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LCD HD44 /80 16x2

led_controller
clock 1 PIN_L1 | — WL CkSOhhz  LCO_DATAR..0] s L O PIN_A173
reset | PIN_L2 | [———lFuT bc reset LCO_Ran ?UTF'-'T - LCO_Rwnf PIM_B1 3
inzt? . LCD EN ST —=TEE ER PIb_B17 | [PIM_214
LCD RS ST T TEE R TRIN A7 | o
Ll::l:l__l:lhl ;ﬂlLITFUT —— LCD_OH |:~|N:,.-J,1a E:E_Q:IISS
LCD_BLOM QUTRUT LD _BLON PIN_A16
PIN_B16
in=t1
Mode Mame Direction Location
1 B clock Input PIN_L1
2 ¢ LCD_BLOM Cukput:
3 4 LCD_DATA[7] Cukpuk PIM_Bl6
4 L LD _DATALS] Cukpuk PIM_AlG
5 £ LD _DATA[S] Cukpuk PIM_B15
& L LD _DATA[4] Cukpuk PIM_A15
7 £ LD _DATALS] Cukpuk PIM_Bi4
8 4 LD _DATALZ] Cukpuk PIM_Al4
9 4 LD _DATA[L] Cukpuk PIM_B13
10 ¢ LD _DATALD] Cukpuk PIM_A13
11 4 LCD_EN Oukput PIN_A17
1z ¥ LD 0N Oubput
13 I LD RS Oukput PIN_A15
14 4 LCD R Oukput PIN_E17
15 " resek_n Inpuk PIN_LZ
16 < <new node ==
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LCD HD44 /80 16x2
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Pin collegamenti LCD

Table 2.1., Pin assignment for <= 80 character displays

Pin numberiSymbol: Level |l/O Function
1 Vss - - IPower supply (GND)
2 Vee - - Power supply (+3V)
3 Vee - - IContrast adjust
4 RS 0/1 | 10 = Instruction input
1 = Data input
5 R/W 0/1 | 10 = Write to LCD module

1 = Read from LCD module

6 E 1, 1-=01 | iEnable signal

7 DBO 0/1 1l/OData bus line 0 (LSB)
8 DB1 0/1 [I/OData bus line 1

9 DB2 0/1 l/OData bus line 2

10 DB3 0/1 1l/OData bus line 3

11 DB4 0/1 [l/OData bus line 4

12 DB5 0/1 |l/OData bus line 5

13 DB6 0/1 1l/OData bus line 6

14 DB7 0/1 |I/OData bus line 7 (MSB)
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Instruction SET

2.2. Instruction set
Table 2.3. HD44780 instruction set

. Code . Execution
Instruction = S[RW|DB7|DBE|DB5|DB4|DE3DB2|DE1|DB0 Description time™

Clear display 0o o0 | 0|O0Of(0]| 0] 0]|0] 1 |Clearsdisplay and returns cursor to the home position (address 0). 1.64mS

Cursor home gjojojo|lOfO0jO)|0O]|n1 * |Returns cursor to home position (address 0). Also returns display 1.64mSs
being shifted to the original position. DDRAM contents remains
unchanged.

Entry mode set olofojlo 0|00 1]|FD| S |Setscursor move direction (I/D), specifies to shift the display (S). 40us
These operations are performed during data read/write.

Display On/Offcontrol |0 O | O [ O | O | O | 1 | D | C | B [Sets On/Off of all display (D}, cursor On/Off {C) and blink of cursor 40us
position character (B).

Cursor/display shift 0o |0 |00 1 |S/CIRL[ ™| * |Sets cursor-move or display-shift (S/C), shift direction (R/L). DDRAM 40us
contents remains unchanged.

Function set olof{o0|l 0] 1T|DL{N|F]|™* * [Sets interface data length (DL), number of display line (N) and 40us
character font(F).

SetCGRAMaddress (0| 0 | O | 1 CGRAM address Sets the CGRAM address. CGRAM data is sent and received after 40us
this setting.

SetDDRAM address |0 0 | 1 DDRAM address Sets the DDRAM address. DDRAM data is sent and received after 40us
this setting.

Read busy-flag and 0| 1 |BF CGRAM / DDRAM address Reads Busy-flag (BF) indicating internal operation is being performed Ous

address counter and reads CGRAM or DDRAM address counter contents (depending
on previous instruction).

Write to CGRAM or 110 write data Writes data to CGRAM or DDRAM. 40us

DDRAM

Read from CGRAMor | 1| 1 read data Reads data from CGRAM or DDRAM. 40us

DDRAM

Remarks:

- DDRAM = Display Data RAM.

- CGRAM = Character Generator RAM.

- DDRAM address comresponds fo cursor position.
-*=Don't care.

- " = Based on Fgse = 250kHz.
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Bit names

Table 2.4. Bit names
Bit name Setting / Status
/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
R/L |0 = Shift |eft 1 = Shift nght
DL |0 =4-bit interface 1 = 8-bit interface
M O0=18o0r 1711 Duty (1 hine) |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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DDRAM 1-line

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

Displ | Visible
Splay Elz‘E"if.lh.'r:-lr:;:u::ter pusitiunsi DDRAM addresses
1"8 | 00..07 | 0x00..0x07
116 | 00..15 0x00..0x0F [1] [2] [3] [4]
120 | 00..19 | 0x00..0x13
124 | 00..23 | 0x00..0x17
1%32 | 00..31 | 0x00..0x1F
140 | 00..39 ; 0x00..0x27
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DDRAM 2-line

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

Display EiZEi

Visible

Character positions

DDRAM addresses

216 | 00..15 0x00..0x0F + 0x40..0x4F [1]
2720 | 00..19 | 0x00..0x13 + 0x40..0x53
224 | 00..23 | 0x00..0x17 + 0x40..0x57
2732 | 00..31 | 0x00..0x1F + 0x40..0x5F
2740 | 00..39 | 0x00..0x27 + 0x40..0x67
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Interfacing 8-bit

2.4. Interfacing
TOC

2.4.1. 8-bit interface

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

R/W / \

: l \

Inernal Inernal operation

T ————

. No
DB,EEE! Daia gzg;zi Busy %“’: Eaza Busy /J‘. BUS]"

Drist ruc i write

J Busy llag check J Busy flag check l Busy flag check ' Instruction write
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Interfacing 4-bit

2.4.2. 4-bit interface

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

R/W [ \

E _IU}_ﬂJ_\_/_U—\_/—U—}_

Internal l

Internal cperation

B KRN IR X g, \ACE %::”W b7 XD Y7,

Instruction write I Busv flag check I

BUS.'I" “-BI{ L.rll*l_'k I Ill'ﬁlllll'[ Ikl W e
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Transfer using 4-bit interface

Example of data transfer using a 4-bit interface.

RS /

DBs ZK_1Re X 1R XL K 77XKAC KT XXX v
DB 772X TR X IR XX XTI A C XTI DO
DB 2K _ 1R X1 R YLD HKTTTTTXAC XTI Do/

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

Giovanni De Luca
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ASCII Table (base)

Decitnal Hex Char Decimal Hex Char Decimal Hex Char Decimal Hex Char
0 0 {NULL]J ¥ 20 [5PACE] Bd 40 @ a6 a4 N
1 1 [START OF HEADING] 33 21 | B85 41 A a7 6l a
2 2 {START OF TEXT] 34 22 ! 5] 42 B a8 02 b
3 3 {END OF TEXT] 35 23 #® o7 43 C 99 63 C
4 4 (END OF TRANSMISSION] 36 24 g (5131 a4 D 100 od d
5 5 [ENGLNRY! a7 25 % B9 45 E 101 05 e
o o [ACKNOWLEDGE] 38 26 & 70 46 F 102 1+ f
7 7 [BELL] 39 27 ! 71 a7 G 103 67 g
8 8 [BACKSPACE] 40 28 ( 72 48 H 104 68 h
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 I 105 69 i
10 A [LINE FEED] 42 2A * 74 4A J 106 6A, j
11 B [VERTICAL TAB] 43 2B + 75 4B K 107 6B k
12 C [FORM FEED] 44 2C , 76 ac L 108 6C I
13 D [CARRIAGE RETURN] 45 2D - 77 aD M 109 6D m
14 E [SHIFT OUT] 46 2E . 78 4E N 110 6E n
15 F [SHIFT IN] 47 2F / 79 aF 0 111 6F o
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 p
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 s 115 73 s
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74 t
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 a5 55 u 117 75 u
22 16 [SYNCHRONOUS IDLE] 54 36 b a6 56 v 118 76 v
23 17 [ENG OF TRANS. BLOCK] 55 37 7 87 57 w 119 77 W
24 18 {CANCEL] 56 38 8 a8 58 X 120 78 X
25 19 [END OF MEDIUM] 57 39 9 a9 59 ¥ 121 79 ¥
26 14 [SUBSTITUTE] 58 3A k a0 54 ra 122 TA z
27 1B [ESCAPE] 59 3B - 91 5B [ 123 7B {
28 1C [FILE SEPARATOR] &0 ac < 92 5C ! 124 T |
29 10 [GROUP SEPARATOR] Bl 3D = 93 5D 1 125 7D }
30 1E [RECORD SEPARATOR] 62 3E = 94 5E - 126 TE -
31 1F [UNIT SEPARATOR] 63 3F 7 a5 5F B 127 7F [DEL]
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VHDL 1/6 E

LIBRARY TIEEE;
USE TEEE.3TD LOGIC 1164.ALL;
USE IEEE.3TD LOGIC UNSIGNED.ALL;

EHTITY lod controller IS
PORT |
C1lk50Mhz: INH ATD LOEIC;
Reset: IN 3TD LOGIC;
LCD DATA: OUT STD_LGGIC_?ECTOR{T DOWHTO 03 ;
LCD Rw, LCD EN, LoD Ra: OUT STD LOGIC;
LCD ON, LCD ELON: OUT STD_LGGIC};
EHND lcd controller;

ARCHITECTURE F3MD OF lod controller IS
TYPE state type IS (31, 32, 53, 34,s10,=11, 512, 5135, 520, 521, 542, 324, 524 ;
SIGHAL state: state type;

COHSTANT max: IHTEGEER := 50000;

COHSTAHNT half: IHTEGER := max/Z;

SIGHAL <lockticks: IHTEGEFR BAHGE (0 TO max;
SIGHAL clock: ATD LOGIC:

SUBTYPE ascii IS STD LOGIC VECTOR(7 DOWHTO 0);

TYPE charArray IS array(l to 16) OF ascii; —- guesta & la matrice del caratteri
TYPE initArray IS array(l to 7) OF ascii;
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VHDL 2/6 PN

-— LOD dnitialization sequence codes

-— UxJF init four times

-— 0x0& Entry mode set: Increment One; No Shift

-— Ox0F Display control: Display ON; Cursor ON; Blink ON
—— O0x0! Display clear

COHSTANT initcode: initArray := (x"38",x"38",x"38",x"38",x"06",x"0F",x"01");
—-—- "Zilowvanni"
COHSTANT linel: charArray = (x"200 k" 200, 200 xvaT, x" 60" v hE k" 16",

wl ﬁlu . wl EEII . wl EEII . il ﬁgu . ! Eﬂu . wl Eﬂu . wl Eﬂu . wl Eﬂu . wl Eﬂu :| :
—— MIZILEETER0IZ 458"
COHSTANT lineZ: charArray = (x" 3L,k 320,33 34, x 3Fh 3G " 3T,
wl HEII . wl 39" . wl 3“" . wl 31|| . ! 32u . ! 33u . ! 34u . wl 35 Il . wl 36" :| ;
SIGHAL count: IHTEGEE;

BEGIH

LCD ON <= '1';
LCD BLON <= '0';
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VHDL 3/6

led control: PROCESS (clock, reset)
BEGIH
IF (Feset = '1') THEH
count <= 1;
state <= =1;
ELSIF (2lock"EVENT AND <lock = '1') THEH
CASE state IS

—— LOD dpitialization sequence
—— The LOD DATA is written to the LOD at the falling edge of the E line
~— therefore we need to toggle the E line for each data write
WHEH =1 =*
LCD DATA <= inlteode(count);

LCD EN == 1 ; —-— EN=1;.
LCD R8 <= '0'; —- R5=(0; an instruction
LCD RW <= '0'; -- R/W'=0,; write

state <= z&;

WHEH sz =%
LCD _EN <= 'Q'; -—-- set EN=0;
count <= count + 1;
IF count + 1 <= 7 THEH
state <= zl;
ELSE
state <= =10;
EHD IF;
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VHDL 4/6

—— move cursor to first line of displayp
WHEN =10 =>

LCD DATA <= x"80"; -—- =80 is address of Ist position onr first line
LCD EN <= '1'; —— EN=1;

LCD R3 == '0'; —— R&=0; ar instruction

LCD RW <= 'Q'; —— R/W'=0; write

gtate <= sl1;

WHEH =11 ==
LCD EN == 'Q'; -——- EN=0,; toggle EN
count <= 1;
gtate <= s1E;

—— write lst l1line text
WHEH =sl1l2 ==
LCD DATA <= linel{count];

LCD EN <= '1'; —— En=1;
LCD RS <= '1'; —— RS=1l; datas
LCD BW <= '0'; —— R/W'=0; write

gtate <= s513;

WHEH =13 ==
LCD EN == 'Q'; -——- EN=0,; toggle EN
count <= count + 1;
IF count + 1 <= 1& THEH
state == =31Z;
ELSE
gtate <= sgZ0;
EHD IF;
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VHDL 5/6

—— move curscor to second line of displayp
WHEH sZ0 =>

LCD DATA <= x"BF"; —— XBF is address of lst position on second line
LCD EN <= '1'; —— En=I1

LCD R3 <= '0'; —— R5=0; a3n instruction

LCD PW <= '0'; -—- R/W'=0; write

gtate == =Z1;

WHEH =21 ==
LCD EN == '0'; —-— EN=0,; toggle EN
count == 1;
state == =sZ:;

—— write Znd 1lime text
WHEH =22 ==
LCD DATA == lineZ (count);

LCD _EN <= '1'; —-— ENn=1;
LCD_R3 == '1'; -— R3=I; data
LCD BW == 'Q'; -—— R/W'=0; write

gtate == =3Z3;

WHEH =23 ==

LZD EN == '0'; —— set EN=0_

count <= count + 1;

IF count + 1 <= 1& THEH
state <= sZZ;

ELSE
gtate <= 3Z4;

END IF;
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VHDL 6/6

WHEH =24 =*
state <= =Z4;

WHEH OTHEERS ==
state <= =3£4;
EHD CASE;
END IF;
EHD PROCESS;

flockDivide: PROCESS

BEGIN
WAIT UHTIL Clk50MhzTEVENT and Clk50Mhz = '1';
IF clockticks < max THEH -— 1f < 50000
clockticks <= clockticks + 1;
ELSE
clockticks <= 0;
END IF;

IF <lockticks < half THEH
clock <= '0';
ELSE
clock <= '1';
EHD IF;
EHD PEROCESS;

END FSMD;
Giovanni De Luca



