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Visualizacion de datos en un display digital 16x2
con controlador Hitachi HD44780.

1. Descripcion.

Este proyecto tiene como objeto la visualizacion de mensajes en un display de dos lineas de 16 caracteres cada
una. Este display incorpora un controlador que es e encargado de mostrar la informacion y gestionar el estado y
posicionado de los caracteres en el display. El objetivo principal es el de ser capaces de enviar caracteres a display
de modo que se visualicen |os datos deseados por nosotros. En este caso, dado que deseamos gue se controle desde
la FPGA que incorpora la placa de pruebas utilizada en la sesion inicial de Xilinx, emplearemos un dispositivo
XC4010E-3 para la implementacion. El control del display se realiza mediante los interruptores de entrada que
posee la placa de pruebas, de tal modo que responde a estos comandos:

Neinterruptor 2 3 4
Vector 6 5 4 Operacion
SWITCH(6:0)
0|0 Clave Introduccion de clave para acceso
0|1
1| 0| Clavesupervisor Modo supervisor para nuevaclave
111 Nueva clave Cambio de clave de acceso

El interruptor 1 (switch7) es el que hace las funciones de <enter> cuando pasa de nivel bajo aato.
Los mensgjes predefinidos estaran guardados en memoria ROM interna (recordemos que una FPGA
puede incorporar memoria RAM y ROM) y consisten en lo siguiente;

Mensaje 1: “Introduzca clave: ”
Mensaje 2: “Clave valida”
Mensaje 3: “Acceso denegado ”

El mensgje 1 se estard mostrando constantemente hasta que se gecute uno de los comandos y se
evalle la clave, una vez evaluada, se muestran €l mensaje 2 6 3 segun corresponda durante un tiempo
determinado (2 segundos, por gemplo). En & caso de cambio de clave, primero se introduce la clave
supervisor que defino como 1111, y a continuacion se pide la nueva clave, mostrando el mensaje de clave
vélidadurante otros 2 segundos para después retornar al modo introduccién de clave.

http://home.iae.nl/users/pouweha/lcd/lcd.shtml

How to control a HD44780-based Character-LCD

1. General

1.1. Disclaimer
THIS DOCUMENT IS PROVIDED TO THE USER "AS IS". Etc.etc.

2. HD44780-based LCD modules

Data from HITACHI LIQUID CRYSTAL CHARACTER DISPLAY MODULE and OPTREX DOT MATRIX LCD
MODULE databooks.
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2.1. Pin assignment
The pin assignment shown in Table 2.1. is the industry standard for character LCD-modules with a maximum of 80
characters.
The pin assignment shown in Table 2.2. is the industry standard for character LCD-modules with more than 80
characters.

To be sure always check the manufacturers datasheet!
To locate pin 1 on a module check the manufacturers datasheet!

Table 2.1., Pin assignment for <= 80 character

displays
Pin i
Symbol Level /O Function
number
1 Vss - | - |Power supply (GND)
2 Vcce - - |Power supply (+5V)
3 Vee - - |Contrast adjust
0 = Instruction input
4 RS 01 1 = Data input
0 = Write to LCD module
5 RIW | 071 | 1 = Read from LCD module
1,1--

50 | |[Enable signal

6
7 DBO | 0/1 [I/O|Data bus line 0 (LSB)
8 DB1 | 0/1 [I/O|Data bus line 1
9 DB2 | 0/1 (I/O|Data bus line 2
10 DB3 | 0/1 [l/O|Data bus line 3
11 DB4 | 0/1 [I/O|Data bus line 4
12 DB5 | 0/1 [I/O|Data bus line 5
13 DB6 | 0/1 [l/O|Data bus line 6
14 DB7 | 0/1 [I/O|Data bus line 7 (MSB)

Table 2.2., Pin assignment for > 80 character displays
Pin
number

1 DB7 | 0/1 [l/O|Data bus line 7 (MSB)

Symbol Level /O Function

2 DB6 | 0/1 |l/O|Data bus line 6

3 DB5 | 0/1 (I/O|Data bus line 5

4 DB4 | 0/1 |/O|Data bus line 4

5 DB3 | 0/1 |l/O|Data bus line 3

6 DB2 | 0/1 [I/O|Data bus line 2

7 DB1 | 0/1 (I/O|Data bus line 1

8 DBO | 0/1 (l/O|Data bus line 0 (LSB)

9 El 1>é | [Enable signal row 0 & 1

0 = Write to LCD module
1 = Read from LCD module

0 = Instruction input

10 R/W | 0/1 | I

11 RS o/1 ||

1 = Data input
12 Vee - - |Contrast adjust
13 Vss - - |Power supply (GND)
14 Vce - | - |Power supply (+5V)
15 | E2 1;3' | [Enable signal row 2 & 3
16 n.c.

Profesores: Alfredo Rosado. Manuel Bataller. 2



VN IVE RS [TAT ':-} [D Vf&\ L [3 NCIA Lab. de Disefio de Circuitos y Sistemas Electrénicos. Ing. Electronica

Estudi General

2.2. Instruction set
Table 2.3. HD44780 instruction set

Instruction 22222 Code 0000000 Description Execution

RSR/WDB7DB6DB5DB4DB3DB2DB1DBO time**

Clears display and returns cursor to the

Cleardisplay (O O | O] O | O|Of[OfOfO0]|1 home position (address 0). 1.64mS
Returns cursor to home position (address
cursorhome lolololololololol 1]+ 0). Also returns display being shifted to 1.64mS

the original position. DDRAM contents
remains unchanged.

Sets cursor move direction (I/D), specifies

Entrymode 151 o | g o |o|o|o|1|up|s loshifthe display (S). These operations | 40uS
set . .
are performed during data read/write.
Displa Sets On/Off of all display (D), cursor
e 0j0(0|O0O|0]|O0O]|1]|D]|C/| B |OnoOff (C)and blink of cursor position 40uS
On/Off control
character (B).
. Sets cursor-move or display-shift (S/C),
g#;tsor/dlsplay 0{0[0]|] 0| 0] 1 |SIC|RLL| * | * [shiftdirection (R/L). DDRAM contents 40uS

remains unchanged.
Sets interface data length (DL), number of

1 * *
Functionset |0 0| 01 0 1/ /DbL)N}F display line (N) and character font(F). 40uS
Set CGRAM ololol1 CGRAM address _Sets the CGRAM address. C_:GRA_M data 40US
address is sent and received after this setting.
Set DDRAM olol1 DDRAM address _Sets the DDRAM address. I_DDRAM data 40US
address is sent and received after this setting.
Read busy- Reads_Bu_sy-gIgg (BF)fmdma(;mgénterrgjal
flag and operation is being performed and reads
address 0| 1 |BF CGRAM / DDRAM address |CGRAM or DDRAM address counter ousS
contents (depending on previous
counter . )
instruction).
\Write to
CGRAM or 1(0 write data \Writes data to CGRAM or DDRAM. 40uS
DDRAM
Read from
CGRAM or 1|1 read data Reads data from CGRAM or DDRAM. 40uS
DDRAM
Remarks:
- DDRAM = Display Data RAM.- CGRAM = Character Generator RAM. - DDRAM address corresponds to cursor
position.

-*=Don't care. - ** = Based on Fosc = 250KHz.
Table 2.4. Bit names

Settings

I/D 0= _Decrement cursor 1 = Increment cursor position
position
S |0 = No display shift 1 = Display shift
D |0 = Display off 1 = Display on
C |0 = Cursor off 1 = Cursor on
B |0 = Cursor blink off 1 = Cursor blink on
S/C |0 = Move cursor 1 = Shift display
R/L [0 = Shift left 1 = Shift right
DL [0 = 4-bit interface 1 = 8-bit interface
N |0=1/8or 1/11 Duty (1 line) |1 =1/16 Duty (2 lines)
F |0 = 5x7 dots 1 =5x10 dots
BF [0 = Can accept instruction 1 = Internal operation in
progress
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2.3. Visible DDRAM addresses

2.3.1. 1-line displays

Shown after reset (with N=0).

00010203 04 05 0607 08 09 10 11 12 13 14 16 1617 18 192021222324 252627 2820305313233 34 35 36 37 38 39 « Character position (dec.)
[DoJotozlog[odlosloaloroa[os[oAloE[OCoDOE[OF [To[1 1] 1 2[1a[ 14 15[ 16 17[18[1 9[1A 1B[1C[1D[1E[1F[20[2 1[22[22[24]2 B]2 A]2 7] ¢ Rawd DDRAM address (hex]

Table 2.5. DDRAM address usage for a 1-line LCD

. . Visible
Display size N
Character positions DDRAM addresses
1*8 00..07 00h..07h
1*16  [00..15 00h..OFh
1*20  |00..19 00h..13h
1*24  |00..23 00h..17h
1*32  |00..31 00h..1Fh
1*40  |00..39 00h..27h

2.3.2. 2-line displays

Shown after reset (with N=1).
0001020304 050607 0809 1011 121314 15 16 17 18 192021 324 25 262728203031 3233 34 353637 38309 « Character position (dec.)

021222 g
o001 [o2[0a[n4[0s[0a[07]08[0o[CADBDCOD[OE[oF o[ 11 2[1 2 14]156] 16] 17 18] 18] LAl IBLIC 1D E[1F [20[2 1[22]2 3[24][2 B[2 B]2 7] + Rowd DDRAM address thex)
(O[T [+ 2[4 o]+ ]45]+6]47]+8]4 0 +Al 4 B[4 CA DAL |[4F 505 152 5 254|555 657 |5 8|5 5|5ABB |5 C|SD|SE |G F |B0|6 1]62|6 3|64|6 5|6 6]67] « Row! DDRAM address thex)

Table 2.6. DDRAM address usage for a 2-line LCD ‘

. . Visible |
Display size o

Character positions DDRAM addresses|

2*16 00..15 00h..OFh + 40h..4Fh
2*20 00..19 00h..13h + 40h..53h
2*24 00..23 00h..17h + 40h..57h
2*32 00..31 00h..1Fh + 40h..5Fh
2*40 00..39 00h..27h + 40h..67h

2.3.3. 4-line displays
Shown after reset (with N=1).

OO0 0Z03 0405060708309 1011 1213 14 15 16 17 18 19 « Character position [dec.)

0201 (0210304 (05|06 07| 0F|0OAIDB|OCIODIOE|OF [10]11]12[13] + Rowd DDRAM address (hex)
40[4 114214344 |45|464 74842 4A4B4CI4D[4E|4F 5051|525 3| « Rowe] DDRAM address thex)
1411516171812 1ANBIC D TETF|Z20[2 12212 3[24|25|2 6|2 7| « Row? DDRAM address (hex)
54|5556|57(58/59|5A6B|5CIEDISE|SFIE0(6 1|62 |6 3[64|656|6 6|6 7| + Row3 DDRAM address (hex)

Table 2.7. DDRAM address usage for a 4-line LCD

. . Visible
Display size .
Character positions DDRAM addresses
4*16 00..15 00h..0Fh + 40h..4Fh + 14h..23h + 54h..63h
4*20 00..19 00h..13h + 40h..53h + 14h..27h + 54h..67h
4*40 (00..39) on 1st controller and|(00h..27h + 40h..67h) on 1st controller and
(00..39) on 2nd controller (00h..27h + 40h..67h) on 2nd controller
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2.4. Interfacing

2.4.1. 8-bit interface

Example of busy flag testing using an 8-bit interface.
RS

- / \

[nternal Imiernsl operation —r

7 WTTR 7 A o T o O A, T Y

It rnac iom write | Busy flag check | Busy flag check [ Busy Mlag check ! Instruction write

—

2.4.2. 4-hit interface

Example of busy flag testing using a 4-bit interface.
RS

/W / . \

{ \
Internal J_ Internal cperatien l I

N T G 7/, TSR 127 O XD 77, 3B € 7

Inst rucition write ‘I !'?'Iu-_;} flag chek ‘ Bus_-.r flag check | Lrist s ek wril e

Example of data transfer using a 4-bit interface.

RS /

DB« 22X _1Re X LR XK KA C TR
DB 722X 1R X IR XDC A C XTI,
DB. 272X 1R X I Re YA CHTTID A C XTI o v

Busy flay (BF) and Dawa regisier (DR) read
address counter [AC) read

Instructiont 1R ) write
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2.5. Character set
Characterset for 5x7 dot font (to be completed..)

Char. code
5001171001111
— 6010361010690
33 0000 HalF| ™| (=9
w0001 | H1[RE a1 | PF|SEH
soex0010| " 2|BR B T4 s
xxxx0011| [ HSCS|C|S1 A TIEE e
w0100 [FEGOT AL ||k |
wxxx0101|  [ZS(EUe(uf= |F(F| 2=
o0 110| [GBFILE 0230 E
w0111 77 |G| w7 F|=2a|T
wxxx 1000 |G [BH|A 1 P =
w1001 [ 3TN 1]9=T L™ 4
socoo1010| [ T2 |Z 3L 1F
e 1011 (5 KL K5[0 R
)k 1100 (o [ IL[¥ (1| {20224 [
®xxx 1101 [=[=F[ T |m|* 2|2k (=
socac 1110 | B M Rl g 1B A
oo VT 12000 a2 (SR
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