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sequential logic circuits

2.1
sequential logic circuits
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A 21
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3.5
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SPICE  Simulation Program with Integrated Circuit Emphasis
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SN74LS292N
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22
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470u F 2
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SN74LS00 SN74LS08
SN74LS00 NAND IC SN74LS08 AND IC
3.7 SN74LS00 SN74LS08
SN74LS00 SN74LS08
MIN [ NOM | MAX | MIN | NOM | MAX
Vcc Suppy voltage (V) 4.75 5 5.25 4.75 5 5.25
ViH High-level input voltage 2 2
V)
ViL Low-level input voltage 0.8 0.8
V)
lon High-level output current -0.4 -0.8
(mA)
lo. Low-level output current 16 16
(MmA)
TA Operating free-air 0 70 0 70
temperature ()
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3.9 74LS169B

SN74LS169B
MIN | NOM | MAX
VCC Suppy voltage (V) 4.5 5 55
VIH High-level input voltage (V) 2
VIL Lowe-level input voltage (V) 0.8
IOH High-level output current (mA) -0.4
IOL Low-level output current (mA) 8
Fclock  Clock frequency (MHz) 0 40
tw Pulse duration, CLK high or Low (ns) 12.5
A 'S, CorD| 15
tsu Setup time sefore CLK (ns) ENPorENT| 15
LOAD 15
u/D 15
th Hold time,data after CLK 0
TA Operating free-air temperature () 0 70
SN74LS169B
34 1 H
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SN74LS169B ENP ENT  AND L
RCO LOAD
/
SN74LS292N
SN74LS292N
IC 1Hz
3.10 SN74LS292N
SN74LS292N
MIN | NOM | MAX
Vcc Suppy voltage (V) 4.7 5 5.25
Vin High-level input voltage (V) 2
ViL Low-level input voltage (V) 0.8
lon High-level output current -1.2
(mA)
lo. Low-level output current (mA) 24
Fclock Clock frequency (MHz) 0 30
tw Pulse duration, CLK high or Low (ns) 16
tsu Setup time sefore CLK (ns) 55
th Hold time,data after CLK 15
Ta Operating free-air temperature
() 0 70
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SN74L.S247P

SN74L.S247P SN74LS169B 4
BCD 8 7
3.11 SN74LS247P
SN74LS247P
MIN NOM MAX
Vcc Suppy voltage (V) 4.75 5 5.25
Vo Off-state output voltage | athrug 15
lo On-state output current athrug 40
lon High-level output current -200
LA Bl /RBO
lo. Low-level output current 8
(A Bl /RBO
TaA Operating free-air temperature () 0 70
B []1 U 16 1 vee
c L2 1519
LT L3 14 [ ] f
Bl / RBO[] 4 13 Ja
RBI [ & 2l Jb
D[] 6 n L Jec
A Ly 10— d
GND s of 1 e

3.6 SN74LS247P
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4.1

Hardware Description Language

Pascal

1 Register Transfer Level

Verilog HDL
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1 HDL

VHDL Verilog HDL UDL/I SFL
1981 1984 1987 1981
IEEE Cadence NTT
1987 1985 1990 1985
SECONDS
SFLEXP
1993 1999 1992
Very High Speed integrated circuit Hardware
Description Language
Very High Speed IC HDL
IEEE Std- 1076 IEEE Std- 1164
VHDL
VHDL
VHDL
Verilog HDL Cadence Verilog XL
HDL
1995 IEEE Std- 1364 Verilog HDL
Verilog HDL
RTL
SFL HDL SFL
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SFL

SFL
VHDL  Verilog HDL
SFL
4.2
1 library IEEE;
2 use IEEE.std_logic_1164.all;
3
4 entity JK _FFis
5 port (CK, J, K :in std_logic;
6 Q, Qnot : out std_logic);
7 end JK_FF;
8
9 architecture BEHAVIOR of JK_FF is

11 signal INPUT : std_logic_vector (2downto 0)
12 signal TMP : std_logic;

13

14 begin

15 INPUT <= CK & J & K

16 process ( INPUT ) begin

17 case INPUT is

18 when “101" => TMP <='0";

19 when “110" => TMP <="1";

20 when “111” => TMP <= not TMP;
21 when others => null;
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22
23
24
25
26

end case;
end process;
Q <=TMP;
Qnot <= not TMP;
end BEHAVIOR,;

bit

bit vector

0} - r

IEEE=The Institute of Electrical and Electronics Engineers

architecture 9 26

36
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4.3 VHDL —_ —
Electronics Workbench
multiSIM VHDL

431 7

Li brary i eee;
use ieee.std logic _1164. all

entity segnent7 is
port (
D :in std | ogic_vector(3 downto 0);
DO : out std logic_vector(6 downto 0)
);

end segnent 7;

architecture RTL of segnment?7 is

begi n
process(Dl)
begi n
case DI is
--gfedcba
when "0000" => DO <= "0111111";
when "0001" => DO <= "0000110";
when "0010" => DO <= "1011011";
when "0011" => DO <= "1001111";
when "0100" => DO <= "1100110";
when "0101" => DO <= "1111101";
when "0111" => DO <= "0000111";
when "1000" => DO <= "1111111";
when "1001" => DO <= "1101111";
when others => DO <= "1111111";
end case;
end process;
end RTL;
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43.1

4.3.2

l'ibrary ieee;
use ieee.std logic _1164. all
use ieee.std | ogic_unsigned. all;

entity countl10 is

port (
CLK, RESET :in std_| ogic;
CYin :in std_|ogic;
Q : out std_|ogic _vector ( 3 downto 0 );
CYout . out std_logic
);

end count 10;

architecture RTL of countl10 is
signal TQ : std _logic _vector ( 3 downto 0 );
begi n
process ( CLK, RESET, CYin ) begin --10count
if ( RESET = "1'" ) then
TQ <= "0000";
elsif ( CLK 'event and CLK = '"1'" and CYin ="1" ) then
if (TQ = "0000") then

TQ <= "1001";
el se
TQ<=TQ - "1';
end if;
end if;

end process;

process ( TQ CYin ) begin
if (TQ = "0000" and CYin = "1") then
Cyout <= '1";
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el se
Cyout <= '0';
end if;
end process;

Q<= TQ

end RTL;

4.3.2

4.3.3

library ieee;
use ieee.std |ogic_1164. al |
use ieee.std_| ogic_unsigned. all;

entity CDT is

port( CLK, RESET : in std_logic;
SBF, SBS : out std_logic_vector(6 downto 0);
--byou
SHF, SHS : out std_logic_vector(6downto 0); --hun
SJF, SJS . out std_|ogic_vector(6 downto
0);--jikan
SHIF, SHI' S : out std_logic_vector(6 downto 0)
--hiniti
);
end CDT;

architecture RTL of CDT is

component segnent 7

port (
D : in std_| ogic_vector(3 downto 0);
DO : out std_logic_vector(6 downto 0)
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)

end conponent;

conponent COUNT10 is

port (
CLK, RESET :in std_| ogic;
CYin :in std_| ogic;
Q : out std_| ogic_vector(3 dowto 0)
CYout » out std_l|ogic
);

end conponent;

signal TQ, TQ, Tk, TQ, TQn T, TQo, TQp
std_Il ogi c_vector (3 downto 0);
si gnal CYa, CYb, CYc, Cvd, CYe, CYf, Cvyg : std_l ogic;

begi n
--byou
process (CLK, RESET) begin
if (RESET = "1'" ) then
TQ <= "1001";
elsif (CLK event and CLK = "1'" ) then

if (TQ = "0000" ) then
TQ <= "1001";
el se
TQ <=TQ - '"1';
end if;
end if;

end process;

process (TQ ) begin

if (TQ = "0000" ) then
Cya <= '"1';

el se
Cya <= '0';
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end if;
end process;

process (CLK, RESET, CYa) begin
if (RESET = "1'" ) then
TQ <= "0101";
elsif (CLK event and CLK = '1'" and Cya ='"1') then

if (TQ = "0000" ) then
TQ <= "0101";
el se
Qg <=TQ - '1';
end if;
end if;

end process;

process (TQ, Cva) begin

if (TQ = "0000" and CYa = "1') then
CYb <= "1';

el se
CYb <= '0';

end if;

end process;

- - hun
process (CLK, RESET, CYb) begin
if (RESET = "1'" ) then
Tk <= "1001";
elsif (CLK event and CLK = '"1'" and CY¥b = "'1" ) then
if (TQk = "0000" ) then
Tk <= "1001";
el se
Tk <= Tk - '"1';
end if;
end if;
end process;
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process (TQk, CYb) begin
if (TG = "0000" and CYb = '"1") then

Cyc <= '1';
el se

CYc <= '0';
end if;

end process;

process (CLK, RESET, CYc) begin
if (RESET = "1'" ) then
TQ <= "0101";
elsif (CLK event and CLK = '1'" and CYc ="1') then

if (TQ = "0000" ) then
TQ <= "0101";
el se
TQ <= TQ - '"1';
end if;
end if;

end process;

process (TQ , CY¥c) begin

if (TQ = "0000" and CYc = "1') then
Cyd <= '"1';

el se
Cyd <= '0';

end if;

end process;

--jikan
process (CLK, RESET, CYd) begin
if (RESET = "1'" ) then
TQn <= "0011";
elsif (CLK event and CLK = '"1'" and Cvyd = '1') then
if (TQm = "0000" ) then
TQn <= "1001";
if (TQm = "0000" and TOn = "0000" ) then
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TQm <= "0011";
end if; -- <= point
el se

TQn<= TQm - '1';

end if;
end if;
end process;

process (TQm CYd) begin
if (TQm = "0000" and CYd = '1') then

CYe <= '"1';
el se

CYe <= '0';
end if;

end process;

process (CLK, RESET, CYe) begin
if (RESET = "1'" ) then
TOh <= "0010";
elsif (CLK event and CLK = '1' and CYe ="1') then
if (TQ1 = "0000" ) then
TOh <= "0010";
el se
TN <= T - '"1';
end if;
end if;
end process;

process (TQn, CYe) begin
if (TQ = "0000" and CYe = '1') then

Cyf <= "'"1';
el se

CYf <= "'0";
end if;

end process;
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--hiniti
process (CLK, RESET) begin
if (RESET = "1'" ) then
TQo <= "1001";
elsif (CLK event and CLK = '"1' and CYf = "'1') then
if (TQo = "0000" ) then
TQo <= "1001";
el se
TQ <= TQo - '1';
end if;
end if;
end process;

process (TQ , CYf) begin

if (TQ = "0000" and CYf = "1') then
Cyg <= '1';

el se
Cyg <= '0';

end if;

end process;

process (CLK, RESET, CYQg) begin
if (RESET = "1'" ) then
TQp <= "1001";
elsif (CLK event and CLK = '1'" and Cy¥g ="1') then
if (TQp = "0000" ) then
TQp <= "1001";
el se
TQp <= TQ - '1';
end if;
end if;
end process;

--7seg
U0 : segnment?7 port map(TQ , SBF);--byou
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Ul : segnment?7 port map(TQ, SBS);
U2 : segnment?7 port map(TQk, SHF);--hun
U3 : segnment?7 port map(TQ , SHS);
U4 : segnment?7 port map(TQm SJF);--jikan
U5 : segnment?7 port map(TQn, SJS);
U6 : segnment?7 port map(TQo, SHIF);--hiniti
U7 : segnment?7 port map(TQo, SHI S);
end RTL;
4.3.3
434 7
-- Auto-generated test bench tenplate for: SEGVENT7
-- Note: conments beginning with WZ should be left intact.
-- Ot her comments are informational only.
-- MultisimVHDL software version: 5.15a

library ieee;
use ieee.std | ogic_1164. al |

use std.textio.all;
use wor k. SEGVENT7;

entity TESTBNCH is
end TESTBNCH,
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architecture stinulus of TESTBNCH i s

conponent SEGVENT7 is

port (
DI : in std_logic_vector (3 downto 0);
DO : out std logic_vector (6 downto 0)

)

end conponent;

constant PERIOD: tinme := 100 ns;

signal DI : std_logic _vector (3 downto 0);
signal DO : std_logic _vector (6 downto 0);

begi n
DUT: SEGVENT7 port map (
DI,
DO
)i
process
begi n
DI <= "0000"; wait for 75 ns;
DI <= "0001"; wait for 75 ns;
DI <= "0010"; wait for 75 ns;
DI <= "0011"; wait for 75 ns;
DI <= "0100"; wait for 75 ns;
DI <= "0101"; wait for 75 ns;
DI <= "0110"; wait for 75 ns;
DI <= "0111"; wait for 75 ns;
DI <= "1000"; wait for 75 ns;
DI <= "1001"; wait for 75 ns;

DI <= "0000"; wait for 75 ns;
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wait ;
end process;

end sti mul us;

434 7

-- Auto-generated test bench tenplate for: COUNT10

-- Note: comments beginning with WZ should be left intact.
-- Ot her conmments are informational only.

-- MultisimVHDL software version: 5.15a
library ieee;
use ieee.std |ogic_1164. al |
-- useieee.nuneric_std.all; -- Note: uncoment thisif you
use
-- | EEE standard signed or
unsi gned types.
-- use ieee.std logic_arith.all; -- Note: uncoment/nodify
this if you use
-- Synopsys signed or unsigned
types.
use std.textio.all;
use wor k. COUNT10;

entity TESTBNCH is
end TESTBNCH,

architecture stimulus of TESTBNCH i s
conponent COUNT10 is

port (

a7




clk: in std_logic;

reset: in std_| ogic;

CYin: in std_|ogic;

Q out std logic_vector(3 downto 0);
CYout: out std logic

)

end conponent;

-- Top level signals go here...

signal clk: std_logic;

signal reset: std_|ogic;

signal CYin: std_logic;

signal Q@ std_logic _vector(3 downto 0);
signal CYout: std_| ogic;

signal clock _cycle : natural :=0;

begi n
DUT: COUNT10 port map (
cl k,
reset,
CYi n,
Q
CYout

)

CLOCK1: process

begi n
clock _cycle <= clock_cycle + 1,
clk <= "1"; wait for 30ns;
clk <= "'0"; wait for 30ns;

end process CLOCK1;

STI MULUSL: process
begi n

-- Sequential stinmulus goes here...
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-- Sanple stinulus...

RESET <= "1'; -- Reset the system
wait for 30ns; -- Wait one clock cycle
RESET <= '0'; -- de-assert reset

-- Enter nore stimulus here...

CYin <= "1";
wai t ; -- Suspend sinul ation
end process STI MJLUSL;

end sti mul us;

435 10

-- Auto-generated test bench tenplate for: CDT

-- Note: conments beginning with WZ should be left intact.
-- Ot her comments are informational only.

-- MultisimVHDL software version: 5.15a
library ieee;

use ieee.std | ogic_1164. al |

use std.textio.all;

use wor k. CDT;

entity TESTBNCH is
end TESTBNCH,
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architecture stinulus of TESTBNCH i s
conponent CDT is
port (

CLK: in std_logic;
Reset: in std_| ogic;
SBF: out std _|logic_vector(6 downto 0);
SBS: out std _|logic_vector(6 downto 0);
SHF: out std | ogic_vector(6 downto 0);
SHS: out std _|logic_vector(6 downto 0);
SJF. out std _logic_vector(6 downto 0);
SJS: out std _logic_vector(6 downto 0);
SHI F: out std _|logic_vector(6 downto 0);
SHI'S: out std _|ogic_vector(6 downto 0)

)

end conponent;

-- Top level signals go here...

signal CLK: std_logic;

signal Reset: std_ | ogic;

signal SBF: std _|logic_vector(6 downto 0);
signal SBS: std _|logic_vector(6 downto 0);
signal SHF: std _logic_vector(6 downto 0);
signal SHS: std _logic_vector(6 downto 0);
signal SJF: std _logic_vector(6 downto 0);
signal SJS: std _logic_vector(6 downto 0);
signal SHI F: std |logic _vector(6 downto 0);
signal SHI'S: std |logic_vector(6 downto 0);
signal Clock _cycle: std_|ogic;

begi n
DUT: CDT port map (
CLK,
Reset,
SBF,
SBS,
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SHF,
SHS,
SJF,
S
SHI F,
SHI S

)

CLOCK1: process
begi n
Clock _cycle <= Clock _cycle + '"1';
CLK <= "1'"; wait for 10ns;
CLK <= '0'; wait for 10ns;
end process CLOCK1;

STI MULUSL: process

begi n
RESET <= '1'; wait for 15ns;
RESET <= '0';
wait ; -- Suspend sinul ation

end process STI MJLUSZL;

end stimul us;

4.3.6

4.1 4.2 4.3

1sec = 10ns 15ns 30ns 75ns
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