!| Chapter 9

Design Example:
text LCD controller logic
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" TextLCD =3 7YX - Block Diagram
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B Block Diagram
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feries (————— 13 Equivalent |
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E Text LCD =& ZFA] — Interface Pin 71
1

W Interface Pin7|=

W u¥F 71 T
1 Vss TR GND
2| Voo @ +5V
3| Ve Contrast X|0 M2 & (Voo—Vee=13,5~0V)
4| RS Register Select (0=instruction, 1=data)
5| R/IW Read/Write (0=FPGA—>LCD, 1:FPGA<-LCD)
6| E Enable Signal for read/write LCD
7 | DBO(LSB)
8| DB1
9| DB2
10| DB3 Data
11| DB4
12| DB5
13| DBé
14| DB7
15| A +LED (backlight LED& & +4.4~4.7V)
16| K —LED (backlight LED§ E@& GND)
Pals (] fedgmi
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T Text LCD: Altera-DE20j| A 2] pin H{X]

ulll DE2 DE2-70
e [rorme | o [mesrnn
LCD_DATA[0Q] PIN_J1 LCD Data[0] PIN_E1 |
LCD_DATA[1] PIN_J2 LCD Data[1] PIN_E3
LCD_DATA[2] PIN_H1 LCD Data[2] PIN_D2
LCD_DATA[3] PIN_H2 LCD Data[3] FPIN_D3
LCD_DATA[4] PIN_J4 LCD Data[4] PIN_CA
LCD_DATAIS] PIN_J3 LCD Data[5] PIN_C2
LCD_DATA[B] PIN_H4 LCD Data[6] PIN_C3
LCD_DATA[T] PIN_H3 LCD Data[7] PIN_B2
LCD_RW PIN_K4 LCD Read/Write Select, 0 = Write, 1 = Read PIN_F3
LCD_EN PIN_K3 LCD Enable PIN_E2
LCD_RS PIN_K1 LCD Command/Data Select, 0 = Command, 1 = Data PIN_F2
LCD_ON PIN_L4 LCD Power ON/OFF PIN_F1
LCD_BLON PIN_K2 LCD Back Light ON/OFF FIN_G3
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e Text LCD &2 ZA] — Timing

—1 3
B Write timingc
RS S er1
tas fax
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R/IW VILI 230 F
PW:m tan |
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1Er ) tosw = 1
80 10 _
DBO to DB7 o vades vy
foreE
500

tas = 40ns min (address setup time)
PW¢, = 230ns min (enable pulse width)
tay = 10ns min (address hold time)
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g Text LCD Z 2 A — Timing(2)
sl
B Write =2t timing parameter

Item Symbal Min Typ Max TUnit
[Enable cycle time teyeE 500 ns
[Enable pulse width (hgh level) PWen 230 ns
[Enable rise/fall time tepter 20 ns
|Address set-up time (RS, R/'W to E) tas 40 ns
|Address hold time tag 10 ns
[Data set-up time tpsw 80 ns
[Data hold time tu 10 ns
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"y 'extLCD =2 A — Timing(3)
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LCD_RS X: : 0 = Command, 1 = Data . }}(
Y T i
1 I I 1
LCD_DB [7:0] X} : Valid Data . I’x
T T T 1
1 I I 1
1 I o
LCD_RW \J | o
Y T —
1 I I 1
LCD_E : /1 N\
| :-‘7 230ns 4’{ I
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RW=0: write
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a ..
e Text LCD EFX| - Timing(4) e Hol B
ulll i
B Read timing = B LCDEA| Mol BEE
g ¥ ol ME ol W
RS X < T
a5 {an Rs | R/W |DB7|DB& |DBS|DB4 |DB3 |DB2 |DBI1|DBO
ju— ey pr— Clear Display 0 0 0 0 1] 0 a 0 o 1
R/W J B Return home 0 0 0 0 0 0 0 0 1 0
PWes tan .
_ _, tEE write Entry mode set 0 ] o|lo|o|o|oOo| 1 |lD| s
E A o g NI ,/\: command| [ pisplay ON/OFE control 0 o |olo|lolo|l1]|D]|c|s
1o Cursor or display shift 0 0 0 0 0 1 [S/IC|RL| D 0
DBO to DB7 Valid dats ‘fgﬁy Function set 0 0 o|lo|1|pL|N|F|O]| oD
teveE Set CG RAM address 0 0 0 1 CG RAM address
Set DD RAM address 0 1] 1 DD RAM address
RW=1: read read status | read busy flag and address 0 1 BF Address Counter
« Ol MANAME read operation AIRUIA] U write RAM | Data wiite to CG RAM or DD RAM 1 0 Data
read RAM | Dpataread from CG RAMorDDRAM | 1 1 Data
: HMICH Sl
AHIC| E0LE o1 E A 9 N BHEM AHIC| E0IEO- A 10
A A
g F01 B 2y mp H01 B 2y
il il
75 bit 1 0 A e
i k=2 o
clear display | 2tHE X|1l, {4 Homel &2 set CG RAM address CGRAM 4 HH
return home |QFHE OLHE, 7{A2F HomeQ 2 0] 9] read/write data= CG RAME Al
entry mode | I/D(inc/dec) | 7 A O] 5 HigF Bt ar set DD RAM address |DD RAM ZA M
set S (shift) 9tHO| S (data 2121 A]) |on off 0] 2.2] read/write data= DD RAMZ Al
display on/off | D (display) | 2IH HEA| on off read busy flag and busy flag(BF)QF address counter(AC) 2+ read
Selitfel C (cursor) | HAM BA| on off address BF=0Q THOJITt K| 01 B O write7} 7Hs B
B (blinking) | ZHied on off .
- [ ] i _ZE3 BLI= &R
display or S/C 0= CHed screen cursor - EEF;;I\,CA((D:pIaytdata RAMz I:&)L ArrERx: :*:II DX EE KA
; character generator — Al O| EXI EE
cursor shift [ g/ 0| HITF right left ’ - -
function set | DL data length . 8-bit 4-bit B Data9| read, write
N number of display 2 1 » data= address counter(AC)7} X| & 0t= Z=A9]
F font size 5x 10 5x7 CG RAM E = DD RAM 0] read/write =l
AHIC| E0tEQ 01 E A 11 UHIC| =0 =IO E A 12




wmm DDRAM Z A9t £3 Q|X|
] 3

B Display Data RAM (DD RAM)

» =3 BXEQIASCH AEE MY (1Y 402X M)
Display
position 1 2 3 4 5 38 40
DDRAM 00|01 (D2 |03|04 | ------ e 26 | 27
address
(hexadecimal) 40 |41 |42 (43 |44 | - 66 | 67

= DD RAM Z A} == Q|X|
Characterlocated 1 2 3 4 5 6 7 & 9 1011 1213 1415 16
DDRAM address |{00|01|02(03 [04]05|06|07|08|09(0A|0B|0C|0D|0E|QF (71 2)
DDRAM address |40|41|42(43|44[45|46|47|48|49[4A[4B|4C|4D4E|4F

("5

For 01|02 03|04|0s|06| 07| 08|09|0Al0Blocloo|oE|0F|10
) ~ oshiftleft 4045l 43|44|45|a6|a7]48|a0]aalaBlaclaDlaE|4F|50
Display Shift
For 27|oo|o1|o2|03|04|0s|0s|07|08|0g|0A|0Bl0cbo|DE
shift right
67|40|41|42|43|44|a5|a6|a7|as|aslanlaplaclan|ag
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‘. Text LCD =& ZHX| - BA|Z2AI AEZ
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™E Text LCD &3 K] - 2713}
]

B X7|9} 1™
1. 2932 50ms 20| LCD R E0] reset0] 2= =
. Function set 2§ A7 (command = 001xxx00)
3. Display on/off @& M7 (command = 00001xxx)
4. Entry mode set & A% (command = 000001xx)
5. DD RAM address A7 (command = laaaaaaa)
» EAHIOIE & writeOI'H SHHO| ==
(writeZ} D{OLCt address counter7} O] S =)
B HHOQ £W A|7r0] BHO0f CI2tA 40psOf|AM 1.5ms B AQE|DE
text LCDO|| LHZt &= BHO| £ 7] At0]of| O] A7t O] 2] AlIZF X|A 0]
Q4 O] OF TIL}.

N
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I Text LCD =& &HA| -
1

f Power on :I

‘ Wait for more than 15 ms after Vccrisesto 4.5V

£7181(2)

BF can not be checked before this mstruction.

RS R/W DB7 DB6 DB5 DB4 DB3 DB7 DBI DBO
0 Q 1] 1 1 * =

‘ Wait for more than 4.1 ms

Function set { Interface is 8 bits long )

BF can not be checked before this instruction.

RS R/'W DB7 DB6 DB5 DB4 DB3 DB'J DBl DBO
0 Q 1] 1 1 * =

A MICHSul

HARHYHEM

Function set ( Interface is 8 bits long_ )
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T | ™E Text LCD ¥|2 AA|
il ulll
— t 1 W text LCD
Wait for than 100 s L .
i e | = el 4/8-bit microprocessor@] HA IE+= microcontroller] 1/0
ZEQI AZAVIL, T= 32| HOZ AIEO0IEE &0 QLT
‘ BF can not be checked before this instruction
RS R'W DB7 DBG6 DB5 DB4 DB3 DB2 DB1 DBO . CPUO A HO{Al= 9
" = P | Function set ( Interface is 8 bits long. ) E 7l (i
} 0o 0 0 o 1 1 * + | . ) g textLCD Er(ﬂ%% stEol=
. DMC Module X‘” _6_ OD
BF can be checked after the foll i i N - 2H H 24
can be chec atter the tollowing mstructions. IT
When BF is not checked,mew:ulmgghme between RIW RIW Z2 DO" A-I _? Oﬂl‘
instructions is longer than execution instruction time E‘" Ol E‘I % Xﬂ —g— °|:||'
RS R'W DB7 DB6 DBS DB4 DB3 DB2 DB DBO| w Function set ( Interface is § bits long. Specify Dy~ Dy s DB, ~ DB;
0 0 0 0 1 1 N F * =1 the number of display lines and font. )
o] 0 [} 0 0 4] 1 0 0 0 The number of display lines and character font
0 0 0 [} 0 0 0 i) 0 1 _—‘ can not be changed after this point.
0_0 0 0 0 0 _ 0 1 ID sA 'g;:ﬁ:;ggm P E text LCD microcontroller0| A
Entry mode set pa A DZzJdoz
80C31 DMC Module X." O.I)d§9| EI.O| %Jﬂl.
=Py DB, ~ Hq = ko)
i Initialization ends | PP 4 DE, <] o/E” Ol E'i = X'” S
% o MICH Sl
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T | T Text LCD controller 24 A|
il il
B FPGAOIA Q] text LCD MO B LCD write 2t HI0{21 2 MMM
« CPU7} QOO H0j412 0| EO| 2} H2A/HIOIEE AL 2 » CLK: 50MHz 2 AI0t= AL (T = 20ns)
H30t= 7Is€ 25 OtEYI0l =2 ZA|0oF &
= Icd controller & : H|O{A1Z ElO|U |2 RS v om
tas taH
» lcd test @& : text lcd WA} HO|E{(ZHEANE M AT 20 0
& M2 Icd controller2 |2 R/W - 230 e
PW:e tar |
CLK reset tee -~
¢ VIHT VIHIY
el et R i E ; N oL
1 Test module [ LCD controller | —1| " i T —
: ck | clk RS [ 80 10
1 ! - VIK] VIH
i r:tsaer::: reset RW—§—> textLCD DBO to DB VILL Yah; da: VILL
i start L| module —
i done done E ;E-. 500
g data 8¢ data  DLCD tas = 40Ns min >3 CLK 0]&
; rs RS ; PW¢g, = 230ns min 2> 12 CLK O]|&
| ; tay = 10ns min 2> 1 CLK O] %
UHICIEO0LEQI 0] d A 19 UHICIE0FEIO]E A 20




"y extLCD controller timing &=
=1
B LCD write timing

T ] Text LCD controller 22 & 9l AE{E
ol

reset
3 cycles 12 cycles 1cycle — clk RS [—
>
state sO sO sl s2 s3 s3 s3 s3 s4 sO sl | reset RW— set count=11
CLK nEpEnEnEnEnEnEnEnEn —*| start E l—
) +— done 8
Start _ [ ] 4 L input 8/ data DLCD[ 7 done LCD E
RS _)( - rs count £ ZH(count=count-1)
RIW | 7] | block diagram state diagram
E | 17 L
— output
LCD_data_ \ [ outp
counter 10)... Mo o
Done [
% ML Sl % o1 HICH Skl
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"y 'ext LCD Controller A&
] 3
module Tcd_controller(clk, reset, start, RS, data, done, e s
LCD_RS, LCD_RW, LCD_E, LCD_data); TWE&”EZ b - T - 20ne width
/ Host side M -> T =
; . T ' LCD_RS, LCD_RW To LCD_E == 40ns 3 clk
12pﬂ§ gltét start: // 50MHz clock LCD_E pulse width == 230ns 12 clk
ﬁnput it ; // reqister select LCD_E to LCD_RS, LCD_RW == 10ns 1 clk
ingut [7:0] data: /7 Teg always @(posedge clk or posedge reset) begin
output done; // operation done if (reset) begin state <= 50; count <= 0; end

/ text LCD side
ouUTput LCD RS, LCD _RW, LCD_E;
output [7:0] LCD_data;

reg [2:0] state;
reg [3:0] count;

localparam S0=0, S1=1, 52=2, 53=4, 54=3; J/ state
localparam WIDTH_E = 12; 7 pu1se \1dth =12 clk
assign LCD_RS = RS; ! register select
assign LCD_RwW = 1'b0; fwrite only
assign LCD_data = data; // 8B-bit data output
Paf (1 fedgm]
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else
case (state)
s0: if (start) state == 51;
Sl: state <= 52;
52: if (count==0) begin state <= 53; count = WIDTH_E-1; end
else count = count - 1;
53: if (count==0) state <= 54;
else count <= count - 1;
54: state <= 50;
default: state <= 50;
endcase

end

assign LCD_E = (state==53);
assign done = (state==52);
endmodule
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"y Text LCD Controller Test B & A A|
=1

CLK reset

m'_l'_e_s_t“r;{(;gj_u_l_é“ﬁ ''''' LCD controller |
ck  — clk RS

™ Test module EFO|Y
1

state sO s1 s2 s2 s2 s2 s3 s3 sO sl s2

5 K MU UL
i reset reset
| RW[—> textLCD start | | output
H start start I 7
; E —» module
! done done g Done 1 input
; data 84 gata DLCD[#» B
g \ RS RS : index )
EHo|2 LCD write 40us = 4.1ms O] &t
delay
data | —
RS — Ho|g0f Jagt
EECEEREE
% o MICH Sl
AHIC| E0LE 01 E A 25 AHICIE0IEO-EA| 26
‘. TeSt MOdUle 50 == 51 => 52 =>{done)=> 53 => 50
start delay
il
module Tcd_test{clk, reset, start, RS, data, done); J/ state, count, index
input clk; /4 50 MHz (T=20ns) always @(posedge clk or posedge reset) begin
input reset; if (reset) begin
output start, RS; state <= S0;
output [7:0] data; count <= 0;
input done; index <= INIT;
end
reg [5:0] index; else begin
reg [7:0] data; case (state)
reg [1:0] state; s0: if ('halt) state <= 51; idle
reg [1:0] delay; S/ 0: 40us, 1: 4.1ms Sl: state <= 52; start
reg [17:0] count; 52: if (done) begin LCD write
reg Rs, halt; state <= 53
wire start; index <= index + 1; J/ next index
if (delay) count <= DELAY1;
localparam INIT = 0; else count <= DELAYO;
Tocalparam LINEL = INIT + 4; end
localparam LINEZ = LINE1l + 7; g3: if (count==0) state <= 50; // delay
localparam LAST = LINEZ + 11; else count <= coumt - 1;
localparam s0=0, s1=1, 52=2, 53=3; default: state <= 0;
endcase
localparam DELAYO = 40000/20, end
DELAY1L = 4100000/20; 4,.1ms end
localparam DELAYD = 40/20, for simulation
/i DELAY1 = 120/20; assign start = (state==51);
Paf (1 fedgm] Pals (] fedgmi
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// instruction table: data, RS, halt, delay
always @* begin
data "

halt 0;
delay = 0;
RS = 1; y
case (index)
finitialize
INIT: begin data=8'b0011_1100; RS=0;

/ default: data

INIT+1: begin data=8'b0000_1100; RS=0;
INIT+2: begin data=8"b0000_0110; RS=0;
INIT+3: begin data=8'b0000_0001; RS=0;
S 1ine 1

LINE1l: begin data=8'bl000_0000; RS=0;
LINE1+1: data = "v";

LINE1+2: data = "o";

LINE1+3: data = "n";

LINCLl14: data = "s'";

LINE1+5: data H

LINE1+6: data = "1";

S Tine 2

LINEZ2: begin data=8'b1100_0000; RS=0;
LINE2+1: data = "u";

LINE2+2: data "n";

LINE2+3: data B

LINEZ2+4: data BT

LINE2+5: data e

LINEZ2+6: data r'';

LINE2+7: data 5"y

LINE2+8: data iR

LINE2+9: data B

LINE2+10: data = "yv";

LAST: halt=1;

default: halt=1;

endcase

end
endmodule

delay
delay
delay
delay

end

end

el e]

clear display

/ set DDRAM addr

/ set DDRAM addr

e =% 2E AC
|

module textlcd(iCLK_50, iKEY, OLCD_RS, oOLCD_RW, OLCD_EN, LCD_D,
OLCD_ON, OLCD_BLON);
input iCLK_50;
input [3:0] iKEY;
// text LCD side
output OLCD_RS, OLCD_RW, OLCD_EN;
output [7:0] LCD_D;
ouUtput oOLCD_ON, oLCD_BLON;

wire start, RS, done;
wire [7:0] data;

wire clk_50 = iCLK_50;
wire reset = ~iKEY[0];

lcd_test ul (clk_50, reset, start, RS, data, done);
lcd_controller w2 (clk_50, reset, start, RS, data, done,
OLCD_RS, OLCD_RW, OLCD_EN, LCD_DJ);

assign oLCD_ON = 1'bl
assign OLCD_BLON = 1°
endmodule

El;
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