.8 2.5 v
Differential Input Sensitivity 0.2 v
Driver Output Impedance 29 44 Ohm | *Note 5

; EP}!@%@ § — Driver Ouiput Impedance includas the external 27R series resistors on USBDP and USBDM pins.
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P
o

Device Configuration Examples
Qscillator Configurations

1

Pt
i

|

Figure 4 Figure 5
2-Bin Ceramic Resonator Crystal or 2-Pin Ceramic Resonator

Configuration Configuration

FT232BL 27pF _ _F.T232E3L
XTIN E-_-@—“i XTIN

2 - Pin Resonator st
or Crystal

27pF

XTOUT - 'H—&' - XTOUT-"

ure 4 illustrates how to use the FT232BL with a2 3-Pin Ceramic Resonator. A suitable part would be a ceramic
resonator from Murata’s CERALOCK range. (Murata Part Mumber CSTCRSEMO0G15), or equivalent. 3-Pin ceramic
onators have the load capaciiors built into the resonator so no external loading capacitors are required. This

kes for an economical configuration. The accuracy of this Murata ceramic resonator is +/- 0.1% and it is specifically
designad for USB full speed applications. A 1 MegaOhm loading resistor across XTIN and XTOUT is recommended in
der to guarantee this level of accuracy.

Q’gher ceramic resonators with a lesser degree of accuracy (typically +/- 0.5%) are technically out-with the USE
snecification, but it has been calculated that using such a device will work satisfactorily in practice with a FT232BL

gure 5 illustrates how to use the FT232BL with a 6MHz Crystal or 2-Pin Ceramic Resonator, In this case, these
vices do not have in-built loading capaciiors so these have o be added between XTIN, XTOUT and GND as

own. A value of 27pF is shown as the capacitor in the example - this will be good for many crysials and some
sanators but do select the value based on the manufaciurers recommendations wherever possible. If using a crystal,
e a parallel cut type. If using & resonator, see the previous note on frequency accuracy.
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?Egum 8

EEPRORM Configuration
FT2328BL
32
EECS
1
EESK
2 3 EEDATA
vce
EEPROM - 83C46 | 56/ 66 i
a8
cs VEC |
7
K- NG
5
DIN NG
. 5
pouT GND 77
vee

fhere are two varieties of these EEPROM's on the ma

Figure 6 illusirates how to connect the FT232BL. to the 83C46
{93058 or 93C66) EEPROM. EECS (pin 32) is directly
connected to the chip select (CS) pin of the EEPROM. EESK
(pin 1) is direclly connected {o the clock (8K) pin of the
EERPROM. EEDATA (pin 2) is directly connecied to the Data
In {Din} pin of the EEPROM. There is a potential condition
whereby both the Data Output {Dout) of the EEPROM can
drive out st the same time as the EEDATA pin of the FT232BL..
To prevent potential data clash in this situation, the Dout of the
EEPROM is connecizd to EEDATA of the FT232BL via a 2.2K
resisior.
Following a power-on reset or 2 USE reset, the FT2328L will
scan the EEPROM fo find out (2) if an EEPROM is attached
to the Device and (b) if the data in the device is valid. If both
of these are the case, then the FT2328L will use the data in
the EEPROM, otherwise it will use its buil-in default values,
Vvhen a valid command is issued to the EEPROM from the
FT232BL, the EEPROM will acknowledge the command by
pulling its Dout pin low. In order to check for this condition,
it is necessary to pull Dout high using a 10K resistor. If the
command acknowledge doesn't happen then EEDATA il be
pulled high by the 10K resistor during this part of the oycle
and the device will detect an invalid command or no EEPROM
present.

ket — one is configured as being 16 bits wide, the other is

k:'g_z'nﬁgured as being 8 bits wide. These are available from many sources such as Microchip, SThMicro, 1SS] ete. The

capable of this.
?heck the manufacturers data sheet to find out how to
these as no-connect, others use them for selecting 8/

FT232BL requires EEPROM's with a 16-bit wide configuration such as the Microchip 93LC46B device. The EEPROM
st be capable of reading data at a 1hb clock rate at a supply voltage of 4.35V {o 5.25Y. Most avaitable parts are

connect pins 6 and 7 of the EEPROM. Some devices specify
16 bit mode or for test funclions. Some other paris have their

pinout rotated by 90°so please select the required part and its options carefully.
ltis possible to “share” the EEPROM between the FT232BL and another extemal device such as an MCU. However,

this can only be done when the FT232BL is in its reset

condition as it tri-states iis EEPROM interface at that time. A

typlcat configuration would use four bit's of an MCU IO Port. One bit would be used to hold the FT232BL reset (using

RESET#) on power-up, the other three would connect

to the EECS, EESK and EEDATA pins of the FT232BL in

order to read / write data to the EEPROM at this time. Once the MCU has read / written the EEPROM, it would take
RESET# high ta allow the FT232BL to configure itself and enumerate over USB.

DS2328L Version 1.6
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:igure 7
JSB Bus Powered Configuration

Ferrite Bead ATOR
usg g e VCC
Connector | S———

1
2
3 vV Vv
4 7R c ¢
c ¢
8
10nF 3v30UT
33nF !
8
7
5

O-00<
OO <>
e
-
=
=

USE DM
sk P FT232BL
1k5
RSTOUTE:
veo
vee . RESET# | A
14 s 6. e
! | POWERCTL Moo N N
9 {17 {ze

0. 1ufF 9.4uF ‘ 10uF

Decoupling Capacitors

:_igure 7 ilustrates a typical USE bus powered configuration. A USB Bus Powered device gets its power from the USB
us Basic rules for USB Bus power devices are as follows —

On plug-in, the device must draw no more than 100mA

). On USB Suspen the device must draw no more than 500uA.

. A Bus Powered High Power Device (one that draws more than 100mA) should use the PWREN# pin to keep the
current below 100mA on plug-in and 500uA on USE suspend.

A device that consumas more than 100mA can not be plugged into a USE Bus Powered Hub

). No device can draw mare that 500mA from the USB Bus.

WRCTL (pin 14).is pulled low to tell the device to use a USE Bus Power descriptor. The power descriptor in the
EPROM shauld be programmed to match the current draw of the device,

":Ferrite Bead is connected in series with USB power to prevent noise from the device and associated circuitry (EMI)
eing radiated down the USB cable to the Host. The value of the Ferrite Bead depends on the total current required by
?}_e circuit — a suitable range of Ferrite Beads is available from Steward (www, steward com) for example Steward Part
: M10895K400R-00 also available as DigiKey Part # 240-1035-1.

~ Page 15025
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Figure 8
USB Self Powered Configuration FTZ3ZBL USB UART( USB Senal) ! C

4T0R

USE "B"
Conhector

27R

1
: [ — 0.1uF
2 VvV v A
4 2R cC c ¢ v
cC t ¢ ¢
8 i c
VIOUT g
33nF 1
4k7 g ]
8
- USE DM
‘ 7 FT232BL
. ' USB P
10k
1k5
v .
RSTOUT#
4
Voo RESET# A
vccT i e G o
POWERCTL N N N
+ i o b D
—_ ==
6.1uF 0.1uF 40uF 8 17 128

Decoupling Capacitors

Figure 8 illustrates a typical LUSE self powered configuration. A USE Self Powered device gets iis power from its own
ZF’OWER SUPPLY and does not draw current from the USE bus. The basic rules for USE Self power devices are as

) A Self-Powered device should not force current down the USE bus when the USBE Host or Hub Centroller is
powered down.

b) A Self Powered Device can take as much current as it likes during normal operation and USE suspend as ithas its

. own POWER SUPPLY.

) A Self Powered Device can be used with any USB Host and both Bus and Seff Powered USB Hubs

PWRCTL {pin 14) is pulled high to tell the device 1o use & USE Bus Power descriptor. The power descriptor in the

:{_EEPROM should be programmed to a value of zero. The USB power descripior option in the EEPROM should be

{b'rogrammed to a value of zero (self powered).

o meet requirement a) the 1.5K pull-up resistor on USBOP is connected to RSTOUT# as per the bus-power gircuit.

‘However the USB Bus Power is used to control the RESET# Pin of the FT232BL device. When the USB Host or

b is pawered up RSTOUTH will pull the 1.5K resistor cn USBDP to 3.3V, thus identifying the device as a full speed

“device to USB. When the USE Host or Hub power is off, RESET# will go low and the device will be held in reset. As

fRESET# is low, RSTOUTH will also be low, so no current will be forced down USBDP via the 1.5K pull-up resistor

iWhen the host or hub is powered down. Failure to do this may cause some USB host or hub controliers to power up

‘enatically.

E{Note When the FT232BL s in reset, the UART interface pins zll go #i-state. These pins have internal 200K pufi-up

Tesistors to WCCIO, so they will geni!y pull high urless driven by some external logic.

DSZSZBL Versmn 1 8 1 © Future, Technoi’ogy Devices hntt. Ltd 2065 Page 16 of 25




94

74 UART interiace Lonfiguration

}?igm@ 8

USB <=> R8232 Converter Configuration
FT232BL vee
PWREN# {1 SP213EHCA
steepy $10 23] supng EN DB3-M
o 22 7! Tiin Tiout |2 LI P
axp |24 22} paout Réln |23 2. pxo’
RTSHE |22 o201 13n Taout }—1 1. ris:
crss |22 81 ridut Riln |2 B ers
oTRY |2 51 Tom T20ut |3 4 BTR
psri +-22 51 R20ut Raln 2 §_ . psw
peps |2 281 R3out Ran {22 1 nen
Rig |12 —121" Reout (T W L 8 oRE
TXoEN S 2L Taaut 2B 5 UGN
[_—--Lz St g |18 J_
0.1uF ——1 DAuF
T ] bt |
17 13
0.9uF o v 8.1uF
N c
0 ¢
VG

10 b

b

0.1uF v

igure O illustrates how to connect the UART interface of the FT232BL to a TTL — RS232 Level Converter |.C. to make
USB <=> RS232 converter using the popular "213” series of TTL to RS232 level converlers. These devices have
transmitters and 5 receivers in a 28 LD SSOP package and feature an in-built voltage converter to convert the v
ominal) VCC to the +/~ 9 volts required by RS232. An important feature of these devices is the SHDN# pin which
n nower down the device to a low quiescent current during USE suspend muode

The device used in the example is a Sipex SP213EHCA which is capable of RS232 communication at up to 500K
aud. If a lower baud rate is acceptable, then several pin compatible alternatives are available such as Sipex
P213ECA , Maxim MAX213CAl and Analog Devices ADM213E which are good for communication at up to 115,200
aud. If & higher baud rate is desired, use a Maxim MAX3245CAl part which is capable of R8232 communication at
ates of up to 1M baud. The MAX3245 is not pin compatible with the 213 series devices, also its SHDN pin is active
_High so connect this to PWREN# instead of SLEEF#.
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Figure 10
USB <=> R8422 Converter Configuration

FT232BL "T"‘ vee
14 SP4g1

pwrEN# |12
o 10
SLEEP# |2 P
Txp |25 »
120R
Rxp -2 12
. Rrs# |23
e 1 22 VCC
.. CTS# - |14 SP491
B . - . 4
pTRé 21
10
o 5
psry |22 9
1, ,
peo# (22 A i
o 2 120R
R | O
: - s| 7
TXDEN |18 JJ ‘L

igure 10 Hustrates how to connact the UART interface of the FT232BL to 2 TTL — R8422 Level Converter |.C. to
;;_{tj::_ake a USB <=> R8422 converier. There are many such level converter devices available — this example uses Sipex
_.Z:S_P#S‘i devices which have enables on both the fransmitier and receiver. Because the trensimitter enable is active
“high, it is cannected to the SLEEP# pin. The receiver enable is active low and is connected to the PWREN# pin. This
"-"é'::r'isures that both the transmitters and receivers are enabled when the device is aclive, and disabled when the device
S in USB suspend mode, If the design is USB BUS powered, it may be necessary to use a P-Channel logic level
MOSFET (controfled by PWREN#) in the VCC line of the SP491 devices fo ensure that the USE standby current of
:SD{)UA is met,

The SP491 is good for sending and receiving data at & rate of up to 5M Baud — in this case the maximum rate is
limited to 3M Baud by the FT2328BL.
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Figure 11
USE <=> RS488 Converier Configuration

. FT232BL DB

BL USB UART (USB - Serial) ILC.

PWRENE >

SLEEP#

| 25 f 4

TXD

24 2

RXD

23

RTS#

crss |22

21

DTR#

psre 22

pcp# |12

18

o Ri#

16

- TXDEN

Figure 11 illustrates how to connect the UART interface of the FT232BL.to & TTL ~ RS485 Level Converter LC. to
;;;iﬁake a USB => RS485 converter. This example uses the Sipex SP481 device but there are similar paris available
fmm Maxim and Analog Devices amongst others. The SP481 is a RS485 device in a compact 8 pin SOP package.
It has separate enables on both the transmitter and receiver, With RS485, the transmitter is only enabled when a
Efi’:harau:ier is being fransmitted from the UART. The TXDEN pin on the FT232BL is provided for exactly that purpose
'é’nd &0 the transmitier enable is wired to TXDEN. The receiver enable is active low, so it is wired to the PYWREN# pin
"‘to disable the receiver when in USB suspend mode,

__;!328485 is a multi-drop network —i.e. many devices can communicate with each other over a single two wire cable
i"cr:mmectmﬂ The RS485 cable requires {o be terminated at each end of the cable. A link is provided to allow the cable
.to be terminated if the device is physically positioned st either end of the cable.

In this example the data transmitted by the FT232BL is also received by the device that is transmitting. This is a
.‘t}ommon feature of RS485 and reguires the application software {o remove the transmitied data from the received
_:ﬁ:i:ata strearn. With the FT232BL. it is possible to do this entirely in hardware — simply modify the schematic so that RXD
of the FT232BL is the logical OR of the SP481 receiver output with TXDEN using an HC32 or similar logic gate.
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7.5 LED Interface

Figure 12 Figure 13
Buaﬂ LED Configuration Single LED Configuration
———— @ ICCIO —&—— VCCIO
™ N/ \/ RX LED \/
LY A EN
220R | 220rR 220R
FT232BL FT232BL
- Txeeps |12 TxLeD# |12
RxLED# |11 RXLED# |1

__‘?he FT232BL has two |Q pins dedicated to controlling LED status indicators, one for transmitied data the other for
ceived data, When daia is being transtitted / received the respective pins drive from tri-sitate to low in order to
féﬁr'ovide indication on the LEDs of data transfer. A digital one-shol timer is used so that even a small percentage

iof data transfer is visible to the end user, Figure 12 shows & configuration using two individual LED's ~ one for
ftransmiiteci data the other for received daia. In Figure 13, the transmit and receive LED indicators are wire-OR'ed
tagether to give a single LED indicator which indicates any transmit or receive data activity.

‘Another possibility (not shown here) is to use a 3 pin common anode tri-color LED based on the circuit in Figure 13 to
;Eave a single LED that can display activity in a variety of colors depending on the ratio of transmit activity compared to
receive activity.

Note that the LED's are connected.to VCCIO.

982328 Versm18 - ':__Future Technoiogy De\nces_lnﬁ Ltd" 2005 "
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7.8 Interfacing to 3.3v Logic

Figure 14
{_Bus Powered Circuit with 2.3V logic drive / supply voltage

- 33vibo Regutator 3.3v Power to External
: Logice

I Qut & oo
T
47 I 0.1aF

Ferrite Bead 470R

1sg "B" Jrm—y VEC
Connector é | I
2TR ] '

l-h M e
E)
|
l i:ﬂ
0a=<
O0o<
oO0<
OO0 <P

T 10nF ‘330UT. o
33nF | P R RSO -
B
7

igure 14 shows how to configure the FT232BL to interface with & 3.3V fogic device. In this example, a discrete

.3V regulator is used to supply the 3.3V logic from the USE supply, VCCIO is connected to the output of the 3.3V
egulator, which in turn will cause the UART interface 10 pins to drive out at 3.3V level. For USB bus powerad circuits
ame considerations have to be taken into account when selecting the regulator —

). The regulator must be capable of sustaining its output voltage with an input voltage of 4.35 volts. A Low Drop Out
© {LDO) regulator must be selecied.

} The quiescent current of the regulater must be low in order to meet the USE suspend fotal current reguirement of
<= 5000A during USB suspend.

n example of a regulator family that meets these requirements is the MicroChip (Telcom) TC55 Series, These
evices can supply up to 250mA current and have a guiescent current of under 1uA.

n some cases, where only a small amount of current is required {< 3mA) , it may be possible to use the in-built
egulator of the FT232BL to supply the 3.3v without any other components being required. In this case, connect
/CCIO to the Bv3OUT pin of the FT232BL.

fote 1t should be emphasised that the 3.3V supply for VCCIQ in a bus powered design with a 3.3V logic interface
hould come from an LDO which is supplied by the USB bus, or from the 3V30UT pin of the FT232BL, and not from

Ny other saurce.
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Figure 15 i
Seﬁf Powered Circuit with 3.3V logic drive f supply m%ﬁag&
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CRSTOUTE 00
) _
- RESET# i
2] G
N N
l D D D

+
-
1

0AUF | 0.AuF | 10uF S L
Decoupling Capacitors

Eigure 15 is an example of a USB seif powered design with 3.3V interface. In this case VCCIO is supplied by an
:géxterna! 3.3V supply in order to make the device 1O pins drive out at 3.3V logic level, thus allowing ¥ to be connected
to a 3.3V MCU or other exiernat logic. A USB self powered design uses its cwn power supplies, and does not draw
any of its power from the USB bus. in such cases, no special care need be taken to meet the USB suspend current
'(Q.S mA) as the device does not get its power from the USB port.

As with bus powered 3.3V interface designs, in some cases, where only a small amount of current is required (<BmA),
:i_ﬁ may be possible to use the in-built regulator of the FT232BL to supply the 3,3V without any other componernts being
_’requireci. In this case, connect VCCIO to the 3v30UT pin of the FT232BL.

Note that in this case PWRCTL is pulled up to VCCIO, not VCC.

28280 Verson 18 @ Fuure Technology Dices . L. 2005
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.7 Power Switching
Figure 16

us Powered Circuit { <= 100mA ) with Power Control

PrChanhel Power
MOSFET Switched bv Power to

External Logic

.
13 1
(14 T
kY i ¢ AuF
| .
i B.1uF
Soft Start E—
i Circuit ’

Ferrite Bead

use " VCC &
Connector .
1 27R
3 vV V v A
4 2R ¢ ¢ ¢ v
c cC [+ c
L. 6 i P c
=T ttn¥ Jva0UT - .
33nF | A
v .1'; T
! . FT232BL

USE Bus powered circuits need to be able to power down in USB suspend mode in order ta meet the <= 500uA total
uspend current requirement (including external logic). Sorie external logic can power itself down info 2 low current
%‘._ate by monitoring the PWRENE pin. For exiernal logic that cannot power itself down in that way, the FT2328L
'frovicies a simple but effective way of turning off power to extemal circuitry during USB suspend.
igure 16 shows how to use a discrete P-Channel Logic Level MOSFET to control the power to external logic
ircuits. A suitable device could be a Fairchild NDT456F, or International Rectifier IRLMLE402, or equivalent. It is
scommended that a "soft starl” circuit consisting of a 1K series resistor and a 0.1 uF capacitor are used to limit the
orrent surge when the MOSFET turns on, Without the soft start circuit there is a danger that the transient power
_i_.irge of the MOSFET turning on will reset the FT232BL, or the USB host / hub controller. The values used here
How attached circuitry to power up with 2 stew rate of ~12.5 V per millisecond, in ather words the ouiput voltage will
ansition from GND to 5V in approximately 400 microseconds.
__?i:ernatively, a dedicated power switch L.c. with inbuilt “soft-start” can be used instead of 2 MOSFET. A suitable power
witch I.C. for such an application woudd be a Micve! (wnvmicre]. com) MIC2025-2BL or eguivalent.
lease note the following points in connection with power conirolled designs —
) The logic to be controlled must have its awn reset circuitry so that it will automatically reset itself when power is re-
~ applied on coming out of suspend,
Set the Pull-down on Suspend oplion in the FT232BU's EEPROM.
For UISB high-power bus powerad device {one that consumes greater than 100 mA, and up to 500 mA of current
from the USE bus), the power consumption of the device should be set in the max power figld in the EEPROM.

A high-power bus powered device must use this descriptor in the EEPROM fo inform the system of its power
requirements.

For 3.3V power controlled circuits VCCIO must not be powered down with the exdemnal cirouitry (PWRENZ geis
its VCC supply from VCCIQ). Either connect the power switch between the output of the 3.3V regulator and the
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1 .General Specifications
1. General

The AV-DISPLAY dot matrix LCD module consist of the liquid crystal
display C-MOS driver and C-MOS LS| coniroller. the module utilizes 57 dot matrix
characters to provide full  alphanumeric capability. All control, refresh and display
functions are executed by a dedicated on-board controller. the module is capable of
displaying the full 160-character JIS font set .data interfacing is via the 4-bit or 8-bit
bi-directional data bus by using of simple conirol commands  the data can be  selective
written to the data register.

2. Features
A, Built-ln  Conirglier LS
B. 57 Dot Matriz With  Cursor.

C. Micro-Processor  Compatible Data-Bus I rf&{g:é{é-gﬁ :}Or 8-Bit).

D. Character Generator ROM Buili-in |
55 Dot :
510 Dot :

E. Character Generator RAM---=— __Quéiomer Rewritable
5*8 Font:8 Cha:_gcﬁ;?ré ”

F. Powarful Control Command

(1) Display Clear

(2) Return Home

{3) Cursor Preset

(4) Cursor On/Off Or Cursor Blinking
(5) Cursor Display Shift

(8) Display Shift

(7) Display On/Off Control

(8) Display Data Read/Write

G. Low power consumption  5.0v power supply

TECHNICAL
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H. Attaching drawing and geneval description

Wiian, nidia 1/16DUTY, 1/58IAS
1.0 DIMENSIONAL DRAWING
Ly
8.0, 2.5905-38.1 ~
16-21.0 1.70
SR A 5 3.15
' J 0.55
2 g 0.5
= mi i I ]
g B P e = j f .
i
AN : %
: = 28R ¥
£ A I
> 65. 0(V. &) 2.97 B
= 71.2+0.2
+ 75.0
80.0+£ 0.3
2.0 BLOCK DIAGRAM & POWER SUPPLY
VES ] cont6 VDD{+5.0V)
Vo ] === LCD Panel :
CONTAOL Vo
A — . LOD
:S SPLC780A J l VR{0~20K)
T o KS006R 52980
AW el MODULE VSS(oV)
DBO-DBZ |
LEDA 1 j oo - LEDA(+5.0V)
oK 4 Backlight LEDK(OV]
3.6 MECHANICAL SPECIFICATIONS & FEATURE
PR TEATURE
ltem ' Momiral Bimensions(mm,) o0 TV S
Moduie Size (WH™T) 80.0x36.0x12 7max LCO Colour Blue
View Area (W*H) 65,0X14.0 View Angle 12 O'clock
Character Pileh(W*H) 2.7048.20 Dispiay Fype Negative Type
Character Size{WxH) 3.15%6.30 Rear polarizer Transmissive
Character Fort 5B Operating Temperature -20IE —70TE
Dot Pitch (W*H) 0.65X0.80 Slorage Temperaiure -0l ~80IE
Dot Size (W*H} i 554G 70 ' Blacklight” LEDE Wit &
4.0 ELECTRICAL CHARACTERISTICS
ftem Symbal Test Condition Min. Typ. Max. Unit
(perating Vellage Vdd Ta=Z5I8 - 50 - V
Operating Voltage for LCD Vied Ta=725E — 45 - v
Supply Current Idd Ta=25i8, Vdd=b5.0V 2.0 30 mA
Supply Current for Blacklight [ Ta=2518, V=35V e 20 --- mA
5.0 INTERFACE PIN CONNECHONS
Fin No Symbal Level Uescription
1 V55 - GND
é VBD o Power supply for Logic{+5.0v)
3 Vo - Power supply for LGD drive
4 RS HIL Reaister selection {H:5ala registor, Uinstructon registor)
5 W HAL Readfwrile selection  (H:Read L:-Wrile)
6 E HH-L Enable signa! for LOM, The falk of E is for active
7-14 DBO-DB/ HAL 3-Siate /0 Data Bus
15 LEDA - Povier supply for Blacklight{ + 5
19 LEDK - Power supply for Blacklight(0v)
TECHNICAL
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4. Timing Characieristics:

Write Operation and Read Operation

ltem Symbol Min. | Typ. Miax. Unit
Enable Cycle Time Teveis 500 o s ns
Enable Pulse Width Pwen 220 - - nS
Enable Rise & Fall Time Ter, Ter e - 25 ns
Address Seb-Up Time Tas 40 e - ns
Address Hold Time Tan 10 - - nS
Data Set-Up Time Tosw B0 -- - ns
Data Hold Time T 10 - - nS
ltem Symbol Min. Typ. Max. init

Enable Cycle Time TovoLe i = nS

Enable Pulse Width | Pwen 270 | - - nS

Enable Rise & Fall Time ] - nS

Address Set-Up Time - - nSs

Address Hold Time o - ns

Data Set-Up Time -- 120 ns

Data Hold Time It - - i

5. Write Operation:
TECHNICAL
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1.Electro-Optic Characteristics:

RS > P
R/ ~ Tas C Tad
T 4
<TAI~«! >
B Pwen
TeF
N Rl la—
= .._...._....__:FE)\/ < /S< >(
=5 le— ’ .
TH
DB0-—-DB7 Valid Data
X TeveLe i
Read Operation
RS >
RIVY e
<t PWEH B
‘ ‘T%:Q“" |/
/( >\
> T
DEO—DEY Valid Daa
|
) TovoLe

Il.The Characterisiics and The Reliability Test
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Condition. TEMP=(21+3)C

HUM=(70 £ 8)%RH

VDDI 5.0V Fosc: 270KHZ
N | Hem Symbol | Min. | Typ. | Max., | Unit Remarks
O
1 | Operating Voltage Vop 5.0 v
2 | Current Consumption | Is 2.0 mA
3 | Response Time Ton 150 ms
Toff 120 ms
4 | Conirast CR 3
5 | Viewing 12H 1 18
Angle _ Deg.
GH. 8 45
{(CR=3.0) 2
3H 93 50
aH 04 50
& | Threshold Voliage Vih 1.14 V
7 | Backlight Current mA
Consumpiion
TECHNICAL
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3.Reliability Test(No ITO heat)

Mo liems Test Condition Test
: Reasult
High Temp Temp:70+£27C
Storage Time 96h Passed
1 Restore:24h
Low Temp Temp:-20+£37C
Storage Time:96h Passed
2 Restore:24h
High Temp Temp:501:2°C
Static  drive Vop: 5V .
5| Time:96h Passed
Resiore:24h
Low Temp Temp:03°C
Static  drive Vop: 8V &
4 | Time:96h Passed
- Restora24h
High Temp High | Temp:40+2C
Hum Storage Hum:95%Rh
5 Time:g6h Passed
Restore:24h
Thermal Temp:(
125 -
e “|-20 |80 |s5|30 |5 Passed
5 Cycles '
Restore:24h

M. The LCD Measuring

1. Current Consumption Measuring

(1) Equipment

Method and Equipment

DC
Power FETa)
Supply CMOS IC

Waveform I >° ]

Generator

F=G4HZ mm—-\D [>C .
T ~ ' LCD
»;—OB Sw J_
' TECHNICAL
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(2) Condition
Operating Frequency: 64HZ
Operating Voltage (RM3): Selected Voltage
2. Threshold Voltage and Response Time Measuring
(1) Eqguipment

4

0
dut

Oscilloscops

Waveform Generastor

(2) Definiion
A. Threshold Voliage (Vi)
Brightpess

100% \
80%

Monselecied Waveiorm

50% _ = Selected Waveform
0 Vet Vin Drive Voliage
TECHNICAL
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B. Response Time

Cn

Off

Q0%

10%

3. Contrasi Measuring

(1) Raguipment

4

¥

-

nnnn A
I
Oscilloscope
Wavaiorm Generaior
TECHNICAL
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(2)Definiticn:
AViewing Angle:

Z
L /’ Y 2k, ©@=90°

Oh, ® =180 / 0 4 4

X 3h, ®=0°

e

&
/ 6h, ®=270°

B. Contrast Ratio (Positive)

_  Brightness of non-selected wave-form
CR= . -
Brightness of @@%epteﬁi wave-form

IV.8tandard Specifications for i;@éﬁ_}ésm Quality

1. Banner of Test:

1.1.The Test Must B %Jmﬁe 0w Flourescent Light, And The Distance OF View Must

He At 30cn.

1.2.The Test Di%feﬁ:siiiéﬁfzs Based On Around 15° - 45°  Of Vertical Line.

2. Definition OF Defents
2.1 Major Defecis

A:Non-Display
B:Segment Missing
C:Over Current
D:Segment Short
E:Sealant Dishardexn

F:Wrong Polarizer Direclion

2.2 Interface Circuit and Drive Programe on LCM of character series.

A. Interface circuit:

DATE:2004-6-1
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MPUBO3 L.CM
P1.0 DBO
P1.1 DB1
Pi.2 DB2
P1.3 bB3

P14 DB4
P1.5 DBS
F1.6 DB6
P1.7 DBY
P3.0 RS
P3.1 E

P3.2 RW

B.Drive programme for tesiing_j:é;@?ﬁ of éharac‘;‘tar series.

ORG 0000H
AJMP MAIN

ORG 0300H

DB 58H,58H,58H,58H,58H,58H,58H,58H,
DB 58H,58H,58H,58H,58H,58H,58H,58H,
DB 58H,58H,58H,58H,58H,58H,56H,58H,
DB 58H,58H,58H,58H,58H,58H,55H,58H,
DB 58H,58H,58H,58H,58H,58H 58 H,58H,
DB 58H,58H,58H,58H,58H, 58H,58H, 58,
D 58H,58H,58H,58H,58H,58H,58H,58H,
DB SEH,58H,58H,58H,58H,58H,58H, 58h,
DB 58H,58H,58H,58H,58H,58H,58H,58H,
B 58H,58H,58H,58H,58H, 5814,58H, 58H,
TECHNICAL
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ORG  0350H
DB 2AM,59H,55H,53H,55H,4EH,47TH,2 AH,

DB 45H,ACH,45H,43H,2EH,4CH, 54H,44H,

DB 2AH,44H AFH, 54H,2AH,4DH,4 1H,54H,

DB 57H,49H,58H,2 AH,4CH,43H,44H,2AH,

DE 4BH,65H,5AH,6FH,6EH,48H, 75H,69H,

DB 2AH,59H,55H,53H,55H,4EH,4TH,2AH,

DB 45H,ACH,45H,43H,2EH,4CH, 54H,44H,

DB 2 AH,A4H,AFH, 54H,2 AH,4DH,41H,54H,

DB 52H,49H,58H,2AH,4CH,43H,44H,2AH,

DB ABH,65H,5AH,6FH,6EH,48H, 75H,69H,

DB 2AH,ZAH,ZAH,2AH,ZAH ZAH 2AH 2 AH,

DB 441,4FH,54H,20H,4DH,4 1H,54H_52H,

DB 49H,58H,20H,4CH 49H,51H,55H,49H,

DB A4H,20H,43H,52H, 59H,53H, 541, 41H,

DB ACH,20H,44H 49H, 53H,50F 4CH A TH

DB 59H,20H,4DH,4FH,55H,441,4C 1450

DB 2AH2AH2AH2AH2AH2AH2ANS

DB 2AH2AH2AH2AH2AH 2AHIAHIAN,

DB 54H,4DH,0B0H 44H,4DH 43H,34H,30H,

DB 32H,2AHQAH;;_‘@H,Z.A;H;éAH,QAH,ZAH,

DB 2AH,2AH,ZAH,2AH,2AH,2AH 2AH 2K,

DB 2AH2AH2AHJAH2AH2AH2AH2AH,

MAIN ;

MOV 5P, #60H JInitial for the first display

MOV Pl, #38H :set Tunction

LCALL WINST

MOV P1, #0EH ;set display on/off control

LCALL WINST

MOV P1, #06H ;561 Entry mode

LCALL WINST
MOV PL #01H ;clear display,write code 20h into all DDIRAM
LCALL WINST

LCALL DELAY1

TECHNICAL
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MOV DPTR, #0300H

MOV RO, #28H :Set Pointer
MOV R2, #00H

MOV A, #00H

MOV P1, #80H ;set DDRAM address 0000h
LCALL  WINST
LOOPL:
MOVC A, @ATDPTR
MOV Pl,A
LCALL WDATA
INC R2

MOV A, R2
DINZ R0, LOOPI

MOV DPTR, #0328H
MOV RO, #28H
MOV R2, #00H
MOV A, #00H
MOV P, #0COH
LCALL WINST
LOOPZ: &
MOVC A, @A+DPTR

MOV P1, A

LCALL WDATA

INC R2

MOV A, RZ

DINZ RO, LOOPZ  ;The first display is over
LCALL DELAYZ ;paused  about Sms

MOV SP, #60H ;ndiial for the second display
MOV P1, #38H

DATE:2004-6-1
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LCALL  WINST
MOV P1, #0EH
LCALL WINST
MOV Pl, #06H
LCALL WINST
MOV PI, #01H
LCALL WINST
LCALL DELAY!
MOV DPTR, #0350 ;ready for the first line display
MOV RO, #28H
MOV R2, #00H
MOV A, #00H
MOV P1, #80H
LCALL WINST
L.OOP3:
MOVC A, @A+DPTR
MOV LA
LCALL WDATA
INC RZ
MOV A, R2 &
DINZ RO, LOCP3: THE first line display 1s over
MOV DPTR, #037 8H ready for the sscond line display
MOV RO, #28H
MOV R2, #00H
MOV A, #00OH
MOV P1, #0COH
LCALL WINST
LOOP4:
MOVC A, @A+DPTR
MOV PLA
LCALL WDATA
INC R2
TECHNICAL
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MOV A, R2

DINZ RO, LOOP4 ;main program is end upto here
LOOPS:

LCALL DELAYZ2

AIMP  MAIN
WINST:
CLR P30 swrite 1o instroction register
CLR P3.2
SETBE P31
LCALL DELAYI
CLR P31
LCALL DELAY1
RET
WDATA;
CLR P32 -write to datd registe
SETB  P3.0 :
SETE P31
LCALL DELAY1
CLR P3.1

LCALL DELAY! .
RET '

DELAYT:
MOV 50H, #08H welay 1648 us
ADDRI1: PUSH  30H
ADDR2: PUSH 50H
ADDR3: PUSH 50H
ADDR4: DINZ  50H, ADDR4

POP 50H
DINZ  50H, ADDR3
POP 50H

DINZ  50H, ADDRZ

DATE:2604-6-1
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PGP 50H
DINZ  50H, ADDRI
RET

DELAYZ:
MOV RO, #0CCH
MOV R2, #66H
ADDRS:
LCALL DELAY!
DINZ RO, ADDRS
ADDRG:
LCALL DELAY!
DINZ  R2Z, ADDRG
RET

END

;delay ccH X 1648us

;delay 66H X 1648us

total 5.05ms

DATE:2604-6-1
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2.inspection ltem and Standards

Hem The Standard Of Quality Inspection Checking Cuality
Manner Ratio
Frame Srnooth and sven surface,no crack,no Checking With | 100%
scratch,no rusty,and not be wrenched out | Eyes
of shape.the range between convex and And Using
concave isid<0.38mim,and the frame must | ygrioc
be connecied {0 the ground. Caliper,
Multimeter
LCD The major defects would be reject.no Check it When | 100%
scraich and no dusty on the LCD glass Displaving
surface.d<<0.15mm n<2 diameter of
bubble:d< 0.5 n=2 damaged size of
polarizerd<<0.15mim, N2, :
The Relative | The sealant mouth of the LCD musi be a% Checking With | 100%
Position of | the same side with the frame’s. C | Eyes
LCD and
Frame
The Relative | The frame installing: dii‘@iﬁ’?lﬁﬁ mus:i be Checking With | 100%
Position of | correct.the tw3sied_ angﬁe-ﬁf i@ pin is from | Eves
PCE 45° 10 60" the pinis verlic
Paneland | nanel and it must be inthe middle position
Frame of the ;nsiai%mg oles.
Function 1. 'E”he mgjor defects must be reject, Check It When
Test 2. Test flow chart (see attached chart) Displaying
3. Background changes evenly and no 100%
disorderly displaying phenomenon.
4. Display no shortage.

Mote:D~Diamster

N~Quantity Linit:ram

TECHNICAL
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V. instruction System and Description of Details
1. Anstruction Sysiem

Only two SPLC780A OR KS0066 registers,the Instruction Register (IR) and the Dala
Register (DOR) can be directly controlled by the MPU Prior {o internal operation
start,control information is temporarily stored in these registers,to allow interface form
SPLC780A OR KB0068 internal operation to various types of MPUs which operate in
different speeds or to aliow interface to peripheral control ICS.SPLC780A OR K80068
internal operation is determined by signals sent from the MPU These signals include
register selection signal{RS),read/write signals (RW) and daia bus signals (DBO—
DB7),and are called instructions, here. Table 1 shows the instructions and their execution
time.Detaills are sxplained in subseguent seciions,

instructions are of 4 types, those that,

(1) Designate SPLC780A OR KS00686 funciions such as d

(2) Give imernal RAM addresses. -

(3) Perform data transfer with internal RAM.

(4) Others. ;

In normal use,category (3) mstmcﬁmn@ are

Sp%&y format,data lengih,eic.

,Ei::'mos‘é frequently. HMowever,automatic in-
PLO780A OR KS0068 internal RAM
é;%ﬁt?éé;ﬁﬁ?u program load. The display shift is

i}ﬁéﬂ{ih display data write enabling the user to

crementing by +1 (or dacremantmg '

addresses afler sach daia wrile 1@3
especially able to perform cancuwa
develop systems in m:mmum ism'; ‘with maximum programming efficiency.For an
sxplanation of the shiﬁ funm ion in its relation 1o display ,.When an instruction is execuling
during internal oparaig_ag%,m instruction other than the busy flag/address read instruction
will be executed.
Becauses the busy.ﬂag is set io “1" while an instruction is being sxecuied check o make
sure it is on *1" before sending an instruction from the MPU.
Note 1
Mzke sure the SPLC780A OR KS0086 is not in the busy siate (BF=0) before sending
the instruction from the MiPU to the SPLC780A OR KS0066. If the instruction is sent
without checking the busy flag the time betwaen first and next instructions is much longer
than the instruction fime.
See Table 1 for a list of each instruction execution time.
Note 2
After executing instruction of writing data to CG/DD RAM or reading data from CG/
DD RAM,RAM address counter is automatically incremented by 1 (or decremented

TECHNICAL
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by 1). In this case, this shift is executed after Busy flag is set to “Low” Taoo is stipul-

ated the time from the fall edge of busy flag to the end of address counter’'s renewal.

Busy signal (BD

)

Address counter(DB~DB))

taop =

18
for b ()

t seo depends on the operating frequency

Busy stalg ——

Table 1 Instructions

Ezecution tima

Code ?\:::wgﬂ e (sshen Fose b
" # . e2n Fosa s wien Fose 15
Instruction e T T T ST T Description 0 K] 160.1142)
' ’ Tiote 1 Neto 2
Clear Clears alt display and relums
display Grojo0jo010|1010 O | 1 | weousrohmpmon | 2us164ms | 1204 ms
o Tess By,
Returns the curaer 1o the home
p(:»si!irm‘;E (Addr.ess Lt} A?sn
Retunhorne | 8 | O | O Q1010 0 1 B | it orgar sosen | 4Gus~i.6ms | 120us~4.8ms
(DDRARMD confents  remain
. unchanged.
ety e cursot move direction
“pnd sipbciies or not to ohift the
Entry mode set | £ G {3 G displnyThese cperatiens are 40us 120us
Jiperformed during data wiiie
and rekd
Display Sareon GRS (o bl of 0 120us
QOMOFF confrol Q G G G :ﬁ:g: position c(ha};::te( 63).0 40us e
Cursor and {\:r;{ej :’?0 cu;fgf; tandh whitas
. . 5 2 AG 120
deplayshie | O 1 010710 B0 Rl dastonts ue us
Sty interzos data lzngth (BL)
Eunction ot 0 Q 0 Q n;;;mbif af(-ﬁisp(ié}a fings {L) and A0us 120us
chatzaot font .
Sgt 06 RAM S&‘ls tha GG RAM adz!l;e? [¥c]
address Y 0 a i .ij?zf ﬁia sZ:Ef:;r, s wesived #us f20us
St DD RAR Sets the DL address. LD RAM
data is seat and =3 120us
address 010 1 i this seting us H
Reuds Busy flag  (BF)
Read busy ﬂag 8 .i indigating intornal cperation is 1us tus
& address Leing pmri&r:nad anzli reads
atgdtoss tounter centents,
Write data fo
CGo .i G Wﬁte ﬁ&i’& Writes éaés{;rg::qg{) RAN or 40us T26hs
r DD RAM
Reagda 6 GG | 4 | 1 | Read Data 1206
1#0=1: Incremant (+1)1/D=0: Decremant (-1) pe TR, itz RAM
5= AG@“"P@“@? dlsplay shift [ee] RAM"CharaEtar_geﬂetalor Exgsigion time changes when
S/C=1: Dieplay shift S/C=0:Cursor move RAM Fraquency caanges,
RIL=0: Shiftto right Aoz 66 RAM address (Example)
RIL=0: Shift to teft A When foss s 270K Hz:
. . 0D 00 RAM addross
DL =1: B bils Ol =0: 4 bits Corteseonds b
N =1 2lines N =G; 1 finos et sidres
F =1 5210 dobs F =0; 5x7 dots AL Address counler ugsnd gzl
g . 70 = 37us
BF =1: Intzrnally operating Fg&?ﬁ}f;gﬁ;’? 40us x 270 = 37u
BF =0: Can gcoopt instruction
* No effoct
Motes 1; Applied to modsls driven by 18 duty or 1711 duly.
2: Applied fo models driven by 118 duty.
2 Description of details
(1) Ciear display
RS B DBY 0BG
Code [ ¢ [ @ | o [ ¢ | o [ o J o | o | o 1 1
TECHNICAL
DATE:2004-6-1 SPECIFICATION
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Writes space code “20" (hexadecimal) (character pattern for character code “20°

must be blank pattern) into all DD RAM address.Set DD RAM address 0 in address
counter.Returns display to its original status if it was shified. In other words.the dis-
play disappears and the cursor or blink go to the left edge of the display  (the first

if 2 lines are displaven).Set /D= 1 (Increment Mode) of Entry Mode.S of Entry Mode
doesn't change.

{2) Return home

RS RMW DBY -DBO
Code | 0 ] o | o [ o [ o | o | o o] 1t [-* |
*No effect

Sets the DD RAM address 0 in address counter.  Returns display o its original
status if it was shifted. DD RAM contents do not change. The cursor or blink go o
the ieft edge of the display (ihe first line if 2 lines are disp!ayed).

(3) Entry mode sel
RS AW DBY DEG
Code | o | o | o | o | 1 | | 8§ |

character code is written into or rea rom the DD RAM The cursor blink moves
to the right when incremented by 1 and fo the left when decremented by 1. The
same applies to writing an :’_:alc‘iiiﬂg of CG RAM.

S: Shifts the entire display either to the right or to the left when S is 1; to the left
when I/D = 1 and tc the right when /D = 0. Thus it looks as if the curser stands st
and the display moves The display does not shift when reading from the DD RAM
when writing into or reading out from the CG RAM doss it shift when S =0.

(4) Display ON/OFF control

RS RW  DB7 DBO

Code | 0 | 0o J o | o T o 9o [ 1+ ] Do [ € | B |

B The display is ON when D = 1 and OFF when D = 0. when off due to D = 0 display
Data remains in the DD RAM.I can be displayed immediately by selling D = 1.

©: The cursor displays when C = 1 and does not display when C =0, Even if the
Cursor disappears,the function of /D efc.does not change during display daia

write.

The cursor is displayed using 5 dots in the 8th line when the 5x7 dot characier font

Is selected and 5 dots in the 111h line when the 5x10 dot character font is sslecied.

TECHNICAL
SPECIFICATION
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B: The character indicatad by the cursor blink when B = 1.The blink is displayed by

Swiiching between all blank dots and display characters at 402,68 ms interval when

fcp or fosc =250Khz. The cursar and the blink can be set o display simultansously.
(The blink frequency changes according o the reciprocal of fop or fose. 409.6x250/
270 = 379.2ms when fcp = 270kHz).

{a) Guesor Display Brampie (&} Blink Dispfay Example

Aswnaing dapley

(5) Cursor or display shift
RS RMW DB7 DBO

Code | O | O | o0 | o |

*No effect

Shifts Cursor position or dispiay to the: left without writing or reading display

data. This function is used iogi"- arch for the display .In a 2-lines display,

the cursor moves to the 2rd line when its passes the 40th digit of the 1st line.Notice

that the 1st and 2nd line céiilsfpﬁ?a wili shift at the same time.VWhen the displayad data

is shifted repeatedly éfachfﬁ___ & only moves horizontally. The 2nd line display does not
shift into the 1
SIC RIL

0 0 Shifisthe cursor position to the 1eft (AC is desremented by one.)

ding _E;’j}@siﬁeﬁ

0 1 Shiﬁé the cursor position to the right. (AC is decremenied by one.)
1 0 Shifts the entire display to the left. The cursor follows the display shift.
2 1 Shifis the entire display to the right. The cursor follows the display shifi.
Address counter (AC) contents do not change if the only action performed is shift
(&) Funciion set

RS RMW DB7 DB
Code | 0 | 0 | o | o | 4 | oo PN T F ] = | +*

Mo effect
BL: Sets interface data tength.Data is sent or received in 8 bit lengths (DB7~DR0) when
DL = 1and in 4 bit lengths (DB7~DB4) when DL = 0.when the 4 bit length is selecied
Daia must be sent or received twice.

TecHNICAL
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#: Sets number of display lines
F: Sets character font.
(Note) Perform the function at the head of the program before execuling all instruction
(expect “Busy flag/address read”).From this point,the function set instruction
cannot be exacuted unless the interface daia length is changed.

N F | No.of display lines | Character font | Duty factor Remarks
g 0O 1 5x7 dois 1/8
O 1 1 5x10 dots 1711
1 5 557 dots 1118 Cannot display 2 lines with 5x10
dot character font.
Mo effect
{7} Set CC RAM address
RS R  DB7 - DBC
Code |0 [ o [ o | 1 | A | A Ja [ A [ A | A

~—Higher Order Bils 5 L@W@N’}mar Bitg—
Sets the CG RAM address into the address aurﬁ:@r m binary AAAAAA Data is then
Written or read from the MPU for the CGR
{8} Set DD RAM address .
RS RV DBY : =
Code | O [ o | 1 | A | A A | A | A | A
~—Higher Orde E}itéw Lower Order Bits—

Sets the DD RAM address iiito the address counier in binary AAAAAAA. Data is

then Witten or reed from the MPU for the DD RAM.

However, Wh 1 = G (1-line display) AAAAALAL is "00” ~ "4F" (hexadecimal).
Wh@ﬂ M= 1 {2-line display),ARAAAAA is 00" ~ 27" (hexadeacimal) Tor
ihéﬁﬁf:irst line,and "40" ~ 87" (hexadecimal) for the second line.

{9} Read busy flag & address
RS RIW  DBY oBO
Code | 0 [ 4 [T BF | A | A | A A [ A | A | A
~Higher Order Bils Lower Order Bits—

Reads the busy flag (BF) thal indicates the system is now internally operating by a

previously received instruction. BF=1 indicates that internal operation is in progress,

The next instruction will not be accepted until BF is set {o "0".check the BF siatus

before the next write operation. Al the same time,the value ¢f the address counter

expressed in binary AAAAAAA is read out. The address counier is used by both CG
and DD RAM address and its value is determined by the previous instruction.
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Address contenis are the same as in terms (7) and (8).

{10) Write data to CG or DD RAM

RS RN DBY DBO
Code | 1 | 0o | D | b | D] B | | | b I D
~—Higher Order Bils Lower Order Bits—

Writes hinary 8 bit data DDDDDDDD to the CG or the DD RAM Whether the CG or

DD RAM is o be wrilten info is determined by the previous specification of CG RAM
or DD RAM address setting After write the address is automatically incremented or
decremented by 1 according to entry mode. The entry mode also determines display

shift.
{11} Read data from CC or DD HAM
RS RMW DB7 S DBO
cede [ 1 ] 1+ 0D I ol o | B l-b | b | D I D

~Higher Order Bits  Lower Order Bits—
Reads binary & bits data DDDDDDOD from the CG or DD RAM. The previaus desi-
gnation determines W-het%zer*‘ihé@._ﬁ'é’g%r %‘.}D RAM is to be read. Before entering the
read instruction ,vou musﬁ_éﬁk@%@?ﬁfzé'éf‘ihér the CG RAM or DD RAM address set
instruction.|f you don’t the first read data will be invalidaied. When serially executing
the “read” instruction,the next address data is normally read from the second read.
The "address set” ih_é%rucﬁm need not be executed just before the “read” instruction
when shifting the cursor by cursor shift instruction (when reading out DD RAM).The
cursor shift iﬁét'r'isciion operation is the same as that of the DD RAM 's address set
instruction.
After a read, the entry mode automatically increases or decreases the address by 1.
However, display shift is not executed no matter what the entry mode is.
(Note) The address counter (AC) is automatically incremented or decremented by 1
after"write”instructions to either CG RAM or DD RAM. RAM  dala selected by the
AC cannot than be read out even i "read” instructions are execuied. The conditions
for correct data read out are | execuie either the address set instruction or cursor
shift instruction (only with DD RAM), just before reading out execuie the “read” inst-
ruction from the second time the “read” instruction is serial.
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3. Precaution on programming

(2}

{1} instruction of function set

Perform the function at the head of program that accesses SPLC780A OR KS0D066
before executing all instructions,and not change the data of the instruction Redister
in the program. The data of function register can be changed by the program as’
foliow;

a. » Changing of DL (Data Length)
« whnen DL is changed from 8-bit length mode.
« when DL is changed from 4-bit length mode.
b. » Changing of N (Column Number)
> Perform the instruction of function set after execuiing instruction of display
clear or display off. :
in this case, sequence of AC and DD RAEV% musi b& changed Thus, rewrite the
address set register after that. S

c. » Changing of F (Font)

= There is no problem in this case, bui fm’.sﬁ al- {sne display,the font mode of 5x11
cannot be selecied (this mode is ?&rbm&den by hardwars).

|

Changed,crosstalk will apgws’ o c@ﬂtrést will be poor.

When N of F is changed, p ""@r uppl %ﬁmsi‘a@@ for LCD must be changsd.if not

Busy flag check __ -
SPLC730A OR KSE&G% is" pmduc@c& in the CMOS process therefore internal
executing time: 3 Oﬁg

Standard %;me; @OLS’”? &me. (This varies by instruction).
When the hzgh 3peea§ MiPL) controls i1, check the busy flag before performing
instruction or reading data,
While internal operation is active, Enable signal is not accepted. (Enable signal at
Reading staius register for checking busy flag is accepied) Busy flag signal is
output through DBY, as shown in Table 3, when RS = 0" RV = “1 " and Enable="1"
luput of unidentified instruction code
Undefined instruction code of SPLC780A OR KS0066 is only as follows;

RS R DR7~0E

0 0 O~

(Others are included o defined instruction)
When the undefined instruction code is loaded o SPLCY80A OR KS00686, it accepts
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the code but Does not change the internal siates (RAM and other status of Flags).

Busy siate,

However confinues for maximum 40us by the accepiance of the code.
Table 2 The relation between the operation and the combination of RS,

Gt RIVY E Oparation _

0 4] TN _ Write instruction cods: :
0 1 SN Read busy flag and address counter |
1 o T - Write data '
1 1 SN Read data

When performing data and instruction code by 4 bit, transfer RS, RAW every time.
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