Liquid Crystal Displays  (LCD)

LCD Module Pin Assignment

	PRIVATE
Pin number
	Symbol
	Level
	I/O
	Function

	1
	Vss
	-
	-
	Power supply (GND)

	2
	Vcc
	-
	-
	Power supply (+5V)

	3
	Vee
	-
	-
	Contrast adjust

	4
	RS
	0/1
	I
	0 = Instruction input
1 = Data input

	5
	R/W
	0/1
	I
	0 = Write to LCD module
1 = Read from LCD module

	6
	E
	1, 1-->0
	I
	Enable signal

	7
	DB0
	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
	I/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
	I/O
	Data bus line 6

	14
	DB7
	0/1
	I/O
	Data bus line 7 (MSB)


LCD Driver Block Diagram
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References : http://www.hantronix.com  Select resources tab and tutorials entry
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Command Description Exe_cution
RS |R/W|DB7|DB6/DB5|DB4(DB3|DB2| DB1|DB0 Time
Clear Clears the display and returns
Display 0 0|0 0|0 0 0 0 0 1 | the cursor to the home position 82us~1.64ms
(address 0).
Returns the cursor to the home
Return position (address 0). Also returns
Home 0 0 0 0 0 0 0 0 1 * | a shifted display to the home 40ps~1.64ms
position. DD RAM contents
remain unchanged.
Sets the cursor move direction
,\E/If;&é ol olo| oflo| 0| of 1[UD| S |andenables/disables the display. 40us
Sef
Turns the display ON/OFF (D), or
Display the cursor ON/OFF (C), and blink
8N/OF|F 0 oo oo 0 1 D c B of the character at the cursor 40ps
ontrol position (B).
Cursor & Moves the cursor and shifts the
Display 0 o| O o| O 1 |SIC|RL| * * | display without changing the DD 40us
Shift RAM contents.
X Sets the data width (DL), the
gg?c'“m 0| ol o] o 1|DL| NS| F| * | # |numberoflinesinthe display (L), 40ps
and the character font (F).
Set Sets the CG RAM address. CG
CG RAM 0 0 0 1 Ace RAM data can be read or altered 40us
Address after making this setting.
Set Sets the DD RAM address. Data
DD RAM 0 0 1 App may be written or read after mak- 40us
Address ing this setting.
Reads the BUSY flag (BF) indi-
Eeazd&Busy o 1 BF AC F:atin_g that an internal operation 1us
Address is being performed and reads the
address counter contents.
Write Data ] Writes data into DD RAM or CG
o0 CG or 1 0 Write Data RAM 46us
DD RAM :
Read Data Reads data from DD RAM or CG
romCG o 1 1 Read Data RAM 46us
DD RAM )
I/D=1: Increment I/D = 0: Decrement DD RAM: Display data RAM Execution
S =1: Accompanies display shift. CG RAM: Character generator times are typi-
S/C=1: Display shift S/C = 0: cursor move RAM cal. If transfers
R/L=1: Shiftto the right. R/L=0: Shift to the left. Aca: CG RAM Address are timed by
DL =1: 8 bits DL =0: 4 bits App: DD RAM Address software and
N =1: 2lines N =0: 1line Corresponds to cur- the busy flag is
F =1: 5x10 dots F =0: 5x7dots sor address. not used, add
BF =1: Busy BF = 0: Can accept data AC: Address counter 10% to the

above times.
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DISPLAY CHARACTER POSITION AND CHARACTER ADDRESS
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Interfacing a 16x2 character LCD to the Infineon 167 

Port connections to LCD module - LCD module to be used in 4-bit mode

Port 7


LCD pin

Bit 7


DB7

Bit 6


DB6

Bit 5


DB5

Bit 4


DB4

Port 6

Bit 7


E - Enable

Bit 6


R/W – Read/notWrite

Bit 5


RS – Register Select

‘C’ Functions Required
lcd_initialise 

- initialise lcd for 4-bit mode, 2-lines, etc

lcd_write_data 
- write a byte to be displayed

lcd_write_control
- write a command to the lcd

lcd_read_status
- read the status of the lcd

lcd_read_data

- read the data at the cursor position - ??? do we need this?

lcd_putchar

- “print” a character on the lcd at the current cursor position.

lcd_clear

- clear lcd display

lcd_busy 

- returns 1 if lcd busy, 0 otherwise

lcd_gotoxy

- move lcd cursor to x,y position 

lcd_write_nibble
- write a 4-bit nibble to the lcd

maybe lcd_read_nibble 

might need to have some delays so maybe a delay function – how accurate should the delays be?

Any others?

It might be good if we could somehow make the standard ‘C’ function print be able to “print” directly to the lcd.

It would be useful to make these functions into an lcd function library. 

Which of these should be made available to a user? How can we prevent a user from accessing functions that we don’t want them to access?

Where should we start? We design top down. Implement and test bottom up particularly when we are doing something for the first time or that maybe difficult.

LCD DRIVER (HD44780) instruction set 

	PRIVATE
Instruction
	Code
	Description
	Execution Time

	
	RS
	R/W
	DB7
	DB6
	DB5
	DB4
	DB3
	DB2
	DB1
	DB0
	
	

	Clear display
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	Clears display and returns cursor to the home position (address 0).
	1.64mS

	Cursor home
	0
	0
	0
	0
	0
	0
	0
	0
	1
	*
	Returns cursor to home position (address 0). Also returns display being shifted to the original position. DDRAM contents remains unchanged.
	1.64mS

	Entry mode set
	0
	0
	0
	0
	0
	0
	0
	1
	I/D
	S
	Sets cursor move direction (I/D), specifies to shift the display (S). These operations are performed during data read/write.
	40uS

	Display On/Off control
	0
	0
	0
	0
	0
	0
	1
	D
	C
	B
	Sets On/Off of all display (D), cursor On/Off (C) and blink of cursor position character (B).
	40uS

	Cursor/display shift
	0
	0
	0
	0
	0
	1
	S/C
	R/L
	*
	*
	Sets cursor-move or display-shift (S/C), shift direction (R/L). DDRAM contents remains unchanged.
	40uS

	Function set
	0
	0
	0
	0
	1
	DL
	N
	F
	*
	*
	Sets interface data length (DL), number of display line (N) and character font(F).
	40uS

	Set CGRAM address
	0
	0
	0
	1
	CGRAM address
	Sets the CGRAM address. CGRAM data is sent and received after this setting.
	40uS

	Set DDRAM address
	0
	0
	1
	DDRAM address
	Sets the DDRAM address. DDRAM data is sent and received after this setting.
	40uS

	Read busy-flag and address counter
	0
	1
	BF
	CGRAM / DDRAM address
	Reads Busy-flag (BF) indicating internal operation is being performed and reads CGRAM or DDRAM address counter contents (depending on previous instruction).
	0uS

	Write to CGRAM or DDRAM
	1
	0
	write data
	Writes data to CGRAM or DDRAM.
	40uS

	Read from CGRAM or DDRAM
	1
	1
	read data
	Reads data from CGRAM or DDRAM.
	40uS






�PRIVATE��Bit name�
Settings�
�
I/D�
0 = Decrement cursor position�
1 = Increment cursor 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�
�






�PRIVATE��Bit name�
Settings�
�
R/L�
0 = Shift left�
1 = Shift right�
�
DL�
0 = 4-bit interface�
1 = 8-bit interface�
�
N�
0 = 1/8 or 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�
�






Timing Characteristics





READ TIMING





WRITE TIMING





4-Bit Initialisation 
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