el

F VHDLEFSL L H 2 i HLig

AR i TR AR R TR VHDL SEBLRY B2 0], A 20 EDA BORTE 4 5 32 85 g i L i
Jr 12 BB A AR BT BT R A 4 VHDL #2 AR S LT

3.1 HaZiamixit

3.1.1 EAR[]EBE
[813.11 24 A 511077 hkid

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY xx1 IS

PORT(a,b: IN STD LOGIC;

y: OUT STD_LOGIC);

END xx1;
ARCHITECTURE AND2PP OF xx1 IS
BEGIN

y<=a AND B;
END AND2PP;

[0 3.2) 2 5 A 5110 %517 2245 S Fe gl b

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY xx1 IS
PORT(a,b: IN STD LOGIC;
y: OUT STD_LOGIC);

END xx1;
ARCHITECTURE AND2PP OF xx1 IS
BEGIN

PROCESS(a, b) ;

VARIABLE COM: STD LOGIC_VECTOR(1 DOWNTO 0);
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BEGIN

COM :=a &b;

CASE COM IS
WHEN"00" =>y<='0";
WHEN"01" =>y<='0"';
WHEN"10" =>y<="'0";
WHEN"11" =>y<="1";
WHEN OTHERS = >y < = 'X';

END CASE;

END AND2PP,;

(6]3.31 2% ASFalTHE.

library ieee;
use ieee. std_logic_1164.all;
entity xor2 is
PORT(a,b: IN STD IOGIC;
y: out std logic);
END xor2;
ARCHITECTURE XOR_BEHAVE OF XOR2 IS
begin
y<=a xor b;
END XOR_BEHAVE;

3.1.2 {1¥i893

(5] 3.4 2P0 741.S1383-8 165 & Chiy AR F A 30 «

3-8 PR AS T41.S138 By A AL A AR L O o R A% 09 4 B 4% A o g1, g2a.g2b
F T2 3 LR R B A cba=000 B, y[7..0]J=11111110CH} y[0]=0); 4 cba=001 i,
y[7..0]=11111101CHP y[1]=0); DAUbZeHE, & 3.1 Fom iy 3-8 i 1 1A,

A VHDL ##iik 1 3-8 i #% 741L.S138 JHALF U . decoder38
— a2 y[7.0]}——

library ieee; _i

use ieee.std logic_1164.all; —° |

entity decoder38 is gg2a

port(a,b,c,gl,g2a,g2b: in std logic; —g2b

y: out std logic vector(7 downto 0));
end decoder38; & 3.1 3-8 PR s v &
architecture behave38 OF decoder38 is
signal indata: std logic_vector(2 downto 0);
begin

indata < = c&b&a;
process(indata, g1, g2a, g2b)
begin
if(gl='1'and g2a="'0"and g2b='0") then
case indata is
when "000" =>y<="11111110";
when "001" =>y<="11111101";
when "010" =>y<="11111011";
when "011" =>y<="11110111";
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when "100" =>y<="11101111";
when "101" =>y<="11011111";
when "110" =>y<="10111111";
when "111" =>y<="01111111";
when others = > y <= "XXXXXXXX";
end case;
else
y<="11111111";
end if;
end process;
end behave38;

K61 3.50 o5 LA 4 s i 3 — At s L A 88080 3-8 TS %

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC_UNSIGNED ALL;
ENTITY DECODER IS
PORT(INP: IN STD LOGIC_VECTOR(2 DOWNTO 0);
OUTP: OUT BIT VECTOR (7 DOWNTO 0));
END DECODER;

Jrik 1. ffi H] PROCESS 547,

ARCHITECTURE ART1 OF DECODER IS
BEGIN
PROCESS ( INP)
BEGIN
OUTP < = (OTHERS =>'0") ;
OUTP(CONV_INTEGER(INP))<='1';
END PROCESS;
END ART2;

Jiid 2. ] WHEN ELSE i#54) G MRAE T 4] IR 178D .

ARCHITECTURE ART2 OF DECODER IS

BEGIN
OUTP(0)< = 'l' WHEN INP = "000" ELSE "0";
OUTP(1)<= 'l' WHEN INP = "001" ELSE "0";
OUTP(2)< = 'l' WHEN INP = "010" ELSE "0";
OUTP(3)<= 'l' WHEN INP = "011" ELSE "0";
OUTP(4)<= 'l' WHEN INP = "100" ELSE "0";
OUTP(5)<= '1' WHEN INP = "101" ELSE "0";
OUTP(6)<= 'l' WHEN INP = "110" ELSE "0";
OUTP(7)<= '1'WHEN INP="111" ELSE "0";

END ART2;

F7iE 3. il CASE_WHEN 547 (i ) 45 3540 F 0D .

ARCHITECTURE ART3 OF DECODER IS
BEGIN
PROCESS( INP)
CASE INP IS
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WHEN "000" =>OQUTP <= "00000001";
WHEN "001" =>OUTP <= "00000010";
WHEN "010" =>OQUTP <= "00000100";
WHEN "011" =>OUTP<= "00001000";
WHEN "100" =>OUTP <= "00010000";
WHEN "101" =>OUTP <= "00100000";
WHEN "110" =>OUTP<= "01000000";
WHEN "111" =>OUTP<= "10000000";
WHEN OTHERS = > OUTP <= "XXXXXXXX";
END CASE;
END ART3;

Jrid 4. ] SLL 2 Ha AT (AR 2B 74D .

ARCHITECTURE ART4 OF DECODER IS
BEGIN
OUTP<= "00000001" SLL (CONV_INTEGER(INP));
END ART4;

[0 3.6] —JE-+ kil 2R 2% .
TR R R T 4 7 PRI Sk R 1A HERIBCR R 0~9 X 10 AN KRS, faf
FR BCD A5, —HEH1-1 35 4] 3R D 28 S 52 B 8421-BCD #% & + g4 15 i i B8 . B £ W
3.1, fr R A R
F£3.1 ZEH-+HHFHEEEER

L) A L} i
d c b a y0 vl y2 y3 v v5 v6 y7 y8 v9
0 0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0 0 0 0 0 0 0
0 0 1 1 0 0 0 1 0 0 0 0 0 0
0 1 0 0 0 0 0 0 1 0 0 0 0 0
0 1 0 1 0 0 0 0 0 1 0 0 0 0
0 1 1 0 0 0 0 0 0 0 1 0 0 0
0 1 1 1 0 0 0 0 0 0 0 1 0 0
1 0 0 0 0 0 0 0 0 0 0 0 1 0
1 0 0 1 0 0 0 0 0 0 0 0 0 1
AT T

LIBRARY IEEE;
USE IEEE. STD LOGIC_1164.ALL;
ENTITY DECODER 8421 10 IS

PORT (A, B,C,D: IN STD LOGIC;

Y: OUT STD_LOGIC VECTOR(9 DOWNTO 0));

END DECODER 8421 10;
ARCHITECTURE RTL OF DECODER 8421 10 IS
SIGNAL COMB: OUT STD LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
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COMB < = D&C&BS&A;
PROCESS ( COMB)
BEGIN
CASE COMB IS
WHEN "0000" => Y <="0000000001";
WHEN "0001" => Y <= "0000000010";
WHEN "0010" => Y<="0000000100";
WHEN "0011" => Y <= "0000001000";
WHEN "0100" => Y<="0000010000";
WHEN "0101" => Y<="0000100000";
WHEN "0110" => Y<="0001000000";
WHEN "0111" => Y<="0010000000";
WHEN "1000" => Y <= "0100000000";
WHEN "1001" => Y<="1000000000";
WHEN OTHERS = > Y < = "XXXXXXXXXX" ;
END CASE;
END PROCESS;
END RTL;

3.1.3 %miEss

[6]3.7] 8-3 B hmimse. i AZ2 8 A.B.C.D.E.F.G Ml H.® 12K OUTO.
OUTI1 M OUT2, i Af55 9 A WP F B AR, IS . H e e g e . Rl 3
T 8-3 et e,

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY ENCODER IS
PORT (A, B,C,D,E,F,G,H: IN STD _LOGIC;
OUTO, OUT1, OUT2: OUT STD_LOGIC);
END ENCODER;

Jrik 1 MR (E A

ARCHITECTURE ART1 OF ENCODER IS
SIGNAL OUTS: STD LOGIC VECTOR(2 DOWNTO 0);
BEGIN
OUTS (2 DOWNTO 0)<= "111" WHEN H= 'l' ELSE
"110" WHEN G= '1' ELSE
"101" WHEN F = '1' ELSE
"100" WHEN E = '1' ELSE
"011" WHEN D= '1' ELSE
"010" WHEN C = 'l' ELSE
"001" WHEN B= 'l' ELSE
"000" WHEN A = '1' ELSE
"XXX" ;
OUTO < = OUTS(0) ;
OUT1 < = OUTS(1);
OUT2 < = OUTS(2) ;
END ART1;
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ARCHITECTURE ART2 OF ENCODER IS
BEGIN
PROCESS(A, B,C,D,E,F,G,H)
VARIABLE INPUTS: STD LOGIC VECTOR(7 DOWNTO 0);
VARIABLE I: INTEGER;
BEGIN
INPUT := (H,G,F,E,D,C,B,A);
I1:=17;
WHILE I>= 0 AND INPUTS(I)/ = '1'LOOP
I:=1I-1;
END LOOP;
(0UT2, OUT1, OUTO)< = CONV_STD LOGIC VECTOR(I,3);
END PROCESS;

Jiik 3. i IF 4.

LIBRARY IEEE;

USE IEEE. STD LOGIC_1164.ALL;

ENTITY ENCODER IS

PORT(IN1: IN STD LOGIC_VECTOR(7 DOWNTO 0);

OUT1: OUT STD_LOGIC_VECTOR(2 DOWNTO 0));

END ENCODER;

ARCHITECTURE ART3 OF ENCODER IS

BEGIN

PROCESS( IN1)

BEGIN

IF IN1(7) = '1' THEN OUT1 <= "111";

ELSIF IN1(6) = '1' THEN OUT1 <= "110";
ELSIF IN1(5) = '1' THEN OUT1 <= "101";
ELSIF IN1(4) = 'l' THEN OUT1 <= "100";
ELSIF IN1(3) = '1' THEN OUT1 <= "011";
ELSIF IN1(2) = '1' THEN OUT1 < = "010";
ELSIF IN1(1) = '1' THEN OUT1 <= "001";
ELSIF IN1(0) = '1' THEN OUT1 <= "000";
ELSE OUT1 < = "XXX";
END IF ;
END PROCESS;

END ART3;

3.1.4 7 FRIZIFMGS8 UDU

[513.8Y FUA 7 Bl i b Ik 8 7 B RS R -
9 AR R IR BT . T 3.2 R St I R eU dU°
R T PR L S TR — AN SRR R 7B ",
7 R IR AR LR T4 T

Library ieee;

se ieee. std_logic_1164.all; b e o
e - el 3.2 R HGHOR B 46 o B
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entity decl7s is

port (a
led7s: out std logic vector(7 downto 0));

end decl7s;
architecture behave of decl7s is

begin

process(a)
begin

case a is

when "0000"
when "0001"
when "0010"
when "0011"
when "0100"
when "0101"
when "0110"
when "0111"
when "1000"
when "1001"
when "1010"
when "1011"
when "1100"
when "1101"
when "1110"
when "1111"
when others
end case;

end process;

end behave;

3.1.5 HUBkIES

Bl e B e 18 220 e 1 4B 2 BB P O 2 — U AR X B A

=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s
=> led7s

=> null;

: in std logic_ vector(3 downto 0);

<="0111111";
<="0000110";
<="1011011";
<="1001111";
<="1100110";
<="1101101";
<="1111101";
<="0000111";
<="1111111";
<="1101111";
<="1110111";
<="1111100";
<="0111001";
<="1011110";
<="1111001";
<="1110001";

AL | 2 A ik

P RE ) 2 B B PR O B e PR A% . ERE A S T2 A AR BT Z 0T 5. Gl %

FaA 20 MRAGS LA T R R A N R A

i 1.8 i

T EAER IR 3. 2 AR IS - AR 4 a0 8 £ 5 A S s2.s1.s0 BRI 415
RIS B iy A A 5 A 2 i o o v

AR PR A A 4

LAN16 3 1 S8R0, i Lk 8 1 1 Kdhs e 45 4 00 Bl . A 2 R A £ 4 19 VHDL i

B AL7..0]

#3.2 81 EEFEEER

s2 sl s0

0 0 0 Al0]
0 0 1 Al1]
0 1 0 Al2]
0 1 1 A[3]
1 0 0 Al4]
1 0 1 Al5]
1 1 0 Al6]
1 1 1 A[7]
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LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY mux81 IS
PORT(s2, s1,s0:IN STD LOGIC;
A: IN STD LOGIC VECTOR(7 DOWNTO 0);
y: OUT STD LOGIC);
END mux81;
ARCHITECTURE rtl OF mux81 IS
SIGNAL s: STD LOGIC VECTOR(2 DOWNTO 0);
BEGIN
s <= 8s52&s1&s0;
PROCESS(s2, s1,s0)

BEGIN
CASE s IS
WHEN "000" => y <=A(0);
WHEN "001" => y <=A(1);
WHEN "010" => y <=1A(2);
WHEN "011" => y <=A(3);
WHEN "100" => y <=A(4);
WHEN "101" => y <= A(5);
WHEN "110" => y <=A(6);
WHEN "111" => y <=A(7);
WHEN OTHERS => y<='X';
END CASE;
END PROCESS;
END rtl;

8t 1 Fudmik e BT IR E 3.3 fiam. MR LIEH ., 24 s=000,A=
10011110 B, y=AC0) =0, LI 45 B 5P E 55 .

ps 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 60.0 ns T0.0 ns 80.(
Name Vgéu; at 1 1 1 1 1 1 1
e

> A B 1001111 10011110
- Al0] B0
o] Al B 1
| A B1
| Am B 1
| A B i
| as) B0
| aE B0
| Am B1
B 8 | e I 1 e N N R
» sl B0 ] [ ] f ]
E 2 B0 T
2 B 1 T | |

3.3 8 i 1 B 1 i ol i 9 07 LR

3.1.6 #HUELERSE

BOE He B s o] LU A bl S S A A, R — A 4 A LA RS VHDL #ik . &
PIAS 4 2 G 02 AR BN EQ. Y A=B i}, EQ=1,7 ] EQ=0,
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(5 3.10] 4 {74 VHDL ik .

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY COMPARE IS
PORT (A, B: IN STD_LOGIC_VECTOR(4 DOWNTO 0);
EQ:OUT STD_LOGIC);
END COMPARE;
ARCHITECTURE ART OF COMPARE IS
BEGIN
EQ<='l'WHEN A=BELSE '0';
END ART;

3.1.7 BERZEBE

1. jmiEss
T2 A 238 2 43 4 m 2 vl DL A2 2874 5%, BRI T 1 56 DL 28 A
i LA

I A WA L A I a R b LA A O s Nz — L 8 R 52 i O co
Tm g ) B R UL 3. 3,
®3.3 EMIBHEER

i R RN AL Y i A Y
b a s co
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

(61311 $Ings.

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY half adder IS
PORT (a,b: IN STD LOGIC;
s,co: OUT STD LOGIC);

END half adder;
ARCHITECTURE halfl OF half adder IS
SIGNAL c¢,d: STD LOGIC;
BEGIN

c<=aO0Rb;

d<=a NAND b;

co<=NOT d;

s<=c and d;
END halfl;
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FAPIAS 20 25 AT DUAR B — A 2% - 04 A B B AN 18] 3. 4 o . 6 TR s i 134
# & i COMPONENT 4] fl PORT MAP 5 AR 5 i 5 H il ik &I i F2 7 .

u0 ul
a D ul_s Y .

b UO_CO ul _CO | >

| F B

cin

B 3.4 FHBEA 0 2% 48 80 4 m 2%

[4]3.12)] FFH COMPONENT &4 % B & NS i % .

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY full adder IS
PORT (a,b,cin: IN STD LOGIC;
s,co: OUT STD LOGIC);
END full_adder;
ARCHITECTURE fulll OF full adder IS
COMPONENT half adder
PORT (a,b: IN STD LOGIC;
s,co: OUT STD _LOGIC);
END COMPONENT;
SIGNAL u0 co,u0 s,ul co: STD LOGIC,;
BEGIN
u0: half adder port map(a,b,u0 s,u0 co);
ul: half adder port map(u0_s,cin,s,ul co);
co<=u0_co or ul _co;
END fulll;

2. kR
(60 3.13) 4 fusfeikas it Hrp al 3.0 F b[3..0 &9k e BRI H, H o[ 7..0 ] &
Te B i H v

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164.ALL;
USE IEEE. STD LOGIC_UNSIGNED. ALL;
ENTITY v_mult IS
PORT (a,b: IN STD LOGIC VECTOR(3 DOWNTO 0);
q: OUT STD LOGIC VECTOR(7 DOWNTO 0));
END v_mult;
ARCHITECTURE rtl OF v_mult IS
BEGIN
g<=axb;
END rtl;

4 ﬁ%/f%&%%ﬁ@ﬁﬁ{ﬁ%ﬂﬂ@ 3.5 s . MEH R DLUE H ,%’[ a=0010.b=0001 B,
Fe 5 q=00000010, DL 25 1 5 HIR (T A
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Simulation Waveforms

Master Time Bar: 211.86 ns 4| HPainter: £1.42 ns Interval: -150.24 ns Start: Ex
s 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns B0.0 ns T0.0 n:
. Value at 7 7 P : : i i
ane 211.66 n
> a B 0000 0010 b 0011 0100 b4 0101 b4 0110 ¥ 0111 b4 1000 ) §
| Hb B oooo 0001 )‘I( 0010 0011 ) 4 0100 )4 0101 4 0110 0111 b
D q B 000000C f_ 00000010 400000110 00001100 % 00010100 j___00011110 * 00101010 00111000 ¥

B 3.5 4 fi ek & vl ) 07 LR

3.1.8 =Mk EB&E DS

AT RVEE 9% vh A% R HE TR SR R B B L I R 2 E B B SR E L K AR T B
R G ol A5 RS B T IR R 1 = RS A AT — AN BEAS . 7E VHDL 3 & i HUE 7
HEHHREFRE ZkEm .
=B EER
gul]/ﬁ‘jtﬂzfjtﬁl]%%E’Jﬁﬁtﬂii‘ﬁﬂ?"ﬂﬂEE,EE‘ Lo = RS =l R o R R
/uﬁl\’Lﬂﬁmmlu\vLi%lJJlﬂﬁ*Héﬁ:ﬂ:%
[6)3.14] —=&7T0&IT.
LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY TRIGATE IS
PORT (EN,DIN:IN STD LOGIC;
DOUT:OUT STD_LOGIC);

END TRIGATE,
ARCHITECTURE ART OF TRIGATE IS

BEGIN
PROCESS (EN, DIN)
BEGIN

IF EN = '1' THEN DOUT < = DIN;

ELSE DOUT<='Z'; EiEaR

END IF; B

END PROCESS; dout —
END ART; e

B 3.6 =AW EHRER.E 3.7 N =TT mae =& mEsrssE
=N

Simulation Waveforms

Master Tine Bar: | 622.7 ns «|*|Pointer: 37.42 ns Interval -585.28 ns Start: End
ps 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 60.0 ns 0.0 ns 80.0 ns 90.0

Mo | Velue st ? ? g g ! ! ? ? ’
622.7 ns

» DIN BO [ | [ | [ ] [ ] f | [ | f | | |

Lo d ouT BO J | J | J 1 J 1 J | J | J 1

[ d BN B1 | —

B 3.7 Z&ITRYEF O EE

2. B BB MR
B 2 G vh AR T R ST S DR UK S sk SR A S — A 8 i i m A
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mhas i 8 A=A TN B 8 Bt A L8 e Al — N ERE(R 5 EN,
(6] 3.15]  fp) S Qe npas iy it

LIBRARY IEEE;

USE IEEE. STD_LOGIC 1164.ALL;
ENTITY TRIBUF8 IS
PORT (DIN: IN STD LOGIC_ VECTOR(7 DOWNTO 0);

EN: IN STD_LOGIC;

DOUT: OUT STD LOGIC VECTOR(7 DOWNTO 0));

END TRIBUFS,

ARCHITECTURE ART OF TRIBUF8 IS

BEGIN

PROCESS (EN, DIN)

BEGIN

IF EN = '1' THEN DOUT < = DIN;
ELSE DOUT < = "ZZZZZZZZ";

END IF;
END PROCESS;
END ART;

P 3. 8 Sy 8 A7 B i) i 2 B v i 1) IR 07 LI

Master Time Bar: | 35.0 ns j_’IPointer: | 14.96 ns Interwval: ’—
Value at s IU.I;I ns 20.? ns 3E|.ll:| ns 40.('
Hame 35.0 ns 35.0 ns
o
[d DIN viss f 0 ¥ Y11 W 147 ¥ 198 ¥ 245 ¥ 136 185
= DIN[O] | B 1 I | |
@ | o | ]
> DIIN[2] ED 1 |
| DIN[3] B 1 | [ 1
) DIN[4] B 1 1 | ]
] DIN[S] B 1 1 ]
> DIIN[G] il 1 |
| | B | [
% DOUT B ZZZZIZ? {I000000CKI0000001%000101 HI001001 fi1000100%11110101Y  ZZZZEZZZ ¥
| ourml| Bz I ey " —
@| oornl| sz 1 —
& owizl| Bz R S R—
@ DOUT [3] B Z ] r——
) DOUT [4] BI . —
Y DOUT[5] EZ [ |—
Y pouT[el| B Z ] !
@| o Bz S —
E EN EO |

[§3.8 8 fi B[] L £ 22 w4l (14 ) 47 L 1]
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3. WEBL&E e
XL S 2k 2 o g T B0 i S 2k 1% BIK Bl R ol MY LT Rk 92 b 2R A 3.9 R .
T v 18 0L ) S 2 2 o i AT S s e o s A s A B, — Dl 4a i i DIR F1— > 18 3 Sy
EN, EN=0 B} XA ZZ ph g8 vE i@ , %7 DIR=0,0] A=B, g Z W roc-cozmmmmmmmeeany
B=A,
(5] 3.16] Wy Sk %z o251 VHDL JER T . —EN  A[7..0]—
— DIR B[7..0] —1

LIBRARY IEEE;
USE IEEE. STD _LOGIC 1164.ALL; ! |

ENTITY BIDIR IS ! inst |
PORT (A,B:INOUT STD LOGIC VECTOR(7 DOWNTO 0); 77777~
EN, DIR: IN STD LOGIC); Bl 3.9 WU Bk 2R vh 4%
END BIDIR ;

ARCHITECTURE ART OF BIDIR IS
SIGNAL AOUT, BOUT: STD LOGIC_ VECTOR(7 DOWNTO 0);
BEGIN
PROCESS (A, EN, DIR)

BEGIN
IF((EN="'0')AND(DIR= '1')) THEN BOUT < = A;
ELSE BOUT < = "Z72772727" ;
END IF;
B < = BOUT;
END PROCESS;
PROCESS(B, EN, DIR)
BEGIN
IF((EN="'0')AND(DIR= '1"')) THEN AOUT < = B;
ELSE AOUT < = "Z777727727" ;
END IF;
A< = AQUT;
END PROCESS;
END ART;

3.2 MypZHHiEg s

Ry 32 R P S S P S AR R R T R AR R R v B e 2 R A PR AT R O P
ViR 2H I8 A P 0 P A A e A s R P A A R BN T A B . LB AS R BRE TN
12 B L AR L BRI — I 220 F) i 45 5 AN DU PR T 25 5 B8 g A+ i B T R B Y iR
R o TP R B R A A2 I RE L e BT R Gt T R T .

I ) 32 4 H J 1) 7 B bR Ak LA I A bk ol clock s 7 B A ok ol L TV R B ) 4
N2 i R RS A R AR

3.2.1 fbhA23

1. D fh &=
[613.171 JA D filkk#miit. FFERTBUE Q=D, FIHEfE 1 D fil & #4512
BIJBERILZ 3. 4. [ 3.10 J D fil K A% f02 om0 K [ 3. 11 O D i e A (g ek e 0 LA
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R34 DMERBHEEINEE

i A Lo i
D CLK Q
X 0 R
X 1 TRr
0 A 0
1 A 1
LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY DCFQ IS
PORT(D, CLK: IN STD LOGIC;
Q:0UT STD_LOGIC) ;
END DCFQ;
ARCHITECTURE ART OF DCFQ IS
BEGIN
PROCESS(CLK)
BEGIN
IF (CLK'EVENT AND CLK = '1') THEN —— WP TR &
0<=D;
END IF;
END PROCESS;
END ART,
IDCFQ |
]
: !
i |
| —
A
—CLK i
! i
| i
o :
! inst !
& 3.10 D ik i 132 R =K
Simulation Waveforms
Master Time Bar: | 89.0 ns o|»|Pointer: 14.77 ns Interval: | -74.23 ns Start: End:
ps 10.9 ns 20.0 s 30.0 ns 40.0 ns 50.0 ns 60.0 ns 0.0 ns 80.0 ns
Hame | Vague st 8.0
|| CLK B1 J ! J L | L | L | L | ! | L | ! I
|| D so (b 1 1 1 1 1
@ e Bo | 1 1 1 1 1_

B 3. 11 D fil sk % 1Y I 05 20 R

(5 3.18Y S fi /A0 D fil k4% i B8t

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY YFCFQ IS
PORT(CLK, D, CLR, PSET: IN STD LOGIC;
Q:0UT STD_LOGIC);
END YFCFQ;
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ARCHITECTURE RTL OF YFCFQ IS
BEGIN
PROCESS (CLK, CLR, PSET)
BEGIN
IF(PSET = '0') THEN
Q<=11"%
ELSIF (CLR='0') THEN
Q<="0";
ELSIF (CLK'EVENT AND CLK = '1')THEN
Q<= D;
END IF;
END PROCESS;
END RTL;

K 3. 12 g5 b AL/ S AT D il A 132 B R

A LA

KL 3. 13 S S A/ Z A D ik s

P 3.12 R/ AL D filt ko 12 R R

Simulation Waveforms

Master Time Bar: | 107.5 ns | »|Pointer: 9.44 ns Interval: -95.06 ns Start: End:
ps 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 80.0 ns 70.0 ns 80.0 ns 90.0 ns 100.0 ns
Value at } 5 ’ ’ ’ ’ D D D !

Wame | 4075 ns o
» CLK BO [ ] | | | | 1 [
[ 4 CLR BO
[ D Beop o 1+ -+ 1 1T 1 1 71 1L J 1 T
» PSET B0 1 [ ] 1 | | |
o4 q B1 [ | | L | !

F3.13 R EAL/ AL D fil Ao I 45 FLIE

(5 3.19Y [P0 D fil ke as Bt

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY TECFQ IS
PORT(CLK, D, CLR: IN STD_LOGIC;
Q:0UT STD_LOGIC);

END TECFQ;
ARCHITECTURE RTL OF TFCFQ IS
BEGIN

PROCESS (CLK)

BEGIN

IF(CLK'EVENT AND CLK = '1')THEN
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IF (CLR='1') THEN

Q<="0";
ELSE
0<= D;
END IF;
END TF;
END PROCESS;
END RTL;
B 3. 14 KR E AL D fa k2 v92 # s 2 E L E 3. 15 MR E AL D fib k28 BB P45 B A .
TTFCFQ
E—CLK Q—
—D !
——CLR |
i inst %

3.14  [F2E AU D fil & 245 12 R

Simulation Waveforms

Master Time Bar: 379.78 ns 4| *|Pointer: 82.53 ns Interval: -297.25 ns Start: End
ps 20.0 ns 40.0 ns 60.0 ns 80.0 ns 100.0 ns 120.0 ns 140.0 ns 160.0 ns 180.0 ns
e Tk e v i T 7 v h h h v
379.78 ns
[ d CLE B1
» CLR BO 1
» I EO | | [ | | J | | | |
ko4 Q BO

&l 3.15  [WB & N0 D fil & &5 1 BT 05 B R

2. RS il % =%
[ 3.20) RS fili & #5m033t. RS fitk#s 8 IhREE WL3E 3.5,

F3.5 RSHMAESMBEIEER

R S Q!
1 0 1

0 1 0

0 0 Q'
1 1 AE

LIBRARY IEEE;
USE IEEE. STD LOGIC_1164.ALL;
ENTITY RSCFQ IS
PORT(R, S, CLK: IN STD LOGIC;
Q,0B: BUFFER STD LOGIC);

END RSCFQ;

ARCHITECTURE ART OF RSCFQ IS
SIGNAL Q S,0B S: STD LOGIC;
BEGIN
PROCESS(CLK, R, S)
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BEGIN
IF (CLK'EVENT AND CLK = '1') THEN
IF(S='1'AND R='0') THEN
0.5<='0";
OB S<='1";

ELSIF (S="'0'AND R='1') THEN

Q. S<="1";
OB S<=1'0";

ELSIF (S="'0'AND R= '0') THEN

0.S<=0Q_5;
QOB S<=0QB S;
END IF;

END IF ;
0<=0_5;
QB<=0QB S;

END PROCESS;

END ART;

3. JK fih & 28

[613.21] JK il &&rit. JK il & 8@ oaeR L%k 3.6,

®3.6 JKMRFJHEBEIEE

J K CLK Q!
0 0 Q"
0 1 0
1 0 1
1 1 Q

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164.ALL;
ENTITY JKCFQ IS

END JKCFQ;

ARCHITECTURE ART OF JKCFQ IS
SIGNAL Q S,QB S: STD_LOGIC;
BEGIN
PROCESS(CIK, J, K)

BEGIN

IF (CLK'EVENT AND CLK = '1') THEN
IF(J="'0"'AND K= 'l"') THEN

0. S<='0";
OB S<='1";

PORT(J, K, CLK: IN STD_LOGIC;
0,0B: BUFFER STD_LOGIC);

ELSIF (J="'1'"AND K= '0') THEN

QS<='1";
0B_S<='0";

ELSIF (J="'1'"AND K= '1"') THEN

Q0 S<=NOT Q S;
0B S<=NOT QB_S;
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END IF;
END IF ;
0<=05;
Q0B<=0B S;

END PROCESS;

END ART;

4. T LK 2%

Wit — DA &/ B T fillk 25  Es s A i T, B 8o A o CLK, P94~ A Y
By o Q. QB B Y T=0 I, T fil A df PR A7 AT —RAEMME; 2 T=10, T fill & 88K 38
TER B iy B VE T A B

(6] 3.22] T fikk#mE9BEit.

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY TCFQ IS
PORT(T, CLK: IN STD LOGIC;
Q, OB:BUFFER STD_LOGIC);
END TCFQ;
ARCHITECTURE ART OF TCFQ IS
SIGNAL BUF:STD_LOGIC;
BEGIN
PROCESS ( CLK)
BEGIN
IF (CLK'EVENT AND CLK = '1') THEN
IF(T='1"') THEN
BUF < = NOT BUF;
ELSE BUF < = BUF;
END IF;
END IF;
END PROCESS;
0 < = BUF;
0B < = NOT BUF;
END ART;

K 3.16 O T fiph e a1 17 01 B

lation Waveforms

3

=
@

er Time Bar ‘ 135.945 ns 4| *|Pointer: 46.83 ns Interval: =89.12 ns Start: End:

Ps 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 60.0 ns 70.0 ns 80.0 ns 90.0 ns 100.0 ns 110.0 ns
Value at 1 s s v v 7 7 1 s h h

135.95 ns

Name

CIK B1
BO | | | 1 | | | [

B1
QB B0

[@[¢9]®

03,16 T i A 28 01T O P
3.2.2 Bz

BT 2 — b P R BT I DR AT K530 1 22 R R e B T LA 8 LAY e TALS373 S il A 41
BAF AR BTk . TALS3TS W IBBRAT S WA 3. 17 PR IRER LR 3. 7. HZ e
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e =AY AE S A S (OE=0) Jf H B 2 1 3w 1 {5 5 A (G = 1) B 847
A B A i A 8 7 B 2% B th o 0 b 25 2 AR S RS S A S (OE = 0) 1 £ 4
P ) s 11 A 455 D0 (G = 0) I BLAT i 119 i ) 3 R DR 5 A — AR s 25 = A8 18 e 11 119
55 o (OE= 1) i BUA7 4% 04 it i OB A0 T g BLAR 2

[t e Rl |

LATCH 74LS373

- D[7..0] Q[7..0]F—

— OE

[3.17 74LS373 fB TS

* 3.7 $i7EE8 7T4LS373 HyThAE

OE G D Q
0 1 0 0
0 0 X 3
1 X X 7= BH

[ 3.231 8 fu#ifisas 7418373 RIRFEF .

LIBRARY IEEE;
USE TEEE. STD_LOGIC_1164.ALL;
ENTITY LATCH 7413373 IS
PORT(D: IN STD_LOGIC_VECTOR(7 DOWNTO 0) ;
OE,G: IN STD LOGIC;
Q: INOUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END LATCH 74LS373;
ARCHITECTURE RTL OF LATCH 74LS373 IS
BEGIN
PROCESS(OE, G)
BEGIN
IF (OE = '0"')THEN
IF (G="'1"') THEN
0<=D;
ELSE Q< = Q;
END IF;
ELSE
0< = "2Z777277" ;
END IF;
END PROCESS;
END RTL;

8 L iAF i T4LS373 L Bk FLPTEMNIAL 3. 18 Fro . MR AT LU Y . 25 = 2545 4 oy 1
A5 5 A R (COE=0) » Ff HL RO 4 1 3 11 5945 5 A R (G = 1) I A7 45 48 B A i 11 AY 8
ALK D ok B o 0 Qs 2 = AR I 1AM 5 A A COE=0) 1 Bl 47 il g 1 1 455 JC
RCG=0) I BAF i i 1 s ERE DR AT — RS s 25 = 2845 i 3m 101 1945 5 GR(OE= 1)
I B 1 i s 10 Ak T e LR A L A5 R S BB AT A .



Ps 10.0 ns= 20.0 ns 30.0 ns= 40.0 ns 50.0 ns EB0.0 ns
Value at i i i i i i
L 1.3 ns
> i} B 000000C K 11001100 b4 01010100 b4 11110000 ¥ 00001101 { 00000000 h4 10000001 9
» G B O [
» O EO
@ Q B 100000C K 11001100 | 01010100 y 11110000 b4 00001101 b4 ZZZIZT X

3.18 8 fu#ifras 7418373 Wi EIIE

3.2.3 ZFERURMATES

1. HFE|ARI

AT v 2 K07 R GE T RATfilk — R B g 2 A L B . 1 A i A A% T A6 1L 5t
B A7 n A7 IR BOE 1 A AR TR B 0 AR SR AL, P AT A S A A A L
DIRE » W 14 DA T35 77 e I [R] 25 I b ) T A7 45 2 i A5 ol o A G B S Y 8 o
FAF AR B AT S W 3. 19 Frs . g & W3 3. 8.

- D[7..0] Q[7..0]|—
+— OE !
— CLK |

Bl 3.19 AFfiRENG Y 8 O TR B A S

F3.8 WHERKNSUFTHERMNIIESR

i A oo
OE CP D Q
0 A 0 0
0 A 1 1
0 0 X PAF
1 X X 7= BHL

(51 3.24) FAERES Y 8 (2 75 47 a5 Y IR AR T

LIBRARY IEEE;
USE IEEE. STD_LOGIC 1164.ALL;
ENTITY reg8 IS
PORT(D:IN STD LOGIC VECTOR(7 DOWNTO 0);
OE: IN STD_LOGIC;
CLK:IN STD_LOGIC;
Q: INOUT STD_LOGIC VECTOR(7 DOWNTO 0));
END reg8 ;
ARCHITECTURE RTL OF reg8 IS
BEGIN
PROCESS(OE, CLK)
BEGIN
IF (OE= '0"')THEN
IF (CLK'EVENT AND CLK = '1') THEN
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0<=D;
ELSE Q<= Q;
END IF;
ELSE
0 <= "Z7777777" ;
END IF;
END PROCESS;
END RTL;

W BBV Y 8 A A A7 o 1Y HL BS 0 ELOE W Rl 3. 20 Firos . 4 fdifEds OE=0, 3 ELI 80 {5
5 CLK LR ZIR I, 27 A7 30 5 A TR 8 i 8dE D X 2l o 0 Q; 2 OE=1 i}, %
TE 2% W o EDRR AL T 7 BERS

s 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 60.0 ns T0.0 ns 80.0 ns
Vil T 1 T T T T i i

214.8

| ane

» CLE BO ] | J | J | J L J | ] | J | J L I
> 1 B 000§ 00001000 00001001 3 0OOOIOIO j  O00O1OLT y 00001100 ) 00001101 ¥ 00001110 ¥ 00o00fiil

» OF BEO ]

@ Q B 0000C {ZZZZZZY_ 00001000 %  0OOO1001 % 00001010 % 00001011 % 00001100 ) &

P 3. 20 AF(EAE S AY 8 {3 A A7 A Y HL IO P

2. BUHEBMNEIT
B A AR AR IR T FLAT 29 A2 2 0 D R 3 LA 500 90 il o B 6 5 £ Bk o 1 » i
L4728 o O U 10 47 B0 2 A 25 B 2 o B T 000 2 0 PR i1 95 77
TR AN 3. 21 R
(13,250 AT WO BRARIRRS (i 27 47 2% HO W FL T WG |

LIBRARY IEEE; L D[7.0] QS|
USE IEEE. STD_LOGIC_1164.ALL; +—{LOAD Q[7..0]}—
ENTITY YWICQ IS — CLK i
PORT(D: IN STD_LOGIC_VECTOR(7 DOWNTO 0) ; ! inst
LOAD, CLK: IN STD_LOGIC;
QS: BUFFER STD_LOGIC; & 3,21 ] W 3R A6 2R AL B
Q:BUFFER STD_LOGIC_VECTOR(7 DOWNTO 0)) ; T
END YWJCQ;
ARCHITECTURE RTL OF YWJCQ TS
BEGIN
PROCESS ( CLK, LOAD, D)
BEGIN

IF (CLK'EVENT AND CLK = '1') THEN
IF LOAD = '1' THEN
Q<=D;
QS<="'0";
ELSE
05<=0(7);
Q(7 DOWNTO 1)< = Q(6 DOWNTO 0);
0(0)<=0s;
END IF;
END IF;
END PROCESS;
END RTL;
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AN RGBS 0 A7 A7 2 B D FE WA 3. 22 B . ML o] LA S 4 it 4h {55 CLK
(TR BRI AR 3R 5 A M LOAD =1 W, % 77 4% L i A i 1 (9 8 A ds D=
00100011 3£ F 4 Hi ¥ 11 Qs LOAD=0 i, 7Ef 4 5 %5 CLK L JH B, Q 1% 7 £z 17 22
o —Ar Ml QO T Q Y FT— YIRS Q7D W FERS S ik o i 45 T T - Q 19 A% 3 DAL 2
1 25 R AR

| valee P E5 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 60.0 ns 0.0 ns 80.0 ns 90.0 ns 100.0 ns
i 259,57

B ox el [ { [ 1 [ 1 T 1 [T 1 T 1 F 1 F 1 T 1 T 1 T

| @D B 0010C 00100011

» 10AD sof ]

| EHe B 10001 §300000)_ 00100011 01000110 3 10001100 00011000 ) 00110001 01100010 11000100 ¥ 10001000 % 00010001 3 00100011 %

[ d 03 B1 1

Pl 3. 22 TSSO ERAG BB o A A7 A 1 05 AR

3.2.4 iTH¥EB

THECER — e vT 20 R Rl 25 TR F S 20 1 s . 2P g 5 R 0 b SR R R, 22
AR B AE X 25 G B i b B AR b TR T TR 48 AE B Bh Bk op Bk o g R L A9 Bt
B 0 A5 il R AR AR AS R B R A AR AL . S TR SURR R AT R T AR L B AR AL T B A 1
WA AR BB E T . ARG R AT BT A T B SR L B AR T AR AR
AR,

1. EFit#eE

(6] 3.26] — A4k 60, A F L E 0 WL B TIRE R 8421BCD A4 it404% .

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
USE IEEE. STD LOGIC UNSIGNED.ALL;
ENTITY CNTM60 IS
PORT(CI: IN STD LOGIC;
NRESET: IN STD LOGIC;
LOAD: IN STD LOGIC;
D: IN STD_LOGIC_VECTOR(7 DOWNTO 0);
CLK: IN STD LOGIC;
CO: OUT STD_LOGIC;
QH: BUFFER STD LOGIC VECTOR(3 DOWNTO 0);
QL: BUFFER STD_LOGIC_VECTOR(3 DOWNTO 0));
END CNTM60;
ARCHITECTURE ART OF CNTM60 IS

BEGIN
CO<= '"1'WHEN(QH = "0101"AND QL = "1001"AND CI = '1')ELSE'0";
—— L A
PROCESS(CLK, NRESET)
BEGIN
IF(NRESET = '0') THEN —— RbE

QH<="0000";
QL<="0000";
ELSIF(CLK'EVENT AND CLK = '1') THEN —— [a] 25 © %k
IF(LOAD = '1') THEN



86 EDARARENFA

QH < = D(7 DOWNTO 4)
QL < = D(3 DOWNTO 0) ;
ELSIF(CI = '1') THEN —— 1% 60 Y 5L
IF(QL = 9) THEN
QL<="0000";
IF(QH = 5) THEN
QH<="0000";
ELSE -~ BT Re Ry LB
QH<=QH+1;
END IF
ELSE
OL<=QL+1;
END IF;
END IF; —— END IF LOAD
END PROCESS;
END ART;

2. BHITHH

I VHDL 3 5 #0385 8 T8 - 5 Bl [R5 B0 AN [R) 2 Ak 3 28 3R BUAE X 245 i b 11
filiig b

(5 3.27Y 1 8 /i 5 A% 44 1A 7 26 T H50% - SR IR il A 1 7 34 A

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY DIFFR IS
PORT(CLK, CLR, D: IN STD_LOGIC;
Q,0B:0UT STD_LOGIC) ;
END DIFFR;
ARCHITECTURE ART1 OF DIFFR IS
SIGNAL Q IN:STD LOGIC;
BEGIN
Q<=0Q_IN;
OB< = NOT Q_IN;
PROCESS(CLK, CLR)

BEGIN
IF(CLR = '1') THEN
Q IN<='0";
ELSIF (CLK'EVENT AND CLK = '1') THEN
Q IN<=D;
END IF;
END PROCESS;
END ARTI;

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY RPLCOUNT IS
PORT(CLK, CLR: IN STD_LOGIC;
COUNT: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));

END RPLCOUNT;
ARCHITECTURE ART2 OF RPLCOUNT IS

SIGNAL COUNT IN:STD LOGIC_VECTOR(8 DOWNTO 0);
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COMPONENT DIFFR
PORT(CLK, CLR, D: IN STD_LOGIC;
0,0B:0UT STD_LOGIC) ;
END COMPONENT;
BEGIN
COUNT_IN(0)< = CIK;
GEN1:FOR I IN 0 TO 7 GENERATE
U:DIFFR PORT MAP(CLK = > COUNT IN(I),CLR=>CLR,
D=>COUNT_IN(I+1),Q=>COUNT IN(I),
OB =>COUNT_IN(I+1));
END GENERATE;
END ART2;

3. AR

8 Aor - HE IS A 1 TR ] 3. 23 B, CLR J& & 42 il 4 A i s ENA J&
o B4 il g A s LOAD S B 4% il g A s DL7..0 1) 8 0 JF 47 8 fiw A s UPDOWN
JE Nl A 1 i A 3 > 2 UPDOWN=0 i, 780 AR 5 845 . UPDOWN= 1 i}, 3 80 5 A 9k
EARAE s COUNT Je it/ 5 A i i1 i o

[ 3.28] f VHDL #ik ) 8 7 — 3F i sl T 42 TUPDOWNCNTS !
AT . ;—CLR com#i
— CLK  Q[7..0]
LIBRARY IEEE; — ENA :
USE IEEE.STD LOGIC 1164.ALL; — LOAD :
ENTITY UPDOWNCNTS IS — UPDOWN
PORT (CLR, CLK, ENA, LOAD, UPDOWN : IN STD LOGIC; K E
D:IN INTEGER RANGE 0 TO 255; . '
COUT: OUT STD_LOGIC; L
Q:BUFFER INTEGER RANGE 0 TO 255); 3,93 8 fi 3 A
END UPDOWNCNTS; — o
ARCHITECTURE ONE OF UPDOWNCNTS8 IS HITEAEAT S
BEGIN
PROCESS(CLR, CLK, ENA, LOAD, UPDOWN, D)
BEGIN

IF CLR= '0' THEN Q<= 0;
ELSIF CLK'EVENT AND CLK = 'l' THEN
IF LOAD = '1' THEN Q<= D;
ELSIF ENA = 'l' THEN
IF UPDOWN = '0' THEN Q<=Q+ 1;
IF Q=255 THEN COUT <= '1"';
END IF;
ELSE Q<=Q-1;
IF Q=0 THEN COUT <= '0';
END IF;
END IF;
END IF;
END IF;
END PROCESS;
END ONE;
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........................................... »)
y /4

3.2.5 s

T BRAS R XoF AE fe AR BA S BEAT 2000 A B BRI AR B AE S
(5 3.291  FHTHECE LB 2-4 73 WS .

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
USE IEEE. STD LOGIC UNSIGNED. ALL;
ENTITY DIV IS
PORT(RESET, CLK: IN STD_LOGIC;
CLK_2,CLK_4:0UT STD LOGIC);
END DIV;
ARCHITECTURE RTL OF DIV IS
SIGNAL COUNT:STD LOGIC_VECTOR(1 DOWNTO 0);
BEGIN
PROCESS(RESET, CLK)
BEGIN
F (RESET = '0') THEN COUNT <= "00"; -—— SN
ELSIF(CLK'EVENT AND CLK = '1') THEN
COUNT < = COUNT + 1;
ELSE NULL; —— WY IF 4 R W e A RO, 5 T AN BE A ELSE 43 3, an SR
-— WIIE, 5t L fE'E ELSE NULL
END IF;
END PROCESS;
CLK 2 <= COUNT(O0);
CLK 4 <= COUNT(1);
END RTL;

O3 W g W AS B e TR R TR AR ) 2 B LA BE P B T A 5 COUNT %, 2 B oy
MR SR BT 2 20 4 398 A 24 T 300 — TR T ORI 2 2 R 4L e G

Bl 0~1 F1 0~3. [& 3.24 54 2-4 73 Wi 4 0932 4878 8 181 18] 3. 25 O 2-4 73 3t 9 I 0
A,

r— RESET CLK_2{—
L~ CLK CLK 41—

B 3,24 2-4 435 As A2 R B IR

Simulation Waveforms

Master Time Bar: 24.2 ns 4| *|Pointer: 29.54 ns Interval: 5.34 ns Start: End:

s 10.0 ns 20.0 ns 30.0 ns 40.0 ns 50.0 ns 60.0 ns T0.0 ns 80.0 ns 90.0 ns 100.0 ns  110.0
Wil o ? ? ? ? ? ? ? ? ? !
24.2 ns 24.2 ns

]

Hame

B X Bo { 1 r 1 < 1 <1 1> 01
B axz | s0 [ 1 [ | — —
) CLE 4 SU | I S e S e s I IS B e S m |

| mesEr B1

3.25  2-4 Sy ARAR A 0 A



3.2.6 BIIRAE:RAGNSE

1. FIES L £

TEECA G 5 B H AT R e il b A B 2 8 — AR e W R AT O 5 5 . 7 Ak
JFHUE 5 LB FR T 9IE 5 K A4 .

BURAR T R A AR B R A i 011111107 R 55 %, A it 5 1 8s — L T %
AR R — AT . U — D E R A AR A . r DA R e — > — 2 KB Ees
B 8 AE VT EER T E5 A b X B 4 R A 5 SR T AR A — B0, T DUR X Rl O XSt AR B
FOMES KA A%

[4]3.30] “011111107 %% kA 5%,

LIBRARY IEEE;
USE IEEE. STD_LOGIC 1164.ALL;
USE IEEE.STD LOGIC_ UNSIGNED.ALL;
ENTITY SENQGEN IS
PORT(CLK, CLR, CLOCK: IN STD_LOGIC;
Z0:0UT STD_LOGIC) ;
END SENQGEN;
ARCHITECTURE ART OF SENQGEN IS
SIGNAL COUNT:STD LOGIC_VECTOR(2 DOWNTO 0);
SIGNAL Z:STD _LOGIC := '0';

BEGIN
PROCESS(CLK, CLR) —=3 il gkds, =4 8 A IRE
BEGIN

IF(CLK'EVENT AND CLK= "1 ')THEN
IF(CLR= '0' OR COUNT = "111") THEN
COUNT < = "000";
ELSE
COUNT < = COUNT + 1;
END IF;
END IF;
END PROCESS;
PROCESS ( COUNT) —— MR B R S 7 A X I IR S
BEGIN
CASE COUNT IS
WHEN"Q00" =>Z<="'0";
WHEN"001" =>2Z<='1";
WHEN"010" =>2Z<='1";
WHEN"011" =>2Z<='1";
WHEN"100" =>2<='1";
WHEN"101" =>7Z<='1";
WHEN"110" =>2Z<='1";
WHEN OTHERS = >Z<= '0';
END CASE;
END PROCESS;
PROCESS (CLOCK, Z) —— JHER BRI B B AR
BEGIN
IF(CLOCK'EVENT AND CLOCK = '1') THEN
70<=127;
END IF;
END PROCESS;
END ART;
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B 3.26 01111110733 kA 2en0Z o m = KL 18 3. 27 B 011111107 5 31 & A= 25 1)
NS )N=NESN

—CLK 20—

& 3.26  “OL1111107 7 51 2 i ) 12 4w 22 1A

ps 20.0 ns 40.0 n= B0.0 n= 80.0 ns 100.0 ns 120.0 ns 140.0
Value at i i T i v . h

3T7.03 n

.
E

= G Ty Oy Uy O Yy T Yy O Yy O O ey Yy O o
® cwx | s1 [ 1 1 L 1 1 1111 L1l
» CLR B0
Lo d 0 EO0

& 3.27 “011111107 4 & A= %5 1 i e 45 2L &

2. FIlES KNS

Kl 8 47 B AT 5 AT AU AE 5+ AT LA SR G i A ) R — 5 53 AT B AT R I dn SR A
1) BE— {37 B Ay AR R IOE A S AR R — A7 o SRR — e gl [ ) R AR I L AT LA
JH case iEM)RZHL .

[613.311 “011111107)F 85 5Kl &5 1 % 1t

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY DETECT IS
PORT(DATAIN:IN STD LOGIC;
CLK:IN STD LOGIC;
Q:0UT STD_LOGIC);
END DETECT;
ARCHITECTURE ART OF DETECT IS
TYPE STATETYPE IS(SO,S1,S2,53,54,55,56,57,38); ——EX T —1HHIM R
BEGIN
PROCESS
VARIABLE PRESENT STATE:STATETYPE;
BEGIN
Q<="0"
CASE PRESENT STATE IS
WHEN SO = >
IF DATAIN = '0' THEN PRESENT STATE := S1;
ELSE PRESENT STATE :=S0;
END IF;
WHEN S1 =>
IF DATAIN = '1' THEN PRESENT STATE := S2;
ELSE PRESENT STATE :=S1;
END IF;
WHEN S2 =>
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IF DATAIN = '1' THEN PRESENT_STATE := S3;
ELSE PRESENT_STATE : = S1;
END IF;
WHEN S3 = >
IF DATAIN = '1' THEN PRESENT STATE := S4;
ELSE PRESENT STATE := S1;
END IF;
WHEN S4 = >
IF DATAIN = '1' THEN PRESENT_STATE := S5;
ELSE PRESENT STATE := S1;
END IF;
WHEN S5 = >
IF DATAIN = '1' THEN PRESENT STATE := S6;
ELSE PRESENT_STATE : = S1;
END IF;
WHEN S6 = >
IF DATAIN = '1' THEN PRESENT STATE := S7;
ELSE PRESENT STATE : = S1;
END IF;
WHEN S7 = >
IF DATAIN = '0' THEN PRESENT_STATE : = S8;
Q<="1";
ELSE PRESENT STATE : = S0;
END IF;
WHEN S8 = >
IF DATAIN = '0' THEN PRESENT STATE := SI;
ELSE PRESENT STATE := S2;
END IF;
END CASE;
WAIT UNTIL CLK= '1';
END PROCESS;
END ART;

P 3. 28 011111107 ) AGr I #5% ) 32 7 L 18] 3. 29 011111107 Fe 51 A6 4% #Y
I 7 7 ECA

—DATAIN Q [—
—CLK

[ 3.28 (011111107 546 I #% Yy 2 48 7R 22 14

s s o) B 2L o S me B0.0 ns 80.0 ns i

110, 2 n=
® ox | so | LT LT LT LT LT LT 1T LTrLT
(1 DATATH BE1 .
fo g ] ED |_|—

& 3.29 “O11111107 )% 51K I #8 1 I 5 45 L 1R
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EIRSR T AL P W AT ARG I B4 5 T 3 B R B L B AR A R S A S Y
AN 16 07,32 A s 2 L N R — LA S AT I, S BRI E ORK R E A
PR R Z WA S A 500 eIy 5 B kAR AR A I B A B A AR
gl PRIHRT LA R — R B A it O 3L el 3,320 s T SEARUR R B A S A
B f i B A R B A B A — 2 A A e L AR5 W A A A N RS TR S R S S B (E A
— B, BB AR A AR U B R R E AT

(51 3.32Y 55 B9 505 5 Al & 9 3.

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY DETECT IS
PORT (DATAIN, CLK: IN STD LOGIC;
Q:0UT STD_LOGIC);
END DETECT;
ARCHITECTURE ART OF DETECT IS
SIGNAL REG:STD LOGIC_ VECTOR(7 DOWNTO 0);
BEGIN
PROCESS (CLK)
BEGIN
IF(CLK'EVENT AND CLK = '1') THEN
REG(0)< = DATAIN;
REG(7 DOWNTO 1)< = REG(6 DOWNTO 0) ;

END IF;
IF REG="01111110" THEN
0<="17
ELSE
0<="0';
END IF;
END PROCESS;
END ART;
& 3. 30 Sy fif i 7 F0 4G 0 2% B0 32 B R R R L R 3. 31 Sy i iR R A ARG I 2 Y B R AT B

—CLK

3,30 fa7 i Fe 41 AGL N 4% 1Y 2 R B

20.0 ns 40.0 ns 60.0 ns 80.0 ns 100.0 ns 120.0 ns 140.0 ns 160.0 ns

Bl 3,31 faj ik e A A I 2% f 15 e 0 R
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3.3 fefkdg

P FIRAEAH AR AR Z L T RE B AT LUy S R A7 it 4% (Read Only Memory, ROM)
FIBEHLAE 1% 2% (Random Access Memory, RAM) B k2%, ROM Hl RAM Jg T3 I K 1 %
PF s — AT AATE T 45002 R A PLD 7% i1 . (HR7ERF RGP, A I 7 2k
Th— /N AE it 1 o TR i a8 - WG B AR OB R it R AR . I AR I Ry
SR M 55 A A LR R T T R A b VR D 4 R D9 A R A A

3.3.1 RiEFHE28 ROM

SUSEAF A A A6 1B 5 T AERE AT DU A 52 BORCHE 5 AS RE R 8 M A% ok sl &0 5 A 808, 18 H F
171 T 7 B0 10 3, A R AR B9 ) R 435 4 O SIC IR A7 A &
[413.33] 8X8 {ii ROM f{#if.

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY ROM IS
PORT(ADDR: IN INTEGER RANGE 0 TO 7;
EN:IN STD LOGIC;
Q:0UT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ROM;
ARCHITECTURE ART OF ROM IS
BEGIN
PROCESS (EN, ADDR)
BEGIN
IF (EN='1') THEN Q< = "Z7Z777727";
ELSE
CASE ADDR IS
WHEN 0 =>Q<="01000001";
WHEN 1 =>Q<="01000010";
WHEN 2 =>Q<="01000011";
WHEN 3 =>0Q<="01000100";
WHEN 4 =>Q<="01000101";
WHEN 5 =>0Q<="01000110";
WHEN 6 =>0Q<="01000111";
WHEN 7 =>0Q<="01001000";
END CASE;
END IF;
END PROCESS;
END ART;

B VHDL JEACHS A B 8 X 8 fii ROM 1y i# % /R 3 B an &l 3. 32 frzs, b, ADDR
[2..0 2 b bk % A v, EN 2 fe 4% il 4 Ao, 24 EN=1 B, ROM ANGE TAE H ik QL7..0]%
FBHAS s 24 EN=0 i, ROM T.{E, H4 09 8086 i i A bk gese . 803,33 9 8 X8 fif
ROM (1 75 B A
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—EN

& 3.32 8X8 fii ROM [1i& 7R & Kl

Ps 20.0 ns 40.0 ns B0.0 ns 80.0 ns 100.0 ns 120.0 ns
Fame Value 1 ! 1 ! L 1
150. 23

i AIDR Boof 000 ¥ o0l ¥ o010 ¥ 0if ¥ 100 ¥ 101 ¥ 110 ¥ 111 ¥ 000 ¥ 001 ¥ 010 ¥ 011 ¥ 100 )
| ADDR[0] EO | | J | | | J | | [ J |
[ 4 ADDR[1] BO
| amEe B D | | —
; EN ]
§ Q B 0100C §i100000:100001C¥3100001 f¥J1000100410001014110001103§10001114§1001000)100000137100001¥)100001 {¥1000100{1000101)
hod (o] B 1 | J L I | J | I { | | |
hod a1l ED
Eed qlz] B0 | [ ]
hod a[3] ED |
2 Q4] BO
hod q[s] EO
hod afe] B 1
hod [Tl EO

& 3.33 8X8 fif ROM It} J& {5 B[]

3.3.2 FBNLZMEES RAM

RAM W) H & & A7t 50 AR AR A A 25 | A E K . RAM [/ P93 AT R 43 Sk ik 398 1
FIAF-fits BT 43

[%513.34] RAM & it. 2 Hs % 2 1 o H b 2 55 26 3 4 il o (RD. WR) | R 3 ¥
(CS) (B {F 45 (CLK) | b hik 2k CADR) B0 4 A 2k (DIND FECHE i th 2k (DOUT) 44 1.
RAM AR5 31 15 5 2y PEA A 18 R A2 5 A A7 A% 2R T .

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164.ALL;
USE IEEE. STD_LOGIC_UNSIGNED. ALL;
ENTITY RAM IS
GENERIC(WIDTH: INTEGER := 8;
DEPTH: INTEGER := 16) ;

PORT(RD, WR, CS, CLK: IN STD_LOGIC; —- B R EESES G
ADR:IN INTEGER RANGE 0 TO DEPTH - 1; —— Witk =
DIN:IN STD LOGIC VECTOR(WIDTH - 1 DOWNTO 0); -8 i AfFS
DOUT: OUT STD_LOGIC_ VECTOR(WIDTH — 1 DOWNTO 0)); -—8 ik i fF 5
END RAM;

ARCHITECTURE ART OF RAM IS
TYPE MEMORY IS ARRAY(O TO DEPTH — 1)OF STD_LOGIC_VECTOR(WIDTH — 1 DOWNTO 0);
SIGNAL RAM:MEMORY,;

BEGIN



WRITE: PROCESS(CS, WR, RD, DIN) —— ¥R 5 AR
BEGIN
IF(WR= '0"'AND CS= '0'AND RD = '1') THEN
IF CLK'EVENT AND CLK = '1' THEN
RAM(ADR)< = DIN;
END IF;
END IF;
END PROCESS;
READ: PROCESS(CS, WR, RD, ADR) —— 0¥ i A
BEGIN
IF(RD= '0'AND CS= '0'AND WR = '1') THEN
DOUT < = RAM(ADR) ;
ELSE
DOUT < = (OTHERS =>'Z') ;
END IF;
END PROCESS;
END ART;

REPAHPADHRE, RS AR WRITE, X WR=0 i, 763 £ & (CS=0
AND RD=1) B, 44058 8 47 4 DIN £k 45 & Hihk ADR /) RAM B, i 245 2 5%
(RD=0 AND CS=0 AND WR= 1) i}, lt RAM ¥ 45 2 #i ik ADR A RAM Ho0 Ay %L
P DOUT g 1 8 o 75 W00 20 1 2 m BHAS . B 3. 34 25 RAM 724 &% 1 i e 47 LA,

s 40.0 ns 80.0 ns 120.0 ns 160.0 ns 200.0 ns 240.0 ns 280.0 ns 320.0 ns 360.0

@ AR

1IH
DIN[T] BO
DIN[B] BO
DIN[S] BO
DIN[4] BO
DIN[3] BO I |
1IN[2] .17 [ I I O o e e e (N O O O O O D
DIN[1] BO [ | I \ ] | J ]

nrx(o] ol 1 ™1 1 1 ™1 1 1 1

ouT v z (0 Xt X2 33 X(a (5 X8 3T w8 X8 Y1011 iz Y13 1 Y15 31
ouT (0] B1
DOUT(1] BO | [ ] [ | | | | L
oUT (2] B0 B L
0UT [3] B 1 | | L

DOUT[4] BEO
DOUT[S] BO
DOUT[6] BO
DOUT[7] BO

g e e e I I S T A )

Bl 3.34 RAM 77 4% i B 7 1 B &
3.4 REMALIF

R HL(State Machine) & — AR T 204 I Fr L L 2 AR 2232 8 AL I A9 A% 0 AR AF L J2 5
B ROR | i AT AR PR B A R B R AR . RS HLA Y T A R A R — T RE Y 52 AL
ONE R A T A 2B X T TR A — A RSl B BT A A A R S = 8] AT
e IR e 1) ol A i S B2 R I RE Y S A
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IRSVURBE Fy A5 5 5 M EreR S LS A S 5 1 2C Z& ok 43, 7T DL 43 R B IR (Moore) B4 Fl
KL (Mealy) B, Hi i 15 5 RARY AR S A LIRS HLIFR A Moore BUR AL, W& 3. 35(a) i
~o HHEAE S AU Y RS A &, 1m0 H B AG S A RPRESIR N Mealy BUR S
L, W& 3. 35(b) frs .

input . next_state N output
R ki (P s -
current_state
clk REF s
—_——
reset
—|
(a) Moore BUIRZHL
next_state . output
A 7}(\\ =5 — A N p=A
input e current_state fi i 2%
clk IREF e
B —
reset
—_—
(b) Mealy LIRS

4 3.35 IR ZEH 7R 3 ]

AR WA R 3k T7 2R T BEAS S AR [F] o AE B A AH X [ 22 (9 15 4] FHRR P 2548 . RS E 2
H 4 FR oA HIX 4 FRA IR AR AR R LT 1 . EATTAT DA AT & B AN [RDE 20 A8 48 (0 JEACHY
BEAR S — AR . T T R S5 B A5 B PR .

(D BEWIER 73 . X H2E BB B Type state is(s0, 81,82, )5 E L HEE 5
current_state IR &5 5 next_state,

(2) EEEFHRE: ERBIRS T ATTREE . FOENI MR RIS E 5 1) next_
state PN ZE A SES M current_state 1,

(3) FEAHGHRE . RIEHMRE A AR FE 5 FY ERR S 2 T — RS HUE , DL &
iff 2 SRS ) i

(4) FHEHERR . 7 o8 MO AN SRR B0 T T R BIUAE A

3.4.1 Moore BURZSH,

[0 3.35) 5 )8 A pa) 2 oF e sh AL FE il 9 VHDL %3, ZEHmgnmAGESHE 3
A BEE S ok, B AAAF 5 reset FIJy m#EHIE S dir. i 15 5 24 phase[3..0], 45
AP EE . Mo PGS dir S 1B, ZORE RS 5 phase[3..0 4% | 0001,0010,
0100,1000,0001 AN G ER L4k . 2405 4I5S dir Jy 0 W, BE5K i i1 5 % phase[3..0]
F I 1000,0100,0010,0001,1000 F I 5 416 35 25 4k,

R 7 ] 4 B4 S RE R, i R S B e B RDIR S S B AR S MO &R L A i n &) 3. 36
3.9 iR,



$%3% FVHDLEFLIE AZERK 97

P 3,36 A HL Sl HIL A ] 5 DR 2 T £ A
£3.9 SHBINKESHHESHMNEXR

W& it {55 phase[3..0]
SO 0001
S1 0010
S2 0100
S3 1000

$vEm sl dl g ag VHDL #FWF .

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164.ALL;
ENTITY stepmotor IS
PORT(clk, reset:IN STD LOGIC;
dir:in STD LOGIC;
phase:0UT STD_LOGIC VECTOR(3 DOWNTO 0));
END stepmotor;
ARCHITECTURE ART OF stepmotor IS
TYPE states IS (S0,S1,S2,S3);
SIGNAL current_state:states;
BEGIN
PROCESS(clk)
BEGIN
IF clk'EVENT AND clk = '1' THEN
IF reset = 'l' THEN
current_state <= S0;
ELSE
CASE current_ state IS
WHEN SO =>
IF dir = '1' THEN
current state<=S1;
ELSE
current state<= S3;
END IF,
WHEN S1 =>
IF dir = '1' THEN
current state<=S2;
ELSE
current_state <= S0;
END IF;
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WHEN S2 =>
IF dir='1"' THEN
current state<=S3;
ELSE
current_state<=S1;
END IF;
WHEN S3 =>
IF dir = '1' THEN
current state <= S0,
ELSE
current state<=S52;
END IF;
WHEN OTHERS = >
current_state <= S0;
END CASE;
END IF;
END IF;
END PROCESS;
PROCESS(current state)
BEGIN
CASE current_state IS
WHEN SO = > phase<= "0001";
WHEN S1 = > phase<="0010";
WHEN S2 = > phase<="0100";
WHEN S3 = > phase<="1000";
END CASE;
END PROCESS;
END ARCHITECTURE ART,;

A 9 L B AL ) #1907 O AP 3. 37 FR

s 40.0 ns 80.0 ns 120.0 ns 160.0 ns 200.0 ns 240.0 ns 280.0 ns

Name H
Ld clk
! dir 1
| reset M
B H shase TR IR CETD CEER RN CREBED LR CR IR DD ER IR LELD EREDRLD ERER D CRED IR LD CD ER TR LR L]
| phaselo] 1 1 1 1 1 1 1 11 1
B hern N [y B T T
| shasel2) 11 Tl 71 71 71 71 71
B sheser paiiENpaliny [y paiipl [ il M

P 337 At L BB ] 4 0 T ]

[%13.36] SERH &ML VHDL i, ZoR. AFFE M. 1o 5 M. %A 1

JC 5 AR T S L B 2 JTRE T i BRI R 5 AR

REE L SO RRHIA ST RRTEA S MM, S2 KR A 1 L, S3 RRFTA 1

JL 5 FARET . S4 FR A 2 JuhE T

HIAE S : state_input(0) FE /R A 1 JLH M, state_input (D FE/RFTEA S AWM. A

9N 1 FRARBARET L ALE 508 0 RN REARET .

S comb_outputs(0) E/RHi H 52 ¥, comb_outputs(1) Fnk 5 fAF4k. Hiil

5o 1 Ron i i B Py sl i il 15508 0 F7n AN il ST W SO R R

FRAE BT ZR AT A3 BRI FE e K B 3. 38 Fiom . HAURASH S0.S1.82.83 il S4
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By AN state_input(0,1); il comb_outputs(0,1); %y AN S5AIRESH L, Wik s
FERAS B

KA/ {5 ki

00

F3.38 1135 SEHLE AR AT e

MG 3. 38 Aras RSB ) VHDL B FE R T .

LIBRARY IEEE,;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY SHOUHUOJI IS
PORT(clk, reset:IN STD LOGIC;
state inputs:IN STD LOGIC VECTOR(0 TO 1);
comb_outputs:OUT STD LOGIC VECTOR(0 TO 1));
END SHOUHUOJI,;
ARCHITECTURE ART OF SHOUHUOJI IS
TYPE fsm st IS(S0,S1,S2,S3,54);
SIGNAL current_state, next_ state:fsm_st;
BEGIN
reg:PROCESS(reset, clk)
BEGIN
IF reset = '1' THEN current state<=S0;
ELSIF rising edge(clk) THEN
current_ state <= next_ state;
END IF;
END PROCESS;
corn:PROCESS(current state, state inputs)
BEGIN
CASE current state IS
WHEN SO = > comb_outputs <= "00";
IF state inputs = "00" THEN next state<=S0;
ELSIF state inputs= "01" THEN next state<=S1;
ELSIF state inputs = "10" THEN next state<= S2;
END IF;
WHEN S1 => comb _outputs<="00";
IF state inputs = "00" THEN next state<=S1;
ELSIF state inputs="01" THEN next state<=S2;
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ELSIF state inputs = "10" THEN next state< = S3;
END IF;

WHEN S2 => comb_outputs <="00";
IF state inputs = "00" THEN next state<=S2;
ELSIF state inputs = "01" THEN next state<= S3;
ELSIF state inputs = "10" THEN next state<= 54;
END IF;

WHEN S3 => comb outputs<="10";
IF state inputs = "00" THEN next state<= S0;
ELSIF state inputs= "01" THEN next state<=S1;
ELSIF state inputs = "10" THEN next state<= S2;
END IF;

WHEN S4 = > comb outputs<="11";
IF state inputs = "00" THEN next state<=S0;
ELSIF state inputs="01" THEN next state<=S1;
ELSIF state inputs = "10" THEN next state<= S2;
END IF;

END CASE;

END PROCESS;
END ART;

3.4.2 Mealy BURTSH

5 Moore BURZEHLA ] Mealy BLUR S HLA 5 5 A S Y ERIREA G M H 5%
UNERZEP AN TN EREATNINER:S- AUUE 1 TN RN 7@ i B N A T S A s R e Ay A )
WEA . A — A AR 6] F R dE iR Mealy BRURZSHLA B TF o 72 L 20R S LA B AR S FF
£ MR ZS 2 5 ] — A~ SRR O o i th 2 48 D) — D R AR

(%] 3.371 Mealy BURZSHLAY VHDL %,

LIBRARY IEEE,;
USE IEEE. STD LOGIC 1164.ALL;
USE IEEE. STD_LOGIC_UNSIGNED. ALL;
ENTITY MEALY IS
PORT(clk, rst: IN STD LOGIC;
id:IN STD LOGIC VECTOR(3 DOWNTO 0);
v:0UT STD_LOGIC VECTOR(1 DOWNTO 0));
END MEALY,
ARCHITECTURE ART OF MEALY IS
TYPE states IS(state0, statel, state2, state3, stated);
SIGNAL state:states;
SIGNAL y1:STD LOGIC VECTOR(1 DOWNTO 0);
BEGIN
PROCESS(clk, rst)
BEGIN
IF rst = '1'THEN
state < = state0;
ELSIF (clk'EVENT and clk = '1') THEN
CASE state IS
WHEN stateO =>
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IF id = x"3" THEN state < = statel;
ELSE state <= state0;
END IF;
WHEN statel =>
IF id=x"1" THEN state< = state2;
ELSE state <= statel;
END IF;
WHEN state2 =>
IF id= x"7" THEN state < = state3;
ELSE state <= state2;
END IF;
WHEN state3 =>
IF id = x"B" THEN state <= state4;
ELSE state <= state3;
END IF;
WHEN stated =>
IF id = x"5" THEN state < = state0;
ELSE state <= state4;
END IF;
WHEN OTHERS = > state < = state0;
END CASE;
END IF;
END PROCESS;
PROCESS( state, clk, id)
VARIABLE tmp:STD_LOGIC_VECTOR(1 DOWNTO 0);
BEGIN
CASE state IS
WHEN state0 => IF id = x"3" THEN tmp := "01";
ELSE tmp :="00";
END IF;
WHEN statel => IF id = x"1" THEN tmp := "10";
ELSE tmp :="00";
END IF;
WHEN state2 = > IF id=x"7" THEN tmp :="11";
ELSE tmp :="00";
END IF;
WHEN state3 => IF id = x"B" THEN tmp := "00";
ELSE tmp :="00";
END IF;
WHEN state4 => IF id = x"5" THEN tmp := "01";
ELSE tmp :="00";
END IF;
WHEN OTHERS => y <="00";
END CASE,;
IF clk'EVENT and clk = '1' THEN
yl <= tmp,;
END IF;
END PROCESS;

y<=yl;

END ART;
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Mealy JRZSHLH 07 BB B WK 3. 39 Fros.

0 ps 20.9 ns 40.||3 ns EU.Q ns BD.IIJ ns IUD.ID ns 120.|0 ns
Hame
| ok S U Y S S o S Y S Y Y S Sy
| @ id 3 X 1 b K by B b 5 o3 T X B
> rst
b4 state @(statel X statel X stated b4 stated X statel b4
= By KOO 01 10 % oo % 11 % 00 W o1 W oo o1 %
Bl 3.39  Mealy qRAHLA 5 H P F
H
> 3

Lo BBl —A> 4 2 1 Bl e i 4s

2. WA G BB —A 4 A0 = 3k KRk dL i .

3. AT —A> 16 (I as R iy 4 A IFATHEAL B 4 A7k 45 53 B A .

Ao BEHF AN AT S 20 2 S R S 2D A S ) AT RS

5. A AMPRENL? REPLAYFEARZE R AT 27 RSB RS A T LE 7

6. Beit—A [Al A0 T E D RERY 16 A7 st 4 s .

7. RS AL . BT — iy

8. MR AEPL VHDL #34 J7r & B0 — PSS SR I a5 ZORE S i A 4 a4
ANLAEAY 1 i O 17 U O 0.



