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MOSFET IC

pMOS  nMOS
MOS IC CMOS
CMOS p MOSFET n MOSFET
TTL
CMOS IC TTL
IC
IC
IC IC
TTL LS TTL
CMOS  74HC 4000/4500
IC IC
74 IC 74LS
OO 74LSx x x O X
o0 LS
X X X IC
X X X LS
3.1.1 3.1.2
SN |TI L
MC1 S
CD LS
MM H
u PD AS
TC ALS
MB HC
HD
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3.2

IC
3.2.1 TTL 4 IC
TTL( )
SN74160
SN74161
SN74162
SN74163
SN74168 BCD
SN74169 —
SN74190 BCD
SN74191 —
SN74192 BCD,
SN74193 —
SN74568 BCD
3
SN74569 —
3
SN74668 —/
SN74669 —/
TTL( )
SN7490 10
SN7493 16
SN74390 7490% 2
SN74393 7493x 2
SN74490 7490% 2
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3.2.2 CMOS 4 IC

CMOS
CD40102 4 BCD DOWNx 2
CD40160 4 10
CD40161 40160 —
CD40162 40160
CD40163 40160 —
CD40192 4 BCD  UP/DOWN
CD40193 4 —UP/DOWN
CD4526 4
CD7493 4 —

CD74161 —

CD74163 —

CD74190 UP/DOWN  BCD
CD74191 UP/DOWN —
CD74192 UP/DOWN —
CD74193 UP/DOWN —
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HD74LS247P

3.3.1 HD74LS247P

SN74LS247P
MIN NOM MAX
\VCC Supply voltage 4.75 5 5.25
VO Off-state output voltage 15
10 On-state output current 40
IOH  High-level output current |B] RBO -200
I0L  Low-level output current Bl RBRO 8
TA Operating free-air temprature 0 70
3.3.2 HD74LS247P

10

A B C D a b c d e T g
0 0 0 0 0 0 0 0 0 0 0 1 0
1 0 0 0 1 1 0 0 1 1 1 1 1
2 0 0 1 0 0 0 1 0 0 1 0 2
3 0 0 1 1 0 0 0 0 1 1 0 3
4 0 1 0 0 1 0 0 1 1 0 0 4
5 0 1 0 1 0 1 0 0 1 0 0 5
6 0 1 1 0 0 1 0 0 0 0 0 6
7 0 1 1 1 0 0 0 1 1 1 1 7
8 1 0 0 0 0 0 0 0 0 0 0 8
9 1 0 0 1 0 0 0 0 1 0 0 9
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SN74LS169BN

3.3.3 SN74LS169BN

SN74LS169BN UNIT
MIN NOM MAX
\V/CC Supply voltage 4.5 5 6
VIH High-level input voltage 2
VIL Low-level input voltage 1
10H High-level output current -0
10L Low-level output current 8
Fclock Clock frequency 0 40
Tw Pulse duration,CLK high or low (12.5
Tsu Setup time beforeA,B,C,or D 15
CLK? ENP or ENT 15
LOAD 15
u/D 15
Tsu Hold timw,data after CLK1 0
TA Operating free-air temprature |0 70
uD [} 1 Um]vm
CLk[l2  1sJ RCO
All3 14]] Qa
B[4 13[] Qg
clls 12l] Q¢
D[s 1[ Qp
ENP[]7 10[] ENT
GND[] 8 9[] LOAD
3.3.4 SN74LS169BN IC
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SN74LS292N
3.3.4 SN74LS292N

SN74LS292N

MIN NOM MAX
\VCC Supply voltage 4.75 5 5.25
VIH High-level input voltage 2
VIL Low-level input voltage 0.8
10H High-level output current -1.2
10L Low-level output current 24
Fclock Clock frequency 0 30

Tw Pulse duration,CLK high or lowl6

Tsu Setup time sefore CLK 55
Th Hold time,data after CLK 15

o

TA Operating free-air temprature 70

3.3.5 SN74LS292N

B = 1 U 15 - VCC CLEAR CLK1 CLK2 Q OUTPUT MODE
eCe wsfc [ [0 [0 o
P13 1a[dD i D P
CLK 1 : 4 13 :I TP 3 |H H x Inhibit
CLK 2 [’_‘ 5 12 : & H x H Inhibit
P26 11[JCLR
Qal]7 10[JA
GND[]s 9[]NC

3.3.6 SN74LS292N IC

26




SN74LS00(AND)
3.3.6 SN74LSO0(AND)

SN74LS08(OR)
SN74LS08(0R)

SN74LS00

SN74L.508

MIN NOM

MAX

MIN NOM

MAX

VCC

Supply voltage

4.75 5

5.25

4.75 5

5.25

VIH

High-level input voltage

2

2

VIL

Low-level input voltage

0.8

0.8

10H

High-level output current

-0.4

-0.8

10L

Low-level output current

16

16

TA

Operating free-air temprature

70

70

GND ]

2A ([

SN74LSO8N(AND)

il Uralvee
18002 13[] 4B
1y O3 12[J4A

4 1[4y
285 10[] 3B
2y (s 9[] 3A

7 8[]3Y

3.3.7 1C

SN74LSOON  NAND

GND [

1A O
18 0
1y O

2A [
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4.1 HDL

HDL
4.1.1 DA
HDL
Design Automation DA
logic Synthesis
HDL HDL
HDL LSI
HDL HDL
HDL VHDL  Verilog-HDL 2
2 VHDL

Verilog-HDL LSI
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4.1.2 VHDL

VHDL HDL
VHSIC Very High Speed IC 1981
1983 1987
Language Reference Manual : LRM 1987
IEEE Std-1076
4.1.3 Verilog-HDL
Verilog-HDL Cadence Verilog-XL
1995 IEEE Std-1364 HDL
Verilog-HDL  Verilog-HDL
RTL
4.1.4
HDL ASIC
l
CPU  DSP
ASSP ASIC
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4.2.1

VHDL

library IEEE;
use IEEE.std_logi
use IEEE.std_logi

entity countl0 1is
port (
CLK,RESET
CYIN
Q
Ccyout
);

end countl0;

architecture RTL
signal TQ : std_I
begin
process ( CLK,RES
variable Q: integ
begin --10count
if ( RESET =
TQ <= "1
elsif (CLK *
if (TQ =
TQ <=
else
TQ <=
end 1f;
end if;

end process;

c_1164.all;
c_unsigned.all;

- in std_logic;
> In std_logic;
- out std_logic_vector ( 3 downto O );
> out std_logic

of countl0 is
ogic_vector ( 3 downto 0 );

ET,CYIN )
er range 0 to 9;

"1 ) then
001";
event and CLK = "1" and CYIN ="1" ) then
"0000") then
"1001";

TQ - "1%;
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process ( TQ,CYIN ) begin
if (TQ = "0000" and CYIN = "1%) then
CYOUT <= "17;
else
CYOUT <= "0%;
end 1f;
Q <= TQ;

end process;

end RTL;

library ieee;
use ieee.std logic_1164.all;

use std.textio.all;
use work.COUNT10;

entity TEST countlO is
end TEST countl0;

architecture test of TEST countlO is

component COUNT10 is
port (
CLK: in std_logic;
RESET: in std_logic;
CYIN: in std_logic;
Q: out std_logic_vector(3 downto 0);
CYOUT: out std logic

);
end component;
signal CLK: std_logic;

signal RESET: std_logic;
signal CYIN: std logic;
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signal Q: std_logic_vector(3 downto 0);
signal CYOUT: std_logic;
signal TQ: std_logic_vector(3 downto 0);

begin
S0: COUNT10 port map (
CLK,
RESET,
CYIN,

Q,
CYouT

);

CLOCK: process
begin
CLK <= "1%; wait for 25ns;
CLK <= "0"; wait for 25ns;
end process;

countl0t: process
begin
RESET <= "1"; wait for 50ns;
RESET <= "0"; CYIN <= "1";wait for 500ns;

wait;
end process countl0t;
end test;
1 EII;Ins 2EILTIns 3I:Il;lns 4EILTIns EEII;Ins
[ N R I A N R R B |
il I
I

4.2.1
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VHDL

library IEEE;
use IEEE.std logic_1164.all;

entity SEG7 is

port (
di : in std _logic_vector (3 downto 0);
do : out std_logic_vector (6 downto 0)
)
end SEG7;

architecture RTL of SEG7 is

begin
process ( DI )
begin
case DI 1s
when 0000 => DO <= "0000001" ; --
when "0001" => DO <= "1001111" ; --
when "0010" => DO <= "0010010" ; --
when "0011"™ => DO <= "0000110" ; --
when "0100" => DO <= "1001100" ; --
when 0101 => DO <= "0100100" ; --
when "0110" => DO <= "1100000" ; --
when "0111" => DO <= "0001111" ; --
when "1000™ => DO <= "0000000" ; --
when "1001" => DO <= "0001100" ; --
when others => DO <= "1111111" ; --
end case;
end process;
end RTL;

<X ©Oo00 NOoO ol W N PEF-, O

library IEEE;
use IEEE.std logic 1164.all;

use std.textio.all;
use work.SEG7;

entity TEST SEG7 is
end TEST SEG7;
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architecture TEST of TEST _SEG7 1is

component SEG7
port (DI : in std_logic_vector (3 downto 0);
DO : out std_logic_vector (6 downto 0)
);

end component;

signal DI: std logic_vector (3 downto 0);
signal DO: std logic_vector (6 downto 0);

begin

S1 : SEG7 port map (DI,DO);

process

begin
DI <= "0000"; wait for 50 ns;
DI <= "0001"; wait for 50 ns;
DI <= "0010"; wait for 50 ns;
DI <= "0011"; wait for 50 ns;
DI <= "0100"; wait for 50 ns;
DI <= "0101"; wait for 50 ns;
DI <= "0110"; wait for 50 ns;
DI <= "0111"; wait for 50 ns;
DI <= "1000"; wait for 50 ns;
DI <= "1001"; wait for 50 ns;

end process;

end TEST;
1 I]I;Ins EDDHS 3EII;Ins
1] 1 2 K] | 0 B
1 iF 12 1] ic 24 [=1]
4.2.2
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VHDL

library IEEE;
use IEEE.std logic_1164.all;
use IEEE.std logic_unsigned.all;

entity cdt is

port (
CLK,RESET : in std _logic;
dhi,dlo - out std_logic _vector ( 6 downto 0 );--day
hhi,hlo : out std_logic_vector ( 6 downto O );--hour
mhi,mlo > out std_logic_vector ( 6 downto 0 );--min
shi,slo : out std_logic vector ( 6 downto 0 )--sec
);

end cdt;

architecture RTL of cdt is

component countl0

port (
CLK,RESET > in std_logic;
CYIN > iIn std_logic;
Q - out std_logic_vector ( 3 downto O );
CyouTt - out std_logic
);

end component;

component SEG7

port (
di : in std _logic_vector (3 downto 0);
do : out std_logic_vector (6 downto 0)
)

end component;

signal TQa,TQb,TQc,TQd,TQe,TQF,TQg,TQh : std_logic_vector ( 3downto 0 );
signal Cva,CYb,CYc,CYd,CYe,CYT,CYg,CYh : std logic;

begin

process ( CLK,RESET ) begin -- sec

if ( RESET = "1" ) then
TQa <= "1001";
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elsif ( CLK "event and CLK = "1" ) then
if (TQa = "0000™) then

TQa <= "1001";

else
TQa <= TQa - 1;

end if;

end if;
end process;

process ( TQa) begin --sec out
if (TQa = "0000™) then
CYa <= "1%;
else
CYa <= "0%;
end 1f;
end process;

process ( CLK,RESET,CYa ) begin --10sec
if ( RESET = "1" ) then
TQb <= "0101";
elsif ( CLK "event and CLK = "1" and CYa ="1" ) then
it (TQb = "0000™) then

TQb <= "0101";
else
TOb <= TQb - "1%;
end if;
end 1f;

end process;

process ( TQb,CYa ) begin --10sec out
if (TQb = "0000" and CYa = ®"1%) then
CYb <= "1°;
else
CYb <= "0";
end if;
end process;

process ( CLK,RESET,CYb ) begin -- min
if ( RESET = "1" ) then
TOc <= "1001";
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elsif ( CLK "event and CLK = "1" and CYb ="1" ) then
if (TQc = "0000™) then

TQc <= "1001";
else

TQc <= TQc - "1°%;
end if;

end if;
end process;

process ( TQc,CYb) begin --min out
if (TQc = "0000" and CYb = "1%) then
CYc <= "17;
else
CYc <= "0%;
end 1f;
end process;

process ( CLK,RESET,CYc ) begin --10min
if ( RESET = "1" ) then
TQd <= "0101";
elsif ( CLK "event and CLK = "1" and CYc ="1" ) then
it (TQd = "0000") then

TQd <= "0101";
else
TQd <= TQd - "1%;
end if;
end 1f;

end process;

process ( TQd,CYc ) begin --10min out
if (TQd = "0000" and CYc = "1%) then
CYd <= "1°;
else
CYd <= "0";
end if;
end process;

process ( CLK,RESET,CYd ) begin -- hour
if ( RESET = "1" ) then
TQe <= "0011";
elsif ( CLK "event and CLK = "1" and CYd ="1" ) then
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if (TQe = "0000") then
if (TQFf = "0010") then

TQe <= "1001";
if (TQf = "0001™) then
TQe <= "1001";
else
TQe <= "0011";
end if;
end if;
else
TQe <= TQe - "1°%;
end i1f;
end if;

end process;

process ( TQe,CYd) begin --hour out
if (TQe = "0000" and CYd = "1%) then
CYe <= "1%;
else
CYe <= "0%;
end 1f;
end process;

process ( CLK,RESET,CYe ) begin --10hour
ifT ( RESET = "1" ) then
TQF <= "0010";
elsif ( CLK "event and CLK = "1" and CYe ="1" ) then
if (TQFf = "0000™) then

TQf <= "0010";
else
TQF <= TQF - "17;
end if;
end 1f;

end process;

process ( TQf,CYe ) begin --10hour out
if (TQFf = "0000" and CYe = "1%) then
CYF <= "1";
else
CYF <= "0";
end 1f;
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end process;

process ( CLK,RESET,CYF) begin -- day
if ( RESET = "1" ) then
TQg <= "1001";
elsif ( CLK "event and CLK = "1" and CYFf ="1" ) then
if (TQg = "0000™) then

TQg <= "1001";
else
TQg <= TQg - "1%;
end if;
end 1f;

end process;

process ( TQg,CYF ) begin --day out
if (TQg = "0000™ and CYFf = "1%) then
CYg <= "1%;
else
CYg <= "07;
end if;
end process;

process ( CLK,RESET,CYg ) begin -- 10day
if ( RESET = "1" ) then
TQh <= "1001";
elsit ( CLK "event and CLK = "1" and CYg ="1" ) then
if ( TQh = "0000™) then

TQh <= "1001";
else
TQh <= TQh - "1°7;
end 1f;
end if;

end process;

process ( TQh,CYg ) begin --day out
if (TQg = "0000" and CYg = "1") then
CYh <= "1%;
else
CYh <= "0";
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end if;
end process;

--process ( TQg,CYh ) begin --10day out
-- if (TQg = "0000™) then

-- CYh <= "17;

-- else

-- CYh <= "0";

- end 1f;

--end process;

--7seg

U0 : seg?7 port map(TQa, slo);--byou
Ul : seg7 port map(TQb, shi);

U2 : seg7 port map(TQc, mlo);--fun
U3 : seg7 port map(TQd, mhi);

U4 : seg7 port map(TQe, hlo);--ji
US : seg?7 port map(TQf, hhi);

U6 : seg7 port map(TQg, dlo);--hi
U7 - seg7 port map(TQh, dhi);

end RTL;

library IEEE;
use IEEE.std logic_1164.all;

use std.textio.all;
use work.cdt;

entity TEST cdt is
end TEST cdt;

architecture TEST of TEST cdt is

component cdt is

port (
CLK,RESET : in std_logic;
dhi,dlo - out std logic vector ( 6 downto 0 );--day
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hhi,hlo : out std_logic_vector ( 6 downto O );--hour

mhi,mlo - out std_logic_vector ( 6 downto O );--min
shi,slo > out std_logic_vector ( 6 downto 0 )--sec
);

end component;

signal CLK,RESET : std_logic;

signal dhi,dlo,hhi,hlo,mhi,mlo,shi,slo : std_logic_vector ( 6 downto O );
--signal TQa,TQb,TQc,TQd,TQe, TQf,TQg,TQh: std logic_vector ( 3 downto0);
--signal CYa,CYbCYc,Cyd,CYe,CYT,CYg,CYh : std logic;

begin
dut:cdt port map (
CLK,RESET,dhi,dlo,hhi,hlo,mhi,mlo,shi,slo

);

process
begin
CLK <= "17; wait for 0.5sec;
CLK <= "0"; wait for 0.5sec;
end process;

process
begin
reset <= "1";wait for lsec;
reset <= "0";wait;
end process;

end TEST;
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