Tutorial: Introduction to LCD Programming

Frequently, an 8051 program must interact withahiside world using input and output devices that
communicate directly with a human being. One ofrtiest common devices attached to an 8051 is an LCD
display. Some of the most common LCDs connecteldg@®051 are 16x2 and 20x2 displays. This means 16
characters per line by 2 lines and 20 charactarmeeby 2 lines, respectively.

Fortunately, a very popular standard exists whlildwes us to communicate with the vast majority @Ds
regardless of their manufacturer. The standardfesned to as HD44780U, which refers to the coldralhip
which receives data from an external source (i& ¢thse, the 8051) and communicates directly wigH_tBD.

44780 BACKGROUND

The 44780 standard requires 3 control lines as agedlither 4 or 8 I/O lines for the data bus. Téer unay select
whether the LCD is to operate with a 4-bit data ®uan 8-bit data bus. If a 4-bit data bus is usieel LCD will
require a total of 7 data lines (3 control linegspthe 4 lines for the data bus). If an 8-bit data is used, the
LCD will require a total of 11 data lines (3 contlioes plus the 8 lines for the data bus).

The three control lines are referred td&h§ RS, andRW.

TheEN line is called "Enable." This control line is usedell the LCD that you are sending it data. €ad
data to the LCD, your program should first set tims high (1) and then set the other two contredd and/or
put data on the data bus. When the other lines@rgpletely ready, bringN low (0) again. The 1-0 transition
tells the 44780 to take the data currently foundh@nother control lines and on the data bus aricb#d it as a
command.

TheRSline is the "Register Select" line. When RS is @), the data is to be treated as a command ciadpe
instruction (such as clear screen, position cuietor). When RS is high (1), the data being seteisdata
which sould be displayed on the screen. For exarmpldisplay the letter "T" on the screen you wosgd RS
high.

TheRW line is the "Read/Write" control line. When RWasv (0), the information on the data bus is being
written to the LCD. When RW is high (1), the pragres effectively querying (or reading) the LCD. @une
instruction ("Get LCD status") is a read commantli others are write commands--so RW will almost aya be
low.

Finally, the data bus consists of 4 or 8 lines &ieling on the mode of operation selected by the.usethe
case of an 8-bit data bus, the lines are refeoed tDBO, DB1, DB2, DB3, DB4, DB5, DB6, and DB7.

AN EXAMPLE HARDWARE CONFIGURATION

As we've mentioned, the LCD requires either 8 ol/®llines to communicate with. For the sake of thitorial,
we are going to use an 8-bit data bus--so we'liddeg 11 of the 8051's I/O pins to interface wita LCD.

Let's draw a sample psuedo-schematic of how the idilbe connected to the 8051.
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As you can see, we've established a 1-to-1 rel@iitvween a pin on the 8051 and a line on the 44780 Thus
as we write our assembly program to access the e&lare going to equate constants to the 8051 portisat
we can refer to the lines by their 44780 name @g®e@d to P0.1, P0.2, etc. Let's go ahead and ewitaitial
equates:

DBO EQU P1.0

DB1 EQU P1.1

DB2 EQU P1.2

DB3 EQU P1.3

DB4 EQU P1.4

DB5 EQU P1.5

DB6 EQU P1.6

DB7 EQU P1.7

EN EQU P3.7

RS EQU P3.6

RW EQU P3.5

DATA EQU P1
Having established the above equates, we may niewtceour I/O lines by their 44780 name. For exEmnio
set the RW line high (1), we can execute the fallhgansutrction:

SETB RW

HANDLING THE EN CONTROL LINE

As we mentioned above, the EN line is used tahellLCD that you are ready for it to execute atrutdion
that you've prepared on the data bus and on tke otimtrol lines. Note that the EN line must beedilowered
before/after each instruction sent to the LCD rdlges of whether that instruction is read or witiésf or
instruction. In short, you must always manipulab\Zhen communicating with the LCD. EN is the LCy¥ay
of knowing that you are talking to it. If you dordise/lower EN, the LCD doesn't know you're tadkia it on
the other lines.

Thus, before we interact in any way with the LCDwi# always bring theEN line high with the following
instruction:

SETB EN
And once we've finished setting up our instructidgth the other control lines and data bus lines|l\abkvays
bring this line back low:
CLR EN
Programming Tip: The LCD interprets and executes our command ah#tant theEN line is
brought low. If you never bringN low, your instruction will never be executed. Atilaially, when
you bringEN low and the LCD executes your instruction, it riegsia certain amount of time to
execute the command. The time it requires to eregntinstruction depends on the instruction and the
speed of the crystal which is attached to the 447&gxillator input.

CHECKING THE BUSY STATUS OF THE LCD




As previously mentioned, it takes a certain amadiime for each instruction to be executed bylti®. The
delay varies depending on the frequency of thetakgsgtached to the oscillator input of the 4478Mall as the
instruction which is being executed.

While it is possible to write code that waits fosgecific amount of time to allow the LCD to exexut
instructions, this method of "waiting" is not vdtgxible. If the crystal frequency is changed, siodtware will
need to be modified. Additionally, if the LCD ité& changed for another LCD which, although 44780
compatible, requires more time to perform its opens, the program will not work until it is propgmodified.

A more robust method of programming is to use thet"LCD Status" command to determine whether thB LC
is still busy executing the last instruction reegly

The "Get LCD Status" command will return to us tirelits of information; the information that is dskto us
right now is found in DB7. In summary, when we isghe "Get LCD Status” command the LCD wiill
immediately raise DB if it's still busy executiaggommand or lower DB7 to indicate that the LCBadonger
occupied. Thus our program can query the LCD WiV goes low, indicating the LCD is no longer buay.
that point we are free to continue and send thé caxmand.

Since we will use this code every time we sencdhatruction to the LCD, it is useful to make it dsautine.
Let's write the code:

WAIT_LCD:
SETB EN ;Start LCD command
CLR RS ;It's a command
SETB RW ;It's a read command
MOV DATA#0FFh ;Set all pins to FF initially
MOV A,DATA ;Read the return value
JB ACC.7,WAIT_LCD ;If bit 7 high, LCD still busy
CLR EN ;Finish the command
CLR RW ;Turn off RW for future commands
RET
Thus, our standard practice will be to send amuiesibn to the LCD and then call oWAIT_LCD routine to
wait until the instruction is completely executgdtbe LCD. This will assure that our program gitles LCD
the time it needs to execute instructions and makes our program compatible with any LCD, reganslief
how fast or slow it is.
Programming Tip: The above routine does the job of waiting for LD, but were it to be used in a
real application a very definite improvement wonkkd to be made: as written, if the LCD never
becomes "not busy" the program will effectively Aigd’ waiting for DB7 to go low. If this never
happens, the program will freeze. Of course, thigikl never happen amebn't happen when the
hardware is working properly. But in a real apgiiza it would be wise to put some kind of time tmi
on the delay--for example, a maximum of 256 attenptwvait for the busy signal to go low. This
would guarantee that even if the LCD hardware félils program would not lock up.

INITIALIZING THE LCD

Before you may really use the LCD, you must inizi@land configure it. This is accomplished by segdi
number of initialization instructions to the LCD.

The first instruction we send must tell the LCD wier we'll be communicating with it with an 8-bit 4-bit
data bus. We also select a 5x8 dot character Tdwetse two options are selected by sending the cowhi3@h to
the LCD as a command. As you will recall from thstlsection, we mentioned that 88 line must be low if
we are sending a command to the LCD. Thus, to #8a@®8h command to the LCD we must execute the
following 8051 instructions:

SETB EN

CLR RS

MOV DATA,#38h
CLR EN

LCALL WAIT_LCD



Programming Tip: The LCD command 38h is really the sum of a nunab@ption bits. The
instruction itself is the instruction 20h ("Functiset"). However, to this we add the values 10h to
indicate an 8-bit data bus plus 08h to indicaté ttma display is a two-line display.
We've now sent the first byte of the initializatisequence. The second byte of the initializati@queace is the
instruction OEh. Thus we must repeat the initidimacode from above, but now with the instructidhus the
the next code segment is:
SETB EN
CLR RS
MOV DATA#0Eh
CLR EN
LCALL WAIT_LCD
Programming Tip: The command OEh is really the instruction 08h [Blis to turn the LCD on. To
that an additional 02h is added in order to tusndtirsor on.
The last byte we need to send is used to configdd&ional operational parameters of the LCD. Westnsend
the value 06h.
SETB EN
CLR RS
MOV DATA,#06h
CLR EN
LCALL WAIT_LCD
Programming Tip: The command 06h is really the instruction 04h P2l to configure the LCD such
that every time we send it a character, the cyrsesition automatically moves to the right.
So, in all, our initialization code is as follows:
INIT_LCD:
SETB EN
CLR RS
MOV DATA,#38h
CLR EN
LCALL WAIT_LCD
SETB EN
CLR RS
MOV DATA#0Eh
CLR EN
LCALL WAIT_LCD
SETB EN
CLR RS
MOV DATA,#06h
CLR EN
LCALL WAIT_LCD
RET
Having executed this code the LCD will be fullytialized and ready for us to send display data. to i

CLEARING THE DISPLAY

When the LCD is first initialized, the screen stibaltomatically be cleared by the 44780 controliwever,
it's always a good idea to do things yourself st ylou can be completely sure that the displalygstay you
want it. Thus, it's not a bad idea to clear theesaras the very first opreation after the LCD reenhinitialiezd.

An LCD command exists to accomplish this functidint suprisingly, it is the command 01h. Since dlegathe
screen is a function we very likely will wish tollcanore than once, it's a good idea to make itta@utine:

CLEAR_LCD:
SETB EN
CLR RS
MOV DATA,#01h
CLR EN
LCALL WAIT_LCD
RET
How that we've written a "Clear Screen” routine,mey clear the LCD at any time by simply executimng
LCALL CLEAR_LCD .



Programming Tip: Executing the "Clear Screen" instruction on thebL&lso positions the cursor in
the upper left-hand corner as we would expect.

WRITING TEXT TO THE LCD

Now we get to the real meat of what we're tryingldo All this effort is really so we can displayxt®n the
LCD. Really, we're pretty much done.

Once again, writing text to the LCD is somethindlMaémost certainly want to do over and over--stisl make
it a subroutine.

WRITE_TEXT:

SETB EN

SETB RS

MOV DATA,A

CLR EN

LCALL WAIT_LCD

RET
TheWRITE_TEXT routine that we just wrote will send the charaatethe accumulator to the LCD which
will, in turn, display it. Thus to display text ¢dihe LCD all we need to do is load the accumulatitin the byte
to display and make a call to this routine. Pretigy, huh?

A "HELLO WORLD" PROGRAM

Now that we have all the component subroutinegeawrjtwriting the classic "Hello World" program--wehi
displays the text "Hello World" on the LCD is aatdely trivial matter. Consider:

LCALL INIT_LCD

LCALL CLEAR_LCD

MOV A#H'

LCALL WRITE_TEXT

MOV A#E'

LCALL WRITE_TEXT

MOV A#'L'

LCALL WRITE_TEXT

MOV A#'L'

LCALL WRITE_TEXT

MOV A#0O'

LCALL WRITE_TEXT

MOV A#"'

LCALL WRITE_TEXT

MOV A#W'

LCALL WRITE_TEXT

MOV A#0O'

LCALL WRITE_TEXT

MOV A#R'

LCALL WRITE_TEXT

MOV A#'L'

LCALL WRITE_TEXT

MOV A#D'

LCALL WRITE_TEXT
The above "Hello World" program should, when exeduinitialize the LCD, clear the LCD screen, aigptiy
"Hello World" in the upper left-hand corner of thisplay.

CURSOR POSITIONING

The above "Hello World" program is simplistic ireteense that it prints its text in the upper lafirdh corner of
the screen. However, what if we wanted to dispteyword "Hello" in the upper left-hand corner banted to
display the word "World" on the second line attieth character? This sounds simple--and actuglly,
simple. However, it requires a little more undemdiag of the design of the LCD.



The 44780 contains a certain amount of memory wisietssigned to the display. All the text we wtidehe
44780 is stored in this memory, and the 44780 spkes@ly reads this memory to display the text anltED
itself. This memory can be represented with thiefahg "memory map":

Display @@ Bl 82 B2 D4 65 86 07 82 89 18 11 12 13 14 15 16
Line 1 Joafoilazlozlaslac)eclarloc)eclenloclociaolaclor) ol 110120120140 1c]. ..
Line 2 Jaofai] szlaz)aafacfacfarfac)as] sn] sef acfaofsclar]solsiksefs=feaf=s]. . .

In the above memory map, the area shaded in blhe igisible display. As you can see, it measufes 1
characters per line by 2 lines. The numbers in dastis the memory address that corresponds tstinaén
position.

Thus, the first character in the upper left-hanaicher is at address 00h. The following charactsitjpm
(character #2 on the first line) is address 01, Btis continues until we reach the 16th charamftéhne first line
which is at address OFh.

However, the first character of line 2, as showthEnmemory map, is at address 40h. This means ifrite a
character to the last position of the first linel dnen write a second character, the second cleanait not
appear on the second line. That is because thadetaracter will effectively be written to addrd€h--but the
second line begins at address 40h.

Thus we need to send a command to the LCD thatitet position the cursor on the second line. P&t
Cursor Position" instruction is 80h. To this we add the address of the location where we wigiogition
the cursor. In our example, we said we wantedgpldy "World" on the second line on the tenth cbina
position.

Referring again to the memory map, we see thatetid character position of the second line is eskldAh.
Thus, before writing the word "World" to the LCDewnust send a "Set Cursor Position” instructioe-vailue
of this command will be 80h (the instruction codgbsition the cursor) plus the address 4Ah. 8@k =
C4h. Thus sending the command C4h to the LCD wiiifon the cursor on the second line at the tenth
character position:

SETB EN

CLR RS

MOV DATA,#0C4h

CLR EN

LCALL WAIT_LCD
The above code will position the cursor on linetZaracter 10. To display "Hello" in the upper ledtad corner
with the word "World" on the second line at chaeagiosition 10 just requires us to insert the abmade into
our existing "Hello World" program. This resultsthe following:

LCALL INIT_LCD

LCALL CLEAR_LCD

MOV A #H'

LCALL WRITE_TEXT

MOV A#E'

LCALL WRITE_TEXT

MOV A#L'

LCALL WRITE_TEXT

MOV A#L'

LCALL WRITE_TEXT

MOV A#0O'

LCALL WRITE_TEXT

SETB EN

CLR RS

MOV DATA,#0C4h

CLR EN

LCALL WAIT_LCD

MOV A#W'

LCALL WRITE_TEXT

MOV A#0O'



LCALL WRITE_TEXT
MOV A#R'
LCALL WRITE_TEXT
MOV A#L'
LCALL WRITE_TEXT
MOV A#D'
LCALL WRITE_TEXT
SUMMARY

This tutorial has presented the underlying concepogramming an LCD display. Obviously it hag no
addresses all issues. The 44780 LCD controllerffeany other functions which are accessed usimgy ot
commands, and some of the commands already prdsentede other options that were not discussed.her
However, this tutorial should get you going in tight direction.



