Application Note: Simple Interface between Scenix SX and Hitachi-HD44780 Driven Display.

Introduction

This application note details how to interface a Scenix SX microcontroller with a Hitachi-HD44780 driven liquid crystal
display. The Hitachi HD44780 LCD driver is one of the most common LCD controllers, and is very easy to find at
surplus electronics stores.

The HD44780 controller IC

The HD44780 IC is a self contained LCD driver, designed to interface with microcontrollers/microprocessors. Its
interface is either 4 or 8 bits. This application note describes the 8-bit operation. The IC has built-in Display Data
RAM (DDRAM) to store the displayed characters, as well as Character Generator Ram (CGRAM), which can hold
custom, user-designed characters. This application note deals only with writing characters to the DDRAM, the most
common usage.

Connecting the SX to the LCD's standard 14-pin connector (Example only. This diagram can be used with the
example program | cd8xnpl . sr c, available from www.scenix.com. The program uses this connection diagram.)
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Scenix SX Standard 14-pin LCD

Most LCD's using the HD44780 driver chip use this industry-standard pin-out:

PIN | NAME OPERATION
1 Vss (-) Ground
2 Vcce (+) Power
3 Vee Contrast Adjust. Connect to Potentiometer
4 RS Data/!lnstruction... 0 = Instruction input, 1 = Data input
5 R/IW Read/!Write... 0 = Write, 1 = Read
6 E Enable signal. Active High (Read). Negative edge triggers input latch (Write).
7 DBO Data Bus Line 0 (LSB)
8 DB1 Data Bus Line 1
9 DB2 Data Bus Line 2
10 DB3 Data Bus Line 3
11 DB4 Data Bus Line 4
12 DB5 Data Bus Line 5
13 DB6 Data Bus Line 6
14 DB7 Data Bus Line 7 (MSB)

HD44780 Instruction Set




From Hitachi Liquid Crystal Display Module databook.

Instruction RI|' DI D|DID|DfD|D|D Description EXE
! B|B|B|B|B|B|B|B TIME
w|7]6|5]4a|3]2]1]0
Clear Display 0|0[0|0|0|0|0|0| 1| Clearsdisplaymemoryand returns the cursor to 82us
the home position. (Address 0) -
1. 64ns
Return Home 0|0(0|0|0|0|0|1]|*]| Returnsthe cursortothe home position (Address 40us
0) and shifts the display back to its original position. -
Does not change DDRAM contents. 1. 6n8
Entry Mode Set 0]|0(0|0|0|0O|1]1] S| Setsdirectionthatthe cursor moves and whether 40us
/ or not to shift the display. Write and read. -
D 1. 64ns
Display ON/OFF 0O|0|O|lO|lO|O|D|C|B D = Display ON/OFF 40us
C = Cursor ON/OFF
B = Blinking Cursor
Cursor or Display Shift 0|0[0|O0|1|S|R|*|* Moves the cursor and shifts the display without 40us
I/ changing DD RAM contents.
ClL
Function Set 0 |O0|O0O|1|D|NIF|*]|* DL = Interface Data Length 40us
L N = Number of Display Lines
F = Character Font
Set CG RAM Address 0 | 0] 1| CG RAM Address Sets the CG RAM address. CG RAM data is 40us
sent/received after this command.
Set DD RAM Address 0|1 DD RAM Addr ess Sets the DD RAM Address. DD RAM is 40us
sent/received after this command.
Read Busy Flag and 1 | B| Address Counter Reads the Busy Flag (BF), indicating an internal lus
Address Counter F Contents operation is in progress, as well as the contents of
Contents the address counter.
Write Data to CG/DD 0 Data to Wite Writes data into DDRAM or CGRAM, depending on 40us
RAM current Address.
Read Data from 1 Data to Read Reads data from DDRAM or CGRAM, depending 40us
CG/DD RAM on current Address.

Setting Bit Definition Setting Bit Definition
IID=1 Increment BF=1 Internal Operation in progress.
/D=0 Decrement BF=0 Instructions can be accepted.
S=1 Display Shift RIL=1 Right Shift
S=0 No Display Shift R/L=0 Left Shift
D=1 Display ON DL=1 8 - Bit Interface
D=0 Display OFF DL=0 4 - Bit Interface
c=1 Cursor ON N=1 2 Line Display
c=0 Cursor OFF N=0 1 Line Display
B=1 Blink ON F=1 5*10 dot matrix
B=0 Blink OFF F=0 5*7 dot matrix

S/IC=1 Display Shift
S/IC=0 Cursor Movement

Initializing the LCD

On power-up, the LCD needs several milliseconds to initialize. In the example code, about 15ms is used:

lcd_init
nmov W #0 ; Delays for 5.1ns at 50M PS
cal l del ay
nmov W #0 ; Delays for 5.1ns at 50M PS
call del ay
nmov W #0 ; Delays for 5.1ns at 50M PS
call del ay

After this initial delay, the program initializes the RA and RB ports to outputs, and begins sending commands to the

LCD, using the lcd_write_command subroutine. After sending each command, the program uses the Icd_wait_busy
subroutine to wait for the LCD to finish processing the last command. View the source code lcd8xmpl.src to see the
code used to initialize the LCD.

; Set up the LCD I/Ofirst. RAO-RA3 are all outputs, as are RBO-RB7

nmov W #00h
nov lcd_control, W ; Set up the latches for when this register is switched to output.
nov !lcd_control, W ; Switch RAto all outputs, with a 0000 appearing on the pins (Enable is |ow)
nov !lcd_data, W ; Switch RBto all outputs. (for initialization routine)
; First, set the data length, nunber of display lines, and character font.
RS- RA2 R/ ! WRA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DB0- RBO Execution Tine
0 0 0 0 1 DL N F * * 40us
; DL--Interface Data Length 0 = 4-bit interface 1 = 8-bit interface
; N --Nunber of Display Lines 0=11line 1 =2 lines




F --Character Font 0 = 5*7 dots 1 = 5*10 dots

nmv W #00111000b
cal | I cd_write_comand ; set for for 8 bits, 2 lines, and 5*7 dots
cal l | cd_wai t _busy ; Wait until the LCD is finished processing.

Next, turn the display on, turn the cursor on, and turn cursor blink on (so we know LCD is alive)

RS- RA2 R/ ! WRA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DB0- RBO
0 0 0 0 0 0 1 D C
D --Display OV OFF control 0 = Display OFF 1 = Display ON
C --Cursor OV OFF control 0 = Cursor COFF 1 = Cursor ON
B --Blink OV OFF control 0 = Blink OFF 1 =1Blink ON
clr w
cal l I cd_write_comand
cal l | cd_wai t _busy ; Display off
nmv W #00001111b
cal l I cd_write_comand ; turn display on, cursor on, and blink on..
call | cd_wai t _busy ; Wait until the LCD is finished processing.
Next, set display so that the cursor noves as characters are entered.
RS- RA2 R/ ! WRA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DB0- RBO
0 0 0 0 0 1 S/C R L *
S/ C--Cursor nove/Display Shift 0 = Cursor Myve 1 = shift Display
R/L--Shift Direction 0 = sShift left 1 = Shift right
nmv W #00010000b
cal l I cd_write_comand ; set for cursor nove and display shift.
cal l | cd_wai t _busy ; Wait until the LCD is finished processing.
Next, set entry node (cursor nove direction, shift or no shift).
RS- RA2 R/ ! W RA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DB0- RBO
0 0 0 0 0 0 0 1 1/D
I/ D--Increment/Decrenment address 0 = Decrement Cursor Address 1 = Increment Cursor Address
S --Display shift 0 = No shift 1 = Shift
nmv W #00000110b
cal l lcd_write_comand ; set for increnmenting address and no shift..
cal l | cd_wai t _busy ; Wait until the LCD is finished processing.
ret ; Return fromlcd_init subroutine.
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End of lcd_init subroutine.
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Execution Tinme
B 40us

Execution Tinme
* 40us

Execution Tinme
40us ~ 1. 64ms




Writing Commands and Data

The lcd_write_command and Icd_write_data use the same core code. The only difference is that the
lcd_write_command subroutine clears the LCD's RS pin, whereas the lcd_write_data subtoutine sets it.

This function wites the command in Wto the LCD display, using the 8-bit interface. The procedure is:

1. dear RS

2. Set up RI'W

3. Wite the data to the port

cd_wite_data

| cd_RS
lcd_wite

; Drive RS low so LCD knows to wite COMVAND.
; goto WRITE code

This function wites the data in Wto the LCD display, using the 8-bit interface.

1. Set RS

2. Set up RI'W

3. Wite the data to the port

| cd_data, W
W #000h

!l cd_data, W
| cd_RW
nopdel
nopdel
lcd_E
nopdel
nopdel
lcd_E
nopdel
nopdel

; Drive RS high so LCD knows to wite DATA.

; Wite the data in Wto the port |atches.

; Wite zeroes to the control register to switch the data pins to outputs.
; Drive RR'WIow so LCD knows to WRI TE.

; Pulse LCD' s enabl e pin.

; Force LCD to latch the data present on the data bus.




Waiting for the Busy Flag

The busy flag indicates that the LCD is busy completing a task and is not ready for new data or commands. To check
the busy flag, the SX needs to clear RS, to set RW, and to set E. The LCD will return the status of the busy flag.

| cd_wai t _busy

waits until

the LCD is ready to accept a commmand.

RS- RA2

R/ W RA3 DB7- RB7

1 BF

DB6- RB6 DB5- RB5 DB4-RB4 DB3-RB3 DB2-RB2 DB1-RB1 DBO-RBO Exe Tine

------------------ DDRAM Address-------------- * lus

W #OFFh ; wite ones to the control register to switch the data pins to inputs.

!l cd_data, W
| cd_RS

| cd_RW
nopdel

nopdel

lcd_E

nopdel

nopdel

Wl cd_data
lcd_E

nopdel

nopdel

W #080h

z

| cd_wai t _busy
| cd_RW

W #00h

!l cd_data, W
nopdel

nopdel

nopdel

clear RS for instruction
set for READ.

set enable high to read busy flag
wait for the LCD to tx data.

cl ear LCD enabl e

test Wfor zero (Zis cleared if LCD is busy)

Switch the data pins back to outputs

return from subroutine




R R R R

; Author: Chris Fogel klou at Sceni x Sem conductor(chris.fogel @cenix.com
; Witten: Thursday, August 20, 1998.
; Modified: Wednesday, August 26, 1998.

; This is sinple code to denpnstrate how to use an SX chip to interface

; wWith an LCD display. It initializes the display and infinitely |oops,

; printing "H. " to the display. This code will work with any type of

; HI TACH HD44780 driven display (1*16, 2*16, 1*20, etc...). It is not a
; virtual peripheral, as it does not efficiently use the processor.

; (It contains a wait loop, as well as several delays). This exanple

; code is sinply a good programto build upon. There is a virtual

; peripheral for LCD under devel opnent, which will use the MCU

; efficiently. (Check www. sceni x.com for updates.)

; led_init
; Because the LCD should only need to be initialized once, the LCD_Init
; routine does not return until it is fully conpleted. Comments in

; LCD_Init suggest changes for any nunber of different settings.

; (eg. nore/fewer display lines, cursor direction, display shifting...)
; CALLS:

; -lcd_wite_comuand

i -lcd_wite_data

; -lcd_wait_busy

; -delay

; lecd_wite_command
; This subroutine is called to wite a conmand to the LCD, such as

; 'clear screen and return hone'. The command to be witten is passed in
; inside the Wregister.

; CALLS:

i -nopdel

; -delay

; lcd_wite_data

; This subroutine is called to wite data to the LCD, such as a character
; to be displayed. Like Icd_wite_commuand, Icd_wite_data accepts the

; data in the Wregister.

; CALLS:

i -nopdel

; -delay

; lcd_wait _busy

; This subroutine does not return until the LCD is ready to accept nore
. dat a/ conmands.

; CALLS:

i -nopdel

; -delay

; nopdel
; A sinple subroutine containing 8 nops, returning after the nops.

; del ay
; This subroutine delays for (w1)*20us at 50MPS, (w1)*1ns at 1M PS

; REQ STER USAGE

; The only registers used in this program are
; dlyentl

; dlyent2

; in the "delay_regs" bank

’
R R
’
R R
’

; Assenbler Directives...

R
’

devi ce pi ns28, pagesl, banks8, oschs ; 28 pin package,

;1 page program

;8 banks RAM

;. HS oscillator.
devi ce st ackx, opti onx, turbo . stack extend,

; option extend, turbo.
id 'LCD VP
reset reset_entry ; Junp to reset_entry on reset.
FREQ 50000000 ; 50MHz target frequency.

R R
’

;. Pin Definitions

R R S
’

I cd_control = ra

| cd_RS = ra. 1 ; 0 =instruction, 1 = data




| cd_RW = ra.2 ;0 =wite, 1 =read
lcd_E = ra.3 ; 1,1-->0 is the LCD enable
lcd_data = rb
| cd_DBO = rb.0 ; DBO = Data bus line 0 (LSB)
| cd_DB1 = rb. 1
| cd_DB2 = rb. 2
| cd_DB3 = rb.3
| cd_DB4 = rb. 4
| cd_DB5 = rb.5
| cd_DB6 = rb. 6
| cd_DB7 = rb.7 ; DB7 = Data bus line 7 (MSB)
IR RS SRR SRR SRR SRR RS RS RS E R E RS RS RS RS EE RS EEEEEEEEEEEEEEEEEEEEEREEREESEESSES
; Variabl es
EREEE S SRS E RS EEEEEEESESEE R E RS RS RS SRR SRS EEEEEEEEEEEEEEEEEEEREEREESESSES
org 8
org 10h
org 30h ; LCD Virtual Peripheral variables
del ay_regs = $
dlyentl ds 1
dlyent 2 ds 1
org 0
IR RS SRR SRR RS SRR RS RS RS EEEEE RS RS RS RS EE SRS EEEEEEEEEEEEEEEEEEEEEREEREESEESSES
; Interrupt routine - virtual peripherals
IR RS SR RS EEEEEE SRR EEE RS RS R R ES RS R E SRR SRR EEEEEEEEEEEEEEEEEEERESESESSES
i nterrupt
reti
IR RS SR RS EEEEEE SRR EEE RS RS E R E RS RS RS RS RS R RS R EEEEEEEEEEEEEEEEEEEREEREESESSES
IR RS SR RS SRR RS EEE R E SRS R R RS E SRS SRR E SRR EEEEEEEEEEEEEEEEEEEREEREESESSES
; LCD initialization code.
; This code should be called at the beginning of the programto
; initialize the LCD display. It only needs to be called once.
IR RS SRR SRS E SRR E SR E R EEE RS RS E R E RS RS RS RS ER R RS EEEEEEEEEEEEEEEEEEEEEREEREESESSES
lcd_init
nmov W #0 ; Delays for 5.1ms at 50M PS
cal | del ay
nov W #0 ; Delays for 5.1ms at 50M PS
cal | del ay
nov W #0 ; Delays for 5.1ms at 50M PS
cal | del ay
; Set up the LCD I/Ofirst. RAO-RA3 are all outputs, as are RBO-RB7
nov W #00h
nov lcd_control, W ; Set up the latches for when this register is switched to output.
nov !lcd_control, W ; Switch RAto all outputs, with a 0000 appearing on the pins (Enable is
I ow)
nov Ilcd_data, W ; Switch RBto all outputs. (for initialization routine)
; First, set the data | ength, nunber of display lines, and character font.
; RS- RA2 R/'! W RA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DBO- RBO Execution Tinme
; 0 0 0 0 1 DL N F * * 40us
; DL--Interface Data Length 0 = 4-bit interface 1 = 8-bit interface
; N --Nunber of Display Lines 0=11line 1 =21lines
;. F --Character Font 0 = 5*7 dots 1 = 510 dots
nov W #00111000b
cal | I cd_write_conmmand ; set for for 8 bits, 2 lines, and 5*7 dots
cal | | cd_wai t _busy ; Wait until the LCD is finished processing.

; Next, turn the display on, turn the cursor on, and turn cursor blink on
RS- RA2 R/ ! WRA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3-
; 0 0 0 0 0 0 1
; D --Display OV OFF control 0 = Display OFF
; C--Cursor ON OFF control 0 = Cursor OFF
; B --Blink ON CFF control 0 = Blink OFF

clr W

cal | I cd_write_conmmand

cal | | cd_wai t _busy ; Display off

(so we know LCD is alive)

RB3 DB2- RB2 DB1- RB1 DBO- RBO  Execution Tine
D C B 40us
1 = Display ON
1 = Cursor ON
1 =Blink ON




’

nov W #00001111b
cal | I cd_write_conmmand ; turn display on, cursor on, and blink on..
cal | | cd_wai t _busy ; Wait until the LCD is finished processing.

Next, set display so that the cursor npbves as characters are entered.

RS- RA2 R/'! W RA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DBO- RBO Execution Tinme
0 0 0 0 0 1 S/IC R L * * 40us
S/ C-- Cursor nove/ Di splay Shift 0 = Cursor Moyve 1 = shift Display
R/L--Shift Direction 0 = Shift left 1 = sShift right
nov W #00010000b
cal | I cd_write_conmand ; set for cursor nove and display shift.
cal | | cd_wai t _busy ; Wait until the LCD is finished processing.
Next, set entry node (cursor nove direction, shift or no shift).
RS- RA2 R/'! W RA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DBO- RBO Execution Tinme
0 0 0 0 0 0 0 1 /D S 40us ~ 1.64ns
I/ D -1ncrenent/Decrenent address 0 = Decrenent Cursor Address 1 = Increnent Cursor Address
S --Display shift 0 = No shift 1 = Shift
nov W #00000110b
cal | I cd_write_conmmand ; set for increnenting address and no shift..
cal | | cd_wai t _busy ; Wait until the LCD is finished processing.
ret ; Return fromlcd_init subroutine.
IR R R RS R EEEEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EREEEEESEESESESES]
End of lcd_init subroutine.
IR RS SR RS EEEEEE SRR EEE RS RS R R ES RS R E SRR SRR EEEEEEEEEEEEEEEEEEERESESESSES
cd_write_command
This function wites the command in Wto the LCD display, using the 8-bit interface. The procedure is:
1. dear RS
2. Set up RI!'W
3. Wite the data to the port
clrb | cd_RS ; Drive RS low so LCD knows to wite COMVAND.
jm lcd_wite ; goto WRI TE code
cd_wite_data
This function wites the data in Wto the LCD display, using the 8-bit interface.
1. Set RS
2. Set up RII'W
3. Wite the data to the port
seth | cd_RS ; Drive RS high so LCD knows to wite DATA.
cd_wite
nmov | cd_data, W ; Wite the data in Wto the port I|atches.
nov W #000h ; Wite zeroes to the control register to switch the data pins to outputs.
nmov Il cd_data, W
clrb | cd_RW ; Drive RRI'WIlow so LCD knows to WRI TE.
cal | nopdel
cal | nopdel
seth lcd_E ; Pulse LCD s enabl e pin.
cal | nopdel
cal | nopdel
clrb lcd_E ; Force LCD to latch the data present on the data bus.
cal | nopdel
cal | nopdel
ret
cd_wai t _busy
waits until the LCD is ready to accept a comrand.
RS- RA2 R/'! W RA3 DB7- RB7 DB6- RB6 DB5- RB5 DB4- RB4 DB3- RB3 DB2- RB2 DB1- RB1 DBO- RBO Execution Tinme
0 1 BF M DDRAM Addr ess-------------- * 1us
nov W #OFFh ; wite ones to the control register to switch the data pins to inputs.
nmov Il cd_data, W
clrb | cd_RS ; clear RS for instruction
setb | cd_RW . set for READ.
cal | nopdel
cal | nopdel
seth lcd_E ; set enable high to read busy flag
cal | nopdel

cal | nopdel ; wait for the LCD to tx data.




nov Wl cd_data

clrb lcd_E ; clear LCD enable
cal | nopdel
cal | nopdel
and W #080h ; test Wfor zero (Zis cleared if LCD is busy)
sb z
jm | cd_wai t _busy
seth | cd_RW
nov W #00h
nmov Il cd_data, W ; Switch the data pins back to outputs
cal | nopdel
cal | nopdel
cal | nopdel
ret ; return from subroutine
nopdel ; returns to main programin 11 cycles (1lus@MPS) from call
nop
nop
nop
nop
nop
nop
nop
nop
ret
del ay; (delays for [((w1) * 1ms )] at IMPS, or [((w1) * 20us)] at 50MPS ... 0<=Wk=255)

B R R R R R
’

; This function delays for ((W21)*20us), plus/mnus a few ns

B R R
’

bank del ay_regs

nmov dlyent1, W
del ayl

decsz dlycnt 1;

jmp I oopl;

ret ;

| oopl

nmov w, #166;

nmov dlyent2, W
| oop;

nop

nop

nop

decsz dl ycnt 2;

j mp | oop;

j del ay1;

B TR R
’

; Mai n Code
reset_entry
mai n2
cal | led_init
nmov W #001h ; Clear the screen
cal | I cd_write_conmmand
cal | | cd_wai t _busy
Hi | oop
nov W # H ; Wite "H'
cal | lcd_wite_data
cal | | cd_wai t _busy
nov W #i°' ; Wite "i”
cal | lcd_wite_data
cal | | cd_wai t _busy
nov W # . ; Wite "
cal | lcd_wite_data
cal | | cd_wai t _busy
nov W # ; Wite " "
cal | lcd_wite_data
cal | | cd_wai t _busy
nov W #255
cal | del ay ; Delay 5.1ms @ 50M PS
nov W #255
cal | del ay ; Delay 5.1ms @ 50M PS
nov W #255
cal | del ay ; Delay 5.1ms @ 50M PS
nov W #255
cal | del ay ; Delay 5.1ms @ 50M PS

jm Hi | oop




