VHDL

5.1

VHDL

VHDL

511

CONSTANT

VHDL

VHDL
VHDL
VHDL

(VARIABLE) (CONSTANT)

CONSTANT FBT : STD LOE C_VECTOR : = "010110" ; --
CONSTANT DATAIN : I NTEGER : = 15 ;

1 FBT
DATAIN
VHDL

STD_LOGIC_VECTOR "010110"

15

(SIGNAL)

VHDL
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(
512
VHDL
VARI ABLE : i = ;
VARI ABLE a : INTEGER RANGE 0 TO 15 ;-- a
VARIABLE d : STDLOGC:= "1 ;-- a
a 0 15 d

VAR ABLE x vy : |INTEGER RANGE 15 DOMNTO O ; --

VARIABLE a b : STD LOG C VECTOR(7 DOMNTO 0)

X =11 ;

y 1= 2 + X ; --
a:=b --b a
a(0 TO5) := b(2 TO7) ;

513
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Sl GNAL i=
VHDL
(Port)
(
)
VHDL
<= AFTER
13 ” ( )
AFTER 3 ns
( AFTER 0 ns)
? 13 <:H
( )

SIGNAL a b ¢ y z: INTEGER

PROCESS (a b c¢)
BEG N

y <=a+b;
z<=c¢c-a,;
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y <=b
END PROCESS :
aboc
y b y b
514
VHDL
GND VCC VHDL
VHDL
3-23
VHDL
( VHDL )
51
5-1
SIGNAL VARIABLE
51 52 5-2 3-6 D VHDL
52 51 52
5-2 5-2 D 2

ARCH TECTURE bhv OF DFF3 | S
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BEG N
PROCESS ( CLK)
VARI ABLE QQ : STD LC4E C;
BEG N
IF CLK EVENT AND CLK = "1'" THEN QQ:= D1 ;
END | F;
END PROCESS ;
QA <= Q
END ;

5-2

ARCHI TECTURE bhv OF DFF3 IS
SIGNAL QQ : STD LOG C ;

BEG N
PROCESS ( CLK)
BEG N
IF CLK EVENT AND OLK = '1' THEN QQ <= DI ;
END | F;
END PROCESS ;
QA<= @
END ;
5-3 54 A B
51 52 52
5-3

LI BRARY | EEE ;
USE | EEE. STD LOG C 1164. ALL ;
ENTITY DFF3 | S
PORT ( CLK,D1 : IN STD LCOA C ;

QL : OUT STDLOGC ) ;
END ;

ARCH TECTURE bhv OF DFF3 | S
SIGNAL A/B: STD LCd C ;
BEG N
PROCESS (CLK) BEG N

IF CLK EVENT AND CLK = "'1' THEN
A<=D1 ;
B <= A;
Q <=8B;
END | F;
END PROCESS ;
END ;

54
LI BRARY | EEE ;

USE | EEE. STD LOd C_1164. ALL ;
ENTITY DFF3 I S
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PORT ( CLK,D1 : IN STD LOA C ;
QL : AJr sTb.LodcCc ) ;
END ;
ARCH TECTURE bhv OF DFF3 I S
BEG N
PROCESS ( CLK)
VARI ABLE A, B : STD LCd C ;
BEG N
IF CLK EVENT AND CLK = "1' THEN
A=D1 ;
B:=A;
QA <=B;
END I F;
END PROCESS ;
END ;
PL—p © > ° P oD o> o—eD
[CIK & !
5-1 53 RTL 52D
5-3 54 53
5-1
D ? 5-3 A<=D1 D1 A
? A A D1
? ? A D1
@) ? ?
?
0 “ END PROCESS’ ?
(
) 13 ” 1] END
PROCESS’
C VHDL
(©) ( )
“ END PROCESS’
5-5

END PROCESS ?
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5-5 2ns+?
2ns+7? el 1010 cl 0011
el 2ns+2? cl 2nst+?
0011 cl el 30+m ) cl 0011
el 1010 ?
el cl1" " el
cl “ ! cl el
5-5
SIGNAL inl in2 el STD LOG C ;
PROCESS(inl in2 . . .)
VARIABLE ¢c1 . . . : STD LOG C VECTOR(3 DOMTO 0) ;
BEG N
IFinl ="1 THEN... - 1
el <= "1010" —
IFin2 ='0 THEN. - 15+n
cl := "0011" - 30+m
END | F;
END PROCESS,
5-3
5-3 3 END PROCESS ?
A<=D1 A B<=A A
B<=A Ql1<=B B B ? D1
QL Q1 A DL(
) B A Q1
Bl 51
54 A B
3 A B
D1 A B
B Q1 A B D1 Q1
D1 54 5-2
D
56 57
5-6

LI BRARY | EEE;
USE | EEE. STD LOG C_1164. ALL;
ENTITY nux4 IS

PORT (i0O, i1, i2, i3, a, b: INSIDLCOGEC
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q: QUT STD LOG Q) ;

END nmux4,
ARCHI TECTURE body _rmux4 OF mux4 | S
signal muxval : integer range 7 downto O;
BEG N
process(i0,i1,i2,i3,a,b)
begi n
muxval <= 0;

if (a="1) then nuxval <= muxval + 1; end if;
if (b="1) then nuxval <= muxval + 2; end if;
case nuxval is

when 0 => q <= i 0;

when 1 => q <= i 1;

when 2 => q <= i 2;

when 3 => q <= i 3;

when ot hers => nul |
end case;

end process;
END body_nux4;

5-7

LI BRARY | EEE;

USE | EEE. STD LOd C 1164. ALL;

ENTITY nux4 1S

PORT (i0O, i1, i2, i3, a, b: INSTDLQOGC
g: OQUT STD LOA O);

END nmux4
ARCHI TECTURE body_mux4 OF nux4 IS
BEG N
process(i0,il1,i2,i3,a,b)
vari abl e muxval : integer range 7 downto O;
begi n
muxval := 0;
if (a="1) then muxval := nmuxval + 1; end if;
if (b ="1) then muxval := nmuxval + 2; end if;

case nuxval is
when 0 => g <= i 0;
when 1 => g <=i1;
when 2 => ¢ <=i2;
when 3 => ¢ <= i 3;
when ot hers => nul |

end case;

end process;

END body_rux4;

5-6 57 muxval
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5-3 5-4 55 5-6
5-3 55
54 5-6
Q
l::l." ﬂ@—| E
il i_pereral 111] i unl_a 2
= | =
I_._: «
sl D —
| _raswal o it _j:}—‘—‘—‘
= 1 | uni_a 3
L._= l b ; P
BV gt e = —
T q
L o rk ) u b
ol | B
g e B sl _necovad 1
:' }_
__ET_ unl_a_1
53 56 RTL Synplify 54 57 RTL Synplify
—— = | o -
-2 ]
[~ i} 1
- sb D3 3 H 1 4 2 )3
-~ X

5-5 5-6
Mame:  Vale: 000 200ns  3Mns OO0k SN0 E00ns 00O BOOD
w-0 [ o (T[T L T LU AU
=0 ]
=1 1] 1 | | |
= 1
b | D3 i i i ] ] ¥ i
<o | o [ITUUTUY LI U LT | o
5-6 5-7
5-6 muxval 3 3
muxval<=muxval+1 muxval<=muxval+2
muxval muxval<=muxval+2
muxval muxval
muxval<=0 b a@a b

muxval

CASE

muxval<=0
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muxval q
5-7 muxval
muxva:=0 muxval IF muxval
IF a b 1
muxval ( 0 IF
54
( 56)
58 8 CPU CASE
5-8
MD="001" WHEN 3
REG(0) <=
CO0 REG(7 DOWNTO 1) <= REG(6 DOWNTO 0) REG(1)=C0
57 CLK MD="101"
D D="10011010" 3 MD
"001" 2 co '1
CN
5-8
Li brary | EEE;
USE | EEE. STD LOQ C _1164. ALL;
ENTITY SHFT IS
PORT (CLK, Q0 : IN STD LOG G
MD : IN STD LOG C VECTOR(2 DOMTO 0); --
D : IN STD_LOG C VECTOR(7 DOMTO 0); --
@B : OUT STD LOG C VECTOR(7 DOWNTO 0) ;

CN : QUT STD LOA O);
END ENTI TY;

ARCHI TECTURE BEHAV OF SHIFT IS

SIGNAL REG : STD LOd C_VECTOR(7 DOANTO 0);

SIGNAL  CY : STD LCGGE C
BEG N
PROCESS ( CLK, MD, CQ0)
BEG N
IF CLK EVENT AND CLK = "1' THEN
CASE MD | S
WHEN " 001" => REG0) <= Q0 ;

REG(7 DOWNTO 1) <= REG(6 DOANTO 0);

VHEN "010" => REG0) <= REQ7);

REG(7 DOWNTO 1) <= REG(6 DOMNTO 0);

WHEN "011" => REG7) <= REGO0);

CY <= REQ7);--
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REG( 6 DOMNTO 0) <= REF 7 DOMTO 1); --
WHEN " 100" => REE7) <= Q0 ;
REG( 6 DOMTO 0) <= REG 7 DOMTO 1); CY <= REF0); --
WHEN " 101" => REGQ 7 DOMTO 0) <= D(7 DOMTO 0); --
WHEN OTHERS => REG <= REG; CY <= CY ; --
END CASE;
END | F;
END PROCESS;
@B(7 DOMTO 0) <= REF 7 DOMTO 0); CN <= CY; --
END BEHAV;
Mamea J. ‘E,III.II]ns I.[!us 15;us J.I:!us lglui J[!us ]Qlus -1[!us -1§Iu: EE:u: Eglus ‘3':!u: Eélui ."E!u: .‘élu-: Qquc
=Lk | [ | | I I I I L
==hMD [ 000 X 10 1 [l
=0 | 10010 | L]
== 0f oo Y 0011010 " nn11mm H T 1 H 11010110
£ | |
5-7 5-8 MD="001"
CPU RAM
VHDL  FPGA
STD_LOGIC 'z
521
59 8 L 8
O Y ZZ777777”
5-8
5-9
LI BRARY | EEE;

USE | EEE. STD LOQd C _1164. ALL;
ENTITY tri_s IS
port ( enable : IN STD LOGQ C

datain : IN STD LOGJ C VECTOR(7 DOANTO 0) ;
dat aout QUT STD_LOG C_VECTOR(7 DOMTO 0) );

END tri_s ;

ARCHI TECTURE bhv OF tri_s IS

BEG N

PROCESS( enabl e, dat ai n)

BEG N

| F enable = '1' THEN dat aout <= datain ;
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ELSE dat aout <="Z77777777" ;
END I F ;
END PRCCESS;
END bhv;

P——— -
enakle ;:-—~L
idatain[7:0] O] [20 r IO oy dataoui[7:0] =

58 8 3 Synplify
STD_LOGIC Z'
3 'z STD_LOGIC
VA 'z
VHDL
lZl
VHDL
'z STD _LOGIC 'z
IEEE STD_LOGIC
VHDL
FPGA/CPLD
FPGA/CPLD
CPU
ispL SI11000
522
INOUT
5-10 5-11 VHDL
5-10

library ieee;
use ieee.std_| ogic_1164.al|;
entity tri_state is

port (control : in std_|ogic;
inl: in std_|l ogic_vector(7 downto 0);
g : inout std_logic_vector(7 dowmnto 0);

X : out std_| ogic_vector(7 downto 0));
end tri_state;
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architecture body tri of tri_state is

begi n

process(control,q,inl)

begi n
if (control ='0") then x <=gq ;
el se g <= inl; x<="277Z777777"
end if;

end process;

end body_tri;

51
( )
process(control, q,inl)
begi n
if (control="0") then x <=gq ; q <= "ZZ227272777";
else q <=inl; x <="22777777"

end if;
end process;
end body_tri;
5-10 5-11 q X
q q x( X<=q)
o} X<=% 727777777 5-11
( 59
control 'O X 511
q
5-10
IF X q control
(G ))] X o} control 'l
Iol q 5‘11
o<=" 227277777’
D a IF
@ aqa q ( 51
5-12 ( 5-10) control '1' '0 g x
Hame gl 00 Onie 10us 15us 2.0us 25us 3.0us 3.5us
Tr 1 ; I
= nl o 1 E9
£y
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EDA VHDL
Marne EO0 0 10us 15ps 2.0us 25us 3.0us 35us
= control |
= q = = T
i inl S Al ED ¥ 15 Y FE|
e 56 4] Ed I A
= Z o R A
5-10 511
Ky Py
] TR = e E:un-nl]at i o .r_wL P00
-:Drlt.'u:-l E = g | #2 [
_1[7:0]
q[7:0]
511 510 Synplify
-:-:-rﬂr-:-l“'“::-——-T\L \—01
—— Fi ey ™Mo po R —
I | e g L B
¢ tb 570 170
e L
512 511 Synplify
523
( FPGA
) 5-12
5-13 8 4
5-12 4 IF
4 8 output
5-12 output
4
IF
( )
( IF )
5-12
IF ( IF )
5-12

LI BRARY | EEE;

USE | EEE. STD LOd C_1164. ALL;
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ENTITY tristate2 IS
port ( input3, input2, inputl, inputO :
IN STD LOQ C VECTOR (7 DOMTO 0) ;
enable : I N STD LOA C_ VECTOR(1 DOMNTO 0);
output : OUT STD LOG C VECTOR (7 DOMTO 0));
END tristate2 ;
ARCH TECTURE nultiple_drivers OF tristate2 IS
BEG N
PROCESS( enabl e, i nput3, input2, inputl, inputO)
BEG N
| F enabl e = "00" THEN out put <= input3 ;
ELSE out put <=(OTHERS => 'Z');
END I F ;
| F enabl e = "01" THEN out put <= input2 ;
ELSE out put <=(OTHERS => 'Z');
END I F ;
| F enable = "10" THEN output <= inputl ;
ELSE out put <=(OTHERS => 'Z');
END I F ;
| F enabl e = "11" THEN out put <= inputO ;
ELSE out put <=(OTHERS => 'Z');
END I F ;
END PRCCESS;
END nul ti pl e_drivers;

5-13 Maxplusll

library ieee;
use ieee.std_| ogic_1164.all;
entity tri2is
port (ctl : in std_logic_vector(1l downto 0);

datainl datain2 datain3 datain4 :

in std_logic_vector(7 downto 0);

q : out std_logic_vector(7 downto 0) );
end tri2;
architecture body_tri of tri2is
begi n
g <= datainl when ctl="00" else (others =>'Z") ;
g <= datain2 when ctl="01" else (others =>'Z") ;
g <= datain3 when ctl="10" else (others =>'Z7Z") ;
g <= datain4 when ctl="11" else (others =>'Z7Z") ;

end body_tri;
5-12 ( 513 inputO
inputO output
5-13 4 WHEN-ELSE
5-14
ctl

5-13
5-12
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4 IF 4 5-13
5-13 4
else (others =>'Z") 177777777
" (others =>'Z") (others =>'0")

7o ==
enable[1:0 (o 1o H
rpu (70— LIL
o P CHEN A
[rpuE T o =" un?7_enable | output[7:0]

[inpuUt0[7:0] [0 output_1[7:0]

5-13 5-12 Synplify

[Fatainip o] —=-IH o_th_3[7:0]

o_th_2[7:0]

[datainZ[r:0] T

[Fmainif o] =4 g_th_1[7:0]

[d=tainalr o] = q_th_4[7:0]
514 5-13 Synplify
53 IF
IF IF VHDL
IF
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@ IF Then

END | F ;
@ IF Then

ELSE

END | F ;
B IF Then

I F Then
END | F

END | F
@ IF Then

ELSI F Then

ELSE

END | F
IF “ " Boolean IFal

THEN.. IF a<b+1 THEN..
Boolean IF true false
5-14
5-14
LI BRARY | EEE;

USE | EEE. STD LOd C 1164. ALL;
ENTITY control _stnts IS
PORT (a, b, c: I N BOOLEAN;
out put: QUT BOCOLEAN);
END control _stnts;
ARCHI TECTURE exanpl e OF control _stnts IS
BEG N
PROCESS (a, b, c)
VARI ABLE n: BOOLEAN
BEG N
IF a THEN n := b; ELSE n := c;
END | F;
out put <= n;
END PRCCESS;
END exanpl e;

)
(THEN)
END IF IF
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IF
(D) @ IF FALSE
END IF ELSE (2)
IF
IF
) IF IF
3-23
END IF
(4) IF €]
ELSIF
( )
5-15 IF
8 -3 5-2
52 8 -3
din0 dinl din2 din3 dind din5 din6 din7 output0 outputl output2
X X X X X X X 0 0 0 0
X X X X X X 0 1 1 0 0
X X X X X 0 1 1 0 1 0
X X X X 0 1 1 1 1 1 0
X X X 0 1 1 1 1 0 0 1
X 0 1 1 1 1 1 1 0 1
X 1 1 1 1 1 1 0 1 1
0 1 1 1 1 1 1 1 1 1 1
“ X VHDL
5-15

LI BRARY | EEE;

USE | EEE. STD LOG C_1164. ALL;

ENTITY coder | S

PORT (

END coder;

din:
out put

ARCH TECTURE behav OF coder 1S
STD LOGd C VECTOR(4 DOMTO 0) ;

SI GNAL SINT :

BEG N

IN STD_LOG C_VECTOR(0 TO 7);
OUT STD LOG C VECTOR(0 TO 2)
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PROCESS (di n)
BEG N

IF (din(7)="0') THEN output <= "000"

ELSI F (din(6) ="
ELSI F (din(5)="
ELSI F (din(4) ="
ELSI F (din(3)="
ELSI F (din(2)="
ELSIF (din(1)="

eeaeaeaaq
N N N N N N

END | F
END PROCESS
END behav;

THEN
THEN
THEN
THEN
THEN
THEN

out put
out put
out put
out put
out put
out put

<=
<=
<=
<=
<=
<=

"100" ;
"010" ;
"110"
"001" ;
"101"
"011"
ELSE output <= "111"

output <= “ 111~
(in(7)=1")AND(in(6)="1")AND(in(5)="1")AND(in(4)="1")ANDin(3)=
"T'YAND(Iin(2)="1")AND(in(1)="1")AND(i n(0)="0")

5-2
54
PROCESS (
PROCESS
PROCESS
5.4.1
PROCESS
[ ] PROCESS [ (
[ ]
BEG N

END PROCESS |

1;

PROCESS

)1 (19

(

C
VHDL

)

PASCAL
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PROCESS
PROCESS
( )
PROCESS BLOCK
PROCESS PROCESS
PROCESS
PROCESS END PROCESS [ ]
[1S]
5.4.2 PROCESS
PROCESS
1)
(2
e
e
s PROCESS
WAIT WAIT
WAIT
e
e IF CASE LOOP NULL
s NEXT EXIT
3 VHDL
54.3
VHDL
VHLD
e CPU VHDL

et VHDL



5 VHDL 143

e
1. PROCESS
END PROCESS
PROCESS
2. PROCESS /
VHDL “ K VHDL (CODE)
PROCESS “ "
CPU
CPU
PROCESS
PROCESS END PROCESS
( ) PROCESS
VHDL
? 0
PROCESS
10 1000 PROCESS
CASE
PROCESS( abc)
BEG N
CASE abc IS
WHEN " 0000" => so<="010"
VWHEN "0001" => so<="111" ;
WHEN " 0010" => so<="101"
VWHEN "1110" => so<="100" ;
WHEN "1111" => so<="000"
WHEN OTHERS => NULL ;
END CASE;
END PRCCESS;
abc “ " CASE abc IS

abc=" 11107 WHEN “ 1110" => so<=" 100"
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WHEN WHEN ?

5-3 54

3.

WAIT
WAIT WAIT
)
4.
5-16 pa

a b sx temp ¢ <y temp

5-16
ENTITY mul IS
PORT (a, b, c, selx, sely : INBIT;
data_out : QUT BIT );
END mul ;

ARCHI TECTURE ex OF mul 1S
SIGNAL tenp : BIT;

BEG N
p_a : PROCESS (a, b, selx)
BEG N
IF (selx ="0") THEN tenp <= a; ELSE tenmp <= b;
END | F;

END PROCESS p_a;
p_b: PROCESS(tenp, c, sely)

BEG N
IF (sely ='0'") THEN data_out <= tenp; ELSE data_ out <= c;
END | F;
END PROCESS p_b;
END ex;
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( IF )
5.5
a b c
datal <= a AND b
data2 <= ¢
? a b
a b 0 ?
? datal a AND b datal
5-17 X
select sO0 sl a b c d
s0=0 s1=0 a b c d 0 X a
a 1 select
a 2 a a
1 X X 0 1
sO 0 1 1 sO
sO
sO 1 s1 O select Cr
2 select select
X b X x 0 1
5-17
ARCH TECTURE dat af | ow OF nmux | S
SI GNAL sei ect | NTEGER RANGE 15 DOANTO 0;
BEG N

Sel ect <= 0 WHEN s0="0" AND s1='0" ELSE
1 WHEN s0="1" AND s1="0' ELSE

2 WHEN s0="0' AND s1="1' ELSE
3,
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X <= a WHEN sel ect=0 ELSE
b WHEN sel ect=1 ELSE
¢ WHEN sel ect=2 ELSE

d;
5.6
VHDL
FPGA/CPLD
EDA FPGA
?
5.6.1 Inertid Delay
)
VHDL
2 2
VHDL
VHDL
z <= X XORy AFTER 5ns
5ns X XOR y

5ns X XOR y 5ns

CPLD

VHDL
VHDL

VHDL

VHDL
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z <= X XCRy
X XOR Yy ? z
20ns
20ns 20ns B
B <= A AFTER 20ns --
A "0, A 0 "1 A
10ns 5-15 20ns B
30ns 40ns B
A 20ns
56.2 Transport Delay
PCB ASIC
B <= TRANSPORT A AFTER 20 ns; - -
TRANSPORT
A 10ns 5-16
A B 20ns A 10ns 30
40ns B
AFTER
A A
B B |—
0 10 20 30  40ns 0 10 20 30  40ns
5-15 >-16

5.6.3 ? Smulaion Ddta
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VHDL

EDA

5-1.
5-2.7? VHDL  ?

5-3. STD_LOGIC_UNSIGNED

5-4.

5-5.  VHDL o )

5-6. VHDL
5-7.

5-8. 3

1
Signal A, EN: std_logic;
Process (A, EN

Variable B : std_l ogic;
Begi n
if EN=1 then B<=A endif;
end process;

2
Architecture one of sanple is
variable a, b, ¢ : integer;
begi n
c <=a-+b
end;
3

library ieee;



5 VHDL 149

use ieee.std_| ogic_1164.all;
entity mux21 is

port ( a, b: instd_logic; sel : in std_logic; ¢ : out std_logic;);
end san®;
architecture one of nmux21 is
begi n
if sel ='0" then c := a; else c:=b; endif;
end two;
5-9. 3-23 8
5-11. 5-12 4 IF 4
51.7

(0] 7 VHDL CASE
(@) 7 IC 74 4000

BCD 2 16

16 FPGA/CPLD 5-18 7

LED7S 7 5-18 7 LED7S
“ 1101101" 7 gf edcb a 1101101
“ g
h 5-18 LED7S: QUT STD LOG C VECTOR(6 DOMNTO 0) ... (7 DOMTO 0)
3 1 5-18 Quartusll
5-17
M ol L G lus 10 s 16 Ou 2 0um 26 Qo= 300 35 0 A0 0ue A5 s £ Dy

i B00CH | D000 ) 001 ¥ OO00 {0011 Y 0000 Y0100 3 010 001§ 1000 1000 Y 1070 3 1001 f 1000 1901 % 1190 § 1111 4 000 % 000t
LEOPS | Hos [SF Y706 VAR VAP B8 fED 7D J 0 y vt Wer f v ) oo j @ JGE ¥/ VT (5 K06

517 7

5-18

LI BRARY | EEE ;

USE | EEE. STD LOG C 1164. ALL ;

ENTI TY DECL7S IS

PORT ( A : IN STD LOG C VECTOR(3 DOMTO 0);
LED7S : QUT STD_LOG C_VECTOR(6 DOMTO 0) ) :

END ;

ARCHI TECTURE one OF DECL7S IS

BEG N

PROCESS( A )

BEG N
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CASE A IS
VWHEN "0000" => LED/S <= "0111111" ;
VWHEN "0001" => LED/S <= "0000110" ;
WHEN "0010" => LED7S <= "1011011" ;
WHEN "0011" => LED7S <= "1001111" ;
WHEN "0100" => LED7S <= "1100110" ;
WHEN "0101" => LED7S <= "1101101" ;
WHEN "0110" => LED/S <= "1111101" ;
WHEN "0111" => LED/S <= "0000111" ;
WHEN " 1000" => LED7S <= "1111111" ;
WHEN " 1001" => LED7S <= "1101111" ;
WHEN "1010" => LED7S <= "1110111" ;
WHEN "1011" => LED7S <= "1111100" ;
WHEN "1100" => LED/S <= "0111001" ;
WHEN "1101" => LED/S <= "1011110" ;
WHEN "1110" => LED7S <= "1111001" ;
WHEN "1111" => LED7S <= "1110001" ;
WHEN OTHERS => NULL ;
END CASE ;
END PROCESS ;
END ;
@ 2 GWa48 6 8
(P1046-P1040) 8 7 6 5
©) 3 3 519 VHDL
CNT4B 4 3-22 DECL7S 5-18
5-20 tmp 4 led
6 8 3 ( 1 )
clock0
(©)
LN
g E/J
P LT £
fU g Db Z j E ............. CNT4B ............ o ................. b. ECL'?S ................ E
K ClDCkD—‘—I; TCLK OUTYL3 .o]-_L*; AL=. . 0] LED?s[e..a]i_l—; : led[&..0]
GD d UC C—D”J— r=atl - RST couT— o !
N T 4| ................................................. :
a L S — coutD
~ L o oL |
5-18 5-19
5-2.8
@
@) 520 8 8 hgted
c b ah 8 8 k1 k2 ..k8
k3 k3
7 8
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8 ki k2 ...k8
a | || || || | || || |
g: — — —  — — —  —
O O @ O Cl O O O
b ke ok kb ks ke
520 8
5-19 clk L 7 g
f edcb at?7 BT 5-20 8 kil k2 ...k8
CNT8 3 P2 P3 7 5-18
P1 8 CNT8 "001" K2
A 3 P3 "1001111" “© 3 CNTS8
8 13579BDF
5-19
LI BRARY | EEE;

USE | EEE. STD LOd C 1164. ALL;
USE | EEE. STD LOd C_UNSI GNED. ALL;
ENTI TY SCAN LED I S
PORT ( CLK : INSTD LOG G
SG : QUT STD LOA C VECTOR(6 DOMTO 0); --
BT : QUT STD LOA C VECTOR(7 DOMTO 0) ); --
END;
ARCHI TECTURE one OF SCAN LED IS
SIGNAL CNT8 : STD LOd C VECTOR(2 DOMTO 0);
SI GNAL A : I NTEGER RANGE 0 TO 15;
BEG N
P1 PROCESS( CNT8 )
BEG N
CASE CNT8 IS
VWHEN " 000" => BT <= "00000001" ; A <=
WHEN "001" => BT <= "00000010" ; A <=
WHEN " 010" => BT <= "00000100" ; A <=
WHEN "011" => BT <= "00001000" ; A <=
VWHEN " 100" => BT <= "00010000" ; A <=
WHEN " 101" => BT <= "00100000" ; A <= 11 ;
WHEN " 110" => BT <= "01000000" ; A <= 13 ;
VHEN "111" => BT <= "10000000" ; A <= 15 ;
WHEN OTHERS => NULL ;
END CASE ;
END PROCESS P1;
P2 PROCESS( CLK)
BEG N
| F CLK EVENT AND CLK = '"1' THEN CNT8 <= CNT8 + 1;
END | F;
END PROCESS P2 ;
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P3 PROCESS( A) —
BEG N
CASE A IS
WHEN 0 => SG <= "0111111"; WHEN 1 => SG <= "0000110";
WHEN 2 => SG <= "1011011"; WHEN 3 => SG <= "1001111";
VWHEN 4 => SG <= "1100110"; WHEN 5 => SG <= "1101101";
VWHEN 6 => SG <= "1111101"; WHEN 7 => SG <= "0000111";
VWHEN 8 => SG <= "1111111"; WHEN 9 => SG <= "1101111";
VHEN 10 => SG <= "1110111"; WHEN 11 => SG <= "1111100";
WHEN 12 => SG <= "0111001"; WHEN 13 => SG <= "1011110";
WHEN 14 => SG <= "1111001"; WHEN 15 => SG <= "1110001";
VHEN OTHERS => NULL ;
END CASE ;
END PROCESS P3;
END;
) 1 5-19
SG 8 PIO49 PIO48 PIO42
BT 8 PIO34 PIO35 PIO41 GWA48EDA
8 5-20 CLK
clocko 16384Hz
4 2 5-19 P1 8 4
8
A/D
5-3.
(1)
2
5-20
€) 5-21 5-20
P_REG P_DIV RTL
_akd 100Qus 200Qus 3000us 400Qus
. '| ;
o | T {U [ U UL A
5-21 D FOUT (CLK =50ns)
4 CLK D 5-21
5) 1 5-20 1 2/ 8
D(PIO7-PIO0) CLK clockO 65536H2z ( )
FOUT (SPKER) 2/ 1
(6) 2 5-20 16 PWM
) 2 5-20
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8
5-20
LI BRARY | EEE;
USE | EEE. STD LOG C 1164. ALL;
USE | EEE. STD LOG C_UNSI GNED. ALL;
ENTITY DVF 1S
PORT ( CLK : INSTD LOG C,
D : IN STD LOG C VECTOR(7 DOWNTO 0);
FOUT : OUT STD LOGC );
END;
ARCH TECTURE one OF DVF IS
SIGNAL  FULL : STD LOGI G
BEG N
P REG PROCESS( CLK)
VARI ABLE CNT8 : STD LOG C VECTOR(7 DOANTO 0) ;
BEG N
| F CLK EVENT AND CLK = '1' THEN
|F ONTS = "11111111" THEN

CNT8 : = D -- CNT8 D CNT8
FULL <="1"; -- FULL
ELSE CNT8 := CNT8 + 1; -- 1
FULL <="0"; -- FULL
END | F;
END | F;

END PROCESS P_REG ;
P DIV: PROCESS(FULL)
VARI ABLE CNT2 : STD LOG C,

BEG N
| F FULL' EVENT AND FULL = '"1'" THEN

CNT2 := NOT CNTZ2; -- FULL D

IF CNT2 ='1'" THEN FOQUT <= '"1'; ELSE FOUT <="'0',
END | F;

END | F;

END PROCESS P_DIV ;

END,
5-4. 32 /
5-8 8 4 8 32

CPU



