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LCD Displays

HD44780 Display Controller

used in many different displays
pins and instructions

— Section 7.7

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



LCD Displays

Scrolling

HD44780 Display Controller

used in many different displays

pins and instructions

— Section 7.7

— page 178 - 2 line x 8 character display
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LCD Displays

Scrolling

HD44780 Display Controller

used in many different displays

pins and instructions

— Section 7.7

— page 178 - 2 line x 8 character display

internal memory
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Shift
Displz

LCD Displays

HD44780 Display Controller

used in many different displays

pins and instructions

— Section 7.7

— page 178 - 2 line x 8 character display
internal memory

— Sections 7.7.1 to 7.7.3
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LCD Displays

HD44780 Display Controller

used in many different displays

pins and instructions

— Section 7.7

— page 178 - 2 line x 8 character display
internal memory

— Sections 7.7.1 to 7.7.3

internal registers
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Initia n
Shifting and Scrolling
Display RAM

LCD Displays

HD44780 Display Controller

used in many different displays

pins and instructions

— Section 7.7

— page 178 - 2 line x 8 character display
internal memory

— Sections 7.7.1 to 7.7.3

internal registers

— Section 7.7.4
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HD44780 Display Controller (continued)
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LCD Displays

d Scrolling
M

HD44780 Display Controller (continued)

4 bit and 8 bit modes
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LCD Displays

d Scrolling
M

HD44780 Display Controller (continued)

4 bit and 8 bit modes

(including instruction timing)
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LCD Displays

HD44780 Display Controller (continued)

4 bit and 8 bit modes
(including instruction timing)
— Section 7.7.6
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HD44780 Display Controller (continued)

4 bit and 8 bit modes
(including instruction timing)
— Section 7.7.6

— page 200 - 4 bit interface
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HD44780 Display Controller (continued)

4 bit and 8 bit modes
(including instruction timing)
— Section 7.7.6

— page 200 - 4 bit interface

QwikFlash connections

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



LCD Displays

HD44780 Display Controller (continued)

4 bit and 8 bit modes
(including instruction timing)
— Section 7.7.6

— page 200 - 4 bit interface
QwikFlash connections
ramifications??7?
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QwikFlash LCD connections
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LCD Displays

QwikFlash LCD connections

Initialization
Shifting and Scrolling
Display Vv

¢ ANt el
Admcir = - Lo
20EC] & dlps #x21LCD
. display
e :J‘ BT
fiog 2] B6 | "Nibbe’
" RDS[S I'_ B5 | interface
o A s — 10 e DD 1B L
—MATY ~ eul
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Initialization
Shifting and Scrolling
Display Vv

LCD Displays

QwikFlash LCD connections

ANT— . REZ SEZANT
t 1 - LT == GHND
S e E R VDD
Blosc = i|ps 8 ':ik':p:;r”
1 30 oo Lous
nser RD7[, 13187 01 pF
RD6{ 5] B6 | “Nibble®
" RIS T B3 | interface
i A 3 ~ 1 e DD e =
=l an h—]

What are pins 1, 2, 3, and 57
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LCD Displays

QwikFlash LCD connections

ANT— . REZ SEZANT
t 1 - LT == GHND
S e E R VDD
Blosc = i|ps 8 ':ik':p:;r”
1 30 oo Lous
nser RD7[, 13187 01 pF
RD6{ 5] B6 | “Nibble®
" RIS T B3 | interface
i A 3 ~ 1 e DD e =
=l an h—]

What are pins 1, 2, 3, and 57
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Shifting and Scrolling
Display RAN

LCD Displays

Initialization
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Initialization
Shiftir
Display

LCD Displays

Initialization

Two methods of resetting device:
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Initialization
Shift crolling
Display /

LCD Displays

Initialization

Two methods of resetting device:

@ internal reset (on power-up)
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Initialization
Shift crolling
Display /

LCD Displays

Initialization

Two methods of resetting device:
@ internal reset (on power-up)

— page 190 - see note
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Initialization
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Display /

LCD Displays

Initialization

Two methods of resetting device:
@ internal reset (on power-up)
— page 190 - see note
@ by instruction (NOT in textbook)

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



Initialization
Shifting and Scrolling
Display RAM

LCD Displays

Initialization

Two methods of resetting device:
@ internal reset (on power-up)
— page 190 - see note
@ by instruction (NOT in textbook)
— page 213 - 4 bit mode reset
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Initialization
Shifting and Scrolling
Display RAM

LCD Displays

Initialization

Two methods of resetting device:
@ internal reset (on power-up)
— page 190 - see note
@ by instruction (NOT in textbook)
— page 213 - 4 bit mode reset
Example 7.6 problems
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LCD Displays

Initialization
Shifting and Scrolling
Display RAM

HD44780U

Powsran

Waitfor mors than 15 ms
SherVys s 045

( Wit ormore e 0 |
{ sherves s 037V

Waitfor mere than .1 me

SF cannot e checked befors i nsracion

Function set (nteface is 85 ong.)

Waitfor more than 100 45

F cannot e checked befors s nsracion

Funcion set (nteface is 85 ong.)

Intlzston snds

F cannot e ohesked befors T measion

Funcion set (nteface is 85 ong.)

F can be checkad shr he folowing msrustons.

\ihen BF i no cheskes. the wating ime between

instructons i longer han the execufon nstuction

ime. (Sea Table 8)

Furcion set (Set tertace o b2 4 s 100G

Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the

umbes of display lines and characier font )

The number of dspiay lines and sharactar ort
tbe changed afer s point

Display ot

Display ciear

Enty mode set

Figure 26 4-Bit Interface

Initializing in 4 bit mode
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Initialization
Shifting and Scrolling
Display RAM

LCD Displays

HD44780U

Watormoreran 15 ( Wit ormore e 0 |
el mes w457 { sherves s 037V
Ty ————"

F cannot e checked befors s nsracion

(| Function set (ntertace s 8 bis long )

F cannot e ohesked befors T measion

(| Funcion st (niefsoe is 8 i ong.)

F can be checkad shr he folowing msrustons.
\ihen BF i no cheskes. the wating ime between
instructons i longer han the execufon nstuction
ime. (Sea Table 8)

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the

umbes of display lines and characier font )

The number of dspiay lines and sharactar ort
tbe changed afer s point

Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Step 1; Function Set 8 bit mode
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Initialization
Shifting and Scrolling
Display RAM

LCD Displays

HD44780U

Watormoreran 15 ( Wit ormore e 0 |
el mes w457 { sherves s 037V
Ty ————"

(| Function set (ntertace s 8 bis long )

F cannot e ohesked befors T measion

(| Funcion st (niefsoe is 8 i ong.)

F can be checkad shr he folowing msrustons.
\ihen BF i no cheskes. the wating ime between
instructons i longer han the execufon nstuction
ime. (Sea Table 8)

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the

umbes of display lines and characier font )

The number of dspiay lines and sharactar ort
tbe changed afer s point

Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Step 2; Function Set 8 bit mode
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LCD Displays Initialization

Shifting and Scrolling
Display RAM

HD44780U

( Wit ormore e 0 |

Waitfor mors than 15 ms
v | sherVig ees 027V |

SherVo. s 045

|| Function set (ntertace s 8 bis fong )

(| Function set (ntertace s 8 bis long )

(| Funcion st (niefsoe is 8 i ong.)

F can be checkad shr he folowing msrustons.

\ihen BF i no cheskes. the wating ime between

instructons i longer han the execufon nstuction
e 5)

ime. (sea Tk

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the
umbes of display lines and characier font )
The number of dspiay lines and sharactar ort
tbe changed afer s point
Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Step 3; Function Set 8 bit mode
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Initialization
Shifting and Scrolling
Display RAM

CD Displays

HD44780U

P
(Croman )

Watormoreran 15 ( Wit ormore e 0 |
el mes w457 { sherves s 037V

_ || Function set (ntertace s 8 bis fong )
Waitfor mere than .1 me
(| Function set (ntertace s 8 bis long )
= A raron
LRGN £ (rtertaos =& bts o
(| Funcion st (niefsoe is 8 i ong.)
T
= R e
colo o i o Vi B3t ke e kg e et
instnsstons i onger than the &xecution instucton
R ime. (Sea Table 8)
Lo NF - . (Set tertace 1o = 4 bis long )
rion <et (Set tertaos 1o b2 4 o ong.
000000 Intertace = & bt i engh.
£ e I reertscs s 4 b s
unction set (itefzce s 4 s long. Spesty the
oo umbes of display lines and characier font )
0 0000 The number of dspiay lines and sharactar ort
000000 tbe changed afer s point
b oo 1mws Display ot
Display ciear
Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Function Set interface data length DL (4 bit)
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Initialization
Shifting and Scrolling
Display RAM

CD Displays

HD44780U

Watormoreran 15 ( Wit ormore e 0 |
el mes w457 | sherves s 0277
Ty ————"

(| Function set (ntertace s 8 bis long )

(| Funcion st (niefsoe is 8 i ong.)

=
\ihen BF i no cheskes. the wating ime between
instructons i longer han the execufon nstuction
ime. (Sea Table 8)

o

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the

umbes of display lines and characier font )

The number of dspiay lines and sharactar ort
tbe changed afer s point

s Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Function Set display lines N
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Initialization
Shifting and Scrolling
Display RAM

CD Displays

HD44780U

P
(Croman )

Watormoreran 15 ( Wit ormore e 0 |
el mes w457 { sherves s 037V

Function set (nteface is 85 ong.)

Waitfor mere than .1 me

(| Function set (ntertace s 8 bis long )

= raron

(| Funcion st (niefsoe is 8 i ong.)

=
\ihen BF i no cheskes. the wating ime between
instructons i longer han the execufon nstuction
ime. (Sea Table 8)

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

-

Function set (iteface s 4 bt long. Spesy the
umbes of display lines and characier font )

The number of dspiay lines and sharactar ort
000 0 ‘cannot be changad afer s point

0 1ms Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Display On/Off control D (off)
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Initialization
Shifting and Scrolling
Display RAM

CD Displays

HD44780U

Watormoreran 15 ( Wit ormore e 0 |
el mes w457 { sherves s 037V

|| Function set (ntertace s 8 bis fong )

(| Function set (ntertace s 8 bis long )

(| Funcion st (niefsoe is 8 i ong.)

-

=
\ihen BF i no cheskes. the wating ime between
instructons i longer han the execufon nstuction
ime. (Sea Table 8)

3

i

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the
umbes of display lines and characier font )
e numisr o display nes and charactar fort
point.

B

Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Clear Display
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CD Displays Initialization

Shifting and Scrolling
Display RAM

HD44780U

( Wit ormore e 0 |

Waitfor mors than 15 ms
v | sherVig ees 027V |

SherVo. s 045

|| Function set (ntertace s 8 bis fong )

(| Function set (ntertace s 8 bis long )

(| Funcion st (niefsoe is 8 i ong.)

=
\ihen BF i no cheskes. the wating ime between
instructons i longer han the execufon nstuction
ime. (Sea Table 8)

Furcion set (Set tertace o b2 4 s 100G
Intertace = & bt i engh.

Function set (iteface s 4 bt long. Spesy the

umbes of display lines and characier font )

The number of dspiay lines and sharactar ort
point.

Display ot

Display ciear

Intlzston snds Enty mode set

Figure 26 4-Bit Interface

Entry Mode

/DS
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Shifting and Scrolling
Display RANM

LCD Displays

Instructions
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Initialization
Shifting and Scrolling
Display RANM

LCD Displays

Instructions

Execution Time

Code (max) (when f_ or

Instruction RS _RAV DBI_DB6_DB5 DB4_DB3 DB2 DB1 DBO Description fass s 270 kH2)
Clear 0 o 0 0 0 0 0 0 0 1 C\e.’zrs entire display and sets
display RAM address 0 in addre:

cnumer
Retun 0 o 0 0 0 0 0 0 1 — | Sets DDRAM address 0 in 1.52ms
home address counter. Also retums

display fom being sirfed o

original position. DDRAM

Contants remain unchanged
Entry 0 0 (0 0 0 0 0 1 D S Sescursor movedirection 37ys
mode set and specifies display shift

These operations are

performed during data write

an,
Disply 0 0 00 0 T D C B ) Solsentdeplay (0)onch 37ps
on/off cursor onlof and blinking
control of cursor position character

®)
Cursoror 0 o 0 0 0 1 SIC RIL — — | Moves cursor and shifts 37ps
display display without changing
shift DDRAM contents.
Function 0 o 0 0 1 DL N F — — | Setsinterface data lengt! 37ps
sat o, b of iy nes

). and character font (F).

Set 0 o 0 1 ACG ACG ACG ACG ACG ACG Se's CGRAM address. 37ps
CGRAM CGRAM data i sent and
address recsived after this sefting
Set 0 o 1 ADD ADD ADD ADD ADD ADD ADD Sets DDRAM address. 37ps
DDRAM DDRAM data is sent and
address recsived after this sefting
Readbusy 0 1 BF AC AC AC AC AC AC AC Readsbusyflag (BF) Ops
flag & indicating intermal operation is
address eing performed and reads

address counter contents.




Initialization
Shifting and Scrolling
Display RAM

LCD Displays

Instructions (continued)
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. Initialization
LCD Displays Shifting and Scrollir

Display RAN

g

Instructions (continued

Execution Time

Code (max) (when f_, or
Instruction RS R/\W DB7 DB6 DB5 DBA DB3 DB2 DB1 DB0 Description f,..is 270 kHz)
Wiite data (1 0 Wiite data Writes data into DORAM o 37 s
10 CGor CGRAM. =4 ps”
DDRAM
Readdata | 1 Readdata Reads data from DDRAM or 37 pis
from CG or CGRAM. top=4ps*

DDRAM

DDRAM: Display data RAM  Execution time

CGRAM: Character generator ~ changes when
RAM frequency changes.

Example:

When 1, or f.,. is

250 kHz,

ACG:  CGRAM address
ADD: DDRAM address
(corresponds to cursor

address) ]

T B AC: Address counter used for 7 #* 3= 40k
=1: 2lines, N=0: 1line both DD and CGRAM
=T 5% =0 addresses

doks, F =
BF =1: Intemally operating
BF =0 Instructions acceptable

Note: — indicates no effect

*  After execution of the CGRAM/DDRAM data write o read instruction, the RAM address counter

is incremented or decremented by 1. The RAM address counter is updated after the busy flag
tums off. In Figure 10, 1., is the time elapsed after the busy flag tums off until the address
counter is updated

CP3

Liquid Crystal Displays
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Display RAM

LCD Displays
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Initialization
Shifting and Scrolling
Display RANV

LCD Displays

Table 7 Shift Function

Shifts the cursor position to the left_ (AC is decremented by one.)
) Shifts the cursor position to the right (AC is incremented by one )

Shifts the entire display to the left. The cursor follows the display shift

sllof=tle

Shifts the entire display to the right. The cursor follows the display shift

Table 8 Function Set

No. of
Display Duty
N F Lines CharacterFont Factor Remarks
0 0 1 58 dots 118
0o 1 1 510 dots 111
( 1 2 58 dots 116 Cannot display two lines for 5 x 10 dot character font

Note. * Indicates don't care.

Terry Sturtevar



LCD Displays

Table 7 Shift Function

Initialization
Shifting and Scrolling
Display RANV

Shifts the cursor position to the left. (AC is decremented by one.)

Shifts the entire display to the left. The cursor follows the display shift

sllof=tle

) Shifts the cursor position to the right (AC is incremented by one )
) Shifts the entire display to the right. The cursor follows the display shift

Table 8 Function Set

No. of
Display Duty
N F Lines CharacterFont Factor Remarks
0 0 1 58 dots 118
0o 1 1 510 dots 111
( 1 2 58 dots 116 Cannot display two lines for 5 x 10 dot character font

Note. * Indicates don't care.

You can move the cursor or shift the display

Terry Sturtevar
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Initialization
Shifting and Scrolling
Display RANV

LCD Displays

HD44780U

o 2-line display (N = 1) (Figure 4)
— Case 1: When the number of display characters is less than 40 x 2 lines, the two lines are
displayed from the head. Note that the first line end address and the second line start address are
not consecutive. For example, when just the HD44780 is used, 8 characters x 2 lines are displayed.
See Figure 5
When display shift operation is performed, the DDRAM address shifts. See Figure 5

e
et sl s

o [w[o ][] [=[=]
P p pey o PR | [=]a]

Figure 4 2-Line Display

Display.

position
7

DDRAM
address

For
shiftlef

For
shit right

Figure 5 2-Line by 8-Character Display Example
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Initialization
Shifting and Scrolling
Display RAM

CD Displays

HD44780U

o 2-line display (N = 1) (Figure 4)
— Case 1: When the number of display characters is less than 40 x 2 lines, the two lines are
displayed from the head. Note that the first line end address and the second line start address are
not consecutive. For example, when just the HD44780 is used, 8 characters x 2 lines are displayed.
See Figure 5
When display shift operation is performed, the DDRAM address shifts. See Figure 5

Display

.. s
o [w[o ][] =[]
P p pey o PR | — [[a]

Figure 4 2-Line Display

Display.
position

DDRAM
address

For
shiftlef

For
shit right

Figure 5 2-Line by 8-Character Display Example

Note shifts keep addresses within original lines
CP3

Liquid Crystal Displays (
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Display RAM

LCD Displays

Display RAM
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Display RAM

LCD Displays

Code

Initialization
Shifting and Scrolling
Display RAM

Execution Time
(max) (when , or

Instruction RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DB1

DBO_Description foneiS 270 kH2)

Clear 00 0 0 0 0 0 0 0 1 Cleasenredsplyandsets
display address 0 in addre:

Counter
Rewm 0 0 0 0 0 0 0 0 1 — SesDDRAMaddressOin  152ms
home address counter. Also retums

display from being shifted to

original position. DDRAM

contents remain unchanged
Entry 0 0 0 0 0 0 0 1 UD S Selscursormovedirection 37ps
mode set and specifies display si

These operations are

performed during data write

and rea
Display 0 0 0 0 0 0 1 D C B Seisentredsplay (D)onlof, 37ps
onloff oo oot a0 mion
control cursor position character

)
Cusoror 0 0 0 0 0 1 SIC RL — — Moves cursorand shifts 3Tus
display display without changing
shift DDRAM contents.
Funcion 0 ©0 0 0 1 DL N F — — Setsintedfacedatalength  37ps
set (DL) number of display lines

). and character font (F).

Set 0/ 0 0 1 ACG ACG ACG ACG ACG ACO Se!s CGRAM address. 3Tus
CGRAM CGRAM data is sentand
address received after this setting
Set 0/ 0 1 ADD ADD ADD ADD ADD ADD ADD)Sets DDRAM address. 3Tus
DDRAM DDRAM data is sent and
address received after this setting
Readbusy 0 1 BF AC AC AC AC AC AC AC Readsbusy flag (BF) Ous
flag & indicating internal operation is
address ed and reads

address counter contents.

DDRAM addresses are 7-bit; CGRAM addresses are 6-bit

CP316 Liquid Crystal Displays
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Display RAM

LCD Displays
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. Initialization
LCD Displays Shifting and Scrolling

Display RAM

HD44780U

o 2-line display (N = 1) (Figure 4)

— Case 1: When the number of display characters is less than 40 x 2 lines, the two lines are
displayed from the head. Note that the first line end address and the second line start address are
not consecutive. For example, when just the HD44780 is used, 8 characters x 2 lines are displayed.
See Figure §

When display shift operation is performed, the DDRAM address shifts. See Figure 5

e
corat ([ ] [=[=]
s\ oo =] — [e[a]

Figure 4 2-Line Display

Display.
position
7

DDRAM
address

For
shiftlef

For
shit right

Figure 5 2-Line by 8-Character Display Example
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Initialization
Shifting and Scrolling
Display RAM

D Displays

HD44780U

o 2-line display (N = 1) (Figure 4)

— Case 1: When the number of display characters is less than 40 x 2 lines, the two lines are
displayed from the head. Note that the first line end address and the second line start address are
not consecutive. For example, when just the HD44780 is used, 8 characters x 2 lines are displayed.
See Figure §

When display shift operation is performed, the DDRAM address shifts. See Figure 5

e
corat ([ ] — T=[=]
s\ oo =] — [e[a]

Figure 4 2-Line Display

Display.
position
7

DDRAM
address

For
shiftlef

For
shif ignt

Figure 5 2-Line by 8-Character Display Example

Addresses 0x00 — 0x27 on top row; 0x40 — 0x67 on bottom row;

Terry Sturteva
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Initialization
si nibble
in 4-bit mode

commands
data

PORT configuration
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on
single nibble

byte in 4-bit mode
mmands
ata

PORT configuration

— macro or subroutine?
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nibble
in 4-bit mode

PORT configuration
— macro or subroutine?

Initialization

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



a single nibble
te in 4-bit mode

mmands

PORT configuration
— macro or subroutine?
Initialization

— macro or subroutine?

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



ingle nibble
yte in 4-bit mode
“ommands

Sending data

PORT configuration

— macro or subroutine?
Initialization

— macro or subroutine?

Write character
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ingle nibble
yte in 4-bit mode
“ommands

Sending data

PORT configuration

— macro or subroutine?
Initialization

— macro or subroutine?
Write character

— macro or subroutine?
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ingle nibble
yte in 4-bit mode

“ommands
Sending data

PORT configuration

— macro or subroutine?
Initialization

— macro or subroutine?
Write character

— macro or subroutine?
Write 777

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



ingle nibble
yte in 4-bit mode

“ommands
Sending data

PORT configuration

— macro or subroutine?
Initialization

— macro or subroutine?
Write character

— macro or subroutine?
Write 777

— macro or subroutine?

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



ingle nibble
yte in 4-bit mode

“ommands
Sending data

PORT configuration

— macro or subroutine?
Initialization

— macro or subroutine?
Write character

— macro or subroutine?
Write 777

— macro or subroutine?

How to create delays??
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Initialization
nibble
in 4-bit mode

Initialization

@ configure ports (TRISD , TRISE)
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Initialization
a single nibble
te in 4-bit mode
mmands

Initialization

@ configure ports (TRISD , TRISE)

don’t inadvertently alter other bits
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Initialization

ingle nibble

yte in 4-bit mode
Se “ommands
Sending data

Initialization

@ configure ports (TRISD , TRISE)
don’t inadvertently alter other bits

@ perform initialization sequence
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Initialization

ingle nibble

yte in 4-bit mode
Se “ommands
Sending data

Initialization

@ configure ports (TRISD , TRISE)
don’t inadvertently alter other bits
@ perform initialization sequence

make sure to observe all delays
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Initialization

ingle nibble

yte in 4-bit mode
Se “ommands
Sending data

Initialization

@ configure ports (TRISD , TRISE)
don’t inadvertently alter other bits

@ perform initialization sequence
make sure to observe all delays

slow down if necessary
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Initialization

Sending a single nibble
Sending

Sending co

Send

Initialization

@ configure ports (TRISD , TRISE)
don’t inadvertently alter other bits

@ perform initialization sequence
make sure to observe all delays
slow down if necessary

single nibble transfers until 4-bit mode selected
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Initialization

Sending a single nibble
Sending

Sending co

Send

Initialization

@ configure ports (TRISD , TRISE)
don’t inadvertently alter other bits
@ perform initialization sequence
make sure to observe all delays
slow down if necessary
single nibble transfers until 4-bit mode selected

after that, each transfer is 2 nibbles
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Initialization

Sending a single nibble

Sending a single nibble
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Initialization
a single nibble

Sending a single nibble

@ Set or clear RS as needed
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a single nibble
a byte in 4-bit mode

Sending a single nibble

@ Set or clear RS as needed
@ Wait the necessary time
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Initialization
Sending a single nibble

byte in 4-bit mode

Sending a single nibble

@ Set or clear RS as needed
@ Wait the necessary time
© Write the nibble to the port
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Initialization
Sending a single nibble

Sending byte in 4-bit mode

Sending a single nibble

© Set or clear RS as needed
@ Wait the necessary time

© Write the nibble to the port
© Wait the necessary time
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Initialization
Sending a single nibble

Sending byte in 4-bit mode

Sending a single nibble

@ Set or clear RS as needed
@ Wait the necessary time

© Write the nibble to the port
© Wait the necessary time

© Assert the Enable
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Initialization
Sending a single nibble

Sending byte in 4-bit mode

Sending a single nibble

@ Set or clear RS as needed
@ Wait the necessary time

© Write the nibble to the port
© Wait the necessary time

© Assert the Enable

@ Wait the necessary time
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Initialization
single nibble
byte in 4-bit mode
ommands

Sending a single nibble

@ Set or clear RS as needed
@ Wait the necessary time

© Write the nibble to the port
© Wait the necessary time

© Assert the Enable

@ Wait the necessary time

@ De-assert the Enable
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Initialization

Sending a single nibble

Sending a single nibble

@ Set or clear RS as needed
@ Wait the necessary time

© Write the nibble to the port
© Wait the necessary time

© Assert the Enable

@ Wait the necessary time

@ De-assert the Enable

© Wait the necessary time
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Initialization
Sending a single nibble
a byte in 4-bit mode

Sending data

Sending a single nibble

Set or clear RS as needed
Wait the necessary time
Write the nibble to the port
Wait the necessary time
Assert the Enable

Wait the necessary time
De-assert the Enable

©00000O0CO0

Wait the necessary time

The necessary delays aren’t the same for each step.

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



g a single nibble
Sending a byte in 4-bit mode
Sendi mmands
Sendi ata

Sending a byte in 4-bit mode
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a single nibble

a byte in 4-bit mode
commands

data

Sending a byte in 4-bit mode

@ Send upper nibble

Terry Sturtevant CP316 Liquid Crystal Displays (LCDs)



ngle nibble
Sending a byte in 4-bit mode

nmands

Sending a byte in 4-bit mode

@ Send upper nibble
assuming code is designed to send upper nibble
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ngle nibble
Sending a byte in 4-bit mode

nmands

Sending a byte in 4-bit mode

@ Send upper nibble
assuming code is designed to send upper nibble
@ Swap nibbles
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gle nibble
Sending a byte in 4-bit mode

Sending a byte in 4-bit mode

@ Send upper nibble

assuming code is designed to send upper nibble
@ Swap nibbles

assuming code is designed to send upper nibble
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gle nibble
Sending a byte in 4-bit mode

Sending a byte in 4-bit mode

@ Send upper nibble

assuming code is designed to send upper nibble
@ Swap nibbles

assuming code is designed to send upper nibble
© Send lower nibble
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Initialization
Sendin S nibble
in 4-bit mode
Sending commands
Sending data

Sending commands

CP316 Liquid Crystal Displays (
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Sending data

Sending commands

Sending commands is simple
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a single nibble

a byte in 4-bit mode
Sending commands
Sending data

Sending commands

Sending commands is simple

@ make sure RS is low
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ingle nibble
yte in 4-bit mode
commands
Sending data

Sending commands

Sending commands is simple
@ make sure RS is low

it can remain low until all commands are completed
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ingle nibble
yte in 4-bit mode
commands
Sending data

Sending commands

Sending commands is simple
© make sure RS is low
it can remain low until all commands are completed

@ set cursor position (if desired)
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single nibble

byte in 4-bit mode
Sending commands
Sending data

Sending commands

Sending commands is simple
© make sure RS is low
it can remain low until all commands are completed
@ set cursor position (if desired)
DDRAM address will determine whether characters are seen
or not
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single nibble

byte in 4-bit mode
Sending commands
Sending data

Sending commands

Sending commands is simple
© make sure RS is low
it can remain low until all commands are completed
@ set cursor position (if desired)
DDRAM address will determine whether characters are seen
or not
in 4-bit mode, every transfer is 2 nibbles
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Initialization
nibble
in 4-bit mode

Sending data

Sending data
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Sending data

Sending data

Sending data is simple
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Sending data

Sending data

Sending data is simple
© make sure RS is high
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Sending data

Sending data is simple
© make sure RS is high

it can remain high until all characters are sent
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Sending data

Sending data

Sending data is simple
© make sure RS is high
it can remain high until all characters are sent

if you wish to change DDRAM address, you need to send a
command
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Sending data

Sending data

Sending data is simple
© make sure RS is high
it can remain high until all characters are sent

if you wish to change DDRAM address, you need to send a
command

in 4-bit mode, every transfer is 2 nibbles
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