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ENTITY half_adder IS
PORT(a, b: IN Bit;
sum, carry: OUT Bit);
END half_adder;
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1| ARCHITECTURE ha_behavioral OF half_adder IS

2| BEGIN

3 s: PROCESS(a, b)

4 BEGIN

5 IF a = b THEN

6 sum <= '0';

7 ELSE

8 sum <= (a OR b);
9 END IF;

10 END PROCESS;
11 c: PROCESS(a, b)

12 BEGIN

13 CASE a IS

14 WHEN 'O' => carry <= a;
15 WHEN '1' => carry <= b;
16 END CASE;

17 END PROCESS;
END ha_behavioral;
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ARCHITECTURE ha_concurrent OF half_adder IS
BEGIN

sum <= a XOR b AFTER 8 ns;

carry <= a AND b AFTER 4 ns;
END ha_concurrent;

N
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ARCHITECTURE ha_structure OF half_adder IS
COMPONENT xor2
PORT(x, y: IN Bit;
4 z: OUT Bit);
END COMPONENT;
COMPONENT and2
PORT(1, m: IN Bit;

w » o =

=

~

8 n: OUT Bit);
9 END COMPONENT;
10| BEGIN

11 x1: xor2 PORT MAP(a, b, sum);
12 al: and2 PORT MAP(a, b, carry);
13| END ha_structure;

2014 44 A



0000000080

¥ 35 LA M R i

flyzhy_and2:a1

a l

o i \| 1 carry

wor2xl | ———TJ = sum

2014 44 A 13 /48



000000000

flyzhy_and2:al

ED :n i ——— [ carry carry~0
= [ D———mmcamy

sum-~0
[T ) >——mmsum

*orZ i 7| b———T{ = sum

surm~0
A
5~

ey

= sum

carry-0

2014 44 A 14/48



[¢]
(o]
(o]
(o]
(o]
(o]
o]
(o]
(o]
[¢]
[ ]

mw

-
&
=
S




O®000000000

S REFE

2014 44 A 16 /48



O®000000000

S REFE

outl — 4 @ ifc =0,
Sl b ifc=1.

2014 44 A 16 /48



0OO0@00000000

1| ENTITY mux IS
2 PORT(a, b, c: IN Bit; outl: OUT Bit);
3| END mux;
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ARCHITECTURE mux_arch3 OF mux IS
BEGIN
PROCESS(a, b, c)
BEGIN
IF c='0' THEN
outl <= a;
ELSE
outl <= b;
END IF;
END PROCESS;
END mux_arch3;

R =

S

—_
- o

2014 44 A 18/48



O000@000000

FEA (F BB R P) 2014448 19/48



0O0000@00000

MR — B ANE & THREX (B RHHE)

ARCHITECTURE mux_arch2 OF mux IS
BEGIN

outl <= (NOT c AND a) OR (c AND b);
END mux_arch?2;
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ENTITY inverter IS
PORT(a: IN Bit; b: OUT Bit);
END inverter;
ARCHITECTURE inv_arch OF inverter IS
BEGIN
b <= NOT a;
END inv_arch;

ENTITY nand2 IS

PORT(a, b: IN Bit; c: OUT Bit);
END nand?2;
ARCHITECTURE nand2_arch OF nand2 IS
BEGIN

c <= a NAND b;
END nand2_arch;

ENTITY mux IS
PORT(a, b, c: IN Bit; outl: OUT Bit);
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1| ARCHITECTURE mux_archl OF mux IS
2 SIGNAL a_n, b_n, c_not: Bit;

3 COMPONENT inverter

4 PORT(a: IN Bit;

5 b: OUT Bit);

6 END COMPONENT;

7 COMPONENT nand?2

8 PORT(a, b: IN Bit;

9 c: OUT Bit);

END COMPONENT;

BEGIN
UO: inverter PORT MAP(a => c, b => c_not);
Ul: nand2 PORT MAP(a => a, b => c_not, ¢ => a_n);
U2: nand2 PORT MAP(a => b, b => ¢, ¢ => b_n);
U3: nand2 PORT MAP(a => a_n, b => b_n, ¢ => outl);
END mux_archil;

SN N =
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ARCHITECTURE mux_archl OF mux IS
SIGNAL a_n, b_n, c_not: Bit;
COMPONENT inverter
PORT(a: IN Bit;
b: OUT Bit);
END COMPONENT;
COMPONENT nand?2
PORT(a, b: IN Bit;
c: OUT Bit);
END COMPONENT;

BEGIN
UO: inverter PORT MAP(a => c, b => c_not);
Ul: nand2 PORT MAP(a => a, b => c_not, ¢ => a_n);
U2: nand2 PORT MAP(a => b, b => ¢, ¢ => b_n);
U3: nand2 PORT MAP(a => a_n, b => b_n, ¢ => outl);
END mux_archil;

BEGIN
UO: inverter PORT MAP(c, c_not);
Ul: nand2 PORT MAP(a, c_not, a_n);
U2: nand2 PORT MAP(b, c, b_n);

U3: nand2 PORT MAP(a_n, b_n, outl);

END mux_archil;
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ENTITY decoder2x4 IS
PORT(a, b, enable: IN Bit;
z: OUT Bit_Vector(0 TO 3));
END decoder2x4;
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1| ARCHITECTURE dec_sequential OF decoder2x4 IS
2| BEGIN

3 PROCESS(a, b, enable)

4 VARIABLE temp: Bit_Vector(1 DOWNTO 0);

5| BEGIN

6 temp := a & b;

7 IF enable = '1' THEN

8 CASE temp IS

9 WHEN "00" => z <= "0111";

10 WHEN "01" => z <= "1011";

11 WHEN "10" => z <= "1101";

12 WHEN "11" => z <= "1110";

13 WHEN OTHERS => z <= (OTHERS => '1');
14 END CASE;

15 ELSE

16 z <= (OTHERS => '1');

17 END IF;

18| END PROCESS;

1ol END:
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1| ARCHITECTURE dec_sequential OF decoder2x4 IS
2| BEGIN

3 PROCESS(a, b, enable)

VARIABLE abar, bbar: Bit;

4

5 BEGIN

6 abar := NOT a;

7 bbar := NOT b;

8 IF enable = '1' THEN

9 z(3) <= NOT (a AND b);

10 z(0) <= NOT (abar AND bbar);
11 z(2) <= NOT (a AND bbar);
12 z(1) <= NOT (abar AND b);
13 ELSE

1 z <= "1111";

15 END IF;

16 END PROCESS;
17| END dec_sequential;
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1
2

3| BEGIN

4 z(3)
5 z(0)
6 bbar
7 z(2)
8 abar
9  z(1)

<=
<
<=
<=
<=
<

ARCHITECTURE dec_dataflow OF decoder2x4 IS
SIGNAL abar, bbar: Bit;

NOT (a AND b AND enable);

NOT (abar AND bbar AND enable);
NOT b;

NOT (a AND bbar AND enable);
NOT a;

NOT (abar AND b AND enable);

10| END dec_dataflow;
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1| ARCHITECTURE dec_str OF decoder2x4 IS
COMPONENT inv

3 PORT(pin: IN Bit; pout: OUT Bit);

4 END COMPONENT;

5 COMPONENT nand3

6 PORT(dO, d1, d2: IN Bit; dz: OUT Bit);

7 END COMPONENT;

8 SIGNAL abar, bbar: Bit;

9| BEGIN

10/ vO: inv PORT MAP(a, abar);

11 v1l: inv PORT MAP(b, bbar);

12 n0: nand3 PORT MAP(enable, abar, bbar, z(0));
13| nil: nand3 PORT MAP(abar, b, enable, z(1));
14 n2: nand3 PORT MAP(a, bbar, enable, z(2));
15 n3: nand3 PORT MAP(a, b, enable, z(3));

16| END dec_str;

o
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ENTITY full_adder IS
PORT(a, b, c_in: IN Bit;
sum, c_out: OUT Bit);
4| END full_adder;

> N =

6| ARCHITECTURE rtl OF full_adder IS

7 SIGNAL temp_sum: Bit;

8| BEGIN

9 temp_sum <= a XOR b AFTER 20 ns;

10 sum <= temp_sum XOR c_in AFTER 20 ns;

11 c_out <= (a AND b) OR (temp_sum AND c_in) AFTER 22 ns;
12| END rtl;
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ENTITY full_addr IS
PORT(a, b, c_in: IN Bit; sum, c_out: OUT Bit);
END full_addr;

ARCHITECTURE fa_mixed OF full_addr IS
COMPONENT xor2
PORT(pl, p2: IN Bit; pz: OUT Bit);
END COMPONENT;
SIGNAL si1: Bit;

BEGIN
x1: xor2 PORT MAP(a, b, sl1); --Structural description
PROCESS(a, b, c_in) --Behavioral description
VARIABLE t1, t2, t3: Bit;
BEGIN
t1l := a AND b;
t2 := b AND c_in;

t3 := a AND c_in;
c_out <= t1 OR t2 OR t3;
END PROCESS;
sum <= s1 XOR c_in; --RTL description
END fa_mixed;
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ENTITY latch IS
GENERIC (n: Positive := 8);
PORT (eg: IN Bit;
d: IN Bit_Vector(n-1 DOWNTO 0);
q: OUT Bit_Vector(n-1 DOWNTO 0));
END latch;

SN e R N =

8| ARCHITECTURE latch_eg OF latch IS

9| BEGIN

10 PROCESS (eg)

11 BEGIN

12 IF eg='1' THEN
13 q <= d;

14 END IF;

15 END PROCESS;
16| END latch_eg;
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ENTITY dff IS
PORT (clk, d: IN Bit;
q, q_n: OUT Bit);
4| END dff;

R =

6| ARCHITECTURE dff_bhv OF dff IS

7| BEGIN

8|  PROCESS(clk)

9 BEGIN

10 IF clk'Event AND clk='1' THEN
11 q <= d;

12 q_n <= NOT d;

13 END IF;

14 END PROCESS;
15| END dff_bhv;
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1| clk <= NOT clk AFTER 10 ns; I

d | L | L] |

10 20 30 40 50 60 70

PROCESS

BEGIN
clk <= '0';
WAIT FOR 20 ns;
clk <= '1';
WAIT FOR 12 ns;

END PROCESS;
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clk <= NOT clk AFTER 10 us;

o o

10 20 30 40 50 60 70

WAIT FOR 12 ns;
END PROCESS;

R RV T 8] & B4 I8 A
1| PROCESS
2| BEGIN
3 clk <= '0';
4 WAIT FOR 20 ns;
5 clk <= '1';
6
7

clk
20 32 52 64 84 96 ns
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