AGM2464E.C

Program to control a T6963C-based 240x64 pixel LCD display
written in Microsoft Quick C

#include <stdio.h>

#include <stdlib.h> // rand()

#include <conio.h> // inp() outp() kbhit()

#include <string.h> // strlen() )

#include <graph.h> // —settextposition(row,column) ie, (y,x)
#include <math.h> // cos(),sin()

#jnc1ude <time.h>

Pin numbers refer to pins on PC's DB25S parallel port connector.
Recall that SEL (pin 17), LF (14), and STROBE (1) control ouputs
are inverted, but Init (16) 1is true.

LCD pin numbering for TOSHIBA TLX-711A-EO (uses T6963C controller)

EosE o ok R s b kNG

" _______________.__.______......___.___.__....._______...._______....________...____....__..___...___..

* /D (8) <--> (17) /SEL 3
* /WR (5) <--> (16) Init 2
* /RD (6) <--> (14) /LF 1
* JCE (7) <--> (1) /Strobe 0

" _.___..._._._.___..._._.____.___.____......___....____...___...___....___....___._____._____....__...___...._______.

: D7 (18) <--> (9) D7

* FG (1) frame ground

* +5V (3) LCD Togic supply

* -7.8vV (4) LCD display contrast
* FS (19) font select

f/RST (10) active low

// define statement *#*ﬁ****#ﬁ**#*#****ﬁ*#*ﬁ*#**#*ﬁ***##***#ﬁ*#**ﬁ*#ﬁ**#**#ﬁ**

// take PC 1 HI
// take PC 1 Lo
// take PC 14 HI
// take PC 14 Lo
// take PC 16 HI
// take PC 16 LO

#define CEHI outp(pcont, (inp(pcont) & Oxfe)
#define CELO outp(pcont, (inp(pcont) | 0x01)
#define RDHI outp(pcont, (inp(pcont) & Oxfd)
#define RDLO outp(pcont, (inp(pcont) | 0x02)
#define WRHI outp(pcont, (inp(pcont) | 0x04)
#define WRLO outp(pcont, (inp(pcont) & 0xfh)
#define CDHI outp(pcont, (inp(pcont) & Oxf7) ) // take PC 17 HI

#define cDLO outp(pcont, (inp(pcont) | 0x08) ) // take pPC 17 LO

#define DATAIN outp(pcont, (inp(pcont) | 0x20) ) // 8bit Data input
#define DATAOUT outp(pcont, (inp(pcont) & Oxdf) ) // 8bit pata output

S NN NN

JF - Definitions concerning LCD internal memory ------ =/

#define G_BASE 0x0200 // base address of graphics memory

#define T_BASE 0x0000 // base address of text memory

#define BYTES_PER_ROW 40 // how many bytes per row on screen
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AGM2464E.C
/* This will be 30 with 8x8 font, 40 with 6x8 font, for both
Text & Graphics modes. Font selection by FS pin on LCD module:
5§=High: 6x8 font. FS=Low: 8x8 font. */

#define sgn(x) ((x)>071:-1)

#define frand() ((float)rand()/RAND_MAX)
#define UI unsigned int

#define UL unsigned Tong

..u.J.J..J_.,!.-&-J.J..I’..I--L-l--l--J.J;--J-J-J-J-J-J‘-J-J-J—-T--I--J.J-J.J--.I.J.J.J{-l.-l--l--J..J.-A.J-J-.!‘J—J.J-J.J--l--l.-J.d.J.J.J_J—J.J.J--"J--A.J--J‘
prvototypes B A L R L i D R e T L e o D L i it e D A S Ol R ot Tl Pl R R R S I At At 3

void delay(uL d); // delay proportional to "d" value

void dput(int byte); // write data byte to LCD module

int dget(void); // get data byte from LCD module

int sget(void): // check LcD display status pbrt

void cput(int byte): // write command byte to LCD module

void Tcd_setup(); // make sure control lines are at correct levels
void Ted_init(Q; // initialize LCD memory and display modes

void Tcd_print(char *string); // send string of characters to LCD

void Tcd_clear_graph(); // clear graphics memory of LCD

void lcd_clear_text(); // clear text memory of LCD

void Ted_xy(int x, int y); // set memory pointer to (x,y) position (text)

void Tcd_setpixel(int column, int row); // set single pixel in 240x64 array

. » . - o o o o . X o o dha a ol : 0 o o e oo o
// **%**#ﬁt****%**iﬁ*ﬁ*%ﬂ*i**%**ﬁ***%**#n*#*****#****%%*ﬂ*ﬁ*kiﬁﬁ%ﬂ%*#**#*iﬁ%%*

#define BASE 0x378 // base address for parallel port LPT1:

UI pdata = BASE; // par.port data register

UL pstatus = BASE+l; // par.port status register

UI ncont = BASE+2; // par.port control register

#define home() dput (T_BASE%256) ;dput (T_BASE>>8) ; cput(0x24); // upper-left

#define xmax 239 // 1imits of (x,y) LCD graphics drawing
#define XMIN 0

#define YMAX 63

#define YMIN O

#define PI 3.1415926536

// MaIN ***#**##ﬁk#*****#**#*ﬁ*ﬁ**ﬁ****#ﬁ*##ﬁ****ﬁ#**#ﬂ*****#ﬁ***##*****ﬁ***ﬂ****#**

p' Fa e o s ada 3 e ol e e . e ol o e - o b . e a o ha wba e ofe s e . . o wle ofu
e e e e e e e e A e e e B e e e e A e A e e e i e et A e e e b e A dede s o o e de e A o o o o o e e

¥oid main()

int di; // data from port

int sl; // status register value

int cl; // control register value

int 1; // generic counter

int c¢; // character to write to display
float x,y; // coordinates on graphics screen
float xinc,yinc;

float r,theta; // polar coords. for point dv

float theta_inc;

unsigned int cc;

char string[320]; /7 string to print to display
char tmpbut[128]; // time buffer

—Clearscreen(_GCLEARSCREEN); // Clears PC's display screen, not LCD
printf("LcD control program. jpb 5/3/97\n"):
printf("<esc> to quit.\n");:
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?o
// outer Toop: keypress exits
/* --- display characters available from LCD's ROM chargGen
Tcd_clear_text(); )
cput(0x97); // Graphics & Text ON, cursor blinking
for (c=0;c<l10;c++)
lcd_xy(0,0); // write text from upper left corner
Z/Tar (1=071<320;%++)
//cc = (unsigned int) (c+i)%0x7f; // display all
characters .
//dput(ec); cput(Oxc0); // write char, inc ptr.
7

set,

AGM2464E.C

lcd_setup(); // make sure control Tines are at correct levels

printf("setup Tcd sucessfully.\n");
led_init(); //_initialize LCD memory and display modes
printf("Initialized Tcd sucessfully.\n");

strcpy(string, "AZ Displays, Inc.");
Ted_print(string);

led_xy(0,1); // first character, second line
led_print("Complete LCD Solutions");:
Ted_xy(5,2);

led_print("75 columbia, Aliso viejo, CA-92656");:

lecd_xy(0,3);
lTed_print("www.azdisplays.com");
Tecd_xy(10,5);
led_print(“"sales@azdisplays.com™):
Ted_xy(0,7);

Tcd_print("Az Displays™);

/* set time zone from TZ environment variable. If TZ is not

* PSTBPDT is used (Pacific standard time, daylight savings).

tzset();

/* Display DOS-style date and time, in refresh Toop */

for (1=0;1<500;i++)

Ted_xy(22,0);
_strtime( tmpbuf );

led_print( tmpbuf ); // DOS-style time

led_print(" "); // intervening space
_strdate( tmpbuf );

1cd_Frint( tmgbuf ): // DOS-style date
if (k )

bhit() reak;

1
// delay(400000); // about 0.5 sec on 75 MHz Pentium

}
if (kbhit())
break;
FATE T bouncing line graphics "screensaver" demo

lcd_clear_graph(); // fi11 graphics memory with 0x00
cput(Ox98); // Graphics ON, Text OFF
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AGM2464E.C
X=(XMAX-XMIN) /2;
y=(YMAX-YMIN)/2:
r=0.3;
theta = 2*%PI* Frand(),
theta_inc = (0.01 * frand()) - 0.005;
for (c=0;c<12000;c++)
{

lcd setp1xe1((1nt)x (inty); // draw pixel on LCD screen
xinc = r*cos(theta);
yinc = r# s1n(theta),
theta += theta_inc;

X += xinc;

y += yinc;

if (x>xMAx) {x=XMAX; theta = PI-theta;}
if (y>YMAX) {y=YMAX; theta = -theta;}
if (X<XMIN) {Xx=XMIN; theta = PI-theta:;}
if (y<YMIN) {y=YMIN; theta = -theta;}

if (kbh1§())k
7 de1aycloooj; // delay calibrated on 75 MHz Pentium

} // end for(c)

if (kbhit(Q))
getch();

} while (!'kbhit(Q));
} // end mainQ)

/* Block writes would, I th1nk, run faster if you used the DATA AUTO
mgde, eg command O0xBO. I didn't bother.

// 1Cd C1ear graph Bt Rt o ek b R LA e ok R R o R R e R R T AU A S A S SR M S
J Jad Ja-fa—k-l—-’-.l.-lr-l:-‘-qﬁ J.-’ud J--)au\.J J' .J J‘J J—-K-J Jr-I-J -l -l--l--"f-l J.v’-*n,}:n'!‘--"‘-.)‘.-'l:f‘--"‘-.‘l:-'l-d ‘j‘"‘f .J J J J4-L-X—J .l -l -’ -l -l.-f.d J nJ J J J J-J

void Tcd_clear_graph() // clear graphics memory of LCD

int 1;

dput (G_BASE%256) ;

dput (G_BASE>>8);

cput(0x24); // addrptr at address G_BASE
for (i=0;1<2560;7++)

dput(0); cput(0xcO); // write data, inc ptr.
} // end for(i)

} // end lcd_clear_graph()

// 1Cd C1ear text wkdedededehe ikl il kbR hh bbb h e v d ekttt hh ket dedede e e 4
*##*k***ﬁ%*k#*##*#****ﬁ***ﬁ*****ﬁ#**##*k***#*ﬁ*##ﬁ*ﬁ*****#ﬁ*#ﬁ*#ﬁ***%#*ﬁ
void Tcd_clear_text()
nt 1;
0,
dput (T_BASE%256) ;

dput (T_BASE>>8);
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AGM2464E.C
cput(0x24); // addrptr at address T_BASE
for (i=0;1<320;i++) {
dput(0); cput(0xc0); // write data, inc ptr.
Y // end for(i)

} // led_clear_text()

= . e aba e . - . g . ot e ha e 2 - . e e - e ole . e o -
// 1Cd pr1nt ﬂk%ﬂ**%ﬁ*ﬂ#%**%***n***%*ﬁ"k%%%#i***i*#i*%**i#iﬁ*ﬁ%ﬂﬁi#*%**iﬂ*%

o e . 3 o ke o e p e v oo o o e B e et e de e R fr Y e Y e B e e e o e e g s e e e 2 e e e o o oo o o
Tl il h kA kR ® Thdehhhdhhh kbt bk wn FThdddhhhhhd vttt

void Tcd_print(char *string) // send string of characters to LCD

jht i;
int c; ) : :
for (i=0;i<strlen(string);i++)

¢ = string[i] - 0x20; // convert ASCII to LCD char address
if (c<0)
c=0;
dput(c);
cput(0xc0); // write character, increment memory ptr.
} // end for
} // end led_string

// 1Cd Setpixej **ﬂ*#ﬁ*##*****#*ﬁ***#**#**##*ﬁ****#****ﬁ*##**ﬁﬁ#**#****ﬁﬁ*
#ﬁ**#*#******#****#*ﬁ****#***##*****#ﬁ*ﬁﬁ*##**#**#***#**##**ﬁﬁ#%******ﬁ
void Tcd_setpixel(int column, int row) // set single pixel in 240x64 array

int addr; // memory address of byte containing pixel to write

addr = G_BASE + (row*BYTES_PER_ROW) + (column/6) :

dput(addr¥%256); dput(addr>>8); cput(0x24): // set LcD addr. pointer
cput(Oxf8 | (5-(column%6)) ); // set bit-within-byte command

} // end Tcd_setpixel()

// 1Cd Xy #**##*##*ﬁ**##**#**#ﬁ******ﬁ##ﬁ****##**#*ﬁ***##ﬁ**#**%*#ﬁﬁ**ﬁ**k
**#**#**ﬁ*ﬁ*#ﬁ*#***%ﬁ##*ﬁ*****ﬁ##*##*#****ﬁ*******ﬂﬁ****#*#*****#**#**#

void Tcd_xy(int x, int y) // set memory pointer to (x,y) position (text)

{

int addr;
addr = T_BASE + (y * BYTES_PER_ROW) + X:
dput(addr%256) ; dput(addr>>8); cput(0x24); // set LD addr. pointer

Y /7 led_xyQ

.J..a_.r..l..:..;..:‘.r_.u._r..n..|..1..;..Jn..:..l_.:..u..l.J..J..J..:..n_.».J..l..l..;..a..:..ﬂ..l..l.u..h.n..r..l...p RO b T L PP VN PR S S W T SN S T SRS ISR
e ay A U R R R L U D S SR D LA T U S D Tt T L R R L T RO R T L e e Tl i TR Lo Tl i f o Pl b T P

*********##***ﬁ##*##***#**#ﬁ***ﬁ*ﬁ*****ﬁ*w***#******#%ﬂ**ﬁ**#**ﬁ#*****#
void delay(uL d) // delay proportional to "d" value
{ .
uL 1;
double a;

a = 1.000;
tor (i=0;1<d;i++)

d = d / 1.001;

iy
} // end delay()
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b

Low-Tevel I/0 routines to interface to LCD display
based on four routines:

dput(): write data byte

cput(): write control byte
dget(): read data byte (UNTESTED)
sget(): read status

If you are confused about outp() and inp() then look at the sample
code to see how do they work

outp(0x29a, 0x69); // outp(unsigned int port, int value);

will write the byte-sized value 0x69 to port 0x29A

value = inp(0x76B); . '
will just assign the variable "value" the byte/word receive from port Ox76B.

B B

B T T T B T S B B B B B B B O B B B B R S B B T T o T S o e X
Pl Tt i el e T ol T T T e T T Tl Dl T Tl T e T T S T Tl Dl e O Tl T Tl Tl e Tl T Tl i D e o S D T i Sl D S T

VPSS SUOC U Y SO SRR SN SNP SO SIS S JAOE SUOU UIFE TAPC VRO S WL TP R W DINC DU SUPY U DU DN M BIVE. N G MR SR P DR W S DR M M DS WP DU B S S A P S TR  B  H T  N M
Pt T R i it it et Tl O T e T 1 Tl e i T e T Tl i e e S DRt TR O Tl it i Tl e Tl O S Tl T Tl e e Tt S H D e Dl S i S

void Tecd_setup() // make sure control lines are at correct levels

CEHI; // disable chip

RDHI; // disable reading from LCD

WRHI; // disable writing to LCD

CDHI; // command/status mode

DATAOUT; // make 8-bit parallel port an output port

} // end lcd_setup()

o e S g o e s e e e ke JROR SN S S JC SUTUPY S N O P MC L SUC NEC MY SE SOF NOC MU O U RE ST U A D ST SRR e o oo Fa oo o e oo e
ER R R R R R R R o ok R T T R T o S R R ot R S TR T G R T A o O T S o T R R R o e U e SR R T o

void Tcd_init() // dnitialize LCD memory and display modes

dput (G_BASE%256) ;

dput (G_BASE>>8) ;

cput(0x42); // set graphics memory to address G_BASE
dput (BYTES_PER_ROW%256) ;

dput (BYTES_PER_ROW>>8) ;

cput(0x43); // n bytes per graphics Tine

dput (T_BASE%256) ;

dput (T_BASE>>8);

cput(0x40); // text memory at address T_BASE

dput (BYTES_PER_ROW%256) ;

dput (BYTES_PER_ROW>>8);

cput(0x41); // n bytes per text line

cput(0x80); // mode set: Graphics OR Text, ROM CGen
cput(0xa7); // cursor is 8 lines high

dput (0x00);

dput (0x00);

cput(0x21); // put cursor at (x,y) Tlocation
cput(0x97); // Graghics & Text ON, cursor blinking
// (For cursor to be visible, need to set up position)

} // end lcd_init()
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// sget(): read status

%nt sget{void) // get LCD display status byte

int Tcd_status;

DATAIN; // make 8-bit parallel ﬁort an input

CDHI; // bring LCD C/D line high (read status byte)
RDLO; // bring LCD /RD line low (read active)

CELO; // bring LCD /CE Tine Tow (chip-enable active)
lcd_status = inp(pdata); // read LCD status byte
CEHI; // bring LCD /CE Tine high, disabling it

RDHI; // deactivate LCD read mode

DATAOUT; // make 8-bit parallel port an output port
return(lcd_status);

Y // sget()

// dput BRGNS S S A A

i dpqt()f write data byte
// write data byte to LCD module over par. port
// assume PC port in data OUTPUT mode

L L L L g o R L e e e g

fedededefehhwh it

s o S Fo o oo e ohe oo Do ol e e e de de 2o do e e o e oo o dde ot da S
whhddhhhhShEh bkt kh e nn

I :
void dput(int byte)

{

do
%

} while ((0x03 & sget()) != 0x03); // wait until display ready
CDLO;
WRLO; // activate LCD's write mode
outp(pdata,_byte); // write value to data port
CELO; // pulse enable LOW > 80 ns (hah!)
CEHI; // return enable HIGH
WRHI; // restore write mode to inactive
/ using my P5/75 MHz PC with ISA bus, CE stays Tow for 2 microseconds

Y // end/dDUt()

3 e wha . o ofe e T e e "o . . s . o ot o s - e wha te ofu ot s e ufa s
// dget :‘r:‘:'.‘.‘-".“.’.‘,‘.'.’::’.:‘:':‘:'.’.'.’.:’:1':'.’:*1’:'.‘.:‘::&'.‘..-‘.‘:s‘.‘.’-'-‘:'.’.';’r‘.’.‘.‘:‘:‘r‘.’.‘.‘::‘r:‘r:‘:'.‘:‘.’-'."r',‘r';’:'.‘.'.‘:'.’.-.’.-.':':"'.‘.‘.‘:'{.':‘:'.’-‘!.'.’r‘:'.‘.’.‘.’.-.‘:-.“."."'.'.'.'.*.‘:':‘:"’-'.’.',“:‘:’.'f.-.':

ot e S e ha B ot e e e de e S o e Te e o ol ol ofe ol e o e o o
R Rt A R R R R R R R R R R R e R

o o o sl 2o S SRCIRCAN N e b o a P S % . -
Gkl didd R bRl b bbbk Eh hh ke h

}nt dget(void) // get data byte from LCD module

int Tcd_byte;
do

{

} while ((0Ox03 & sget()) = 0x03); // wait until display ready
DATAIN; // make PC's port an input port
WRHI; // make sure WRITE mode 1is dinactive
CbLo; // data mode
RDLO; // activate READ mode
CELO; // enable chip, which outputs data
Tcd_byte = 1ng(pdata); // read data from LCD
CEHI; // disable chip
RDHI; // turn off READ mode
DATAOUT; // make 8-bit parallel port an output port
return(Tcd_byte);
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// Cput **ﬁ**ﬁ*ﬁ*k#*#*****#ﬁ***ﬁ*ﬁ****##**k#ﬁ*#******##***#*#**#*#ﬁ**ﬁ#*****#**%#*

o e e e e 3 o e e e e o e o e o o o e A e e e e e o s o ode ofe o o o e e . e g e e oo abe oo ur
// Y Rk b R R R S Ry EhAA N RS EEh B G hh ey wlekddeddde bk Rt e ddodd vk BhEAEA SRR e s A h S e

void cput(int byte) // write command byte to LCD module
{/ assumes port is in data OUTPUT mode

do
{

}:whi1e ((0x03 & sget()) != 0x03); // wait until display ready

outp(pdata, byte);: // present data to LCD on PC's port pins

CDHI; // control/status mode

RDHI; // make sure LCD read mode is off

WRLO; // activate LCD write mode

CELD; // pulse_chipEnable Low, > 80 ns, enables LCD I/0
CEHI; // disable LCD 1/0

WRHI; // deactivate write mode

Y // cput()
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