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A FIE AR 23T B  LED 7R B LCD 27 H I B 4 R B DL R T = AR SR b A
GISSE £ RUE AR RN YD)

5.1 HAZEWEmse

YA 124 B R R AL R B AT R ) A R AR R T e 2 e AR
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S 0432 55 ek B

library IEEE;
entity fullAdder is
port(A,B,C: in std logic;
CY : out std_logic;
S : out std logic);
end fulladder;
architecture a of fullAdder is
begin
S <= A xor B xor C;

S=A@&B a&C
CY =AB+ AC+ BC
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CY<= (A andB) or (A andC) or (BandC);

end a;

A[3:0]
A3 X3
Mo e
NXOR2
A3
B2 )
NXOR2 X2
sl ) =
NXOR2 AND4
A0
B3 J biXU
NXOR2
B[3:0]
B 5-1 —A~ A% 5 ik

2. FE B AAEFIAILIES A RIES EI
B 5-2. & 5-1 ZE KK VHDL #iik.

architecture A of eqgcomp4 is

component and4

port (A, B, C, D: instd logic;
Y: out std_logic);

end component;

component xnor2

port (M, N :in std_logic;

P :out std logic );
end component;

signal X: std logic vector(3 to 0);

begin

U0: xnor2 port map (A(0),B(0),X(0));

Ul: xnor2 port map (A(1),B(1),X(1));

U2: xnor2 port map (A(2),B(2),X(2));

U3: xnor2 port map (A(3),B(3),X(3));

U4: and4 port map (X(0),X(1),X(2),X(3), Y);
end A;

3. AL & AE A with---select & &) &, case--*when & 4] & when
D Yt

---else & 4) %3 £ I

2 i 4% RE RS S U B D RE A LIS . LI RERAE 27 Sy e MR B AR AL N
A ) gt e . R 0 2 B A 3 g B A RO S g B RS 2

St A% w5 T TR R 46 5UE A Dy 1 T DAGS SRS AL R B R e DL i g
ARG R RFT S 1 Gt i 2 o >4 VR i ok e S oF i ok 190 4 S A 4 PR V) i B0 4% Gt A% B T

BHLEE IR B A ASCIT 15,



B, % WL 8 4-3 Lgmib st A 17~10 A\ 5 Wil 2 Y2.Y1.Y0 =4 =3k Hift
i, EN 2G5 A, EN=1 i, 4S5 T/E; X4 EN=0 i, it 4+ “000”, 8 £&-3

2 g A A 1 ELE R AN 3R 5-1 PR

$5%

s A R EYVHDLIR T

L 4

R51 SLKILFEUBABESR
i A5 g A 5

EN 17 16 I5 I 13 12 11 10 Y2 Y1 YO
0 X X X X X X X X 0 0 0
1 0 0 0 0 0 0 0 1 0 0 0
1 0 0 0 0 0 0 1 0 0 0 1
1 0 0 0 0 0 1 0 0 0 1 0
1 0 0 0 0 1 0 0 0 0 1 1
1 0 0 0 1 0 0 0 0 1 0 0
1 0 0 1 0 0 0 0 0 1 0 1
1 0 1 0 0 0 0 0 0 1 1 0
1 1 0 0 0 0 0 0 0 1 1 1

B 5-3. 8 £k-3 LLmIDAEAY VHDL R 1F7.

library IEEE;
use IEEE. std logic_ 1164.all;
use IEEE. std logic_arith.all;
use IEEE. std_logic_unsigned.all;

entity coder is

port (

I : in std logic vector(7 downto 0);

EN : in std logic;

Y : out std_logic vector( 2 downto 0));

end coder;

architecture a of coder is

signal sel: std logic vector(8 downto 0);

begin
sel <= EN&I;
process (I,EN)

case
when
when
when
when
when
when
when

when

begin

sel is

"110000000"
"101000000"
"100100000"
"100010000"
"100001000"
"100000100"
"100000010"
"100000001"

=>Y<=
=>Y¥<=
=>Y¥<=
=>Y¥<=
=>Y¥<=
=>Y<=
=>Y<=
=>Y<=

"111";
"110";
"101";
"100";

"011";
"010";

"001";

"000";

when others =>Y<= "000";
end a;

—— ¥ EN, 17, 16, -, 10 &3 LA i fL T 5

—— % EN= 0 MY L
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Hops HE A 5-2 iR .

Mastes Time Bar:

2isns s[o|Poner |

-19.45 ne

Start:

Op=

Hame

s 20.0 ns 40.0 ns

Value

120.0 ns

140.0 ns

160.0 ns

21.5¢ 21,575 nz
J

A
B O10C §
B

00000000

B

52 i B A

2) P

PR R 2 92 IR T BE B T R B . LI T R R A A A 2 S R R s R
CEAR L) o 52 BUAIHL 2 G0 v A7 fith e 500 A/ H 3 108 e ) ik o ) 2 D 42 11 — A it
B,

40, 8 DAY 3 £R-8 LRIRAL RS AN A2ATA0 =07 —HERICES T Y7~ Y0 AN
AR5 EN 2 Hl i A, 2 EN=1 W, 8% TAE; 24 EN=0 I, R0 & i il 42 ke
FE B ARG AR T, HEERNER 5-2 iR,

F52 3L-SLIFMWBHEMESR

WAES L
EN A2 Al A0 Y7 Y6 Y5 Y4 Y3 Y2 Y1 Y0
0 X X X 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 1
1 0 0 1 0 0 0 0 0 0 1 0
1 0 1 0 0 0 0 0 0 1 0 0
1 0 1 1 0 1 0 0 1 0 0 0
1 1 0 0 1 0 0 1 0 0 0 0
1 1 0 1 0 0 1 0 0 0 0 0
1 1 1 0 0 1 0 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0 0 0

] 5-4. 3 £-8 LML ARMY VHDL 2% .

library IEEE;

use IEEE. std_logic_1164.all;

use IEEE. std_logic_arith.all;
use IEEE. std logic unsigned.all;

entity encoder is
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¢
port (
A: in std logic_vector( 2 downto 0);
EN: in std logic;
Y: out std logic vector( 7 downto 0));
end encoder;
architecture a of encoder is
signal sel: std logic_vector( 3 downto 0);
begin
sel <= EN & A; —— % EN.A2 A1 .20 & I VLA {72
with sel select
Y<= "00000001" when "1000",
"00000010" when "1001",
"00000100" when "1010",
"00001000" when "1011",
"00010000" when "1100",
"00100000" when "1101",
"01000000" when "1110",
"10000000" when "1111",
"00000000" when others; —— £ EN=0 M

end a;

AR LR EEHFFAR ST EIFRELT X,

sel(3) <= EN;
sel(2) <= A(2);
sel(1l) <= A(1);
sel(0) <= A(0);

HAOTEKE A 5-3 i,

Master Time Bar. | 2157508 o| +|Pointer | 3ps Interval | 2119ns  Start:

ps 20.0 ns 40.0 ns B0.0 ns 80.0 nz 100.0 ns 1

Hame ‘;‘!}%‘E 21 'STS ns . : ' .
]

w0 | @ Bof 1Dl Y OO0 Y|oOOL ¥ 010 Y o1l Y 100 ¥ iol Y 110 ¥ 111 Y
[T EN A
D5 ol W 0 X[ (2] ¥ (4] X (8] Y (6] % (1 ¥ @ ¥ (28] X
@6 1
@17 1
@8 1
@9 1
10 ¥[3] A 1
@11 el | A 1
12 (0¥ A M1
(P13 | (0] A 1 —

P 5-3  PERD &1 HLIR

5.2  iFEZRy VHDL ¥xit

if%&%ﬁ%fﬁ?%%*@ﬁﬁ%gﬂﬁﬁﬂ?%% ANASCRE T Xk Bk e ik s K a8 W] LT T
ORI E I A A KRRk b R 5 LA R AT BT B A . T RCER YRR SR LA i
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S i AR 4 IR — 5 WU B e B 28 AR A2 I B ) A B, — A T B T R T A2 1 Aol ok e 114
BB FR TR B L T RCEE AR 5 O [ B 2 2R A T L Sy )2 TR L S P TR
s BE I3 AT AR Uk T R A AT e

5.2.1

6 25 fn 3% i+ # 2%

7 S 20 52 A5 i ) [ 20 IR T AS a9 5-5 B s elk J2 I b Ao . BRI ARG clr 2
S0 T O ARG Y clr=1 B, R VP ECER T BOE E s Num S HEUE
B 5-5. iy i A S s i 1 TR

library IEEE;
use IEEE. std_logic_1164.all;
use IEEE. std logic unsigned.all;

entity counter is

port (clk, clr: in std logic;

num:buffer integer range 0 to 9);

end counter;

architecture rtl of counter is

begin
process(clr, clk)
begin
if (clr="1") then —- B HEf
numn<=0;
elsif rising edge(clk) then
if num =9 then
num < = 0;
else
nun < =num + 1;
end if;
end if;
end process;
end rtl;
i e 20 5 A i B TR O B4 SR N 54 IR,
0ps 40.0ns 80.0ns 120.0 ns 160.0ns 200.0ns
Name Va[l)u;:t L’ﬁé ' ' ' ' "
5 & 8O FUUUUIlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁJ
i dr 80 |
AT (6 6060060000600 ] YOG
I
5-4 il 5-5 By EH B
5.2.2 REHAFEITHR
[] 25 AT 300 3 E5 2 AT DA i o o oy DU sk 18 =L B 56 o T — A R HIE S

updn R FEHIT B RO 20, Y updn=1 B, THECES SCEUM L THEG updn=0 B, 7H 508
ST RN . clr 45 5 o S A0 1 2 4 4 i o g PRSP A AR
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B 5-6. nl g RoE Ot 2eas) .

library IEEE;
use IEEE. std_logic_1164.all;
use IEEE. std logic_unsigned.all;

port (clk,clr,updn: in std_logic;

ga, gb, qc, ad, ge, gf : out std logic);

end updncount64;
architecture rtl of updncount64 is

signal count 6: std logic_vector(5 downto 0 );
begin

ga < = count_6

’
’

gb < = count_6

0)
1)
2);
gd <= count_6(3);
4)
5)

’

ge < = count_6

’

(
(
gc < = count 6 (
(
(
(

qf <=count 6
process(clr, clk)
begin

if (clr="0") then
count 6 < ="000000";
elsif (clk’event and clk="1") then
if (updn="1" ) then
count 6 <=count 6 +1;
else
count_6<=count 6 -1,
end if;
end if;
end process;
end rtl;

AR T B AN E 5-5 Fr s,

Mestor e Bar_ | BB <[ +fPeinter: | 3961 ns Intervat | 1606 ns

Value D ps 21]? ns 40[? ns ﬁﬂl;l ns ﬂ]q ns 1Dﬂ.p ns lZI].Il] ns
Hame 23,58 23.55 ns

®o| e | mof L L L L L L L L L L LT

[T 2 clr At

o2 as ml T | I 1 | | | | I 1 ] | [
2] o N e 1 o
o4 qe At | 1

o5 qd Al

[0 4] qe Al

07 qf Al

8 updn A 1 I T

o9 count 8| A CRIONY 17 (27 [ (31 % (41 % (51 ¥ (41 ¥ (31 % (21 f O3 y 01 ) (11 ¥ 21 %

& 5-5 ] 5-6 #P5 Bk
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5.2.3 [EHN+HEsmikitizs

TERCT R G0 H W BCD ok 7+ 2R i K, B 4 7 Rl 65 378 1 7+ 3k il %,
LS R VA 2 B N VA 1 - QO ¢ o 11 - 0 R R (1

B 5-7 ) 25 7~ A 2 6 02 B0 . o B . ol = 1 B 3 ERRS O AR 8
nreset K 5 20 B 0 5 il Ui, nreset=0 B, THEUER B A A FE 5 load A B £ il 3, load =1 B,
)25 B d MR IUE MG ok HIFEMES . TR R co k7 i th ¥t gh 4 H o
s 4 75 gl A e A AIK 4 D7

%l 5-7. A VHDL & it —"8k 60, BA7 520 G A7 7l 5 B A RE R BCD 511445 .

library IEEE;

use IEEE. std_logic_1164.all;

use IEEE. std logic_unsigned. all;

entity cnt60 is

port(ci:in std logic; —— T EE A
nreset:in std logic; —— S A A S
load: in std_logic; —— BB
d:in std logic vector(7 downto 0); —— FETLE ML
clk:in std logic;
co:out std logic; —— P H H

gh:buffer std logic vector(3 downto 0); —HHE 4
gl :buffer std logic_vector(3 downto 0)); —— HiHi1K 4 fif
end entity cnt60;
architecture art of cnt60 is
begin
co<="l'when(gh="0101"and gl = "1001"and ci= '1")else'0"';
—— BEAL A A
process(clk, nreset) is
begin
if (nreset='0")then — R EAN
gh<="0000";
gl <="0000";
elsif(clk'event and clk = '1')then —— [ 25 B8
if (load = 'l')then
gh< =d(7 downto 4);
gl < = d(3 downto 0);
elsif(ci="1")then —— 15 60 By SE PR
if (gl = 9)then
gl <="0000";
if(gh=5)then
gh<="0000";
else
gh<=qh+1; —— T RE Y S
end if;
else
gl<=ql+1;
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4
end if;
end if;
end if;
end process;
end architecture art;
HAp B W I 5-6 Fis.
_N15uns
SUJkEIns 1.QU5 1.5'Lr3 2 E!us 2 E}us 3.[!us 3.5.us 4 qus 4.5'us 5 [!us 5 5."
'_I'I_I‘I_I‘I_I‘I_]'I_J'LI‘LI'Ll'LI'LFLI'LI'IF JUUuuyyuuuyy
1 c7
[
5 ) 0 Kiie:i} [1]
8080600008800 020000686800 060

Bl 5-6 il 5-7 M0 ELIETE

5.3 4p8i#sny VHDL it

5.3.1 Hin=tnEIE

T VE 43 00 HL L B — A A R S B E AR S S E M b B s e A
N % G B 2 MR G i v (o= 1= I N T W R B B - A R AW L S 3 o @ [ G
IR EREL rate= [/ [ o DERE  HA IS — BT BRS040 11 B0t 5 L T 2 4R B0 43 450 O
E S B AR SR T

IR EL G E) « rate= [/ fou » BV BOAE 5 000 30 00 2 2 00 A5 5 B3R 1/2, -
2 IR 1/3, 80 3 4305 1/ FRR n 43001,

B2 W (DUTY CYCLE) , /5258 Fe 7 s (g 40 b A7 G F & . 70— 53 33UAH 1% Jik o e %71 v
Can Ty W) 1F Jik o 8 5 22 1sF 18] 5 Jok ol G JR) 3 A B AL . 80 s JE Bk o S8 B 1ms o AR 5 S8 Y 4ms
Bk i P 51 7 25 HE oA 0. 25 BN 1+ 4,

LI 3 00 2% A IR A A B A

5.3.2 B s MIBEIAEIT

IR rate=even (B0 . a5 L 50% .,

BV IREE . 8 SC— T B8 X B BB A7 0T B0, 78 T B0 R — 2 B ) B B
AR B S5 — 2 i 1A) B A R A O SRR A S R S R 50 %60 BB A AR
Fo BN .6 A3 THEUE S 0~2 Bt E A L THEUE S 3~5 H A,

Bl 5-8. &A1 VHDL JR T,

library IEEE;
use IEEE. std logic 1164.all;
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use IEEE. std logic unsigned.all;
use IEEE. std logic arith.all;
entity fdiv is
generic(n: integer: =6); ——rate=n,n 2%
port(
clkin: in std_logic;
clkout: out std_logic
)i
end fdiv;
architecture a of fdiv is
signal cnt: integer range 0 ton—1;
begin
process(clkin)  —— 1%
begin
if(clkin'event and clkin= '1") then
if(cnt<n-1) then
cnt <= cnt+1;
else
cnt <= 0;
end if;
end if;
end process;

process(cnt)  —— ARYETFHAE, 4 1) i s ok o 4 g LA RSP
begin
if(cnt <n/2) then
clkout <= '1';
else
clkout <= '0';
end if;
end process;

end a;

IR A AT DAH — A 5 A 2 B B0 0 AT LAl A S R
B 5-9. & B HEC B VHDL #1¥ .

library IEEE;
use IEEE. std logic_1164.all;
use IEEE. std logic_unsigned.all;
use IEEE. std_logic_arith.all;
entity fdiv is
generic(n: integer: =6); —— rate =n, n 2B %L
port(
clkin: in std_logic;
clkout: out std logic
)i
end fdiv;
architecture a of fdiv is
signal cnt: integer range 0 to n/2 - 1;
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¢
signal temp: std logic;
begin
process(clkin)
begin

if(clkin'event and clkin= '1") then
if(cnt =n/2 — 1) then
cnt <= 0;
temp < = not temp;
else
cnt <= cnt+1;
end if;
end if;
end process;
clkout <= temp;
end a;

HAAi B PIE e 5-7 i .

ps 4U.II] ns Bﬂq ns 120._0 ne 150.‘0 ns M.P ne 240.I0 ne 280.|D ns 320.I0 ns 350.‘0 ns 40

Hame D p=
S
ekt O oL T e e

& 5-7 ] 5-9 #P5 B TE

Ui .

(1 WBEIE KA LLE F], clkout /& clkin [ 6 430,

(2) USRS A HAb 3, H A R generic BB AL B S HIT] .
5.3.3 FHSMEBHIRIT

IR rate=odd (FFHO . 25 LR 50% .,
VIR, BRI, SO TR 20 9 %k AT B Y L TRV R R AR AR

S FE X AN THEE S A — A4 A8 5 L4 o i o s e 8 H S 3k PR R T RO(E R AT
525 H A 50 %, A2 AN G A JE BT A0 A B9 R SR 30 clkin BRI B AN, 5 430, ik
AR E 2.5 4 clkin AL BRI E 2.5 4 clkin A,

B 5-10. &7 Fsrids ) VHDL AR .

library IEEE;
use IEEE. std_logic_1164.all;
use IEEE. std logic unsigned.all;
use IEEE. std logic arith.all;
entity fdiv is
generic(n: integer: =5); ——rate=n,n EA %
port(
clkin: in std_logic;
clkout: out std logic
)i
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end fdiv;
architecture a of fdiv is
signal cntl, cnt2: integer range 0 ton-—1;
begin
process(clkin)
begin
if(clkin’event and clkin="1") then —— FJFi5it%k
if(cntl<n—1) then
cntl <= cntl +1;
else
cntl <= 0,
end if;
end if;
end process;
process(clkin)
begin
if(clkin’ event and clkin=‘0") then —— P EIEiH%L
if(cnt2<n-1) then
cnt2 <= cnt2+1;
else
cnt2 <= 0;
end if;
end if;
end process;
clkout <= '1'when cntl <(n—1)/2 or cnt2<(n—1)/2 else '0';

end a;

HATEEIE K 5-8 fin,

P PE 40.9 ns Sﬂlil ns iZO.P ns IBD,IU ns ZOU.ICI ns 240,

Hame D s +90.376 ns  +140.0 ns  +190.0 ns
_4 2 ] -
clkin nEmEE
H entl [1] z
@ ez REDED
clkout [+ | 1 1

& 5-8 4] 5-10 (45 2L % B

M E AT LLE 2, clkout & clkin 1Y 5 43040, U0 SR 2 7= A= H A 43 40, B 181X generic
KIg A S H ],

5.3.4 AZTLWARNSmSENIET

IR oy S FE AT B o3 AR B EOR S S O minom <n

BB SO — TS X A ik o AT T AR R T 0 W A R R T
AR B, A O 3:10 AR B ER YT EUE Y 0~2 I i s TR
B R 3~9 B, i H AR AL

B 5-11: 5 =5 O] A 9 40 8% 3 clkin R AME S, clkout M (55, H i
man A n, VHDL IS #id WA,
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library IEEE;
use IEEE. std_logic_1164.all;
use IEEE. std_logic_unsigned. all;
use IEEE. std_logic_arith.all;
entity fdiv is
generic(
n: integer: = 10;
m: integer: =3 - |Jj§§l:|_’, m:n, rate=n
)i
port(
clkin: in std_logic;
clkout: out std logic
)i
end fdiv;

architecture a of fdiv is
signal cnt: integer range 0 ton-—1;
begin
process(clkin)
begin
if(clkin'event and clkin= '1"') then
if(cnt<n-1) then
cnt <= cnt+1;
else
cnt <= 0;
end if;
end if;
end process;
clkout <= 'l1'when cnt<m else '0';

end a;

HAOTEE MK 5-9 i,

Simulation mode:! Functional

[E Master Time Bar: 1000 ns 4| | Pointer: | .24 ns Intervak

A. Value ,0 nx 100.0 ns 120.0 ns 140.0 ns 160.0 ns 180.0 nx 20C
o Hame 100.C 100.0 ns

Q 0 clkin Al I I I 1 | I | I l I [ | I |
B (@1 clkout A 1 1 1 : -

P 5-9 52 BT R A 400 4 LR

MBI LR LA B, clkout & clkin 89 10 7098, H (525 o 3:10, 2R 277 A HoAth 73

W, H B B generic 288 AE S SRR AT,
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5.4 HniE o HE VHDL il
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5.4.1 +tEHBERRIZHEE
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Brikfs2 . BN, 44 A 8421 15 DCBA=0100 i}, 3 7% B R R 4, BB SR G 0 5,22 b e,
fog BERK a d.e BL, WIPEAS 2% B 4 H W R g~a=1100110, X 3 f& — AR A . % FR oA BEdig

$5%

7

R

B8 I HVHDLIZ T

L 4

A B AR BEZH A 0~9 31X 10 NFIEAE R AT LIS 8421BCD £ B s i EL(H 2, W36 5-3.
£53 tERYNNERTEUMERNEES

D3 D2 D1 DO a b c d e f g %y i
0 0 0 0 1 1 1 1 1 1 0 0
0 0 0 1 0 1 1 0 0 0 0 1
0 0 1 0 1 1 0 1 1 0 1 2
0 0 1 1 1 1 1 1 0 0 1 3
0 1 0 0 0 1 1 0 0 1 1 4
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Bl 5-12. LEBULE BoRiFE e VHDL #id,

library IEEE;

use IEEE. std_logic_1164.all;

use IEEE. std_logic_unsigned. all;
use IEEE. std logic_arith.all;

entity led encode is

port

(d: in std logic_ vector(3 downto 0);
led7s: out std logic vector(6 downto 0));
end led encode;

architecture one of led encode is
begin
process( d )
begin
case d 1is
when "0000" => led7s<= "0111111";
when "0001" => 1led7s <= "0000110";
when "0010" => led7s<= "1011011";
when "0011" => led7s<= "1001111";
when "0100" => led7s<= "1100110";
when "0101" => led7s<= "1101101";
when "0110" => led7s<= "1111101";
when "0111" => led7s <= "0000111";
when "1000" => led7s<= "1111111";
when "1001" => led7s <= "1101111";
when others => led7s <= "0000000";
end case;
end process;
end one;
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HOFEREMA 5-12 fix,

B 5-12 b B A4S s 13505 H 0

5.4.2 HBEERBSET
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library IEEE;
use IEEE. std_logic_1164.all;
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use IEEE. std_logic_arith.all;
use IEEE. std logic unsigned.all;

entity seg7 dsp is

port

(clk: in std_logic; —— clock

segout: out std logic_vector(0 to 6); —— Bt (dp-- )
selout: out std logic_vector(0 to 5); —— 6 NS4S 1k v

numa: in integer range 0 to 9);
end seg7_dsp;
architecture a of seg7_dsp is
signal counter: integer range 0 to 5;
begin
process (clk) — TR
variable num: integer range 0 to 9;
begin
if rising edge(clk) then
if counter = 5 then
counter <=0;
else
counter <= counter + 1;
end if;
case counter is
when 0 => selout <= "011111";
num: = nuna;
when 1 => selout <= "101111";
num: = numa;
when 2 => selout <= "110111";
num: = numa;
when 3 => selout <= "111011";
num: = numa;
when 4 => selout <= "111101";
num: = nuna;
when 5 => selout <= "111110";
num: = numa;
when others => selout <= "000000";
num: =0;
end case;
case num is
when 0 => segout <= "0111111";
when 1 => segout <= "0000110";
when 2 => segout <= "1011011";
when 3 => segout <= "1001111";
when 4 => segout <= "1100110";
when 5 => segout <= "1101101";
when 6 => segout <= "1111101";
when 7 => segout <= "0000111";
when 8 => segout <= "1111111";
when 9 => segout <= "1101111";
when others => segout <= "0000000";
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end case;
end if;
end process;

end;
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5.5.1 MaNES

M7 RE B b o AR AN B 5-16 B ow, FEE A — il ok B BHAE E Vee, — i %
FPGA ) 1/O H . Y3 N B, e 1 oy &5 sl A I /0 H 0y L 5t mT 002 4 5
RBRALT . HAR S ST R 547, 8 HE i T a5 1A 1/0
F L 7E R G T SR 4 Bt X Mo vk AR & R E R 1/0 B IR e i A 1/0
P A BRI B AT 4™ i B o s B ) 386 0 7 A W B 0 A 2 b

F4 F3 F2 F1 9 8 7 6 5 4 3 2 1 0

J’Plflrlflflf S

5-16 b a7 =X 45 ) B A

5.5.2 sERBEX#ES

o X A A ) E ik S R B B A e — S R SRR T /O [, R A B
BA o AT m H RS FAEECE A o Xom AR XS R E S et
N0 B, MBI RGE T ZEAR 2 He 5 i, A0 B =5 4 0 AR bl o7 s d i o A B
TGRS o A R HE S K D T R, B R 5-17 FFOR

L R T D R B R M S 7R R A o KX3 LK X2 KX1.KX0 fij iy 4 7439
Hifs 5 0 AR AR PR 1110—>1101—>1011—>0111—>1110-+; M4 E {55 K 1110 &, g4
5 KYO X —HEHe i R A e B A IR T WA W Z W 2 E T #5130 , K 13 1 &5
RARAEAE AL o WL, 2 — BRI AT 4 R 0 I, 2 SR ik A S Bl 4% T, D 97 28 33 3
FIME N 0. 750 R 1,

89



90

EDARARSVHDLS: A #i#2

V('t'
KR ENEN D00 e,
la|[s]||s] - kY2 0
L ke—4—4—2
A X R X | B I
T | T e e il
1 KX0
R 5-17 6 I X 4 SR
x54 TIHBEREHNEXER
011 1 ERTTIN
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library IEEE;

use IEEE. std logic 1164.all;

use IEEE. std logic_arith.all;
use IEEE. std logic_unsigned. all;

entity keyboard is

port
(clk : in std logic;
kin : in std logic vector(0 to 2);
scansignal : out std logic_vector(0 to 3);
num : out integer range 0 to 12
);

end;

architecture scan of keyboard is

—— FA B RN o e, 1kHz LU
—— BEAGG

—— H AT S (AR S)

—— Hi SR



signal scans: std logic vector(0 to 7);

signal scn: std logic_vector(0 to 3);

signal counter: integer range 0 to 3;

begin
process (clk)

begin

if rising edge(clk) then

if counter = 3 then

counter = 0;

else

counter <= counter +1;

end if;

case counter is

when 0 => scn < =
when 1 => scn< =
when 2 => scn< =

when 3=> scn< =

end case;
end if;

end process;

process (clk)

begin

"1110";
"1101";
"1011";
"0111";

if falling edge(clk) then

case
when
when
when
when
when
when
when
when
when
when
when
when

when

scans is

"1110011"
"1110101"
"1110110"
"1101011"
"1101101"
"1101110"
"1011011"
"1011101"
"1011110"
"0111011"
"0111101"
"0111110"

=>numn<= 0;

=>num<= 1;

=>nun<= 2;

=> nun<= 4;

=>num<= ;

’

’

0
1
2
=>nun<= 3;
4
5
6

=>num< =

=>num<=7;
=>numn<= 8;
=>num<= 9;
=>nun<= 10;

=>num<= 11;

others =>null;

end case;

end if;

end process;

scans < = scn&kin;

scansignal < = scn;

end;
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library IEEE;
use IEEE. std_logic_1164.all;

entity antiwrite is

port

(clk : in std_logic;

numin: out integer range 0 to 12;
numout: out integer range 0 to 12

) s
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end;

architecture behavior of antiwrite is
signal tempnum: std logic vector(0 to 12);
signal counter: integer range 0 to 31;

begin
process (clk)
begin
if rising edge(clk) then
tempnum = 12; —— [ F ) A R T TR
numout = 12;

if numin/ = tempnum then  —— [ —f#{H 5 i AN

tempnum = numin; —— 0 I

counter = 0; —— BT R, HE A T

else
if counter = 31 then —— PEAE AR A 31 ANk R )R A% sk
numout = numin; —— WA A RO, 5T B

counter = 0;
else
counter <= counter +1;
end if;
end if;
end if;
end process;

end antiwrite;

5.6 —&lNIAZS oS

TEFL T R GE , =255 vh 5 A0S 2k 2 ol i 2 122 10 WL ML R K Bl R B 2 D B B A
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AT R B e BELZS AR Y T RRIBOIRZS o 2811 SRR O =25 G vh e o W1 LA 2% R B A Al ri
i P S A T g B, N TR 8 e = e (R sl A Sk S )

SR G o S A AR A 4 1 BE AT U A S, nT Dl i AE S (B T/0 1D,
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AT 5-20 P A = AT RE R S HOIRAS . mB o R R s B A
AR EE 5 LA std_logic B std_logic_vector 25 AY, 4

ﬁ%fﬁ#&ﬂ‘]ﬂk#&ﬁﬁjﬁgizﬁﬁ%fﬁﬁo E?&Hjﬁ%ﬁﬁﬁﬁ\ din dout
daityrh, B ST — A AR — A 4 G
M en=°“1"I},dout=din; en

2 en="“0"M},dout="*“Z" (E ), K 5-20 =[]
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Bl 5-16. =T THHB T E 1,

library IEEE;
use IEEE. std_logic_1164.all;
entity tri_gate is
port (din, en: in std logic;
dout: out std logic);
end tri gate;
architecture zas of tri gate is
begin
tri gatel: process (din, en)
begin
if (en) = '1'then
dout <= din;
else
dout <= 'Z'; ——-HEHE'ZEKRE
end if;
end process;

end zas;

B 5-17. =& TR T E 2,

library IEEE;
use IEEE. std logic_1164.all;
entity tri gate is

port (din, en: in std logic;

dout: out std logic);

end tri gate;
architecture zas of tri gate is
begin
tri gate2:

begin

dout <= din when en='1"'else 'Z'; —- HIFf7{E5 (H

end zas;

HAG B EANE 5-21 Fias .,

Mame: mvame;l 1 D.us 2.E!us 3.[!;\5 4 C!us 5 D.”s 6 E!us 7 qlls g DI}JS -] Dlus
- en 1 |
o 0 AT T AR
- dout o

B 5-21 =&ITTAER

5.6.2 HORZ%ZEWMas
TE LT B B R 2R 3K sl v 220 B B R ) R 2R IR s . B 2 = AT T4, SR 3K 3h

HbhE 2k R Ak, K] 5-22 BT,
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4
en ———————1
din(0) ‘ > dout(0]
en
din(1) — — dout(1)
din(2) —| i:l‘;"] L dout(2)
din(3) — Mk — dout(3)
din(4) — URENEE  — dout(4)
din(5) — — dout(5)
din(6) — — dout(6)
din(7) — — dout(7)

Kl 5-22  Hpe) SR UK Sl Ay
5 5-18 . Fia] B KB A% A TR T %

library IEEE;
use IEEE. std_logic_1164.all;

entity tri buf8 is port (

din : in std logic_vector(7 downto 0);

en : in std_logic;

dout : out std_logic_vector(7 downto 0) bus );
end tri buf8;

architecture zas of tri buf8 is
begin
tri buff: process (din, en)
begin
if (en) = '1'then
dout <= din;
else
dout <= "ZZ2727777Z";
end if;
end process;

end zas;

FE.

(D REFZERTES, TN AT HEL;

(2) “Z7F 0" R“1" R AL A s 2T A A RAL, 4o,
dout <= "Z001zzZzZ" 4= ERROR

dout(7) <= '2' 4= RIGHT

dout (6 downto 4) <= "001" 4= RIGHT
dout (3 downto 0) <= "7zZzz" <€mRIGHT
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library IEEE;
use IEEE. std logic_1164.all;

entity tri bigate is port (

a, b: inout std logic vector(7 downto 0) bus;
en: in std_logic;

dir: out std logic);

end tri bigate;

architecture tri of tri_bigate is
sigal aout, bout: std logic vector(7 downto 0);
begin
process (a, dir, en)
begin
if (en = '0') and (dir = '1') then
bout <= a;
else
bout < = "ZZ7Z7777Z";
end if;
b <= bout;
end process;

process (b, dir, en)

begin
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L 4

if (en = '0') and (dir = '0') then
aout <= b;

else
aout < = "ZZZ77Z77Z";

end if;

a <= aout,
end process;

end tri;

5.7 LCD1602 ‘B ikil
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A7 AU S BB 7R 745 A — SEAR ] 2004 BT | 7 B0 5 Pl ELRUAR IR . R T AL LCD1602 7 4F
TSR it S s it R 90 A 20 LAl 2 7

5.7.1 LCD1602 N ZPLEHI 49 Hf

LCD1602 H#BEZH LCD B85 (LCD Panel) ¥ #1%% HD44780(Controller) . Bt % 3K
4% (Segment Driver) FIHF YGRS AL . &l 5-24 S LCD1602 Y4549 4],

DBO=DB?<::‘:'>
< COM 16 ~ LCDETNE
RS =~ HD44780 oL
VL -
VDD _ . B SEG 40
e - Wi
A il TR
: LED Al HLiEs

[ 5-24 LCDI1602 (45 &l

el 4% HD44780 E B 484 2F A 4% IR EUE 75 7 2% DR .45k BE MLk 1T 4088 AC,
DDRAM (B 76t #%) .CGROM (45 & A 2%8) . CGRAMH 7' H & XL RAM) LUK I % A=
HL B2 A, FE Pl g HDA4780 AYFE T o W A B i ik 204 .4k DBO~DB7 1l RS.R/ W,
E =AM ARG S FPGA $: 10, — M i 42 e ORI 1) BsF 3 AH B 0 8146 D 1 4% il 4% 3
B B DB #2100 FPGA & 3% 2k 145 2 FEUE . N CGROM. Hy 4% 21 81 7R 74 1 7 4
% ,3% A DDRAM, £ LCD %R 5t 5 DDRAM 74 8050 % B 19 80 2 17 & 8o~ 1% F 45,
DDRAM Hisik 5 LCD &R Bt b 1) 7R 07 8 X5 W o6 & Rl 5-25 s,



98

EDARARSVHDLS: A #i#2
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£ LCD1602 B/~ Z 1 i Tk ok fr vl dnfb i & . . B TR E—1T Bl

AT R B A TE R 8 LR SR 4 L R SRR RN s BR TR OIS s A T U
#l; v Bt s DDRAM K CGRAM #ihki% &5, AARREFWE 5-30 i,

o

fled
l— clk lcd_e [
-— reset led_rs [—
! : =
! I ! -
| cd_rw [ it DDRAMH b-
! led_on [ *
data[7..0] ([e=— ;
| : LN
{ inst
F 5-29 LCD L5 Fl 5-30 LCD1602 & i F

Bl 5-20. &I F 5T “welcome to the " FfFAI R, i AMES clk & 50MHz B &
ER=

(1) LCD 3K sh#F¢ .

library IEEE;

use IEEE. std_logic_1164.all;

use IEEE. std_logic_arith.all;

use IEEE. std logic unsigned.all;

entity lcd is

entity led is

port (clk : in std logic;

reset : in std logic;
lcd e : buffer std logic;
led rs : out std logic;
lcd rw : out std logic;
lcd on : out std logic;
data : out std logic vector(7 downto 0));

end lcd;

architecture behavioral of lcd is
constant idle: std logic vector(10 downto 0): = "00000000000";
constant clear: std logic vector(10 downto 0): = "00000000001";
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constant returncursor : std logic_vector(10 downto 0) : ="00000000010";
constant setmode : std logic vector(10 downto 0) : ="00000000100";
constant switchmode : std logic vector(10 downto 0) : ="00000001000";
constant shift : std logic vector(10 downto 0) : = "00000010000";
constant setfunction : std logic vector(10 downto 0) : = "00000100000";
constant setcgram : std logic vector(10 downto 0) : ="00001000000";

: ="00010000000";
:="00100000000";
:="01000000000";

constant setddram : std logic vector (10 downto 0
constant readflag : std logic vector (10 downto 0

)
)
)
)

constant writeram : std logic vector(10 downto 0

constant readram : std logic vector(10 downto 0) : ="10000000000";
constant increas_decreas : std_logic : ="'l";
constant shift noshift : std_logic : ='0';
constant xianshi : std_logic : ='1"';

constant guangbiao : std logic : ='0';
constant shanshuo : std logic : ='0";
constant guang hua shift : std logic : ='0';
constant shift right 1lift : std logic : ='0';
constant datawidth 8 4 : std logic : ='1"';
constant font 5x10 5x7 : std logic : ='0"';
constant line 2 1 : std logic :="1";
constant divss : integer : =16;

constant divent : std logic vector (20 downto 0): ="000111101000010010000"; —— 250000
signal flag : std_logic;

signal clkdiv : std logic;

signal tc_clkent : std_logic;

signal char addr : std logic_vector(5 downto 0);

signal data in : std logic_vector(7 downto 0);

signal clkent : std logic vector(20 downto 0);

signal state : std logic vector(10 downto 0);

signal counter : integer range 0 to 157;

signal div_counter : integer range 0 to 15;

component char ram
port (address : in std logic_vector(5 downto 0);
data : out std logic vector(7 downto 0));

end component;

begin
led on<="1";
tc_clkent < = '1' when clkent = divent else '0';

process(clk, reset)
begin

if(reset = '0')then

clkent <= "000000000000000000000";
elsif(clk'event and clk= '1")
then
if(clkent = divent)
then
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clkent <= "000000000000000000000" ;
else
clkent < = clkent + 1;
end if;
end if;

end process;

process(tc_clkent, reset)
begin
if(reset="'0")
then clkdiv<="0";
elsif( tc_clkent'event and tc_clkent = '1")
then clkdiv <= not clkdiv;
end if;
end process;
led e<= clkdiv;

aa:char ram
port map(address => char addr,
data =>data_in);

led rs<="1"
when state = writeram or state = readram else '0';

led rw<= '0'

when state = clear or state = returncursor or state = setmode or state = switchmode or state

= shift or state = setfunction or state = setcgram or state = setddram or state = writeram
else '1';
data <= "00000001" when state = clear else —— 5
"00000010" when state = returncursor else —— 31
"000001" & increas decreas & shift noshift when state = setmode else
—— 4 AT A BCE, ac BB 1, WA S
"00001" & xianshi & guangbiao & shanshuo when state = switchmode else
—— BRI R E, W IE, Sehm AN ARG
"0001" & guang hua shift & shift right 1ift &"00" when state = shift else

—— JCHR W T B E AR — AT, 25

"001" & datawidth 8 4 & line 2 1 & font 5x10 5x7 & "00" when state = setfunction

—— DIREBLE, 8 KU, AT AR, 5 X 7 &1
else "01000000" when state = setcgram —— X ¥ cgram #ihl
else "10000000" when state = setddram and counter < 40 —— % & ddram 55 —17 & il
else "11000000" when state = setddram and counter > = 40 and counter < 81

—— & H ddram 55 17 5 b bk
else data_ in when state = writeram
else "72272727277" ;

char addr <= conv_std logic_vector(counter, 6)
when state = writeram and counter < 40
else conv_std logic vector( counter — 41 + 16,6)

when state = writeram and counter > 40 and counter < 81

103
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else "000000";

process(clkdiv, reset) —— R
begin
if (reset = '0")then —— reset N NAFS, &AL f5 2 il B~ N2
state < = idle; —= B AL JE, RES | 2 S
counter < =0; - i‘l’%ﬂl%%
flag<="'0"; —— IR E
div_counter<=0; —— AR S R

elsif(clkdiv'event and clkdiv = '1')then
case state is
when idle =>
if(flag= '0"')then
state< = setfunction; —— flag="'0"'—-— F/RKERDAERE , A TEFRZERS
flag<="1";
counter < =0;

div counter<=0;

else
if(div_counter < divss )then —-flag="1'E/RINEKECLTEN, HFAZEFRE
div_counter < = div_counter + 1;
state <= idle;
else
div_counter<=0;
state < = shift;
end if;
end if;

when setfunction =>
state < = switchmode;
when switchmode =>
state < = setmode;
when setmode =>
state <= clear;
when clear =>
state < = setddram;
when shift =>
state <= idle;
when setddram =>
state < = writeram;
when readflag =>
state < = idle;
when writeram =>
if (counter =40)then —— SE M5 —1TB/RJG, E5 5 217 ¥ 1A bt
state < = setddram;
counter < = counter + 1;
elsif(counter < 81)then
state < = writeram;
counter < = counter + 1;
else
state < = setddram;

counter<=0;
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state < = shift;
end if;

when readram =>
state < = idle;

when others =>
state <= idle;

end case;
end if;
end process;

end behavioral;

K 5-31 451 7 LCD BRI sh R PRSI,
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switchmode

[ 5-31  LCD 7R 45 il Dk 245 5% 40 5]

AT - VRIS AL T A RS P BEA 58 BRI HTAE 55 (Tlag=*0") U & SE il
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(2) PEHUTAFREAT it A FEL

library IEEE;

use IEEE. std_logic_1164.all;

use IEEE. std logic_arith.all;
use IEEE. std logic_unsigned. all;

entity char_ram is
port(address : in std logic_vector(5 downto 0);
data : out std logic_vector(7 downto 0));
end char ram;
architecture ZXY of char ram is
function char to integer (indata : character) return integer is

variable result : integer range 0 to 16 # 7F # ;

begin
case indata is
when ' ' => result : = 32;
when '!''" => result : = 33;
when '"' => result : = 34;

when '# ' => result : = 35;
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when 'S$ ' =>result : = 36;
when '% ' =>result : = 37;
when '&' =>result : = 38;
when ''"' =>result : = 39;
when '(' => result : = 40;
when ') ' => result : = 41;
when ' * ' =>result : = 42;
when '+ ' =>result : = 43;
when ', ' =>result : = 44;
when ' — ' =>result : = 45;
when '.' =>result : = 46;
when '/' =>result : = 47;
when '0' => result : = 48;
when '1' =>result : = 49;
when '2' =>result : = 50;
when '3' => result : = 51;
when '4' =>result : = 52;
when '5' => result : = 53;
when '6' =>result : = 54,
when '7' =>result : = 55;
when '8' =>result : = 56;
when '9' => result : = 57;
when ':' =>result : = 58;
when ';' =>result : = 59;
when '<' =>result : = 60;
when '="' =>result : = 61;
when '>' =>result : = 62;
when '?' =>result : = 63;
when '(@' => result : = 64,
when 'A' =>result : = 65;
when 'B' => result : = 66;
when 'C' =>result : = 67;
when 'D' =>result : = 68;
when 'E' =>result : = 69;
when 'F' =>result : = 70;
when 'G' =>result : = 71;
when 'H' =>result : = 72;
when 'I' =>result : = 73;
when 'J' =>result : = 74;
when 'K' =>result : = 75;
when 'L' =>result : = 76;
when 'M' =>result : = 77;
when 'N' =>result : = 78;
when '0' =>result : = 79;
when 'P' => result : = 80;
when 'Q' =>result : = 81;
when 'R' =>result : = 82;
when 'S' =>result : = 83;
when 'T' =>result : = 84;
when 'U' =>result : = 85;



+ ®hE AR ERAVHDLIZIT 107

when 'V' =>result : = 86;
when 'W' =>result : = 87;
when 'X' => result : = 88;
when 'Y' =>result : = 89;
when 'Z' =>result : = 90;
when '[' =>result : = 91;
when '\' => result : = 92;
when ']' => result : = 93;
when '*' =>result : = 94;
when ' ' =>result : = 95;
when '~ =>result : = 96;
when 'a' =>result : = 97;
when 'b' =>result : = 98;
when 'c' =>result : = 99;
when 'd' =>result : = 100;
when 'e' =>result : = 101;
when 'f' =>result : = 102;
when 'g' =>result : = 103;
when 'h' =>result : = 104;
when 'i' =>result : = 105;
when 'j' =>result : = 106;
when 'k' =>result : = 107;
when '1' =>result : = 108;
when 'm' =>result : = 109;
when 'n' =>result : = 110;
when 'o' =>result : = 111;
when 'p' =>result : = 112,
when 'q' =>result : = 113;
when 'r' =>result : = 114;
when 's' =>result : = 115;
when 't' =>result : = 116,
when 'u' =>result : = 117;
when 'v' =>result : = 118;
when 'w' =>result : = 119;
when 'x' =>result : = 120,
when 'y' =>result : = 121;
when 'z' =>result : = 122;
when '{' => result : = 123;
when '|' => result : = 124;
when '}' => result : = 125;
when '~"' =>result : = 126;
when others => result : = 32;
end case;

return result;
end function;
begin
process (address)
begin

case address is

when "000001" => data< = conv_std_logic_vector(char to_integer ('W') ,8);
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when "011011" => data<= conv_std logic_vector(char to integer
when "011100" => data<= conv_std logic vector(char to integer
when "011101" => data<= conv_std logic_vector(char to integer

when "011110" => data<= conv_std logic_vector(char to integer

when "000010" => data< = conv_std logic_vector(char to integer ('e') ,8);
when "000011" => data<= conv_std logic_vector(char to integer ('l') ,8);
when "000100" => data<=conv_std logic_vector(char to integer ('c') ,8);
when "000101" => data<= conv_std logic_vector(char to_ integer ('o') ,8);
when "000110" => data<= conv_std logic_vector(char to integer ('m') ,8);
when "000111" => data<= conv_std logic vector(char to integer ('e') ,8);
when "001000" => data< = conv_std logic vector(char to integer ('') ,8);
when "001001" => data< = conv_std logic_vector(char to integer ('t') ,8);
when "001010" => data<= conv_std logic_vector(char to integer ('o') ,8);
when "001011" => data<= conv_std logic_vector(char to integer ('') ,8);
when "001100" => data<=conv_std logic_vector(char to integer ('t') ,8);
when "001101" => data<= conv_std logic_vector(char to_ integer ('h') ,8);
when "001110" => data< = conv_std _logic_vector(char to_integer ('e') ,8);
when "001111" => data< = conv_std logic vector(char to integer ('') ,8);
when "010000" => data< = conv_std logic_vector(char to_integer ('I') ,8);
when "010001" => data< = conv_std logic_vector(char to integer ('n') ,8);
when "010010" => data< = conv_std logic_vector(char to_ integer ('t') ,8);
when "010011" => data<= conv_std logic_vector(char to integer ('e') ,8);
when "010100" => data<= conv_std logic_vector(char to integer ('l') ,8);
when "010101" => data<= conv_std logic_vector(char to_integer ('') ,8);
when "010110" => data< = conv_std logic_vector(char to integer ('D') ,8);
when "010111" => data <= conv_std_logic_vector(char to_integer ('E') ,8);
when "011000" => data< = conv_std logic vector(char to integer ('2') ,8);
when "011001" => data<= conv_std logic_vector(char to_integer ('') ,8);
when "011010" => data<= conv_std logic vector(char to integer ('B') ,8);

( (

( (

( (

(

when others => data< = conv_std logic_vector(char to integer (
end case;

end process;

end ZXY;
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