Demo 3 - LCD Interface with 8-bit bus
|

Introduction:

This study discusses the possibilities using LCD in an embedded application. The LCD module can be

interfaced either using the 8 bit or 4 bit bus. Here the LCD module is connected using an 8 bit data bus.
Demo Hardware:

The LCD module interfacing is simple one. Normally, LCD modules can be interfaced either using
8 bit data bus or 4 bit data bus. Apart from the data bus, few control lines, RS R/W and E are

required.

For a control using an 8 bit bus, totally 11 port lines are required. Here the data bus is connected

with Port 0 and the control lines are interfaced with P30-P32 port lines.
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Interface with 8-bit bus

Demo 3-LCD

Circuit Connection Using FE EADS:
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Connections:

DO ->PO0OO
D1 ->PO1
D2 ->P02
D3 ->P03
D4 ->PO04
D5 ->P05
D6 ->P06
D7 ->PO0O7
RS ->P30
RW ->P31
E -> P32

Functional Description:

LCD Module consists of the LCD and a Controller. The LCD controller has Display Data RAM
(DDRAM), Character Generator ROM (CGROM), Instruction Register (IR), Data Register (DR)
and Address Counter (AC).

DDRAM has a capacity of 80 bytes and it holds the display data. DR register temporarily holds
the display data before writing it to DDRAM. This can be read or written directly. The capacity of
CGROM is 9920 bits for 240 characters. It holds the pixel details of each ASCII character in two
different formats, 5 X 8 dots and 5 X 10 dots.

The LCD controller gets data from the DDRAM, which is an ASCII value of a character and reads
the equivalent display data from the CGROM and sends it to the LCD for displaying. This is the
basic operation that takes place in the LCD module.

The communication with the LCD Module is through the IR and DR registers. The IR register
stores the Instructions codes like clear display, cursor shift and etc. When an address is written
into IR, it is sent to the Address counter (AC). The address counter holds the address of the
DDRAM always.

FRONTLINE

www.MightyMicons.com




Some of the LCD commands are.

e Clear Display

* Return Home

* Entry Mode Set

» Display On/off control

* Cursor or Display shift

e Function Set.

 Set DDRAM address.

* Write data to DDRAM.

* Read data from DDRAM.

Demo 3 - LCD Interface with 8-bit bus
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Instruction RS,R/W DB7 to DBO Description
Clear Display 00 00000001 Clears Display and sets DDRAM address 0 in
Address Counter
Return Home 00 0000001 - Sets DDRAM address 0 in AC. Returns
display to home position.
Sets cursor move direction & display shift.
Entry Mode Set 00 0000011WDS I/D = 1- Increment by 1, S = 0 — No shift
Display On/Off 00 00001DCB Sets d|§play(D) on/off, Cur;pr on/off (C),
Control blinking of cursor position (B)
Cursor or Moves Cursor and shifts displaywithout
Dislay Shift 00 000 1S/CRL - - changing DDRAM contents.
. o Sets interface Data length (DL), no. of display
Function Set 00 001DLNF lines(N) and Character Font(F)
Set DDRAM 00 1AAAAAAA Sets DDRAM address
Address
BF AC ACACACAC Reads busy flag (BF) and Address counter
Read Status | 01 AC AC (AC) contents.
Read Data from
DDRAM 11 Read Data Reads data from DDRAM
Write Data to . .
DDRAM 10 Write Data Writes data to DDRAM
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Generally the following are the timing requirements for the LCD operations. The application pro-
grams, should take them into account.

e Clear Display - 1640 microseconds

* Return Home - 1640 microseconds.

* Entry Mode Set - 40 microseconds.

» Display On/off control - 40 microseconds.

e Cursor or Display shift - 40 microseconds.
* Function Set - 40 microseconds.

« Set DDRAM address - 40 microseconds.

* Write data to DDRAM - 40 microseconds.

* Read data from DDRAM - 40 microseconds.

The above timing are assumed for the standard oscillator frequency of LCD, fosc = 250KHz.

Registers used:

PDO - Port 0 Direction Register
PO - Port 0 Data Register
PD3 - Port 0 Direction Register
P3 - Port 0 Data Register
PRCR - Protect Register
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Port Pi Direction Register
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Fort Fi direction register (i=0, 1,3, 4)1. 2.3
Syrmbol Address After reset

POO 00E218 001a
LT bE b5 b4 b3 b2 b1 bD PO O0E31e 001s

PD3 O0ET1e 001e
I I PD4 D0EA1E 001s
i i |11 1 i]Bitsymbal Bit nama Function RWW
E E i E i E W POi_0 Port Pio dredtion bit ~ W
E E E E E - POi1 Port Pi1 direction bit o :':iﬁcﬁ::as an input port) RW
i i i i [E—— POi_2 Part Piz direction bit . Ou tput mods ' _ RYWW
H I SU— FOI_3 Port Piz direction bit {Functions as an oufput port)  [RWWY
I T VS, POi_4 Part Pia diraction bit R
[] [] 1
i i L LR POi_5 Part Pis diraction bit W
i Lusemesnmmems smemeand FOi_& Paort Pie direction bit RV
Lemsssmmememmeme mmeme emd PO 7 Part Pir direction hit R

Motes:

1. The PDO ragister must b written to by the next instruction after setling the PRCZ bitin the FRCR
register to “17 fwrite enablad).

2. Mothing is assigned ta the PD3_4 to PD2 6 bits in the PD3 register.
When writing to the PD3_4 to PD3 6 bits, write *0° {input mode). Whan read, its content is
indetermirate.

3. Mothing is assigned tothe PD4_010 PD4 4, PD4 6 and PD4_7 bits in the PD4 reqgister.
When writing to the POD4_0toc PD4 4 PD4 &and PC4 7 bits, write “0° {input mode). When read,
its content is indeterminate.

To set a port line as output line, load the corresponding bit of the direction register with a value

of 1 level and for the output line the value should be 0 level. After reset all port lines are set to
input mode, which indicates that all direction registers are already set with a value 0.

Port Pi Data Register

Port Piregister (i=0, 1,3, 4)1. 2
Symbol Address After resst
. N : FO OOEOHE Indeterminats
e s et L B P1 O0E 1 Incleterminate
I I I | I | P2 QDESE Indeterminats
B [ P4 CQDESE Indetarmirats
: i i i i H Bit symbuol Bit nams Furction RwW
[ i Y{Pi_D Part Fio kit The pin lewel on any 10 potwhichis | Rw
O T e =l for input mode can be read by
I Pi_1 Part Pi1 bit reading the conesponding bitin this RwW
e L Port Piz bt register. =
[ R R PR Pi_3 Port Pis bil The pin lesal onany 10 potwhichis ey
(N T ToTTeT sal for output mode can be conirolled
bod b = orl F14 b by wriling o the corresponding bitin -~ | W
i L] Pi_s Port Pis bit I_h:rs re ishar R
- Fe Porl P bl Ot o AW
------------------------ Pir Port Pir bil i-01,24 RW

Moles:
1. Maothing is assigned tothe P3_4 to P3_6 bits inthe P 3 register.
When writing tothe P3_4 to P3_E bits, write *07 {"L" lewel). When read, its content is
indeterminate.
2. Mothing is assigned to the P4_0 to P4_4 bits in the P4 =gister.
When writing to the P4_0 to P4_4 bits, write *07 {"L" lewel). When read, its content is
indeterminats.
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Interface with 8-bit bus

To write a data to a port, write the data in the respective port register (Pi). To read a data from the

port, read from the respective port register.

Protect Register

Protect register

bf hE bS b4 b1 W2

=]
LLIelel 1111

LTy
o

LT

Symbol Address After resat
PRCR 000A1E OO X 000z
Eit symbal Bit nama Function =1
it o Enable writ= to CMO, Ch1, CCDO,

PRCO Protect bit 0 HIRO, HRA registers
0 Write protectsd RW
1 Write enabled
Enable writs to PO, Ph1

PRC1 Proteat bit 1 registars
0 :Write protectsd RW
1 :Write enabled
Enable write 1o PO0 register

PRCZ Protect bit 2 .
0 : 'Write pratectad RW
1 Write enabled?
Enable write to VCRZ, DdIMT

PRC3 Protect bit 3 registers
0 : Write protectad RW
11 Wit enabled

(ES-hd) Resarved bit When write, should sat to 0" RW

(b7-bE) Ressrved bit When raad, its content is 0", RO

Motes:

1. The PRGC2 bit is set to 0" by writing to an? address after setting it to *1°. Other bits are not set to 07

by weriting to any address, and must thare

ore be set to °07 in @ program.

Protect Register provides protection to important system control registers and Port O direction
register (PDO0). Before writing to PDO set the bit 2 (PRC2) of PRCR register. After writing to PDO

clear the bit PRC2, which provides protection and disables further writing in the PDO.
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Software Description:
LCD Initialization:

Care should be taken in initializing the LCD in 8 bits mode. Otherwise LCD initialization will not
be proper. The details are provided based on the Hitachi’'s standard LCD controller chip IC
HD44780.

LCD is interfaced with the controller using 8-bit bus. LCD is enabled with the control line E. The
R/W in the LCD is connected to a port line. The RS line is used to select between the command
word and data word.

Separate routines are available to initialize LCD, to write a message in the LCD, display a 2 digit
hexadecimal data on the LCD and other necessary routines.

Message Display:

To the Message display routine, the starting location, line number and a pointer to the message
is sent. The routine positions the cursor to the specified line and the location. Then using the
pointer the ASCII value of the charcter is read and it is displayed on the LCD. The process is
repeated until the end of the message.
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The files used in this module are listed below:

Files Description

LCD routines to initialize LCD,

Demo3.C cursor on/off, display a message
etc.
LCDDisplay.h Declarations of functions in

Demo3.C
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|

The Demo3.C contains all routines required for the LCD module to operate in 8 bit mode.

Files Description

Main

Main routine Displays a message of 4
lines on LCD
Input: Line number and message string.
Output : None.

Display String

Displays a string on the selected line of
LCD.
Input: Line number, character position
and string pointer.
Output : None.

Clear LCD

Clears LCD.
Input: None.
Output : None.

ReturnHomeLCD

Positions the cursor to the first line and
first character .
Input: None.
Output : None.

InitializeLCD

Initializes the I/O lines used by LCD and
LCD in 8 bit mode. Clears the LCD.
Input: None.

Output : None.

SendData

Write a data byte to LCD.
Input: Data Byte.
Output : None.

SendCommand

Write a command byte to LCD.
Input: Command Byte.
Output : None.
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Demo 3 - LCD Interface with 8-bit bus

Program Flow:

Flow for Message Display:

=

\ 4
Initialize

1. Set POO to PO7 as Output

2. Set P30 to P32 as Output

2. Initialize LCD in 8-bit mode

Y

Send command to select
the line (line 0,1,2 or 3)

.

y

Send ASCII value of
character,

Is Character
=0

C Return )

Execute Demo:

A 4 line message gets displayed on the LCD.
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Use Topview Simulator to Verify the Design

Open the project Demo3 in the R8C/Tiny System Simulator using Open Project option from

Project menu. The project window opens up along with the Demo3.c file. Use Build option from

Build menu to compile the project. An output window captures the compiler ouput.

Use Project -> Download Project from main menu to download the Demo3.mot file into the

simulator’'s memory for simulation.

SANGO - RBC/Tiny System Simulator

Project  Memory View Run Build BrealkPaint  SingleStep  Window  Help

=3 BB 9.8 | 28| = R =

o 2 e e e -

=gyl Demo3

1
= CSnurceFi\es 2z /% LCD Interface - & bit mode

Demo3.c g o
Fuettor.c 4 /% LCD Connection:-

. B fF e
Hesp.c 6§ /% DO -> POD
Inisct.c 7 /% D1 -> POL
Intprg.c 8 /% D -» POZ

Resetprg.c 9 /* D3 -» PO3

10 /% D4 -> PO4

11 #% DS —» PO

1z /% DE —> POE

13 £% D7 - POT

14 /=

15 £% RS —» P30

16 A% RN —> P31

17 f% E —» P32

s S/

19 /% Frontline Electronics P Ltd,
20 /% wuw.MightyMicons.com

23 #inolude "sfr_r8clli3.h”
#include "LCDDisplay.h”

B Output
Copyright (C) 2005. Fene=sa=s Technology Corp

and Renesas Solutions Corp.. A1l Rights Reserved

<¢ Conwvertion Completed >»

<< Building Completed »:

<

Load Module Conwverter (lmc30) for REC-Tiny, M16C-60 Series Version 4.01.01.000

India

R R R R R R R R R R A R R R R R R R R R R R R R A R R R R R R R A R A R A R R A A

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

D1 SRR AR AR A AR R R R AR AR AR T AR AR R AR AR R AT A AR T AR AR AR AT R AT AR LA

4/ 8FR definition for 11/13 group

“

»

Ready
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Demo 3 - LCD Interface with 8-bit bus

Open the LCD Module settings window and do the settings to the LCD module as shown. Con-
nect Data lines DO to D7 of the display to the port lines P00 to PO7. Connect the control lines
RS, R/W and E to P30, P31 and P32 respectively.

LED Configuration

x)

[+ Enable LCD Module
Selection
L1I:L[_j TJ;?TEEh t Interface Type [rata Bus Width Back Light
ife aracters
2Lines 4 16Characters ]
ALines ¥ 16Characters * Parallzl + 2Btz " Off
4Lines ¥ 20Characters ~ ~ 4Bt & on
Fuort Line Selection Summmary:
—_— : kS - F3_0
Contral Lines: Port lines BV - P31
OBO - 7ES 43210 EBD _ES_S
gg; PortQ @« ¢ O DBl — PD:I
003 ST al ol ol off off ol ol & DEZ - PO_2
DBE3 - PO_3
DE4 Part3 O Ceee DB4 — PO_4
LBS DES - PO_S
CBR Partd DBe - PO_k
b DE? - PO_7
Fized Levels
Dls;gmiiztsall " 0 Level 1 Level
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Then open the LCD window usign the option View -> External Modules -> LCD and the

Program Window.

mF\Ie Project  Memary  Wiew Run Build BreakPoint SingleStep  Window  Help

| HFSFLELE blE|e] ol 3HEE R = |

Program

Add: BE
aco9s D9
0Cco9i EE
acosac Fi
ocoan 04
OCO9E 7E
acoa? c?
OCOAR c?
OCO&R BT
OCOAD c?
OCoEl 7E
OCOES F3
OCOE& F&
OCoEs F&
0CoBC 74
OCOEBF FL
acaoc? FE
acocs 74
acoca F&
ococe FL
OCOCE 74
ocopl FE
ncop4 FL
acon? 74
0CcoD& FL
acoph Da
0coDE FE
acoE2 FL

9F
ng
28
oc
01
aF

33
6C
cz
Ed
63
cz
AE
E4
cz
Az
El
cz
99
62
94
2F

50
06
o7
oo
0g
50

01
oo
kL]
oo
oo
38
oo
oo
38
oo
oo
0]
oo

oo
oo

oo
oo
oo

oo
oo

BSET

HOV. B
HOV.B
HOV. B
HOV. B
ECLE

RTS
JSR.
JSR
HOv.
JSR.
JSR
MOV
JSR.
JSR
HOV.
JSR
JSR.
HOV.
JSR
HOV.
JSR
JSR

2 2 mama2ma S0 2ma A

#1H. RO

0CO9B8H

0.0004H
H08H. CHO
#28H, CH1
#0,0CD

#01H. HRD
0.0004H

0ClEAH
0C12eH
#30H.R1L
0C174H
0C126H
#38H.RIL
0C174H
0C1lBeH
#38H.R1L
0C174H
0C1BEH
#0DH.R1L
0C174H
#6H, R1L
0C174H
0Cl12H

[rsFz1134 Mo Breakpoint set

myc 82989131

External Clock,

Run the program using Go from the Run menu. The program will display a 4 line message on the

LCD.
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