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3.1.2

SN [T
3.1.3

MC1

CD

MM LS
u PD H
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3.1.4
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74
74
74 74
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4000/4500

74
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74

74

74

3.1.5

4
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TTL

3.2

3.2.1 TTL 4

3.2.1

CMOS

TTL(

)

SN74160

SN74161

SN74162

SN74163

SN74168 BCD

SN74169

BCD
SN74190

SN74191

BCD,
SN74192

SN74193

BCD
SN74568

SN74569

SN74668 —/

SN74669 —/
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3.2.2 TTL 4 IC
TTL( )
SN7490 10 /
SN7493 16
SN74390 7490x 2
SN74393 7493% 2
SN74490 7490x 2
3.2.3 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 —

23




PR CLR

2 4 8 16
Binary Coded Decimal number

Q|

24

2

Q|

Q|

10

QO



PR CLR

25



IC

10 Q
220Q

470p F
0.1y F

SN74L.S247P
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SN74LS169BN 8
AND SN74LS08N 4
NAND SN74LSOON 1
SN74LS292N 1
TOYOCOM TCO-707F 4.194304MHz 1
7 LED 8
4
2
PSpice Schematics PSpiceA/D Probe
IC
(1)SN74LS00  SN74LS08
SN74LS00  NAND IC SN74LS08  AND IC
3.3.1 SN74LS00  SN74LS08
SN74LS00 SN74LS08
MIN NOM MAX MIN NOM MAX
Vece  Suppy voltage (V) 4.75 5 5.25 | 4.75 5 5.25
Vit High-level input voltage| 2 2
D)
ViL Low-level input voltage 0.8 0.8
™
lon High-level output -0.4 -0.8
current (mA)
lo. Low-level output current 16 16
(mA)
Ta Operating free-air 0 70 0 70
temperature ( )
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3.3.2 SN74LS00  SN74LS08

1A []1 U14 Mcc
18 2 13 [J4A SN74LS00 SN74LS08
1y []3 12 []4B
on [ 4 1 ay A B Y A B Y
8 [15 10 [J3A L L H L L L
oy O 6 9 3B L H H L H L
H L H H L L
eND O 7 8 [y
H H L H H H
3.3.2 SN74LS00  SN74LS08
IC
2 SN74LS169B
SN74LS169B 4 / IC
3.3.3 SN74LS169B
SN74LS1698B
MIN NOM MAX
Vee  Suppy voltage (V) 4.5 5 5.5
Vii High-level input voltage (V) 2
ViL Low-level input voltage (V) 0.8
lon High-level output current (mA) -0.4
lo. 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 before CLK (ns) ENPor ENT 15
LOAD 15
U/ D 15
th Hold time,data after CLK 0
Ta Operating free-air temperature ( ) 0 70
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SN74LS1698B

3.3.2
L

UID 1 U 16 ves
cLk [ 2 15 1 rco

A [ 3 14:::](2A

B []g4 131 0B

c [L]s 121 qc

D g 111 oD
e 17 101 ENT
GND [ g o ToaD

3.3.3 SN74LS169B IC

SN74LS1698B 3.3.4
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3.3.4 SN74LS169B
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Y
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=
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B [ 1U 16 | ] vee
E || 2 5 |c
TPL[ | 3 1| ]D
CLK1: 4 13:TP3
cLk2|_| 5 12: N
P2 || 6 ]_'L:FK
© L7 10 A
GND | | o o LI N

3.3.5 SN74LS292N IC

4.194304MHz 4194304 2% A
B CE H 1Hz
3.3.5 SN74LS292N
4 SN74LS247P
SN74LS292N
MIN NOM MAX
Vce  Suppy voltage (V) 4.7 5 5.25
Vi High-level input voltage (V) 5
ViL Low-level input voltage (V) 0.8
lon High-level output current (mA) -1.2
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 before CLK (ns) 55
th Hold time,data after CLK 15
Ta Operating free-air temperature ( ) 0 20
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SN74LS247P SN74LS169B 4 BCD
7 7
3.3.6 SN74LS247P
SN74LS247P
MIN NOM MAX
Vece  Suppy voltage (V) 4.75 5 5.25
Vo Off-state output voltage] a thru g 15
lo On-state output current| a thru g 40
lon High-level output Bl /RBO -200
current (u A)
lo. Low-level output current Bl /RBO 8
A
TA Operating free-air temperature ( ) 0 70
B 1 U 1600 vee
c Lo 151 a
[ 1411
Bl y RBO [] 4 131 a
RBI [ g 121 p
D g wul[Jdec
GND I 9 e
3.3.6  SN74LS247P
SN74LS247P Bl /RBO H LT RBI H
L L
OFF
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INFLUT 18
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INPUT R
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A r——
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i
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3.3.7

THM3 :pin1
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3.3.10
SN74LS1698B

10 Q

ENT
0.1u F

RCO

3.3.10

3.3.11

3.3.11 3.3.8 3.3.10
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4.1 HDL

DA
HDL Design
Automation DA
logic Synthesis
HDL HDL
HDL LSI

HDL HDL

Hardware Description Language
HDL
HOL C HDL

HDL
VHDL  Verilog-HDL

VHDL
VHDL HDL
VHSIC Very High Speed IC 1981
1983 1987
Language Reference Manual : LRM 1987
IEEE Std-1076
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Verilog-HDL
Verilog-HDL Cadence Verilog-XL
1995 IEEE Std-1364 HDL
Verilog-HDL  Verilog-HDL
RTL
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SR

4.2 VHDL

VHDL

librar
use

entity
port

end

architecture

signal

begin

end

y |EEE
IEEE.std_logic_1164.all;

RS FF is
(RS Sin std logic;
Q.Qnot :out stdlogic ),
RS FF

RTL of RS_FF is

S1,S2 : std logic ;

S1 <= R nand S2;
S2 <= S nand SI;
Q <= S2;

Qnot S1;
RTL

<=

421 SR VHDL

entity

RS FF
Q Qnot

RS_FF

41

422 SR

421 SR

Rl R,[O|lO| W

ROl O
o

architecture

RTL




IEEE

IEEE
1

VHDL

JK

IEEE.std_logic 1164
std _logic_vector

numeric_std

std _logic_unsigned

std _logic_signed

std _logic_arith

VHDL
4 VHDL

4 VHDL

1 —e—

4.2.3 4

4.2.3 4 VHDL JK
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VHDL

library library

library IEEE
use |EEE.std logic 1164.all
entity JKFFis

port( CK, J, K . in std logic;
Q, Qnot :out std logic);
end JKFF
architecture RTL of JKFF s
signal  INPUT . std_logic vector(2 downto 0);
signal  TMP . std logic;
begin

INPUT<=CK & J & K;

process (INPUT) begin
case INPUT s
when "101" = TMP <= '0%
when "110" = TMP <= '1%
when "111" => TMP <= not TMP;
when others => null;

end case;

end process;

Q <= TMP;

Qnot <= not TMP;

end RTL;

4.2.4 JK VHDL

43




JK VHDL 4

4.2.5

library IEEE
use |EEE.std logic 1164.all

entity COUNTER A4 JK FF is
port( CK, J, K :in std logic;
Q, Qnot : out std logic );
end COUNTER 4 JK FF

component JKFF
port(

CK, J, K :in std logic;

Q, Qnot . out std logic );
end  component;

architecture RTL of COUNTER 4 JK FF

is

signal JO, KO, J1, K1, QO, Q1, : stdlogic;
begin
JOo = KO <= '"1%
JJ = Kl <= QO0;
COMPO : JKFF port map (CK, JO, KO, QO);
COMP2 : JKFF portmap (CK, Ji, K1, Q1)
end RTL;
4.2.5 JK 4 VHDL
2 VHDL 4
1 VHDL if
A B
4
4.2.6
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library IEEE
use IEEE.std logic_1164.all;
use IEEE.std logic_unsigned.all;

entity COUNTER4 s
port (CK, RESET, X :in stdlogic;
Y »out std logic );
end COUNTERA4

architecture RTL of COUNTER4 is
signal COUNT : std_logic_ vector(1 downto 0);

begin
Y <= COUNT() and COUNT(1)
process ( RESET, CK ) begin
if ( RESET ="' 1 ) then
COUNT <= " 00"
elsif (CK event and CK =*° 0" ) then
if (X=°1 ) then
if (COUNT =" 11" ) then
COUNT <= “ 00"

else
COUNT <= COUNT + “ 01" ;
end if
end if
end if
end process
end RTL
4.2.6 4 VHDL
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4.3 — —

VHDL

10

4.3.1 7 VHDL
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i brary ieee;
use ieee.std |logic_1164.all;

entity segnment?7 is
port (
Di : in std_|ogic_vector(3 downto 0);
DO : out std_logic_vector(6 downto 0)
);

end segnent 7;

architecture RTL of segnment7 is
begin
process(Dl) begin

case DI is

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;
4.3.1 VHDL

47




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

entity TESTBNCH is
end TESTBNCH;
use workall;

architecture stimulusof TESTBNCH is
component segment7

port (

DI :in std_logic_vector(3downto 0);
DO :out std _logic vector(6downto 0)
);

end component;

signal DI : std logic_vector(3 downto 0);

signal DO : std_logic vector(6 downto 0);

begin

DUT : segment7port map (DI, DO);
process begin
DI <="0000"; wait for 50ns;
DI <="0001";wait for 50ns;
DI <="0010"; wait for 50ns;
DI <="0011";wait for 50ns;
DI <="0100"; wait for 50ns;
DI <="0101";wait for 50ns;
DI <="0110";wait for 50ns;
DI <="0111";wait for 50ns;
DI <="1000"; wait for 50ns;
DI <="1001";wait for 50ns;

end process;
end stimulus;

4.3.2
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| iE"iF'r‘n:njec:t C¥

W ltizim¥vhd étaguc

¥Ctimer.ace - [VHDLSim1]

i File View Simulation Window Help =181l
& bl |5 F2 ¢ @ |FE Fh|f| & [TFST SEGMENTZ.VHD
1000 200ns B0k
[|DI=0 o T i [ 97 0 7
- [po=o1 W | & | 12 ! 6 | i od | W
I
|| Ml | 2
0019: =]
0020: begin
00z1: DOT : =egment? port map (DI, DO):
O0ZZ: process
0023: begin
wWp00z4: LI <= "0000"; wait for 5S0ns;
O0z5: DI <= "0001"; wait for 50ns:
00za: DI <= "0O010"; wait for S0ns:
a0z27: LI «= "0011"; wait for 50ns;
00zg: DI <= "0l00"; wait for 50ns:
oo0z9: DI <= "0101"; wait for 5S0ns;
0030: LI «= "0110"; wait for 50ns;
003l: DI <= "0l11"; wait for 50ns:
o03z: DI <= "1l000"; wait for 5S0ns;
0033: DI <= "1001"; wait for 50ns:
0034:
0035: end process: =
nnigs and arimnine- LI
Tritializinm. .. =
Ready [Stopped at %= %= [Selected line TES™ 4
4.3.3 4.3.2
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1 10 10
4.3.4

library ieee;
use ieee.std |logic_1164.all;
use ieee.std_| ogic_unsigned. all;

entity COUNT10 is

port (
CLK, RESET :in std_| ogic;
CYIN :in std_| ogic;
Q : out std_logic_vector(3 dowto 0)
Cvout : out std_logic
);
end COUNT1O0;

architecture RTL of COUNT10 is
signal TQ : std_logic_vector(3 downto 0);

begin

process (CLK, RESET, CYIN) begin
if (RESET = '1" ) then
TQ <= "1001";
el sif (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; --
4.3.41 10 VHDL 1
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process (TQ CYIN) begin
if (TQ = "0000" and CYIN = "1") then

Cyaut <= '1';
el se
CyautT <= '0';
end if;
end process;
Q<= TQ
end RTL;
4.3.4 2 10 VHDL

library ieee;
use ieee.std |logic_1164.all;

use std.textio.all;
use wor k. COUNT10;

entity TESTBNCH is
end TESTBNCH;

architecture stinmulus of TESTBNCH i s
conponent COUNT10 is
port (

CLK: in std_| ogic;
RESET: in std_| ogic;
CYI N: in std_| ogic;
Q out std_| ogic_vector(3 downto 0);
CYOQUT: out std_logic

)

end conponent; --

4.3.5_1 10 1
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si gnal CLK: std_| ogi c;

si gnal RESET: std_I ogi c;
signal CYIN: std_I ogi c;
signal Q std_| ogi c_vector(3 downto 0);
si gnal CYQUT: std_| ogic;
begin
DUT: COUNT10 port map (

CLK,

RESET,

CYI N,

Q

Cyout

);

CLOCK: process
begin
CLK <= "1'; wait for 20ns;
CLK <= '0"; wait for 20ns;
end process;

stinulus: process
begin
RESET <= "1'; wait for 15ns;
RESET <= "0"; CYIN<="'1"; wait;
end process ;

end sti nul us;

4.3.5.2 10
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Fg'i Project CH¥Multizim¥vhdB¥tagucci#ZIK ANELkan.ace - [WHOLSim1]
File  Wiew Simulation Window Help

& bl |58 ¥ |

e @ |F Fal L@

[TEST COUNT10.¥HD

CLE="1"
CriN="T"
CrouT="T
DUT.TG=3
=3
RESET=T

1]

100ns 200ns

400ns

500ns -

ML

0o4an:
0041z
004z:
0043:
5 0044;
0045:
0046z
0047:
004a:
0049:
0050z
0051z
0052z
0053:
0054:
0055:

1

CLOCE: process
begin
CLE <= '1'; wait for 2Z0ns:
CLE <= '0'; wait for Z0ns:
end process;

stimulus: process
begin
RESET <= 'l'; wait for lins:
FESET <= '0'; CYIN <= 'l'; wait;
end process ;

end stimulus;

-

Feady

|St0pped at ¥z ¥=

|Time: 15 nz v

4.3.6 4.3.5

4.3.7

)

l'i brary ieee;
use ieee.std _logic_1164.all;
use ieee.std_|ogic_unsigned. all;

entity CDT is
port( CLK, RESET

SBF, SBS
SHF, SHS
SZF, SZS

in std_| ogic;

out std | ogic_vector(6 downto 0); --byou
out std_| ogic_vector(6 downto 0);--hun
out std_| ogic_vector(6 downto 0);--zikan

SHIF, SHIS : out std_logic_vector(6 dowto 0) --hiniti

end CDT;

4.3.7_1
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architecture RTL of CDT is

conmponent segnent?7
port (
DI :in std _logic_vector(3 downto 0);
DO : out std _logic_vector(6 downto 0)
);

end conponent;

conmponent COUNT10 i s

port (
CLK, RESET :in std_|ogic;
CYI'N :in std_| ogic;
Q : out std _|logic_vector(3 downto 0);
Cyout » out std_|ogic
);

end conponent;

signal TQ, TQ, Tk, TQ, TQn T, TQo, TQ
std_l ogi c_vector (3 downto 0);
signal CYa, CYb, Cyc, Cvyd, Cve, CYf, Cvyg : std_logic;

begi n

4.3.7_2 VHDL 2
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--byou
process (CLK, RESET) begin
if (RESET = "1' ) then
TQ <= "1001";

el sif (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
Cra <= '0';
end if;
end process;
process (CLK, RESET, CYa) begin
if (RESET = "1' ) then
TQ <= "0101";
el sif (CLK event and CLK = "1'" and Cya ="1") then
if (TQ = "0000" ) then
TQ <= "0101";
el se
TQ <=TQ - '1';
end if;
end if;
end process;
4.3.7 3 VHDL 3
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process (TQ, Cya) 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
TQk <= "1001";
el sif (CLK event and CLK = '1" and CYb = '1" ) then
if (TQk = "0000" ) then
TQk <= "1001";
el se
Tk <= TQk - '1';
end if;
end if;
end process;

process (TQk, CYb) begin
if (TG = "0000" and CYb = "1') then

CYc <= '"1';
el se

Cyc <= '0';
end if;

end process;

4.3.7_4 VHDL 4
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process (CLK, RESET, CYc) begin
if (RESET = "1' ) then
TQ <= "0101";

el sif (CLK event and CLK = "1'" and CYc
if (TQ@ = "0000" ) then
TQ <= "0101";
el se
TQ <=TQ - '1';
end if;
end if;
end process;
process (TQ , CYc) begin
if (TQ@ = "0000" and CYc = '"1') then
Cyd <= '1';
el se
Cyd <= '0';
end if;
end process;
--zi kan
process (CLK, RESET, CYd) begin
if (RESET = "1' ) then
TQn <= "0011";
el sif (CLK event and CLK = '1'" and CYd

if (TQm = "0000" ) then
TQm <= "1001";

1') then

"1") then

if (TQn <= "0000" and TQm <= "0000" ) then

TQn <= "0011"; end if;

el se
TQn <= TQm - '1';
end if;
end if;
end process; --
4.3.7 5 VHDL 5
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process (TQm CYd) begin
if (TQm = "0000" and CYyd = '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 (TQ1 = "0000" and CYe = '1') then

Cyf <= "1';
el se

CYf <= "'0";
end if;

end process;

4.3.7_6 VHDL 6
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--hiniti
process (CLK, RESET) begin
if (RESET = "1' ) then
TQo <= "1001";
el sif (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
CYyg <= '1';

el se
Cyg <= '0";

end if;

end process;

process (CLK, RESET, CYg) begin
if (RESET = "1' ) then
TQp <= "1001";
el sif (CLK event and CLK = '"1' and Cyg ='1') then
if (TQp = "0000" ) then
TQp <= "1001";
el se
TQp <= TQ - '1';
end if;
end if;
end process;

4.3.7_7 VHDL 7
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--7seg

UO : segnent?7 port map(TQ , SBF);--byou
Ul : segnent7 port map(TQ, SBS);

U2 : segnment7 port map(TQk, SHF);--fun
U3 : segnent7 port map(TQ , SHS);

U4 . segnent7 port map(TQm SZF); - - zi
US : segnent?7 port map(TQn, SZS);

U6 : segnent?7 port map(TQo, SHIF); --hi
U7 : segnment?7 port map(TQp, SHIS);

end RTL;

4.3.7_8 VHDL 8

library ieee;

use ieee.std |logic_1164.all;
use std.textio.all;

use wor k. CDT;

entity TESTBNCH is
end TESTBNCH;

architecture stinmulus of TESTBNCH i s
conponent CDT is
port (

CLK, RESET: in std_| ogic;
SBF, SBS: out std_| ogic_vector(6 downto 0);
SHF, SHS: out std_| ogic_vector(6 downto 0);
SZF, SZS:. out std_| ogic_vector(6 downto 0);
SHIF, SHI'S: out std_|ogic_vector(6 downto 0);
);

end conponent; - -

4.3.8 1 1
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si gnal CLK: std_| ogi c;
si gnal RESET: std_| ogic;

si gnal SBF: std_| ogi c_vector(6 downto 0);
si gnal SBS: std_| ogi c_vector(6 downto 0);
si gnal SHF: std_| ogi c_vector(6 downto 0);
si gnal SHS: std_| ogi c_vector(6 downto 0);
si gnal SZF: std_| ogi c_vector(6 downto 0);
si gnal SZS: std_| ogi c_vector(6 downto 0);

signal SHIF: std_l ogic_vector(6 downto 0);
signal SHI S: std_l ogic_vector(6 downto 0);

begin
DUT: CDT port map (
CLK, RESET,
SBF, SBS,
SHF, SHS,
SZF, SZS,
SH F, SH' S

)

CLOCK: process begin
CLK <= "1'; wait for 1sec;
CLK <= '"0'; wait for 1sec;

end process CLOCK;

STI MJULUS1: process begi n
RESET <= '"1'; wait for 2sec;
RESET <= '0'; wait;
end process STI MJLUS];
end sti nmul us;

4.3.82
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File

Wiew  Simulation

[WHOLSim1]

& bl |52 FER

¢ &

KERER RS

[TEST CDT.WHD

CLE="0"

SBF=00
SBS=24
SHF=4C
SHIF=04
SHIS=04
SHS5=24

DUT.Cya=0r
OUT.Cyb=Tr
OUT.Cye=0"
DUT.Crd=0"
DUT.Cre=0"
DUT.Cyi=0r
DUT.Cyg=0r
DUT.TGi=5

DUT.TGj=5

DUT.TOk=4
DUT. TG

DUT.TOm=3
DUT.TOn=2
DUT.THo=9
DUT.TOp=9
RESET=0'

[ zec

3Rzec A2zec
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]
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-
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CLOCK: process begin

CLE <=

'1'; wait for lsec:
CLE <= '0'; wait for lsec:

end process CLOCKE:

STIMULUS1: process

begin

BESET <= 'l1'; wait for lsec:

BEJET <= '0';

end process STIMIOLUSL;

: end stimulus;

wait:

-l

|

|St0pped at s Kz

|Ti me: B02 zec 4
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