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(5] 7-1]1 EAHZERERR FERET
ARCHITECTURE bhv OF DFF1 IS
BEGIN
PROCESS (CLE)
VARIABLE Q1 : STD LOGIC;
BEGIN
IF CLEK'EVENT AND CLE="1"
THEN 01 := D; END IF;
o <= Q1;
END PROCESS;
END;

[ 7-2]1 E A {E SREN FERE T
ARCHITECTURE bhv QF DFFZ IS
SIGNAL Q1 : STD LOGIC;
BEGIN
PROCESS (CLE)
BEGIN
IF CLE'EVENT AND CLE='1"
THEN Ol <= D; END IF;
END PROCESS;
0 <= 01;
END;



71 HEFHESHESZER

[#1]7-3]

ARCHITECTURE bhv OF DFF1 IS
SIGNAL A,B : STD LOGIC;

BEGIN

PROCESS (CLE) BEGIN

IF CLE'EVENT AND CLE='1' THEN

A <= D; B <= A;
o <= B;
END IF;
END PROCESS;
END;
A B Q=regl
] — ] Fﬁiu ] F'F‘E-::- D FFEn >0
LK > > %
Ens EMA EhA
CLR CLR CLR

B 7-1 {5l 7-3 B9 RTL RS

[ 5 7-4]

ARCHITECTURE bhv OF DFF1 IS
BEGIN

PROCESS (CLK)

VARTABLE A,B : 8TD LOGIC:
EEGIN

IF CLE'EVENT ANLD CLE='1l' THEHN

A =By B := A;
Q <= B; END IF;
END PROCESS;
END;
Q~regl
FRE
]| - o] L] { =
CLKC>———
Eras
CLR




71 #HEFRIESRESZEWRE

[4] 7-5]
PROCESS (inl, inZ, . . .) —— I H# IR Sns+a0 23 2R
VARIABLE cl, . . . : STD LOGIC VECTOR (3 DOWNTO 0) ;
BEGIN
el <= "1010"™; el Ao
el 7= "001Y"; ——5 1047

FND PROCESS; ——TE5ns+28R1ZEE RIS




71 HEFHESHESZER

[$17-6]

LIBRARY IEEE;
USE IEEE.STD_LOGIC_I 164 .ALL;
ENTITY mux4 IS
PORT (i0, il, i2, i3, a, b : IN STD LOGIC; g : OUT STD LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
signal muxval : integer range 7 downto 0;
BEGIN
process(i0,11,12,13,a,b} begin
muxval <= 0;

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

when 0 => g <= 10;

when 1 => g <= il;

when 2 => g <= 12;

when 3 => g <= i3;

when others =»> null;

end case;
end process;
END body mux4;



71 HEFHESHESZER

[517-7]

LIBRARY IEEE?

USE IEEE.STD LOGIC 1164 .ALL;

ENTITY mux4 IS

PORT (10, il, i2, i3, a, b : IN STD LOGIC; q : OUT STD LOGIC);
END mux4;

ARCHITECTURE body mux4 OF mux4 IS

BEGIN

process (i0,il1,i2,i3,a,b)

variable muxval : integer range 7 downto 0;

begin

muxval := 0;
if {a = "1'") then mu=val := muzval + 1; end if;
if (b= '"1'") then muxval := muxval + 2; end if;

case muxval is

when 0 => g <= i0;

when 1 => g <= il1;
when 2 => g <= i2;
when 3 => g <= i3;

when others => null;
end case;
end process;
END body muxé4;
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7.21 =&11#1t

[ 7-8]
LTERAEY TEEE:
USE IEEE. 3TD LOcIC 1164.ATL;
ENTITY tri_S I=
port (enable : IN STD LOGIC;
datain : IN STD_LOGIC VECTOR (Y DOWNTO 0);
datacut : OUT 3TD LOGIC WVECTOR (Y DOWNTO O) );
END tri = ;
ARCHITECTURE bhv CF tri_S I=
BEETH
PROCESS (enable, datain) BESIN
IF csnable='1" THEN datacut <= datain ;
ELSE datacut <="zZZZZZZZZ" ; END IF ;
END PEOCESE;

END bhv;
enable -
1 > {8 Y dataout[7-0] —

4
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7.2 &5 R % H B BB BT

7.2.2 XA O B8

T —
[{5] 7-9] o :
. . TR D70 0 o
library 1ees; Igontrof , CD’ | qop H2el_ra 0 PO,
use leee.ztd logic 1164.311; o[7:0] x_1[7:0]

entity tri state is
port (contrel : in =td logic; BE76 B#l79RGaER
inl: in std logic vector (7 downto 0);
q ! inout std legic wvecter (7 downto 0);:
# @ out std logic vector(7 downto 0) );
end tri state;
architecture body tri of tri state 1is

begin

process (control, q,inl) begin
if {control="07) then =x<=q; else g<=inl; HC="ZZZZZZZZ"; end 1f;
end process;

end body tri;



7.2 &5 R % H B BB BT

7.2.2 XA O B8

[{# 7-10]
a1 M
process (control, o, inl) begin
if {(control="07) then = <= q ; g <="ZZZZIZTEI";
else q <= 1nl; = <="ZZZZZZZIZ";
end if;

end process;

end body tri;

[raf, | l\ FLE

ini[7: LA

lm Jro fF ﬂm.
Lf.“_‘" Ju
Qtb_5(7:0]  Xx_1[7:0]

e (£

B 77 710 BEEEER
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7.2.3 =XKL HEBBGTH
inpua[7 0] "M
[ﬁ'] 7-11 ] [enable

10 i:04
input1[7.0] =" [&‘

LIERARY IEEE; o= un7_enable (i LR L oy )
USE IEEE. STD LOGIC 1164.ALL; o= output_1[7:0]
ENTITY tristatez IS

port { input3, inputZ, inputl, input0 : B 72 5 7-11 fHiRBER S ER

IN 8TD LOGIC VECTOR (7 DOWMTO 0) ;
enable : IN 3TD LOGIC VECTOR(1l DOWNTO 0 ;

output @ OOT STD_LOGIC_HECTDR (7 DOWMNTO 01 )
EMND tristateZ ;

ARCHITECTURE multiple drivers OF tristateZ IS

BESIN
PROCESS (enakle, input3, inputZ, inputl, inputl ) BECTIN
IF enable = "00" THEN cutput <= inputl ;
ELZE ocutput <= (0OTHERS =-T"Z"); END IF ;
IF enable = "01" THEN cutput <= inputz ;
ELSE output <= (0THERES =>T"Z"); END IF :
IF enable = "10" THEN ocutput <= inputl ;
ELZE cutput <= (0OTHERS =->TZ"7); END IF ;
IF enable = "11" THEN cutput <= inputl ;
ELSE cutput <= (0OTHERS =->TZ"); END IF ;

END PEOCESS ;
END multiple drivers;
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7.2.3 =FBLEHEBRET
[{5] 7-12]

likrary iese;
use iees.ztd logic 1164.a11;:
entity triZ is
port (ctl : in std logic vector(l downte 0);

datainl, datain?, datainz, dataind

in std logic wvector(7 downto 0);

q : cut std legic wector(7 downte 0) i
end triZ;
architecture body tri of triZ is
begin
q others ==TZ27)
q <= datainZ when ct1="01" else (others ==TZ7)
g <= datain? when ctl1="10" el=se (others =>TZ") ;
g <= dataind when ocE1="11" el=ze (others ==TZ7)
end body tri:

datainl when ct1="00" =lse




7.3 BWIEAL

7.3.1 BWIRILE

[ 7-13]

LIERARY leee;
USE iees.std logic 1164.al11;
USE ieses.std logic unsigned.all;
USE ileses.sgtd logic arith.all;
ENTITY multmux IS
EORT (A0, Al, B : IN =td logic vector(3 downto 0);
g : IN std logic;
R : OUT =std logic vector(?7 downte 0));
END multmux;
ARCHITECTURE rtl OF multmux IS
BEGTN
process (AQ, Al, B, =) begin
if {=='0") then ©E<=A0 * B; else E<=Al * B; end 1if;

end processz;
END rtl;



7.3 BWIEAL

7.3.1 BWIRILE

[ 7-14]
ARCHITECTURE rtl OF muzmult Is --BLEERSSHs-158E
signal temp : std logic vector (3 downte 0);
EEGIN
process (AD, AL, B, =) begin

1if{(=="0") then temp<=Al; else temp<=Al; end 1if;
R <= temp * B;
end process;
END rtl;
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7.3 BWIEAL

7.3.2 ZEMRM

[ 7-15]
LIERARY leee;
USE iesee.std logic 1164.511;
use leee.std logic unsigned.all;
use leee.std logic arith.all;
ENMTITY multl I3
PORT (clk : in std logic;
ma : In std logic vector (1l downteo 0);
me o oout std logic vector (23 downto 0)):
EMND multl;
ARCHITECTURE rtl OF multl I3
signal ta, th : std logic vector(ll downte 0);:
EEZIN
proceszs (clk)  begin
if{elkTevent and clk="'1") then
tad=ma; th<="100110111001"; mo<=ta * th; end 1f;

end process;
END rtl:



7.3 BWIEAL

7.3.2 ZEMRM

[#] 7-16]
—— kL EEHR 7-15
ARCHITECTURE rtl OF multl IS
zignal ta @ std logic wvector(ll dewnto 0);
constant th : std logic vector(ll downte 0):="100110111001";
BEGIN
process(clk) begin
TE{elllevant: and. clk="1T3"then ‘ta<=ma; mescta*th; ‘and 1f:

end process;
END rtl;



7.3 BWIEAL

S
7.3.3 %'ﬁr{’t yvout = ag=bg+ a;=by + ag<by+ az<bs

[ 7-17]

LIERARY ieee;

USE ieee.std logic 1164.all;

use leee.std loglic unsigned.all;

use leee.std logic arith.all:

ENTITY pmultadd IS

EORT (ab, al, aZ,a3 : in std logic wector (7 dowmto 0);

bO,bl,b2,b3 @ in std leogic vector(7 downte 0);
yvout @ out std logic wvector (15 downto 0);
clk @ in std logic);

END pmultadd;

ARCHITECTURE p arch OF pmultadd IS

BEGTH

process (clk) begin
ificlkTevent and <lk = "1%) then
vout <= ({al*b0)+ (al*bl)i+ ((a2*b2)+(a3*b3)1; end 1f;
end process;
END p arch:



[#]7-18]
.-l LER S-S 7-17 HH[E
clks start @ in std logic);
END prultadd;
ARCHITECTURE = arch OF prultadd I3
signal cnt : std logic wvector (2 downto 0);
signal tmpsas twph : std logic wvector (V7 downto 0 ;
signal twp. vtwp : std logic wvector(l3 downto 0O);
BE=IN
tmpa <= al when cnt = 0 else
al when cnt = else
ald when cnt = else
a3 when cnt = glae al;
bl when cnt = else
bZ when cnt =

b3 twhen cnt =

1
2
3

tmph <= b0 when cnt = 0 else
1
Z else
3

elae bi;
tmp <= tmwpa * tmpb;

process (clk) begin
if(elk'ewvent and clk = '1') then
it [start='1l') then cnt<="000"; vytmp«<=(others=>'0"'};
elsift [(cnt<d4) then cnt<—ecnt+l; vytmp<—vytmpttmp;
elsift [(cnt=4) then vyoub<=vytmp;
end if; end if;
end process;

END = arch;
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[ ) 7-19] &i@imi=88, EP3Cl0 FPGAHFEHE: Lcs=10,REG=0,T=7.748ns.
LIBRARY leee;
USE ileee.std logic 1164.all:
USE ileee.std logic unsigned.all;
USE leee.std logic arith.all:
ENTITY ADDERS I3
FORT (A, B : IN Std_logic_vector{T downto 0);
CLK,CIN : IN std logic; COUT : OUT std logic:

SUM : OUT std logic vector (7 downto 0}};
END ADDEEE ;

ARCHITECTURE rtl OF ADDERS I3

STIGNAL SUMC,A0,BO Std_logic_vectoriﬂ downto 0 ;
BEGIN

A0«<="0%& A ; BO<="0" & B
process (CLE) begin

IF {RISING_EDGE{CLH}} THEN SUMC <= AU0+BO+CIN; END IF:;
end process;

L)

COUT<=3UMC {8) ; SUM<=3UMC {7 downto 0);

END rtl;
@0 " [T T R X XB
e | @B AT § @ X B R 5L ¢ E
18 CLE | | [ 1 | | | 1 f | ] | | |
- 12 CIN | |
o 20 couT [
g0 | @swm o0 ¥ A3 y {IR-T - TR | iz 1 ] )

[ 7-16 8] 7-19 BIR RN BRI



[{7) 7-20 @Kk, EP3CI0EEER: CLE=275MHzT=3.63ns, LCs=24, REG=22.
. .——BL BB 58] 7-19 1H[F]
ARCHITECTURE rtl <F ADDEREB IS
SIGNAL SUMC,A9,BY : std logic vector (8 downto 0);:
SIGNAL ABS,AS,BS5,TA,TE,S : Std_lﬂgic_vectﬁriq downto 0);
BEGIN
Ah<="0T7s A(Z downto 0); Bh«<=T07& B({3 downto 0O);
process (CLE) begin
T B {RISING_EDGE{CLK}} THEN

ABS<=AS5+B5+CIN; SUMI(3 downto 0)<=AB5({(3 downto 0); END IF;
end process;

process (CLE) begin
IF {RISING_EDGE{CLK}} THEN

S<=(T"0"& A(T downto )3+ ('07& B(7 downto 4))+ ABS(4); END IF;
end process;

COUT<=53¢4) ; SUM{7 downto 4)«<=5(3 downto 0);

END rtl;
o | @+ I ) W T ¥ B Y
e | @3 F o0 ¥ 78 Y B YT 61 Y =% ¥ i W
o 18 CLE | l | | | | | l I | | | | | | |
13 CIN | | RN
o3 20 T i
5ot sm [ NTT R T Y T e YT T E TN i y

-,
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7.5.1 [EAER

B <= AAFTER 20ns; --[ff5 ZEHF A

A — are

B

0 10 20 30 40ns
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7.5.2 fEHIERT

B <= TRANSPORT AAFTER 20 ns; T B i s} A R

A

; L

0 10 20 30 40ns

720 {EHRIAE A R TR

7.5.3 {fEDd



o &

[#7-21]

LIBRARY leee;

U3E ieee.std logic 1164.all;

UJ3E ieee.std logilc unsigned.all;
U3E ieee.std logilc arith.all;
ENTITY addmux IS

PORT (R : OUT std logic vector ({7 downto 0}; sel : IN std logic;

A,B,C,D : IN std logic wector (7 downto 0) );

END addmux;
ARCHITECTUEE rtl CF addmux IS
BEGIN

process (A,B,C,D,sel) begin

ifi{sel="0") then R<=A+B; else R<=C+D; end if;

end process;

END rtl;

vy = x(h(0) + x(n-1) + =(n-23h(2) + =(n-33h(3)
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[ 7-22]
WIDTH = 4; -- YR RHiEEEE
DEPTH = 256; ~-IFREE 139
ADDRESS RADIX = DEC; — - HHETR S R R
DATA RADIX = DEC; ——$a AR 25 B B i

CONTENT BEGIN ——FEEAHAREERATEE, &S84T
00: 301 3 ;08 37 03 3; 04: 5; 05: 5; 06:-5; O07: 6; 08: 8; 09: 3;
310: B2 913 vy 13: 87 A5 Ah5Z.5r Ah:l2: 1V: 12718 12:719:715;
13 ; 20:22 -5 22:10 7 2F:12; 24: O- 25: G; 26: 9; 27: 9; 28: 89; 29: 9;

30: % 53 05322 95 33 95 348y 3b:10; 36Ty 3 1038 67 39 b;
40: 5 ; 41: 5 ; 42: 5 ; 43: 6; 44: B; A4L: B; 46: 9; 47: 9; 48: 3; 49: 3;
50: 5 ;5818 ; B2: 6 7 B3z 5z Bd:b; bbb B8 561 57 57: 5y BB: 57 B9z 5;
60: 5 ; 61: 5 ;7 82: 5 ; 63: 5; 64:10; 65:10; 86:10; 67:12; &8: 7; 69: 7;
TJO: 9 ;WY 972 6y T3 8F T4 5F My 57 ie: 5r TT: 57718: 5r T9: 57
80: 3 ; 81: 5 ; 82: 3 ; 83: 3; 84: 5; 8b: b7 86: T; BT: 9; 88: &; 89: b;
90: 6 ; 91: 6 ; 92: 6 ; 93: 6; 94: 5; 95: 6; 96: B; 97: 8; 98: 8; 99: 9;

100:12;3101:12 ;102:12 ;103:10;104: 9; 105: 5:;106:10;107: 9;108: B;109: 8;
110: &7;111: & 7112: 3 ;113: 37114: 3; 11b: 37116: 87;117: 87;118: 8:;119: 8;
120: 6;121: 8 ;132: 6 ;123: 5;124: 3; 135: 5:;126: 6;127: 8;128: 5;139: 5;
130: .5;131: 5 7132: 5 ;133> 5;134: 5; 135: 57136 07137 0;138: O;

END;



[ 7-23]
LIBRARY IEEE:
USE IEEE.STD LOGIC 1164.ALL;
ENTITY F CODE I=
PORT [ INX : 1IN 3TD LOGIC VECTOR (3 DOWNTO O);
CODE : OOT 3TD LOGIC WECTOR (3 DOWNTO 0O ;
H : OUT 5TD LOGIC:
To ¢ OUT 35TD LOGIC VECTOR (10 DOWNTO 0O))

END;
ARCHITECTURE one ©OF F CODE I3
BEGIN
gearch @ PROCESS (INX)
BEGIN

CASE INX IS —— FUE R, TERAD, EHIEIEIMTIRE L

WHEM "0OO00"™ => TO<="11111111111" ; CODE<="0000"; H<='0';-— 2047
WHEM "0001" => To<="01100000101" ; CODE<="0001"; H<='0';--— 773;
WHEM "0010" => TO<="01110010000" ; CODE<="0010"; H<='0';-- 91Z;
WHEM "0O011" = ToO<="10000001100" ; CODE<="0011"; H<='0':;--1036;
WHEM "0101"™ =» ToO<="10010101101" ; CODE<="0101"; H<='0';--1197;
WHEM "0110" =» ToO<="10100001010" ; CODE<="0110"; H<='0';--1290;
WHEM "0111"™ => TO<="10101011100" ; CODE<="0111":; H<='0':--1372:
WHEM "1000" => TO<="10110000010" ; CODE<="0001"; He='1';--1410;
WHEM "1001" => ToO<="10111001000" ; CODE<="0010"; H<='1';--1480;
WHEM "1010" => TO<="11000000110" ; CODE<="0011"; H<='1';--154Z;
WHEM "1100" => ToO<="11001010110" ; CODE<="0101"; He='1':;-—1622;
WHEM "1101" => ToO<="11010000100" ; CODE<="0110"; He='1';--1668;
WHEM "1111" => ToO<="11011000000" ; CODE<="0001"; H<='1';--1728;
WHEMN OTHERS =»> To<=111111111111" ; CODE<="0000"; He='O':;-— 2047
END CASE:

END PROCESS;

END;
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[#] 7-24]
library leee;
use ‘lesssstd logic Tlad.ally
use leee.std logilc arith.all;
use ‘iece.std logic unsigned.all;
entity ps2 PIANO is
port (clk, psZclk, psZdata : in std logic;
keycode : out std logic vector (7 downto 0);
keydown, kevup, dataserror : out std logilc);
end pss PIANG;
architecture behave of psZ PIANO is
signal shiftdata, kbcodereg: std logic vector (7 downto 0);
signal datacoming,kbclkfall, kbclkreg, parity, 1sfo : std logic
signal cnt : std logic vector (3 downto 0);
begin
process {(clk) begin
if rising edge {clk} then kbclkreg<=psiclk;
kbclkfall<=kbclkreg and {(not ps2clk):end if;

end process;

process (clk) begin
if rising edge{clk} then
1f kbclkfall="1" and datacoming="'0" and psZdata='0" then
datacoming<="1"; cnt=="0000"; parity<="0";
elsif kbelkfall="1" and datacoming="1" then



1t cnt=% then

if psZdata=T1l" then datacoming<="0"; datasrror<="0";
else dataerror<="1"; end if;
chnt<=cnt+1;

elaif cnt=8 then
if pzZdata=parity then datasrror<="0"7;
elee dataerror<=T1"; end if;

crnt<=cnt+1;
else shiftdata<=psZdata & shiftdata(? downte 1) ;
parity<=parity zor psZdata; cnt<=cnt+l; end if;
end 1f;
end 1f;
end process;
process (clk) beglin
if ri=ing edge (clk) then
if cnt=10 then
if gshiftdata="11110000" then 1sfo<=T1";
glsif shiftdata /= "11100000" then

if isfo="1" then Lkeyup<=T1"; kevcode<=shiftdata;

elge keydown<="1"; kevycode<=shiftdata; end if;

end if;
else keyup<="0"; keyvdown<="0"; end if;
end if;
end process;

end behave;
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L.IBRARY TEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE TEEE.STD LOGIC UNSIGNED.ALL:;
ENTITY SQU1 IS
PCORT {( CIN,ADR : IN STD LOGIC VECTOR{7 DOWNTO 0)
OF : OUT STD LOGIC };
END SQUl; -
ARCHITECTUERE EHV OF SQU1 IS
BEGIN
PROCESS(CIN) BEGIN
IF (ADR<CIN} THEN OT<='0'; ELSE 0OT<="'1"'; END IF;
END PROCESS;
END BHV;
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