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1 Introduction

This application note focuses on Liquid Crystal Screens driven by a controller/driver chip, as shown on
figure 1. This controller is programmed by the C500 Infineon microcontroller. The LCD used in this
application note is shown in figure 2 and has a two pin interface to the I°C bus.

11 Brief introduction to the I°C bus

The I°C bus is a bidirectional two line bus, enabling communication between any kind of integrated circuit
that supports this protocol, either by hardware or software. Examples of such ICs are LCD controllers,
EEPROMSs, RAMs, data converters or general purpose microcontrollers. The main advantage of this protocol
is its two line interface, as shown in figure 3.

—_—_——— - - - - - - - - ——

LCD

I/O pins (2 for controller/driver

I

I

I

I

12C interface) I
connected to | example:

I

I

I

I

I

the Infineon PCF2116
microcontroller
(e.g. C508)

power, contrast

and backlight e
connections Liquid Crystal

Figure 1:
Example of an LCD with an embedded controller/driver.

Figure 2:
Example of a Chip-on-glass application (3 line x 12 visible columns, I’c interface).
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Vcec Vcee

Pull-up
D resistors

SDA

SCL

ucC LCD EEPROM

master slave slave

Figure 3:
Example of an I°C bus configuration.

The two-line bus consists of lines SDA (serial data line) and SCL (serial clock line). These lines should be
connected to a positive supply via pull-up resistors. However this is not always necessary because some
microcontroller ports (i.e. the Infineon microcontroller C504 port 1) have an internal pullup. In any case,
careful consideration must be given to the I°C bus specification.

It should be noted that the multi-master capability of the I°C bus is not used in this application; there is only
one master (the Infineon microcontroller) and a slave (the Display).

1.2 The communication between the master and the slave

By using the word ,master” one refers to the device which initiates and terminates a transfer and also
provides the clock signals on line SCL. Master devices operate as transmitters or receivers.

At the start of each transfer, a slave is addressed by its own unique address. A transfer consists of a start
condition, the data bits, an acknowledge bit and possibly a stop condition. This concept is shown in figures 4
and 5.

A start condition is defined by a falling edge at SDA while the SCL is high. A stop condition is defined by a
rising edge at SDA while the SCL line is high. When transmitting data, no changes at the SDA line while the
clock is high are permitted, otherwise this will result in a stop or a start condition! In order to avoid this, the
master should change the data at SDA only when the SCL line is low.

After the transmission of the 8 data bits, the master sets the SDA line to high and the slave acknowledges
the transfer by pulling the SDA line to ground. This indicates a successful transfer.

Master-read mode is not exactly the same. The master still provides the clock but the slave is now the one
who submits the data (requested by the master) at the SDA line. At the end of the transmission, the master
does not acknowledge (SDA is set and remains high).
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change of change of

data allowed data allowed acknowledgment

=77 r————-7 1 r————77 1 l
| |
| |

: no acknowledge

| /

acknowledge

start

condition transmitting a "1 transmitting a "0

Acknowledgement :

SDA line is pulled low by the slave duringthe I L

SCL pulse while in slave write mode.

In slave read mode, SDA line remains HIGH
during the SCL pulse (no acknowledge by the

master). |
/o

stop
condition

Figure 4:
An example of a transfer.

The I°C protocol defines two modes: standard mode (maximum transfer rate of 100 kbit/s) and fast mode
(maximum transfer rate of 400 kbit/s). This application note uses the standard mode for communication. This
could probably be easily changed but any changes should be made in accordance to the original I°C-bus
specification.

For further information the interested reader is referred to the original 1°C-bus specification («the I°C-bus and
how to use it (including specification)», Philips Semiconductors).
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I2C start

transmit slave
address

slave
acknowledges

l

send datato k —
slave

N times

slave
acknowledges
transfer — —

continue
or
stop transmitting

[2C Stop

Figure 5:
An example of a successful master-write.

13 How is I’C implemented?

The code found in the appendix uses true software routines: the I°C is emulated by the software routines and
therefore there is no need for special hardware. Nevertheless, some Infineon microcontrollers provide a
hardware 1°C interface. Please refer to the following table, table 1. It should be noted that software emulation
is possible with any Infineon microcontrollers — one may only replace the I°C driver software with the
appropriate I°C driver code for the microcontroller used. The application notes proposed can be found on the
internet at www.infineon.com.
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8 bit 16 bit
software
emulation * *x
hardware C161RI
implementation i C161P]
C161SI/ClI
C161CS

* software emulated 1°C interface with the C500 family. Complete description and source code is found in:

Interfacing SLx 24Cxx 12C-Bus
Serial EEPROMs to 8051 Controller Family, especially to the Siemens (Infineon's) C500 Controller Family.
AP083701

This is a source for the 1°C bus procedures (e.g. I2cMasterWrite(), I2cMasterRead();) used in this application

note.

** software emulated 1°C interface with the C166 family. Complete description and source code is found in:

Software emulation of the 12C-bus using the General Purpose Timer unit 1 of the C166 family

This is a software emulation of the 12C-bus by using two general purpose timers of a microcontroller from the C166

family. The 12C-bus is used in many applications mainly to communicate between devices connected to the bus.
AP162401

Software emulation of 12C-bus using CPU time of C166 family
This is a software emulation of 12C-bus using CPU time of the C166 family to generate the clock and data.

AP162501

Software emulation of the 12C-bus using the High-Speed Synchronous Serial Interface of C166 family
This is a software emulation of 12C-bus using High-Speed Synchronous Serial Interface of the C166 family to generate
the clock and data.

AP162601

Some versions of the C161 have hardware I°C interface capability. A related application note is:

Hardware 12C-bus in slave mode by using polling and interrupt methods for C161RI microcontroller
This is a software module for hardware 12C-bus in slave mode by using software polling and hardware interrupt methods
for C161RI microcontroller. The 12C-bus is used in many applications mainly to communicate between devices
connected to the bus.

AP164510
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14 The Liquid Crystal Display

The Liquid Crystal Display used in this application note is a ,Chip on glass“ LCD using an I°C interface
(figure 2)*. The Display controller driving the display is a PCF2116 from Philips Semiconductors. The user
has access to six pins; two pins are used for I°C communication with the master - Infineon microcontroller
while the other four pins are used for the power supply interfacing and for connecting 2 fixed resistors (or a
potentiometer) that adjust the contrast of the Display, according to figure 5.

654321
Pinout: VDD ‘|'3.EV..'|'SV
A

; xss 100nF
v vLCD —

LCD =
5 aba Vo T3

=

6 SCL 100k02

The 100K potentiometer could be replaced by two resistors after setting an appropriate contrast level.

Figure 7:
The LCD pinout and the contrast circuit using a single power supply (if PCF2116 bit G=1).

1.5 The LCD controller/driver
Bytes sent to the PCF2116 are either control bytes, commands or data.
A control byte selects the desired instruction group according to table 1.
« A control byte consists of 3 bits, followed by 5 zeros:

Co RS RW 0 O O 0 O

Bit Co=0 defines whether the following bytes are not control bytes and bit Co=1 defines that the following
two bytes are a command/data byte and another control byte.

Please note that in this application note,
instructions with RS=0, RW‘=0 will be called ,first instruction group* instructions,
instructions with RS=1, RW'=0 will be called ,second instruction group“ instructions and

Other instructions are read instructions and do not abide to any instruction group; they are also not used
in this application note.

This convention will be used in the code.
« A command consists of 8 bits:
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

* The ordering number is EA 7123-12C and is distributed by Electronic Assembly: www.lcd-module.de.
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A complete instruction is therefore 2 bytes:
Co RS RW O O O O O

although one could send a control byte only once (with Co=0) and then send commands and always refer to
the same instruction group.

DB7 DB6 DBS5 DB4 DB3 DB2 DB1 DBO

The PCF2116 instruction set is presented in the following table:

INSTRUCTION | RS | W | DBT | DBG | DBS | DB4 | DB3 |DB2 | DB1 | DBEO DESCRIPTION
MNOP Q ] [#] il 0 4] [ 0 | Mo operation.
Clear display [H Q 0 o a 0 o a 5 1 |Clears entira display and sets DDRAM
addrass 0 in Address Counter.
Ratum Home [ Q ] [ a 0 [¥] a 1 0 | Sels DDRAM addrass O in Address Counler.
Algo relums shilled display 1o ::|r|!:_|||1".,1l pasiion
DDRAM contents remain unchangsd.
Enitry mode set 0 Q a 0 a o 4] 1 ] 5 |Sets cursor move direction and specifies shift
of display. These oparalions are parformad
l:jurlng chata wribe and read
Display contral o [} 1] o] 4] o 1 o c B |Sets entire display onfoff (D), cursor ondoff (C)
and blink of cursor position character (B).
Cursondisplay 0 Q a 0 a 1 5/C | RL i} 0 |Mowes cursor and shifts display without
shift chamging DDAAM comtants.
Fuinetion sat [ 4] 0 4] 1 L M i G 0 | Sels interface data lengih (DL), nuimbes of
digplay lines (M, M) and voltage generatar
cantrol {G).
Sal CGRAM L Q ] 1 Aoo Sals CGRAM address.
address
Sat DDRAM ¥ Q 1 App Sata DORAM address,
address
Read busy flag [ 1 BF Ao Reads Busy Flag (BF) indicating internal
and addrass oparation is being perfarmed and reads
Address Counter contents
Read data 1 1 read data Reads data from CGRAM or DDRAM.
Write data 1 a write data Writes data to CGRAM or DDRAM.
Table 1a:
The PCF2116 family instruction set.
BIT 1] 1
o decrament increment
5 display lreaze display shift
o display off display on
c cursor off CUrsor on
B character at cursor position doas nal blnk character al cursor position blinks
S CUPSAE Mave display shifl
Rl left shift right shift
oL 4 bits. 8 hits
G valtage generator Viop =Wy voltage generator; Vi pp = Vo - 0.8V
M, (M =03
PCFE116x 1 line = 24 characters;, MUX 1: 18 2 lines = 24 characters; MUX 1 32
PCF2114x 2line = 12 charactara; MUX 1: 16 2 lines = 24 charactera: MUK 1: 32
M, (M=1) rasarvad 4 lines = 12 characiers; MUK 1 : 32
BF end of internal operalion internal aperatan in progress
Co last control byte, only data bytes to follow next two bytes are a data byte and another
control byte
Table 1b:
Description of the command bits.
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The architecture and instructions of the PCF2116 will not be fully described here. Please refer to the
,PCF2116 family LCD controller/drivers” product specification.

1.6 Using other instruction sets

It is of course possible to use other Displays, which have a controller with different commands or interface. In
general, as it can be seen in table 2 (the instruction set for the Hitachi HD44710 microcontroller), the
instructions are similar to the PCF2116 — that is, the manufacturers preserve a common instruction set. This
is why it is very easy to program different LCDs by using the code in this application note as a start. It should
be noted that it is also possible to switch to other LCD interfaces (serial or parallel) very simply because the
code presented here is general (using procedures and include files). Therefore one can build his/her own
interface routines and not use the I1°C routines provided here. The application can then take advantage of the
ready procedures in this paper, but not the optimized ones, as they are written specifically for an I°C LCD
interface.

display DORAM addrass § in addrass
oountar,
Fedum ¢ |0 o] 1] o o Q L} 1 — | Sebs DDRAM addness & in
dwpmmmuar'ﬂmmw
prsition,
canbents remain
En & | @ |0 L] O a i} i I [ Sabs cuinsar move dirsclion
n'ugul and specifies display shift
du daite wrila
W rireg
1]} & |0 a 1] 0 o 1 o c B Sels antire
mﬁw cursar an'all (), and
camnlnd ol cursor posiion dharactar
Cusceor |0 (4 [0 [¢ |0 1 SC (AL (= |= |Movascursor and shifis
d withoul changing
Fuabd condants.
Functicn o |0 o] 1] 1 oL | W F — |— |Sekinatace dabs engih
B4t {0LY, numbar of display lines
{Mp. Bnd characier (FL
Sal e o [0 [1 [ace|ascalace|sacs|acc] ACG Ses CORAM addoas
CGAAM CGAAM dala i sonl and
e recaived atter this satting.
Sat o | o [1 | ADD| ADD| DD ADCY ADD | ADD| ADD| Sats DDRAM addrass,
DDRAM DORAM data is sert and
Sifcinss recaivind Aller this salling.
FAead o |1 [BF [AG |AG [ac [AC |AC [AG [AC [Reads bu (BF)
-1 s
:d:hr?inwﬂwmﬂwﬁ.
Witadata |1 | & | Write data 'Wiritas daia into DDRAM or
b CEor CGRAM,
DORAM
FAead datm |1 1 FAead data Raads data from DORAM ar
from G or CEAAM,
DORAM
Table 2a:

The HD44710 instruction set.

D =1: Wncrameat DORAM: [Haplay data RaM
D =0 Decramen COAAM: Characier ganedaton
5 =1: Accomparies display shif RAM

SC =1: Display shill AL CGHAR s
ST ={c Clwsor mous ADD: DORAM addrass
RL =1: Shill Lo the rgh (eonmesponds o curser
Rl =0 Shitl ko the katt

DL =1 8bits, DL =0; 4bils AC: Address counter used jor
N =1 Zines,N=1 1lna beths D0 and GEAAM

F =1 Sx10dos, F=0 5«&dois adireaass

BF =1: Inlemaly operaling

BF =1t Mstructions acceplabls

Table 2b:
Description of the command bits.
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1.7 Starting up — testing the LCD

Supposing that all connections are made correctly and ensuring that the I°C bus is configured properly

(having appropriate pullups), one is ready to test the functionality of the LCD. A simple ,HELLO!" algorithm is
appropriate. The following code is based in the example from the PCF2116 datasheet. Step 4 should be
changed according to the LCD used (refer to the ,function set” instruction in the datasheet).

/********************************************************************************************* */

/* Test LCD
/*
/* Description:

/* Send instructions to LCD according to the exanple in the PCF2116 datasheet.

*/
*/
*/
*/

1A AR R EEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

#include “i2c_sw8b.c*
/I Some characters from character set C
#define character_space 0x20

0x0C8

0x0C5

0x0CC

0x0CF
0x0A1

#define character_H
#define character E
#define character_L
#define character_O

#define character_excl

void main(void)

{
12cInit();
12cStart();
12cMasterWrite(0x74);
12cMasterWrite(0x00);
12cMasterWrite(0x3E);
12cMasterWrite(Ox0OE); ~ //00001110
12cMasterWrite(0x06);  //00000110
/1'12cStop(); // This is not needed

//01110100
//00000000
/00111110

12cStart();
12cMasterWrite(0x74);
12cMasterWrite(0x40);

//01110100
//01000000
12cMasterWrite(character_H);
12cMasterWrite(character_E);
12cMasterWrite(character_L);
12cMasterWrite(character_L);
12cMasterWrite(character_O);
12cMasterWrite(character_excl);

12¢Stop();

/I Siemens 12C-bus module

/I Initialize 12C bus
/I step 1 : Start communication
/l step 2 : Send SLAVE ADDRESS
I/l step 3 : CONTROL BYTE (first instruction group)
/I step 4 : _FUNCTION SET // * change this
/I step 5 : _DISPLAY ON/OFF CONTROL
Il step 6 : _ENTRY MODE SET

Il step 7

/I step 8 : Send SLAVE ADDRESS

I/l step 9 : CONTROL BYTE (second instruction group)
/I Write ,H“ to DDRAM (also on the Display)

/I Write ,E*

/I Write ,L*

/I Write ,L*

/I Write ,0"

/I Write !

/I (step 17) // stop communication
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2 The software library

The basic procedures were built arround the PCF2116 instruction set. These are:

PROCEDURE NAME INPUT OUTPUT INSTRUCTION
— . GROUP
of non-optimized procedure
success | error other
cls_ LCD - 0 1 -
returnHome_LCD - 0 1 -
entry_mode_set LCD bit ID, bit S 0 1 -
display_control_LCD bit D, bit C, bit Blink 0 1 -
cursor_display_shift LCD bit SC, bit RL 0 1 -
function_set_LCD - 0 1 - first
set CGRAM_address_LCD |[unsigned char 0 1 -
address
set DDRAM_address LCD |[unsigned char 0 1 -
address
write_char2LCD unsigned char 0 1 -
character, unsigned second
char offset

Table 3:

Basic procedures that correspond to the Display Controller’s instructions.

Each procedure can be called only after calling the appropriate procedure for the instruction group in which
it belongs (otherwise the instructions will not be executed!):

void first_instruction_group(void)

void second_instruction_group(void)

Based on these procedures, one can initialize and use the LCD. To facilitate programming, certain routines
were developped and are presented in table 4.

* the optimized procedures do not have output ( void proc(..) )
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PROCEDURE NAME

INPUT

of non-optimized procedure*

OUTPUT

success error other
wait wait2 time_out : [0..65535] -
gotoXY_LCD unsigned char pos 0 1 -
initialize_LCD bit ID,bit S,bit D,bit C,bit Blink,bit SC,bit RL 0 1 -
writedata2L.CD_reverse | unsigned char number, unsigned char 0 character position at
*value, unsigned char offset which the error
occured (1..number)
writedata2LCD_normal | unsigned char number, unsigned char 0 character position at
*value, unsigned char offset which the error
occured (1..number)
send_instruction2LCD | bit Co,bit RS,bit RW 0 1 -
Table 4:
Standard procedures.
21 Description of the basic procedures
non-optimized: optimized:

cls_LCD

first instruction group

unsigned char cls_LCD(void)

void cls_LCD(void)

inputs:
outputs:
0 if success

1 if there was an error (could not send
instruction to the LCD)

description:

position 1. Display shift is also cancelled.

comments:

see also:
wait()

Clears the whole display (including non-visible areas) and returns cursor to

After executing this command, the master-microcontroller will wait for about 2
ms until the LCD is ready to accept new commands.

* the optimized procedures do not have output ( void proc(..) )
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returnHome_LCD

first instruction group

entry_mode_set_LCD

first instruction group

non-optimized:

unsigned char returnHome_LCD(void)

optimized:

void returnHome_LCD(void)

inputs:
outputs:
0 if success

1 if there was an error (could not send
instruction to the LCD)

description:

Returns cursor to position 1.

comments:
see also:
cls_LCD(), gotoXY_LCD()

non-optimized:

unsigned char
entry_mode_set LCD(bit ID, bit S)

optimized:

void entry_mode_set LCD(bit ID, bit S)

inputs:

bits ID, S. They are described in the PCF2116 datasheet

outputs:
0 if success

1 if there was an error (could not send
instruction to the LCD)

description:

Instructs how the display should behave when writing characters or when

shifting the display with the cursor_display_shift LCD command.

comments:

see also:

cursor_display_shift_LCD()
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display_control_LCD

first instruction group

cursor_display_shift_
LCD

first instruction group

non-optimized: optimized:
unsigned char display_control_LCD(bit |void display_control_LCD(bit D, bit C,
D, bit C, bit Blink) bit Blink)
inputs:

bits D, C, Blink. They are described in the PCF2116 datasheet
outputs:
0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:

Sets display, cursor, or cursor-blink on or off.

comments:

see also:

non-optimized: optimized:

unsigned char void cursor_display_shift LCD(bit SC,
cursor_display_shift_ LCD(bit SC, bit bit RL)
RL)

inputs:

bits SC, RL. They are described in the PCF2116 datasheet
outputs:

0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:

Moves the cursor or shifts the visible area of the display left or right, according
to the bits ID and S (set by the entry_mode_set LCD instruction).

comments:

When the cursor is at the end of a line and is instructed to proceed right (/ left,
at the start of a line), the cursor will move to the start of the next line (/ the end
of the previous line). However, shifting the display outside the line boundaries
will result in a wrap-around. Cursor wrap-around occurs only between the end
of the last and the start of the first line.

see also:

entry_mode_set_LCD()
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function_set_LCD

first instruction group

set CGRAM_ address
_LCD

first instruction group

non-optimized: optimized:

unsigned char function_set_LCD(void) |void function_set LCD(void)

inputs:

outputs:
0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:

Sets the bits DL,N,M,G, which are defined as constant at the start of the code,
according to the type of the LCD.

comments:

DL is set to 1 when an 8 bit data transmission during any 12C transfer is
desired. DL can be set to 0 when a 4 bit data transmission during any 1°C
transfer is desired, but this has not been tested.

Bits N ,M are set according to the number of lines and columns in our display.
To change this, define USE_4 LINES or USE_2 LINES or USE_1_LINE at the
start of the lcd.h module; one does not need to pay attention to these bits (N, M)
because they are automatically properly when selecting the appropriate
USE_x_LINEs definition.

Bit G should be set to one if one wishes to use a single and positive power
supply. Otherwise (bit G=0 — this is default at LCD startup) one would need to
use two power supplies, one negative and one positive. Please refer to the
comments of the Icd.h file for the schematics.

see also:

non-optimized: optimized:

unsigned char void
set CGRAM_address_LCD(unsigned set CGRAM_address_LCD(unsigned
char address) char address)

inputs:

address : [0..63] (other inputs are processed with their 5 least significant bits)
outputs:

0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:
Sets the CGRAM address.

comments:
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set DDRAM_address
_LCD

first instruction group

This instruction is used to define new characters/fonts. It is executed before
writting to the CGRAM with the write_char2LCD() or the
writedata2LCD_normal() procedures. It is also used inside the create_font()
procedure.

Each line of a character is a byte (with only the 6 least significant bits used).
Each bit indicates whether a dot is present or not (1 or 0). For example, the first
character of the CGRAM is addresses 0000000 to 0000111 (8 lines) with each
address containing a 6 bit value.

An example is found at the visual effects chapter, where an «Infineon» logo is
created and shown in a complex way on screen.

see also:

create_font()

non-optimized: optimized:
unsigned char void
set DDRAM_address_LCD(unsigned set DDRAM_address_LCD(unsigned
char address) char address)
inputs:
address : [0..255]
outputs:
0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:

Sets the DDRAM address.

comments:
DDRAM address corresponds to the cursor position.

see also:
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write_char2LCD

second instruction group

non-optimized: optimized:
unsigned char void write_char2LCD(unsigned char
write_char2LCD(unsigned char character, unsigned char offset)

character, unsigned char offset)

inputs:

the desired byte to write.

the offset is added to the character number.
outputs:

0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:
Writes a byte to the LCD.

comments:

when writing to the display, one must consult the appropriate character set table
for the LCD used. The offset byte is used in order to convert between ASCII and
the LCD character sets. For example, the ASCII «A» should be written with an
offset of 0x81, in order to be displayed correctly.

see also:

writedata2L.CD_normal(), writedata2L.CD_reverse()
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2.2 Description of the standard procedures

wait wait2

gotoXY_LCD

non-optimized & optimized:

void wait(time_out) | void wait2(time_out)

inputs:

the desired time out

outputs:

description:

wait() slows the uC down for about 10*time_out clock cycles.

wait2() uses a double loop (calling wait()), so one can achieve greater time-outs
of several seconds.

comments:

These routines are used to create time-outs. They are very useful when
creating visual effects, because they slow a process down, so that the human
eye can perceive it.

wait() is normally used after a cls_LCD() instruction. Here, it is included inside
the cls_LCD() procedure.

see also:

cls_LCD(), any visual effect

non-optimized: optimized:

unsigned char gotoXY _LCD(unsigned |void gotoXY _LCD(unsigned char pos)
char pos)

inputs:

desired position of the cursor
outputs:

0 if success

1 if there was an error (could not send -
instruction to the LCD)

description:

The cursor is placed in pos.

comments:

This moves the cursor to a desired position. Example:
gotoXY(linel_start+3); /move to the 3+1 = 4™ column, 1% line

linel_start is automatically defined when selecting an LCD with the
USE_x_LINEs definition

see also:
returnHome_LCD()
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initialize_LCD

non-optimized & optimized:

unsigned char initialize_LCD(bit ID, bit
S, bit D, bit C, bit Blink, bit SC, bit RL)

void initialize_LCD(bit ID, bit S, bit D,
bit C, bit Blink, bit SC, bit RL)

writedata2LCD reverse

inputs:

bits ID, S, D, C, Blink, SC, RL
outputs:

0 if success

1 if there was an error (could not send
an instruction to the LCD)

description:

Initializes the LCD. This procedure calls all the initialization procedures. It
should be included in a new project only if it is called in two or more discrete
positions of the code, otherwise simple initialization-procedure calls will produce

smaller code size.

comments:

see also:

entry_mode_set _LCD(), display_control_LCD(), cursor_display_shift_LCD(),

function_set_LCD()
non-optimized:

unsigned char
writedata2LCD_reverse(unsigned
char number, unsigned char *value,
unsigned char offset)

optimized:

void writedata2LCD_reverse(unsigned
char number, unsigned char *value,
unsigned char offset)

writedata2LCD_normal

unsigned char
writedata2LLCD_normal(unsigned char
number, unsigned char *value,
unsigned char offset)

void writedata2L.CD_normal(unsigned
char number, unsigned char *value,
unsigned char offset)

inputs:

outputs:
if no error occured

description:

8 character string.

comments:

see also:
write_char2L.CD()
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number [1..255], a matrix beginning at pointer *value, offset

character position at which an error occured (1..number of characters) or zero

These two procedures print a string on the LCD. Inputs are the pointer to the
string and the length of the string. For example, the string «INFINEON» is an

writedata2L.CD_normal() prints from left to right, while
writedata2L.CD_reverse() prints backwards(from right to left).
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non-optimized: optimized:
send_instruction2LCD | unsigned char void send_instruction2L.CD(void)
send_instruction2LCD(void)
inputs:
outputs:
0 if success

23

1 if there was an error (could not send -
an instruction to the LCD)

description:
This command sends the "Co RS RW 0 0 0 0 0" control byte to the slave LCD.

comments:

This procedure is not used in this application note’s code. The instructions
first_and second_instruction_group() are prefered instead. In addition, bit Co
is always written as zero because this proved to be more efficient. However
there is some possibility that another application could benefit from the use of
Co as 1. The code size would then be reduced.

see also:

first_instruction_group(), second_instruction_group()

Discussion of the code-size and the optimization

There are two possible ways to optimize the code:

disable any code related to I°C error checking/returning. For example, instead of using unsigned char
procedure(..), one could use void procedure(..):

unsi gned char write_char2LCD(unsi gned char character, unsi gned char offset)

{
if(l2cMasterWite(character+offset)) return(l);

return(0);
}
This can be replaced by

void wite_char2LCD(unsi gned char character, unsi gned char offset)

{

| 2cMast er Wi t e(charact er +of fset) ;

}
Also, instead of executing a
whi | e(l 2cMasterWite(byte)); /1 send byte until an acknow edge is received

one could simply do a
| 2cMasterWite(byte);

discarding the output from this procedure.
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. replace a procedure call with the procedure’s code. As an example, instead of having
write_char2LCD(0x7A, 0x80);

it is better to have this:
| 2cMast er Wit e( 0x7A+0x80) ;

When using an LCD, the code size of the procedures related to LCD controlling is usually critical. Using the
non-optimized procedures may indeed provide communication error-detection, but the difference in code
size should be set into consideration. From the author’s point of view, one should use the optimized routines
because the memory required is much smaller.

An error during the I°C initialization results in a blank Display. An error during runtime (and after a succesfull
initialization) is not important; execution continues and the display will output text as soon as the 1°C error is
corrected. It is also not very hard to assure error-free communication by checking the hardware connections
(and perhaps run a very simple test-LCD program, see §1.6).

To conclude, any communication errors need not to be identified and possibly reported because a LCD is not
a critical component and the code-size is significant in most applications.

Code-size is important. This is why all visual effects in the next chapter are code size-optimized. In the code,
the non-optimized procedures are provided as remarks next to the optimized ones. Also, excluding (deleting)
unused procedures is very important because this will reduce the code size.

How much is the code size? The first lines of the link results are presented below:

BL51 BANKED LI NKER/ LOCATER V3. 70c 25/10/99 15:32:48 PAGE 1

MS- DOS BL51 BANKED LI NKER/ LOCATER V3. 70c, | NVOKED BY:

C:\ PROGLOC\ MCU\ C51PK\ Bl N\ BL51. EXE C: \ USERDATA\ SKRAPA-1\ FI NAL_~1\ | 2C_SW8B. OBJ,
>> C\ USERDATA\ SKRAPA~1\ FI NAL_~1\12C_LCD. OBJ TO C:\ USERDATA\ SKRAPA-1\ FI NAL_~1\
>> [2C I X RS (256) PL (68) PW(78) CO (1000H) REGFILE (I2C. REG)

MEMORY MODEL: SMALL

| NPUT MODULES | NCLUDED:
C: \ USERDATA\ SKRAPA-1\ FI NAL_~1\12C_SW8B. OBJ (|2C_SW8B)
C: \ USERDATA\ SKRAPA-1\ FI NAL_~1\ 1 2C_LCD. 0BJ (1 2C_LCD)
C:\ PROGLOC\ MCU\ C51PK\ LI B\ C51S. LI B (?C_STARTUP)
C: \ PROGLOC\ MCU\ C51PK\ LI B\ C51S. LI B ( ?C?CLDOPTR)
C:\ PROGLOC\ MCU\ C51PK\ LI B\ C51S. LI B (?C?1 MUL)

LI NK MAP OF MODULE: C:\ USERDATA\ SKRAPA~1\ FI NAL_~1\12C (| 2C_SW8B)
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TYPE BASE LENGTH RELOCATI ON SEGMVENT NAME
x x x x % xx DATA EMORY * * * % » % «
REG 0000H 0008H ABSCLUTE "REG BANK 0"
DATA 0008H 0005H UNIT ?DT?_WRI TEDATA2LCD_REVERS
>> E?| 2C_LCD
DATA 000DH 0002H UNI'T ?DT?1 2C_SV8B
000FH 0011H krk GAP *x
BIT 0020H. 0002H. 2 UNIT _BI T_GROUP_
0022H. 00O0OH. 6 FEREOGAP FRx
DATA  0023H 001AH UNIT _DATA GROUP_
| DATA  003DH 0001H UNI'T ?STACK
xx % % %« xx CODE EMORY * * * % % * =
CODE 0000H 0003H ABSCLUTE
0003H OFFDH xrx GAP *x*
CODE 1000H 0531H I NBLOCK ?PR?MAI N?1 2C_LCD
CODE 1531H 0119H I NBLOCK ?PR?TEXTEFFECT?I 2C_LCD
CODE 164AH 0104H UNI'T ?CO?1 2C_LCD
CODE 174EH 00A6H I NBLOCK ?PR?CREATE_FONT?| 2C_LCD
CODE 17F4H 000CH UNIT ?C_C51STARTUP
CODE 1800H 00CoH I NBLOCK ?PR?PRI NTI NFI NEONLOGO?1 2C
>> LCD
CODE 18COH 00C3H I NBLOCK ?PR?_TEXTROLL?I 2C_LCD
CODE 198CH 0070H I NBLOCK ?PR?1 2CSTOP?| 2C_SV8B
CODE 19FCH 006DH I NBLOCK ?PR?_TEXTTRANS?| 2C_LCD
CODE 1A69H 006AH I NBLOCK ?PR?_| 2CMASTERWRI TE?| 2C_S
>> 8B
CODE 1AD3H 005BH I NBLOCK ?PR?_1 2CVASTERREAD?| 2C_SW
>> 8B
CODE 1B2EH 0041H UNIT ?C?LI1 B_CODE
CODE 1B6FH 003AH I NBLOCK ?PR?I NI TI ALI ZE_LCD?| 2C_LC
>> D
CODE 1BA9H 002DH I NBLOCK ?PR?_W\RI TEDATA2LCD_REVERS
>> E?| 2C_LCD
CODE 1BD6H 002BH I NBLOCK ?PR?_WRI TEDATA2LCD_NORVAL
>> ?12C_LCD
CODE 1C01H 0029H | NBLOCK ?PR?1 2CSTART?| 2C_SV\8B
CODE 1C2AH 0021H I NBLOCK ?PR?SEND_| NSTRUCTI ON2LCD?
>> | 2C_LCD
CODE 1C4ABH 001EH | NBLOCK ?PR?CHECK_SCL?| 2C_SW8B
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CODE 1C69H 001DH I NBLOCK ?PR?DI SPLAY_CONTROL_LCD?I
>> 2C LCD

CODE 1C86H 001BH I NBLOCK ?PR?1 2CI NI T?1 2C_SV\8B

CODE 1CA1H 0019H I NBLOCK ?PR?CURSOR_DI SPLAY_SHI FT_
>> LCD?I 2C_LCD

CODE 1CBAH 0018H I NBLOCK ?PR?_WAI T2?1 2C_LCD

CODE 1CD2H 0013H I NBLOCK ?PR?ENTRY_MODE_SET_LCD?I 2
>> C LCD

CODE 1CE5H 0012H I NBLOCK ?PR?FI RST_| NSTRUCTI ON_GRO
>> UP?| 2C_LCD

CODE 1CF7H 0012H I NBLOCK ?PR?SECOND_| NSTRUCTI ON_GR
>> OUP?I 2C_LCD

CODE 1D09H 000DH I NBLOCK ?PR?CLS_LCD?| 2C_LCD

CODE 1D16H 000DH | NBLOCK ?PR?_GOTOXY_LCD?| 2C_LCD

CODE 1D23H 000BH I NBLOCK ?PR?_WAI T?1 2C_LCD

CODE 1D2EH 000AH I NBLOCK ?PR?_SET_CGRAM ADDRESS LC
>> D?1 2C_LCD

CODE 1D38H 0008H | NBLOCK ?PR?CHECKCLOCK?I 2C_SW8B

CODE 1D40H 0008H I NBLOCK ?PR?_SET_DDRAM ADDRESS LC
>> D?| 2C_LCD

CODE 1D48H 0007H | NBLOCK ?PR?_WRI TE_CHAR2LCD?I 2C L
>> CD

CODE 1DAFH 0006H I NBLOCK ?PR?RETURNHOVE_LCD?| 2C _LC
>> D

CODE 1D55H 0006H | NBLOCK ?PR?FUNCTI ON_SET_LCD?I 2C_
>> LCD

I°C bus interface routines are marked with grey, while the very basic procedures for the I°C LCD control are
marked with yellow. This gives us a very rough approximation of the code size:

I°C bus interface takes about 212 bytes, while the procedures used to control and print text on the LCD have
a code length of about 238 bytes. Please note that these sizes are not the absolute minimum: they can be
decreased. The number of procedures that is needed depends on the application. Their size depends on the
level of manual optimization performed by the programmer.

3 The implementation of visual effects

Visual effects can now be developed by simply using the basic and standard procedures from the previous
chapter. The reader is encouraged to read through the code, so as to fully understand the effects and modify
them according to his/her needs.

In some of the procedures presented in this paper, offset is used. A suggested value for offset is 0x80 —
when using compiler-defined ASCII strings. This is because ASCII and the LCD character set are different;
normal ASCII characters correspond to LCD character set C characters by adding 0x80 (see the character
set table in the PCF2116 datasheet). However, this is used only for testing. A final application could read the
strings from an eeprom; or the strings could be stored with their correct values according to the LCD
character set. offset should then be deleted from the procedures, saving code size.

The sample effects are:
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3.1 texteffect

void texteffect(bit height, unsigned char *textl, unsigned char *text2, unsigned char length, unsigned char
pos, char direction, unsigned char clearchar, unsigned char offset)

description:

This procedure prints out with a fade-in effect (with a direction of right, if direction=1 or left, if direction=0) a
string or two strings at position pos on the display.

height is the number of strings minus one (:0 for one string and 1 for two strings) and text1, text2 are the
matrices that contain the strings. Length is the length of each string (they must have the same length).

clearchar is the character from which the fade-in begins. A standard value is the space character(0xA0) and
other interesting values are 0xA4 or 0x3D.

offset has been described before. It is added to each character of the two texts.

One could experiment by modifying the code in order to achieve faster or slower printing (change the values
of maxmuzzy2 and the factor 10 at muzzystep2 - see the start of the procedure)

3.2 texttrans

void texttrans(unsigned char *textl, unsigned char lengthl, unsigned char *text2, unsigned char length2,
unsigned char pos, unsigned char maxmuzzy3, unsigned char muzzystep3, interval, unsigned char offset)

description:

This effect is a transmission between two texts. The first text fades out while the second fades in at the same
place. Transitional speed is defined by the values of maxmuzzy3 and muzzystep3.

3.3 textroll

void textroll(unsigned char *text, unsigned char length, unsigned char pos, interval , unsigned char rolltop,
unsigned char offset)

description:
This effect is like the train-station boards that announce the departure and time-schedule of trains

Each character starts from the rolltop character and is decreased until it reaches the corresponding
character from *text. Any space characters (defined as character_space) are ignored.

interval controls the speed of this effect.
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It would be interesting to develop a similar but more complicated procedure like

void textroll2(unsigned char *textl, unsigned char *text2, unsigned char length, unsigned char pos, interval,
unsigned char offset)

description: a line continually prints characters. Each character starts from the corresponding character from
textl and is decreased until it reaches the desired character (from text2), with a possible wrap-around
(characters OxAO and OxFF).

Suggested offset is 0x80.

3.4 printinfineonlogo
/I special characters are defined and arranged in the Icd.h file
void create_font(void)

void printinfineonlogo(bit direction, bit clearchar, bit displaycursor, bit clr)

description:

This effect combines the use of special characters, texteffect and the cursor. It prints out the Infineon logo.
This is a nice effect to implement before entering a sleep or idle mode.

direction and clearchar are defined in texteffect.
displaycursor is either true or false (if one desires the cursor to be printed during predefined intervals or not)

bit clr instructs to clear the screen before printing the logo (if true).

4 Epilogue

As described before, this application note can be used as a start when designing new LCD applications.
Examples of such applications are portable instruments, home appliances and public information displays.
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Appendix

The full executable code together with an 12C-bus module is found in the zip file that accompanies this
application note. The C-compiler used was Keil 8051 v5.20 but one could of course use any C-compiler. This
code was originally written for the Infineon C504 microcontroller. If one decides to use another
microcontroller (example: Infineon C508), one should adapt the wait intervals inside and outside the effects
in order to achieve normal speeds.

main() includes a demonstration of all the visual effects.

A

IR R E R EEEREEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY]

/* The include file name: |2C_8b. DEF */
/* */
/* This is an include file for I/O port declaration of SCL and SDA */
/* The users can nodify this include file according to the I/O port */
/* assignment of their preference. */
/* */

IR R E RS EEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

shit SCL = 0x9070; /* Port 1.0*/
shit SDA = 0x9071; /* Port 1.1%/
//sbit SCL = Oxf8"0; /* Port 1.0%*/
//sbit SDA = Oxf8"1; /* Port 1.1*/

B

IR R EE AL EEEREEEEREREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEY]

/1 lecd. h

/1

/1 LCD configuration, constant definitions for the visual effects, LCD graphics
/1

/1 An include file for the 12C_LCD. C program

/********************************************************************************/

#defi ne LCD_devi ce_address 0x74 /1 LCD slave address: 01110100

#define USE_4_LI NES /1 Isit al 2 or 4-line LCD?

#define G 1 /1 See remark bel ow

#define DL 1 I/l i2c interface to the lcd is used, so DL is predefined as 1
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/1 These val ues define the speed of sone of the effects
#def i ne nmaxnuzzy 1000 /11300
#define nuzzystep 10 /120

/1 Used with the wait() procedure
#define for_10_s 65535 [/ maxi mum wai t
#define for_2 ns 580

#define nocursor 0
#define cursor 1
#define clearscreen 1

#defi ne nocl earscreen 0

/1 if G=1, use only one external voltage supply

/1l if G=0, use two external voltage supplies

/1 Please refer to the followi ng schenatics. They are used to control LCD contrast..
/*

Circuit diagramfor the single LCD supply (bit G=1):

vdd +3.6..+6V

N

100nF |
Vicd----|[---+----+
| |
o |
VO------ +->0 -- 100nF

10 -
100KChm | |
pot | |
I I

Vss
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Circuit diagramfor the double LCD supply (bit G=0)

vdd +2.5..+6V

VO--------- +
I
| O 10K
about | O resistor
6.5V | @)
v I
I
O 5K
Vicd------ +->0 potentioneter
(e}
I
|
|
I
A
-1V..-5V
*/

/1 The infineon | ogo

/'l These can be read from an eeproni

/1 the following are used to create the font

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned

unsi gned

char
char
char
char
char
char
char
char
char
char

char

code
code
code
code
code
code
code
code
code
code

code

| ogoO[ 8] ={ 0x00, 0x0C, 0x0C, 0x0C, 0x0C, 0x0C, 0x0C, 0x0C}
| ogol[ 8] ={ 0x0C, 0x0C, 0x0C, 0x0C, 0x0C, 0x0C, 0x0C, 0x0C}
| ogo2[ 8] ={ 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, Ox1E, Ox1B}
| 0go3[ 8] ={ 0x1B, 0x1B, 0x1B, 0x1B, 0x1B, 0x1B, 0x1B, 0x1B}
| ogo4[ 8] ={ 0x00, 0x07, 0xOF, 0x0C, 0x0C, 0x0C, 0x1F, 0x0C}
| ogo5[ 8] ={ 0x00, 0x00, 0x00, 0x0C, 0x0C, 0x00, 0x0C, 0x0C}
| ogo6[ 8] ={ 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, OxOE, Ox1B}
| 0go7[ 8] ={ 0x1B, 0x1B, O0x1F, 0x18, 0x1B, 0x1B, 0x0E, Ox0E}
| ogo8[ 8] ={ 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, OxOE, 0x1B}
| 0go9[ 8] ={ 0x1B, 0x1B, 0x1B, 0x1B, 0x1B, 0x1B, 0xOE, Ox0E}
| 0go10[ 8] ={ 0x00, 0x00, 0x00, 0x0C, Ox1E, Ox1E, 0xOC, 0x00};
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/* Sone defined characters which are not used
char | ogoll[ 8] ={ 0x1F, Ox1F, 0xOF, 0xOF, Ox1F, Ox1F, 0x0C, 0x00}
| 0go12[ 8] ={ Ox1F, Ox1F, Ox1F, OxOF, Ox1F, Ox1F, Ox0C, 0x00}
| 0go13[ 8] ={ 0x1F, Ox1F, Ox1E, Ox0F, Ox1F, Ox1F, 0x0C, 0x00}
| 0go14[ 8] ={ 0x1F, O0x1F, 0x1D, 0x0F, Ox1F, Ox1F, 0x0C, 0x00}
| 0go15] 8] ={ Ox1F, Ox1F, 0x1C, 0xOF, Ox1F, Ox1F, Ox0C, 0x00}
| 0go16[ 8] ={ Ox1F, Ox1F, 0x1B, 0xOF, Ox1F, Ox1F, Ox0C, 0x00}

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned

unsi gned

*/

char
char
char
char

char

/1 the followi ng are used to construct the logo (arrange the previous defined fonts)
unsi gned char code | ogo_0_0[ 8] = {0x00, 0x02, 0x04, 0x05, 0x02, 0x06, 0x08, 0x02} ;
unsi gned char code | ogo_0_1[8]= {0x01, 0x03, 0x01, 0x01, 0x03, 0x07, 0x09, 0x03} ;

/*

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned

unsi gned

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

00000
01100
01100
01100
01100
01100
01100

ne

ne

ne

ne

ne

ne

ne

ne

ne

char
char
char
char
char
char
char
char

char

| ogo_0
| ogo_1
| ogo_2
| ogo_3
| ogo_4
I ogo_5
| ogo_6
| ogo_7
| ogo_8

| ogo_0=0x00

| ogo_1= 0x0C

| ogo_2= Ox1E;

| ogo_3= 0x1B

| ogo_4= 0x07

| ogo_5= O0xOF

| ogo_6= Ox1F

| ogo_7= OxOE;

| ogo_8= 0x18

0x00 //00000

0x0C //01100

Ox1E //11110

0x1B //11011

0x07 //00111

OxOF //01111

Ox1F //11111

O0xOE //01110

0x18 //11000
f

00000

00000

00000

00000

00000

00000

11110

/100000
/101100
/111110
/111011
/100111
/101111
/111111
/101110
/111000

00111
01111
01100
01100
01100
11111
01100

00000
00000
01100
01100
00000
00000
01100
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01100 11011 01100 01100 11011 11011

01100 11011 01100 01100 11011 11011

01100 11011 01100 01100 11111 11011

01100 11011 01100 01100 11000 11011

01100 11011 01100 01100 11011 11011

01100 11011 01100 01100 11011 11011

01100 11011 01100 01100 01110 01110

*/

C

/********************************************************************************/

/* */
/* */
/* I NFI NEON TECHNCOLOG ES St andard Sof t war e */
/* */
/* */
/* */
/* Pr ogr anmer : Dimtrios Skraparlis */
[* Depart nent : i E Muni ch */
[* Revi si on 2.0 */
/* */
/* */
I * Description: This program has the appropriate procedures to use */
[* LCD di spl ays based on Philips PCF2116 fanily controllers */
/* using the i 2c protocol. */
/* */
/* */
/* */
/* Brief History: */
/* 10. 08.1999: Start of the nodul e */
/* 23.08.1999: Successful run */
/* 25.08.1999: The first effects! */
/* 08.09.1999: Beta version / cleaned up the code a little */
/* 26.10.1999: Code is included in the application note. */
/* */
/* */
/* Conment s: */
/* */
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s
s
s
s
s
s
s

The usage of [Co] can speed-up the code a little. It is not however used
in order to produce general code. In other words, the code can be

optimsed by carefully using Co and not al ways |2cstart.

Bear in mind that this code is not as optimised as it could be (in order
for it to be an excellent reference source).

It is also not optinized for readability.

*/
*/
*/
*/
*/
*/
*/

IR R EE AL EREREEEEREREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEY]

#include "l cd. h"
#i ncl ude "i 2c_sw8b. h"
#i ncl ude "reg505L. h"

#defi ne character_space 0x20 // the space character fromcharacter set C

/I #define character_space OxAO // the second space character fromcharacter set C

#i fdef USE_4_LI NES /!l 4 lines * 12 characters
#define N 1

#define M1

#define linel_start 0x00

#define |inel_end Ox13

#define |ine2_start 0x20

#define line2_end 0x33

#define line3_start 0x40

#define |ine3_end 0x53

#define |ined4_start 0x60

#define line4_end 0x73

#define line_difference 0x20
#define line_length l'ine_difference
#endi f

#i fdef USE_2_LI NES I/l 2 lines * 24 characters
#define N 1

#define MO

#define linel_start 0x00
#define linel_end 0x27

#define line2_start 0x40
#define |ine2_end 0Ox67

#define |ine_difference 0x40
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#define line_length line_difference

#endi f

#i fdef USE_ 1 LINE /1 1 line * 24 characters
#define N O

#define MO

#define linel_start 0x00

#define |inel_end Ox4F

#define |ine_difference 0x00

#define line_length line_difference

#endi f

#def i ne DLNMG 2* G+4* M+8* N+0x10* DL+0x20

//**************************************************************************************************

/1 Send an instruction to the LCD

/1

/1 This command outputs the "Co RS RWO 0 0 0 0" control byte to the slave LCD
/1

IR R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

voi d send_instruction2LCD(bit Co,bit RS, bit RW //unsigned char send_instruction2LCD(bit Co, bit
RS, bit RW

{
| 2cMast er Wi t e(0x20* (unsi gned char) (RW | 0x40* (unsi gned char) (RS) | 0x80* (unsi gned char) (Co));

/1 if (l2cMasterWite(0x20*(unsi gned char) (RW | 0x40* (unsi gned char) (RS)| 0x80* (unsi gned char) (Co)))
return(l);

I/ return(0);
}

//**************************************************************************************************
[1*

/1* Enable access to the first LCD uC instruction group (transmt RS=0, RW =0)

I1*

//**************************************************************************************************

void first_instruction_group(void)

{
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| 2cStart();

| 2cMast er Wit e(LCD _devi ce_address);
send_i nstructi on2LC( 0, 0, 0) ;

}

//**************************************************************************************************
/1*

/1* Enabl e access to the second LCD uc instruction group (transmt RS=1, RW =0)

/1
//**************************************************************************************************
voi d second_i nstruction_group(void)

| 2cStart();

| 2cMast er Wit e(LCD devi ce_address);

send_i nstructi on2LC 0, 1, 0);

IR R R R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1 Wait for a period of about (10 * tine_out) cycles

/1

/1 For the C504 with a 20MHz clock, 1 cycle=12/20480000 sec ~= 585.938 ns
/1 Therefore wait slows the uC down for (5.85938*tine_out) usec

/1

//**************************************************************************************************

void wait(tinme_out)
{
while (tine_out--);
}

//**************************************************************************************************

/1 Exanple of a "wait for a much [ onger period" procedure
/1

/1l Wth this procedure wait states of several seconds can be achieved

IR R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

void wait2(time_out)

{

while (tinme_out--) wait(tine_out);
//unsigned int tine_out2=tine_out;

/[/while (time_out2--) {while (time_out--);}
}
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//**************************************************************************************************
/] Cear LCD Screen and wait until the LCDis ready (after about 2ms)

/1

I/ Screen is cleared, LCD shift is cancelled and cursor returns to position O

/1

IR R R EEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

void cls_LCD(void) //unsigned char cls_LCD(void)

{
| 2cMast er Wit e(0x01);
wai t (for_2_ns);

}

//**************************************************************************************************

/1 Return Hone

/1

I Shift is cancelled and the cursor returns to position 0
/1

/' RS RW

Iho--- -

/1 0 O

//**************************************************************************************************

voi d returnHome_LCD(voi d) //unsigned char returnHome_LCD(voi d)

{

| 2cMast er Wit e(0x02);

I/ if (l2cMasterWite(0x02)) return(1l); /1 send command: “"return hone"
I/ return(0);

}

IR R R R R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1 Set DDRAM address
1
/Il RS RW
[
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/10 O

//**************************************************************************************************

voi d set DDRAM addr ess_LCD(unsi gned char address) //unsigned char set_DDRAM address_LCD(unsi gned
char address)

{
| 2cMast er Wi t e( addr ess| 0x80) ;

I/ if (12cMasterWite(address|0x80)) return(1l);
/1 return(0);
}

//**************************************************************************************************

/1 Set CGRAM address

/1

/Il RS RW
Io--- -
/10 O

IR R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

voi d set CGRAM address_LCD(unsi gned char address) //unsigned char set_CGRAM address_LCD(unsi gned
char address)

{
I 2cMast er Wi t e( (addr ess&x7F) | 0x40) ;

/1 if (l2cMasterWite((address&x7F)|0x40)) return(1);
I/ return(0);

}

//**************************************************************************************************

/1 Wite data backwards

/1 Inputs: *value : the start of the string

I/ nunber : the string length

/1

// Returns O if wite was successful

/1 or the value of nunber +1 (i.e. 1 or 2 or 3.. etc) if not successful

/1 (this value indicates how many bytes were witten +1)

/1 +1 is used because no witten bytes would result in a return O, which indicates successful wite!
/1

/1 Attention:
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/1 One nust specify Co=0 before this because here we send only data bytes. To send another control
byt e,

/1 a l2cStart should be perfornmed after this.
/1
/1

//**************************************************************************************************

void witedata2LCD reverse(unsi gned char nunber, unsigned char *val ue, unsigned char offset)
/lunsigned char witedata2LCD reverse(unsi gned char nunber, unsigned char *val ue, unsigned char
of f set)

{

second_i nstruction_group();

whi | e (nunber >0)
{
| 2cMast er Wi t e( of f set +*(val ue+nunber-1));

I1if(l2cMasterWite(of fset+*(val uetnunber-1))) return(nunber+1); // if there is no
acknow edgenent, abort and return the val ue of nunber

nunber - -;

}
/lreturn(0);

}

IFEEEAA R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1 Wite data normally (not backwards)

/1

/1 Inputs: *value : the start of the string
I/ nunber : the string length

/1

// Returns O if wite was successful

/1 or the value of counter +1 if not successful

/1 (this value indicates how many bytes were witten +1)

/1 +1 is used because no witten bytes would result in a return O, which indicates successful wite!
/1

/1 Attention:

/1 One nust specify Co=0 before this because here we send only data bytes. To send another control
byt e,

/1 a l2cStart should be perfornmed after this.
/1
/1

IR R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]
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voi d witedata2LCD nornal (unsi gned char nunber, unsigned char *val ue, unsigned char offset)
/lunsi gned char writedata2LCD nornal (unsi gned char nunber, unsigned char *val ue, unsigned char
of f set)

{

/* Instead of this code:

unsi gned char | ast nunber =nunber;
second_i nstruction_group();

whi | e (nunber >0)

{

if(l2cMasterWite(offset+*(val ue+l ast nunber-nunber))) return(lastnunber-nunber); // if there is
no acknow edgenent, abort and return the val ue of nunber

nunber - -;
}
return(0);
better use the follow ng code:

*/

unsi gned char count er =0;
second_i nstruction_group();

whi | e (count er <nunber)

{

| 2cMaster Wi te(of fset+*(val uetcounter));

[1if(l2cMasterWite(offset+*(value+tcounter))) return(counter+1); // if there is no
acknow edgenent, abort and return the val ue of nunber

count er ++;

}
[/return(0);

//**************************************************************************************************

/! Wite a character to the LCD

/1

/Il RS RW
I o--e ---
/11 0
/1

IR R R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEE]

void wite_char2LCD(unsi gned char character, unsigned char offset) //unsigned char
write_char2LCD(unsi gned char character, unsi gned char offset)

{
| 2cMast er Wi t e(char act er +of f set) ;
/1 if(l2cvasterWite(character+offset)) return(l);
/1 return(0);
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//**************************************************************************************************

/1l Goto (X line) on the LCD nenory
/1

//**************************************************************************************************

voi d got oXY_LCD(unsi gned char pos) //unsigned char got oXY_LCD(unsi gned char pos)

{

first_instruction_group();

| 2cMast er Wi t e(0x80| pos) ;

I/ if(l2cMasterWite(0x80|pos)) return(l);
I return(0);

}

IR R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1 Entry node set

/1

Il RS RW
I o--e ---
/10 O

//**************************************************************************************************

void entry_node_set _LCD(bit ID bit S) //unsigned char entry_node_set_LCD(bit ID bit S)

{

| 2cMast er Wite(((unsigned char)(S))]|(2*(unsigned char)(1D))| 0x04);

I/ if (12cMasterWite(((unsigned char)(S))]|(2*(unsigned char)(1D))]|0x04)) return(1);
I/ return(0);

}

//**************************************************************************************************

/1 Display control

/1

Il RS RW
Io--- -
/10 O

IR R R R R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

void display_control _LCD(bit D bit Cbit Blink) //unsigned char display_control _LCD(bit D bit C bit
Bl i nk)
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{
| 2cMasterWite(((unsigned char)(Blink))|(2*(unsigned char)(C))| (4*(unsigned char)(D))| 0x08);

/1 if (l12cMasterWite(((unsigned char)(Blink))|(2*(unsigned char)(C)]| (4*(unsigned
char)(D))| 0x08)) return(1);

I/ return(0);
}

IR R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1 Cursor/display shift

/1

Il RS RW
Io--- -
/10 O

IR R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

voi d cursor_display_shift_LCD(bit SC bit RL) //unsigned char cursor_display_shift_LCD(bit SC bit RL)

{
| 2cMast er Wi te((4*(unsigned char)(RL))| (8*(unsigned char) (SC))| 0x10);

/1 if (l2cMasterWite((4*(unsigned char)(RL))| (8*(unsigned char)(SC)|0x10)) return(1);
I/ return(0);
}

//**************************************************************************************************

/'l Function set

/1

/1 Note:

/1 the bits used inside(bit DL,bit N, bit Mbit G are global constants//
/1

/Il RS RW

/10 O

//**************************************************************************************************

void function_set_LCD(void) //unsigned char function_set_LCD(void)

{
| 2cMast er Wi t e( DLNM3) ;

I/ if (l12cMasterWite(DLNM3)) return(l);
/1 return(0);
}
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IR R R R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1

/1 Initialize liquid crystal display

/1

/1 Addresses the LCD slave, initializes the display and stops communication (with |2cStop)
/1

/1 Note:

/1 DL, NN M,Gare constant - this is why they are not p as paranetres

IR R R EEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

void initialize_LCD(bit IDbit S bit D bit Cbit Blink, bit SC bit RL) //unsigned char
initialize_LCDO(bit ID bit S, bit D bit Cbit Blink,bit SC bit RL)

{

//wait(for_2_ns); /1 2 ms wait for the LCD to start up
l2cStart();

| 2cMast er Wit e(LCD devi ce_address);

send_i nstructi on2LCD)( 0, 0, 0);

function_set _LCI();

di splay_control _LCD(D, C, Blink);

entry_node_set _LCD(ID, S);

cursor_display_shift_LCD(SC, RL);

[* if (12cMasterWite(LCD device_address)) /1 Address the slave
{
1 2cStop(); /1 No acknow edge? Then
return(l); /1 stop and return 1.
}

if (send_instruction2LC(0,0,0)) //Co, RS, RW

12cStop();
return(l);

}

if(function_set_ LCIX))
{
1 2cStop();

return(l);

i f(display_control _LCID, C, Blink))
{

41 of 62 AP2427 Rel. 01



Using an I’C LCD. Reference code and applications

P
Infineon including visual effects.
1 2cStop();
return(l);
}

if(entry_node_set LCXID,S))
{
12cStop();

return(l);

if(cursor_display_shift_LCD(SC RL))
{
1 2cStop();

return(l);

/1 12cStop(); // 1t is not needed

return(0);
*/

R R R T R R T R R R R s
//* Wite (bit: height)-line text snoothly at position pos.

/1* |f height=1 then output a two |ine text

/1* |f height=0 then output a one |ine text

/1* Direction:

//* 1 for right, O for left

I1*

//**************************************************************************************************

void texteffect(bit height, unsigned char *textl, unsigned char *text2, unsigned char |ength,
unsi gned char pos, char direction, unsigned char clearchar, unsigned char offset)

{

unsi gned int nuzzy;

char counter;

unsi gned char maxmuzzy2=1000;

unsi gned char nuzzyst ep2=10*((unsi gned char) (hei ght) +1);

unsi gned char startcounter;

char counterstep;

if (direction==1) { startcounter=0; counterstep=1; |ength=length-1; direction++}

else if (direction==0) { startcounter=length-1; counterstep=-1; |ength=0;}
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for (counter=startcounter;(direction-1)*counter<=length; counter=counter+counterstep)
{
for(nmuzzy=0; nuzzy<maxnuzzy?2; muzzy=nuzzy-+muzzyst ep2)
{
first_instruction_group();
| 2cMast er Wit e(0x80| (pos+counter));//gotoXY_LCD(pos+counter);
second_i nstruction_group();

| 2cMasterWite(cl earchar);//wite_char2LCD(cl earchar, 0);

i f (height==1)

{

first_instruction_group();

| 2cMast er Wi t e(0x80| (pos+count er +l i ne_| engt h)); // got oXY_LCD( pos+count er +l i ne_| engt h) ;
second_i nstruction_group();

| 2cMasterWite(clearchar);//wite_char2LCD(cl earchar, 0);

}

wai t (maxnuzzy2-nuzzy);// This is a linear transition. Another possible value: naxynuzzy2/ nuzzy

first_instruction_group();
| 2cMast er Wit e(0x80| (pos+counter));//got oXY_LCD( pos+counter);
second_i nstruction_group();

| 2cMasterWite(*(textl+counter)+offset);//wite_char2LCD(*(textl+counter), offset);

i f (height==1)

{

first_instruction_group();

| 2cMast er Wi t e(0x80| (pos+count er +l i ne_| engt h)); // got oXY_LCD( pos+count er +l i ne_| engt h) ;
second_i nstruction_group();

| 2cMasterWite(*(text2+counter)+offset);//wite_char2LCD(*(text2+counter), offset);

}

wai t (nuzzy);

}
/] wai t (10000);

}
}

IR R R R R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

//* Text transition fromtextl to text2 at position pos.
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/1*

//**************************************************************************************************

voi d texttrans(unsigned char *textl, unsigned char |engthl, unsigned char *text2, unsigned char
| engt h2, unsigned char pos, unsigned char maxmuzzy3, unsigned char nmuzzystep3, interval, unsigned
char of fset)

{

unsi gned char nuzzy;

for(nuzzy=0; nuzzy<maxmuzzy3; muzzy=nuzzy+nuzzyst ep3)
{

first_instruction_group();

| 2cMast er Wi t e(0x80] pos) ; // got oXY_LCD( pos) ;

second_i nstruction_group();

wri t edat a2LCD _nor nal (| engt hl, text1l, offset);

wai t (maxmuzzy3/ muzzy); // This |ooks |ike an exponential transition. Another possible val ue:
maxynmuzzy3- nuzzy

first_instruction_group();

| 2cMast er Wi t e(0x80] pos) ; // got oXY_LCD( pos) ;
second_i nstruction_group();

wri t edat a2LCD_nor nal (| engt h2, text 2, offset);
wai t (nuzzy);

}

wai t 2(interval);

}

IR R R EEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1* Roll text at pos
I1*

//**************************************************************************************************

void textroll (unsigned char *text, unsigned char |ength, unsigned char pos, interval, unsigned char
rolltop, unsigned char offset)

{
unsi gned char counter?2;
unsi gned char counter;

unsi gned char min=rolltop;

f or (count er =0; count er <I engt h; count er ++)

{

if ((*(text+counter)<nin)& *(text+counter)!=character_space)) m n=*(text+counter); //calculate
mi ni num character code

//Do not mess with the space char:
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for(counter2=rolltop;counter2>=(m n+of f set); counter2--)
{

first_instruction_group();

| 2cMast er Wi t e(0x80] pos) ; // got oXY_LCD( pos) ;

second_i nstruction_group();

f or (count er =0; count er <l engt h; count er ++)
{
/1 Don't do this effect if space character:

if ((*(text+counter)<counter2-offset)& *(text+counter)!=character_space))
| 2cMasterWite(counter2);//wite_char2LCD(counter2,0);

el se | 2cvasterWite(*(text+counter)+offset);//wite_char2LCD(*(text+counter), offset);

}

wai t (interval);

IR R R EEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEREEEE]

/1* Wites the user-defined characters to the CG RAM
/1*

//**************************************************************************************************

voi d create_font(void)

{

first_instruction_group();

set _CGRAM addr ess_LCD( 0x00) ;
second_i nstruction_group();

wr i t edat a2LCD_nor nal ( 8, | 0ogo0, 0) ;
wr it edat a2LCD _nor nal (8, 1 ogol, 0);
wr it edat a2LCD _nor nal (8, 1 0go2, 0) ;
wr i t edat a2LCD_nor nal ( 8, | 0ogo3, 0) ;
wr i t edat a2LCD_nor nal ( 8, | ogo4, 0) ;
wr it edat a2LCD_nor nal (8, |1 0go5, 0) ;
writedat a2LCD _nor nal (8, 1 0go6, 0) ;
wr i t edat a2LCD_nor nal ( 8, | ogo7, 0);
wr i t edat a2LCD_nor nal ( 8, | 0ogo8, 0) ;
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wr i t edat a2LCD_nor nal ( 8, | 0ogo9, 0) ;
writedata2lLCD normal (8,1 0gol0, 0);
| *

wr i t edat a2LCD_nor nal (8, | ogoll, 0);
wr i t edat a2LCD_nor nal (8, | ogol12, 0);
writedata2lLCD normal (8,1 0gol3,0);
writedata2lLCD normal (8,1 0gol4,0);
wr i t edat a2LCD_nor nal (8, | ogol5, 0) ;
wr i t edat a2LCD_nor nal (8, | ogol6, 0) ;
*/

}

IR R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

/1* Prints the infineon | ogo - good before idle node entry

I1*

//**************************************************************************************************

void printinfineonlogo(bit direction, bit clearchar, bit displaycursor,

{

unsi gned char dumy?2[1];

| 2cStart();

| 2cMast er Wit e(LCD _devi ce_address);

first_instruction_group();

if(clr) /1 clear the screen?

{

cls_LCX);

wait (for_2_ns);
}

i f(displaycursor)

{

di splay_control _LCD1,0,0); //hide cursor
}

texteffect(1,1o0go_0_0,logo_0_1, 8, 2+l ine2_start, direction,clearchar,0);

i f(displaycursor)

{

/I show cursor
first_instruction_group();
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got oXY_LCD( 10+l i ne3_start)
di splay_control _LCX1, 1, 1)
}

wai t (65535);
wait (65535);

i f(di splaycursor)

{

/1 hide cursor
first_instruction_group();
di splay_control _LCIX 1,0, 0)
}

/1 SHOW DOT ABOVE |
*dunmy 2=0x0A;

texteffect(0,durmy2, 0, 1, 2+l i nel_start, direction, 0x20, 0);

i f(displaycursor)

{

/I show cursor again
first_instruction_group();
got oXY_LCD( 10+l i ne3_start)
di splay_control _LCX 1,1, 1)
}

wai t 2 (500)
}

D

[ R KKKk kK ok ok ok ok ok Rk ok ok ok ok ok Rk ok ok ok kR Rk ok ko

/1 DEMONSTRATI ON OF LCD ROUTI NES

/1

// Witten by Dimitrios Skraparlis

[ R KKKk kK ok ok ok ok ok ok Rk ok ok ok ok ok Rk ok ok ok ok R Rk ok ok

#i nclude "i2c_| cd. h"

unsi gned char code string_
unsi gned char code string_
unsi gned char code string_

unsi gned char code string_

spaces[ 6] =" "
sanpl e[ 6] =" sanpl e";
code[ 6] =" code ";
LCD[ 6] =" LCD *“;
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//**************************************************************************************************

//**************************************************************************************************

/1
/1 MAI N
/1

//**************************************************************************************************

IR R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEE]

void main (void)

{

unsi gned i nt dummyO;
unsi gned i nt dummyl;
unsi gned int dumy2;
bit direction=1,

/1 Initialize display

/1 Configure bits used in the LCD driver instructions

/1

/1 Entry node set instruction

bit 1D=1, /1 decrement/increnent
bit S=0; /1 display freezel/shift
/1 Display control instruction

bit D=1; /1 display off/on

bit C=1, /'l cursor off/on

bit Blink=0; /1 blink off/on

/] Cursor/display shift instruction
bit SC=0; /1 cursor nove / display shift
bit RL=0; /1 left/right shift
/1 Function set instruction
/*The follow ng are defined somewhere else in the start of this code; they are constants

bit DL // 4/8 bits (interface data length - i2c protocol is used here)

bit N /1 Selects type of display

bit M /'l Selects type of display

bit G /1 vol tage generator MVl cd=Vo / W cd=Vo-0. 8vdd*/
/1bit Co; /1 indicates data bytes / data byte+another control byte follow ng
/1bit RS; /] selects instruction
[1bit RW /'l selects instruction

/1
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I2clnit();
| *
| sgggggggg g g g g g g g R
/| ### Start of test - instructions send to lcd, according to the exanple in the datasheet. HiH
|2cStart(); //step 1
| 2cMaster Wite(0x74);//01110100); /lstep 2 // SLAVE ADDRESS
| 2cMast er Wi t e(0x00) ; // 00000000) ; //step 3 // CONTROL BYTE
| 2cMaster Wite(0x3E);//00111110); //step 4 // _FUNCTION SET /1 * changed
| 2cMast er Wit e(OxOE);//00001110); /lstep 5 // _DI SPLAY OV OFF CONTROL
| 2cMast er Wit e(0x06);//00000110); /lstep 6 // _ENTRY MODE SET
I 2cStart(); /lstep 7
| 2cMaster Wite(0x74);//01110100); //step 8 // SLAVE ADDRESS
| 2cMast er Wit e(0x40);//01000000); /lstep 9 // CONTROL BYTE

| 2cMaster Wi te(character_H);
| 2cMaster Wi te(character_E);
| 2cMasterWite(character_L);
| 2cMasterWite(character_L);
| 2cMasterWite(character_O;

12cStop(); [/ (step 17)

[l ### End of test HiH
|| BHHBHHBHHBH R H R H R R H R R R H R R
*/

initialize LCXID, S, D C Blink, SC RL);

whil e(1) //loop endlessly
{

//**************

/1 CLEAR SCREEN

//**************
first_instruction_group();

cls_LCX);

[ ] R KKKk kK ok ok ok ok ok ok kR Kk ok ok ok kK
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/1 CREATE | NFI NEON FONT

//**********************

create_font();

] KKK Kk kK ok ok ok ok ok ok ok kK ok ok ok kK

/1 PRINT | NFI NEON LOGO

//*********************

printinfineonl ogo(direction,

di splay_control _LCD(1, 0, 0);

wai t 2( 150);

//***********************

/1 PRINT | NFI NEON LOGO 2

INEEEAA R R R EEEE LR

first_instruction_group();

cls_LCX);

dummy 1=0x5C;

dummyO0=2; //loop 2 tinmes
whi | e( dunmy0- -)

{
first_instruction_group();

cls_LCX);

dummy 1++;

direction=!direction;

cursor, nocl earscreen);

/1hide cursor

texteffect(1,logo_0_0,lo0go_0_1, 8,2+l inel_start,direction,dumyl, 0);

texteffect(0,"technol ogi es","", 12,0+l i ne3_start,!direction, dumryl, 0x80);

wai t (65535) ;
wai t (65535) ;
}

] R KKKk kK ok ok ok ok ok ok ok ok ok ok ok ok kK

/1 SH FT DI SPLAY

//*********************

first_instruction_group();

dunmmy2=20;
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whi | e(dummy2- -)

{

wai t (29535) ;
cursor_display_shift_LCD(1,1);
}

wait (65535);
wai t (65535);

] R KKKk kK ok ok ok ok ok kR ok ok ok ok ok kK

/1 CLEAR VI SI BLE AREA

//*********************

texteffect(O," ", "", 12,0+l ine3_start, 1, character_space, 0);
texteffect(1," o ",12,0+linel_start, 0, character_space, 0);
wait (65535);

//**************************************

/1 PRINT "infineon technol ogi es Munich"

IFEEEEA AR R R R R EEEEEEEEEEEEEEEEEEEEEE

texteffect(0,"infineon","", 8,2+ inel_start, 1, character_space, 0x80);
texteffect(0,"technol ogies","", 12,0+l i ne2_start, 0, charact er _space, 0x80);
texteffect(0,"MM |E SE","", 10, 1+l i ne3_start, 1, Ox2E, 0x80) ;

wait (65535);

wai t (65535);

wai t (65535);

got oXY_LCD(linel_start+12);
writedata2lLCD normal (8,1 0go_0_0,0);

got oXY_LCD(line2_start+12);
writedata2lLCD normal (8,1 0go_0_1,0);

got oXY_LCD(line3_start+12);
wr i t edat a2LCD_nor nal (7, " Muni ch! ", 0x80) ;

] R KKKk kK ok ok ok ok ok ok kK

/1 SH FT DI SPLAY
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] R KKKk kK ok ok ok ok ok ok kK

first_instruction_group();
dunmmy2=10;
whi | e(dummy2- -)
{
wai t (29535) ;
cursor_di splay_shift_LCD(1,0);
}

//***********************

/1 ERASE SOMVE CHARACTERS

INEEEEA R R R R R

got oXY_LCD(linel_start+10);
writedata2lLCD normal (2," ",0);

got oXY_LCD(l i ne2_start+10);
writedat a2LCD nornal (2," ",0);

got oXY_LCD(|ine3_start+10);
writedat a2LCD nornal (2," ",0);

got oXY_LCD( 20+l i nel_start);
writedata2lLCD normal (2," ",0);

got oXY_LCD( 20+l i ne2_start);
writedata2lLCD normal (2," ",0);

got oXY_LCD( 20+l i ne3_start);
writedat a2LCD nornal (2," ",0);

wait (65535);
wait (65535);
wai t (65535);

//**************

/1 CLEAR SCREEN

[ ] KKK Kk kK ok ok ok ok kK

first_instruction_group();

cls_LCX);

//******************************
/1 PRINT "Industrial Design iFE"
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IR EEE R EEEEEEEEEEEEEEEE

wai t (65535);

wai t (65535) ;

wai t (65535) ;

wai t (65535);

texteffect(1,"U NDUSTRIAL ","E LECTRONICS",12,0+line1_start,0,0x3D,0x80);
wait(65535);

wait(65535);
wait(65535);
wait(65535);

Il
/I PRINT "infineon technologies - sample code"
1l

first_instruction_group();

cls_LCD();

texttrans(" "8,"infineon",8,2+linel_start,maxmuzzy,muzzystep,500,0x80);
texttrans(" ",12,"technologies",12,0+line2_start,maxmuzzy,muzzystep,500,0x80);
wait(65535);

wait(65535);

texttrans(string_spaces,6,string_sample,6,3+line3_start,maxmuzzy,muzzystep,500,0x80);
dummy1=2;

while(dummy1--)

{

texttrans(string_sample,6,string_code,6,3+line3_start,maxmuzzy,muzzystep,500,0x80);
texttrans(string_code,6,string_sample,6,3+line3_start, maxmuzzy,muzzystep,500,0x80);

}
texttrans(string_sample,6,string_LCD,6,3+line3_start,maxmuzzy,muzzystep,500,0x80);

texttrans(string_LCD,6,string_code,6,3+line3_start,maxmuzzy,muzzystep,500,0x80);

wait2(500);
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[ ] R KKk kR ok ok ok kK K Kk kK kR Kk Rk kR R Rk R kR Rk kR Rk R Rk ok ok ok kK

/1 PRINT by rolling "Siemens uC applying i2C LCD control ."

//**************************************************

first_instruction_group();

cls_LCX);

wai t (65535) ;

/1 SECOND EFFECT

textrol I ("I nfineon wuC',12,0+linel_start, 15000, OxFF, 0x80);
/] wait(65535);

textrol |l ("applying i2C', 12, 0+l i ne2_start, 13000, OxFF, 0x80) ;
/[ wai t (65535) ;

textrol I ("LCD control.", 12,0+l i ne3_start, 11000, OxFF, 0x80) ;
wai t (65535);

wai t (65535) ;

wai t (65535) ;

} // end of LOOP

} // end of nmin

E The following code is the I°C bus interface code, taken from the Infineon 8 bit microcontrollers’ application note AP083701.

IR EEE RS EEEEEEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

| *
/* SI EMENS St andard Sof tware

| *

I * Unaut hori zed copyi ng prohibited

| *

| *

I * Pr ogr ammer : Syl via Gusowski

I * Depart nent: Si emens HL CC AT

/* Revision 1.0

| *

| *

[* Description: This nodule is a standard |2c bus single naster
/* prococol by using CPU tine.

| *

I * The clock frequency is approxi mately 100kHz with 20 MHz CPU cl ock

I * and 300 ns for a one-cycle instruction. The tim ng of the clock pul ses
/* are controlled by using NOPs.
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/* */
I * Subroutines can be called frommain program |2clnit, |2cStart, */
[* | 2cMasterWite, |2cMasterRead, |2cStop. */
/* */
/* Requirenent: In application program the include files called */
I * 12C_SW8b. H and | 2C 8b. DEF nust be attached to the program In the */
I * |1 2C.DEF file, the variable SDA and SCL nust be decl ared as any */
/* two of the I/0O pins. */
/* */
/* In case there is a fault on the bus, for instance, the SDAline is */
I * shorted to ground or pulled down to LONby the slave device. This */
I * modul e will generate clock pulses until the line is released and the */
/* time-out is 10 ns before returing a "H GH' value fromthe I2clnit or */
/* | 2cStop. For SCL line, it will nonitor until the line is released and */
[* the tinme-out is 10 ns. The return value of 12clnit or 12cStop will */
[* checked in the main programto take an appropriate action. */
/* */
/* I nput and out put paraneters of those subroutines: */
[* (1) I2clnit: no input */
I * output = "0" - no error, "1" - error */
/* */
/* (2) l2cStart: no input, no output */
/* */
I * (3) I2cMasterWite: input = one byte of data to be sent to slave */
/* devi ce. */
/* out put = acknow edge bit. */
I * (0 - received, 1 - not received) */
/* */
/* (4) |2cMasterRead: input = "1"/"0" of acknow edge bit to sl ave device */
/* (send on 9th clock pul se of data received) */
I * output = A byte of data from sl ave devi ce. */
/* */
I * (5) 12cStop: no input */
/* output = "0" - no error, "1" - error */
/* */
/* */
I * Hi story: */
/* 05/02/99: Start of the nodul e */
/* */

/******************************************************************************* */

#i ncl ude <reg51. h>

#i nclude <intrins. h>
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#i nclude "i2c_8b. def"

#define NOP _nop_()
#define Del ayl NOP

#defi ne

#define period 2900

Del ay16 { NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP}

/* approximately 10 ns time out for bus faulty */

unsigned int tinme_out;

voi d Checkd ock();
unsi gned char Check_SCL();

unsi gned char 12clnit();

void | 2cStart();

unsi gned char

unsi gned char

unsi gned char |2cStop();

| 2cMast er Wit e(unsi gned char input_byte);
| 2cMast er Read(unsi gned char ack);

/******************************************************************************* */

s
s
s
s
s
s
s
p
p
s

Subr out i ne:

Descri ption:

Checkd ock

Send HIGH and read the SCL line. It will

wait unti

the Iine has been rel eased from sl ave device for

every bit of data to be sent or received

I nput :

Ret ur n:

None

None

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

IR AR R R E R SRR EREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY]

voi d Checkd ock()

{

while (!SCL

SCL =1

) /* check for wait state before sending or */

/* receiving any data.

*/
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1RSSR R RS EEEEEEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

I * Subr out i ne: Check_SCL */
/* */
/* Description: Send HGH and read the SCL line. It will wait until */
/* the line has been rel eased fromslave device with the */
I * time out of approximately 10 ms (20 M#z CPU and 300 ns */
I * for a one-cycle instruction). */
/* */
/* | nput : None */
/* */
[* Ret urn: "0" - SCL line is &K */
I * "1" - SCL line is faulty */
/* */

IR R E RS EEEREEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

unsi gned char Check_SCL()

{
time_out = period;
while (time_out--)
{
if (!SCL) /* wait if SCL is pulled down to LONby sl ave device */
{
SCL = 1; /* set clock to high */
return (0);
}
}
return (1); /* ERROR SCL line is stuck to | ow */
}
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1RSSR R RS EEEEEEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

[*  Subroutine: I2clnit */
/* */
/* Description: Initialize the |2C bus */
/* */
[* I nput : None */
/* */
/* Ret urn: "0" - bus line is K */
/* "1" - bus line is faulty */
/* */

/******************************************************************************* */

unsi gned char |2clnit()

{

if (!SDA) /* if lines are low, set themto high */
if (12cStop())

return (1);
if (!SCL)
if (12cStop())

return (1);

return (0);

/******************************************************************************* */

/*  Subroutine: | 2cStart */
/* */
/* Description: Generate a START condition on |2C bus */
/* */
[* I nput : None */
/* */
/* Ret ur n: None */
/* */

/******************************************************************************* */

void | 2cStart()

{
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SDA = 1; /* to make sure the SDA and SCL are both high */
SCL = 1;
Del ay16;
SDA = 0; /* SDA line go LOWNfirst */
Del ay16;
SCL = 0; /* then followed by SCL line with tine delay */

IR R E RS EEEREEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

s
s
s
s
s
s
s
s
s
s
s

IR AR R R EREEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEE]

unsi gned char

{

Subr out i ne: | 2cMasterWite

Description: Qutput one byte of data to slave device. Check for

WAI'T condition before every bit is sent.

I nput : one byte of data to be sent to slave device.

Ret ur n: acknow edgerent from sl ave:

0 = acknowl edge is received

1 = no acknow edge is received

unsi gned char mask,i;

mask = 0x80;

for (i=0; i<8; i++)
{
if (mask & input_byte)
SDA = 1;
el se SDA = 0;

mask = mask >> 1;

| 2cMast er Wi t e(unsi gned char input_byte)

/* send one byte of data */

/* send bit according to data */

/* shift

right for the next bit */
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Del ay1;
Checkd ock(); /* check SCL line */
Del ay16;
SCL = 0; /* clock is low */
Del ay16;
}
SDA = 1, /* rel ease SDA |ine*/
Del ay1;
SCL = 1; /* generate 9th clock pulse */
Del ay16;
mask = SDA; /* read acknow edge */
SCL = 0; /* clock is |ow */
Del ay16; /* to avoid short pulse transition on SDA line */

return (nmask);

/* return acknow edge bit */

IR AR R R E R SRR EREEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY]

s
s
s
s
s
s
s
s
s
s
s
s

Subr out i ne:

Descri ption:

for

I nput :
0 -

1 - generate H GH output after a byte is received

Ret ur n:

| 2cMast er Read

Read one byte of data fromthe slave device.

WAI'T condition before every bit is received.

Acknowl edge require:

generate LOWoutput after a byte is received

recei ved one byte of data from sl ave device

Check

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

IR AR R E RS EEEEEEEEREREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY]
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unsi gned char | 2cMast er Read(unsi gned char ack)

{

unsi gned char mask, i, rec_data;

rec_data = O;

mask = 0x80;

for (i=0; i<8; i++)

{
Checkd ock(); /* clock is high */
if (SDA) /* read data while clock is high */
rec_data | = nask;
mask = mask >> 1;
SCL = 0; /* clock is low */
Del ay16;
}
if (ack) /* set SDA data first before port direction */
SDA = 1; /* send acknow edge */
el se SDA = 0;
Del ay1;
SCL = 1; /* clock is high */
Del ay16;
SCL = 0; /* clock is low */
SDA = 1,
Del ay16; /* to avoid short pulse transition on SDA |ine */

return (rec_data);
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1RSSR R RS EEEEEEEEREEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIY

s
s
s
s
s
s
s
s
s

Subr out i ne: 1 2cSt op

Description: generate stop condition on the |2C bus

I nput : none
Ret urn: "0" - the bus line is K
"1" - the bus line has been pulled down to | ow

*/
*/
*/
*/
*/
*/
*/
*/
*/

/******************************************************************************* */

unsi gned char |2cStop()

{

time_out = period;
while (tine_out --)
{

if (!SDA) /* check SDA line */
{
SCL = 1; /* generate a clock pulse if SDA is pull
Del ay16; /* down to | ow */
SCL = 0;
Del ay16;
}
el se /* check SCL line */
{
SDA = 0;
Del ay1;
if (Check_SCL()) /* to generate STOP condition */
return (1); /* ERROR SCL line is stuck to | ow */
Del ay16;
SDA = 1;
Del ay16;
return (0);
}
}
return (1); /* ERROR SDA line is stuck to low */
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