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Teaching Structure of Digital System Design with the Hardware Designing Tool

Kenji MAEHARA

This paper reports the contents of electronic and information circuits class in department of electrical and electronic

engineering. This class has been teaching about digital system design with the hardware designing tool ISE® for the

purpose of evoking students interest to the digital circuits in the computer. Teaching structure start at the lecture of the

basic digital circuits such as adder, flip-flop and so on has been expressed by the hardware description language VHDL,

and practice of design and simulation, in the first term. In the second term, the problem practice has been performed

about design of a tiny CPU by students themselves. At last, the encoding and decoding processing unit installed in the

FPGA on the video capture board that transmit and receive the video camera image in the real time, is introduced and

exhibited for the specific example.
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library IEEE;

use IEEE.STD LOGIC 11&4.

entity HALF ADDER is
Port ( A,B :
C:5 =

end HALF ADDER;

in STD LOGIC;

architecture Behavioral of HALF ADDER is
signal W:=std logic:
begin
W<=A and B
C<=W;
S<={A or Band not W;
end Behavioral;
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library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity FULL ADDER is
Port { A,B,COL in S5TD LOGIC
C,5 : out S5TD Id

end FULL ADDER;

architecture Behavioral of FULL ADDER is

component HALF ADDER
Port { &A,B : in

C,5 & olit

end component:
signal C1,C2,51:3td logic;

begin

Ul:HALF ADDER port

U2:HALF ADDER port

C «<= C1 or C2;

end Behavioral;

map (&,B,C1,51);
map {(51,C0L,C2,5);
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library IEEE;
use IEEE.STD LOGIC 1164.ALL:

entity BASIC FLIPFLOF is
Port ( I,J : in

Q @ out

end BASIC FLIPFLOP;

architecture Behavioral of BASIC FLIPFLOP is

begin

process (I, J)
begin
if I='0" then Q<="1'; elsif J<='0"' then Q<="0";
end if;

end process;
end Behavioral:
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entity ALU ACC is
Port | A:cJt =}
B:in STD

OR (15 downto 0):

R{15 downto 0):
CNT:in 5TD CE (2 downto Q)
CLOCE,E:in S5ID LOGIC):

end RLU RCC;

architecture Behavioral of ALT ACC is
signal ACC:std logic vector (15 downto 0);

begin
B<=RCC;
process (CLOCK)
begin
if CLOCE'ewvent and CLOCE='l' then
if E='1"' then
case CHT is=s
when "000" =% ACC«<=(15 downto 0 =>'0"});
when ACC<=BE;
when ACC==RACC+E;
when RCC«=RCC-B:
when ACC«=RCC and B:
when ACC<=RCC or B:
when ACC<=RCC xor B;
when "111" =» ACC<=not LCC;
when others => null;
end case;
end 1f;
end if;

end process;
end Behavioral:
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ED.ALL;

entity MUOLTIPLIERZ is
Port ( RESET,CLOCE,RQ : i
REDY : out
X, ¥ : in 5
Z : out STD
end MULTIPLIERZ;

CE (7 downto 0);
E {14 downto 0));:

architecture Behavioral of MULTIPLIERZ is
=2ignal Q:integer range 0 to 9;
signal ACC:std logic vector (15 downto 0):
signal B:std logic
signal WA,WB:=std logic_wvector (7 downto 0):
begin
Z<=ACC (15 downto 1);
WA<=RACC (15 downto 8)+X;
WB<=ACC (15 downto 8)-X:
process (CLOCE, RESET)

begin

if RESET='1' then RD¥<='0"'; Q<=0:
elsif CLOCK'event and CLOCE='l' then
case Q is
when 0 =>
if Rg="1"' then Q<=1;ACC<=(15 downto & =>'0")

& ¥; B<="0";
1l to 7 =>
ACC(0)='1' and B="0'
then ACC<=WB(7) & WB & ACC(7 downto 1):
B<=ACC(0) :
elsif ACC(0)='0" and B='1"

then ACC«=WAL(7) & WA & ACC(7 downto 1);

end if;
when
if

B<=ACC (0) ;
else RCC<=RCC(15) & ACC(15 downto 1):
E<=ACC(0); end if;
Qe=0+1;
when § =>

if ACC(0)='1" and B='0"
then ACC (15 downto 8)«<=WB:
elsif ACC(0)='0" and B='1"

then ACC (15 downto 8)<=W4; end if;

Q<=0+1; RDY<='1"';
when 9 => if RQ='0" then BRD¥<='0"'; Q<=0; end if;
when others => null;
end case:
end if;
end process;
end Behavioral;
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100000 [MOVWE f () = [f] z
20 0010 |ADDWF fid (£ + () = (W) 70
30 00t |[SUBWF fd (£) = (W) — () 0
40 0100 [INGF fid () +1 = (W) 0
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60 0110 [IORWF fid (f) OR (W) — (/) z
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library IEEE;

entity PROGRAM ROM is
Port ( ADDRESS : 1
RCM OUT :

end PROGRAM ROM:

E (4 downto 0):
OR {11 downto 0));

architecture Behavioral of PROGRAM RCM is

subtype DATA TYPE is 5TD LOGIC_VECTIOR (11 downto 0):
type ARRAY | DATA is array(O to 31] of DATR TYPE;
constant ROM:ARRAY DATA: —ARRAY DRTR' (

', X"1EO", X"3ES ", X"EOO", "y
, X"EOO", X' . , X"E . ",
o, X"EOO", X"E0O", ", X"E ' ",
, X"E , X"EOOT, T, X'E . ",

beg11
ROM_OUT<=ROM (to_
end Behavioral;

integer (unsigned (RDDRESS) ) )

12 v 2755 A%Y @O VHDL itk

library
use I
use I

entity RegF is
Port ( CLE,WE : in &5
RDDRESS : in
RegF IN : in &
RegF QUT :
end RegF;

R (3 downto 0);
(7 downtao 0);
OR (7 downto 0));

architecture Behavioral of RegF is

type REG_TYPE is array (0 to 15) of 5TD LOGIC VECTOR (7 daownto Q);

signal REG : REG_TYPE:=REG TYFE' (
Xmoow, Xmoom X"oonr X"oo", ¥X"oo" X oo X"oo", X"oo",
Xmoom, Xmoom Xmoor Xvoor, Xroon Xvoor, Xnoor, Xvoon);
begin
process (CLE)
begin
if (CLE'event and CLE='l')then
if WE='1' then REG(to_integer (unsigned (ADDRESS)))<=RegF IN; end if;

end if;

end process;

RegF OUT<=REG(to .
end Behavioral;

integer (unsigned (ADDRESS)) ) ;
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