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4.1 % IEFESS IVHDLAEIA

4.1.1 21%1Z Bk FEA I VHDLI#IE

[ 5]4-1])
ENTITY mux2la IS
PORT ( a, b - IN BIT,;
s - IN BIT;
y - OUT BIT );
END ENTITY mux2la;
ARCHITECTURE one OF mux2la IS
BEGIN
y <=a WHEN s = "0" ELSE D
END ARCHITECTURE one ;

KX/%/Z%%?



4.1 % IEFESS IVHDLAEIA

4.1.1 2&%1%&%%%%%E@VHDL%52S

[ #i4-2]
ENTITY mux2la IS
PORT ( a, b - IN BIT,;
s - IN BIT;
y - OUT BIT );
END ENTITY mux2la;
ARCHITECTURE one OF mux2la IS
SIGNAL d,e : BIT,;
BEGIN
d <= a AND (NOT S) ;
e <= b AND s ;
y <=dOR e ;
END ARCHITECTURE one; '
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4.1 % IEFESS IVHDLAEIA

4.1.1 2&%1%&%%%%%E@VHDL%52S

[ %14-3]
ENTITY mux2la IS
PORT ( a, b, s: IN BIT;
y - OUT BIT );
END ENTITY mux2la;
ARCHITECTURE one OF mux2la IS
BEGIN
PROCESS (a,b,s)
BEGIN
IF s = "0 THEN
y <= a ; ELSE
y <=b;
END IF;
END PROCESS;

END ARCHITECTURE one ; "
KX/»%/ WELEE
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4.1.1 21%1Z Bk FEA I VHDLI#IE
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4.1.2 AFHIRTER) G FNE 2

1. 4k kik

[]4-4]
ENTITY e name IS
PORT ( p_name : port m data_ type;

p_namei : port_mi data_type );
END ENTITY e_name,

2. EA%
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w
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4.1 % IEFESS IVHDLAEIA

4.1.2 FHI1ER) 45 K FN TR v B
5. # # £ A

6. Mk K ik

[ #%i4-5]
ARCHITECTURE arch_name OF e name IS
[t AiEA)]
BEGIN
(ThEeRER])
END ARCHITECTURE arch_name ;

KX/%Z%[&



4.1 % IEFESS IVHDLAEIA

4.1.2 FHITE R S5 M RITEE Ui A
7. RAA 4 T Ao B BB I T
MR <=
KATHE T ="EFRERNS X, R2—FEdE s .

IF a THEN ... —— FE, addERBYgiREboolean
IF (s1="0")AND(s2="1")0OR(c<b+1) THEN ..
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4.1 % IEFESS IVHDLAEIA

4.1.2 FHITE D) 45 M R TEVE U B
8. 1% 48 48 1k 44

AND., OR. NOT

9. 445 4

IF. THEN_ELSE

IFE R LAAER) “END IF; 453K
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4.1 ZHixnFEss ) VHDLARIR

4.1.2 FHITE D) 45 M R TEVE U B
10. WHEN_ELSE -4 12 % A 44 1% &

AR Hbr <= RIEA WHEN WH{E41F ELSE
K&\ WHEN W{H %1 ELSE

RIEN
Z <= a WHEN pl = "1" ELSE
b WHEN p2 = "1" ELSE

C
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4.1 % IEFESS IVHDLAEIA

4.1.2 FHITE D) 45 M R TEVE U B
11. st 42 & &) Fo I /5 1% 4]
fE— N DA AEENHEFREAEH, A KHEFE

R R IFATESR), TWHAE—HFEPROCESSS| S 1iEA) (B
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4.2 FAE#sthid A HVHDLE
4.2.1 Dfix#%FIVHDLEEIAR

SR

D Q=

[ %4-6]
LIBRARY IEEE : =
USE IEEE.STD LOGIC 1164.ALL ; -

ENTITY DFF1 IS
PORT (CLK : IN STD LOGIC :
D : IN STD LOGIC :
Q - OUT STD LOGIC );
END ;
ARCHITECTURE bhv OF DFF1 IS

=
DFFT

l4-4 Dfit/c 4%

SIGNAL Q1 : STD_LOGIC ; --RMTEDHFWHE X — M7 &

BEGIN
PROCESS (CLK,Q1)
BEGIN
IF CLK"EVENT AND CLK = *"1°F
THEN Q1 <= D ;
END 1F;
END PROCESS ;

Q <= 0Q1 ; —— 45 N BB B A B A v L A (OB - - R ERAT 5D

END bhv;



4.2 ZifFastiid N IHVHDLIE SIS

4.2.2 VHDLH#IA WITE S IS v B
1. 47 1% #5545 # 42 £ % STD _LOGIC

BITZ KR4 € X
TYPE BIT IS('0,'1"); - HH WM EE

STD_LOGICH KA % X:

TYPE STD_LOGIC IS ("U',"X",'0",'1","Z""W","L","H","-");
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4.2 FAFAeiR LHVHDLIE S A

4.2.2 VHDLH#IA WITE S IS v B
2. & vt & Fodz A2 5 A
LIBRARY WORK ;

LIBRARY STD ;
USE STD.STANDARD.ALL ;

fFH ERFE PR — B e X R
LIBRARY <i&itFE4L>:
USE < #WitFEZ>.<ERE4>.ALL ;

l(xﬁﬁﬁ%§



4.2 ZifFastiid N IHVHDLIE SIS

4.2.2 VHDLH#IA WITE S IS v B
3.5 2l otk Btk

“SIGNAL Q1: STD_LOGIC; ~”

4. L 4% oo & X Fefs 5 5 H & HKEVENT

“CLK"EVENT AND CLK="1°%"

{55 &> EVENT
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5. F R X A& MiE G bt s %

[ %14-7]
ENTITY COMP_BAD IS
PORT( al, bl : IN BIT;
ql : OUT BIT );
END ;
ARCHITECTURE one OF COMP_BAD 1S
BEGIN
PROCESS (al,bl)
BEGIN
IF al > bl THEN gl <= "1" ;
ELSIF al < bl THEN ql <= "0" ;--K#EKkHal=blif, qliEM#ElE
END IF;
END PROCESS ;
END ;

KX/%Z%[&



4.2 FAFasthid L HVHDLIE S L%
4.2.2 VHDLH#iAH)WE S IS i
5 Rz %4454 5045 %

b1

latrs
Al = ;u_[]
q . g Q . [:;myh————jz::}
S q1
q1_1
a;_1

Kl4a-5 Fl4-7H g E (SynplifyZi&) '
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4.2 FAresthmid N HVHDLIE SIS
4.2.2 VHDI__J’%ﬁEﬁJ%‘E%%FE%

5. R 244 %4E 555 €%
[ %14-8]

IF al > bl THEN ql <= "1° ;
ELSE gl <= "0" ; END IF;

R

HT>——{ >0 P
al ; ‘

A
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4.2 ZifFastiid N IHVHDLIE SIS

4.2.3 SCHLE P HE I VHDLA [F 3Rk

[ 14-9]
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND (CLK="1") AND (CLK"LAST VALUE="0")
THEN Q <= D ; ——HRCLK AR AL 2 — IR S kAR
END IF:

END PROCESS ;

KX/%/Z%%?



4.2 ZifFastiid N IHVHDLIE SIS

4.2.3 SCHLE P HE I VHDLA [F 3Rk

[ #14-10]

PROCESS (CLK)
BEGIN
IF CLK="1" AND CLK"LAST VALUE="0" --[F#I3-9
THEN Q <= D ;
END IF;
END PROCESS ;

KX/%/W#&



[ $14-11]
LIBRARY IEEE ;
USE IEEE.STD_LOGIC 1164 .ALL ;
ENTITY DFF3 IS
PORT (CLK, D : IN STD_LOGIC ;
Q : OUT STD LOGIC );
END ;
ARCHITECTURE bhv OF DFF3 1S
SIGNAL Q1 : STD LOGIC;
BEGIN
PROCESS (CLK)
BEGIN
IF rising_edge(CLK) -- WAZI$TFFSTD_LOGIC_ 11642741
THEN Q1 <= D ;
END IF;
END PROCESS ;
Q <= Q1 ; --7it, W{EEN] CURLEHRES, 1EAFATIREIE R
END ;

KX/%/Z%%?



4.2 ZifFastiid N IHVHDLIE SIS

4.2.3 SCHLE P HE I VHDLA [F 3Rk

[ #14-12]
PROCESS
BEGIN
wait until CLK = "1 : ——FlHwai tiEf)
Q <=D ;
END PROCESS;

KX/%/W#&



4.2.3 SCHLE P HE I VHDLA [F 3Rk

[ %14-13]

PROCESS (CLK)
BEGIN
IF CLK = "1°"
THEN Q <= D ; —-F|HBFER)S 3% A0 CLK B3 v 6
END IF;
END PROCESS ;

CLK ] B ] [

I IR ] s
: IR [

K4-7 54-1301 B F T

KX/%Z%[&



4.2.3 SCHLE P HE I VHDLA [F 3Rk

[ #14-14]

PROCESS

IF CLK = "1°

(CLK, D) BEGIN

THEN Q <= D ;

END

IF;

END PROCESS ;

—— FLP A B B A A%

CLE ] ] ] [
D | BN ] L
] IEENS P I D N ]

K4-8 1514-141 B 3 7

KX/%Z%[&



4.2.4 B FEBERTE
[ %14-15]

ARCHITECTURE bhv OF MULTI_DFF IS
SIGNAL Q1,02 : STD LOGIC:
BEGIN
PRO1: PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK="1"
THEN Q1 <= NOT (Q2 OR A):
END IF;
END PROCESS :
PRO2: PROCESS (Q1)
BEGIN
IF Q1"EVENT AND Q1="1"
THEN Q2 <= D;
END IF;
END PROCESS :

QQ <= Q2 ;



4.2 ZifFastiid N IHVHDLIE SIS

4.2.4 B e LB iU

R

=

AS——" b a D Q=00
D%rj C [

CLR

Kl4-9 1#4-1525 5 Ja W HEEE  (SynplifyZ&&)
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34 g8 I VHDL fi b

4.3 17 3

4.3.1 FInasflak

}D a b SO o{0)
coO

a 5 and?2 0 0 0 0

0 1 1 0

W jD%@ 1 0 1 0

not Xnor2 1 1 0 1

K4-10 Fhnesh adder ik & K HEHER
KX/%Z%[&



4.3.1 FIn#sHiR
h_a%%er
ain A co®
bin ——B so¢
cin

4.3 17 3

=1

h_adder

[]A CO!

B SO

il 40 4% K VHDL i34

u2

Kl4-11 4n#&f adderH i & K H So AR R

ain —
bin s 7
: sum
cin /
sum
LFIEE

Kx



4.3 147 —dFs4aines B VHDLHR IR
4.3.1 ¥ ngsfid

[ 514-16)

LIBRARY IEEE; — PSR IR (1) TR A FERR T

USE IEEE.STD LOGIC 1164_.ALL;
ENTITY h_adder 1S

PORT (a, b - IN STD LOGIC;

co, SO - OUT STD LOGIC);

END ENTITY h_adder;
ARCHITECTURE fhl OF h_adder 1s
BEGIN

so <= NOT(a XOR (NOT b)) ; co <= a AND b ;
END ARCHITECTURE fhil,;

I(X%%ﬁ%§



[ $14-17]

LIBRARY 1EEE; --Phi#sHiiR(2): HAERMBITIL

USE IEEE.STD LOGIC 1164 _ALL;

ENTITY h_adder 1S

PORT (a, b : IN STD LOGIC;
co, so : OUT STD LOGIC);

END ENTITY h_adder;

ARCHITECTURE fhl OF h_adder is

SIGNAL abc : STD LOGIC_VECTOR(1 DOWNTO 0) ; --i& XFrHEZHEfRE

HiERA
BEGIN
abc <= a &b ; --afitb, Bla5biEEE
PROCESS(abc)
BEGIN
CASE abc IS - - R T EHERK KICASETE R

WHEN "00" => so<="0"; co<="0" ;
WHEN ""01" => so<="1"; co<="0" ;
WHEN ""10"" => so<="1"; co<="0" ;
WHEN ""11"" => so<="0"; co<="1" ;
WHEN OTHERS => NULL ;
END CASE;

END PROCESS;

END ARCHITECTURE fh1l ;



=1

il 40 4% K VHDL i34

4.3 1/} —i3f

4.3.1 FInasflak

[ %14-18]
LIBRARY 1EEE ; --E{| ] Z®##HR
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY or2a 1S

PORT (a, b :IN STD LOGIC;

c : OUT STD LOGIC );

END ENTITY or2a;
ARCHITECTURE one OF or2a IS

BEGIN

c <=aOR b ;
END ARCHITECTURE one ;

I(X%%ﬁ%§



[ %14-19]
LIBRARY 1EEE; — -1 —JE il n a8 = s vk
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY ¥ adder IS
PORT (ain, bin, cin - IN STD LOGIC;
cout, sum - OUT STD _LOGIC );
END ENTITY ¥ _adder;
ARCHITECTURE fd1l OF T _adder IS
COMPONENT h_adder —— T F ¥ N 28 7= R
PORT ( a, b - IN STD LOGIC;
COo, SO - OUT STD LOGIC);
END COMPONENT ;
COMPONENT or2a
PORT (a, b - IN STD LOGIC;
c - OUT STD LOGIC);
END COMPONENT;
SIGNAL d, e, ¥ : STD _LOGIC; --‘EX3M5E5/EANNIBRIEELZE.
BEGIN
ul : h_adder PORT MAP(a=>ain, b=>bin, co=>d, so=>e);--ffl{LiEH]
u2 : h_adder PORT MAP(a=>e, b=>cin, co=>F, so=>sum);
u3 : or2a  PORT MAP(a=>d, b=>t, c=>cout);
END ARCHITECTURE fd1;



il 4 N4 B VHDLF 3k

—rl‘r

4.3 1/] —3H

4.3.2 CASEiEA]

1. CASE+% 4
CASE <FRi&Ei> IS
When <EFEEBIRRFF> => <JMFEA>; ... ; <WFiE[)> ;
When <EFEEBARRFF> => <JiFEA>; ... ; <JWFiE[)> ;

WHEN OTHERS => <JifFiEA]>;
END CASE ;

K)(/%ﬁﬂﬁf
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il 4 N4 B VHDLF 3k

4.3 1N

4.3.2 CASEiEf]
2. 172328 £ T HE LA
STD LOGIC VECTOR STD LOGIC
ZE{FFHSTD LOGIC VECTOR®Y, WAZRyERHEEAAH R, BT, 1.

B : OUT STD_LOGIC_VECTOR(7 DOWNTO 0) ;
g, SIGNAL A : STD LOGIC_VECTOR(1 TO 4)

B <= "01100010" ; —— B(7)A "0
B(4 DOWNTO 1) <= "1101" ; -- B(4)HK "1-
B(7 DOWNTO 4) <= A ; -- B(B)FT A(2)

KX/%Z%[&
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il 4 N4 B VHDLF 3k

4.3 1/] —3H

4.3.2 CASEiEA]

3.AEBRMAER &
SIGNAL a : STD_LOGIC_VECTOR (3 DOWNTO 0O) ;
SIGNAL d : STD_LOGIC_VECTOR (1 DOWNTO 0O) ;

<= "1" & "0" & d(1) & "1 ; -- GLE5CEHE, HEH
Fmﬁ@ﬁﬁﬁ4

IFa&d="101011" THEN ... — ZEIF&A4)F A] DI B R

K)(/%ﬁﬂﬁf
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4.3.3 Mmasiaid A E ik E A

COMPONENT Jufy4 1S

PORT (mH&Z3K) ;

END COMPONENT {4
COMPONENT h_adder

PORT ( ¢, d - IN STD LOGIC;
e, ¥ - OUT STD _LOGIC);

W4 : T4 PORT MAP( [ 14 =>] R 1 4,...);

I(X@%%%§



4.4 THEER LT

[ 1514-20]
ENTITY CNT4 IS
PORT ( CLK : IN BIT ;
Q : BUFFER INTEGER RANGE 15 DOWNTO O ) ;
END ;
ARCHITECTURE bhv OF CNT4 IS
BEGIN
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK = *"1" THEN
Q<=0+ 1;
END IF;
END PROCESS ;

END bhv;
K X/% P /fvlfé



4.4 THEER LT

4.4.1 AR HERUNIEE A B

=H_ L, BUFFEREB N [9im OINOUTHIIThEE, 1B
SEPR EHMAIGERA T2, EREBECHmERY
ESBREREIEK, HASE INEIDIEE.

FNQ <= Q + 1AM S AEWFHIFL TR IS ZIA,
TR, BRTEBERN, mESREIT
SRR EIEE: BE, BIEAMZEREIMAQ+1, &
FF T I HEH.

KX/%Z%[&



4.4 THEER LT

4.4.2 BEERAY
Q : BUFFER INTEGER RANGE 15 DOWNTO 0;

i <é%§%§Mﬁgﬁﬁ%@>>
it

35 it R

10E3 TS, ST HEHIER1000
16#D9# T NSRS, ST N HEEHDH
8HT20# JURBIRY, FT)\tHIRE 7200

2#11010010# —ibihleed, &F —dk4¥3110100108
Q : BUFFER NATURAL RANGE 15 DOWNTO 0;
KX/%/L&\?@'[&
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[ 514-21]
LIBRARY IEEE ;
USE 1EEE.STD LOGIC 1164.ALL ;
USE 1EEE.STD LOGIC _UNSIGNED.ALL ;
ENTITY CNT4 1S
PORT ( CLK : IN STD LOGIC ;
Q : OUT STD LOGIC VECTOR(3 DOWNTO 0) ) ;
END ;
ARCHITECTURE bhv OF CNT4 1S
SIGNAL Q1 : STD LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK = ®"1" THEN
Ql <= Q1 + 1 ;
END IF;
END PROCESS :
Q <= Q1 ;
END bhv;



4.4 THEER LT

4.4.3 TS BT HAR IR 5%

B

AL AT o
2H A L
P
>

jJEED

J3:0

Lol (4] D[3:0] Q[3:0]
un2_ql[1:4] Q[3:0]

K4-12 AR B2 RTLEE R (SynplifyZid)
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443 BB

Mame:
= CLI
= [
=g (13
=r L2
=g (11
=g (0

Walul

HD

o o o O

500 .0ns 1.0us 1.5us

2.0us

2.5Us 3.0us 3.5Us

i

LT

L L

L]

LT

L]

CAREDED D 5 1 t2 1 £ 03 13 3.0 13 62 £ D E &

Kl4-13 ARz nvs vt Eods TR P
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[ %1]4-22]
L1BRARY IEEE;
USE TEEE.STD LOGIC 1164 _ALL;
USE ITEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT10 IS

PORT (CLK,RST,EN - IN STD LOGIC;

CQ : OUT STD LOGIC VECTOR(3 DOWNTO 0);

COUT : OUT STD LOGIC );:
END CNT10;
ARCHITECTURE behav OF CNT10 IS
BEGIN

PROCESS(CLK, RST, EN)

VARIABLE CQI : STD LOGIC VECTOR(3 DOWNTO 0);
BEGIN

IF RST = ‘1" THEN CQl := (OTHERS =>‘0") ; --it#
feor b BAL
ELSIF CLK‘EVENT AND CLK=’1‘ THEN e AU LR M e

2N



4.5 —REImiE S B

IF EN = "1" THEN ~Kr R Ve g (EBAE R

IF CQI < 9 THEN CQI := CQI + 1; --a¥it#,
25N T9

ELSE CQl := (OTHERS =>‘0"); --K7F9,
THEEES

END IF;
END IF;
END IF;

IF CQlI = 9 THEN COUT <= "1%; —--##KT9, S5
ELSE COUT <= "0";
END IF;
&Y == als —— Y VB 0 s
END PROCESS;
END behav;

K X/% DRI



4.5 R A

4.5.1 FHI<TEVELH
1, A&

VARIABLE CQI - STD_LOGIC_VECTOR(3 DOWNTO 0)

2. B TREEA/ERF(OTHERS=>X)
SIGNAL dl : STD LOGIC VECTOR(4 DOWNTO 0);
VARIABLE al : STD LOGIC_VECTOR(15 DOWNTO 0);

dl <= (OTHERS=>"0"); al = (OTHERS=>"0") ;
dl <= (1=>e(3),3=>e(5), OTHERS=>e(1) );
f<=e(@) &e®) &e@) &e@) &e( ;
K X/% A /fvlfé
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RS

[,

un18_co

45.2 B
[CLE
T [
iy = q_
Una_en un1_en_f ’ L N }n[a:n] 0[3:0]
woo, |4 "
coi_h[a:0] . 1
& CQL3:0]
+
== unt_co_1[0:3]

K 4-14 B4-22/F)RTLELEE (SynplifyZE &)

HCARD -
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4.5 M HO R

45.2 R

Mame: _Walul 500.0ns 1'9“5 1-5|P-S 2.0ps 2.5us 3-OIUS 3-5||15
s-c [ U Uy yy
= R=T | [
= EN 1
=g COUT) [
e Y e 0 8000060000 R 0 0 S

K| 4-15 l4-22 1 TAERS 7

KX/%/W#&



453 FIFATRALHIB LA 1E B8

[ $51]4-23]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY SHFRT 1S - 8N EBEF A
PORT ( CLK, LOAD : IN STD LOGIC;
DIN : IN STD _LOGIC_VECTOR(7 DOWNTO 0);
QB : OUT STD LOGIC );

END SHFRT:
ARCHITECTURE behav OF SHFRT IS

BEGIN

PROCESS (CLK, LOAD)

VARIABLE REG8 : STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
IF CLK"EVENT AND CLK = "1" THEN
IF LOAD = "1" THEN REGS8 := DIN; --ff (LOAD="1") 3

B

END IF;

ELSE REG8(6 DOWNTO O) := REG8(7 DOWNTO 1);

END IF;
QB <= REG8(0); -- HimI&Aiz
END PROCESS;
END behav;



4.5 — NI vHEES B

4.5.3 FIFATEMBIBA F AT

Mame: vafoDons  1.0us  15pus  2.0ps  25us  3.0us 3.5us  4.0us  4.5ps

cK 1] ]
LoAD | O || ]

DIN | - 94, i 55
6 |0 o) 1[0 ]1 1 [0 0 |1 1t | 0| 1[0 0 |1

REGS |HOO ) 9A § oD ¥ BB J F3 ¥ F9 J FC ¥ FE J FF {85 ¥ 32 ¥ 19 Joc f 06 ¥ 03 JoO

Kl4-16 14-231 TAERT R

K« LR
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4-1. 1 5 B SRR X Y. 1 JR 2 5 e

ENTITY buf3s 1S —— SER1. =R
PORT (input : IN STD LOGIC ; -— BN
enable : IN STD LOGIC ; —-— fH B
output : OUT STD LOGIC ) ; -- HrHiig
END buf3x ;
ENTITY mux21 1S —-SEAK2: 281 BRIk

PORT (inO, 1nl, sel - IN STD LOGIC;
output : OUT STD LOGIC);

I(x@ﬁﬁ%§
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4-2. E4-17TF7~H) 2418155 BRIEFE

2 R4 BIFIF_ THENE A R[50

CASEERI ) RIZ TG B I ST

IVHDLIE T, - JiSD
WREI R SUISORBER

3STD_LOGIC_VECTOR; a0 D™

w10, s0="0"; s1="0", sO="1'; %( g Y >
s1="1", s0="0"fls1="1", sO="1'%}% - P

HATy<=a. y<=b. y<=c. y<=d. = =

Kl4-17 43%1% PR
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4-3. B4-18JT7n K2 XU 218 1 25 BE IR A M B FLESMUXK, X6 F-FH AAMUX21A,
Ys=" 0 MUK, AREy<E & My<= b o RE—AFEH HBEAERE
KRFEIBICHEE, FAPER T FICASETE f)fiik — 218 1 22 Bk £FE4sMUX2 1A

PEN L [l L2

EA
1K 2 T A, [Al_LH 2 T A,

a7 = =

Al f: b Yy trmp b y outy >
5 5

TS

7

£14-18 XN 2315 B 6 6 53 " e
X
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4-4. BE4-192 —DEF LI A KDl A 45 KU 7 B, X5 It H g%

FIVHDL ¥ 1 344 o

CL ;jjo

-

CLKD >

Kl4-19 B 7 H 2

e LD
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4-5. A 1A es FIVHDLiE R . oK.

(1) BRI ¥R, REHAWERBETERER, FH4-20F
h subers&fiies, diffZ2EiHZE, s outBfEMHH, sub inZfENIEIA.

(2) DAIA s A AR, 1) B R AT SN RISAL I3y, K AL 5
mREE DT (ByEIEsH A2 x — v — sun_in = diffr).

¥ ¥ diff ¥ diff T
n_suber n_suder _
y—o 7 5 out y 5 out —'_i;L>—a—
: SUb out
SUb 1N
]4-19 Inf e e 2% &
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4-6. WRIEE4-21, B HIZESCHMX3256. VADRVHDL i v 304

>

i EF
A o1

QLT

MX3256
N v J
A2 ! A2
INE 02— & 02
CLK CLK
[ LK35 LK35
INCK
T s 1D Q—Jl
INC T
C
I

K|4-21 fBi4-6
FH, 2% ]

4-7. WA R PR F A BE R R 1607 L HIInge Al 2 v Hids
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5.1 R

5.1.1 3857 T AR ST I RN g 8 e vk SCAF

Device Dezign Files l Other Files ]

AHOL File

Block DiagramsSchematic File
EDIF File

SOPC Builder System

"-.-"erilu:ui HOL File

EI5-1 & #egm A HITE 5 R,

12 B

k| -
-

(Tt}

S

Bl = i

362 Yhdll. vhd

l

LIERARY IEEE;

U3SE IEEE.3TD_LOGIC 1164.ALL;
USE IEEE.3TD_LOGIC UNSIGNED.LLL:
ENTITY CHNT10 IS

PGRT [CLE,RST,EN :

IN 3TD _LOGIC;

COUT : QUT Ji“liii

END CHNTiO;
ARCHITECTUER
BEGIN
FROCESS |
WVARTALE
BEEGIN
IF R3
ELSI
IF
I

R D) | corios - & Bk E-

HEIARITE

rl__ ' Do wou want to create a new project with this file?
LI
LA
&) =) £ il
bl

BNV IR A

KX/;%Z%[&



5.1 R

5.1.2 g TR

Rew Project Wizard: Directory, Name, Iop-Level Entity [pag...

Wihat 1z the warking directary far this project?
D:ACHT10B T

What iz the name of this project??
CNT10

What iz the name of the top-level dezsign entity for thiz project’? Thiz name iz caze sensitive and rmust
exactly match the entity name in the design file.

CNT10 J

Uze Exigting Project Settings ... |

&]5-2 F F“New Preject Wizard” /)% T f£cnt10 K. Jr—



5.1 R

5.1.2 QI T/%

New Project Wizard: Add Filez [page 7 of 5]

Select the design files pou want o include in the project. Chick, A4dd &1 to add all design files in the
project directary ta the project. Mate: pou can always add design files to the project [ater.

File name:
File hame Type L odd Al
CHT10.whd WHOL File

&15-3 K5 I A ORI SCAE AR I A 3L L T A2

F(Xﬁﬁﬁﬁ%f



5.1 R

5.1.2 G& T

New Project Wizard: Family & Device Settings |[page 3 of 5l

Select the family and dewvice you want to target for compilation.

Show in ‘Aeealable device' list

FEarnily: Cyclone |l hd Package: TRFP

Target device

[ Auto device zelected by the Fitter Fin count: 144

[« Speciic device zelected in ‘dvailable devices' list Speed grade: |8
Core woltage: 1.5

W Show Advanced Devices
Syvallable devices:

Lo | L] L

M ame LE= bMemar... | Embed... | FLL
EP2CET144CH i 1133038 2
EP2CAT14418 4603 119208 26 2
EP2CET144CH 3256 16528288 36 2
EP2CET14418 3286 1652888 36 2

K]5-4 P H bnssFEP2C5T144C8

n

Kxﬁf#f#ﬁf



5.1 R

5.1.2 g THE
x

Allows wou to conwert existing MAXHPLUS IT projects and
assigmments 1nto a new Buartus IT project.

I+

MAX+PLUS II file name:
|F: /di 515/ IN_1E30/Pk2-1k30/Musi o1 /S0HGER. ACF ",

Buartus IT project name:

ISDHGEE

08 | Cancel |

K15-5 # Max+plusll TFEFE# 4 Quartus | 72 K R
X



HO

5.1 FEXRIHRE

5.1.3 XX E

Settings — CHTIO b4

(i}
Categorny:
- Fileg
- Usger Librarnes [Current Project] Select the family and device you want to target for cormpilation.
[+ Timing .-'-‘-.nal_'r'm.s Settings Eamily IE_I.Jl::II:une T ;I — Show in ‘Available devices' list——
[+ EDA T ool Settings Package: TQFF _I
[+ Compilation Process Settings Device & Pin Dptions. .. Rags
= Analysis & Synthesiz Settings Fin zount: 144 -
- WHDL Input — Target device
- Werilog HOL Input 7 Auto device selected by the Fitter speed grade: |8 ;I
Default I_:'aramfaters S f* Specific device selected in Available devices' list Core voltage: 1.2
‘o Sunthesiz Methist Optimizations & Other
= Fitter Settings Hther: r/a v Show advanced devices
FPhyzical Synthesis Optimizations , .
Avallable devices:
- Bgzernbler
- Design Azsiztant M ame | LEz | bemar... | Embed... | FLL |
SlgnaITap I Lu:ugln:: .ﬁ.nalyzer EP2CHT144C8 4603 119308 26 2

K]5-6 P H brasFEP2C5T144C8 Kx/)%@ﬂﬁf



5.1 AR ntE

5.1.3 IRIEHI R E

Devlce & Fin Uption=s @

Ihal-Furpoase Fins ] Yoltage l Fin Flacement ] Error DNetection CEC ]
reneral l Configuration l Frogramming Files ] Urm=zed Fins ]

Specify general device optionz. These options are not dependent on the configuration
zcheme.

O ptiona:

M Auto-restart configuration after eror
[(MReleaze clears before ti-states

[1Enable user-zupplied start-up clock [CLEUSR]
[1Enable device-wide reset [DEN_CLRN)

[ 1Enable device-wide output enable [DEY_OE]

[TEnable IMIT_DOME cutput

| Auto usercode

JTAG ugzer code [32-bit hexadecimal: |ED3255?

B 5- 7 BEC B A4 B A 77 2K Kxﬁ%ﬂfj




5.1 FEXRIHRE

HO

5.1.3 T PRI B

Devlce & PFoin Options

Configuration mode:

%5-8 L FEAC B A3 H A G fE J7 2\

Configaration

Configuration scheme:

Configuration dewvice

W Llse configuration device:

v Generate compreszed bitstreams

Frogzramming Files

Ihal-Furpos=se Fins ] Yoltage l Fin Flacement l Error Detection CEC ]
reneral l

l

Specify the device configuration scheme and the configuration device

Imm=ed Fins ]

Active Senal [can use Configuration Device)

\EF

51




5.1.4 &R 7%F

/ Quartus II — Di/cnt10b/CNTL0 — CHI1O

File Edit W¥iew FProject Assigmment=z Frocessing Tools Window Help
JD@H|=’*§J|.H1&, &) t"-|h;? [cnTio j||§§ j@ﬂ|@|h B ey rn|@|@
Project Mavigatar 1=l —K E'E CHT10 vhd | @' Cormpilation Report - Flow Surmmary |
Entity Logie Cells |LC 1] e
Cyclone: EFIC3T144CH | Compilation Report — Flow Summary
fewe B CHTLO | 1ow Summary
<) 3l |
HiEf-Elrl:hj.J ! Files | i Design Llnitsl E"H
Loy Ik
Flaw Status Flow Failed — Sun Sep 25 12:20:23 2005
Skakus -] =l m : : :
_ Quartnu=s IT Version 5.0 Build 163 0/22/2005 SP 1 ST Full Version
[Modute B Frogress 7 | Time & L Bivi—aio Hane CHT10
e U HE o0 i Top-lewel Entity Hame  CHTIO
~hnalwsiz & Synthesiz 000003 m B 523 Fanmilz Eo¥ans
“Fitter 00:00:00 o Tlewvice EP1C3T144C08
- hzzembler 00 ;00 ; 00
Timing dnelyrer 00:00:00| | R a
"
L 1 } Full Compilation was NOT successful (3 errors, 0 warnings)

o

'“,:i) Trfo;  sesbobobokookobobfob bk bbb sobor ok bk kb stk bk ok ok ok ok
‘i) Info: Bunning Quartus IT Analwsis & Sy
‘%) Info: Command: quartus_map ——read_settings_filez=on ——write_settings_file=z=off CHT10 —c CHTLO

Error: VHOL symtax error at CHTI0. vhd (8) near text “ARCHITECTURE™; expecting ;°

Error: VHDOL syntax error at CHT10. #hd(2T7): mame uszed in construct must match prewiously specified name “CHT107

S
[+#]
£

000c

Error: Ignored comstruct CHTIO at CHTI0. vhd(4) because of prewious errors

RS

A
y

Info: Found 0 dezigzn units, i1necluding 0 entities, 1in zource file CHT10. whd

=
)

Error: Buartus IT Analwsis & Svnthesis was unsuccessful. 3 errors. 0 warnines
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5.1 FEXRIHRE

5.1.5 i E

New

Device Design Filez  Uther Files l

AHDL Include File

Block Swmbol File

Chain Dezcription File
Hexadecimal [Intel-Format] File
Laogic Analvzer Interface File
temary Initialization File

SignalT ap Il File
Tel Scrpt File
T et File

Sector W avetorm File
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—
|—a
L&

5.1.5 B E

abe CMT10.vhd

l @? Compilation Repart - Flow Surnmany l '@ wavetorm wwf

Ma=ter Time Bar: 10.55 m= 4 F Poimter: T.75 ns

Interwal: -2.8 ms Start: End:
I 10.0 20.
Hame Value at s P T
10 55 s 10.55 n=
-
N =)
I5-11 I T G i An

KX/%Z%[&
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b

Time: IE.D— m ‘ -
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L)

515 B FE{E

BFED: | ent1lb [ 5 W
) db

THE®: [ [ EFe |
{Rarze® (T): I‘.I'e-:t-:-r Waweform File [ wwf) = HD 3 |
%1513 VWUl SO 4

K SEEHH



5.1.5 b

N
vale | P PS 10.24 us 20. 45 us 30.72 us 40,96 us
Ltz 10.5. .. | [10.55 ns
1

JO|¥|%[e

ﬂ Filter: |F'ir'|3: all ﬂ Cuztomize. ..

Lok in: |([e s ﬂJ v [nclude subentities

Modes Found:

M arne Tupe Creatar
Close =

= CLE rrereengrrera— | NpLE Uszer entered
L COUT Urhazzigned  Output [lzer entered
v O Unazzigned  Output Gro...  User entered
L3 CO[0] Urhazzigned  Output [lzer entered
L CO[1] Urhazzigned  Output [lzer entered
£ CO[2] Unaszigned  Output Ilzer entered
L CO[3] Urhazzigned  Output [lzer entered
I=EM Urnazzigned  |nput [lzer entered
E=RST Urnazzigned  |nput [lzer entered

Enable Docking

&5-14 [8) P B A TENTG 51 & K ELTIB:
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—
|—a
L&

5.15 RFIE | 1,

Baze waveform on
Ir_h

¢ Time period:

Penod: 2.0 s |
Fhaze: 0.0 ml
Duty cycle %] (50—

s Cancel |
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5.1.5 Hﬂ“}?ﬁiﬁi_

Node Froperties
General |

[ ame: LU
Tvpe: OUTPUT i
Walue type:  3-Level
Fiad: Unzigned Decimal d
Buz width; |4 ==
- Dizplay gray code count az binary count
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5.1.5 B E

Wame Yalue at

10.55 ns
[ 4 CLE E 0
> EX E O
[ 4 RST E 0
o COUT BEX
| [ 3

[l p= 5. 1? us ID.EI*-I us 15.3|E- us El:l.-'-llEi us EE.% us SD.TIE us 3z
10.55 ns

&l 5-17 00 B 47 IR e
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5.1 R

5.1.5 B E

Tirning Analyzis Settings : :
Anay J Simulation mode: | Timing

EDA Tool Settings —

Compilation Process Settings Simulation input |CHT 10, vk
Analysizs & Sunthesiz Settings —
WHOL Input Simulation period

Vernlog HOL nput
Default Farameters

* Run simulation unhl all vectar stimuli are used

Sunthesiz Methst Ophimizations * " End simulation at: | J
Fitter Settings
Phyzical Synthesiz Optimizations v Automatically add pinz to simulation output waveforms
Azzembler
Deszign Aaziztant - Lheck outputs |
SignalT ap || Logic Analyzer " Setup and hald time violation detection
Logic Analyzer Interface _ _
SignalProbe Settings v Gltch detection: |1 |n$ ﬂ
simlator 5 ettings v Simulation coverage reparting Bepart Seftings... |

Simulation Power
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5.1.5 B E

[l ps 2. 12 us 10,24 us 15,36 us 20,48 us 25,6 us 30.TZ us

Fane [ o5 | | | | |
g CLK E 0
[ g EN B0 |
[ EST E O ]
o g COuT B0 R
=T e = I G R D ) 58 63 € 00 0 R ER &
o Tl
o gzl B O | | [
| fwo oso it iyenEmt ML
@| Lobl BO BEREEE Iun INNENIINNI pu RS pun ERE Epy INN RN
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5.1.5 B E

Fit 1n Window Ctrlth

LZoom In CtrltSpace
LZoom [ut CtrltShifttopace

Loom. ..

K45-20 & FEA i Bk B~
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Addl C[E..0] Ecuall

PRE
) I

o a

— 1] COUT
CLR
ADDER —:
LessThanl FaAt
\‘ 4 s 2] 3.10]
" .EE/DUT mecr 1)

LEZS THAN L]

M

ST
CLK]
EM
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5.2.1 SBE

8 7 B 5 4 3 2 1 [)D =
[

— T — T T
e | 12788 | iz802d | izi0ed | izi0ed | 60 | izndd | izmaed | iz
L PIOIS-PIO1RE
FIOZ23-PIO20
FIOZT-PIO24
FIO31-PIO28
PIO3&-PHO32
FIO39-PIO36
FlO43-Plodn
PIO47-PIO44

Da D7 D6 D5 4 D32 2 D1 FPGAICPLD
015 PIO14 PIO13 PIO12 PIO11 PIO10  PIOG 108 BiRc A
PIO15-PI08
= PIOT
PIOG
4 plos

FlO4
PIO3

< PIO2
pie Apis Lo1e Apiz Apiz Ao Plo1
() PlOD
1 [ ] 1
I I
I |

I I I I I I
|

SPEAKER

O

— — | SR
42 w7 \ #ee 5 \ H4 B3 \ me2 RE1 NO.5
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= | [t

-
!

“ T

5.2 5|HIwEAM X

5.2.1 5ABiE

x

+  Cakeqgory: | Pin il ﬁ All || F* Pin d}
A This cell specifies the pin name to which wou wank ko make an assignment,
S | | --= Double-click ko create a new assignment.
o
3
—
}i
* Edit: X od| |=znews=>
T Location I/ Bank, I/ Skandard (GEne
1 MR =

K5-23 Assignment EditorZiiE 2y
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5.2 5w

5.2.1 5ABiE

BRIT#

] Grouns | .
+  Category: | Fin j ﬁ All || 2 Pin d) Tim Named;m Groups B
— o
= - = - - - Node Mame SO
- | | This cell specifies the pin name to which you want to make an assignment, S 5 & ool : 8
5 @ - DouTlo] ;g
: @ boutl1] 5 Top View
o Lo DOUT[2] G
= @ - oo ; Wire Bon
Edit: ¥ /| [rsT o DOUT[4] .
o DOUT[S] j
To Lacation 1j0 Bark Ij0 Standard General F | 2 boUTLe] =z _h
, 0 ] DOUT[?] B A D
1 I CLE PIM_S91 3 LYTTL Dedicater g e
< <new node s> - n
2 o CouT PIMN_25 1 LVTTL Fow Ij0 . g
3 o O] PIN_41 4 LYTTL Calumn If 4
4 O] PIN_42 4 LYTTL Colurn 1j| 1% N B | u | E
5 Lo 2ale] PIN 43 4 LWTTL Colurin I .
Q2] L | = Mamed: [« ﬂ All Pins Filter: |F‘ins: Al
& O O3] PIN_ 44 4 LYTTL Column I = o =
ade Mame IFECElan acatian
7 B-EN PIN 143 2 LYTTL Colmn Il | T o = I -
8 R3] v |FIN_144 2 LYTTL Cournn 3f| |2 T&  pouma] Outpt PIN_52 p
9 i Gk < TIEN R 3 & DOUT[] Qutput PIN_53 4
& COUT S| ootz Qutput PIN_£7 4

&l5-24 P05 | BRI S X T A
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5.2 I EN

5.2.2 BB T

mjp

o

b iode:

Frogress;

| Enable real-time ISP 1

Hardware Setup. .. | ByteBlasterhd [LFTT]

JTAl

|n-5 ocket Programming
Fazzive Senal
Active Senal Programming

il Start File Device Checksum Uszercode
CHNTI10 zof EFPZ2CET144 a00 0300 FFFFFFFF
ﬁﬂ Auta Detect
&]5-25 HEFEGmTE T #3

KX/;%Z%[&



5.2 I EN

5z%mﬁi#Tﬁ

Hardware Settings lJ’TM} Settingsl

Select a programming hardware zetup to uge when programming devices. This programming
hardware zetup appliez only to the current programmer windaw,

Currently zelected hardware: ButeBlazterbdty [LFT1]

—Avalable hardware items:

Hardware Semver

Fart

Add Hardware. .. |

!de Hardware

Hardware type:
Part:

Baud rate:

Sernver name:

Server port:

~aa e

ByteBlastertd or ByteBlaster ||

LPT1

ﬂ@lS-%ﬁW\%ﬁﬁTﬁﬁﬁ
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5.2 5w

5.2.2 BB T

-

B Al R E

=

Hardware Setup E

Hardware Settings l_]"I‘M} Settingzl

Select a programming hardware zetup to uge when programming dewvices. Thiz programming
hardware setup appliez only to the current prograrmmer windo,

&]5-27 X diide 7 I gz T A\ 44

Currently zelected hardware: ByteBlastertdy [LPT1]
Ayvallable hardware terms:
Hardware Server Port . Add Hardware. .,
ByteBlazterbd Local LPT1

K

Wy



5.2 5| BIBCER B %L

5.2.2 BB I &

Hardware Setup...| | BrteBlasterdl [LFT1]

P

kode: JTAG

Frogress: 100 %

Enable real-time 15F to allow background prograrmmming [for b [ devices)

plo Shart File Device Checkzun
CHT10. zof EFP2CAT144 Q0070300

...........................................................................................................................................................................

ﬁﬂ Auto Detect

%|5-28 ByteBlaster | 14 F2 N &% KRR



5.2 5w

5.2.3 ASEL T HC & A1

Z. Hardware Setup...| Byteblasterl [LPTT]

==

A

AR %

Mode: |ﬂu::tive Senial Pragramming j Progress:

' Enable realtime [5P to allow background programming [for Mas || devices)

Wi ot

File

= CHNTI0. p of
..Page [

%]5-29 ByteBlaster 1142 1 ASH R & f

Device

Checksum

01586541

| zercade

£

Frogram,’
Configure

[

Werify

Blank-
Check

E warnil

[]

KX/;%Z%[&



5.2 5w

5.2.4 JTAGA R SR

==

A

AR %

G B AT

select Devices @

Drevice family

L |ACE=1E

[ IALTERA,
L]APE= |

[ APES20FK,

[ APE=20KC
[ 1APE=20KE
[ 1A5C devices
[ CFI devices
[ | Cyclone
Coclone ||

[ |[EMEBEDDED _PROCESSOR

L IEPCT
[ IEPC2
[ EXCALIBUR_ARM

[_IFLE*10K,
[TFI Fs1nK &

K|5-30 EFEH trastFEP2C5T144

[|Enhanced Configuration Devices

Device name

L IEP2C20

[ |EP2C20F256
[ JEF2C20F424
[ IEP2C200240
[ EP2C35

[ |EP2C35F434
[ |EP2C35FET2
[IEF2C35U454
[ IEP2CEN
[|EP2CH0F424
[ |EP2CROFET2
[ EP2CE0L484
[IEF2CH

[ |EP2CEF256
[ EP2C50208
Cd EP-CRT144
FParsn

KX/;%Z%[&




5.2.4 JTAGIR#ZHRE A gnfElic & 251

Cutput programming file

Programming file ppe: |.JT.-'1‘-.G Indirect Configuration File [.jic]

| Configuration dewvice: EPCSH « Mode:

File narme: \cnt1 Ob_file jic

Remotes/Local update difference file:

v bemory Map File

[nput files bo convert

File/Data area |Pr-:-perties |
[=] Flash Loader
- EP2C5T144

Add File. ..
=] S0F Data Fage 0
CCHT10, sof EFZC5T144 | Remaove
Hex User Data - —

-,

] I1'e ETOpeEr. - - E

v Compression

Cancel

e - Properties
] 4 | ="

................................

Generate | Cloge |

KI5-31 e SOF G, HEHFCHESE Kxﬁéﬁﬁfﬁ‘ﬁf



5.2 5| BIBCER B %L

5.2.4 JTAGIR#ZHRE A gwfLlic & 251

;; Hardware SEtup...‘ Bytebilastertdy [LFT1] b ode; |Jm|3 j Progress:

" Enable realtime [SP ta allow background programming [for MaX 1| devices)

Wh Start File Device Checksum | Usercode Erﬂnﬂgﬁrgaﬂ:i Werify Eﬁ;ﬁk E i
= ent10b_file i EF2CH 000R4B33  FFFFFFFF [] [] []

ﬁﬂ Auto Detect

B = |

K]5-32 FIITAGHE R X AL B 28 f EPCS1HE4T 8] 240 72
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5.2.5 USB BlasterZg 20 & S84 B 75 1%

r =

WHEFERRFANEEER. | L LR s

HE3E B 2 TSR R AEE DR FR R 2 3

@ TR B R R EIRERR (5).

BT RIR S IEERR R a8 E » BREEHEEEH = ) quar tusfl
e EEEhiER. & B bin
ﬁiﬂﬁﬁhﬁﬁ (EREE. CO-ROM. .0 (M) h:_'l oMM oL
[V EEFE D afET R ) 2 E ;:ép
E:halteralquartusélhdriversinsb-blaster |_. Zhs ) i35

[+ Ia sentinel

O TE#F. BEBCEEERRNIENER 0.

JEdE I LB M BT Pyt & R e Windows e
=it FrSiE R LA,
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5.2 5lIwEMN %

B Wk R L RE D RFA

=y

5.2.5 USB Blastergs7
E; Hardware SEtup...| USE-Blaster [USE-0]
Mode: ITAG
Progress: "
J Hardware S5etup E
Hardware Settings l_]’TpLG Settingz] -
Select a programming hardware zetup to use when programming devices. Thiz programming

. Enable real-ti
il Skart
hardware zetup applies only ko the current prograrmmer windo,
ﬁ" FO S Currently selected hardware: USB-Blagter [USE-0]
Awallable hardware tems:
Hardware Server Fart Add Hardware. ..
: ButeBlaszter Local LPT1
(= Add File.. USE Blaster Local SB-0
» —I;I-‘ >
]5-34 BEEITAGHE 4 fE KB




5.2 5| BIBCER B %L

5.2.5 USB BlasterZgf2ac & S84 B 75 1%

Instance Manager =1 E[} =] |Hea|:|_u b acquine * | ITAG Chain Configuration; |JTﬁE ready
| e |InﬂanceID | Shatusz |Hﬁdﬂ1 | Diepth
P o A . Hardware: | U5E-Blaster [1SE-0] |~ Setup...
Device: (@1: EFP2C5 (002081000 »| | ScanChain
File:
< M
wm 0 roml:

gooooo FF OFE FC P9 FS EF E9 E1 D9 CF CR BA AR A2 96 89 7C 70 63 57
aooold4 4B 40 35 2B 22 14 13 0D 08 04 01 00 00 01 04 08 0D 13 14 22 K@h+" !

gooo2s 2B 35 40 4B 57 63 70 7C 389 96 AZ AE BA C5 CF D9 E1 E9 EF F& +5@I{IJI:1:||
gooosc B9 FC FE FF

%5-35 £F In-System Memory Content Editor 1§ FJUSB BIasterK L FIEE
X
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JIE

—
=
d

1. 37 SignalTap [1%%E %
Instance Manager: |InvalidJT.-'1'«l3 configuration @ * | ITAG Chain Configuration: _ @

Instance | Status | Incremental Compilal
auto_signakap 0 Mat runming r Hardweare: il Setup...
Device: Scan Chain
£ } }}l S0F kanager: |
auto_signatap_0 Lack mode: Eﬂlow all cl‘-j Sianal Configuration:
Hode Incremental |Debug Port |[Data ..~ |
Type |Alias Name Route Out 0/Auto Oata
Diouble-click to add nodes o8

Sample depth: Modes allocated:

|12E! - f Auta T Manual | _|:|

| * Rak type:

<
@ Data L@ Setup

Hierarchy Display: X | Datalog

=1

El anto_signaltap O

%]5-36 Signal Tap 114m%E & Kxﬁéﬁfﬁlﬁf



5.3 IRAZUE B AT DU A VA

2. PAANFFMEF

3. SignalTap IIR#IXE

crits Lock made: |é‘ﬂlnw all chj Signal Confiquration:
— @ Circular: |35 Pre trigger position hd
¥ Node Incremental |Debug Port | Data ... | aa=e J
5 . - Route Out
Design Units Type j“"“’5'| Hame L (" Segmented:| J
o COouT r v
| x
— ==l = & CQ r 4 Trigger;
o 1me
Z|Tined | #- Cal v . :
a5 53] r T3 T el hodes allocated:

1 vl B puta O Manual _|:|

v Trigger ir:
3 Do wou want to enable SignalTap IT File “cntl. stp” for the current project? || Sounce: |EN J
Pattern: |f Rizing Edge j
Tw | BE |
T
Hierarchy Dizplay: X | Datalog fR
Fl# CHTID ®] cnts

%]5-37 Signal Tap 114m%E & Kxﬁéﬁf#ﬁf



5.3 IRAZUE B AT DU A VA

4. XHHH

Categarny:

Leneral SignalT ap Il Logic Analyzer
Files
Uzer Libraries [Current Project] Specify compilation options far the SianalT ap || Logic Analuzer.
Device

+- Timing 'ﬁ'nal-"'g'_g S etings v Enable SignalT ap Il Logic &nalyzer

+- EDd Tool Settings _ _

+- Compilation Process Settings SignalTap |l File name:  |cnt10.stp |

Analysis & Synthesis Settings I Automatically turn on Srart compilation if incremental routing iz used in the SignalT ap ||

"'-"'HF]L Iput File. If Smart compilation iz turned on, the Compiler uges more disk space to zave extra
Yerilog HOL [nput data that can increasze the zpeed of incremental routing.

Default Parameters
Sunthesiz Metlist Optimizations
= Fitter Settings
Physzical Sunthesis Optimizations
Azzembler
Dezign Azsistant
SignalT ap |l Logic Analyzer
Loaic &nalvzer Interface

%]5-38 ¥ 5ESignal Tap 115 T —F%&&&/ Kxﬁéﬁ?f#ﬁ?
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5. %miFTF
6. 23hSignalTap I1#ATRAFH 547

|rztance Manager "@33 A |Fieady o acquire X | JTAG Chain Configuration; |JT!-‘«I3 ready

Instance | Shatus | Incremental Camplation | LEs: 451 | Memary: 921Ei| M

R onts ot unning r 31 cels ehts g Hardwae | ByteBlastetdV [LPTT] MEELE
Device: | @1; EP2CH (002081000 »|  Scan Chain

- 32 SOF Manager. & () |ONTI0.sof ]

K5-39 F#cnt10.sof - #E 44 )8 3 Signal Tap 11
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6. 23hSignalTap I1#ATRAFH 547

uy
.4<
M

[nztance Manager; *Q L) |Hea|:|_l,l to acquire @ ¥ | ITAG Chain Configuration; |JT;‘-‘«|3 ready @
|rstanice | Statuz Incremental Campilation | LEs: 351 | Mernary: 921E| M
2 cnts Not running r 381 cells 9216hits ) Hardware: | ByteBlasterht [LPT1] ML
Device; @1 EF2CH (002081000 +| Scan Chain
n R »| SOFMansger & ) [ONTIOof [
log: 200605527 10:55:13 #0 click to inzet time bar
Twe Aliﬂs : Hﬂme ITB 1 B::I 1 Bi‘? 1 B|4 1 BIE 1 BIB 1 E::I 1 Ei‘? 1 E|4 1 EIE 1 EIB 1 1I:III:I 1 1I:II2 1 1I:II4 1 1I:IIE 1 1I:IIB 1 1"
o COUT | ] || ||
ﬁ - C8
o - Cal

%]5-40 SignalTap |13%FE B4 5 51
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7. SignalTap 1169 H A4biX & fedzs| 7 ik

=
.4<
e

Instance Manager: "Q LY |Fieau:|y ta acquire ¥ | JTAG Chain Canfiguration: |.JT.f1'-.G ready

Instance | Status | Incremental Compilation | LEs: 351 | b emary: 921E| M

| cnts Nt ruririing r 351 cells 9216 bits 0| Hardware: |59t65'ﬂﬂﬂf““~’ [LFT1] j Setup..

Device: |@1:EF‘2E5 (002081000 j Scan Chain

» ) | SOFMansger & W [CNTIO.sof (]
log: 200605527 11:00:13 #0 click toinzert time bar
Type mias| Name | 64 72 &0 8 95 104 112 120 128 136 144 152 160 168 178 T
o cour I I l l I I l I I l l 1
o =-Ca A A A K A G X
o SECCC M I S IS I O S I o S I s O o Ny B
o e[ | | | | | | | | | | | | L
o oo U UL T J UL UL T U T T T U UL T
Lo ] e 0]

[+ e

© W/\/VWV\/\/
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5.4.1 &Itttz
L HAR TR S A &

i e AT v SO SR B 44 Jhyadder,
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5.4 JE RPN B 7 1%

2. #INGRITAR B Fe b A

Libraries: T L ey
E & e/aleralquartusBl/libraries:) » e e e S e e S e e B S B
F megafunctions I T e T T
#0 others 3 e o e T T T o
Eﬁprimitiueg I e o ot e o et e e o o et L L e e b et LS
| FHE buffer
| EEE logic
i i EF and12
| .
| P and3
| B andd
B andf
;B andd
i +EF bandl2 -
LA hand? ¥
{J 11 | [}I
Marme:
1and2
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5.4 J HE B N VT 9

3. W&t B R E AT A 6 LA

Quartus II - d:/sch/Block1 - Block1 - [../ADDER /h_adder.bdF*]
M Edit Wiew Project  Assignments  Processing  Tools  indow  Help

ewr... e} K2 |[Blockt JHE &G | ol S |@‘ |@)

]

J— = Cpen... Chrl+0

P Close Chrl+F4
?@NEW E—— el P j :C?'UTF‘UTDED
| (& openProject... Cileg | i TG | T Lo

Convert Max+PLUS IT Project. ..

.E.NDE e

Save Project

| }-{NOR S
Close Project

S ﬁ ND T DLITF'I_IT:}m
& save Chr+5 ‘b s 'fgfé'g ; . }Q ;v

finstd

s

Save As..,

2SN

Save Current Report Seckion As,..

File Properties. .,

_reate HOL Design File For Current File

Export... ; : Symbiol Files For Current File

Convett Programming Files, ., Create AHDL Include Files For Current File
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4. FITEMm BT E L AF

ooooooihadder

SE AN a7 WA RS

' bin |

o
50

o.ohadder 1

g o

C .| ingt

b 50

:iinsﬂ
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5. %% R B R BRI FH A

fhat 15 the working directory for this project? This directory will
contain design files and other related files associated with thas
project. If wou type a directory name that dees not exist, Quartus IT

D: %ADIER e

fhat 1= the name of this project? If wou wish, wou can use the name of
the project’ = top—lewel antity.

If_adder _|

What 15 the name of the top—lewel entity 1n your project? Entity names
are case sensitive, so the capitalization must exactly match that of

If_adder _l

K]5-45 f_adder.bdf TIE % & & K)(/%Zfﬂﬁf
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5. %% R B R BRI FH A

MNew Project Wizard: Add Files [page 2 of 6] El

Select the design filesz and =software sowrce files wou want to i1nclude
in your project. Click Add All to add all design files and software
Hote: 1t 15 optional to add files here unless wou have design files not
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COMPONENT MUX21A
PORT ( a, b, s : IN STD_LOGIC;
y - OUT STD LOGIC);
END COMPONENT ;

ul : MUX21A PORT MAP(a=>a2, b=>a3, s=>s0, y=>tmp);
u2 - MUX21A PORT MAP(a=>al, b=>tmp, s=>sl1, y=>outy);
END ARCHITECTURE BHV ;
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6.1 X%

6.1.1 FE

HHE X — KRBT
CONSTANT H#4. FERE = RKEKL ;

CONSTANT FBT : STD LOGIC VECTOR :="010110" ; -- ¥n#fEfz K7
CONSTANT DATAIN : INTEGER := 15 ; - FEHR A
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6.1.2 A&

E N B — KRBT -
VARIABLE &4 - HIERE = VIwmE ;
|

VARIABLE a: INTEGER RANGE 0 TO 15 :--AAEaxE L AEE, B ETEEZ0Z]5
VARIABLE d:STD LOGIC := ‘1" ;--Z2Eax X A EZ A R R, ¥iinE 2L

AR R E R —SBCRIE AT -
Hir R g4 = Rk
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6.1.3 55

SIGNAL 5 54 : Z#E2RA = WIu1E ;

HirfE 54 <= XA AFTER INA] &

PROCESS (a, b, c¢)
BEGIN

y <=a+ b ;

Z <=C - a ;

y <= b;
END PROCESS ;
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6.1.4 HEFHIETELERE

#*6-1 FSEZREMEIFANRERLE
55 SIGNAL A EVARIABLE

HAHE  HTEAN BT RE ST ﬁg;ﬂfﬁviﬁ&*)%%@&ﬁﬁ
i T
GG EEANESHEAREM A REeERE XN+ A H]
REE H
ITkEE AR RNEE A NE S RE S B RAE
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6.1.4 HEFHIF S E5LERE

[ $%16-1]

ARCHITECTURE bhv OF DFF3 1S
BEGIN
PROCESS (CLK)
VARIABLE QQ : STD LOGIC ;
BEGIN
IF CLK"EVENT AND CLK = *"1° THEN QQ := D1 ;
END I1F;
END PROCESS ;
Q1 <= QQ;
END ; —
K X/% AL /fvlfé
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6.1.4 HEFHIF S E5LERE

[ 16-2]

ARCHITECTURE bhv OF DFF3 IS
SIGNAL QQ :- STD LOGIC ;
BEGIN
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK = "1 THEN QQ <= D1 ;
END IF;
END PROCESS ;
Q1 <= QQ;
END ; -
K X/% Iy %5
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13.1 VGAESLAE 5 B nEmlgs il

[ $113-1]

LIBRARY IEEE; -- VGAERRE B4 KAER
USE IEEE.STD LOGIC 1164 .ALL;

USE I1EEE.STD LOGIC_UNSIGNED.ALL;
ENTITY COLOR IS

PORT ( CLK, MD : IN STD LOGIC;
HS, VS, R, G, B : OUT STD LOGIC ); -- 1rRLHra, %, =
END COLOR;
ARCHITECTURE behav OF COLOR IS
SIGNAL HS1,VS1,FCLK,CCLK - STD_LOGIC;

SIGNAL MMD : STD_LOGIC_VECTOR(1 DOWNTO 0);-- HFRik#

SIGNAL FS : STD_LOGIC_VECTOR (3 DOWNTO 0);

SIGNAL CC : STD_LOGIC_VECTOR(4 DOWNTO 0); --4TRI3B/HEEL&HE/M
SIGNAL LL : STD_LOGIC_VECTOR(8 DOWNTO 0); --¥FZ/ BEL&ERR
SIGNAL GRBX : STD_LOGIC_VECTOR(3 DOWNTO 1);-- XEi¥4

SIGNAL GRBY : STD LOGIC VECTOR(3 DOWNTO 1);-- YR¥4

SIGNAL GRBP : STD LOGIC_VECTOR(3 DOWNTO 1);

SIGNAL GRB : STD LOGIC_VECTOR(3 DOWNTO 1);

BEGIN (BT



GRB(2) <= (GRBP(2) XOR MD) AND HS1 AND VS1;
GRB(3) <= (GRBP(3) XOR MD) AND HS1 AND VS1;
GRB(1) <= (GRBP(1) XOR MD) AND HS1 AND VS1;:
PROCESS( MD )

BEGIN
IF MD"EVENT AND MD = "0" THEN
IF MMD = 10" THEN MMD <= "'00";
ELSE MMD <= MMD + 1: END IF; ——=FE
END IF;
END PROCESS;
PROCESS( MMD )

BEGIN
IF MMD = "00" THEN GRBP <= GRBXj; - EFEREL
ELSIF MMD = 01" THEN GRBP <= GRBY; - EFEREL

ELSIF MMD = "10" THEN GRBP <= GRBX XOR GRBY; -—=AfH#H
ELSE GRBP <= "000'"; END IF;
END PROCESS;
PROCESS( CLK )
BEGIN
IF CLK"EVENT AND CLK = ®"1" THEN -- 13MHz 13%#i
IF FS = 13 THEN FS <= "0000";
ELSE FS <= (FS + 1); END IF;
END IF;
END PROCESS;
FCLK <= FS(3); CCLK <= CC(4);
PROCESS( FCLK )
BEGIN (BT I)



IF FCLK®EVENT AND FCLK = *1" THEN
IF CC = 29 THEN CC <= "00000";
ELSE CC <= CC + 1; END IF;
END IF;
END PROCESS:
PROCESS( CCLK )
BEGIN
IF CCLK"EVENT AND CCLK = "0" THEN
IF LL = 481 THEN LL <= "*000000000";
ELSE LL <= LL + 1; END IF;
END IF;:
END PROCESS:
PROCESS( CC,LL )
BEGIN
IF CC > 23 THEN HS1 <= "0";: --f7F%
ELSE HS1 <= "1"; END IF;
IF LL > 479 THEN VSl <= "0"; --%[%
ELSE VS1 <= "1": END IF:
END PROCESS:
PROCESS(CC, LL)
BEGIN
IF CC < 3 THEN GRBX <= "111"; -- H&EE4&
ELSIF CC < 6 THEN GRBX <= "110";
ELSIF CC < 9 THEN GRBX <= "101";
ELSIF CC < 13 THEN GRBX <= ''100";
ELSIF CC < 15 THEN GRBX <= "011";

(FE T IO



ELSIF CC < 18 THEN
ELSIF CC <
ELSE GRBX
IF;

END

IF
ELSIF
ELSIF
ELSIF
ELSIF
ELSIF
ELSIF

LL
LL
LL
LL
LL
LL
LL

NNNNNNNA

GRBX <=

21 THEN
"'000°

<=

60
130
180
240
300
360
420

THEN
THEN
THEN
THEN
THEN
THEN
THEN

ELSE GRBY <= "000';
1F;
END PROCESS;
HS <= HS1 ; VS <= VS1 ;R <= GRB(2) ;G <= GRB(3) ; B <= GRB(1);

END

END behav;

llololl;
GRBX <= "001";

GRBY
GRBY
GRBY
GRBY
GRBY
GRBY
GRBY

<=
<=
<=
<=

<=
<=

1117
"110";
"101";
"'100"";
"011";
"010";
""001"";
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[ 113-2]

LIBRARY ieee; --BRERTERERF
USE 1eee.std _logic _1164.all;
ENTITY img IS

port
( clk50MHz : IN STD_LOGIC;
hs, Vs, r, g, b - OUT STD LOGIC );
END img;
ARCHITECTURE modelstru OF img IS
component vga640480 ~-VGA B iR

PORT(clk - IN STD_LOGIC;
rgbin - IN STD_LOGIC_VECTOR(2 downto 0);
hs, vs, r, g, b - OUT STD_LOGIC;
hcntout, ventout : OUT STD _LOGIC_VECTOR(9 downto 0)
end component;
component imgrom --EZHIEROM, FIELINL; Huhb£R1347
PORT(inclock : IN STD_LOGIC;
address : IN STD_LOGIC VECTOR(11l downto 0);
q - OUT STD_LOGIC_VECTOR(2 downto 0) );
end component;
signal rgb - STD LOGIC_VECTOR(2 downto 0);
signal clk25MHz : std_logic;
signal romaddr : STD_LOGIC_VECTOR(11l downto 0);
signal hpos, vpos : std_logic_vector(9 downto 0);
BEGIN
romaddr <= vpos(5 downto 0) & hpos(5 downto 0);
process(clk50MHz) begin
iT clkbOMHz"event and clkb50MHz = "1° then clk25MHz <= not clk25MHz ; end if;
end process;
1_vga640480 : vga640480 PORT MAP(clk => clk25MHz, rgbin => rgb, hs => hs,
VS => Vs, r =>r, g => g, b == b, hcntout => hpos, vcntout => vpos);
i_rom : imgrom PORT MAP(inclock => clk25MHz, address => romaddr, q => rgb);
END;



[#113-3]

LIBRARY I1EEE

use IEEE.std logic 1164 ._all;

use I1EEE.STD LOGIC UNSIGNED.ALL;
entity vga640480 is

port ( clk > in STD_LOGIC;

hs, VS, r,g,b - out STD LOGIC;

rgbin : 1n std logic _vector(2 downto 0);

hcntout,vcntout - out std logic vector(9 downto 0)
);

end vga640480;
architecture ONE of vga640480 1s
signal hcnt, vcnt - std _logic _vector(9 downto 0);
begin
hcntout <= hcnt; vcntout <= vcnt;
process(clk) begin
iIT (rising edge(clk)) then
1T(hcnt < 800) then hcnt <= hcnt + 1;
else hcnt <= (others => "0"); end i1f;
end 1f;
end process;
process(clk) begin
iIT (rising _edge(clk)) then
iIT (hent = 640+8 ) then
1f(vent < 525) then vent <= vent + 1;
else vcnt <= (others => "0%); end 1f;

(FE T IO



end 1f;
end 1f;
end process;
process(clk) begin
iIf (rising_edge(clk)) then
1F((hcnt>=640+8+8) and (hcnt<640+8+8+96 )) then hs<="0";
else hs <= "17; end 1f;
end i1f;
end process;
process(vcnt) begin
iIf ((vent >= 480+8+2) and (vcnt<480+8+2+2)) then vs <= "0";
else vs<="1"; end if;
end process;
process(clk) begin
iIf (rising_edge(clk)) then
IT (hcnt<640 and vcnt<480) then
r<=rgbin(2); g<=rgbin(l); b<=rgbin(0);
else r<="0"; g<="0"; b<="0"; end if;
end 1f;
end process;
end ONE;
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6. AEAKUE

[%113-4] --JCAFCNT8
LIBRARY IEEE; —— 8t
USE 1EEE.STD LOGIC 1164 .ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT8 IS

PORT ( CLK : IN STD_LOGIC;

CQ : OUT STD LOGIC_VECTOR(3 DOWNTO 0)):

END CNTS8;
ARCHITECTURE behav OF CNT8 IS

SIGNAL CQI : STD_LOGIC_VECTOR(4 DOWNTO 0);
BEGIN

PROCESS(CLK)

BEGIN

IF CLK"EVENT AND CLK = ®"1® THEN CQI <= CQI + 1; END IF;
END PROCESS;
CQ <= CQI(4 DOWNTO 1); EELE

END behav; KX




[ #]13-5] --JCfFDEC2
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164 _ALL ;
ENTITY Dec2 IS
PORT ( CLK :- IN STD LOGIC;
A : IN STD LOGIC_VECTOR(1 DOWNTO 0) :
D : OUT STD LOGIC VECTOR(3 DOWNTO 0) ) ;
END ;
ARCHITECTURE one OF Dec2 IS
SIGNAL CQ : STD LOGIC VECTOR(1 DOWNTO 0);
BEGIN
PROCESS( CQ )
BEGIN
CASE CQ IS

WHEN ""00" => D <= "1001" ;
WHEN "01" => D <= "1100" ;
WHEN ""10" => D <= "0110" ;
WHEN 11" => D <= "0011" ;

WHEN OTHERS => NULL ;
END CASE ;
END PROCESS ;
PROCESS(CLK)
BEGIN
IF CLK"EVENT AND CLK = "1" THEN CQ <= A: END IF;
END PROCESS;
END ;



[%]13-6] --JCfFCNT24
LIBRARY I1EEE; —-— 243tHIVH g
USE 1EEE.STD LOGIC 1164 .ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT24 1S
PORT ( CLK,EN, U D : IN STD LOGIC;
CQ : OUT STD LOGIC VECTOR(4 DOWNTO 0));
END CNT24;
ARCHITECTURE behav OF CNT24 1S
SIGNAL CQI : STD LOGIC_VECTOR(4 DOWNTO 0);
BEGIN
PROCESS(CLK, EN, U D)
BEGIN
IF EN = "1" THEN CQI <= CQI;
ELSIF CLK"EVENT AND CLK = "1 THEN
IF UD = "1" THEN CQI <= CQIl + 1;
ELSE CQI<= CQI-1; END IF;
END IF;
END PROCESS;
CQ(4 DOWNTO 0) <= COQI;
END behav;

I\A
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6. AEAKUE

[$5113-71 --5AribEZEROM3H [EHE: pwm_1.mif, X, SLHE—HHIE

Bl —4T

WIDTH = 16;

DEPTH = 32;

ADDRESS RADIX = HEX;

DATA_RADIX = HEX;

CONTENT BEGIN

0:f000; 1:f600; 2:f900; 3:fc00; 4:ff00; 5:¢f00; 6:9f00; 7:6f00; 8:0f00;

9:0f60; a:0f90; b:0fcO; c:0ff0; d:0cfO; e:0af0; f:06f0; 10:00f0; 11:00f6;

13:0019;13:00fc; 14:00ff; 15:00cf; 16:009f; 17:006f; 18:000f; 19:600f;

1a:900f;1b:c00f; 1c:f00f; 1d:f00c; 1e:f009; 1f:f006;

END:;
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[ $]13-8]
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164 .ALL ;
USE 1EEE.STD LOGIC_UNSIGNED.ALL;
ENTITY DECD IS
PORT ( CLK : IN STD LOGIC;
DSPY : OUT STD _LOGIC_VECTOR(1 DOWNTO 0) ;
D : OUT STD LOGIC_VECTOR(3 DOWNTO 0) ) ;

END :
ARCHITECTURE one OF DECD IS
SIGNAL CQ : STD_LOGIC_VECTOR(1 DOWNTO 0);

BEGIN
PROCESS( CQ )
BEGIN
CASE CQ IS
WHEN 00" => D <= "0100" :
WHEN ""01" => D <= "0111" ;
WHEN ""10" => D <= "1011" ;
WHEN 11" => D <= "1111" ;
WHEN OTHERS => NULL ;
END CASE ;
END PROCESS :
PROCESS(CLK)
BEGIN

IF CLK"EVENT AND CLK = "1 then CQ <= CQ + 1; END IF;
END PROCESS;
DSPY<=CQ;
END ;
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[%113-9]
LIBRARY IEEE; —— AR
USE IEEE.STD LOGIC 1164 _ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT5 IS
PORT ( CLK : IN STD LOGIC;
AA : OUT STD LOGIC VECTOR(4 DOWNTO 1));
END CNT5;
ARCHITECTURE behav OF CNT5 1S
SIGNAL CQI : STD _LOGIC _VECTOR(4 DOWNTO 0);
BEGIN
PROCESS(CLK)
BEGIN
IF CLK"EVENT AND CLK = "1 then CQI <= CQI + 1; END IF;
END PROCESS;
AA <= CQI(4 DOWNTO 1);
END behav;
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12.2 VHDLJEE T E

[512-1]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

ENTITY andl IS

PORT(aaa,bbb - IN STD _LOGIC; ccc: OUT STD LOGIC);
END andl;

ARCHITECTURE one OF andl IS

BEGIN

ccc <= aaa AND bbb;

END;
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12.2 VHDLIGFEF1); B

[$]12-2]

LIBRARY I1EEE;

USE IEEE.std logic 1164._.all;
ENTITY TRIBUF_andl 1S

GENERIC (
ttri: TIME = 1 ns;
ttxz: TIME = 1 ns;
ttzx: TIME = 1 ns);
PORT (
inl - IN std logic;
oe : IN std logic;
Yy - OUT std _logic);

END TRIBUF andl;
ARCHITECTURE behavior OF TRIBUF andl IS
BEGIN
PROCESS (inl, oe)
BEGIN
IF 0e‘EVENT THEN (BT



IF oe = "0" THEN
y <= TRANSPORT *"Z* AFTER ttxz;
ELSIF oe = "1 THEN
y <= TRANSPORT 1nl AFTER ttzx;
END IF;
ELSIF oe = "1 THEN
y <= TRANSPORT inl AFTER ttri;
ELSIF oe = "0 THEN
y <= TRANSPORT *"Z* AFTER ttxz;
END IF;
END PROCESS;
END behavior;
LIBRARY I1EEE;
USE IEEE.std logic 1164.all;
USE work.tribuf _andl;
ENTITY andl IS
PORT (
aaa - IN std logic;
bbb - IN std logic;
ccc - OUT std logic);
END andl;
ARCHITECTURE EPF10K10LC84 a3 OF andl IS

END EPF10K10LC84 a3;



12.3 Y5 s = B =L

[ %5]12-3]
L IBRARY I1EEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY ADDER4 1S
PORT ( a, b - IN INTEGER RANGE O TO 15;
Cc - OUT INTEGER RANGE O TO 15 );
END ADDER4;
ARCHITECTURE one OF ADDER4 1S
BEGIN
C <= a + b;
END one;

I(X%%ﬁ%§



12.3 i &

[ #112-4]
ENTITY SIGGEN IS

END;

PORT ( sigl
sig2

WU AE = B4

> OUT INTEGER RANGE O TO 15;
> OUT INTEGER RANGE O TO 15 );

ARCHITECTURE Sim OF SIGGEN IS

BEGI

END;

N

sigl <= 10, 5 AFTER 200 ns, 8 AFTER 400 ns;
sig2 <= 3, 4 AFTER 100 ns, 6 AFTER 300 ns;

I(X%%ﬁ%§



12.3 {FEBUIME 5 B r=4E

sig 'f"m 1 () )
i 3 (i T j

"III|||||||||||||||||||||||||||||||||||||||||||||||-i[|||||||||||||||||||||||||||||||||||||||||||||||||-i.||||||||||

0 20 00

K|12-2 S1GGENI{; E 5y 1 v o

KX/%Z%[&



12.3 Y5 s = B =L

[#112-5]
ENTITY BENCH IS
END;
ARCHITECTURE one OF BENCH IS
COMPONENT ADDER4
PORT ( a, b - 1Integer range 0 to 15;
c - OUT INTEGER RANGE O TO 15 );
END COMPONENT;
COMPONENT SI1GGEN
PORT ( sigl : OUT INTEGER RANGE O TO 15;
sig2 - OUT INTEGER RANGE O TO 15 );
END COMPONENT;
SIGNAL a, b, c - INTEGER RANGE O TO 15;
BEGIN
Ul - ADDER4 PORT MAP (a, b, ©);
U2 - SIGGEN PORT MAP (sigl=>a, sig2=>b);
END;
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B E -
force <fE54> <> [<HE>][, <{d> <> .] [-repeat </ #>]

force a 0 (3BHZ 509 HATMAA0)
force b 0 0, 1 10 (5% F|1Z 5 bR 20691440, AEBFZI10691541)
force clk 0 0, 1 15 -repeat 20 (clkAA#ES, A#AA20

force a 10 0, 5 200, 8 400
force b 3 0, 4 100, 6 300
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12.4 VHDLIMR %

[ %]12-6]
Library I1EEE;
use IEEE.std logic 1164_all;
entity counter8 1is
port (
CLK, CE, LOAD, DIR, RESET: in STD _LOGIC;
DIN: 1n INTEGER range 0 to 255;
COUNT: out INTEGER range O to 255 );
end counter8;
architecture counter8 arch of counter8 1is
begin
process (CLK, RESET)
variable COUNTER: INTEGER range O to 255;
begin
iIT RESET="1" then COUNTER := O;
elsit CLK="1" and CLK"event then
iT LOAD="1" then COUNTER := DIN; (B0

LI AN



Else
iIT CE="1" then
If DIR="1" then
IT COUNTER =255 then COUNTER := O;
Else COUNTER := COUNTER + 1;
end 1T;
else
IT COUNTER =0 then COUNTER := 255;
Else COUNTER := COUNTER - 1;
end 1f;
end 1f;
end 1f;
end 1f;
end 1f;
COUNT <= COUNTER;
end process;
end counter8 arch;

K, SEEHLE
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12.4 VHDLIAFE A

[f112-7]
Entity testbench i1s end testbench;

Architecture testbench _arch of testbench is
Fille RESULTS: TEXT open WRITE _MODE i1s "results.txt';
Component counter8
port (  CLK: in STD LOGIC;
RESET: 1n STD LOGIC;
CE, LOAD, DIR: in STD_LOGIC;
DIN: 1n INTEGER range 0 to 255;
COUNT: out INTEGER range O to 255 );
end component;
shared variable end sim : BOOLEAN := false;
signal CLK, RESET, CE, LOAD, DIR: STD LOGIC;
signal DIN: INTEGER range 0O to 255;
signal COUNT: INTEGER range 0 to 255;
procedure WRITE RESULTS (
CLK, CE, LOAD, LOAD, RESET : STD LOGIC;
(FEF IO



DIN, COUNT : INTEGER ) 1s

Variable V_OUT : LINE;

Begin
write(V_OUT, now, right, 16, ps); —— B NEYE]
write(V_OUT, CLK, right, 2);
write(V_OUT, RESET, right, 2);
write(V_OUT, CE, right, 2);
write(V_OUT, LOAD, right, 2);
write(V_OUT, DIR, right, 2);
write(V_OUT, DIN, right, 257);
--write outputs
write(V_OUT, COUNT, right, 257);
writeline(RESULTS,V_0OUT);

end WRITE_RESULTS;

begin
UUT: COUNTERS
port map (CLK => CLK,RESET => RESET,

CE => CE, LOAD => LOAD,
DIR => DIR, DIN => DIN,
COUNT => COUNT );

CLK_IN: process

Begin (ETF )



iITf end sim = false then CLK <= "0%;

Wairt for 15 ns;
CLk <="1";
Wait for 15 ns;
Else
wart;
end 1f;
end process;
STIMULUS: process

Begin
RESET <= "1°%;
CE <= "17;
DIR <= "1°%;
DIN <= 250;

LOAD <= *"0°;
wait for 15 ns;
RESET <= "0°;
wait for 1 us;

CE <= "0%;
wait for 200 ns;
CE <= "1%;
wait for 200 ns;

-— WHUERE
—— IR
-- WAEE
-- Fb B A K EE
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DIR <= "0°";
walt for 500 ns;

LOAD <= "1°;

wait for 60 ns;
LOAD <= "07;
walt for 500 ns;
DIN <= 60;

DIR <= "1°%;

LOAD <= "1°;

wait for 60 ns;
LOAD <= "0°;

wait for 1 us;

CE <= "0%;
wait for 500 ns;
CE <= "1°%;

wait for 500 ns;
end_sim :=true;
wait;
end process;
WRITE _TO_FILE: WRITE RESULTS(CLK,RESET,CE,LOAD,DIR,DIN,COUNT);
End testbench_arch;

e
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[%]12-8]

LIBRARY 1eee;

USE 1eee.std logic 1164._all;

USE 1eee.std logic unsigned.all;
ENTITY cnt4 IS

PORT

( rst - IN STD _LOGIC;
d - IN STD LOGIC_VECTOR(3 downto 0);
load - IN STD LOGIC;
clk,ce - IN STD LOGIC;
q - OUT STD LOGIC VECTOR(3 downto 0);
cout : OUT STD LOGIC )

END cnt4;

ARCHITECTURE syn OF cnt4 1S
signal count : std logic vector(3 downto 0);

BEGIN (T



cntproc: process(clk,rst) begin
iIfT rst = "1° then
count <= (others => "0%);
elsit rising_edge(clk) then
iIT ce = "1" then
iIf load = "1" then
count <= d; else
count <= count + 1;
end 1T;
end 1f;
end 1f;
end process;
coutproc : process(clk,rst) begin
iIT rst = "1° then
cout <= "0%;
elsit rising _edge(clk) then
iIf count = "1111" then
cout <= "1%; else
cout <= "0%;
end 1f;
end 1f;
end process;
q <= count;
END syn;
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File Edit WView Format Compile Simulate Add Teols Windew Help

J D & G & & O R . , B H @ @ @ J Contains: P

Warkspace : H Eﬂﬂ
*|Name [ Type |Pat =
vital2000 Library M0
ieee Library Fhdl

W} modelzim_lib Library LA

L std Liborary I
W] std dewveloperskit Library FMI
Wl synopays Library I

] werlog Library I

EEEE

<o Dezign Loaded>
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IE]I[:reate Froject

ModelSimiEiT1)i B

— Project Name

||:r'|t4|:|

—

— Project Location

|E:a’my|:uria’|::nt4|:uri

Browse. .. I

— Default Librany Mame

|wnrk

ak.

Cancel

b
— Click on the icon to add items of that wpe:——
Create Mew File Add Exizhing File
Create Simulation Create Mew Folder
Cloze
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=101 x|

File Edit V¥iew Format Compile Simulate Add Teols Windew Help

HY X
|5tatu{ Type |Ord

Edit
Execute

Compile

Compile Selected
Add to Project »

Remave fram Project Compile Out-of-0 ate g

Cloze Project Compile Order...
Caompile Report...
Carmnpile Surmary. ..

Froperties. .
Project Settings. ..

Compile Properties. ..

1] |
W ¥ Project MLihrar}' |

Transcrpt H A
1/ -
# Loading project chtdp

ModelSim: =
Project : cntdp |<No Dezign Loaded> |<I'I|:| Cont ext > y
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Tranzcrnpt

# Reading O /Modeltech_B.Otel e simdpret. bzl
# /¢ ModelSim SE B.0 Aug 139 2004

iy

# /Y Copynight Mentar Graphics Corporation 2004
g/ all Rightz Hezerved.

g

g/ THIS WORE CONTAINS TRADE SECRET AMD

g/ PROPRIETARY IMFORMATION WwWHICH IS THE PROFPERTY
g/ OF MEMTOR GRAPHICS CORFORATION OR ITS LICEMSORS
g/ AMD IS SUBJECT TO LICEMSE TERMS.

iy

# Loading project chntdp

H# Compile of cntd.whd wasz succeszsful,

todelSim: | I
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[“]NodelSim SE PLUS 6.0
File Edit ¥YWiew TFormat Compile Simulate Add Tools Window Help
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EEHEE| FR2E M
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IRy
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[%112-9]

library ieee;

use 1eee.std logic 1164._all;
ENTITY wavegen 1S

PORT
( clk,rst - OUT STD_LOGIC

end wavegen;
ARCHITECTURE sim OF wavegen 1S

constant cycle:Time := 10 ns;
BEGIN
process begin
clk <= "0°;
wait for cycle/2;
clk <= "17;

wait for cycle/2;
end process;
process begin
rst <= "1°7;
wailt for cycle*5;
rst <= "0%;
wait;
end process;
END sim;
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12.7 VHDLHJRTLZEIA

12.7.1 47 4H5A

[%112-10]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY cunter_up IS
PORT( reset, clock - IN STD LOGIC;
counter : OUT STD_LOGIC VECTOR(7 DOWNTO 0O) )=
END;
ARCHITECTURE behv of cunter_up IS
SIGNAL cnt_ff: UNSIGNED(7 DOWNTO 0);
BEGIN
PROCESS (clock,reset,cnt_fT¥f)
BEGIN
IF reset="1" THEN cnt_ff <= X"00" ;
ELSIF (clock="1" AND clock®EVENT)
THEN cnt_ff <= cnt_ff + 1 ;
END IF;
END PROCESS;
counter <= STD_LOGIC _VECTOR(cnt_fT);

END ARCHITECTURE behv ; Kxﬁlgfﬂlﬁ-




12.7 VHDLHJRTLZEIA

12.7.1 47 R#5A

[ f5112-11]
MODULE counter_up
Clock ,reset, PIN ;
Counter7’. .counterO PIN ISTYPE “COM® ;
Cnt_ff7..cnt_ff0 NODE ISTYPE “REGT" ;

Counter = [counter7..counter0];
Cnt = [cnt _ff7..cnt _ff0];
EQUATIONS

Cnt.CLK = clock ;

Cnt.AR = reset ;

Cnt = cnt.FB + 1 ;

Counter = cnt ;

END counter_up

K, SEEHLE



12.7 VHDLHJRTLZEIA

12.7.2 I IA
12.7.3 ZEfgfiiR

!i#ﬁ%ﬂ%ﬁﬁﬁﬁmo

TREBIL: X T H B T CE T

!ﬁ#mﬁﬂﬁﬁﬁ#%%%ﬁﬁi%OO

K)(/%ﬁﬂﬁf




L

EDA HiRSEH #RE

.y

£ 11 &

AL FNET R4 17



11.1 B

11.1.1 HPFEIL=
[%111-1]
LIBRARY 1eee;
USE i1eee.std logic_1164.all;
USE 1eee.std logic unsigned.all;
USE i1eee.std logic arith.all;
ENTITY multmux 1S
PORT (AO, Al, B : IN std logic vector(3 downto 0);
sel : IN std logic;
Result : OUT std logic_vector(7 downto 0));
END multmux;
ARCHITECTURE rtl OF multmux IS

BEGIN
process(A0,A1,B,sel)
begin
iIT(sel = "0") then Result <= A0 * Bj;
else Result <= Al * B;
end 1f;
end process; BELRLEE
END rtl; KX




11.1 B

11.1.1 BEPHEILE

Sel
AQ
RN
B ___ﬂ___o\]
A Result
Al ek 250
v
Jeikas1

BI11-1 ek e B v T VERTLES M)

KX/%/W#&



11.1 S

Sel

Ao(*

Al

1/ X Result

Py LA

K11-2 Sek$ e /bt HiERTLE 1) KX/%/Z:W&



11.1 B

11.1.1 BEPEILE

[11-2]
ARCHITECTURE rtl OF muxmult IS

signal temp : std logic vector(3 downto 0);
BEGIN

process(A0,Al1,B,sel)

begin
iIf(sel = "0") then temp <= AO; else temp <= Al;
end 1T;

result <= temp * B;
end process;
END rtl;

e
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11.1 B

11.1.2 BEEMAL

[%111-3]
LIBRARY 1eee;
USE i1eee.std logic_1164.all;
use 1eee.std logic unsigned.all;
use ieee.std logic arith.all;
ENTITY multl IS
PORT(clk - 1n std _logic;
ma - In std_logic_vector(ll downto 0);
mc - out std logic vector(23 downto 0));
END multl;
ARCHITECTURE rtl OF multl IS
signal ta, tb : std logic vector(ll downto 0);
BEGIN
process(clk) begin
iIf(clk"event and clk = "1") then
ta <= ma; tb <= "100110111001"; mc <= ta * tb;

end if; -
end process; BELRL
END rtli; B(X



11.1 B

11.1.2 BEEMAL

[%111-4]
LIBRARY 1eee;
USE i1eee.std logic_1164.all;
use 1eee.std logic unsigned.all;
use ieee.std logic arith.all;
ENTITY mult2 IS

PORT(clk - 1n std _logic;

ma - In std _logic vector(ll downto 0);
mc - out std logic _vector(23 downto 0));
END mult2;

ARCHITECTURE rtl OF mult2 IS

signal ta : std logic vector(l1l downto 0);

constant tb : std logic vector(l1l downto O0) := "100110111001";
BEGIN
process(clk) begin

iIf(clk"event and clk = "1") then ta<=ma; mc<=ta * tb;

end if; :
end process; BELA
END rtl; Kx
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11.1.3 H1TH yout=a, X by+a, X b, +a, X b,+a, X b,

[#111-5]
LIBRARY 1ieee;
USE 1eee.std logic 1164.all;
use ieee.std logic unsigned.all;
use 1eee.std logic arith.all;
ENTITY pmultadd IS
PORT(clk - 1n std _logic;
a0,al,a2,a3 : 1n std logic_vector(7 downto 0);
bO,bl,b2,b3 : 1n std logic_vector(7 downto 0);
yout : out std logic_vector(15 downto 0));
END pmultadd;
ARCHITECTURE p_arch OF pmultadd IS
BEGIN
process(clk) begin
iIf(clk"event and clk = "1") then
yout <= ((a0*b0)+(al*bl))+((a2*b2)+ (a3ihE))ujmme it mfj———
end process; BELRLEE
END p_arch; KX
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[$111-6]
LIBRARY 1ieee;
USE 1eee.std logic 1164.all;
use ieee.std _logic unsigned.all;
use ieee.std logic _arith.all;
ENTITY smultadd IS
PORT(clk, start : in std _logic;
a0,al,a2,a3 In std_logic_vector(7 downto 0);
b0,b1l,b2,b3 - In std _logic vector(7 downto 0);
yout : out std _logic _vector(15 downto 0));
END smultadd;
ARCHITECTURE s_arch OF smultadd IS
signal cnt : std_logic_vector(2 downto 0);
signal tmpa, tmpb : std logic _vector(7 downto 0);
signal tmp, ytmp : std logic vector(15 downto 0);
BEGIN
tmpa <= a0 when cnt = 0 else

al when cnt = 1 else
a2 when cnt = 2 else
a3 when cnt = 3 else
al;
tmpb <= b0 when cnt = 0 else

bl when cnt = 1 else
b2 when cnt = 2 else
b3 when cnt = 3 else
bO;

tmp <= tmpa * tmpb;
process(clk) begin
if(clk"event and clk = "1%) then
if(start = 1) then cnt <= "000"; ytmp <= (others=>"0");
elsif (cnt<4) then cnt <= cnt + 1; ytmp <= ytmp + tmp;
elsit (cnt = 4) then yout <= ytmp;
end if;
end i1f;
end process;
END s_arch;
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[%111-7]
LIBRARY 1ieee;
USE i1eee.std logic _1164.all;
use 1eee.std logic unsigned.all;
use 1eee.std logic arith.all;
ENTITY adder4 1S
PORT(clk - in std logic;
a0,al,a2,a3 : 1n std logic vector(7 downto 0);
yout : out std logic vector(9 downto 0));
END adder4;
ARCHITECTURE normal _arch OF adder4 1S
signal t0,tl,t2,t3 : std logic vector(7 downto 0);
signal addtmpO,addtmpl : std logic vector(8 downto 0);
BEGIN
process(clk) begin
if(clk"event and clk="1") then
t0 <= a0; tl1 <= al; t2 <= az2; t3 <= a3;
end 1f;
end process;
addtmp0 <= "0"&t0 + t1;
addtmpl <= "0"&t2 + t3;
process(clk) begin
iIf(clk"event and clk = "1%) then yout <= "0"&addtmpO0 + addtmpl;
end 1f;
end process;
END normal_arch;



[#111-8]
LIBRARY 1ieee;
USE i1eee.std logic 1164 .all;
use ieee.std logic unsigned.all;
use 1eee.std logic arith.all;
ENTITY pipeadd 1S
PORT(clk : 1n std logic;
a0,al,a2,a3 : i1n std logic vector(7 downto 0);
yout : out std logic vector(9 downto 0));
END pipeadd;
ARCHITECTURE pipelining_arch OF pipeadd IS
signal t0,tl,t2,t3 - std logic vector(7 downto 0);
signal addtmpO,addtmpl : std logic vector(8 downto 0);
BEGIN
process(clk) begin
if(clk"event and clk="1") then
t0 <= a0; tl1 <= al; t2 <= a2; t3 <= a3;
end 1f;
end process;
process(clk) begin
iIf(clk"event and clk = "1%) then
addtmp0 <= "0"&t0 + t1;
addtmpl <= "0"&t2 + t3;
yout <= "0"&addtmpO0 + addtmpl;
end 1f;
end process;
END pipelining_arch;
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O e ITEEer et bingE=s

dialog bo.
Option
M ame: R outer Effort b ulbipher
Sething: 1.0
D ezcription:

Contralz how guickly the router tnies to find a valid zolution. The default |
walue iz 1.0, and legal values must be greater than 0. Humbers higher 0
than 1 [up to 3 iz generally reazonable] may improwve router guality at the | s

E zizting option zettings:

AT

Specify the zettingsz for the logic options uzed in vour project. Some of theze oplionz can be applied
to an individual node ar entity in the Assignment Editor and will owverride the option settings in this

Rezet

Reszet All

Marme:

Auko Beagister Duplication

E nable Buz-Hold Circuitry

Final Placerment Optimizations

/0 Placement Optimizations

Logic Cell Inzertion - Logic Duplication
Optirize 10C Regizter Placement for ...
FCI /0

Placement Effart kultiplier

Router Effort kA ulbipher

Slove Slews Rate

WwWeak Pull-Up Resisztar

Sething:
CIfF
CIff

Avtarmatically

<]

K19-11 fi 2l
B EE
E{Ep- Qv S
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11.3.5 B4 &40 A Ap L6 35l i B

Back-Annotakte Assignments =

Eaclt annotation type: Adwanced vI

Dafanlt
iddrvranced

—h==1zoments to baclc

Devwice
Delay chains

LogicLocl regions: [*® I-:-ru. F:i.l
Lock =1xe and origin

Hodes: [* [= Fid]

A==sigznment type
@ Create assigmments
l::l FEemowe assigmments

Pins
- Demote pin assigomentz to I/0 banl -
1 | 3

K11-12 R F5

—Sawe intermediate syntheszis results -&E
[+ Sawe a node—lewel netlist into a Verilogz Quartus Mapping

File namef: fmyprjfentSatom netlistsSentdb. wam .

K X/% oyt

0K I Eemael
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11.3.6 1 H Design Assistantfi & i v 1] FE 1

Categony:
General
Files
User Libraries [Current Project] Specify optionz far the Dezsign Asziztant, which checks a design for potential design problems. Maote:
; & avallability of theze optionz dependz on the current device family.
Device Th lability of th t d d th td farnil

Timing Requirements & Optionz
EDA Tool Settings Bun Design Assistant durning cormpilation

Compilation Process Settings
Analyziz & Spnthesis Settingz

Select the rulez vouw want the Dezign Azsiztant to apply to the project.

T [FH[F[*

- Design Aszistant configuration rule names

Fitter Settings
Timing &nalyzer = Clack
Gated clock should be implemented according to Alera standard zcheme
SignalT ap Il Logic &Analyzer Logic cell should nat be used to generate inverted clock
SignalProbe Settings |:| [nput clock pin should fan out to only one zet of clock gating logic

Simulator || Clock signal source should drive only input clock ports

+- PowerPlay EDWE[ .-'ifnal_l,lzer Settings |:| Clock zignal should be a global zignal
+- Software Build Settings

HardCopy Settings |:| Clack zignal zource should not drive regizters that are tiggered by different clock

T Feset
T Timing closure

K11-13 Design Assistantix & K Y- 705 5
X
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11.3.7 BN P BE ST

Category:

- General Timing Analpsis Settings

- Files
U zer Libraries [Current Project) Specify zettings for the Clazzic Timing Analvzer. Uze the Szzignment Editor for individual timing
S Esice azzighments. Mote: These gettings affect the Clazzic Timing Analyzer only. To specify Timeluest

Timing Analyzer zettingz, uze the Timeluest Timing Analyzer [T ools menu).

=1 Timihg Analysis Settings

: Timing Analyzer Reporting
+- EDA Taol Settings
- Compilation Processz Settings
= .-'-‘-._nal_lrlsis & Synthesziz Settings

YHDL Input
Verlog HOL lnput Specify zettings for each clock that is part of the project. Sssign the settings to input clock signals.

B Delay requirements

D efault Parameters

Synthesiz Metlist O ptimization Enisting cloak-setings

[=I- Fitter Settings : : : .
T Phwszical Sunthesis Optirmizatic Mame | Type |__Fma:-c |__I_'__J__l._4t... | Period | Offset | Phasze z... | Mode(s] Mew. ..
Azzembler clle abzol.. 130... &O 7.E92 nz clk = |

- De=zign Assistant
-SignalT ap |l Logic snalyzer
Logic &nalyzer Interface

H‘E' C].Dl::kl Se‘i:‘i:ings

‘- SighalProbe Settings Clock zettings name: |C|k

=i Sirulator Settings

: Sirmulation Power Applies to node: ICIk I
B Eroieloy Bower Snalvzer, Seling — Relatiohship to other clock settings

+ |ndependent of ather clock settings

Required fras: i13d !MHZ ;l Fiesulting period:

l— Duty cycle (2 |50 i_
E11-14 E4 At P& E (RERHME 5 CLKAMET130MHz)
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11.3.7 BN P BE ST

¢t PBroject  ps=igmments FProcessing Tools Window Help

3T144C3

Do you want to zpecify an overall default frequency requirement [fmax) for all clocks in this
project’?

@ Eé’ Device. . . ¥ feg
S Pigs " Mo, | want to azzigh fmaw for specific clocks
Q2 Tinin z Settings # Which other overall default iming requirements would you ke to specify for this project?
; = o Check all that apply, and enter the timing requiremerts;
¥ EDA Tool Settings. .. ™ tsu [sehup time) s v
& i +5hi ft+ I :
& Settings. .. Ctr1+ShifttE ™ th (hod time}: s |5
Timing Wizard. .. - tgo[clock to output delay]: hs ¥
" tpd [Fin ta Pin Delay); hs ¥

@ Azsignment EditorCtrltShiftth

ek freque

&11-15 HTiming Wizard & K ¥ & i 44
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11.3.8 BEN T4

%’E Compilation Report
% Legzal Hotice
%g Flow Summary
%@ Flow Settings
%@ Flow Elapsed Time
% Flow Log
+ %I:l Analysiz & Synthesis
+ %I:l Fitter
+ %l:l hzzembler
= %ﬁ Timing Analyzer
%% Summary
%@ Settings
%& Clock Settings Summary

%% Clock Setup: 'CLE
%% Clock Setup: “altera int

%@ t=u

Timing Analyzrer Summary

Total number of failed paths

E11-16 7oA o &

- o |Bemired [deu
1} Horstocase £51 o —— Bih . Home L LOGE ns |
2| Worst-case teo 0k Hore 1T.812 ns
3| Worst-casze tpd Hih Hore 2.124 n=
4| Worst-case th Hi A Hone 3.725 ns
i Horst-caze Minimum tco Hih Hone 16. 645 ns
B | Yorst-caze Minimum tpd 0k Hore 2124 ns=
7| Clock Setup: *altera_internal j tag TCEUTAF' | H/A Hore 85.29 MHz |
E Clock Setup:; 'CLE 0k Hone 153,35 MHz
9
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11.3.8 BEN T4

Regisztered Performance ltpd ] t=u ] too ] th ] Cuztom Dela}’s]
Clack: [CLK -
Walue | kad
From data_rorm:ul |alksyncram: albsynicram_componentlaltzyncram_.
To #ld_signaltap:zsinoutlacg_trigger_in_reg[5]
Clock. period | 7.499 ns ]
Frequency  [133.35 MH= x>

00:00:15

Wit Start & Repart Mumber of paths ta list; |10 List Paths |_

&11-17 Timing Analyzer Tool JAIE A I B TR & &
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11.3.9 &R AL B ]

Family APEXZ0EE

lNevice EFZOEI00ERCE40-23
Timing Models Final

Met timing requirements Yes

Total logic elements 51 f 11,520 [ <1 % )
Total pins 9 /152 [ 5 % ]

Total wirtual pins [l

Total memory bits O,/ 147,456 (0 % )
Total FLL= [l

B11-18 A H SR BRI By ) s AR



[#]11-9]1 AHCASEIER W MIEZ G5 RERR
LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY SINGT 1S

PORT ( CLK - IN STD_LOGIC;
DOUT - OUT INTEGER RANGE 255 DOWNTO O ):
END;
ARCHITECTURE DACC OF SINGT IS
SIGNAL Q - INTEGER RANGE 63 DOWNTO O ;
SIGNAL D - INTEGER RANGE 255 DOWNTO O ;
BEGIN
PROCESS(CLK)
BEGIN

IF CLK"EVENT AND CLK = "1" THEN
IFQ <63 THEN Q <= Q + 1; ELSE Q <= 0 ; END IF; END IF;
END PROCESS;

PROCESS(Q)

BEGIN

CASE Q IS GET D
LTS
Kx



WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

END;

00=>
04=>
08=>
12=>
16=>
20=>
24=>
28=>
32=>
36=>
40=>
44=>
48=>
52=>
56=>
60=>

D<=255;
D<=245;
D<=217;
D<=174;
D<=124;
D<= 75;
D<= 34;
- WHEN
> WHEN
D<= 13;
D<= 43;
D<= 87;
D<=137;
D<=186;
D<=225;
D<=249;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

OTHERS => NULL ;
END CASE;
DOUT <=

END PROCESS;

01=>
05=>
09=>
13=>
17=>
21=>
25=>
29=>
33=>
37=>
41=>
45=>
49=>
53=>
57=>
61=>

D<=254;
D<=239;
D<=207;
D<=162;
D<=112;
D<= 64;
D<=

D<= 1;
D<=

D<=
D<=150;
D<=197;
D<=233;
D<=252;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

; WHEN
; WHEN

WHEN

> WHEN
; WHEN
; WHEN

WHEN
WHEN
WHEN
WHEN

02=>
06=>
10=>
14=>
18=>
22=>
26=>
30=>
34=>
38=>
42=>
46=>
50=>
54=>
58=>
62=>

D<=252;
D<=233;
D<=197;
D<=150;
D<= 99;
D<= 53;
D<= 19;
D<= 1;
D<= 4;
D<= 26;
D<= 64;
D<=112;
D<=162;
D<=207;
D<=239;
D<=254;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

03=>
07=>
11=>
15=>
19=>
23=>
27=>
31=>
35=>
39=>
43=>
47=>
51=>
55=>
59=>
63=>

D<=249;
D<=225;
D<=186;
D<=137;
D<= 87;
D<= 43;
D<= 13;
D<= O;
D<= 8;
D<= 34;
D<= 75;
D<=124;
D<=174;
D<=217;
D<=245;
D<=255;

KX/;%/ZW#
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11.3.9 &R B~

l7'%:'Eil-a Edit V¥Wiew Froject Asszigmments Frocessing Tools NWindow Help

[ = = h? ||SINGT -

Praject Navigator =12y Tining Analy.. | 52 SINGT.vhd

¥ 7 &

L h
l abe  data_raor

Entity | Logic ; :
-. . Compilation Report
AFEXZOEE: EFZ0ES00ERCZ40-3 ‘ % Lezal Hotice
- EEDC SIHGT =ce sl = E Flow Summary
% Flow Settings

Settings. ..

Locate 1n Asszigmment Editor
Create Hew LogicLoclk Eegion ) o

] Locate 1n Timing Closure Floorplan I

£ Export A=ssigzmments. .. ) ) )
— Locate in Chip Editor La
HiE!fEleh_'r' Expand All Locate 1n Resource Froperty Editor N
Stt Frint Hierarchy Locate 1in Technology Map Viewer M3

= W
o Frint All Desigzn Files Locate in ETL Viewer =
- - : - Copy Locate 1n Design File [1
Full Compilati. ]
i Froperties | | &
Analy=is & G T ryeommm—

K11-19 £ X% THRELEFELocate in Assignment Editor
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11.3.9 &R B~

*
A Cateqory: | |F'.|| j‘ ﬁ Al me F'in‘ @ Timing‘ ¥ ogic Options
i v Show assignments for specific nodes:
= & | Check &l
2| 0é
% Unicheck Al
T |From T Aasignment Mame Value Enabled
1 £ | Technology Mapper -... | LT » | fE5
2 @l E....: .................................................... Illlles
Product Term

&]11-20 % H AT EAL KX/»%/W%%
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11.3.9 &R AL B ]

Family
Datrice

Timing Models

SLI K]

APEXZ0EE
EFZ0EI00ERCE 403
Final

Met timing requirements Tes

Total logic elements
Total pins
Total wirtual pins

B/ 11,520 (<1 %)
9/ 152 (5 % )
0

Humber of product terms 45

Total FlL=
Total memory bits

0

B, 144 / 147,456 [ 4 % )

B 11-2248 ] T SRR I ) g 1241 5

F(Xﬁﬁﬁﬁﬁ%
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.—'—A

B 5 ot

11.3.10 Slow Slew Rateix &

E=izting option settings:

M ame:

Auto Regizter Duplication

E nable Buz-Hald Circuitoy
Final Placement Optirmizations
|0 Placement Optirmizations

FCI [0

Flacement Effart Multipher
Fouter Effort Multiplier
Slow Slew Rate

Wwheak Pull-LIp Resistor

Logic Cell Inzertion - Logic Duplication
Optimize [0C Reqizter Placement far ..

S etting;

Iff

Iff
Autornatically
Ory

Auto

Oy

Iff

1.0

1.0

i

E11-23 Slow Slew Rateik ¢

KX/»%Z’“%[]E?



11.3 fitb ik & 5 B8t

11.3.11 LogicLockftft. A

KRG K, NHZES ES AR DIt
wit, SESEEATER, e RSN L/EER T
FEME. Quartusl I SZFF@ 81 € F R FIFPGAZR R 51
HAPEX20K. APEXII. Excalibur. Cyclone/ll#!
Stratix/11%£,

K SEEHE



11.4 Chip Editor¥
11.4.1 Chip Ed_itgr??_ﬁﬁ_ﬁ”gﬁﬂ

UUUUULLLOOOUUL

@,
=

v FREaT Y

K]9-24 B A2 ZCNT4B 5 FHILAB

HE ..




11.4 Chip Editor iV Jk

11.4.1 Chip Editor )3 S/
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11.4 Chip Editor)V.

11.4.1 Chip Editor fH 32

; o] = o []
I R o o

(R

[O0oOibooon

Eaao
A [

K11-26 # 5 FHILAB

[

e:'.[\

H0000(1 o000
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11.4 Chip Editor iV Jk

11.4.1 Chip Editor ¥ FH SE49)

1
I

5
5

<addnzub

1
1
1
1
1
1
- 1 aclr
-
1 X - i
- i I | T ;

=
5-“ _______ . :
k]
-------- H 1 1 - 1
i T o A Fa b I B e W faD i
1 1 1 1 1 1 1 H
1
la= -
1
1
el i O S S Nt N SR I
Tdatak i ==l H
ig ! T —r .|--..__:_.::.‘P_____I.1il E
L __"'---..«q e Ly i C
E O et dahclkpna, . = ===5en I
________ 1 1 1 H 1 » 1
IHatac e —— e ---E E—------{--E— = '__.E " ! G0 ko source akam o
1
: E i :C i i E v Inverted
1
ot L I =
= ! I L] Edit Zonneckion
e 1 1 1 .
Hatad _ e————bo—e --———-- 1 ' Remove Conneckion
Hu] [ — J
T
a1

=l ——

ald

(O 7=+ = [P A

K]11-28 Resource Property Editor ][] 45 5 3 & 4w 48 %

==icombout o>
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11.4.1 Chip Editor/3 FH Sz 45

Processing Tools  Window  Help

e

]_ B Start Compilation TR —
i r
1
l W Start Analysis & Elaboration ] EI
1
@ Compilation Repark Chrl+R, ';? Start Analysis & Synkhesis Chrl+K, =
Skart Fitter
Start Compilation & Simulation — Chrl+Shift+HE :E&I = T
_ _ _ _ Start Assembler .
zenerate Functional Simulation ketlist i
- . . ® Skark Timing Analyzer Ckrl+5hift+L .
) B Start Sirmulation Chrl+I . . . I
[ &, Start EDA hletlist Writer e e el
§ Simulation Debug » - Fel,, [ y acl ald
- . qg Skart Design Assistant SR S :
iﬂb Simulation Repart Zkrl+Shift+R. : L 'L 2 T D)
B . |
] %ﬂ Start Incremental Fitting A i :
= . = - 1 1
!:‘ Skart Software Build Chrl+0) W o - . Ie I d 5 :
B % Start SignalProbe Compilation  Chri+Shift+3 :
_________ r ¥ . Skart /O Assianment Analvsis :

E111-29 IR PP oAl & & 1 Kxﬁéﬁfﬁ‘ﬁ?



11.4 Chip Editor)V.

11.4.2 Chip EditorZh g1 8

IMemnry Bits IPins Ivirtual Fin=
T ) I

(1=

e

<l

IMm M T I M T LT I L

Metlist Explorer

* next ronting element

;I Eun Command

my atom

output term fanouts
input term fanins
routing element fanouts
source routing element

* fanin routing elements
¥ pext routing element
¥ famin conmectlons

* fanout conmections

¥ expand conmection/path

Locate

Clear Highlights

Inwert Selection

Femore

Clean Juplicates

x
|
|
|
|
I
|

Aocumulate
v Highlights

&19-30 T FrNetlist Explorer & KX/»%Z’WJE?
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11.4.2 Chip EditorZh g1 8

FRBRI S SCD LY

Hode mame: |LC_¥1_Y1T7T_H4 —- |CHT4E |iZ27 =4

LC_¥1_Y17_HO ——
LC_¥1_Y17T_H1 —
LC_¥1_Y17T_He —
LC_¥1_Y17T_He —
IC H1 Y17 H3 —— pm_counter: CHL r+l 0]
LC ¥l Y17 H4 —— e

Multiple Logic Cells Selected

lpm_counter:CRT_rtl O|alt counter stratix:wysi_counter |safe g[0]
lpm_counter:CRT_rt]l O|alt counter stratix:wysi_counter |safe g[1]
lpm_counter:CRT_rt]l O|alt counter stratix:wysi_counter |counter cell[Z]
lpm_counter:CRT_rtl O|alt counter stratix:wysi_counter |safe g[Z]

alt counter stratix wysi counter |safe g[3]

dataa

) o—1.

datak

]

acir ald
an e
O v

= e —————
EEclkepg ——=n =

Input Port name

Si1iznal name

- Output Fort name Si1gnal name

addnzuh “Disconmecteds carryont “Iisconnected’
carryin Disconnectedr cascadeout “Disconnected>
cazcadein “Jisconnected? combout |CHT4E 12724

clle “Disconmecteds — regzont “Iisconnected’
1 | 3
Froperties/Mades Values IUT equatien

LUT Macsk S000

b=

i Sum LUT Maslk S000 o IA REAC&D

“Carry LUT Masl HiA C

Operation Mode Hormal S IH_.-"A

Synchronous Mode Off

Fegister Cascade Mode Off Set equatio:.l —

K11-31 3T 7@ Al O & B |Qﬁ%ﬁﬁ



11.4 Chip Editor)V.

11.4.3 F) F Change Managerf il i |2 2 45

<2 File Edit |

JDE’“EI

Wiews Froject  Assignments

LItiliEy windows

Processing Tools

L Iﬁ FProjeck Mawigakor

Full Screen Ctrl+alk+Space

Eriti tar

_Hierarch_l..l

B Fit in Wwindow

@{ Zoom In
@\ Zoom ok

oo BT
Ctrl+Space
Ckrl+shift+5Space

CE'} Mode Einder
E Tel Consale

Iﬁ Messages

[g3] Message Locations
=5 status

weindows  Help

AlE4-0
AlE+-1
AlE+2
AlE+3
A4
AlE+-5

-:3:|"‘

L

L=

=] =l

Ivirtua Pinsl_llz.'l
[ ]

=] s =
Tl [S] Zoom... e —hange Manager Alt+& =l
A==zembler Wiews Properties
Wiews Pork Connections
=1 =l
Hode Hame Change Type 01ld Value Target V... |Car &
CHT4E |1lpm_counter  CRT +r+1 O]|alt. Inwverted Fal=se True
CHT4E |1lpm_counter  CRT +r+1 O]|alt. Inwverted Fal=se True b
CHT4E |1lpm_counter  CRT +r+1 O]|alt. Inwverted Fal=se True
CHT4E |1 counter CAT ¥+l 0O]alt. Inwerted Fal=e True

< |

= ==

Change Manag

=) ) I:HT4B lpm_counter:CAT rtl 0O]alt. Inwerted True Fal=e
T CHT4E |1pm_counter CAT rtl Ojalt. Inwerted True Fal=e
[ CHT4E |1pm_counter CAT rtl Ojalt. Inwerted True Fal=e

er- Netlist chech required

%]11-32 T JFChange Manager &
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). EREFFIT

[#111-10]

LIBRARY ieee;

USE 1eee.std _logic _1164.all;

USE 1eee.std _logic _unsigned.all;
USE 1eee.std _logic arith.all;
ENTITY addmux 1S

PORT (A,B,C,D : IN std logic vector(7 downto 0);
sel - IN std logic;
Result - OUT std _logic vector(7 downto 0));

END addmux;
ARCHITECTURE rtl OF addmux 1S
BEGIN
process(A,B,C,D,sel)
begin
iIf(sel = "0") then Result <= A + B;
else Result <= C + D;
end 1f;
end process;

END rtl: KX/;%Z%[&“
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11-2. A B A B 5 T K 11-3351 s B 85 M i3E AT odE, 451 VHDL
AL TR E .

al3..
b[3..

al7..
b[7..

alll..

b[11..

all5..
b[15..

g M

AT FH A

R PR

8 —

ANTFH A

12—

12—

ANTFH A

3
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@ a4

11-3. A4 BEEMFIRIERK BT R IAR T
y(n)=x(n)h(0)+x(n-1)+x(n-2)h(2)+x(n-3)h(3)

x(n) 5 x(n-m), m=0, 1, 2, 3RWEIERER, mEBEAREIEKcIkE . x(n-m)5
h(m)BIAL 5538 88461, y(n) 1047, HAFh(m)EBGIILE A F . ZB
g AN x(n). clk, #rH Ay(n), RSEIZIZ .
11-4. XX @11-3% M FIRYE S #5715 7B B _E AT 4L (FEh(m) [ X2 1915 5
), R AKLEAR.

11-5. FHFPGARILUTE 1, &SI & B/ HHoRiEAs, oot
B11-3. 11-49%evt, DB B PR AR

11-6. HXEEBEEKRAT, EEFRSAFPIEER/D, TSI H11-39 )
FIRJEN: 25 H AT 7 S SE B o

KX/%/W#&



@ a4

11-7. wir— A& RESR, WA\ ka0, al, a2, a3, fr& H8hr, %
Hrouth3247, 5ER&rout=a0*al*a2*a3, AL .

11-8. XF11-73EA70040, AIWrEL R SEBL S, AR EE A
rout=((a0*al)*a2)*a3
rout=(a0*al)*(a2*a3)

11-9. NI, X >J@11-8F KIHT—Fh 7N _Ei/K SRR 24T 280

11-10. X AR ) SR 2 E o % B Quartus HAH IS IR ) =, TR
B, /DA
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(1) SEHK: Wit— MNMERFZRERETE LB EHER, FHA B

IKEE AR T/EEE, XTI ERABEANEK

(2) SEIG R . FAsHIess TR 5K B R AN B0 7 51 18] AH S5 AL 2K

SEPL R [B] B A RIB

—AiFE Ry, BUREL], FERMIS R LRSS IALE s K AH SRR

SFEMNORSNEIEN A RBONIR RSB AR A8 AHIES T L

2 N—AIAHIRES M AL, ITNAL ) 20 A e 28 NS 7 BR T TRTNAS 14248 5

7k B 11 H B o

(3) SEH A AL RIE LR JE BT — N IAT A B AH e a8 (519-17 & 7~ 1l

).

7~ FFHCASEE )52 AN I AH I R A 1. |
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[#11-11]

stemp <=a XOR b;
PROCESS(stemp) BEGIN

CASE stemp IS

WHEN "'0000"" => ¢ <=""100"";

-4

WHEN *'0001"|"'0010"'|"*0100""|"*1000"" => ¢ <= "011";

-3

WHEN "0011"|"0101"|""1001"|"'0110""|""1010""["1100" => ¢ <= "'010";  --2
WHEN "0111"["1011"|""1101"|""1110"" => ¢ <= ""001""; |
WHEN "'1111" => ¢ <= "'000""; .- 0;
WHEN OTHERS => ¢ <= "'000"";

END CASE;

END PROCESS;
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[$111-12]
LIBRARY ieee; --J X HHIEROM
USE ieee.std_logic_1164.all;
LIBRARY altera_mf;
USE altera_mf.altera_mf_components.all;
ENTITY data_rom IS

PORT

( address :INSTD _LOGIC VECTOR (9 DOWNTO 0);
inclock :INSTD_LOGIC;
q : OUT STD_LOGIC VECTOR (9 DOWNTO 0) );

END data_rom;

init_file => ""./data/LUT10X10.mif"", -3 FEEIE AT 4444 S Bk 4%
lpm_hint => "ENABLE_RUNTIME_MOD=YES, INSTANCE_NAME=rom2",

EN D:
KX/% /L&\/f"}[ﬁ
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[ #11-13)

LIBRARY IEEE; --32f7ijnyEastsith
USE IEEE.STD LOGIC 1164.ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY ADDER32B 1S
PORT ( A : IN STD LOGIC_VECTOR(31 DOWNTO 0);
B - IN STD LOGIC_VECTOR(31 DOWNTO 0);
S : OUT STD _LOGIC VECTOR(31 DOWNTO 0) ):
END ADDER32B;
ARCHITECTURE behav OF ADDER32B IS
BEGIN
S <= A + B;
END behav;

e
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[ 5]11-14) --32{7 Z AR
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY REG32B 1S
PORT ( Load : IN STD LOGIC;
DIN : IN STD LOGIC_VECTOR(31 DOWNTO 0);
DOUT : OUT STD LOGIC_VECTOR(31 DOWNTO 0) ):
END REG32B:
ARCHITECTURE behav OF REG32B IS
BEGIN
PROCESS(Load, DIN)
BEGIN
IF Load"EVENT AND Load = *"1° THEN —— BBhRRES, BUFEAZIE
DOUT <= DIN;
END IF;
END PROCESS;
END behav;

e
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[%$111-15] rom_data.mif 1047 1E5Z 3% #dE X4, 15235 7] HMATLAB/DSP Builder 4 i,
WIDTH=10;

DEPTH=1024;

ADDRESS RADIX=DEC;

DATA RADIX=DEC;

CONTENT BEGIN
0:513;1:515;2:518;3:521;4:524;5:527; 6:530; 7 : 533;

8 :537;9:540; 10 : 543; 11 : 546; 13 : 549; 13 : 552; 14 : 555;
...... (B&EEB 5 H )

1018 : 493; 1019 : 496; 1020 : 499; 1021 : 502; 1022 : 505; 1023 : 508;
END;

e
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PLLZ0M

inclk0 cl

A131.0]

....................................................................................

' REG32B

e e e e e e e

¢ ADDERIZE

inclk0 freguency: 20.000 MHz
Dperation Made: Marmal

Clk |Ratio |Ph tag) |Td (n)|DC (38)
c0 {154 | 000 | 000 | 5000

inzt iCyclone

B[31..26]

B[17..0]

B[25.15]

K]11-38 DDS.vhdTii |2 J& 3 [&]

Load DOUT[H 0]
DN 0]

Al 0]
B[ ]

B31..0] REEY

inzt2
1
""""""""""""""""""""""""""""""""" * nuwm:mccm
......................... datamm .........................
.............. A2
== atddress(d..0] L e e
i . ()] e QUTEUT —  DAC[3.0]
H inc | 0 Ck q[g l:l] . et et b s et s crmre semes Shmes e Srms s s o

' inatd

KX/;%Z%[&



2B 541

11-3 BEEHF IR G M E5(DDS)i%it3k1E

| 15 212 10,24 e 15,36 s 20,48 us 20.b us .72 us hi
lﬂrﬂlﬂE... | I I | I | |
e g g |
I
e i e nEnintinE e e EnEnEninynn
| MW | Ko IE Al X?DE XEDE X?l? XQI'EI X?EE X?QE XEEE X241 XM XEET XEEE XETS X?EE XEBE XE'EID XEﬁ.F @
o MM HS 2 X ki X 4 X ol
—— [ U | o P

€11-39 DDS.vhd{lj HL 3% ¥ K LT



11-3 BEEHFAINES I EE(DDS)1% 1131

(3) SLIGHAL: TEIRADDSH) TAEJFHH, #&KHEH11-1224]11-1552
AT B, FHEGESRFE—2DULIHDDSH JE ., 524 3R T £,
AL, 2. 1% A8 M E FFWORD; F HGWA8 R S
ADDAR #1047 D/AS651 5 B e, R as W i e

(4) LI NA2: RIEE11-36, EJRvct (K11-38) Hin AAHAL
HEg, FSE4. 3 ASMAHAL FPWORD; EHEESLWIKINEA.

(5) SEIG N A3: ¥ EI11-381 T = IR H E R IR AVHDL, BEESLIIH
g

(6) o Aca: 7EMIL-38HIBEHFMM—LETE0E, BorhRaaHifE B
W, FSER. FESE. PR ET R E.

KX/%/Z%%?



11-3 BEEHF IR G M E5(DDS)i%it3k1E

(7) SEIG A AS: B111-12)5 WIFE TR 3247 A2 A M1 1047 AH AL A AE T 2%
Wr, #R8LL. IHRAVEENr, BHFPHRER, HFRIEAEGWASSE
ARG LRsLs (s, ¥meMsifas 538 uERE) .

(8) SEHLNA6: R OISR Al B IEA S 5 K A4, BIAE AL 2%
WPt (ES, HAHBEIESR, —BEENIEX(SINGES, —BEANRIZ(cos)
Ay (SEHE A T B3 A E S R B R

(9) SEINAET: MBI —FSKIE S K A4, FHEASEIL .
(10) . WRAVEENWT, BB RN BN 05l 2 % /D ?

KX/%/Z%%?



11-4 EFDODSHHFZBIHES ZAERFILITEE

(1) i BAES R AESE2003F KA B TR S EH B — P BRTHHE . E11-402
T DS BFBAME 5 K ESK R E, REIREFIEI11-165778.

(2) LRGN AL SERLON T I BE 5= B B MG 5 RESRK R, EHPEFBRINEZEER
EMIFSCAE (BIEEEL1024, HIERBE#EED ; SHEAEFE. S TEant, xt
FGW48E %, HFEFEMERL: CLKEclock0, #:13MHz; F4E4. 3G FZPWORDHIA ,
2. 1IHIMZEFEFWORDEIA . MEEIIH E M= EE .

(3) SEIAR2: BT, HEINEEZES BEE N UH— kST mmBmEE) .

(4) SEEWNA3: BILES KESKRAEEHMIGEREE RAESS, FEAHE, SmEmny
(5) SIS . AR R w320, MR E eI, BHh10
L, BFBEH20MHz, THEER., HAREE =220 HEEREZ />, AHHHMEN LT
(98

(6) SHAR T : ML LRSI ESR, KRN ANEE BHEES KRR .
K)(/%/L&\fv'lﬁ



F10B

ADDER10B
10

F10E(9..2) 8

A,
10 >B_|_ =

PWDRD/
25 D32B{31..22)
ADDERSZE
E 32 REGG2E 29
32 pasg o TS SURERIS D DOUT D326
Ve A LOAD
CLk )
D32B{31..22)
3
EVWORD . F3ZB(27. 20) SIM_ROM
ddress s POLT
INclock
[m;) /l\
LIMNAOE REG10B 10 S IN1OB SIMN_ROM
Colr DT ddress o FoLT
LOAD
| Nnclock
1 10

F11-40 Frr B MfE 5 K A 4% LB IR Y ]

K SEEH




[#111-16] BFBAE 5 R EARTUZ R, TR ERE S5 K 11-40,

LIBRARY IEEE:

USE IEEE.STD_LOGIC_1164.ALL:

USE IEEE.STD_LOGIC_UNSIGNED.ALL:

ENTITY DDS_VHDL IS - TR Rt

PORT ( CLK : IN STD _LOGIC; --&Zit4h

FWORD : IN STD LOGIC_VECTOR(7 DOWNTO 0);
PWORD : IN STD_LOGIC_VECTOR(7 DOWNTO 0);
FOUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0);

R
AR
TR AIE 2 S

POUT : OUT STD_LOGIC _VECTOR(9 DOWNTO 0) ); --=HE 5 55

END:
ARCHITECTURE one OF DDS_VHDL IS
COMPONENT REG32B 320 A

PORT ( LOAD : IN STD_LOGIC;
DIN : INSTD_LOGIC_VECTOR(31 DOWNTO 0);

DOUT : OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );

END COMPONENT:;
COMPONENT REG10B --10h BiF 28
PORT ( LOAD : INSTD _LOGIC;
DIN: INSTD _LOGIC_VECTOR(9 DOWNTO 0);

DOUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );

END COMPONENT:
COMPONENT ADDER32B 32T VA 2S

PORT ( A:INSTD_LOGIC_VECTOR(31 DOWNTO 0);

(# IO



B:INSTD_LOGIC VECTOR(31 DOWNTO 0);
S:OUT STD_LOGIC VECTOR(31 DOWNTO0) );
END COMPONENT;
COMPONENT ADDER10B --1047 Ny 2s
PORT ( A:IN STD_LOGIC_VECTOR(9 DOWNTO 0);
B:IN STD _LOGIC VECTOR(9 DOWNTO 0);
S:OUT STD_LOGIC VECTOR(9 DOWNTODO0) );
END COMPONENT;
COMPONENT SIN_ROM --10fz Hihl- 1047 E 4 1E 5215 5 2 #EROM
PORT (address :INSTD LOGIC VECTOR(9 DOWNTO 0);
inclock :INSTD_LOGIC;
q : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );
END COMPONENT;
SIGNAL F32B, D32B, DIN32B :STD _LOGIC VECTOR(31 DOWNTO 0);
SIGNAL P10B, LIN10B, SIN10B : STD_LOGIC VECTOR(9 DOWNTO 0);
BEGIN
F32B(27 DOWNTO 20)<=FWORD ; F32B(31 DOWNTO 28)<="0000"";
F32B(19 DOWNTO 0)<=""00000000000000000000"" ;
P10B( 9 DOWNTO 2)<=PWORD ; P10B( 1 DOWNTO 0)<="00" ;
ul : ADDER32B PORT MAP( A=>F32B,B=>D32B, S=>DIN32B );
u2: REG32B PORT MAP(DOUT=>D32B,DIN=> DIN32B, LOAD=>CLK);
u3: SIN._ ROM PORT MAP( address=>SIN10B, g=>FOUT, inclock=>CLK);
u4 : ADDER10B PORT MAP( A=>P10B,B=>D32B(31 DOWNTO 22),S=>LIN10B );
u5: REG10B PORT MAP(DOUT=>SIN10B,DIN=>LIN10B, LOAD=>CLK);
u6 : SIN. ROM PORT MAP( address=>D32B(31 DOWNTO 22), qg=>POUT, inclock=>CLK));

END;



1-5 ETFTDDSHIEE FFIAMIES &£ 2518t

(1) SEIGJRPE. EEAGE S KAERSE 20054 KA B F R wFEE A+
B — AT E .

(2) SZENZ1: FFIMATLABRIDSP Builder, RIEE11-41, 5AkH
Bh, e E11-42000 K, &EAEFPGA LR SEHL, FH T sy b
SFE11-42095 T8

(3) LN AE2: BE11-41RIs2eHVIDLE X H kR (T0)Z%HrT LA
JREE) , BEMHQuartusITSEIE A1, {5 EAIFPGASEHL, L& FH
TR RS (R ER, BEAMHE) .

KX/%/Z%%?



1-5 ETFTDDSHIEE FFIAMIES & £ 2518t

g

Constant

z
' ah[15:0 J et
bl4:0] ADDER! DlyT

T B3 = ——p ! 150 | 158 b—
a[10:0]

3 \,,/ ‘f//\ “ >
2 ity KRB 5 &

’
ST

SignalCornpiler

Bu=a
Busd

K 11-41 AMK B p5i 7Y

— 70
— 150 | 156
Rolh;jl] y Buss
ge[ 0] —| AltBust
1 ADDER2 Ptz | 512 Adder3
5 Cst3 — Cstd
3 —p{70 B FO—*
; —
: ROM2
B
7
hituzd » z
- —_— &
o, b “ - 1
Caff 2510] Bus? z
|—pa[?:n] L ab[150 Bush
N | ab[3:0] — b[3:0]
b[1:0] ADDER4 Dly2



1-5 ETDDSHYEE BB AMIES &% =711t

£ B b & it

. em—

IR




11-6. SAEBHIFMIES K E /% it

LR N RIELE 11-15A1 & 11-43, RIVHDL i vHIRR M lE 5 A L4
SERBPIEE S BT 1 B P R

L—L-

Bus3

T

123

Constant

ADDERA

Dy

150 | 155

Bu=3

E

40

ROk

R
oI

C=td

ab[15:0]

[t >—wbrion
Cstr Bu=s

K11-43 IR FHIE T KESMATLABE

Busy —LF
0 —e a[3:0 |—
| 2 ab[23:0] —
G b0 [ —
a0 L

Bus=2

.1

T 4 -
i

ADDERS Dlyz

d qur
SignalCampiler
Scoped
BFP

a0

230 (2314 g:0

Bu=

ROM:2

KX/%Z%[&



L

EDA HiRSEH #RE

.y

£ 10 =
VHDLEZK1EA]



10.1 JFiEn]

10.1.1 TRfE1ER]

--------------------------------------------------------------------
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10.1.2 IFiEA)
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10.1.3 CASEiEA]
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[10-1]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4l1l 1S
PORT (s4, s3, s2, s1 - IN STD_LOGIC;
z4, z3, z2, z1 - OUT STD LOGIC);
END mux41;
ARCHITECTURE activ OF mux41l 1S
SIGNAL sel : INTEGER RANGE O TO 15;

BEGIN
PROCESS (sel , s4, s3, s2, s1 )
BEGIN
sel<= 0 ; -— HAVIHE
IF (s1 ="1") THEN sel <= sel+l ;
ELSIF (s2 ="1") THEN sel <= sel+2 ;
ELSIF (s3 ="1") THEN sel <= sel+4 ;
ELSIF (s4 ="1") THEN sel <= sel+8 ;
ELSE NULL; -- R, XBEMHTAREER
END IF ;

Zl<:-0- ; 22<:'O'; 23<:.O'; Z4<:'O'; __i'lﬁ)\%ﬂﬁﬁ{ﬁ
CASE sel 1S

WHEN 0 => zl<="1" ; —— Ysel=0rtiEH
WHEN 1|3 => z2<="1" ; —— YselH1E3MHFEEH
WHEN 4 To 7|2 => z3<="1": —— Ysel (2. 4. 5. 6E7HIEF
WHEN OTHERS => z4<="1" ; —— Ysel 8~ 15/ F—{HI & H
END CASE ;

END PROCESS ;
END activ ;



10.1 JiJ7iEA]

10.1.3 CASEiEA]

[ 5110-2]
SIGNAL value : INTEGER RANGE O TO 15;
SIGNAL outl : STD LOGIC ;

CASE value 1S —— B/ PIWHENS | S 146 8-A)
END CASE;
CASE value 1S
WHEN O => outl<= "1" ; —— value2~15F{E R FEHE
WHEN 1 => outl<= "0" ;
END CASE

CASE value 1S
WHEN O TO 10 => outl<= "1": —— EREPS~10MEEES
WHEN 5 TO 15 => outl<= "0";
END CASE: KX/»?W it




[%110-3]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

USE IEEE.STD LOGIC _UNSIGNED.ALL;

ENTITY alu 1S

PORT(C a, b - IN STD LOGIC VECTOR (7 DOWNTO 0);

opcode: IN STD LOGIC VECTOR (1 DOWNTO 0);
result: OUT STD_LOGIC VECTOR (7 DOWNTO 0) );

END alu;

ARCHITECTURE behave OF alu 1S
CONSTANT plus : STD LOGIC _VECTOR (1 DOWNTO 0O) := b"™00";
CONSTANT minus : STD _LOGIC _VECTOR (1 DOWNTO 0O) := b™01";
CONSTANT equal : STD _LOGIC VECTOR (1 DOWNTO 0) := b'10";
CONSTANT not_equal: STD _LOGIC_VECTOR (1 DOWNTO 0) := b"11";

BEGIN
PROCESS (opcode,a,b)

BEGIN
CASE opcode 1S
WHEN plus => vresult <= a + b; -- a. b#fiin
WHEN minus => result <= a - b; -- a. b#f
WHEN equal => -- a. bii%

IF (a = b) THEN result <= x"01";
ELSE result <= x"00";
END IF;
WHEN not_equal => -- a. bAHE
IF (a /= b) THEN result <= x"01";
ELSE result <= x"00";
END IF;
END CASE;
END PROCESS;
END behave;



10.1 Jii)JFiEfA]

10.1.4 LOOPEA]
(1) =LOOPiEH], HIBIEMEIUIT:
[ LOOP#s5: ] LOOP
58 A
END LOOP [ LOOP#55 I;

L2 - LOOP
a = atl;
EXIT L2 WHEN a >10 ; -— Ha KT 10687k B IEA
END LOOP L2;

K« LR



10.1 JFiEn]

10. 1.4 LOOPiEAH]

(2) FOR_LOOPiEH], WEVEMALIT:
[LOOP#55: ] FOR ¥ A&, IN FEIFXRETER LOOP
i Ea==xE)
END LOOP [LOOPH#5];
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[ 10-4]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY p _check 1S
PORT ( a - IN STD LOGIC VECTOR (7 DOWNTO 0);
y - OUT STD _LOGIC );
END p_check;
ARCHITECTURE opt OF p_check 1S
SIGNAL tmp : STD_LOGIC ;
BEGIN
PROCESS(a)
BEGIN
thp <="0";
FOR n IN O TO 7 LOOP
tmp <= tmp XOR a(nh);
END LOOP ;
y <= tmp;
END PROCESS;
END opt;



10.1 JiJ7iEA]

10. 1.4 LOOPiEAH]

[ 1110-5]
SIGNAL a, b, ¢ : STD LOGIC VECTOR (1 TO 3);

FOR n IN 1 To 3 LOOP

a(n) <= b(n) AND c(n);

END LOOP;

B P S T PP 3 AT DU =M 5 TR E R 1E
a(1)<=b(1) AND c(1);

a(2)<=b(2) AND c(2);

a(3)<=b(3) AND c(3);

KX/%Z%[&



10.1 JFiEn]

10. 1.5 NEXTiEAH]

NEXT; —— FH—FEAE

NEXT LOOP¥:=; —— B MBI

NEXT LOOP#55 WHEN &R IERX; - B =B
[ 5]10-6)

L1 - FOR cnt_value IN 1 TO 8 LOOP
sl : a(cnt_value) = "0%;

NEXT WHEN (b=c);
s2 - a(ent_value + 8 ):= "07;
END LOOP L1,

K« LR
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10. 1.5 NEXTiEAH]

[ %110-7]
L x - FOR cnt_value IN 1 TO 8 LOOP
sl : a(cnt value):= "0°;
k = 0;
Ly - LOOP

s2 - b(k) = "0%;

NEXT L x WHEN (e>T);
s3 - b(k+8) = "0";

k = k+1;

NEXT LOOP L vy ;

NEXT LOOP L Xx ;

I(X%%ﬁ%§



10.1 JiJ7iEA]

10. 1.6 EXITiEA]

EXIT; —— H—MEAIR
EXIT LOOP¥:S; —— BT MEARE
EXIT LOOP#3S WHEN S&RER; - F=FEAIK

KX/%Z%[&
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10. 1.6 EXITiEA]

[ %110-8]
SIGNAL a, b - STD LOGIC VECTOR (1 DOWNTO 0O);
SIGNAL a less then b : Boolean;

a_less then b <= FALSE ; —— WAIEE
FOR 1 IN 1 DOWNTO O LOOP
IF (a(i1)="1" AND b(1)="0") THEN
a less then b <= FALSE ; -——a>>b
EXIT ;
ELSIF (a(i)="0" AND b(1)="1") THEN
a_less then b <= TRUE ; -——a<D>mb
EXIT;
ELSE NULL;
END IF;
END LOOP; - 24 i=1iR [FILOOPIE f) 4k 41 L 3% K L

X



10.1 JFiEn]

10. 1.7 WAITEA]

WAIT; -— FH—MEARE
WAIT ON f553&; —— B FEAIRE
WAIT UNTIL ZRfRE; -— FE=FERHEX
WAIT FOR BfIAJFRIER;  -- BIYMIEAKRN, @NSFFER

KX/;%Z%[&



10.1 JFiEn]

10. 1.7 WAITiEH] []10-9)
SIGNAL s1,s2 : STD_LOGIC;

PROCESS
BEGIN

WAIT ON s1,s2 ;
END PROCESS ;

[ £110-10]

(a) WAIT_UNTILZ (b) WAIT_ONZ:fy

. LOOP

Wait until enable ="17; Wait on enable;
EXIT WHEN enable ="1";
END LOOP;

e

K ZoH




10.1 JFiEn]

10. 1.7 WAITEA]

WAIT UNTIL {&5=Value ; - (D
WAIT UNTIL {55 EVENT AND {&5=Value; - (2
WAIT UNTIL NOT {55 ”STABLE AND f55=Value; - (3

WAIT UNTIL clock ="1%;

WAIT UNTIL rising_edge(clock) ;

WAIT UNTIL NOT clock”STABLE AND clock ="17;
WAIT UNTIL clock ="1" AND clock’EVENT;

e

K ZoH



10.1 JiJ7iEA]

10. 1.7 WAITEA]

[ %]10-11]

PROCESS

BEGIN

WAIT UNTIL clk ="17;
ave <= a;

WAIT UNTIL clk ="17;
ave <= ave + a;

WAIT UNTIL clk ="17;
ave <= ave + a;

WAIT UNTIL clk ="17;
ave <= (ave + a)/4 ,
END PROCESS ;

I(X%%ﬁ%§



10.1 JiJ7iEA]

10. 1.7 WAITEA]

[5]10-12])

PROCESS

BEGIN

rst loop - LOOP
WAIT UNTIL clock ="1" AND clock’EVENT; -- Z£N#ES
NEXT rst _loop WHEN (rst="1"); -- RNEfFSrst
X <= a -- EBRAMES, BITIREEAE
WAIT UNTIL clock ="1" AND clock’ EVENT; -- &EfiiteES
NEXT rst _loop When (rst="1"); -- KRB AfESrst
y <= b -- EBRAEYS, BUTRERE

END LOOP rst _loop ;
END PROCESS;

I(X5§ Yk



[ 15110-13)

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY shifter IS
PORT ( data : IN STD LOGIC VECTOR (7 DOWNTO 0);

END shifter;

shift_left: IN STD_LOGIC;

shift_right: IN STD LOGIC;

clk: IN STD LOGIC;

reset - IN STD LOGIC;

mode : IN STD_LOGIC VECTOR (1 DOWNTO 0);

qout : BUFFER STD LOGIC _VECTOR (7 DOWNTO 0O) );

ARCHITECTURE behave OF shifter IS
SIGNAL enable: STD _LOGIC;

BEGIN
PROCESS
BEGIN
WAIT UNTI

L (RISING_EDGE(clk) ); —-SERF R P B

IF (reset = "1") THEN gqout <= "00000000";

ELSE  CASE mode 1S
WHEN "01" => qout<=shift_right & gout(7 DOWNTO 1);--£#
WHEN ''10" => qout<=qout(6 DOWNTO 0) & shift_left; --E#
WHEN ""11" => qout <= data; —— FHATInEL
WHEN OTHERS => NULL;
END CASE;
END IF;

END PROCESS;

END behave;



10.1 JiJ7iEA]

10. 1.8 FRFEAHEAR

1. E 4244 A R4 [([ﬁg%%g:> ]i?i@ﬁﬁ
{, [Ez4a=>1%SKEA)) ]

[ 10-14)
PACKAGE data_types IS -- ENXERFE
SUBTYPE data_element 1S INTEGER RANGE O TO 3 ; -- ENZiEHA

TYPE data _array 1S ARRAY (1 TO 3) OF data _element;
END data types:;
USE WORK.data_types.ALL; —-#THLDL L&V 7ESH TI/EEMEFEdata_types
ENTITY sort 1S
PORT ( in_array : IN data array ;
out _array : OUT data array);
END sort;
ARCHITECTURE exmp OF sort IS
BEGIN GE IO



PROCESS (in_array) —— HEREJTEE, #data types AR 5
PROCEDURE swap(data : INOUT data_array;

-- swapHJEZ4 Hdata. low. high

low, high : IN INTEGER ) IS
VARIABLE temp : data _element ;
BEGIN —— JHRRIR AT R K2 B T AE
IF (data(low) > data(high)) THEN -- K:ili%dsE
temp := data(low) ;
data(low) := dataChigh);
data(Chigh) = temp ;
END IF ;

END swap ; —- dFEswapE X &K
VARIABLE my array : data_array ; —-— AW ENZEmy array
BEGIN -- HEEITIR

my array := in_array ; -— KNEEANTE

swap(my_array, 1, 2);
-- my_array. 1. 220N Fdata. low, highE’J;’:?“%

swap(my_array, 2, 3); - MEXRBYEAAH, F2. HILEXHK
swap(my_array, 1, 2); - MERBERA, 1. F2uRHRTH

out_array <= my_array ;
END Process ;
END exmp ;

KX/%/Z%%?



[%]10-15]
ENTITY sort4 is
GENERIC (top : INTEGER :=3);
PORT (a, b, ¢, d - IN BIT_VECTOR (O TO top);
ra, rb, rc, rd : OUT BIT_VECTOR (O TO top));
END sort4;
ARCHITECTURE muxes OF sort4 IS
PROCEDURE sort2(x, y : INOUT BIT_VECTOR (0O TO top)) 1is
VARIABLE tmp : BIT _VECTOR (0O TO top);
BEGIN
IF Xx >y THEN tmp = X; X I=Yy; y I= tmp;
END IF;
END sort2;
BEGIN
PROCESS (a, b, c, d)
VARIABLE va, vb, vc, vd : BIT_VECTOR(O TO top);
BEGIN
va :=a; Vvb :=Db; vc :=c; vd :=d;
sort2(va, vc);
sort2(vb, vd);
sort2(va, vb);
sort2(vc, vd);
sort2(vb, vc);
ra <= va; rb <= vb; rc <= vc; rd <= vd;
END PROCESS;
END muxes;

2. &#A A Kx/g@va»fwx



10.1 i viEH]

.

RETURN FiAi; -- FEREAKRX

[5]10-16]
PROCEDURE rs (SIGNAL s , r : 1IN STD_LOGIC ;
SIGNAL g , ng - INOUT STD LOGIC) IS
BEGIN
IF ( s ="1" AND r ="1") THEN
REPORT "Forbidden state : s and r are quual to "1"";
RETURN ;
ELSE
q <= s AND ngq AFTER 5 ns ;
ng <= s AND g AFTER 5 ns ;
END IF ;

END PROCEDURE rs ; K



10.1 JFiEn]

[ %]10-17]
FUNCTION opt (a, b, opr :STD LOGIC) RETURN STD LOGIC IS

BEGIN
IF (opr ="1") THEN RETURN (a AND b):
ELSE RETURN (a OR b) :
END IF :
END FUNCTION opt ;

10.1. 10 =#AEIEHA
CASE Opcode 1S
WHEN 001" => +tmp := rega AND regb ;
WHEN 101" => tmp := rega OR regb ;
WHEN *"110"™ => +tmp := NOT rega ;
WHEN OTHERS => NULL ;
END CASE ; KX/%/*U[




10.2 FFA4TEA]

¥ 1715 5 R {EE fJ(Concurrent Signal Assignments).

» R iEA)(Process Statements).

» HLiEf](Block Statements).

¥ FME S IRAEE 1) (Selected Signal Assignments).

¥ JToHFI4kEA) (Component Instantiations), Hh A iEREEEEA].
» 45 f) (Generate Statements).

¥ TR FEEA) (Concurrent Procedure Calls).
ARCHITECTURE 4itfk4 OF Scfk% IS

Ui B TE A
BEGIN
HATER]

END ARCHITECTURE #5#)4k4 KX/)?@ZW&




10.2 FFA4TEA]

10.2.1 4715 5 R{E1EH]
1. 4 %45 T W 1h3 &
TRAE H#r <= Tz

ARCHITECTURE curt OF bcl IS
SIGNAL s1, e, f, g, h - STD _LOGIC ;
BEGIN
outputl <= a AND b ;
output2 <= c + d ;
g <=eOR T ;
h <= e XOR T ;
sl <=g9 ;
END ARCHITECTURE curt;

e

K ZoH



10.2 FFA4TEA]

102.1 FHAT% SR

2. 212 = heE g | WEHWE <= FRIAX WHEN A% ELSE
FiZA, WHEN TR{ES4F ELSE

Rk ;
[110-18]
ENTITY mux IS
PORT ( a,b,c - IN BIT ;
pl,p2 - IN BIT ;
y4 - OUT BIT );
END;
ARCHITECTURE behv OF mux 1S
BEGIN

Zz <= a WHEN p1 = "1" ELSE
b WHEN p2 = "1 ELSE

c 3 AT
END: k(%ﬁgb##ﬁf



10.2 FATIEA]

10.2.1 I4T(E SIR{HIE A
WOV EY

o S LUT 5151
S LUT 0415 2
L)
h? = :13 12
E} n Cy [ @ ; 2
My 12 — . i =

= I o | |
P = z 2 [

s
K110-1 #110-18/IRTLHLER K (Synplify4: K, SEEHE




10.2 FFA4TEA]

10.2.1 FH47(E S IRETER]

II\'

3. A& FRIAE G

0

WITH 1EFERIEAX SELECT
REHRE S <= FiXX WHEN EH(EH
FIERX WHEN 2EH1E

F1E, WHEN ZEFH(E;

KX/;%Z%[&



[ 1110-19]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY decoder 1S

PORT ( a, b, c : IN STD_LOGIC;
datal, data2 : IN STD LOGIC;
dataout - OUT STD _LOGIC );

END decoder;
ARCHITECTURE concunt OF decoder 1S
SIGNAL instruction : STD LOGIC VECTOR(2 DOWNTO
BEGIN
Instruction <=c¢ & b & a ;
WITH 1nstruction SELECT
dataout <= datal AND data?2 WHEN "'000" ,
datal OR data2 WHEN "001" ,
datal NAND data2 WHEN "010" ,
datal NOR data2 WHEN "011" ,
datal XOR data2 WHEN "100" ,
datal XNOR data2 WHEN "101" ,
"Z" WHEN OTHERS ;
END concunt;



10.2 FFA4TEA]

10.2.1 4715 5 R(E1EH]
3. AL FTHMAE G

WITH selt SELECT
muxout <= a WHEN O]1 , -- 081
b WHEN 2 TO 5 , —-- 283, B{4EL5
c WHEN 6 ,
d WHEN / ,
“Z" WHEN OTHERS ;

KX/%Z%[&



10.2 FFA4TEA]

10.2.2 HuEA] 454

BLOCK #&A) Kk #& 2 U T
kRS - BLOCK [(REPFEER)]
B 1 B
K& Ui A
BEGIN
HATIEHA]
END BLOCK Hitn5 ;

KX/;%Z%[&



[ 5110-20]

ENTITY gat 1S

GENERIC(I _time : TIME ; s time : TIME ) ; -- (¥E#) FKERH
PORT (bl, b2, b3 : INOUT BIT) ; —— gittka R 0 e X

END ENTITY gat ;
ARCHITECTURE func OF gat IS

SIGNAL al : BIT ; -- G2 RES ale X
BEGIN

BIkl : BLOCK -— e X, Bbr5aEbIK]
GENERIC (gbl, gb2 : Time) ; -— BMHPHREHRESE
GENERIC MAP (gbl => I _time,gb2 => s time); -- FEIEOSERE
PORT (pb : IN BIT; pb2 : INOUT BIT ); -- ¥H&#H)REmaEX
PORT MAP (pbl => b1, pb2 => al ) ; -— Hebithg D& UL
CONSTANT delay : Time := 1 ms ; —— REE e X
SIGNAL s1 : BIT ; -- REESENX
BEGIN

sl <= pbl AFTER delay ;
pb2 <= sl1 AFTER gbl, bl AFTER gb2 ;
END BLOCK blk1l ;

END ARCHITECTURE func ;

e

K ZoH



10.2 FFA4TEA]

10.2.2 HuEA] 454
[ #]10-21]

bl : BLOCK
SIGNAL sl1: BIT ;
BEGIN
S1 <= a AND b ;
b2 : BLOCK
SIGNAL s2: BIT ;
BEGIN
s2 <= ¢ AND d ;
b3 : BLOCK
BEGIN
/Z <= Ss2 ;
END BLOCK b3 ;
END BLOCK b2 ;
y <= sl ;
END BLOCK bl ;
Kxﬁ@ﬁﬁlﬁf




[ #110-22]
LIBRARY I1EEE;
USE IEEE. std logic 1164 _ALL;
ENTITY f _adder 1S
PORT ( ain, bin , cin : IN std logic;
sum, cout : OUT std logic );
END f _adder;
ARCHITECTURE e _ad OF ¥ adder IS
SIGNAL sol, col, co2 : std logic;

BEGIN
h_adderl : BLOCK - natul
BEGIN
PROCESS( ain,bin )
BEGIN

sol1<=NOT(ain XOR (NOT bin)); col<= ain AND bin;
END PROCESS;
END BLOCK h_adderl;

h_adder2: BLOCK -} n#Fu2
SIGNAL so2 : std _logic;
BEGIN

so2 <= NOT(sol XOR (NOT cin)) ; co2<=s0l and cin ; sum<=so02;
END BLOCK h_adder2;
or2 : BLOCK —-8k[Ju3
BEGIN
PROCESS (co2, col)
BEGIN
cout<= co2 OR co1l;
END PROCESS;
END BLOCK or2; Y-y
END e ad; KX




10.2 FFA4TEA]

10.2.2 HiEm) S5

" ) Be) I S SO

h_adder1.so h_adder? so? SLIM

CIn

N ]
I s T e [T

coZ Cot

0]

£10-2 $110-22KIRTLH K (SynplifyZés) K R
X




10.2 FFA4TEA]

10.2.3 AT IER]
HEZCBESER);

~,

[ 5110-23]

PROCEDURE adder(SIGNAL a, b :IN STD LOGIC ; --d#4 kadder
SIGNAL sum : OUT STD_LOGIC );

adder(al, bl, suml) ; -— TR A

- 7Et, al. bl. sumlBA4rHI%TN Fa. by sum

PROCESS( c1, c2) ; -— HREERPAT

BEGIN

Adder(cl, c2, sl1) ; -— WiFE IR, Elkcl. c2. s1BI k455t
END PROCESS ; - MTa. by sum®pXfz 24

KX/%Z%[&



10.2 FFA4TEA]

10.2.3 AT RER]

[ %110-24]
PROCEDURE check(SIGNAL a : IN STD LOGIC_VECTOR; —— TEVHAR
SIGNAL error : OUT BOOLEAN ) 1S -- HEAMR
VARIABLE found_one : BOOLEAN := FALSE ; -— WRHIGGHE
BEGIN
FOR i IN a"RANGE LOOP -— MR Eal i E KA TR AT IEA
IF a(i) = "1 THEN —— KMathH 1"
IF found_one THEN —- #found_oneHTRUE, MIFEHEILT —LLEK=1"
ERROR <= TRUE: — RWT—ALIER=1", 4Ffound_onelTRUE
RETURN; -- HRIE
END IF;
Found one := TRUE; -- ffaf'@kRKWT—/"1-
End IF;
End LOOP; -— Fillar ) EHARAL

error <= NOT found_one; -- WMEREHFMLM"1" #HEI, error K4 ETRUE
END PROCEDURE check; :

KX/;%/ZW#



10.2 FFA4TEA]

10.2.3 AT IR ER]

CHBLK: BLOCK
SIGNAL sl1: STD LOGIC VECTOR (O TO 0); -- MR AAR®EMMER T
SIGNAL s2: STD LOGIC_VECTOR (0 TO 1);
SIGNAL s3: STD LOGIC_VECTOR (0 TO 2);
SIGNAL s4: STD LOGIC_VECTOR (0 TO 3);
SIGNAL el, e2, e3, e4: Boolean;

BEGIN

Check (sl1, el); -- HMTEERAH, RESHL N s, el
Check (s2, e2); -- HTIERH, REKSHLNs2, e2
Check (s3, e3); -—- HMTERERAH, REKSHLHs3. e3
Check (s4, e4); -- HMTEREAAH, KEKSHLNs4. ed
END BLOCK;

KX/;%/ZW#



10.2 FATIER)

10.2.4 JoiEHilfbTER]

COMPONENT Jof4 1S
GENERIC (CEER);
PORT (i H4%K);

END COMPONENT {4

Bitk4 : JofE4 PORT MAP(
[ 1 44 =>] &R 4,

) s

-— JuffRE XER]

-— JuFBIAGIER]

KX/;%Z%[&



10.2 FFA4TEA]

10.2.5 A iEA)
[t75: ] FOR 7@¥Z&E IN BUHTEE GENERATE
i B
BEGIN
HATEA]
END GENERATE [#5%5] ;
[#5: 1 IF 4{GENERATE
i B
Begin
HATEA]
END GENERATE [#5%5] ; K



10.2 FFA4TEA]

10.2.5 “ERGEA]
xKixx TO  Fi_X ; -- #gHI, Wl TO 5
FK1X, DOWNTO FiAz( ; -- @G0, @15 DOWNTO 1

[ 5110-25]

COMPONENT comp
PORT (x : IN STD LOGIC ;
y - OUT STD LOGIC );
END COMPONENT ;
SIGNAL a :STD LOGIC VECTOR(O TO 7);
SIGNAL b :STD LOGIC _VECTOR(O TO 7);

gen - FOR 1 IN a’RANGE GENERATE
ul: comp PORT MA (x=>a(i), y=>b(1));
END GENERATE gen,

KX/%Z%[&



10.2 FHATHRR]

10.2.5 A HiESA]

COMP

a[0] INPUT  OUTPUT b[0] »
COMP

a[1] INPUT  OUTPUT b[1] ~
COMP

a[7] INPUT  OUTPUT b[7]

K10-3 2R piE ) = AL 8N AH [R] ) B B A B KX/%/Z:W&



10.2 FFA4TEA]

10.2.5 A HiESA]

[110-26]
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY Latch IS
PORT( D, ENA : IN STD_LOGIC;
Q : OUT STD_LOGIC );
END ENTITY Latch ;
ARCHITECTURE one OF Latch IS
SIGNAL sig _save : STD_LOGIC;
BEGIN
PROCESS (D, ENA)
BEGIN
IF ENA = "1 THEN sig_save <= D ; END IF ;
Q <= sig_save ;
END PROCESS ; —
END ARCHITECTURE one; KR




[$]10-27])
LIBRARY I1EEE;
USE IEEE.STD _LOGIC_ 1164 .ALL;
ENTITY SN74373 1S
PORT (D : IN STD_LOGIC_VECTOR( 8 DOWNTO 1 );
OEN ,G - IN STD _LOGIC;
Q - OUT STD_LOGIC_VECTOR(8 DOWNTO 1));
END ENTITY SN74373;
ARCHITECTURE two OF SN74373 1S
SIGNAL sigvec _save : STD_LOGIC_VECTOR(8 DOWNTO 1);
BEGIN
PROCESS(D, OEN, G , sigvec_save)
BEGIN
IF OEN = "0" THEN Q <= sigvec_save; ELSE Q <= "Zz7z77777'; END IF;
IF G = "1 THEN Sigvec save <= D; END IF;
END PROCESS;
END ARCHITECTURE two;
ARCHITECTURE one OF SN74373 1S
COMPONENT Latch
PORT ( D, ENA : IN STD_LOGIC;
Q - OUT STD_LOGIC );
END COMPONENT;
SIGNAL sig_mid : STD_LOGIC_VECTOR( 8 DOWNTO 1 );
BEGIN
GeLatch - FOR iNum IN 1 TO 8 GENERATE
Latchx : Latch PORT MAP(D(iNum),G,sig_mid(iNum));
END GENERATE;
Q <= sig_mid WHEN OEN = "0" ELSE
“Z7777777";  --FOEN=1Kf, Q(8)~Q(1)HREERMEZE
END ARCHITECTURE one;



[ %110-28]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

ENTITY d_ffF IS

PORT ( d, clk s : IN STD_LOGIC ;
q - OUT STD LOGIC ;
ng - OUT STD LOGIC );

END ENTITY d_fF;

ARCHITECTURE a rs ff OF d _ff IS

BEGIN
bin p rs fFf - PROCESS(CLK S)
BEGIN
IF clk_ s = "1° AND clk sS"EVENT THEN g <= d; ngq <= NOT d;
END IF;

END PROCESS;
END ARCHITECTURE a_rs_ ff;
LIBRARY IEEE;
USE 1EEE.STD LOGIC 1164 .ALL;
ENTITY cnt _bin n 1s
GENERIC (n : INTEGER := 6);
PORT (g : OUT STD LOGIC VECTOR (O TO n-1);
in.1 : IN STD LOGIC );
END ENTITY cnt_bin_n; (BT



ARCHITECTURE behv OF cnt_bin n IS
COMPONENT d_ff
PORT(d, clk s - IN STD LOGIC;
Q, NQ - OUT STD LOGIC);
END COMPONENT d_fT;

SIGNAL s : STD_LOGIC_VECTOR(O TO n);
BEGIN

s(0) <= in_1;
g1 : FOR 1 IN O TO n-1 GENERATE
dff - d_fFf PORT MAP (s(i+1), s(1), q(i1), s(i+l));
END GENERATE;
END ARCHITECTURE behv;

e

K ZoH



10.2 FfAT1EH]
10.2.5 EpiEf)

=0 907 =1 97
DO QG— AIDO QO—
> clk ] > clk
A FD11 v S(1) Fp11 v
] S
nq nI(?]

(2)_ _

K10-4 6 7 — St vHas R # K




10.2 FFA4TEA]

10.2.6 REPORTiEA]

[ 1%110-29]
LIBRARY I1EEE;
USE IEEE.std_logic 1164 _ALL;
ENTITY RSFF2 1S
PORT ( S, R - IN std logic;
Q, QF - OUT std logic );
END RSFF2;
ARCHITECTURE BHV OF RSFF2 1S
BEGIN
P1: PROCESS(S,R)
VARIABLE D : std _logic;
BEGIN
IFR="1" and S = "1° THEN
REPORT "™ BOTH R AND S IS "1""; --#EHERFE

ELSIF R = "1" and S = "0 THEN D := "0";
ELSIF R = 0" and S = "1 THEN D := "1" ;
END 1F;

Q <= D; QF <= NOT Dj;

END PROCESS; ,
KX/;%/Z%%?

END BHV;




10.2 FFA4TEA]

10.2.7 Wi giEn]

ASSERT< S R IE R

REPORT< Hi 481 B>
SEVERITY<4&&RZKA> ;

#R10-1 HiE U RFH

Note CER) &G HEEREE, TTLLEE R F
Warning (&%) HEMEEE, TTLUEE YR
Error (4%i%) HREHERFE, BiEHRiE
Failure (ZM0 REHEREE, EiEmiE

K« LR



10.2 FFA4TEA]

10.2.7 Wr=1iEn]
1. )i A &t 5 1% 4]

[ #110-30]
P1: PROCESS(S,R)
VARIABLE D : std logic;

BEGIN

ASSERT not (R="1"and S="1°7)
REPORT "both R and S equal to " 1 *"

SEVERITY Error;
IF R="1" and S = "0 THEN D := "0";
ELSIF R = "0 and S = "1 THEN D = "1" ;
END IF;
Q <= D; QF <= NOT D;
END PROCESS;

K ZoH




2. #1715 & 4
[ 110-31]
LIBRARY IEEE;
USE IEEE.std logic 1164 _ALL;
ENTITY RSFF2 1S
PORT(S, R - IN std logic;
Q,QF - OUT std logic);
END RSFF2;
ARCHITECTURE BHV OF RSFF2 IS
BEGIN
PROCESS(R,S)
BEGIN
ASSERT not (R="1"and S="1%)
REPORT "both R and S equal to " 1 *"
SEVERITY Error;
END PROCESS;
PROCESS(R, S)
VARIABLE D : std logic = "0%;
BEGIN
IF R="1" and S="0" THEN
ELSIF R="0" and S="1" THEN
Q <=D ; QF <= NOT D ;
END PROCESS;
END ;

.O.;

D :
D "1%; END IF;



10.3 iR S E LiEA]

65 £ 5%
(NOT clock’STABLE AND clock ="1%)
(clock’EVENT AND clock ='1")

2. B # R A£G
SIGNAL rangel : IN STD_LOGIC_VECTOR (0 TO 7) ;

FOR 1 IN rangel®RANGE LOOP

I(x@ﬁﬁ%§



10.3 JMHdmid 5 e g )

3. %ML ENK

PROCESS (clock, a, b);
TYPE obj 1S ARRAY (0O TO 15) OF BIT ;
SIGNAL elel, ele2, ele3, ele4 - INTEGER ;
BEGIN
elel <= objJ’RIGNT ;
ele2 <= obj’LEFT ;
ele3 <= obj’HIGH ;
eled <= obj’LOW ;
Kxﬁéﬂ?f#ﬁf



[ %110-32]
LIBRARY I1EEE;--PARITY GENERATOR
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY parity 1S
GENERIC (bus size : INTEGER := 8 );
PORT (input bus : IN STD _LOGIC VECTOR(bus size-1 DOWNTO 0);
even_numbits, odd numbits : OUT STD LOGIC ) ;
END parity ;
ARCHITECTURE behave OF parity IS
BEGIN
PROCESS (input_bus)
VARIABLE temp: STD LOGIC;
BEGIN
temp = "0F;
FOR 1 IN 1nput _bus"LOW TO i1nput bus®"HIGH LOOP
temp = temp XOR input bus( 1 ) ;
END LOOP ;
odd numbits <= temp ;
even_numbits <= NOT temp;
END PROCESS;
END behave;

e

K ZoH



10.3 JMHdmid 5 e g )

4. # 40 % H4'LENGTH

TYPE arryl ARRAY (O TO 7) OF BIT ;
VARIABLE wth: INTEGER;

wthl: =arryl’LENGTH; -- wthl = 8

K)(/%ﬁﬂﬁf



il

10.3 JMHdmid 5 e g )

S. AP 2L &4

ATTRIBUTE B4 - HdER#;
ATTRIBUTE EIE4 OF N& 4 : X%BEAIS (H;

LIBRARY synplify;
USE synplicity.attributes.all;

I(x@ﬁﬁ%§



S. AP 2L &M
L IBRARY IEEE;
USE IEEE._STD_LOGIC_1164_ALL;
ENTITY cntbuf IS
PORT( Dir: IN STD_LOGIC;
Clk,Clr,OE: IN STD_LOGIC;
A,B: INOUT STD_LOGIC _VECTOR (O to 1);
Q: INOUT STD_LOGIC_VECTOR (3 downto 0) );
ATTRIBUTE PINNUM = STRING;
ATTRIBUTE PINNUM OF Clk: signal i1s "1";
ATTRIBUTE PINNUM OF Clr: signal 1s "2";
ATTRIBUTE PINNUM OF Dir: signal i1s "3";
ATTRIBUTE PINNUM OF OE: signal i1s "11";
ATTRIBUTE PINNUM OF Q: signal i1s "17,16,15,14";

END cntbuf;
SR
Kx™**
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10-5. FiIdVHDLARIEB & 45 R &F LMk 28 BUA7 28 2

FErL:
architecture rtl of ex 1s
signal a, b: std_logic_vector(3 downto 0);

begin
process(clk)
begin
iITf clk = "1 and clk"event then
iIT q(3) /7= "1" then q <= a + b;
end 1f;
end 1T;
end process;
end rtl;

l(xﬁﬁﬁﬁﬁ%
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10-5. FiIAVHDLARIE I ZE G G REH LMl x 25 BUi7 25 2

FEF2:
architecture rtl of ex is
signal a, b: std_logic_vector(3 downto 0);
begin
process(clk)
variable int: std_logic_vector(3 downto 0);
begin
if clk ='1" and clk'event then
ifint(3) /="1"then int:=a+Db;q<=int;
end if;
end if;
end process;
end rtl;

e

K ZoH
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10-5. FiIAVHDLARIE I ZE G G REH LMl x 25 BUi7 25 2

PR3
architecture rtl of ex is
signal a, b, c, d, e: std_logic_vector(3 downto 0);
begin
process(c, d, e, en)
begin
ifen="1" then a<=c; b<=d;
else a<=e;
end if;
end process;
end rtl;

KX/;%Z%[&
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10-6. tLECASEEA) 5WITH _SELECTiEA], AR ECAIHIRE A
10-7. B LA T R B # WWHEN_ELSEEA):

PROCESS (a, b, c, d)
BEGIN
IF a= "0" AND b="1" THEN nextl <= ""1101" ;
ELSIF a="0" THEN nextl <= d ;
ELSIF b="1" THEN nextl <= c ;
ELSE
Nextl <= "1011" ;
END IF;
END PROCESS;

l(xﬁﬁﬁﬁﬁ%
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10-8. S LA F R AR, B — B S B ? 5 e AT TR FL K

FEFPL:
L1BRARY IEEE;
USE I1EEE.STD_LOGIC_1164_ALL;
ENTITY EXAP IS PORT ( clk,a,b - IN STD_LOGIC;
y - OUT STD_LOGIC );
END EXAP ;
ARCHITECTURE behav OF EXAP 1S
SIGNAL x : STD_LOGIC;
BEGIN
PROCESS
BEGIN
WAIT UNTIL CLK ="1" ;
X <= "07%; y <= "0%;
IF a = b THEN X <= "1°%;

END IF;

IF x="1" THEN y <= "1 ;

END IF ;

END PROCESS  ; K SEEHH
X

END behav;
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10-8. S LA F R AR, B — B S B ? 5 e AT TR FL K

FEF2:
L1BRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY EXAP IS PORT ( clk,a,b - IN STD_LOGIC;
y - OUT STD_LOGIC );

END EXAP ;

ARCHITECTURE behav OF EXAP IS

BEGIN

PROCESS

VARIABLE x : STD_LOGIC;

BEGIN

WAIT UNTIL CLK ="1% ;

X = "0°%; y <= "0°;
IFa=DbTHEN x = "1%;

END IF;

IF x="1" THEN y <= "1° ;

END IF ;
END PROCESS ; EDRLEE
END behav; B(X
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[ %110-33]
LIBRARY IEEE; -— SN A E A
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY SREG8B 1S
PORT ( CLK, LOAD : IN STD LOGIC;
DIN : IN STD LOGIC VECTOR(7 DOWNTO 0);
QB : OUT STD _LOGIC );
END SREGS8B:
ARCHITECTURE behav OF SREGSB IS
SIGNAL REG8 : STD _LOGIC VECTOR(7 DOWNTO 0);
BEGIN
PROCESS (CLK, LOAD)
BEGIN
IF CLK"EVENT AND CLK = "1 THEN
IF LOAD = "1" THEN REG8 <= DIN:
ELSE REG8(6 DOWNTO 0) <= REG8(7 DOWNTO 1);
END IF;
END IF;
END PROCESS:
QB <= REG8(0); —— T &AL
END behav;



[ %110-34]
LIBRARY IEEE; s 4 V1D
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY ADDERSB 1S
PORT ( CIN : IN STD LOGIC;
A , B - IN STD _LOGIC_ VECTOR(7 DOWNTO 0);
S : OUT STD _LOGIC_VECTOR(7 DOWNTO 0);
COUT : OUT STD_LOGIC );
END ADDERSB:;
ARCHITECTURE behav OF ADDER8B 1S
SIGNAL SINT, AA,BB : STD LOGIC_VECTOR(8 DOWNTO 0);
BEGIN
AA<="0"&A;BB<="0"&B; SINT<=AA+BB+CIN;S<=SINT(7 DOWNTO O0);
COUT<=SINT(8);
END behav;

I(X%%ﬁ%§



[ 110-35]
LIBRARY I1EEE: --1f73fej:as
USE I1EEE.STD LOGIC 1164 .ALL;
ENTITY ANDARITH IS -— EHES[ I
PORT ( ABIN : IN STD LOGIC;
DIN : IN STD LOGIC VECTOR(7 DOWNTO 0);
DOUT : OUT STD LOGIC_VECTOR(7 DOWNTO 0) ):
END ANDARITH:
ARCHITECTURE behav OF ANDARITH IS

BEGIN
PROCESS(ABIN, DIN)
BEGIN
FOR 1 IN O TO 7 LOOP —— 83, RSN 51N EE
DOUT(1) <= DIN(1) AND ABIN;
END LOOP;
END PROCESS;
END behav:

KX/%/Z%%?



[ 5]10-36]
LIBRARY IEEE; -- 160 B AE B A B A7 o
USE IEEE.STD LOGIC 1164.ALL;
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY REG16B IS -- 16f 7 B A7 2%
PORT (CLK, CLR : IN STD_LOGIC;
D:INSTD LOGIC VECTOR(8 DOWNTO 0);
Q: OUT STD_LOGIC_VECTOR(15 DOWNTO 0));
END REG16B;
ARCHITECTURE behav OF REG16B IS
SIGNAL R16S : STD_LOGIC_VECTOR(15 DOWNTO 0);
BEGIN
PROCESS(CLK, CLR)
BEGIN
IF CLR="1' THEN R16S<=""0000000000000000"";-- i £ 2|3k i, SBifFHMN{E, HAEBIESH
ELSIF CLK'EVENT AND CLK="1' THEN

R16S(6 DOWNTO 0) <=R16S(7 DOWNTO 1);  --A#{&8fr
R16S(15 DOWNTO 7) <= D; P 2PN E = A
END IF;
END PROCESS;
Q <= R16S;

END behav;



[ 5110-37]
END behav;
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY ARICTL 1S
PORT (CLK, START : IN STD LOGIC;
CLKOUT,RSTALL : OUT STD LOGIC );
END ARICTL;
ARCHITECTURE behav OF ARICTL 1S
SIGNAL CNT4B : STD LOGIC VECTOR(3 DOWNTO 0);
BEGIN
PROCESS(CLK, START)
BEGIN
RSTALL <= START;
IF START = "1 THEN CNT4B <= ""0000';
ELSIF CLK*EVENT AND CLK ="1" THEN
IF CNT4B < 8 THEN CNT4B <= CNT4B + 1; END IF;
END IF;
END PROCESS;
PROCESS(CLK, CNT4B, START)
BEGIN
IF START = "0" THEN
IF CNT4B < 8 THEN CLKOUT <= CLK;
ELSE CLKOUT <= "0"; END IF;
ELSE CLKOUT <= CLK; END IF;
END PROCESS;
END behav;



[ 1110-38]
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164_.ALL;
use ieee.std logic unsigned.all;
ENTITY MULTI8X8 IS -- BfRIESTNE KT
PORT ( CLKK,START : IN STD_LOGIC;
A, B : IN STD_LOGIC VECTOR(7 DOWNTO 0);
DOUT : OUT STD_LOGIC_VECTOR(15 DOWNTO 0) );
END MULTI8X8;
ARCHITECTURE struc OF MULTI8X8 1S
COMPONENT ARICTL
PORT ( CLK, START : IN STD_LOGIC;
CLKOUT, RSTALL : OUT STD_LOGIC );
END COMPONENT ;
COMPONENT ANDARITH
PORT ( ABIN : IN STD LOGIC;
DIN - IN STD_LOGIC_VECTOR(7 DOWNTO 0);
DOUT : OUT STD_LOGIC_VECTOR(7 DOWNTO 0) );
END COMPONENT ;
COMPONENT ADDERS8B
PORT (CIN : IN STD LOGIC;
A, B - IN STD_LOGIC_VECTOR(7 DOWNTO 0);
S - OUT STD_LOGIC_VECTOR(7 DOWNTO 0O);
COUT : OUT STD_LOGIC );
END COMPONENT ;
COMPONENT SREGS8B
PORT ( CLK, LOAD : IN STD LOGIC;
(FET IO



DIN - IN STD_LOGIC_VECTOR(7 DOWNTO 0);

QB : OUT STD_LOGIC );
END COMPONENT:

COMPONENT REG16B
PORT ( CLK, CLR : IN STD LOGIC;
D : IN STD_LOGIC_VECTOR(8 DOWNTO 0);
Q : OUT STD LOGIC_VECTOR(15 DOWNTO 0) ):
END COMPONENT
SIGNAL GNDINT, INTCLK, RSTALL, NEWSTART, QB : STD LOGIC;
SIGNAL ANDSD : STD LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL DTBIN : STD _LOGIC_VECTOR(8 DOWNTO 0);
SIGNAL DTBOUT : STD_LOGIC_VECTOR(15 DOWNTO 0);:

BEGIN

DOUT <= DTBOUT;  GNDINT <= "0";
PROCESS(CLKK , START)
BEGIN

IF START="1" THEN NEWSTART<="1"%;
ELSIF CLKK="0" THEN NEWSTART<="0"; END IF;
END PROCESS;

UL : ARICTL PORT MAP(CLK=>CLKK,START=>NEWSTART, CLKOUT=>INTCLK,
RSTALL=>RSTALL);
U2 : SREGS8B PORT MAP(CLK=>INTCLK, LOAD=>RSTALL, DIN=>B, QB=>QB );:
U3 : ANDARITH PORT MAP(ABIN => QB, DIN => A,DOUT => ANDSD):
U4 - ADDERS8B PORT MAP(CIN => GNDINT, A=>DTBOUT(15 DOWNTO 8), B=>ANDSD,
S => DTBIN(7 DOWNTO 0), COUT => DTBIN(8) ):

U5 - REG16B PORT MAP(CLK=>INTCLK, CLR=>RSTALL, D=>DTBIN, Q=>DTBOUT );
END struc;
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[ %110-39]
LIBRARY IEEE; --Z&f5 R MEITFPGAR TR
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY etester IS
PORT (BCLK : IN STD_LOGIC; --tr#ESZ b 15 5 clock2, 50MHZ
TCLK : IN STD_LOGIC; -4z 5
CLR: INSTD LOGIC; --iEZEMYIENES
CL : IN STD_LOGIC; --4SPUL A H H- I, CLATE [ 1#ES, H T3
- [E) 2 4 SPUL IR LI, CLOAMIIK B HIE 5
--C L5y BB~ Bl v B PP ik B8 10 4 C LM E S I, AR SRR
SPUL : IN STD_LOGIC; --JU A5 a5 ik 58 42
START : OUT STD_LOGIC;--&i5iHEkrE 55
EEND : OUT STD_LOGIC; -- Ff& B~ FAR 2| 5= H P I e s Bk B T H B4 R
SEL : INSTD _LOGIC_VECTOR(2 DOWNTO 0); --$#5 52 i 12 [7] 42 4l
DATA : OUT STD_LOGIC_VECTOR(7 DOWNTO 0)); --8/i7 ¥# i H4
END etester;
ARCHITECTURE behav OF etester IS
SIGNAL BZQ : STD_LOGIC VECTOR(31 DOWNTO 0); --br#fEit%ias
SIGNAL TSQ : STD_LOGIC_VECTOR(31 DOWNTO 0); --Jl#iit% 8%
SIGNAL ENA : STD_LOGIC; -V B fE BE
SIGNAL MA, CLK1, CLK2, CLK3:STD LOGIC;
SIGNAL Q1, Q2, Q3, BENA, PUL : STD LOGIC;
SIGNAL SS:STD LOGIC_VECTOR(1 DOWNTO 0);
BEGIN
START <= ENA ;
DATA <= BZQ(7 DOWNTO 0) WHEN SEL="000" ELSE -- SR T Bk fr far

(FE T IO



BZQ(15 DOWNTO 8) WHEN SEL="001" ELSE
BZQ(23 DOWNTO 16) WHEN SEL="010" ELSE
BZQ(31 DOWNTO 24) WHEN SEL=""011"" ELSE -- A2 155 5 e 8 fr i 1
TSQ(7 DOWNTO 0) WHEN SEL="100"" ELSE -~ $i Z& i+ ¥ {8 {8 o 6y H:
TSQ(15 DOWNTO 8) WHEN SEL=""101" ELSE
TSQ(23 DOWNTO 16) WHEN SEL="110" ELSE
TSQ(31 DOWNTO 24) WHEN SEL=""111"" ELSE -l #2550 (8 & = 8y Y
TSQ(31 DOWNTO 24) ;
BZH : PROCESS(BCLK, CLR) S v 29 < 7w o e v
BEGIN
IFCLR="1'"THEN BZQ <=(OTHERS=>'0");
ELSIF BCLK'EVENT AND BCLK ="'1"' THEN
IFBENA="1'THEN BZQ<=BZQ+1; END IF;

END IF;
END PROCESS;

TF : PROCESS(TCLK, CLR, ENA) RPN BRI AR, DIBTHEEs
BEGIN

IFCLR ="1'THEN TSQ <= (OTHERS=>'0");
ELSIF TCLK'EVENT AND TCLK ='1' THEN
IFENA="1'"THEN TSQ<=TSQ +1; END IF;
END IF;
END PROCESS;
PROCESS(TCLK,CLR)
BEGIN
IFCLR="1"THEN ENA<='0";
ELSIF TCLK'EVENT AND TCLK='1' THEN ENA <=CL ; END IF;
END PROCESS; (BT )



MA<=(TCLK AND CL) OR NOT(TCLK OR CL) ; --illfik 5% 2 %5
CLK1<=NOT MA ; CLK2<=MA AND Q1 ; CLK3<=NOT CLK2; SS<=Q2 & Q3;
DD1: PROCESS(CLK1,CLR)
BEGIN
IFCLR="1"THEN Ql1<='0";
ELSIF CLK1'EVENT AND CLK1 ='1' THEN Q1<="'1"; END IF;
END PROCESS;
DD2: PROCESS(CLK2,CLR)
BEGIN
IFCLR="1"THEN Q2<='0";
ELSIF CLK2'EVENT AND CLK2 ="1' THEN Q2<="'1"; END IF;
END PROCESS;
DD3: PROCESS(CLK3,CLR)
BEGIN
IFCLR="1"THEN Q3<='0";
ELSIF CLK3'EVENT AND CLK3="1'THEN Q3<="'1"; END IF;
END PROCESS;
PUL<="1' WHEN SS="10" ELSE --24SS="10"i}, PULE ¥, fiFtrrEitEesit3,

'0"; 28 i
EEND<='1' WHEN SS="11" ELSE --EEND A& B Fh}, FRIRIEETTE, HKHE PR EHEF
'0": -, RpTEEEG R, AN HETHE S P8t T

BENA<=ENA WHEN SPUL="1' ELSE--#r#ETTH s i £ REIZHIGE S, H[SPULNIE, Mz
PUL WHEN SPUL="0' ELSE--24SPUL O}, kA &5 H
PUL :

END behav;
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9.1 54

9.1.1 SEAKTER) L5
SE AR BH BT IR — AR R S5 44 «
ENTITY SEfk% 1S
[GENERIC ( Z=%4: HIERE );]
[PORT ( 0% ;]
END ENTITY 524£4;

KX/;%Z%[&



9.1 SR

9.1.2 8L Ui HER)

ZH AR U IEA) ) — R P ER W T
GENERIC([ ®#4& : #H#EXRM [ - wEH ]
{FEL  BERAwed]});

KX/;%Z%[&



9.1 SR

9.1.2 L5 Ui BHER)
= ey

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY andn IS
GENERIC ( n : INTEGER );: --EXKESE R HEERE
PORT(a : IN STD _LOGIC VECTOR(n-1 DOWNTO 0);--HXESERGIEEKE
c - OUT STD LOGIC);
END;
ARCHITECTURE behav OF andn IS
BEGIN
PROCESS (&)
VARIABLE int : STD LOGIC;
BEGIN
int := "1°%;
FOR i IN a"LENGTH - 1 DOWNTO O LOOP --{F¥fiEH)
IF a(i)="0" THEN int := "0";

END IE:
END LOOP:
C <=iInt ;
END PROCESS: EREL
END: Kx




9.1 524k
9.1.2 ZFt&1Hh 1 BHvEA)

[ %19-2]
L IBRARY IEEE;
USE I1EEE.STD LOGIC 1164 _ALL;
ENTITY exn IS
PORT(d1,d2,d3,d4,d5,d6,d7 - IN STD LOGIC;
gql,g2 : OUT STD LOGIC);
END;
ARCHITECTURE exn_behav OF exn 1S
COMPONENT andn —— 18 F %1 10- 1 o1 A 75
GENERIC ( n : INTEGER);
PORT(a : IN STD _LOGIC VECTOR(n-1 DOWNTO 0);
C - OUT STD _LOGIC);
END COMPONENT ;
BEGIN
ul: andn GENERIC MAP (n =>2) -- Z¥EEWGHER, & XKBETE, nR{EHN2
PORT MAP (a(0)=>dl1l,a(1)=>d2,c=>ql);
u2: andn GENERIC MAP (n =>5) -- EXREARE, nBEN5
PORT MAP (a(0)=>d3,a(1)=>d4,a(2)=>d5,
a(3)=>d6,a(4)=>d7, c=>q2);
END;



9.1 SEAA

9.1.3 ZE1& 18 B G vE )

[ %19-3]
LIBRARY IEEE; ——Fpf 4k oo
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC arith.ALL;
USE IEEE.STD LOGIC unsigned.ALL;
ENTITY addern IS
PORT (a, b: IN STD LOGIC VECTOR;
result: out STD LOGIC VECTOR);

END addern;
ARCHITECTURE behave OF addern 1S

BEGIN

result <= a + b;

END;

e

K ZoH



9.1.3 ZE A& 1 B G vE )

[19-4]
LIBRARY IEEE; --MMEwT
USE ITEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC arith.ALL;
USE 1EEE.STD LOGIC unsigned.ALL;
ENTITY adders 1S
GENERIC(msb_operand: INTEGER := 15; msb_sum: INTEGER :=15);
PORT(b: IN STD LOGIC VECTOR (msb_operand DOWNTO 0O);
result: OUT STD _LOGIC VECTOR (msb_sum DOWNTO 0));
END adders;
ARCHITECTURE behave OF adders 1S
COMPONENT addern
PORT ( a, b: IN STD LOGIC VECTOR;
result: OUT STD _LOGIC VECTOR);
END COMPONENT;
SIGNAL a: STD_LOGIC _VECTOR (msb_sum /2 DOWNTO 0);
SIGNAL twoa: STD _LOGIC VECTOR (msb_operand DOWNTO O);
BEGIN
twoa <= a & a;
Ul: addern PORT MAP (a => twoa, b => b, result => result);
U2: addern PORT MAP (a=>b(msb_operand downto msb_operand/2 +1),
b=>b(msb_operand/2 downto 0), result => a);

END behave;
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9.1 SEZAA

9.1.4 ¥ 1% BHEf)

PORT ( ¥wH% : mHtEzl HdEcal
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0.2 ZEME

. ¥ 4k 6 — AR 1% 5 % K

ZERIR I TE AR AT

ARCHITECTURE #Zifgik4s OF SZik4 IS
[ E )]

BEGIN
[DhaefiidiE )]

END ARCHITECTURE £5#94%4;

KX/;%Z%[&



9.2 Lifik

2. &M AR 1 9]

3. R ERIEGEH

[mea  [eemwae
Fﬁf?‘i}ﬁm B ﬁ#@mﬁc}@
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9.3 ¥

9.3.1 K%

BRI )R R R BT
FUNCTION mi#4a (Z#3%) RETURN #E2RA k=]
FUNCTION B (SHEZ)RETURN  HdfE2RA 1S —— HRBUAE
[ a1
BEGIN
PiEa]
END FUNCTION E¥$i4;

K)(/%ﬁf%ﬁf



[ %19-5]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164 .ALL;
PACKAGE packexp IS -— & XEFHE
FUNCTION max( a,b : IN STD LOGIC VECTOR) --5& XE%iE
RETURN STD_LOGIC_VECTOR ;

FUNCTION funcl ( a,b,c : REAL ) —-E X R H
RETURN REAL ;
FUNCTION "*" ( a ,b : INTEGER ) - X REE
RETURN INTEGER ;
FUNCTION as2 (SIGNAL inl ,in2 : REAL ) --EXEHYE
RETURN REAL ;
END ;
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC VECTOR) --&NXE$ik
RETURN STD LOGIC_VECTOR IS
BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b;
END IF;
END FUNCTION max; ——ZEFFUNCT IONTE £
END: —-- 45 RPACKAGE  BODYiEH)

(&R IO



LIBRARY IEEE; -- BREUN HHSEH)
USE IEEE.STD LOGIC 1164 _.ALL;
USE WORK.packexp.ALL ;
ENTITY axamp 1S
PORT(datl,dat2 - IN STD LOGIC VECTOR(3 DOWNTO 0);
dat3,dat4 : IN STD _LOGIC VECTOR(3 DOWNTO 0O);
outl,out2 : OUT STD LOGIC VECTOR(3 DOWNTO 0) );
END;
ARCHITECTURE bhv OF axamp IS
BEGIN
outl <= max(datl,dat2); --HERMEESFRIFHFATREHAHER
PROCESS(dat3,dat4)
BEGIN
out2 <= max(dat3,datd); —— It P Bk 25 1A AV )
END PROCESS;
END;

K, SEEHLE



9.3 ¥

9.3.1 K%

dat4[3 0]

dat2[3:0]

dat1[3.0]

datS[S:D]>ET

[3:0] [3:0],
[ ]
| <
[3:0 0] \D}\‘
max.out2 POl B0
0] y :
out2[3:0]
[a:n]. [3:0],
ol I =E < B \H
- 0
max.out1 N y B0 B T
out1[3:0]
F£19-2 {5119-5 K13 48 . 1 K, SR E



[ %19-6]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164._.ALL ;
ENTITY func IS
PORT ( a : IN STD LOGIC VECTOR (0 to 2 ) ;
m - OUT STD LOGIC _VECTOR (0O to 2 ) );
END ENTITY func ;
ARCHITECTURE demo OF func 1S
FUNCTION sam(x ,y ,z - STD LOGIC) RETURN STD LOGIC IS
BEGIN
RETURN ( x ANDy ) OR z ;
END FUNCTION sam ;
BEGIN
PROCESS ( a )
BEGIN
m(0) <= sam( a(0), a(l), a(2) ) ;
m(l) <= sam( a(2), a(0), ad(d) ) ;
m(2) <= sam( a(l), a(2), a0) ) ;
END PROCESS ;
END ARCHITECTURE demo ;

K, SEEHLE



9.3 ¥

9.3.2 EEH MR

[%]9-7] (Maxplusl ISz A
LIBRARY I1EEE ;

USE IEEE.STD LOGIC 1164_ALL ;
PACKAGE packexp 1S
FUNCTION max( a,b : IN STD_LOGIC_VECTOR)
RETURN STD_LOGIC_VECTOR ;
FUNCTION max( a,b : IN BIT_VECTOR)
RETURN BIT_VECTOR ;
FUNCTION max( a,b : IN INTEGER )
RETURN INTEGER ;
END;
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC_VECTOR)
RETURN STD LOGIC VECTOR 1S
BEGIN
IF a > b THEN RETURN a;

- & XFEFF
--E X REE

--E X REE

--E X REE

—— & SRR Bk

€I WY



ELSE RETURN Db; END IF;

END FUNCTION max; ——ZE R FUNCT IONTE 4]
FUNCTION max( a,b : IN INTEGER) —— & X R HUAA
RETURN INTEGER 1S
BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b; END IF;
END FUNCTION max; ——Z5RFUNCT IONiEf]
FUNCTION max( a,b : IN BIT_VECTOR) —— & X R ik
RETURN BIT_VECTOR IS
BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b; END IF;
END FUNCTION max; ——ZEFFUNCTIONiE )
END: —--4Z5RPACKAGE  BODYiEA]

—— LUF 2 1AM ER R Hmax KR
LIBRARY IEEE ;

USE IEEE.STD LOGIC 1164 _ALL ;
USE WORK.packexp.ALL;

ENTITY axamp IS
P (BT



PORT(al,bl : IN STD LOGIC_VECTOR(3 DOWNTO 0);
a2,b2 : IN BIT_VECTOR(4 DOWNTO 0);
a3,b3 - IN INTEGER RANGE O TO 15;
cl - OUT STD LOGIC _VECTOR(3 DOWNTO 0);
c2 - OUT BIT _VECTOR(4 DOWNTO 0);
c3 - OUT INTEGER RANGE O TO 15);
END;
ARCHITECTURE bhv OF axamp IS
BEGIN
cl <= max(al,bl); --Xte&#max( a,b : IN STD LOGIC VECTOR)H]
W H
c2 <= max(a2,b2); --Xt#max( a,b : IN BIT _VECTOR) HJiH
c3 <= max(a3,bl3); --XE#max( a,b : IN INTEGER) WM
END;

K, SEEHLE




[%19-8]

LIBRARY IEEE ; -- EFPEE

USE IEEE.std logic 1164_all ;

USE IEEE.std logic _arith.all ;

PACKAGE STD LOGIC _UNSIGNED 1s

function "+" (L : STD LOGIC VECTOR ; R : INTEGER)
return STD LOGIC VECTOR ;

function "+" (L : INTEGER; R : STD LOGIC VECTOR)
return STD LOGIC VECTOR ;

function "+" (L : STD LOGIC VECTOR ; R - STD _LOGIC )

return STD LOGIC VECTOR ;

function SHR (ARG : STD LOGIC _VECTOR ;

COUNT : STD_LOGIC VECTOR ) return STD LOGIC VECTOR ;

end STD LOGIC UNSIGNED

LIBRARY IEEE : N EHRXEIN N

(&R IO



use IEEE.std logic 1164._all ;
use IEEE.std logic_arith.all ;

package body STD LOGIC _UNSIGNED 1s
function maximum (L, R - INTEGER) return INTEGER 1s

begin
iIT L >R then return L;
else return R;
end 1f;
end;

function "+" (L : STD LOGIC VECTOR ; R : INTEGER)
return STD LOGIC VECTOR 1s

Variable result : STD LOGIC VECTOR (L’range) ;
Begin

result := UNSIGNED(L) + R ;
return std logic vector(result) ;
end ;

end STD LOGIC_UNSIGNED ;

l(xﬁﬁﬁﬁ%%



9.3 ¥

9.3.3 R

FEFFfl: STD _LOGIC 1164
to_stdlogicvector(A)
to_bitvector(A)

to_stdlogic (A)

to_bit(A)

FEFA: STD_LOGIC_ARITH
conv_std_logic_vector(A, f7K)

conv_integer(A)
FEFFA: STD_LOGIC_UNSIGNED

conv_integer(A)

229-1 IEEEPE R AV P pR H 3R

Fbit_vector2R U KIARE#t Aystd_logic_vector

Histd_logic _vector##: Abit_vector
Hbit# ¥ plistd_logic
Histd_logickE #t ibit

BB integerib i iistd_logic vectorZSA, ALY

#istd_logic_vectori # g Hinteger

Fistd_logic_vector¥# integer

"W 4 @“/ﬁ’ﬁxﬁ‘
KX



9.3 ¥

9.3.3 R

[ %19-9]
LIBRARY IEEE;
USE IEEE. std logic 1164_ALL;
ENTITY exg IS
PORT (a,b : 1n bit vector(3 downto 0);

q : out std logic vector(3 downto 0));
end ;
architecture rtl of exg 1s
begin
q<= to_stdlogicvector(a and b);--¥f7 K & HE A & e g bn 1 32 55 47
RKEHHE
end;

I(Xﬁaﬁﬁ%f



9.3 ¥

9.3.3 R

[9-10]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC ARITH.ALL;--#FEAFH 7 LEEFE
ENTITY axamp 1S
PORT(a,b,c - IN Integer range 0O to 15 ;
q - OUT std _logic vector(3 downto 0) );
END;
ARCHITECTURE bhv OF axamp 1S
BEGIN
q <= conv_std logic vector(a,4) when conv_integer(c)=8
else
conv_std logic vector(b,4) ;
END;

K ZoH




[%19-11]
LIBRARY IEEE;

USE I1EEE._STD LOGIC 1164 _ALL;
PACKAGE n_pack IS

SUBTYPE nat IS Integer range 0 to 255; — X —
Integeri] R
TYPE Bit8 1S array (7 downto 0) OF std logic;-- & X
— M EFERT

FUNCTION nat_to Bit8 (s: nat) RETURN BitS8;
End n_pack;

PACKAGE BODY n_pack IS
FUNCTION nat_to Bit8 (s: nat) RETURN Bit8 IS

VARIABLE Din: Integer range 255 downto O;
VARIABLE Rut: Bit8;

VARIABLE Rig: Integer :=2**7;
BEGIN
Din = s;
FOR 1 1n 7 downto O LOOP
IF Din/Rig > 1 THEN Rut(r) := "1%; Din := Din-Rig;
ELSE Rut (1):= "0"; END IF;
Rig := Rig /7 2; €AW



END LOOP;

RETURN Rut;

END nat_to BitS8;
END n_pack;

LIBRARY 1EEE; -- HI)" & X ¥R E A =51
USE IEEE._STD LOGIC 1164 _ALL;
USE WORK.n_pack.ALL ;
ENTITY axamp 1S
PORT(dat : IN nat; --FFEEIEREKEX
ou : OUT Bit8); --IEEFIEFAINENX
END;
ARCHITECTURE bhv OF axamp 1S
BEGIN
ou <= nat_to Bit8(dat);
END;



9.3 ¥

9.3.4 HIWTpREL

9.3.5 iI%

|
"+

PROCEDURE I 4 (Z%1%)

PROCEDURE EEH& (%K) 1S
[Vt ]
BIGIN
N 7184 ;
END PROCEDURE ¥ #242;



9.3 ¥

9.3.5 &
PROCEDURE prol (VARIABLE a, b : INOUT REAL) ;

PROCEDURE pro2 (CONSTANT al : |IN INTEGER ;
VARIABLE Dbl - OUT INTEGER ) ;
PROCEDURE pro3 (SIGNAL sig - INOUT BIT) ;

[ 5]9-12]
PROCEDURE prgl(VARIABLE value:INOUT BIT _VECTOR(0O TO 7)) IS
BEGIN

CASE value IS

WHEN *0000"" => value: ""0101"" ;

WHEN ""0101" => value: "*0000"" ;

WHEN OTHERS => value: ""1111" ;

END CASE ;

END PROCEDURE prgl ; K, LI




9.3 ?‘w‘%‘}?

935 &

[ 5]9-13]
PROCEDURE comp ( a, r - IN REAL;

m - IN INTEGER ;

vl, v2: OUT REAL) IS

VARIABLE cnt : INTEGER ;

BEGIN
vl := 1.6 * a ; -— R¥IaE
v2 := 1.0 ; -— JRAIIR1E
QL : FOR cnt IN 1 TO m LOOP
v2 = Vv2 * vl ;
EXIT Q1 WHEN v2 > vi; —— Hv2 > v1, BEHEIFFLOOP
END LOOP Q1
ASSERT (v2 < vl )
REPORT '"OUT OF RANGE" —— EHARRERE

SEVERITY ERROR ;

END PROCEDURE comp ; K)(/%Zﬁ#ﬁ



[ 519-14]
LIBRARY I1EEE;
USE ITEEE.STD LOGIC 1164 _ALL;
PACKAGE axamp IS HFEE E X
PROCEDURE nand4a (SIGNAL a,b,c,d - IN STD LOGIC ;
SIGNAL vy : OUT STD_LOGIC );
END axamp;
PACKAGE BODY axamp 1S ——d A E X
PROCEDURE nand4a (SIGNAL a,b,c,d - IN STD LOGIC ;
SIGNAL y : OUT STD_LOGIC ) IS
BEGIN
y<= NOT(a AND b AND c AND d);

RETURN;
END nand4a;
END axamp;
LIBRARY I1EEE; --EEF
USE ITEEE.STD LOGIC 1164 _ALL;
USE WORK.axamp.ALL;

ENTITY EX 1S

PORT( e,f,g,h : IN STD_LOGIC ;
X 1 OUT STD_LOGIC );

END;
ARCHITECTURE bhv OF EX IS
BEGIN
nand4a(e,f,g,h,x) ; 47T B R

END;



9.3 ¥

MO

9.3.6 EHLS

[ #19-15]
PROCEDURE calcu ( v1, v2 :© IN REAL ;
SIGNAL outl : INOUT INTEGER) ;
PROCEDURE calcu ( v1, v2 : IN INTEGER ;
SIGNAL outl : INOUT REAL) ;

calcu (20.15, 1.42, signl) ; - HAE - AEHiIHcalcu
calcu (23, 320, sign2 ) ; - WHE -AEHIIRE calcu

I(X%%ﬁ%§



it

9.4 VHDL)

9.4.1 FERIFHZR
1. IEEE &
. LIBRARY STD ;
2.STD &
USE STD.STANDARD.ALL ;
3. WORK &
4. VITALA

KX/;%Z%[&
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9.4 VHDLJE

9.4.2 FERIHIEL

USE FEX 2P 4 TH 4
USE FE& R4 ALL ;

LIBRARY IEEE ;
USE IEEE.STD_LOGIC_1164_.STD_ULOGIC ;
USE IEEE.STD_LOGIC_1164.RISING_EDGE ;

USE WORK.std logic 1164 _ALL;

I(X%ﬁﬁ%ﬁ



9.5 4

T g
s LR R FRF

& SR P — BB R S5 M0 R -

PACKAGE #EFE4% 1S -- HEFEHE
P2 U B 43

END FEFE4%;

PACKAGE BODY FEFFfE4& IS -- Ak

R A DL AA

END - a4;
BELFIE
Kx
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9.5 L

[ %19-16]

PACKAGE pacl IS - P E G
TYPE byte IS RANGE 0 TO 255 ; -- & X HHER A byte
SUBTYPE nibble IS byte RANGE 0 TO 15; - & X F2AInibble

CONSTANT byte ff : byte := 255 ; -- & X H Hibyte_ff

SIGNAL addend : nibble ; -- %€ X {55 addend

COMPONENT byte adder - & X Tttt

PORT(a, b: IN byte ;

c: OUT byte ;
overflow : OUT BOOLEAN ) ;
END COMPONENT ;
FUNCTION my_function (a : IN byte) Return byte ; -- X X &%
END pacl ; - ETEESER

KX/%/Z%%?



[ %19-17]
PACKAGE seven 1S
SUBTYPE segments i1s BIT _VECTOR(O TO 6) ;
TYPE bcd IS RANGE O TO 9 ;
END seven ;
USE WORK.seven.ALL ; —-- WORKZEERIAZFTFFHI,
ENTITY decoder IS
PORT (@nput: bcd; drive : out segments) ;
END decoder ;
ARCHITECTURE simple OF decoder 1S
BEGIN
WITH input SELECT
drive <= B"1111110" WHEN O ,
B**0110000" WHEN
B*1101101" WHEN
B*1111001" WHEN
B*0110011" WHEN
B*1011011" WHEN
B"1011111" WHEN
B**1110000" WHEN
B"1111111"™ WHEN
B"1111011" WHEN ,
B**0000000"* WHEN OTHERS ;

©CoO~NO UL WNPE

END simple ;



9.5 4

(1) STD_LOGIC_1164F&/11..

(2) STD_LOGIC ARITHRE)FH..

(3) STD LOGIC_UNSIGNEDFISTD LOGIC_SIGNEDFEFAL.

(4) STANDARDHITEXTIORE L,

KX/%Z%[&



9.6 FLE

Aic B e ) B — Rk S T
CONFIGURATION PFt'E44 OF SZ4K% 1S

Aic & 1 BH
END it & 4 ;

KX/;%Z%[&



0.7 VHDL X HE

0.7.1 ¥
R 5, 678, 0, 156E2(=15600), 45 234 287 (=45234287)
SE 1.335, 88 670 551.453 909(=88670551.453909), 1.0, 44.99E-2(=0.4499)
SIGNAL d1,d2,d3,d4,d5, : INTEGER RANGE O TO 255;
w dl <= 10#170#% ; -— (T#HIER, & 170)
Rk | d2 <= 16#FE# -— (hREfIRRS, FF1 254)
éﬁ@i d3 <= 2#1111 1110#; —— (CHHHIFER, %&T 254)
B 44 <= s#aTeH ; -— (R, &FT 254)
d5 <= 16#E#E1 — (FoSEEEIR R, ST2#11100004, ZT-224)
Z?g%é;g %%ﬁ) 60s (60FF), 100m (1002K), k (FRR&}), 177A (177%5E)

KX/%Z%[&



9.7 VHDL XCFF ]

9.7.2 FAF

(1) S R SE;S)CR , "BothSandQequalto1l', "X,
(2) B 74 e

datal <= B"1 1101 _1110" -— RIS, MRFAKEL9
data2 <= 0"15" —— J\IEHIEEA, NMRBAKERG
data3 <= X'"ADO" —— TNHEHIEHA, MRBEAKERL2
data4d <= B"101 010 101 010" -- —HEHIEEA, MREAKEFLL2
data5 <= "101_010_101_010" --FikfEiR, LB,
data6 <= ""0ADO" —RIBAETR ) X o et

KX/%/W#&



9.7 VHDL XC=F# ]

9.7.3 WRIRLT

EVEHIBRHAT: Decoder 1, FFT, Sig N, Not Ack, State0 , Idle

R HIFR RS -

_Decoder_1 -— BIRAIEE B

2FFT -- BIEH BT

Sig_#N —— FFFH# AR FRIRRE AL R
Not-Ack —— fFE-" ANBEBCN AR IR I
RyY RST -— WRFTHEE A REE T RIZ& <"
data_ _BUS —— R AR BT RIZk

return - R A] IR
Kx



9.7 VHDL XCFF ]

0.7.4 Thr
PR (RIZR)

SIGNAL a, b : BIT_VECTOR (O TO 3) ;

SIGNAL m - INTEGER RANGE O TO 3 ;
SIGNAL vy, z - BIT ;

y <= a(m) ; - AAHERTRERR
z<=b(3); - A EA T RO

KX/%Z%[&



0.8 Z{#=RA

Cﬁiiﬂ(Scalar Type) — SEHCERAL, BPCERA, H2SRA, I [R]2RAY

Cﬁé\? KA (Composite Type) —| A (Array) « B8 (Record)

@@%ﬂ(mcess Type)| 5 MRS A B SR M SR A T 2

Cﬁc{ﬁr%ﬂ(ﬁles Type) | FI TR0t % (i I K

KX/;%Z%[&



0.8 Z{#=RA

9.8.1 TilxE X HFmRA
1. % & %4
TYPE BOOLEAN 1S (FALSE, TRUE);
2. 4% # & £ A
TYPE BIT IS (*0", "1%);
3. 4% & AR

TYPE BIT_VECTOR IS ARRAY (Natural Range <>) OF BIT ;
4. %4 A
A
S. R A A
— 2147483647~ 12147483647

KX/;%Z%[&



9.8 %4

H
[\
7S
r
=

=
6. £# £ A
1.0 2 I AR
0.0 2 I AR
65971.333333 2 I AR
65 971.333 3333 5 E—17%4H0
8#43 . 6#e+4 J\REHIE S5
43_.6E—4 12 I AR

7. 2% % 24
string_ var :="abcd";

VARIABLE string var :

STRING (1 TO 7 ) ;

I(X%ﬁﬁ%ﬁ



0.8 Z{#=RA

8. &t iq] £ A _
TYPE time 1S RANGE —2147483647 TO 2147483647

units

fs ; —— K&, VHDLH 5/ IN [A] BT
ps = 1000 fs ; —— [ZFb
ns = 1000 ps ; —— P
us = 1000 ns ; —— T
ms = 1000 us ; —-- 2=
sec = 1000 ms ; -
min = 60 sec ; —— gy

hr = 60 min ; —— [Ff

end units ;

e

K ZoH



9.8

B R A

9. % £ A

PROCEDUER Readline (F: IN TEXT; L: OUT LINE);

PROCEDUER Writeline (F: OUT TEXT; L: IN LINE);

PROCEDUER Read ( L: INOUT LINE; Value: OUT std logic;

Good: OUT BOOLEAN);

PROCEDUER Read (L: INOUT LINE; Value: OUT std _logic);

PROCEDUER Read ( L: INOUT LINE; Value: OUT std logic_ vector;

Good: OUT BOOLEAN);

PROCEDUER Read (L: INOUT LINE; Value: OUT std logic vector;

PROCEDUER Write ( L: INOUT LINE; Value: IN std logic;

Justiaied: IN SIDE :=Right;field; IN WIDTH :=0);

PROCEDUER Write (L: INOUT LINE; Value: IN std logic _ vector,
Justiaied: IN SIDE :=Right;field; IN WIDTH :=0);

K)(/%ﬁf%ﬁf



0.8 Z{#=RA

9.8.2 IEEETHE X rEZHEN 5K &
1. 4% 1% 45 4= #& 32 £ A&l
2. 72438 £ T #HELA

TYPE STD_LOGIC_VECTOR IS ARRAY ( NATURAL RANGE <>) OF STD_LOGIC ;

K)(/%fo%ﬁf



0.8 P

9.8.3 AT E X ARHEL IR A
1. %7 5 # 4 £ 4 (UNSIGNED TYPE)  UNSIGNED'("*1000")

VARIABLE var : UNSIGNED(O TO 10) ;
SIGNAL sig : UNSIGNED( TO 0) ;

2. # #% % # 48 % A (SIGNED TYPE)
SIGNED" ('0101") ft%* +5, 5
SIGNED" (*'1011") ft% -5

VARIABLE var : SIGNED(0 TO 10);

KX/;%Z%[&
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0.8 Z(#u3

9.8.4 FHRA
TYPE 41415 ARRAY ($041 1t ) OF B 2 0 .

TYPE stb IS ARRAY (7 DOWNTO 0) of STD_LOGIC ;.

TYPE x 1s (low, high) ;

TYPE data_bus IS ARRAY (0 TO 7, x)of BIT ;

TYPE i 41S ARRAY (i A T 154 RANGE <>)OF #7241 ; .

Kx/)%ﬁﬂﬁf



s
g

0.8 Z(#u3

9&4%%%ﬁ'

[ 159-18]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_ALL;
USE TEEE.STD LOGIC UNSIGNED.ALL;
ENTITY amp IS
PORT ( al, a2 - IN BIT_VECTOR(3 DOWNTO 0);
cl, c2,c3 - IN STD LOGIC VECTOR (3 DOWNTO 0);
bl, b2, b3 - INTEGER RANGE O TO 15;

dl,d2,d3,d4 - OUT STD_LOGIC VECTOR(3 DOWNTO 0) );
END amp;
dl <= TO _STDLOGICVECTOR(al AND a2); --(D
d2 < = CONV_STD _LOGIC VECTOR(b1,4) WHEN CONV_INTEGER(b2)=9
else CONV_STD _LOGIC VECTOR(b3,4); --(2)
d3 < = c1 WHEN CONV_INTEGER(c2)= 8 ELSE c3; --3)
d4 <=cl1 WHEN c2 =8 else c3; --(4) '

K, SEEHLE
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9&4%%%ﬁ'

[ 59-19]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY decoder3to8 IS
PORT ( i1nput: IN STD LOGIC VECTOR (2 DOWNTO 0);
output: OUT STD_LOGIC VECTOR (7 DOWNTO 0));
END decoder3to8;
ARCHITECTURE behave OF decoder3to8 IS
BEGIN
PROCESS (input)
BEGIN
output <= (OTHERS => "0%);
output(CONV_INTEGER(input)) <= "1°%;
END PROCESS;
END behave; KX/»%# 553




0.8 Z{#=RA

[ 19-20]
FUNCTION To bit ( s : std ulogic; xmap - BIT = "0 ) RETURN BIT ;
FUNCTION To bitvector ( s : std logic vector ;
xmap - BIT = "0" ) RETURN BIT_VECTOR ;
FUNCTION To bitvector ( s : std ulogic vector ;
xmap - BIT = "0" ) RETURN BIT _VECTOR ;
TR # KB To bitvector i) sk Ei%
FUNCTION To bitvector ( s : std logic vector ;
xmap - BIT = "0" )
RETURN BIT _VECTOR 1S
ALIAS sv : std logic_vector(s"LENGTH-1 DOWNTO O ) IS s ;
VARIABLE result : BIT _VECTOR(S"LENGTH-1 DOWNTO O );
BEGIN
FOR 1 IN result®"RANGE LOOP
CASE sv(1) IS
WHEN "O"]°"L" => result(1) := "0°;
WHEN "1"]"H" => result(1) := "1°;
WHEN OTHERS => result(i) := xmap;
END CASE ;
END LOOP ;
RETURN result ;

END ;



0.9 #AELRT

9.9.1 FHBAERT

#29-2 VHDLEAERFF) R
x) BAVERF I #E BAE Ry R A
+ il B
— YN B
& HE — A
* e OB S8 (BT S D
HARBAER / (53 RSB (BEEF S50
MOD lig s B
REM R B
SLL BRI BITE A /KRB — 4504
SRL A BITE AR /R — 404
SLA HBAARLER BITE /R — 4504

(F& T IO



(% ETO

HARBAER

REBAERTE

BT

TS BT

SRA HBAREGH

ROL WHEEH o

ROR WHEBI A
. S wen e mes e

ABS E

= EFTF

/= ANETF

< INTF

> XTF

<= INFET

>= ATFETF

AND 1=

OR 513

NAND IE [

NOR |2

XOR =¥

XNOR FEE

NOT E|3

+ 1E

i

BITE AR /R B — 4504

BITE AR /R B — 4 504

BITHE A /R B — 4 AH

B

B

AR e dm R A

A E PR R

M2 53ESA, Rt 1 — 454l
M2 5EHER, o0t 1 — 45l
M2E 53HEA, Tt 1 — 43
M2 5EHER, 0t 1 — 45l
BIT, BOOLEAN, STD LOGIC

BIT,
BIT,
BIT,
BIT,
BIT,
BIT,
R

A

BOOLEAN,
BOOLEAN,
BOOLEAN,
BOOLEAN,
BOOLEAN,
BOOLEAN,

STD LOGIC
STD LOGIC
STD LOGIC
STD LOGIC
STD LOGIC
STD LOGIC

Kxﬁﬁﬁﬁ



0.9 BAERT

9.9.1 FHBAERT

#9-3 VHDLEAE TS 2K
BEER %k
NOT, ABS, ** e
*, |/, MOD, REM A
+H1E5), —(9)
+, —, &

SLL, SLA, SRL, SRA, ROL, ROR
—> /:9 <, <= >, >=

AND, OR, NAND, NOR, XOR, XNOR BRI &

KX/»%Z’“%[]E%”



0.9 #AELRT

9.9.1 BRI

[19-21]

SIGNAL a , b, ¢ - STD LOGIC VECTOR (3 DOWNTO 0O) ;
SIGNAL d, e, f, g - STD LOGIC VECTOR (1 DOWNTO 0) ;
SIGNAL h, 1, j, k - STD LOGIC ;

SIGNAL I, m, n, o, p - BOOLEAN ;

a<=b AND c; --b. c HIGJGHalitlE, a. b. cHBIELIR FRARK KR 5 E

d<=e OR ¥ OR g ; -— BNMRERFORME, AHHES

h<=(i NAND j)NAND Kk ; -— NANDAE _ER =FpEAFH B —F, DAINFES
I<=(m XOR n)AND(0 XOR p); -- BIEFRAE, WBIANFES

h<=i AND j AND Kk ; —— PINERERTERZAND, A InfES

h<=i AND j OR Kk ; -— PDNBRERAR, KNS, REHER
a<=b AND e ; - BEHb 5 e RKEA—E, REHIR

h<=i OR I ; —— i MIBEERBEAISTD LOGIC, TSR A 2
-- fi /R E=BOOLEAN, HHTMARMHEIER, RBEE IR,
Y i



0.9 FAESRT
0.9.2 RAREIERT

=" &7 /=" &%)
> xh <> b 7)
[>=" o) l<=" 757

KX/»%Z’“J@[J%



0.9 #AELRT

9.9.2 KARBAEFT

[ %19-22]
ENTITY relational ops 1 IS
PORT ( a, b - IN BIT_VECTOR (0 TO 3) ;
m - OUT BOOLEAN) ;
END relational ops 1 ;
ARCHITECTURE example OF relational ops 1 IS
BEGIN
output <= (a = b) ;
END example ;

|(x5a§ﬁ%%



0.9 #AELRT

9.9.2 KARBAEFT

[ 9-23]
ENTITY relational ops 2 IS

PORT (a, b - IN INTEGER RANGE O TO 3 ;

m - OUT BOOLEAN) ;

END relational ops 2 ;
ARCHITECTURE example OF relational ops 2 IS
BEGIN

output <= (a >= b) ;
END example ;

|(x5a§ﬁ%%



9.9 BAESRT

0.9.3 B AREAEST

29-4 B AREAE
%

Sk F1#:4E 4 (Adding operators)

KA AVESF (Multiplying operators)
75 #4E 4 (Sign operators)
JES#AERT(Miscellaneous operators)

AL EAE AT (Shift operators)

RE

HARBARRT R

+(n), —@8), &(GHE)

*, |, MOD , REM
+HIE), — (#)

**, ABS

SLL, SRL, SLA, SRA, ROL, ROR

KX/»%Z’“%[]E%”



0.9 BAERT

0.9.3 B RBRIESRT
1. & fo 4k H 4

[ 519-24]
VARIABLE a, b , ¢ ,d , e ,f - INTEGER RANGE O TO 255 ;
a:=b + c ; d :=e - F ;

[ #19-25]

PROCEDURE adding_e (a: IN INTEGER; b: INOUT INTEGER ) IS

b:=a+b:

K&ﬁﬂﬂﬁ



0.9 #AELRT

0.9.3 B RBRIESRT
1. K fo 4k H 4

[ 1]9-26]
PACKAGE example _arithmetic 1S

TYPE small _INt IS RANGE O TO 7 ;
END example arithmetic ;
USE WORK.example arithmetic.ALL ;
ENTITY arithmetic IS

PORT (a, b - IN SMALL_INT ;

c - OUT SMALL INT) ;

END arithmetic ;
ARCHITECTURE example OF arithmetic IS
BEGIN

c <=a+b ;

LTI
END example ; Kx



0.9 #AELRT

0.9.3 B AREAEST

2. KA E M

Cad> G G- Gons>

3. T HREN

2:=x4(—Y)

KX/»%Z’“J@[J%



0.9 #AELRT

0.9.3 B RBRIESRT
4. g A

[ $19-27]

SIGNAL a, b - INTEGER RANGE —8 to 7 ;
SIGNAL c - INTEGER RANGE O to 15 ;
SIGNAL d : INTEGER RANGE O to 3 ;
a <= ABS(b) ;

c<=2**d;

l(xﬁaﬁﬁ%%



0.9 #AELRT

5. B4z 4 4%

[ $51]9-28]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_.ALL;
USE IEEE.STD LOGIC_UNSIGNED.ALL;
ENTITY decoder3to8 1S
port ( input: IN STD LOGIC VECTOR (2 DOWNTO 0);
output: OUT BIT_VECTOR (7 DOWNTO 0));
END decoder3to8;
ARCHITECTURE behave OF decoder3to8 1S
BEGIN
output <= '00000001'" SLL CONV_INTEGER(input); —— AL
iy g
END behave; KX/’%/E;%[&



@ a4

O-1. T BASEAR, Wit SEAMEE.
9-2. 2445t B GENERIC i B I AJ MIGENERICBRETE A)E T AL, 3525413508
9-3. 1B i A ZLINOUTHMBUFFERS fA] 7 [B] 4
9-4. HAREH? ERREBMAL?
0-5. ZELL FEUES M, VHDLLES 38 S Frpsb 2R A .
STRING. TIME. REAL. BIT
9-6. TE4H Tt B 41 10-28 77 ()3 ) /E FH A AE Fr S B D g
9-7. &KC <= A + BY', A, BHMICHIHHERAEASTD_LOGIC_VECTOR, =%
Re B BT INEZ R ? Ui B R BRI RN R TV
9-8. VHDLHHWE3FEIER 5 ? TEA Ui eI Dy Rets s LA AT 7, 2541

K« LR



@ a4

9-9. REFBALE —FREHIMIME M —BHCRE A HIR XN R E D ? R Ae, B2
9-10. AW FHIVHDLARIRFF R G G1%, WRA RS HRA

16#0FA#, 10#12F#, 8#789#, 8#356%#, 2##0101010#
74HC245 ,  \74HC574\, CLR/RESET, \IN 4/SCLK\, D100%

0-11. HIERABIT. INTEGERFIBOOLEANSS 552 L AEMEAN FE A 2 ik 22 1 F2 A,
e T LA ?

0-12. M Gt 5T EEHAXH? WH EHMHAXH?
9-13. [F]Z& 45 &BitfliBoolean %35 35 Y ) ) 1 .

(1) fEREBItFIBooleanZE & 1) X 71l ;

(2) Yo F-3B 4B A N A5 F R Fp S 2L 2

(3) KARERAEMI 45 R APPSR 2

(4) IFEAIIIR I AR MR AL 2 _W



@ a4

9-14. IaHAF B R ECEF Z R HR L, DMERSHH CHREHERE., FiHsn
H— B BIERBIAGE, JFH T H SR B O 250

function CONV_INTEGER(ARG: AGE) return INTEGER;
RAER KRG, FHERERNE N+ BEFEERH, R FHREH:
SIGNAL a, c : AGE;

c <= a + 20;

90-15. AR VLB vHeAr LLEAS, LR ME N 2PN EL L I8 AL FLA=[AT.. A0 FT
B=[B7..B0], #iii=Z D. E. F. HA=BHD=1; HA>BIE=1; HA<BHfF=1. F—
Pl T 7 2 WA LA Wk s, BN EER HCRBAERRITRE R £
PR T 7 R LSS R e, Bl ikE & E KRS 0 g 5k A 3 8 A b
EHIR/N . PR T R R IRFE S DU AT EUEL, IR DUERE

K« LR



9-1 'R AR fHiE R BRI 1T
(1) SE56 H 1) 52 M) S2566-3 A Efa 0 s v vH BT A T 22 L

(2) LRI ERGHIMEERARL, #19-292TE &30, H A 3N RERE
He (4 E19-3f77%): TONETABA.VHD. NOTETABS.VHDHISPEAKER.VHD.

CODET[3:0]
ToneTaba HIGHT
MoteTabs HIGH —-—\ Speakera
olk Tonelndex[3:0] e Index]3:0] CODE[3:0] el
1 Tone[10:0] Tone[10:0] Spka
Il
| CLKI 2MHZ

K19-3 B4 ok B = R 254 (SynplifyZE&) Kxﬁawm



9-1 ‘RHEHRE BT

(3) LI ZEL: € HilH19-32 Note Tabs bk 41 I B AT EPEROM “music™. iZROMAT ¥
HREYE EANER9-33H . IEREGIEIER T MEIEAL T . IRE MBI RERA,
A, ATHERE, BIPRBERESET, SHPN DS —25 8 —ITRETT,
15 )2 4

B JE XM iZROMBAT B, A 519-33 S 155 803E O 43 AROMH

(4) LA A2 BELHBWRESEZEHFEEH LS HEBRKVHDLIER, 7

Quartusll E5EEE T, BiEgmE. wiF. FeliEEIES. SHGEREE,

FeAE B E4H T EA

(5) SEE A3 BHRIE. SR 5I 8 e, CLKI2MHzS clock9fi#:, %

12MHZz iR (& Bk IE7Eclock9#E“12MHZ”) ; CLK8Hz Sclock2AHE, #

ZAHZINR; KRE5H I SPKOUTE Speaker; SiHZE K AT M B o) it rd %y i B~ v]

HCODE1ZEH B E S B~ HIGHL A &\ B F 6N, Al HALEDSYE/~, &G H

b B N EGERS B FISOFE vt 0. sSEl ks mEAaNe e
K, TEBFHE



(6) SEIG AN A4: HEAFHIFSM, XAEH". S ERRR Sl BIIESRUT:

1. WRPEFTER TR B E5, BEpo-30 S/ EIERK, FNEES /T
K5 ;

2. WERILEK, TTHEMEBENOTETABAR TS KA #, tnofr it is5124 A
kiR

(7) 2B N 25: FEOATPIE—NROME: 2 E ik, v Fshak B3k,

(8) SEHG N A6: MRIZMITNSLIG W vt — N 758, AR vT ) B 4574 BINO .3

(9) B @1 FLFSRX T gRAE s onss, XTASEIOH BB A 4 H B 1 AT Gm AR v 2 2s (52
LA 2w AR 5 93 ) F LFSREAR

(10) JL 2. 5]9-307 (I FEDelaySpkSHf 47 /5 28 R B A A4 50 ?

(11) BE%EE3: e e BNV & e, A reHEFaFaEEm 7k Ksh E e
KT |
(12) seiedss: AT BB R IR B A, ii%?ﬂiﬁﬁ#%?%ﬂ@ﬂ’ﬁ%%%ﬁyﬁm
A E R I IIRE, BUREE AR SEIF L . X



[ 1519-29]

LIBRARY IEEE; -- M EZHRKRITNEE T
USE 1EEE.STD LOGIC 1164 _.ALL;
ENTITY Songer 1S

PORT ( CLK12MHZ : IN STD_LOGIC; —--HRAMEE 5
CLK8HZ - IN STD_LOGIC; - HMEE S
CODE1 : OUT STD _LOGIC VECTOR (3 DOWNTO 0);-- {4
LE IR TN
HIGH1 : OUT STD_LOGIC; --H8EE/~
SPKOUT > OUT STD_LOGIC );--F=&iiH
END;

ARCHITECTURE one OF Songer 1S
COMPONENT NoteTabs
PORT ( clk - IN STD LOGIC;
Tonelndex : OUT STD LOGIC VECTOR (3 DOWNTO 0) );
END COMPONENT ;
COMPONENT ToneTaba
PORT ( Index - IN STD LOGIC VECTOR (3 DOWNTO 0) ;
CODE : OUT STD_LOGIC VECTOR (3 DOWNTO 0O) ;
HIGH - OUT STD LOGIC;

Tone : OUT STD_LOGIC_VECTOR (10 DOWNTO 0) );
END COMPONENT;

(R0



COMPONENT Speakera
PORT ( clk : IN STD LOGIC;
Tone : IN STD LOGIC VECTOR (10 DOWNTO 0);
SpkS : OUT STD LOGIC );
END COMPONENT;
SIGNAL Tone : STD LOGIC VECTOR (10 DOWNTO 0);
SIGNAL Tonelndex : STD LOGIC VECTOR (3 DOWNTO 0);
BEGIN
ul : NoteTabs PORT MAP (clk=>CLK8HZ, Tonelndex=>Tonelndex);
u2 - ToneTaba PORT MAP
(Index=>Tonelndex,Tone=>Tone,CODE=>CODE1 ,HIGH=>HIGH1) ;
u3 : Speakera PORT MAP(clk=>CLK12MHZ,Tone=>Tone, SpkS=>SPKOUT

)
END;

K, SEEHLE



[19-30]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD _LOGIC_UNSIGNED.ALL;
ENTITY Speakera 1S
PORT ( clhlk : IN STD_LOGIC;
Tone - IN STD LOGIC VECTOR (10 DOWNTO 0);
SpkS : OUT STD_LOGIC );
END;
ARCHITECTURE one OF Speakera 1S
SIGNAL PreCLK, FullSpkS : STD_LOGIC;
BEGIN
DivideCLK : PROCESS(clk)
VARIABLE Count4 : STD _LOGIC_VECTOR (3 DOWNTO 0) ;

BEGIN
PreCLK <= "0"; -- ¥CLK#41T16%%, PreCLKACLKH)164);%i
IF Count4>11 THEN PreCLK <= ®"1"; Count4 := "'0000';
ELSIF clk"EVENT AND clk = "1 THEN Count4 := Count4 + 1;
END IF;

END PROCESS;
GenSpkS : PROCESS(PreCLK, Tone)-- 11f7AJTE%iss
VARIABLE Countll : STD_LOGIC_VECTOR (10 DOWNTO 0);
BEGIN
IF PreCLK"EVENT AND PreCLK = "1" THEN

IF Countll = 16#7FF# THEN Countll := Tone ; FullSpkS <= "1%;
€I WY



ELSE Countll := Countll + 1; FullSpkS <= "0"; END IF;
END IF;
END PROCESS;
DelaySpkS : PROCESS(Ful ISpkS)-—¥#iHi 240, ERMk, M 8 LhEk

BA YN

H
VARIABLE Count2 : STD_LOGIC;

BEGIN
IF FUllSpkS*EVENT AND FullSpkS = *1° THEN Count2 := NOT Count2;
IF Count2 = "1" THEN SpkS <= "1°;
ELSE SpkS <= "0"; END IF;
END IF;
END PROCESS;
END;

KX/;%/ZW#



[ 5]9-31]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY ToneTaba

CODE
HIGH : OUT STD LOGIC;
Tone
END;
ARCHITECTURE one OF ToneTaba IS
BEGIN
Search : PROCESS(Index)
BEGIN
CASE Index IS —— PERDEEE,
WHEN "'0000" => Tone<="11111111111"
WHEN "'0001"™ => Tone<="'01100000101" ;
WHEN "'0010" => Tone<="'01110010000"
WHEN "'0011" => Tone<="'10000001100"
WHEN "'0101" => Tone<="'10010101101"
WHEN "'0110" => Tone<="'10100001010"
WHEN "0111"™ => Tone<="'10101011100"
WHEN "*1000" => Tone<="'10110000010"
WHEN "'1001" => Tone<=""10111001000""
WHEN "*1010" => Tone<="'11000000110"
WHEN "1100" => Tone<="'11001010110"
WHEN ""1101"™ => Tone<="'11010000100""
WHEN ""1111" => Tone<=""11011000000""
WHEN OTHERS => NULL;
END CASE;

END PROCESS;

END;

IS
PORT ( Index :

IN STD_LOGIC_VECTOR (3 DOWNTO 0O) ;

- OUT STD_LOGIC_VECTOR (3 DOWNTO 0) ;:

- OUT STD_LOGIC_VECTOR (10 DOWNTO 0) );

=

R, EHFENRER

CODE<=""0000"";
CODE<=""0001"";
CODE<=""0010"";
CODE<=""0011"";
CODE<=""0101"";
CODE<="'0110"";
CODE<="'0111"";
CODE<=""0001"";
CODE<="'0010"";
CODE<="'0011"";
CODE<="0101";
CODE<="'0110"";
CODE<="'0001"";

HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH

<="0%;-- 2047
<="0%;-- 773;
<="0%;-- 912;
<="0";--1036;
<="0";--1197;
<="0";--1290;
<="0";--1372;
<="1";--1410;
<="1";--1480;
<="1";--1542;
<="1";--1622;
<="1";--1668;
<="1%";--1728;



[ #19-32]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE ITEEE.STD LOGIC UNSIGNED.ALL;
ENTITY NoteTabs IS
PORT ( clk - IN STD _LOGIC;
Tonelndex : OUT STD LOGIC VECTOR (3 DOWNTO 0) );
END;
ARCHITECTURE one OF NoteTabs IS
COMPONENT MUSIC - - E R EHEROM
PORT(address : IN STD LOGIC VECTOR (7 DOWNTO 0);
inclock - IN STD _LOGIC ;
q - OUT STD_LOGIC VECTOR (3 DOWNTO 0));
END COMPONENT ;
SIGNAL Counter : STD LOGIC_VECTOR (7 DOWNTO 0);
BEGIN
CNT8 : PROCESS(clk, Counter)

BEGIN
IF Counter=138 THEN Counter <= "'00000000";
ELSIF (clk"EVENT AND clk = "1") THEN Counter <=

Counter+1; END IF;
END PROCESS;
ul : MUSIC PORT MAP(address=>Counter , qg=>Tonelndex,
inclock=>clk);
END;



[ 1%19-33]
WIDTH
DEPTH = 256 ;
ADDRESS RADIX = DEC ;
DATA RADIX = DEC ;

CONTENT
00:
10:
20:
30:
40:
50:
60:
70:
80:
90:

100:

110:

120:

130:

END

=

[EEN
GO ONOOWOOU WU O wow

- 91-

BEGIN
01: 3
11: 9
21:12
31:
41:
51:
61:
71:
81:

o 01 © 0100 01 O

101:12
111: 5
121: 8
131: 5

; 02: 3 ;
; 12: 6 ;

; 22:10
; 32:
; 42:
; B2:
; 62:
> 72:
; 82:
; 92:
;102:
;112:
;122:
;132:

=
GO WNOOWO 010 U1 ©

03:
13:
23:
33:
43:
53:
63:
73:
83:
93:
;103:1

4 5 --"ZH IR HEE

OWoOUTUIoON W

04:
14:
24 -
34:
44:
54:
64:
74:
84:
94:
0;104:
;113: 3;114:
;123: 5;124:
;133: 5;134:

01O O 00O WU Ul

05:
15:
25:
35:
45:
55:
65:
75:
5; 85:
5; 95:
9:;105:
3;115:
3;125:
5;135:

= =
OO UIO WO © Ul Ul

06: 5;07:
16: 12;17:
26: 9; 27:
36: 7; 37:
46: 9; 47:
56: 5; 57:
66:10; 67:
76 b; 77:
86: 7; 87:
; 96: 8; 97:
9:;106:10;107:
3;116: 8;117:
5;126: 6;127:
5;136: 0;137:

- 9; 29:

OO~NO1Two

- 6; 89:
- 8; 99:

- 8:;119:

8; 09:
12; 19:

1 1w

39:
49:
59:
69:
79:

8:;109:

OO UINUOITWO Ok

5:129:
0;
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[$19-34] -- TLC5510 RAEHEHIR B
library IEEE;
use IEEE.STD LOGIC 1164 _ALL;
entity ad5510 is
port( rst, clk : in std logic; --rst E{i;clkREEREA

d 2 in std_logic_vector(7 downto 0);-- 8{A/DE#E
Adck, ADoe : out std logic;-- Adck, Adoe;#ATLC5510/]CLKAIHKIOE
data > out std_logic_vector(7 downto 0);-- S{i##E
dclk : out std_logic ); -- BEmBYEES

end ad5510;
architecture ADCTRL of ad5510 is

type adsstates is (staO,stal); --EXH MRS E
signal ads_ state,next _ads_state : adsstates;
signal lock - std_logic;

begin

ads : PROCESS( ads_state) -- A/D FXREEGHIRESHL

BEGIN

CASE ads_state IS
WHEN sta0 => ADck<="1"; lock<="1"; dclk<="0";next_ads_state <= stal;
WHEN stal => ADck<="0"; lock<="0"; dclk<="1";next ads state <= sta0O;
WHEN OTHERS => ADck<="0"; lock<="0"; dclk<="1";next_ads state <= staO;

END CASE ;
END PROCESS;
PROCESS (CLK,rst) (BT D

KX/%/Z%%?



BEGIN
IF RST ="0" THEN ads_ state <= staO;
ELSIF ( CLK"EVENT AND CLK="1") THEN
ads_state <= next_ads_state; -- ZEN#LAR, BHRET RE
END IF;
END PROCESS;
PROCESS (lock,rst) -- S, fElocki) LA, BG83

BEGIN
IF RST ="0" THEN data <= (others => "0%);
ELSIF lock"EVENT AND lock="1" THEN data <= D ; END IF;
END PROCESS ;
ADoe <= "0°;

end ADCTRL;

[ #19-35]1 -- TLC5510H] 57 —PhRAE$E |71

lock <= clk; ADck <= clk; dclk <= not lock; ADoe <= "0°;
PROCESS (lock,rst) -- WH#HiET, 7Elockiy EFHE, RKeidir RS
BEGIN

iIT rst <= "0" then data <= (others => "0");

ELSIF lock"EVENT AND lock="1" THEN data <= D ; END IF;
END PROCESS ;

end logi; -
KX/% A4 Jff



[ 519-36]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164.ALL;
USE 1EEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY RESERV IS
PORT(CLK, KEY1 : IN STD_LOGIC;--H%F (20MHz) FIRFE/ Boniathl i
TRAG : OUT STD LOGIC_VECTOR (9 DOWNTO 0) ;--33#45 15 e
DOUT : OUT STD_LOGIC_VECTOR (9 DOWNTO 0);--¥EHiH
ADIN  : IN STD_LOGIC VECTOR (7 DOWNTO 0) ); --A/DFRFHUEEHIA
END;
ARCHITECTURE DACC OF RESERV 1S
COMPONENT DPRAM  ——SRREEUE /4% FRAM
PORT ( address : IN STD_LOGIC VECTOR (9 DOWNTO 0);
inclock, wren: IN STD LOGIC ;
data : IN STD LOGIC_VECTOR (7 DOWNTO 0);

q : OUT STD LOGIC VECTOR (7 DOWNTO 0));
END COMPONENT;
SIGNAL Q1 : STD_LOGIC_VECTOR (9 DOWNTO 0):
SIGNAL MDO,DIN : STD LOGIC_VECTOR (7 DOWNTO 0):
BEGIN
PROCESS(CLK)
BEGIN

IF rising _edge(CLK) THEN Q1 <= Q1 + 1; END IF; —-4miaasitss
END PROCESS;
process(CLK, ADIN)
begin
if rising _edge(CLK) then DIN <= ADIN ; end if; -—RREUESTEZRAM
end process;
DOUT(9 DOWNTO 2)<=MDO; TRAG<=Q1; DOUT(1 DOWNTO 0) <= '00";

ul : DPRAM PORT MAP(data=>DIN, wren=>KEY1l, address=>Q1, gq=>MDO, inclock=>CLK);

END;
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[%19-371]
LIBRARY 1ieee;
USE i1eee.std logic 1164 _ALL;
USE i1eee.std logic unsigned.ALL;
USE 1eee.std logic arith_ALL;
ENTITY crcm 1S
PORT (clk, hrecv, datald : IN std logic;

sdata : IN std _logic _vector(11l DOWNTO 0);

datacrco : OUT std logic_vector(16 DOWNTO 0);

datacrci : IN std logic _vector(16 DOWNTO 0);
rdata - OUT std _logic vector(ll DOWNTO 0);

datafini : OUT std logic;
ERRORO, hsend : OUT std logic);

END crcm;
ARCHITECTURE comm OF crcm 1S
CONSTANT multi_coef : std logic vector(5 DOWNTO 0) := "110101";

-- ZWARE, MSB—EHR"1"
SIGNAL cnt,rcnt : std logic _vector(4 DOWNTO 0);
SIGNAL dtemp,sdatam,rdtemp - std _logic_vector(11l DOWNTO 0);
SIGNAL rdatacrc: std logic _vector(16 DOWNTO 0);
SIGNAL st,rt : std logic;
BEGIN
PROCESS(clk)
VARIABLE crcvar : std logic vector(5 DOWNTO 0);
BEGIN
IF(clk®"event AND clk = *"1%) THEN
IF(st = "0" AND datald = "1") THEN dtemp <= sdata; (BET IO



hsend <= "0"; st <= "1°%;

sdatam <= sdata; cnt <= (OTHERS => "0%);
ELSIF(st = "1° AND cnt < 7) THEN cnt <= cnt + 1;
= dtemp(11 DOWNTO 6) XOR multi_coef;

IF(dtemp(11) = "1") THEN crcvar
dtemp <= crcvar(4 DOWNTO 0) & dtemp(5 DOWNTO 0) & "0F;
; END IF;

ELSE dtemp <= dtemp(10 DOWNTO 0) & *0-°;
ELSIF(st="1" AND cnt=7) THEN datacrco<=sdatam & dtemp(11 DOWNTO 7);

cnt <= cnt + 1;
- St<:'0.;

hsend <= "1°%;
hsend<= "0°";

ELSIF(st="1" AND cnt=8) THEN
END IF;
END IF;
END PROCESS;
PROCESS(hrecv,clk)
VARIABLE rcrcvar : std logic vector(5 DOWNTO 0);

BEGIN
IF(clk*event AND clk = 1) THEN
IF(rt = "0 AND hrecv = "1") THEN rdtemp <= datacrci(16 DOWNTO 5);
rdatacrc <= datacrci; rcnt <= (OTHERS => "0%);
ERRORO <= "0~°; re <= "1°7;
; rcnt <= rent + 1;

ELSIF(rt= "1" AND rcnt < 7) THEN datafini <= "0";
rcrcvar = rdtemp(1l DOWNTO 6) XOR multi_coef;

IF(rdtemp(11) = "1%) THEN
rdtemp <= rcrcvar(4 DOWNTO 0) & rdtemp(5 DOWNTO 0) & "0%;
rdtemp <= rdtemp(10 DOWNTO 0) & "0F;

ELSE
END IF;
ELSIF(rt = "1 AND rcnt = 7) THEN datafini <= "17;
rt <= "0-;

rdata <= rdatacrc(16 DOWNTO 5);
IF(rdatacrc(4 DOWNTO 0) /= rdtemp(11l DOWNTO 7)) THEN

ERRORO <= "1%"; END IF;

END IF;
END IF;
END PROCESS;

END comm;
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8.1 — A FRARSHL BT

8.1.1 HFERA & N iEA]
TYPETER) AW T
TYPE H#Ek%4 IS HEERAE X OF EAFIERA ;
o
TYPE ##EKAIL IS kA e XL ;

TYPE stl IS ARRAY ( O TO 15 ) OF STD_LOGIC ;

TYPE week IS (sun, mon, tue, wed, thu, fri, sat);

K)(/%ﬁﬂﬁf



8.1 — A FRARSHL BT

8.1.1 HHRALE NiEA]
TYPE m _state IS ( stO, stl, st2, st3, st4, st )
SIGNAL present_state, next state : m_state ;
TYPE BOOLEAN 1S (FALSE, TRUE) ;
TYPE my logic IS ( "1, *Z® , "U", "0 ) ;
SIGNAL s1 : my logic ;
sl <= "Z7 ;
SUBTYPE T3RAI4 IS EAHIERA RANGE ZIRuH ;
SUBTYPE digits IS INTEGER RANGE O to 9 ;
KX/%/Z‘,W&
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8.1.2 Mt A B APIRZSHL
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8.1 — A FRARSHL BT

8.1.3 — A PRARSHLRI BTt
1. 1% 84 3¢ o

ARCHITECTURE .._.IS
TYPE FSM_ST 1S (s0O, sl1, s2, s3);
SIGNAL current state, next state: FSM_ST;

K)(/%fo%ﬁf



8.1 —fkH

FRARZSHL B vt

8.1.3 — A PRARSHLRI BTt
2. % 3% 8t A st 42

FSM: s machine

clk

reset

state_inputs

PROCESS
REG

current_state

next_state

PROCESS
COM

&l8-1 — MRS LS AIAE

comb_outputs
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8.1 — i BRI uevt

813~ﬁﬁm%umm&ﬁ
3. 484 45t 42

4. #i o kA2
[#18-1]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY s machine IS
PORT ( clk,reset - IN STD_LOGIC;
state_inputs : IN STD_LOGIC VECTOR (O TO 1);
comb_outputs : OUT INTEGER RANGE O TO 15 );

END s _machine;
ARCHITECTURE behv OF s machine IS

TYPE FSM_ST 1S (sO, sl1, s2, s3); --#HHEEAEN, REFSHL

SIGNAL current _state, next state: FSM_ST;-—BINAEFIRZEE X AHTKIEHEIRE
BEGIN

REG: PROCESS (reset,clk) - EER PR
(BT



BEGIN
IF reset = "1" THEN current_state <= sO;--fMFPE ES
ELSIF clk="1" AND clk"EVENT THEN
current_state <= next_state;

END IF;
END PROCESS;
COM:PROCESS(current_state, state Inputs) - EHEHE
BEGIN

CASE current_state IS
WHEN sO => comb_ outputs<= 5;
IF state _inputs = "00" THEN next_state<=s0;
ELSE next state<=s]l;
END IF;
WHEN s1 => comb_outputs<= 8;
IF state 1nputs = "00" THEN next state<=s]l;
ELSE next state<=s2;
END IF;
WHEN s2 => comb_outputs<= 12;
IF state inputs = "11" THEN next state <= s0O;
ELSE next state <= s3;
END IF;
WHEN s3 => comb _outputs <= 14;
IF state inputs = "11" THEN next state <= s3;
ELSE next state <= sO;
END IF;
END case;
END PROCESS;

END behv;



8.1 — A FRARSHL BT

8.1.3 — A FRARSHLEI T

4. #i 50 4 42
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8.1.3 — A FRARSHLEI T
4. 34 9 # 42
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8.2 Mooreff RSN
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[518-2]
LIBRARY IEEE:
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY ADCINT IS
PORT(D : IN STD_LOGIC_VECTOR(7 DOWNTO 0): --3k H0809%¥ulT[KI8fr HiE

CLK : IN STD LOGIC; RN T AER &
EOC : IN STD_LOGIC; RS S, KEPRSEEER
ALE - OUT STD_LOGIC; -8/ MEHUME S EIE IS E S
START : OUT STD LOGIC; BT A B

OE : OUT STD_LOGIC; —-¥IEH IS EE

ADDA : OUT STD LOGIC; EE R AT

LOCKO : OUT STD LOGIC; —— WA B i e

Q : OUT STD_LOGIC_VECTOR(7 DOWNTO 0)); --8fi#iizfiH

END ADCINT:

ARCHITECTURE behav OF ADCINT 1S
TYPE states 1S (stO, stl, st2, st3,std) ; —-EXZHRETFHRH
SIGNAL current_state, next _state: states :=stO ;

SIGNAL REGL : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL LOCK - STD_LOGIC; -- ®H#afiEimbaiFEnefEs
BEGIN

ADDA <= "1%;--ZjADDA<="0%, B{UESBEAEE INO; HADDA<="1", NI AEE IN1
Q <= REGL; LOCKO <= LOCK ;
COM: PROCESS(current_state,EOC) BEGIN -—-#lE & REEH I
CASE current_state IS
WHEN stO=>ALE<="0";START<="0";LOCK<="0";0E<="0";
next_state <= stl; --0809#%]i5k
(FET IO



WHEN stl1=>ALE<="1";START<="1";L0OCK<="0";0E<="0";
next_state <= st2; --/g33Xff
WHEN st2=> ALE<="0";START<="0";LOCK<="0";0E<="0";
IF (EOC="1") THEN next_state <= st3; --EOC=1FH#E LR
ELSE next_state <= st2; END IF ; ~-BRWREEIR, ey

WHEN st3=> ALE<="0";START<="0";LOCK<="0";0E<="1";
next_state <= st4;--JF/30E, % i ) EE
WHEN st4=> ALE<="0";START<="0";LOCK<="1";0E<="1"; next_state <= stO;
WHEN OTHERS => next_state <= stO;
END CASE ;
END PROCESS COM ;
REG: PROCESS (CLK)
BEGIN
IF (CLK"EVENT AND CLK="1") THEN current state<=next state; END IF;
END PROCESS REG ;-- HifsScurrent_state¥ 4R E 4 i ke - REG
LATCH1: PROCESS (LOCK) -- mttfEdr, FELOCKH EFRHY, REHls BRI
BEGIN
IF LOCK="1" AND LOCK"EVENT THEN REGL <= D ; END IF;
END PROCESS LATCH1 ;
END behav;

KX/)%/ZW#



[ 518-3]

COM1: PROCESS(current state,EOC) BEGIN

CASE
WHEN
WHEN
WHEN

current_state IS
st0=> next state <= stl;
stl=> next _state <= st2;

st2=> IF (EOC="1") THEN next state <= st3;

ELSE next state <= st2; END IF ;

WHEN st3=> next_state <= st4;--JIE2O0E
WHEN st4=> next_state <= stO;

WHEN OTHERS => next state <= stO;
END CASE ;

END PROCESS COM1 ;
COM2: PROCESS(current_state) BEGIN

CASE
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

current_state IS

StO=>ALE<="0" ;START<="0";LOCK<="0" ;OE<="0"
St1=>ALE<="1" ;START<="1";LOCK<="0" ;OE<="0"
St2=>ALE<="0" ;START<="0" ; LOCK<="0" ;OE<="0"
St3=>ALE<="0% ;START<="0" ;LOCK<="0" ;OE<="1"
St4=>ALE<="0" ;START<="0";LOCK<="1" ;O0E<="1"

OTHERS => ALE<="0";START<="0";LOCK<="0"%;

END CASE ;
END PROCESS COM2 ;

KL
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8.2 Mooreff RSN

8.2.2 iiﬁ/gMooreﬁcﬁlﬁﬂium

[ 518-41]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY MOORE1 IS
PORT (DATAIN :IN STD_LOGIC_VECTOR(1 DOWNTO 0);
CLK,RST : IN STD LOGIC;
Q - OUT STD LOGIC_VECTOR(3 DOWNTO 0));

END MOOREL:
ARCHITECTURE behav OF MOORE1l IS
TYPE ST _TYPE 1S (STO, ST1, ST2, ST3,ST4);
SIGNAL C_ST : ST TYPE ;
BEGIN
PROCESS(CLK,RST)

BEGIN
IF RST ="1" THEN C_ST <= STO ; Q<= "0000" ;

ELSIF CLK*EVENT AND CLK="1" THEN
€I



CASE C_ST IS
WHEN STO => IF DATAIN ="10"

THEN C_ST

ELSE C_ST <= STO ; END IF;

Q <= "1001" ;

WHEN ST1 => IF DATAIN ="11"
ELSE C_ST <= ST1 ;END
Q <= "0101" ;

WHEN ST2 => IF DATAIN ="01"
ELSE C_ST <= STO ;END
Q <= "1100" ;

WHEN ST3 => IF DATAIN ="00"
ELSE C_ST <= ST2 ;END
Q <= "0010" ;

WHEN ST4 => IF DATAIN ="11"
ELSE C_ST <= ST3 ;END

Q <= "1001" ;:
WHEN OTHERS => C_ST <= STO;
END CASE;
END IF;
END PROCESS:

END behav;

THEN C_ST
IF;

THEN C_ST
IF;

THEN C_ST
IF;

THEN C_ST
IF;

<= ST1

<= ST2

<= ST3

<= ST4

<= STO

e
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8.2 Mooreff RSN
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8.3 I\/Iealyf‘”flﬁbm\m&ﬁ

[ 1]8-5])
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;

ENTITY MEALY1 IS

PORT ( CLK ,DATAIN,RESET : IN STD LOGIC;
Q - OUT STD LOGIC_VECTOR(4 DOWNTO 0)):
END MEALY1;

ARCHITECTURE behav OF MEALY1l 1S
TYPE states 1S (stO, stl, st2, st3,st4);
SIGNAL STX : states ;
BEGIN
COMREG : PROCESS(CLK,RESET) BEGIN --yt&FH#RASRIHFE
IF RESET ="1" THEN STX <= STO;
ELSIF CLK"EVENT AND CLK = "1% THEN CASE STX 1S
WHEN stO => IF DATAIN "1" THEN STX <= stl; END IF;
WHEN stl1 => IF DATAIN "0 THEN STX <= st2; END IF;

(&R IO



WHEN st2 => IF DATAIN = "1° THEN STX <= st3; END IF;

WHEN st3=> |IF DATAIN = "0" THEN STX <= st4; END IF;
WHEN st4=> IF DATAIN = "1° THEN STX <= stO; END IF;

WHEN OTHERS => STX <= stO;
END CASE ;
END IF;
END PROCESS COMREG ;
COM1: PROCESS(STX,DATAIN) BEGIN —-#rH#E4H1s 5 K~
CASE STX IS
WHEN stO => IF DATAIN = "1" THEN Q <= "10000" ;
ELSE Q<=''01010" ; END IF ;
WHEN stl => IF DATAIN = "0" THEN Q <= "10111" ;
ELSE Q<="10100" ; END IF ;
WHEN st2 => IF DATAIN = "1" THEN Q <= "10101" ;
ELSE Q<="10011" ; END IF ;
WHEN st3=> IF DATAIN = "0" THEN Q <= "11011" ;
ELSE Q<="01001" ; END IF ;
WHEN st4=> 1F DATAIN = "1" THEN Q <= "11101" ;
ELSE Q<="01101" ; END IF ;
WHEN OTHERS => (Q<="00000" ;
END CASE ;
END PROCESS COM1 ;

END behav;
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8.3 I\/Iealyf‘”flﬁbm\m&ﬁ

[ 1518-61
LIBRARY IEEE; --MEALY FSM
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY MEALY2 IS
PORT ( CLK ,DATAIN,RESET =: IN STD_LOGIC;
Q : OUT STD LOGIC VECTOR(4 DOWNTO 0));
END MEALYZ2;
ARCHITECTURE behav OF MEALY2 1S
TYPE states 1S (stO, stl, st2, st3,st4);
SIGNAL STX : states ;
SIGNAL Q1 : STD LOGIC VECTOR(4 DOWNTO 0);
BEGIN
COMREG : PROCESS(CLK,RESET)  --{REHBIRESHIIE
BEGIN
IF RESET ="1" THEN STX <= STO;
ELSIF CLK"EVENT AND CLK = *"1%" THEN

CASE STX IS
(% T 50O



WHEN stO => IF DATAIN = "1" THEN STX <= stl; END IF;
WHEN stl => IF DATAIN = "0 THEN STX <= st2; END IF;
WHEN st2 => IF DATAIN = "1 THEN STX <= st3; END IF;
WHEN st3=> |IF DATAIN = "0" THEN STX <= st4; END IF;
WHEN st4=> IF DATAIN = "1" THEN STX <= stO; END IF;
WHEN OTHERS => STX <= stO;
END CASE ;
END IF;
END PROCESS COMREG ;
COM1: PROCESS(STX,DATAIN,CLK) —-HiHiis#iE5S 13
VARIABLE Q2 : STD LOGIC_VECTOR(4 DOWNTO 0);
BEGIN
CASE STX IS
WHEN stO=> IF DATAIN="1" THEN Q2 :="10000"; ELSE Q2:=""01010"; END IF;
WHEN stl=> IF DATAIN="0" THEN Q2 :="10111"; ELSE Q2:=""10100"; END IF;
WHEN st2=> IF DATAIN="1" THEN Q2 :="10101"; ELSE Q2:=""10011"; END IF;

WHEN st3=> IF DATAIN="0" THEN Q2 :=""11011"; ELSE Q2:="'01001"; END IF;
WHEN st4=> IF DATAIN="1" THEN Q2 :=""11101"; ELSE Q2:="'01101"; END IF;

WHEN OTHERS => (Q2:="'00000" ;
END CASE ;
IF CLK"EVENT AND CLK = "1" THEN Q1<=Q2; END IF;
END PROCESS COM1 ;
Q <= Q1 ;
END behav;
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8.4 R Zmh

[ %8-7]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY ADO809 1S
PORT (D : IN STD_LOGIC VECTOR(7 DOWNTO 0O);
CLK ,EOC : IN STD LOGIC;
ALE, START, OE, ADDA - OUT STD_LOGIC;
c_state : OUT STD _LOGIC _VECTOR(4 DOWNTO 0);
Q - OUT STD _LOGIC _VECTOR(7 DOWNTO 0));
END ADO809;
ARCHITECTURE behav OF ADO809 1S
SIGNAL current state, next state: STD LOGIC VECTOR(4 DOWNTO O );

CONSTANT stO : STD_LOGIC_VECTOR(4 DOWNTO 0O) := '00000" ;
CONSTANT stl : STD_LOGIC_VECTOR(4 DOWNTO 0O) := '11000" ;
CONSTANT st2 - STD_LOGIC_VECTOR(4 DOWNTO 0O) := '00001" ;
CONSTANT st3 - STD_LOGIC_VECTOR(4 DOWNTO 0) := '00100" ;
CONSTANT st4 - STD_LOGIC_VECTOR(4 DOWNTO 0O) := '00110" ;
SIGNAL REGL : STD_LOGIC_VECTOR(7 DOWNTO 0O);

SIGNAL REGL > STD_LOGIC_VECTOR(7 DOWNTO 0);

SIGNAL LOCK  : STD LOGIC; (BT



BEGIN
ADDA <= "1"; Q <= REGL; START<=current _state(4);
ALE<=current_state(3);
OE<=current_state(2); LOCK<=current state(l);c state
<=current_state;
COM: PROCESS(current_state,EOC) BEGIN —-#lE&REEHITH
CASE current_state IS
WHEN stO=> next_state <= stl; --0809%Jifk
WHEN stl=> next_state <= st2; --j33IF%Ft
WHEN st2=> IF (EOC="1") THEN next_state <= st3; --EOC=1FRBHFH# 4R
ELSE next_state <= st2; —-HE R, REERF
END IF ;
WHEN st3=> next _state <= st4;--JFJ5O0E, i ¥ iF KB 3E
WHEN st4=> next _state <= stO;
WHEN OTHERS => next_state <= stO;
END CASE ;
END PROCESS COM ;
REG: PROCESS (CLK)

BEGIN
IF (CLK"EVENT AND CLK="1") THEN current_state<=next_state;
END IF;
END PROCESS REG ; -- HfE5current_stateX LRPRAE M H LR - REG
LATCH1: PROCESS (LOCK) -- ptitfEs, FELOCKHI LAY, RFi#iq g siN
BEGIN
IF LOCK="1" AND LOCK"EVENT THEN REGL <= D ;
END IF;

END PROCESS LATCH1 ;
END behav:
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8.4.2 i F2mhg
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8.4 RAEYHE

8.4.2 i F2mhg

[#18-8]

SIGNAL CRURRENT_STATE,NEXT STATE: STD LOGIC_VECTOR(2
DOWNTO 0 );

CONSTANT STO: STD_LOGIC_VECTOR(2 DOWNTO 0) :="000" ;
CONSTANT ST1: STD_LOGIC_VECTOR(2 DOWNTO 0) :="001";
CONSTANT ST2: STD_LOGIC_VECTOR(2 DOWNTO 0) :="010";

CONSTANT ST3: STD_LOGIC_VECTOR(2 DOWNTO 0) :="011";
CONSTANT ST4: STD_LOGIC_VECTOR(2 DOWNTO 0) :="'100";
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Cateqgary: |

General Analyziz & Synthesiz Settingz Hore Analysis & Synbtheslis SebLings

Files

User Libraries [Current Project] Specify options for analysiz & Slr_'”thESiS- Specify the settings for the logic options wzed in your project. Some of these optior
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Design Assistant
SignalT ap Il Logic Analyzer
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8.5 AEVIIRASALHE

[ #8-9]

TYPE states 1S (stO, stl, st2, st3, st4, st i1lgl,
st _1lg2 , st _1l1g3);

SIGNAL current_state, next state: states;

COM: PROCESS(current_state, state Inputs) -- HE&ZHEFE
BEGIN
CASE current state IS -— WEJIRERRESE

WHEN OTHERS => next state <= stO;
END case;

I(X%%ﬁ%§
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8.5 AEVIIRASALHE

[ 18-10]

alarm <= (stO AND (stl OR st2 OR st3 OR st4 OR st5)) OR
(stl AND (stO OR st2 OR st3 OR st4 OR st5)) OR
(st2 AND (stO OR stl OR st3 OR st4 OR st5)) OR
(st3 AND (stO OR stl OR st2 OR st4 OR st5)) OR
(st4 AND (stO OR stl OR st2 OR st3 OR st5)) OR

(st5 AND (st0 OR st1 OR st2 OR st3 OR st4)) ;
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[ %18-11]
LIBRARY IEEE ;
USE IEEE.STD LOGIC_1164_ALL;

ENTITY SCHK 1S

PORT(DIN, CLK, CLR : IN STD_LOGIC; --EBfTHIANBIRAL/ TIER ST/ BAIES
AB : OUT STD_LOGIC_VECTOR(3 DOWNTO 0)); --Huili&h R
END SCHK;

ARCHITECTURE behav OF SCHK 1S

SIGNAL Q : INTEGER RANGE O TO 8 ;

SIGNAL D : STD LOGIC_VECTOR(7 DOWNTO 0); --8f7ifstillThiE %k (FEL=E5H)
BEGIN

D <= "11100101 ' ; —-SAifFRimTiE %
PROCESS( CLK, CLR )
BEGIN

IF CLR = "1 THEN Q <= 0 ;
ELSIF CLK"EVENT AND CLK="1" THEN —-HH4hBskit, HWi3EabEe 4 et A 4L
CASE Q IS
WHEN O=> IF DIN = D(7) THEN Q <= 1 ; ELSE Q <= 0 ; END IF ;
(BT



WHEN 1=> 1IF DIN = D(6) THEN Q <=
WHEN 2=> 1IF DIN = D(5) THEN Q <=
WHEN 3=> IF DIN = D(4) THEN Q <=
WHEN 4=> IF DIN = D(3) THEN Q <=
WHEN 5=> IF DIN = D(2) THEN Q <=
WHEN 6=> IF DIN = D(1) THEN Q <=
WHEN 7=> 1IF DIN = D(0) THEN Q <=
WHEN OTHERS => Q <= O :
END CASE :
END IF ;
END PROCESS ;
PROCESS( Q )
BEGIN
IFQ =8 THEN AB <= "1010" ;
ELSE AB <= "1011" ;
END IF ;

END PROCESS ;

END behav ;

g M

O~NO P WN

- ELSE Q
- ELSE Q
- ELSE Q
- ELSE Q
- ELSE Q
- ELSE Q
- ELSE Q

<=
<=

<=
<=
<=

olNolNoNololNoNe)

; END
; END
; END
; END
; END
; END
; END

IF ;
IF ;
IF ;
IF ;
IF ;
IF ;
IF ;
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[ %18-12]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE 1EEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT10B IS
PORT (LOCKO,CLR : IN STD LOGIC;
CLK : IN STD LOGIC;
WE - IN STD_LOGIC;
DOUT : OUT STD LOGIC VECTOR(8 DOWNTO 0);
CLKOUT : OUT STD_LOGIC );
END CNT10B;
ARCHITECTURE behav OF CNT10B 1S
SIGNAL CQl : STD LOGIC VECTOR(8 DOWNTO 0O);
SIGNAL CLKO : STD LOGIC;
BEGIN
CLKO <= LOCKO WHEN WE="1" ELSE
CLK;
PROCESS(CLKO,CLR,CQI)
BEGIN
IF CLR = "1 THEN CQI <= "000000000";
ELSIF CLKO®"EVENT AND CLKO = "1 THEN CQI <= CQl + 1; END IF;
END PROCESS;
DOUT <= CQI; CLKOUT <= CLKO;
END behav;
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[ f58-13]

LIBRARY IEEE;

USE IEEE.STD LOGIC_1164_ALL;

USE IEEE.STD LOGIC_UNSIGNED.ALL;
ENTITY DAC2ADC IS

PORT ( CLK - IN STD_LOGIC; ——¥Hasntsd
LM311 : IN STD LOGIC; --LM311%Hi, HP1037 0 AFPGA
CLR - IN STD _LOGIC; —-iIHEELNT
DD - OUT STD LOGIC_VECTOR(7 DOWNTO 0) ;--%#iq08321 %3k

DISPDATA : OUT STD_LOGIC_VECTOR(7 DOWNTO 0) );--##HdE Ex
END;
ARCHITECTURE DACC OF DAC2ADC 1S
SIGNAL CQl - STD_LOGIC_VECTOR(7 DOWNTO 0) ;

BEGIN
DD <= CQI ;
PROCESS(CLK, CLR, LM311)
BEGIN
IF CLR = "1" THEN  CQI <= '00000000";
ELSIF CLK"EVENT AND CLK = "1" THEN

IF LM311 = "1" THEN CQI <= CQIl + 1; END IF;--nEERHET, 2k
END IF; — - HIE S, BPRlE IR, RETEETCQIH
END PROCESS;
DISPDATA <= CQI WHEN LM311="0" ELSE '"00000000" ;--3{#7£T-CQI ¥k
END;
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1. B3 mifiRA

S

[517-11
WIDTH = 8;
DEPTH = 64;

ADDRESS_RADIX = HEX;

DATA RADIX = HEX;
CONTENT BEGIN

0 : FF;
1 : FE;
2 FC;
3 . F9;
4 . F5;
.. (BERE 22D

3D : FC;
3E : FE;
3F : FF;

END;
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1. E. mifiERCH
[5]7-2]

#include <stdio.h>
#include ""math.h"
main()
{int 1;float s;
Tfor(1=0;1<1024;1++)
{ s = sin(atan(1)*8*1/1024);
printf("%d - %d;\n",1,(int) ((s+1)*1023/2));
+
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2. I hex#i&R 30
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34 |26 |19 [13 |8 4 1 0
32 | 1 4 5 12 |19 |28 |34

40 |43 |53 g4 |75 &7 |99 [112 124
45 137 (150 [162 [174 [186 197 (207 |27
56 |25 |23z 239 (245 (249|252 |254  |2s5

K] 7-2 K5 ik T B g T A mif S04 A Kxﬁémzﬁf



2. EIr. hex} 83

J

K7-3 ASME X hex SO

5 v2.00 : B #E#1E (8031) [D:\Documents and Set

THE WIBE BRG | mAE HTR §0w HE

& =g D] = =

EEERIE(R)

nAARERI .
A EEILM..

Ei D:\SIN_GNThdata's
ORG @08868H
DE 255 , 254, 252 | 240
DE 24C 2390 , 233 , 22%
DB 217 287 197 186
DBE 174 , 162 1@ , 137
DE 124 , 112 00 87
DB Fi oh Ld h3
DB 3y 26 19 13
DB 8 i 1 A
DB A 1 y 8
DB 13 10 26 34
DB L3 L3 oh 5
DB 87 00
DB

DB
DB
DB
EHD



7.2 RN FH S
7.2.2 EHHIIEEE SO

2. BT hexi&Rrt&

K] 7-4 sdata.hex 3L BUE B 12

| EHE fEED &80 W TARD AR

| «RE - =» - 3| QfF Qrpx @6 B L X ol @

| HEBE(D) |1 datats

TridIE ¥ 1 sl -1 ot e | 2R

T eCirogemes a1 ], Diia 16 mnzn
=0 sinanT b ] SDATA LKE BIN I
o J!ﬁ dataHE™ dEItHHEx SDATA LKB HEX I
BT #]|SDATALST  7KE LST drfd
©om 71 cneeThCka S

KX/;%Z%[&



7.2 RN A S

7.2.2 EHIPIIE L EIE ST

7.2.3 TEHILPM ROMITH

r

ega¥lizard Flug—In Nanager |[page E

The Megawizard Plug-ln Manager helps you create or modify
dezign files that contain customn vanations of megafunchions.

Which achion do pou want bo perfu::rrn’r'

[ - Edlt an exizhing custom megafunchion wanatu:un
[ Copy an exdisting custom megafunction wanation

Copyright 71931-2005 Altera Corparation

Cancel |

M ewt = |

K 7-5 xE Hil8T ) ZE T e Kxﬁazwﬁf



Hega¥izard Plug—In Hanager |page Za E

Which megafunction would you like to customize? Whicf; dewice family will you be ||:_,IJ,:|,:|r.IE |
Select a megafunction from the list below MEIng
+- & arithretic I.,ﬁ,,J Which type of output file do pou want to create?
ARM-Based Excalibur ~ AHDL
. | o}
+ ﬁ gates © HOL
- " Veiilog HOL

+ - memary compiler

Wihat name do you want for the output file? Browse. . |

D:Msin_gnthdata_rom,vhd

ﬁ SignalT ap Il Logic &nalyzer
= ﬁ storage
1 ALT3PRAM

e ALTSHIFT TAPS | Return to thiz page for another create operation

1 ALTSYMCRAM Mote: To compile a project successfully in the Quartus [ software,

1 LPM FF pour desigh filez must be in the project directany, in the global uzer

LF'M_FIFEI+ libraries zpecified in the Optionz dialog box [Tools menu), or a uszer
- libramy zpecified in the Uzer Libranes page af the Settings dialog

LFM_LATLCH biow [Azzignments menL).

LPM_RAKM_DP

LPM_RaM_DP+
LFM_Fakd_D0

Your current user library directonies are:

ERLPM ROM
1 LPM_SHIFTREG
+ @ P MegaStore W

K 7-6 LPMZE ThEEH % 5E Kxﬁéiziffélﬁf




LPM_ROM

Yersion 6.0 about Docurmentation

FPararmeker

Settings

Currently selecked device Family: el
data rom ¥ B 4 yeone i
address[5. 0] 7 1 Family supparks LPM_ROM only in backward-compatibility mode,
inclock Gl ..ol Alkera recommends using ALTSYMCRARM wizard,
How wide should the 'q' output buz be’? E ~ | bitz
B
Haow many S-bik words of memory? B4 = || words
What should the RAM block bvpe be?
® auko M4
Sek the maximum block depth ko ALk ~ | words

What clocking method waould wou like to use?

Single clock,

Rezource Lzage »: Dual clock: use separate ‘input’ and 'output’ clocks

o M4k +
1 z2ld_mod_ram_rom

Cancel Mext = Finish

& 7-7 % Fdata_romALBREIE Ze A ik 28 58 KB




7.2 RN FH S
7.2.2 EHHIIEEE SO

7.2.3 TEHILPM ROMITH

Nega¥izard Plug—In Nanager — LFN EONX [page 4 of &1

Which partz should be regiztered?

—
=
data rom [ g output port
addreszz[5..0] = 0
inclock of7..d] . Create one clock enable signal far each
clock signal. All reqiztered ports are |

cantralled by the enable zignaliz).

—

ElE

More Options |

| Create an 'acl’ asynchronous clear
for the reqiztered ports

K 7-8 L FEHHE /S Sinclock Kxgéfm%f



(.2

TR Y SZA]

7.2.2 EHIPIIE L EIE ST

7 2 2 THIll DN DON-T4H

Do pow want o specify the initial content of the memony?
[ Mo, leave it blank
-

data rom

addrez=[5..0]

* “Yez, use this file for the memony content data
o[7..0]

inclock Initialization File T.mifll

["ou can uze a Hexadecimal [Intel-format] File [ kex] or a Memon

Browse. .. |

File name:  |D:hsin_gnthdataHEXASDATA HEX

| E

independently af the zpztem clock

v Allow [n-System Memory Content Editar to capture and update content

The 'Instance 1D of this BOM is: |F|I:Ih-11
Fezource Estimate
1 hldh . ..
D ocurmentatian... | Cancel | < Back | Hest = | Finish |
1 =ld_mod_ram_rom

&1 7-9 T AROMAIGHEE A H IR FAE R GRS T fie

KX/;%Z%[&



7.2 ZRAABRNY H] SEA

7.2.2 EHIPIIE L EIE ST

7.2.3 TEHILPM ROMITH

Categony:

- General
- Files
szer Libranes [Current Project]
Dewvice
L+] Timing Analyziz Settings
P;r} EDA Tool Settings
i_'4;-_; Corpilation Process Settings
L:' ﬁnal_l,lsis & Synthesiz Settings
 WHDL Input
_ Uerllng HDL [FipLt

5 ynthesls Netllst Dptlmlzatlnns
- FltterSEttlngs

- Physical Synthesiz Ophimizations
- Azzembler

—
FEETETY B [ EETT TR T e PP TR EER TR EETEN

Default Parameters

Specify the default zettings for the parameters used in pour project. Azsignments in design files or
azzignments made in the Azzignment Editor will overnde these defaulks.

- Parameter

Mame: CvYCLOMEIN_SAFE_WRITE

Cefault zetting: "ERIFIED_SAFE"

Change

Delete

E®izting parameter settingg

~Marne: 5 ething: |

CYCLOMEN_SAFE_W...  "WERIFIED_SAFE"

&7-10 LPM_ROM¥ it 52 i,

KX/% oyt




[5]7-3]

L I1BRARY 1eee;

USE 1eee.std logic 1164_all;
LIBRARY altera mf;

USE altera_mf.altera_mf _components.all; ——{§ FH ZZ Th e FE R i BT oA
ENTITY data rom IS
PORT (address : IN STD LOGIC VECTOR (5 DOWNTO 0);
inclock : IN STD LOGIC ;
q - OUT STD_LOGIC_VECTOR (7 DOWNTO 0) ):

END data rom;
ARCHITECTURE SYN OF data_rom 1S

SIGNAL sub_wire0 : STD_LOGIC_VECTOR (7 DOWNTO 0);
COMPONENT altsyncram —-filfhaltsyncramjoft, THH T LPMEEBR
altsyncram
GENERIC ( -SSR IBTER)
intended_device family - STRING; --RKEBEZ=EHIHER
AE X
width_a - NATURAL;
widthad _a - NATURAL;
numwords_a - NATURAL;
operation_mode - STRING;
outdata reg a - STRING;

address aclr_a - STRING; BT



outdata aclr_a - STRING;

width _byteena a - NATURAL;
intt_file - STRING;
Ipm_hint > STRING;
Ipm_type > STRING );
PORT ( clockO : IN STD LOGIC ; —-—altsyncramyuf4+ 0 =B
address a - IN STD LOGIC _VECTOR (5 DOWNTO 0);
q_a : OUT STD _LOGIC _VECTOR (7 DOWNTO 0) );
END COMPONENT;

BEGIN
q <= sub _wireO(7 DOWNTO 0);
altsyncram _component : altsyncram

GENERIC MAP ( intended_device family => "Cyclone", --Z#
£ 5 B Sh

width_a => 8, —- IR T8
widthad_a => 6, —-Hbhik £ 5 K 6
numwords a => 64, --H P H =64
operation_mode => ""ROM", ——LPMAEZROM
outdata_reg a => "UNREGISTERED", --#iHiELHIfF
address_aclr_a => "NONE", —— L F P HLHEEO
outdata aclr _a => "NONE", -- TR B R PO
width _byteena a => 1, -- byteena afi AORmE1

init_file => “_./dataHEX/SDATA.hex”, --ROM#IZALEHESC
. teat BB sud T T



Z B

Ipm _hint => "ENABLE RUNTIME_MOD=YES,
INSTANCE_NAME=NONE"",
Ipm_type => "altsyncram" ) —--LPMSEZY
PORT MAP ( clockO => i1nclock, address a => address,q a =>
sub wireO );

e

K ZoH



7.2.4 FERIERIT

[5]7-41 IE3Z(G5 KESRE X T
LIBRARY 1EEE; --1E3X{E5 K4AZRVECH
USE I1EEE.STD LOGIC 1164 _ALL;
USE I1EEE.STD LOGIC_UNSIGNED.ALL;
ENTITY SINGT IS
PORT ( CLK : IN STD _LOGIC; —— (&S YR i b
DOUT : OUT STD _LOGIC VECTOR (7 DOWNTO 0) );--8fiitTeiEim

END;
ARCHITECTURE DACC OF SINGT 1S
COMPONENT data_rom - EEIEA#E2LPM_ROMIC{F: data_rom.vhdy= i

PORT(address : IN STD_LOGIC VECTOR (5 DOWNTO 0);--6fiHilitf5 5
inclock : IN STD LOGIC ;--Huhh4lifEmteh
q : OUT STD LOGIC_VECTOR (7 DOWNTO 0) );
END COMPONENT;
SIGNAL Q1 : STD_LOGIC_VECTOR (5 DOWNTO 0); ——#5E p#s SqE A bkt Hiae
BEGIN
PROCESS(CLK ) ——LPM_ROM#hht i A 23 3EFE
BEGIN
IF CLK"EVENT AND CLK = "1" THEN Q1<=Q1+1; --Q1{ENHulit kA 25i+%es
END IF;
END PROCESS;
ul : data rom PORT MAP(address=>Q1, g => DOUT, inclock=>CLK) ;--#itk
END:;
KX/%/Z%‘%



7.2 FEFRHLNY B SEA

7.2.2 FEHIPIIRHEIE ST

7.2.4 FERIERIT

[ pz 5. 1? s 1|J.2|4 s 15.3|E| s ED.4|E s 25.% 1s SD.TIE 1s 35.8;4 s 4|:|.'3|E| 1s 4E|.EIIE
Hame T
I
| K oy e g L] | L L] |
o RERLE R IE N R T S R R R O T 8T A O T G

K 7-11 17 B3 e s



7.2 FEFRHLNY B SEA

7.2.2 FEHIPIIRHEIE ST

7.2.4 FERIERIT

Hame -416 -400 -354 -363 -352 -336 =320 -304 -2ad -272 -256 =240 -2

= -
_ O‘HHHH ........ nn||||||||||||||||mHHmHHHHHHHHHHm ......... |nn||||||||||||||||||HHHHH‘HHHHHHHHH‘ ........ .nn|||||||||||||||||||HHH‘HHHHHH‘HHHHH_.
| I | | | | I

: |

oo |1 1 1 T 1 1 T 1 [ 1

| cemm L L LT L 1L ML rirerereriri
i jigigipipigigiginipigigigipipigipigipigigigigipigiy)

[ é....m[ﬂ T

[ é....m[n] ﬂ

E7-12 i N SIE M RS BB TE K LRI



7.3 1ERGAFE A EAE LS 9

stance ILY | Skatus | Width | Depth | 1]

{‘!:IZL

e Y.

m[HardIare Setup

Hardware Settings l_]’TﬁLG Settingz]

Select a prograrming hardware sebup to uze when programming desices. This progranmming
—|  hardware setup applies only to the current programmer window,

m
Currently selected hardware: ButeBlasterMy j
tyvalable hardware items:
Hardware Server Part £dd Hardware. . |
ButeBlaztertd Local LPT1 |

- Setup...

»| 5ScanChain

%]7-13 In-System Memory Content Editor % &

KX/;%Z%[&




7.3 TERGUF A A B2 S g4 DY

Instance Manager (=7 i‘ = |Fha.5u:|5,I ta acquire @ ¥ | JTAG Chain Configuration: |JTﬂG ready @

| e | Instance D | Statuz | Width | Depth | 1
' T . * | Hardware: | ByteBlastert [LPT1] - Setup...

ramm’

(@1: EF2C5 [0x020B100D) +|  Scan Chain

Bead Data from In—System Memory

Continmously Eead Data from In-System Memory FB

_{_ Write Data to In—System Memory FT

o 0 roml:

gooooo 7 _ P77 7T OTTOTTOTT O OPIRIIIIIIIIIIIIILIIY
noon14 7 Import Data from File .. PTOTTOPT MY OTTOTTOPRRIIIIIIIIIIIIILIIY
000028 7 Export Data to File. .. PTOTTOPT MY OTTOTTOPRRIIIIIIIIIIIIILIIY
ooonac 7 7777

Instance Status Help

K7-14 55258 R4 L IIFPGARE IEH 1500 T 4w 38 5 S

KX/;%Z%[&



7.3 TR EE

gooosc  F3 FC FE FE

K 7-15 NFPGAH FJROM LB FE

ZAE

Instance M anager: |HEEII|_'.-' to acquire @ ®* | JTAG Chain Configuration: |JTﬂG ready @

Index | Instance 1D Status | ‘width | Drepth | 1

|ﬁEII-_II rli;i-.l.-;.-i ...... .r:..J.E;i: runr‘li}:{é E ................ EH ................... F Hardware B}IteBlaEtE[Mu [LF|T-I ] L SEtL.II:
Device: (@1; EP2C5 (0020810000 *| GScanC

™ ™ File:

a0 roml:

pooooo FF FE FC F9 FS EF E9 E1 D9 CF C5 BA AE AZ 96 89 7C 70 63 57 ... ... . ...... | oo

ooonl4 4B 40 35 2B 22 1A 13 0D 08 04 01 00 00 01 04 08 0D 13 1A 22 E@5+" . . . .... ...

ooooz2g 2B 35 40 4B 57 63 Y0 YC 89 96 AZ AE BA C5 CF D9 E1 E9 EF F&  +5@EWep| .. ... .. ...

KX/%Z%[&



7.3 TER G B

e
&@
-
2
=

e ] oml;

ooooon 11 11 11 11 FS EF E9 E1 D9 CF C5 B AE A2 9% 89 7C 70 &3 57
aoool4 4B 40 35 2B 22 14 13 0D 08 04 01 00 00 01 04 08 0D 13 14 22

gooods 2B 35 40 4B 57 63 70 7C 89 96 A2 AE BA 5 CF D% E1 E9 EF F&
agooosc F9 FC FE FF

K| 7-16 ZmiE i L E R
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7.3 TER G B

& DOUT

w- o

K 7-16 T #idm 23 5 ) Signal Tap TERFE T

KX/;%Z%[&



7.4 YmiESignalTapllffifih k(=55

trigger; 200441 2003 133538 #1 Lack made: é‘i-‘ullnw all changes v S1gnal

Hode Incremental |Debug Port Data Enable | Trigger Enable | Trigger Levels [lock |I3LE I
Type | Alias Hame Route Out 14iduto 14iduto  [1[v|Basic - ot

ata.

) Bazi

o Z?LIT r v v i : Sample Hodes
- v v

@ A I- I- I- |1 E ""’l |VF A

B 7-17 1L B Pl = 44

KX/;%Z%[&
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7.4 ¥

Signal Tapll[fifih % 5 5

Advanced Trigger Condition Editor; Level 1

Maode List:
Type | Alias Hame BResult: ﬂ
o CouT

= - OUTY

i - o

o EMA, 5 Result

Object

-3 Edge & Level Detector
---=I' Input Objects

---:l' Comparison Operators
---=I' Bitwizse Operators

[B] Data |@ Setp |E Advanced Trigger 1

ﬂ
Object haz an incorect number of inputs,

=l

] 7-18 3\ “fih & 4 BR B g R e 1




7.4 %

-

Signal Tapll[fifih % 5 5

Maode List: tidvanced Trgger Condition Editor; Level 1
Type | Alias Hame Besult: ENALeCOT=12 ﬂ
o CouT
o - OUTY
= -l | EMa
> Enla, = logical 0
B comparizon_0 data[n]
all | — result
Object [ Cul q X EI-|_ result 2 }@_‘:—{E Result I
= 4 I:.M_aEh—': datal0]
e ¥ Fdze & Level Detector s 1z o
=~ Input Objects 4 ECUALITY LOGICAL AND |
----- * b1t Value
----- # FBuz Value
----- * Fus
=4 Compariszon Operators
----- ¥ Lezz Than J J _lj
| 4 ]

----- B Toce Than ar Fanal Tna

el 7-19 S iR i A R 2K

n
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I RSPIVAS

7.5 H'EA s it &

7.5.1 RAMZE il

—What should the EAM block type be?

{* Auto " N51E " MK " M=FiM
==y Set the maximum blocl depth to Iﬁ‘ut':' hd words
data[7..0] of7..0] ? —Do wou want to specify the 1nitial content of the memory?
wren " Ho, leave it blank
addre==s[5..0] ¢ le5, usSe TO1E CLl1le [oF The Memory COontent
) At n
inclock (You can use a Hexadecimal (Intel-format) File
[.hex] or a Memory Initialiration File [.mif].)
Filel Browse. .

The imitial content file
should conform to which

[FORT & =

[T Implement with logie cells only, ewen if the
device contains EAB=z or ESEs

[ 81law In-System Memory Content Editor to capture
and update content independently of the system

The In=tance INl of thi= ram |1'5'=El1112

K7-20 4R e HIRAM Kxﬁ%ﬂfé




7.5 HE At A g il 5 M

7.5.1 RAMZE il

0 ps 5. 1? 1z 1|:|.2|4 1z 15.3|E| 1z EEI.-E‘:IE 1z EE.I% 1z SD.TIE 1z 35.E|4 s

Hame o
address 051 3052 ) 053 ) 054 ) 055 j 056 ) 05T ) 058 f 051 ¥ 052 053 054 055 ) 0S8 057 ) 058 f059 ¥ 0S4 § 0SB
data TRER R ERCREDEDERERERERERER ERED ERER EN
1inclock
WY EL
H q El4'3I#A}{#E}{#E}{-ﬂl}{4EH#F}{50}{49}{4#}{43}{%}{@}{%}{%}{50}{ a0

&7-21 LPM_RAMI{I1) B TE

KX/%Z%[&
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7.5 HE At A g il 5 M

75.2 FIFOEHI

Would wou like to register the output to maxmize
performance but use more area?
(v Yoz (best speed): " Ho (smallest area]
FIFOZ
dlata[7..0] gl7..0] —Would wou like to disable any cirecuiltiry protection?
wrred full If not requi;ed, overflow and underflow checking can be
dizabled to improwve performance.
roreg empty
ok usedw(7..0] [~ Dizable owerflow checking. Writing to a full FIFD will
cloc
[T Disable underflow checking. Eeading from an empty
aclr 8 bits x 256 words FIFD wi1ll corrupt contents.

[T Implement FIFO function with logic cells only, ewen if
the dewice contains EAB=s or ESEs

—[utput register option for dewices with fully synchronous EAM

& 7-22 FIFO%i 48 & K, 5



7.5 HEAFE AR R il DA

75.2 FIFOEHI

[ p= 5. 1? us 1|:I.EI4 us 15.3|E- us ED.4IE| us 25.% us 3|:I.T|2 us 35.8;'-1 us -!1|:|.'EIIE| us QE.DIE us 51.?

Hame e
1

- clock
- aclr
i data 58 5B 30 S0 SE W SF 40 W 41 w42 W43 W44 45 46 w47 48 49 Y 4a 4B 40 4D W 4E W 4F w50 w51 sz W53
1 rdreq | L
- Wrreq _| |
0 empty _l I_
0 g full
i q i HETE R EEHERER TR
i uzedw r@(m}{nz 03 K04 ¥05 06 ¥07 {08 403 f0AYOF ¥0OC ¥OF 04 £09 $08 407 ¥0B #05 %04 %03 02 ¥01 %

%] 7-23 FIFORI15 B B
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7.6 /K Ee i RN as VRS A BT

(1) HVHDL 16407 InvERs .
[%17-5])
LIBRARY IEEE;
USE TEEE.STD LOGIC 1164 _ALL;
USE TEEE.STD LOGIC _UNSIGNED.ALL;
ENTITY ADDER16B IS
PORT ( CIN - IN STD LOGIC;
A, B - IN STD LOGIC_VECTOR(15 DOWNTO 0);
S - OUT STD _LOGIC _VECTOR(15 DOWNTO 0);
COUT :- OUT STD_LOGIC )
END ADDER16B;
ARCHITECTURE behav OF ADDER16B IS
SIGNAL SINT : STD_LOGIC VECTOR(16 DOWNTO 0);
SIGNAL AA,BB : STD_LOGIC VECTOR(16 DOWNTO 0);
BEGIN
AA<="0"&A; BB<="0"& B;
SINT <= AA + BB + CIN; S <= SINT(15 DOWNTO 0); COUT <= SINT(4);

END behav;
K X/% ORI




7.6 /K2yt B INss IR &

(2) TiJ= R 2

Libraries:

altfp_div o~
altfp_ it ]
altrmernmul:
altrnult_accum
altrault_add

divide

lprm_abs

lprn_add_sub
lprn_compare
Iprn_counter

Iprm_divide:

Rk da odp o dp dp dp by dp o,.'l'm

P AT AT A A AT AT AT A A

L parallel_add
! M nates

1 <] (3]
Marme:

I Bepeatinzert mode
I Insert symbol as block
W Launch Megatfizard Plug-In

Meaawizard Plug-ln Manager...

|I|:-m_mu|t J

juls LCancel |

AFR I

LPM_MULT

clock

clatza[]

=um(]

YJ\ result[]
!

B

LPM_MULT

Yersion 6.0

Puarming Juartus IT Analvysis & Svyn
Command: quartus_map --read_setti
Nuartus II Analysis & Synthesis w

K] 7-24 78 J5 #H K dm

| About || Diocumentation

Multiplier configuration
# Multiply 'datas’ input by 'datab’ input
Multiply ‘dataa’ input by itself (squaring operation)

How wide should the 'dataa’ input bus be? 8 || hits
How wide should the 'datab’ input bus be? 8 > || hits
Create a 'sum' input bus with a width of w | bitg

Howe should the widkh of the result’ output be determined?

& putomatically calculate the widthe

ZF M ALPM TR




7. 60K BTl BN R IR A N

(2) TMER

multEh
clock

dataa[7 0]

-~

datab[7..0]

-

}{ ) result[15. 0]

Un=igned
muttiplic:ation

&7-25 R LPM3fei% A% BB N it K 2 A7 2\

@@i#&ﬁo

Does the 'datab’ input bus have a constant waluey
® Mo

Yes, the value is

Which tyvpe of mulkiplication do wou wank?
' Unsigned

Signed

Which rmultiplier implementation should be used?

Usze the default implementation

Use logic elements




7.6 /K2 vk B s BRIVR S A I

(2) T2 B e vt

............................................... r'I"ILI|'[B|:I

................. ECLDCK :,_%ET &
S D __ datas[7. 0] DRI S
N BRI B S WERMS QL
.......................................... Llngigned
.................................... dhatab[7. 0] muttiization & - | oo
A ' L et EROIEEY B
IO B [ = D és;un DI
................... O : O : . P L e e e e e
................... - - N
................... = = AODOER1GE N I
R I~ o N N N R
AN (1l R i el S BRREESEERRDREESEDRDDEES Dbw b, SI50] el
................... D o -";"-[15--['] couT
................... rl:.ﬁ rl:.ﬁ

AN T O T 0 S N pwam EUIEY
................... EUH Eum N multah

................... E E .. i inst

................... —L . — L . Ell:ll:k

I . ' . i S o D I
T 1111 0 SRRDURRII SR hatas]7. 0] o RS EEEDEEE DE
SESRRRE SRR UL P - LR R e IO S
............................................. Llngigned
....................... datab[7 0] R EEEES RS I -
FDATAR[F. 0] :|HPET§""""""' oo instd e L

&7-26 Ffeik RN FL R



7.6 /K Ee i RN as VRS A BT

(3) i,

Simulation Waveforms

Master Time Bar: | 11.9 ns 1| M Fointer: | 17.32 us Interwval: | 17.31 us otart:
val 1 ps a. 1? us 1D.E|4 us 15.3|E| us EEI.4IEE us EE.@ us 3|:|.TIE s
Hame 11.... |f ms
|
1 CLOCE EO
o COUT B O | | | | |
Ty DAThs un 0 iy 73 i 16 b 23
Ty DATAD un 0 iy 15 h 71 iy
i 3 o 1] }:: 345 }:: B30 }:: 631 }:: BTZ }C

K 7-27 muladd TF&45 B
KX/%/L&\?Q[&



7.69m 7K 25 i g 13

(4) E7-282%) T B 7-25FE3AT AN I H HUIEHE )5, g ai 54 HRIANF B

A IR

Total logic elements
Total registers
Total pins

Total wirtual pins
Total memory bits

Embedded Multiplier 3-bit elements

Total FLL=

274 { 4 B0 (5 %

110

/89038 %)

I

0/ 119808 (0%
0/26 (0%)
0/200%

)

NG

Total logic elements

Total registers
Total pins

17/ 4,608 (<1%)
0
389 (3%

Total wirtual pins I

Total memory bits

0/ 119,808 (0 %)

Embedded Maltiplier 9-bit elementz 2 /26 (8 % )

Total FLL=

0/200%)

K7-28 X ik as i FEAN Rl v B B 1R
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E SRR BUAHEA Jo

I

ALTPLL

Version 6.0

ScanLock Clock switchover

able to implement the requested PLL

jrzlk0

PLLEO

General

areset

inclk0 frequencay: 20.000 hiHz
Operation hode: Nomal

Clk [Ratio[Ph cdgy] OC (%)

c0 | 1M1 | 0.00 | S0.00

. ) L o
— Which device family will you be using'

YWhich device zpeed grade will you be uging?

. . —
Tyclone |l YWhat iz the frequency of the inclockl input’

&7-29 1L FZ 5 I Bl 20MHz

Docurnentation

Cyclone 11
20,00 | MHz [
et




7.7 LPMER A BRI,

7.7.1 B 5 A BRI oAt

I

inclk

FLLZ0

fble ko implement the requested PLL

areset

inclkO frequency: 20.000 hHz
Operation hade: Nomal

Clk:

Ratin

Ph idg| OC (%)

i

11

0.00 | S0.00

Opkional inputs

_reate an pllena’ input to selectively enable the PLL ¢

| Create an ‘areset’ input bo asynchronously resef the PLL

Cyrclone 11

Lock oukpuk
| Create locked' oukput

K 7-30 S EEEHIE 5

Create an ‘pfdena’ input ko selectively enable the phase freq. detector

K)(/%fo%ﬁf
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(.7 LPM

R A TCHUAH A,

E SRR BUAHEA Jo

jmzlk0

FLL0

areset

inclkl frequency: 20,000 hiHz
Operation hdode: Hormal

Clk [Ratio]Ph idgyf D ¢
co | 32| ooo | 5000
el | sz | ooo | s0.00
ez | 1ov1 | ooo | s0.00

Cyclone 11

2 - Core/External Qutput Clock,
able to implement the requesked PLL

# Lse this clock
lock Tap Settings

! Enker output dock frequency:

Enter output clock parameters:

Clock multiplication Factor

Clock, division Factor

Clock phase shift

Clock duby cvcle (%)

K 7-31 1L Fre0fy Hr i A= 41 210MHz

I

~

Requested settings Actual settings

200.0000000C| | pHz = 200.000000
= 10
~ == Copy ]
St

0.00 s B 0.00

S0.00 50,00

KX/%Z%[&
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7.7.2 MR AEIA

R A TCHUAH A,

gl [e|R]E
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7.7.2 MR AEIA

PR By L O Y I PLL ) 7 61 -

ENTITY DDS_VHDL 1S
PORT ( CLKK : IN STD _LOGIC; --Ji4hidt NBiAHIR
FWORD : IN STD LOGIC_VECTOR(7 DOWNTO 0);

ARCHITECTURE one OF DDS VHDL IS
COMPONENT PLLU —— i NPLLFEHH
PORT ( inclkO - IN STD LOGIC := "0";
cO : OUT STD LOGIC);
END COMPONENT:
COMPONENT REG32B

BEGIN

ué - SIN _ROM PORT MAP( address=>D32B(31 DOWNTO 22), qg=>POUT,
inclock=>CLK );

u7z7 : PLL20 PORT MAP( inclkO=> CLKK,c0=>CLK); —-fil{t

END; e

KX/;% oy
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B nco-v2.2.1
J P wEED EFY WEE IRD b

| ©RE - = -5 QFF Rasx @5 D0 X o B
| HBHD) [ neo-vz.2.1

W w [ = 5 w7
-] nios_sst160 ﬂ LD L E %| & . . . .

-] nios_55T160d b datal datal dataz ikernel inskall.iss |yt SEtup ]
-] rios_55T8 nco-v2.2.1

-] nins_55TE_CT A A

{:l nios_vgac_sst Setup

{:l nios_wgac_ssk00 HRRR ) , ,

-] rios_vgac_sst00a Setup sekup uninstall iss

w0 PHAS {ECIRTIE]: 2004-12-2 14:05

R = R s

K| 7-33 ZEENCO%
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Installshield Wizard

Choosze Destination Location

Select folder where Setup will install files.

Setup will inztall MCO Campiler MegaCore Function +2.2.1 in the fallowing folder.

Toinztall ta thiz folder, click Mest. Ta install to a different folder, click Browsze and select
anather folder. Altera recommends that all MegaCaore functionz be installed into a single
directon.

D estination Falder
|V D:\MegaCare Browsze. ..

IhztallS5hield

Cancel |
E7-34 T 2 2 B BR AL K BT
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#' Quartus 11
File Edit Miew Project  Assignments Processing  Tools  Window  Help

JD@E|§|.}EE|“’J [ T2 . e ovme | o= . .1.£||

Mew Project Wizard: Introduction

Entity The Hew Froject Wizard helps wou enter settings that apply to wour
Compilation Hierarchy entire project, including the following:

# TFroject name and directory

# Hame of the top—lewel dezigzn entity

# Design files, other sowrce files, and librariesz to be used in the
# 7project

# JDevice and family to be used for compilation

Tou can change the settings for an existing project and specify
additiomal project—wide settings with the Settings command (Assigmments
pages of the Settings dialog box, including the Timing Settings, the
Defanlt Parameter Settings, and the Default Logie Option Settings
pages, to add functienality to the project.

-Hierarchyl Files] 4 Design Llnit$l

Madule [Frogz. .. Z|Time (3 |

[T Don t show me this introductio:

pack [ Wext | Fimien | Bl |
/€] 7-35 FF4fiCoret) TRE R 12 I SELFIBE
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AN AR

Mew Project Wizard: Directory, Mame, and Top i[

What 15 the working directory for this project? This directory will
contain design files and other related filez associated with this
project. If wou type a directory name that dees not exist, Quartus IT

]

O:hecore_testiinco_dds

What 1= the name of thiz project? Ti Select Directory
the project’ = top-lewel entity.

I = e (1) Iﬁncn_dds j L EF *
noo
Yhat 1= the name of the top—lewel end
are case sensitiwe, so the capitaliz:
Iru:n:-32
Folder name: IDZ"mcnre_test"mcn_dds FTH @)

e e

K] 7-36 i 2 LR AR THE 4L K LRI
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Mew Project Wizard: Add Files [page 2 of 6] EI = | b | 4

Select the design files and software source files you want to include
in your project. Click Add All to add all design files and software
Hote: it iz optiomal to add files here unless wyou hawve dezign files not
contained in the project directory, or files in which the file name 1s

PHILS me | B [ add . o

User Library Pathnames

Add A1l
= Add any non—default libraries that xou will use in the
Femowe Project.  List the library names in the order you want to
— search them. Custom libraries can contain user—defined or
Include Files, and pre—compiled VHOL packages.

Propertis
Up Library |
Tewn Libraries: | Bemove
g
If wour project includes libraries of custom owr
functions, specify their pathnames:
User Library |
Pathname=
= 0K Cancel
Back | Wext | Finisn | Hil [ @m | [ Bzs |
orodr [as 11 L

K| 7-37 3T FCore P FE R B & Kxﬁéiz‘:?f#ﬁ?
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User Library Pathnames

Add any non—defanlt libraries that wou will use in the

project.
search them.

Include Files,

and pre—compiled YHIL paclkages.

Library

List the library names in the order you want to
Cuztom libraries can contain user—defined or

Add

I =]

Libraries;

Select Directory

SHEEO: [ QL

X

| & & e BE-

_lip_toolbench;

EI asj_alkg.ocp

EI asj_alkg.w

a asj_alkgmcash.ocp
EI asj_alkgrmcash.

a asj_alkgmcpipe.ocp

LI —

38| a5j_altgmcpipe, v

EI asj_alkgmcpipe_rsk. v
EI asj_crd.w

EI asj_crs.w

EI asj_dwx.wy

a asj_dwx_ g

38| asj_gal.w

EI asj_gan.w

EI asj_gam_dp.v

EI asj_gar.v

EI asj_nco_apr_dxe

a asj_nco_aprid_dwxe,w

il

Folder name: ID:\MegaEDreﬂncn—vE.E.lﬂlib

K] 7-38 3% € 42 FINCOFE

aFo |

Bl |
Kx™™
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Add any non—default libraries that wou will use i1n the
project. List the library names i1n the order wou want to
gseatrch them. Custom libraries can contaln user—defined or
Include Files, and pre—compiled VHIL paclkages.

Library ".|

Libraries: hemowe

d: "\megacorehneoo—w?. 2. 1411k

lie

Down

0K | Cancel

K7-39 I ANCOJE Kxﬁéﬂ“f#ﬁf
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e e Project Wizard: Add Files [page 2 of 6]

Select the design files and software source files wou want to 1nclude
in ¥our project. Cliclk Add A1l to add all design files and software
Hote: i1t 1= optional to add files here unless you hawve design files not

contained in the project directory, or files i1n which the file name 1=

File name

| Type | Add.

add A1l

Eemorwe

Froperties

Up
Town
If wour project i1ncludes libraries of custom
functions, speclfy their pathnames:
Back | Wext | Finish | B |

K 7-40 247 TREH I ANCOFEE
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MegaWizard Plug-In Manager [page Za]

Which r!'negafu.ncti-:-n wonld zon like to

Sele

1

ct a megafunction from the list

s e O A |

Il

E@ Installed FlugIns

~{#] Altera SOFC Builder

[+ fE arithmetic

~1s] AEM-Based Excalibur

—|- @ Communications

E--ﬁ FOS-FHY
----- ~-[£] POS-PHY Lewel 2 and 3 C

—-{&g DSF

ﬁ Error Detection/Correction
ﬁ Filters

i -ﬁ Image & Video Processing
EI -ﬁ Si g;rual Generatl oI

ﬁ Tran=forms

F|-- ﬁ gates

- I/0

]ﬁ Interfaces

]ﬁ memory compller

Si1gnalTap IT Logic Analwrer

£

|- ﬁ st-:-rage

—= e = o

K] 7-41 3T FFCoreik B H 5

x|
[

Which dewice family will

L IC:.-'n:l one
¥ou be using?

Which :r.hJ"pe of output file do zou want to
(" AHDL

f+" VHDL

" Werilog HOIL

What name do wou want for the output Browse. . |

Id: hoore_testhneoo_ddshneod®. whd

[T Beturn to thi=z page for another create operat

Hote: To compile a project successfully in the
OQuartus IT software, wour desigzn files must be
in the project directory or a user library wyou
specify in the User Librariez page of the

Your current user library directories are:

d:'megacorehnco—wE. 2. 141ibh

K)(/%fo%ﬁf
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NGO Compiler MegaGore Function v2.2.1

X2 T

&Y IP Symbol - NCO Compiler MegaCore

e

tatior

nco32
|| About this Core nco
phi_inc_i[31.10] f=in_o[9..0]
Documentation clk data_ready
reset focos_o[9..0]
clken
@ Dizplay Symbaol freq mod_i[31._.0]
phase _mod_i[15.0]

aneg

Step 1:
Parameterize

Set Lip Simulation

‘ ponse | Time Damain Hespnnsel

Generate

K]7-42 FF46 3 N\ CoreZ 4% & & Toolbench

KX/;%Z%[&



& Parameterize - NCO Compiler MegaCore Function

Pararmeters | Implementatinnl Resource Estimatel

Generation Algarithim Frecisions

7.8 IPFZNCOZ%#%4

Phasze Dithering

Rk

|

=10l x|

= Small RO Accumulator F'recisiun|32 vI ¥ Implement Phase Dithering
Angular Frecision |1III "I ]
Diither Level v
" Large ROM Magnitude Precision |1D "I hoin b
Generated Cutput Fregquency Parameters
 CORDIC
Clock Rate ftoo =|mHz ~|
Desired Output Freguency [1 =limHz =]
" Multiplier-Based Fhase Increment Yalue | 42949673
Frequency Domain Response Time Domain Response
Amplitude
511
361
219
0
213
361 A
511 1
on 1755 BES1 3836500 5.102 64776 7653000 58235 10704

Time (us)

&17-43 BLENCOSH

A MU T
M1 .

KX/%Z%[&
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&} Parameterize - NCO Compiler MegaCore Function = |I:I|£|
_ [P Symbuol - NCO Comipil - |I:I|
Parameters Implermentation | Resource Estimate'
~Freguency Modulation——————— ~Phase Modulation—————— T Quputs
ncod2
v Frequency Modulation [nput v Phase Modulation Input i+ Dual Dutput nco
Modulator Resolution |32 vI Modulator Precision |1 G vI phi_inc_i[31.10] fgin_o[9..0]
. clk data_ready
Madulatar Pipeline Level|1 vI Madulatar Pipeline Levell*l vI " Single Output reset fms_;[ﬂ._l];
clken
Dievice Family multi-Channel MO freq mod i[31_.0]
’7Target |Cyc|une 'I {Numberquhannels |1 vI phase_maod_i[15.0]
Freguency Dormain Response | Time Damain Response

Magnituds{ds)

0 - Quartus |l
200 ] Information
-40.0
0o ] http://fwww. altera.com
-E0.0 ]
®||Quartus II Tcl Console "
1000 4 ¥

K] 7-44 ¥ ENCOZ K
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£} Generation - NCO Compiler MegaCore Function - |I:I|5|

S
l@' Generation Report - NCO Compiler MegaCore
MegaCore FUNCtion v2.2.1
Entity Name noco32_st
Yanation Name [lsdu)cys
Variation HOL WHDL
Outpat Directory dcore_testnoo_dds
File Summary
IP Toolbench is creating the following files inthe output directory: oo
File D escription
A, MegaCDreE’ function wvariation file, which defines a “HDL top-level descrigtion
neada vhd of the custom MegaCare function. Instartiate the entity defined by this file inside
’ of your design. Include this file when compiling your design in the Quartus 1l
softweare.
noo32_inst vhd WHOL sample instantiation file
A WHDL camponent declaration for the MegaCare function wariation. Add the
nco3Z cmp corternts of this file to any %HOL architecture that instantistes the MegaCore
function.
. An AHDL include declaration file for the MegaCoaore function wariation. Include
nCDSQ'InC EACRTCNE HIESINT T ERRCRC IR || B PN T AT TRTCE N (ENCE REY EARL IR EN R PR ¥ P Dl ST N TRTENY TN LI

‘MegaCare Function Generation Successiul. |

Cancel | ]
KI7-4558NCOS R B E MBI MR R E g MO
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Dptiuns- - il
Cateqory:
Lizenze Setup ;I License Setup
i Processzing
=- .":"._SSigr'II'I'IE-'r'It Editar Licenze fils IE Sfquartus41,1icenze HCO. dat
Lo Calars
=1 Block/Symbol E ditor [ Use IM_LICEWSE_FILE wariabl Ic: hdzpbuilder'licenze. dat;c; "PAC-De=izner
-
olors —Current Licensze
- Fontg o o Tomaia: _ Web Licensze Update |
= Chip E ditar Tpe Full VWer=ionm
- Colars Subscription Z010. 01 begin dl-day Grace Feriod |
- Fonts Host ID Txpe: Dislkt I
[=]- Floorplan Editar Host ID Walue: Jefdl £63
- Colars
- Fontg Licensed AMFF/MezaCore functions:

- LogicLock, !:Eegln:nns Wafind o Vendor | Froduct | Varzi «
H"Mem':'f.'r' Editor fltera (BAFS) Microperiphersl Library (0001) El:lll:l._
L Fonts Mltera (BAFS) Fast Fourier Transform (000Z) 2010,

=] Messages Mtera (BAFS) Color Space Conwerters (0003) 2010,
‘.. Filterin Mltera (BAFS) 32-bit, 33-MHz Master/Target w/TMA (D004) 2010.

g Mltera BAFS) Cyeliec REedundancy Generator/Checlker (0005) 2010,

-~ Lolors Altera (BAFE) 0006 2010,

- Programmer Mtera [BAFE) 32-bit, 33-MHz Target Only (000T) 2010,
[_:I.. HESDU[CE Prnperty Ed“:.:'r ﬂtEr& [.’E‘AFE:I UART (DDDE:] 2':'1':'
‘. Colars Mltera (BAFE) UART (0009) 2010,

. 41+ z-a RAFST  1MART MIOMALT 2nin il
- RTLTechnology Map Viewer 4 | K

K] 7-46 T ANCORIFZ A4 Kxﬁém#ﬁf
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Settings - nco32

Categany:

- General

- Files

- Uzer Libraries

- Device

- Timing Requirements & Options
- EDA Tool Settings

- Compilation Process

- Analysiz & Spnthesiz Settings
[+~ Fitter Settingz

- Timing Analyzer

- [legign Assistant

- SignalT ap Il Logic Analyzer
- SignalFrobe Settings

- Simulator

[+ Saftware Build Settings

- HardCopy Settingz

Select the family and dewice wou want to target for compilation.

Family |Cyclone

ll evice & Fin Options. |

outing Dptiun5.1

Target dewice

{" Auto dewice selected by the Fitter from the " Awailable dewices' list

{*¥ Specific device selected in
{" Other: nfa

“Arailable dewices |

Available devices:

Fackagze:
Pin count:

Speed

Core

—Show in “Awailable dewices’ li:

[v Show Adwanced Dewvices

|PoFF |
|240 -]
Io =

1.5¥

K| 7-47 3% 2 FPGA H bR 2Lk
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&, Quartus II - d:/core_test/nco_dds/nco32 - nco32

File Edit “iew Project Assignments Processing Tools  wWindow  Help

[DEE (&6 Br o oK o e @S| T (> kS0
21 € nco32 Compilation Report ;|g|5|
Entity Logic Cell=s [LI %a Compilation Report
Compilation Hierarchy % Legal Matice
----- abd neo3? 413 M) 3¢ - ¢ZHER Flow Summary
%& Flow Settings Flow Status Successful - Wed Mar 30 09:39:10 2005
1| I ﬂ %@ Flows Elapsed Time Buartus IT Verszion 4.1 Build 181 08/29/2004 5T Full Wers
-Hierarn::h_l,ll Filesl g Design Llnitsl &3 B Flow Log Revizion Name neadZ
— -] Analysis & Synthesis Top-lewel Entity Name neodZ
= E| Eﬂ"%D Fitter Family Cyeclone
Module Frogress % | Time (9 - &S] Assembler W, 3 EP106Q24005
Full Compilation Ikl |00:00:50 - &1 Timing Analyzer Timing Models Froduction
-hnalysiz & Symthesis 100 % 00:00: 20 Total logie element= 413 f 5,930 (6 % )
~Fitter 100 % 000021 Total pins 104 f 185 (5 % )
- hszembler 100 % 0000 08 Total memory bits 2,304 F 92,180 [ 2 %)
~Timing Analyzer 100 % [ Total PLLs ofz (0%)

7-48 B THR G HEAT 2 T4 K, STt
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21113 o, — T NESW |
Tai 5aCs1 BB R HIAE
g 88 P T AERT R TR SOMHz
CPU_Core
i HES oouT — s051 EFCPUT
NChO | ok frequency: 20000 MHz cll
Operation hode: Mormal { FSED HRAOE
%1 HhVE  —
Clk_|Ratio | Ph (dg) | Td (nz)DC £%) w2 oW — CAMA PRSP 2R T
e0 | @z | 0oo | ooo | S0 * RESET ALE |— Sl EEsdEsl » mEYEA
HEA PSEN |—
inst17 I
in=t Cyclone £ MESFR ALEM i \IVEN
: ; ' ALEI FUurE
wmigsF (R Lo L
O FSEI FDE I A T T LI L
i — POILF..0] SFRUE |—
et P I[F..00] SFROE —
et PEI[F..0] IOLE |— ST B i
{ F3lfr..0] e P2I[F..0] KOFF  [— : =
S Réhddan[f..0] POOF. .0]
ram ROhddao[F..0] P10[F..0] HUTEUT  — FI0[r.0]
— datal7..0] g[7..0] P2O[F..0] ; B
WerEN PEO[F..0] [t : L—
address[7T..0] POE[F. D]  jmi
inclock PAE[F. D] jrm
instE PIEF. 0] ==
B R R S5ER RAM PIEF.0] =
* Fstadr[7..0]
romd B Fahdal[?..0]
e (1.0 ROhEdr[15..0] ROhda[15..0]
a res=z ..
7.0 POER..0
inclock ol ] f7..0]
. in=st e UTEUT . FOE[/..0]
ROMa[11.0]] | insts :
B EHLE M4KB ROM

K] 7-49 FA8051CPURZ M FH H, % 7= 171l
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WIS P

4( _"

~ PIE[F.0)  NOL_
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oo
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7.9 8051

e Categon

-

Gerneral
Files

Specify the zettingz for the logic options in pour project. Assignments made to an i

Id=er Libraries [Current Project)
Device

Specify options far itk

entity in the Aszignment Editor will overnide the option zettingz in thiz dialog box.

+- Timing Analysis Settings Timing-driven compi Option
+- EDuy Tool Settings .
- Marne: Weal Pull-Up Resistor
+- Compilation Process Settings v Optimize hold ti R
Bialysis & Synthesis Settings ~ Opinizefasted] | et [T
VHDL Input Dezcriptio:

Werilog HOL [nput

Default Parameters

Sunthesiz Methst Optimizations
Fitter Settings

Phyzical Spnthesiz Optimizations
Agzgembler

Enables the weak pull-up resistor when the device iz operating in uszer |
mode. Thiz option pullz a high-impedance buz signal toWCC. The |

Wiealk PullUp Resiztor option should naot be used at the zame time as

E+igting option zettings:

W

D.esign ﬁ.ssistant. o Auto Fit [reduc Mame: Setting:
SIQFIIEI”EII:I Il Logic Analyzer Deaied] mered & Final Placement Optimizations Autamatically
Logic Analyzer Interface B Fitter Aiggressive Foutability Optimizat...  Automatically
SignalProbe Settings [/0 Flacement Jptimizations On
Sirulatar Settings [ Limit b ane fitting Ignore PLL Mode \When Merging PLLe  Off
Simulation Poveer M aintain Compatibility with A1l Cyclon.. Ok
PowerPlay Power Analyzer Settings Seed: |1 Dpt!m!ze ||:.||:.HE§|IS|ZET Flacement for .. On o
O ptimize Timing Mormal compilation
More Settings. . | PCHIAO L Off
= J Flacerent Effart b ultiplier 1.0
Router Effart kultiplier 1.0
Router Timing O ptirmization Lewvel Mormal
Dezcription: Weak PullUp Resiztor On
| E: s T

E17-51 BB FPGAR R ZE i th 4 b KB



7.9 80518 HLIPH% LV

#' Quartus II - D:/D8051_COPY/KX_BASIC_CPU/MCU8951 - MCU8951 - [rom4KB.vhd]

EE File Edit Yiew Project  Assignments Processing Tools  Window  Help

JD SH & %@ v o K |ucusss N eE® T » $F@|t|@‘@>‘
sz [— address aclr a =»> "NONE",

Enti ty Carry. .. ¢4 outdata aclr a => "HCNE",

Compilation Hierarchy '?,;HE width_byteena_a == 1,

—Bﬁ NCUSES] B1 (0] o init_file =» "./ASM/TEST1. hex",

..... '.?Erﬁ CFU Core:inst 18 m L lpm_hlnt = "ENHELE_RUNTIME_MDD:YES,r

= lepm type =» "altsyncram”
= )

K]7-52 LPM_ROMAI &AL S84 1%

Kx/)%#ﬂﬁ



ORG G8808H

HMOU SP .16 0H

MOU Z25H . H1O60H

MOU 30H . 1#81H

LCALL DELAY1

MOU A.24H

IHNC A

MOU 28H .0

MOU P1.A

MOU A .2 0H

RR A

MOU PO.A

MOU 30H.A

HOP

HOP

MOU A.PO

MOU B.P3

ADD n.B

HMOU P2 . h

LCALL DELAY1
/7-53 TEST1.asmil DU DOH  HOFFH
IR MOU 21H , HOFFH

DJHA 21H , W2
DJHA 2 8H , w1
RET

DELAY MO U 22H, HO8H
w3 LCALL DELAY

DJHZ 22H,uW3 o -

RET I(X@%ﬁ%%

EHD
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In=stance @' | IRead}' to acquire @ X | JTAT Chain
I .. I Instance Il I Status I W1dth I Depth I Type I Mode I ——
w0 raml Wot run. .. & 255 FLAM /EON Read/frite fardware: |ByteBlast

Hul SR Stop In-System Memary Analysis Esc Dewice: |@1: EFICE

Read Data From In-Systemn Mernory F5 File 7.
‘|

iZontinuously Read Dakta from In-System Memary F&
Write Data to In-Swskterm Memory F7

&= 1 ROMI:

Write Al Modified Waords te In-System Memaory:  F&

gooooo Y5 81 &0 75 24
gooole FS5 80 F5 30 00

90 ES5 30 03 u. "l
Impart Data from File. .. a0 DEF Y5 20 .. .0

S— Pt —

00002C FF 75 21 FF DS © EyporkDatato File.,. 22 FA 22 00 .ul.
aooo42 00 o0 o0 00 00 a0 oo oo 0o
anooeE 00 00 OO 00 00 G a0 oo oo 0o

gooos4 00 00 0o 00 OO OO OO OO OO OO OO0 0o 00 00 o0 OO OO0 OO OO0 OO0 OO0 oo
gooossa OO0 00 OO0 00 o0 oo oo oo oo o0 OO0 oo 00 oo o0 oo OO0 oo oo o0 oo oo
goooeo 00 0o o0 00 o0 oo oo oo oo o0 00 oo 00 o0 o0 oo OO0 oo oo o0 oo oo
goooce 00 00 00 0O 00 00 oo oo OO0 OO 00 oo 00 0o o0 oo o0 oo oo oo oo oo
gooonZ 00 0o oo 0o oo o0 oo OO OO0 OO0 OO0 oo 00 00 o0 oo OO0 OO OO0 OO0 OO0 oo

A2 nn non oon nn oo nn oo nn nononn oo nnoone ni o0 O o0 O O 0 [0
KI7-54 FBICHFRFPHEX LA AT



@ a4

7-1. TR AFE FMegaWizard Plug—-In Manager T.E., WHAZ B BBt
i FHLPMAR B ? DLiH 2038 1pm counter N, B Wi H iZAEKIFEF,
HPZHAE.

7-2. LPM ROM. LPM RAM. LPM FIFOZ:#iith 5FPGAH ik A fRJEAB, ESB, M4K
B EFEMERRRR?

7-3. Z2ZQuartusIIiJHelp (Contents) , TEZHBHLPMIC/4altcam.
altsyncram. lpm fifo. lpm shiftregffEH 71, UERHEDESER
& X E T
7-4. R BRI —8051 8 A Hl, WA A B ELE &AL MmiZ AL IROM
(L) 7

7-5. BB 7-4F) TR ERRFABI7-3K ROMBE F & I — NP, Bk
A FI4ES) B A LPMAtal tsyncram. 4f3E%IE, ﬁ‘z%ﬁ‘%%)ﬁ%‘;

THAETE . —
K X/% oyt



%2 5t it

7-1. IEz {5 S 24 /it
(1) SZEHE: #t—3 & Quartusll ZHLPM ROM5FPGARE {4 % JE )
5%

(2) KKIFRH: ZHEREMHRNA.

(3) SZIGHNAL: HIEFI7-4, EQuartus 1l ERRIEZES KESRET, &
FEF E AR YRR SN T (R Cycloness ) - ®mGEER RS b
sz, AFESignalTap 1R, FPGAHROMMIZE & G538 525 MR A1 A Y
TR AR . B )5 SE K EPCSXAL B A IR AR

(4) SEBGNE2: #BET7-490, ARBETERITIEZES KES, B
VA3 LPMALER M. 1. PLL, BAMIR20MHz, 32MHzE R H ;
2. 6h7 —HEEIH SR, 3. LPM ROM, &M EEHER L. =&, e
SCIR I AT DL it Signal Tapl I R E2 3 T, (HANRE 08325, TR U4 =
HEDACHIH . | ——— o
GEL RIS
Kx



%2 5t it

&7-55 W T PLLIGHHE 5 K A4 bR 3 A

pll20rm chts DATAROM
up courter| :
clock _§_|_;'address[5..lil]
gf. .0 = _ o[ ] et
" 0l clk_en 5 inclock ;
InG inclkD frequency: 20.000 hiHz c = -
Operation Mode: Momal P E
i instl
Clk Ratic Ph (dg)|DC %)
cO 32229999, 20000000) 0.00 ( 50.00
inst2? Cipclone : O :
o UTPUT  — outd[7..0]
| clk DJMJ—T  RST [

KX/;%Z%[&



%2 5t it

7-1. IEsZ 5 S A X Z it
(5) SZEGCNA3: BMF7-3FEIEROMIC M, WHBIEL T E N8, Hubk

285 BN 8, WA EE LA AMIFKE K, FICTEF =4 IE5%41E 5 43,
1 Ji 56 A AR R ) 52 5

(6) SEImNAE4L: wit—ERBPIEE T KAESS, TLFHLPMXXIRAMHE
TR B EMES, RSB A ERERNBE LS, RiaHmFPGAH
KIRAM (F] AR FIGW48 R 4t | 5FPGAE N 18 K M58 itk 525, D/IAT]
FIFH &R % LAt B 0832885651 F i 22 4)

(7) SRR AR ESIR A RS LSRR, AERIER, B
VEbE . RGN DTSN R4 S

KX/%/Z%%?



SO0 L ¥ 5%t

AW N

B
ﬁk\ )%
ey
)
[
v

7-2. 8far 163 H 55 F 1% 1t
(1) 5E56 H ). witshr16dkfIR i, HIBRBEMNBF ARG T k.

(2) SEIG . ARBIEIER € AR SRR R, e (F 5 R0
WA —A Rk LR AR 5 Bk B R FRIE S 1R RERE, i
BAEBNB TS, WHESE, N T —ISR T2 A HAE T HE 2% . S 5
S5 AL H— M R ARk A, BIE7-57FFTCTRL. R4 R
B, P A ) i T P B 7-56 B s o

W E SR Z: FTCTRLEFITHEF e 5CNT_ENGEF~4E— MK RES, 3+
St 2T 3 (13247 — 3B 2R COUNTER32B (E7-57) [KIENABLAE &84 3E47 [F
B, [{CNT_ENS B I 3 (RESPFAHE T, FORFRE B vr i Bk e
. EAEIET AN, BHAEFTE— G5 LOADN LB R v Ei a8 £ AT LM 80 1Y
W ES A A SREG32BY, FHAMTR163EH| 7B A EH, EanthHEvE.

WEBPESITE R BRige, AaBTRAHEREVESAWINGE. B
SE, UWHHE—IRVE SRST_CNTX I EERFITIESE, A T IR EERIEERE

K JPR P TTIXK
X



\

i\

NG E P
S é@) % I 5% 'Vf
SRS A

7-2. 8far 163 H 55 F 1% 1t

(3) SEIGNAL: 4 E ARG 7-7. I 7-8F045]7-9, 4S5 HI7-1058 1%
SRR R SE R VR R SR, R B LN R R . B IE
SEIG B AR 5; 8ANERE A DL16EE I X Bon A s AR IR AFIN
HclockO# N, #MEAE4Hz. 256HZ. 3Hz..50MHz%; 1HZMIREHIE S
CLKIHZA] Hclock2® N(FIBkZR L 1HZ) . TR, XBF8ANEAL & M5 B s
{H S 16335

(4) LA R2: B%H4-22, KPR BONSA10BEHIM R, HRILB
FEL B ) H RS AT 8N AAL Y L0BE I v s, TOANR LA BANERAE R
R BT

(5) LK N A3: FILPMEEREUHEI7-8FI517-9, 52 FIAFHI BT S

(6) LIRS 4 AR Bt e B S il .
KX/;%/W#&



[ 1]7-7]

LIBRARY I1EEE; --JUR#s44] e %

USE IEEE.STD LOGIC 1164 _ALL;

USE IEEE.STD LOGIC_UNSIGNED.ALL;
ENTITY FTCTRL 1S

PORT (CLKK : IN STD LOGIC; —— 1Hz
CNT_EN : OUT STD_LOGIC; -— VAR AR
RST_CNT : OUT STD _LOGIC; -- HHESEE

Load : OUT STD_LOGIC ); -- MBI RES

END FTCTRL;
ARCHITECTURE behav OF FTCTRL IS
SIGNAL Div2CLK : STD_LOGIC;

BEGIN
PROCESS( CLKK )
BEGIN
IF CLKK*EVENT AND CLKK = "1° THEN —— 1HzB 82535
Div2CLK <= NOT Div2CLK;
END IF;

END PROCESS;
PROCESS (CLKK, Div2CLK)
BEGIN

IF CLKK="0" AND Div2CLK="0" THEN RST CNT<="1";-- 4 #H¥H™EZE

ELSE RST CNT <= "0"; END IF;
END PROCESS;
Load <= NOT Div2CLK: CNT_EN <= Div2CLK; JHEDELBE
END behav; KX




[#17-8]
LIBRARY I1EEE; --32/i8ifras
USE TEEE.STD LOGlC 1164 _ALL;
ENTITY REG32B
__PURT'T__ER'_I'N_STD LOGIC;
- IN STD LOGIC _VECTOR(31
DOWNTO 0):
DOUT - OUT STD LOGIC VECTOR(31
DOWNTO 0) ):
END REG32B;
ARCHITECTURE behav OF REG32B 1S
BEGIN
PROCESS(LK, DIN)
BEGIN
IF LK"EVENT AND LK = "1% THEN DOUT <= DIN;
END IF;
END PROCESS; '
END behav; KO



[ 17-9]

LIBRARY IEEE: --32fiil#a8

USE 1EEE.STD LOGIC 1164 _ALL;

USE 1EEE.STD LOGIC UNSIGNED.ALL;

- ENLLLY, COUNTERSZB. (1S o cmomar o -

PORT (FIN : IN STD LOGIC; - K4S
CLR : IN STD _LOGIC; -- HEFES
ENABL : IN STD LOGIC; -- WM RefF T

DOUT : OUT STD LOGIC_VECTOR(31 DOWNTO 0)); -- &%
END COUNTER32B;
ARCHITECTURE behav OF COUNTER32B IS
SIGNAL CQI : STD LOGIC VECTOR(31 DOWNTO 0);

BEGIN
PROCESS(FIN, CLR, ENABL)
BEGIN
IF CLR = "1° THEN CQl <= (OTHERS=>"0"); -- BFE
ELSIF FIN"EVENT AND FIN = "1 THEN
IF ENABL = "1 THEN CQI <= CQI + 1; END IF;
END IF;
END PROCESS;
DOUT <= CQI;
END behav; '

K, SEEHLE




[ %17-10]

LIBRARY IEEE; —-#%{HTHECH

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164 _ALL;

ENTITY FREQTEST 1S

= PORT ( CLKINZ - INSID LoGIC;

FSIN : IN STD LOGIC;
DOUT : OUT STD _LOGIC_VECTOR(31 DOWNTO 0) );

END FREQTEST;

ARCHITECTURE struc OF FREQTEST 1S

COMPONENT FTCTRL

PORT (CLKK : IN STD LOGIC; —— 1Hz
CNT_EN : OUT STD LOGIC; -— T AR AT RE
RST CNT : OUT STD _LOGIC; -- HHHEF

Load : OUT STD_LOGIC ); -- WA ES

END COMPONENT;
COMPONENT COUNTER32B

PORT (FIN : IN STD LOGIC; -- BePES
CLR : IN STD _LOGIC; -- HEES
ENABL : IN STD LOGIC; -- TETREfE T

DOUT : OUT STD LOGIC_VECTOR(31 DOWNTO 0)); -- %45
END COMPONENT; -

;Y




COMPONENT REG32B
PORT ( LK - IN STD _LOGIC;
——————— iSRG C VECTOR(31 DOWNTO 0);
DOUT : OUT STD _LOGIC_VECTOR(31 DOWNTO 0) );
END COMPONENT
SIGNAL TSTEN1 : STD LOGIC;
SIGNAL CLR CNT1 : STD LOGIC:
SIGNAL Loadl : STD LOGIC:
SIGNAL DTO1 : STD LOGIC_VECTOR(31 DOWNTO 0);
SIGNAL CARRY OUT1 : STD LOGIC VECTOR(6 DOWNTO 0):
BEGIN

Ul : FTCTRL PORT MAP(CLKK =>CLK1HZ,CNT_ EN=>TSTEN1,
RST _CNT =>CLR_CNT1,Load =>Loadl);
Uz : REG32B PORT MAP( LK => Loadl, DIN=>DTO1, DOUT =>
DOUT) ;

U3 : COUNTER32B PORT MAP( FIN => FSIN, CLR => CLR _CNT1,
ENABL => TSTEN1, DOUT=>DTO1l );
END struc;

K X/% Vi) /ﬂfé
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[%17-11]
WIDTH = 8 ;
- s ) Byt oL R e LT e
ADDRESS RADIX = HEX ;
DATA RADIX = HEX ;

CONTENT BEGIN
00:00 ; 01:00 ; 02:00 ; 03:00 ; 04:00 ; 05:00 ; 06:00 ; 07:00 ; 08:00 ; 09:00;
10:00 ; 11:01 ; 12:02 ; 13:03 ; 14:04 ; 15:05 ; 16:06 ; 17:07 ; 18:08 ; 19:09;
20:00 ; 21:02 ; 22:04 ; 23:06 ; 24:08 ; 25:10 ; 26:12 ; 27:14 ; 28:16 ; 29:18;
30:00 ; 31:03 ; 32:06 ; 33:09 ; 34:12 ; 35:15 ; 36:18 ; 37:21 ; 38:24 ; 39:27;
40:00 ; 41:04 ; 42:08 ; 43:12 ; 44:16 ; 45:20 ; 46:24 ; 47:28 ; 48:32 ; 49:36;
50:00 ; 51:05 ; 52:10 ; 53:15 ; 54:20 ; 55:25 ; 56:30 ; 57:35 ; b58:40 ; 59:45;
60:00 ; 61:06 ; 62:12 ; 63:18 ; 64:24 ; 65:30 ; 66:36 ; 67:42 ; 68:48 ; 69:54;
70:00 ; 71:07 ; 72:14 ; 73:21 ; 74:28 ; 75:35 ; 76:42 ; 77:49 ; 78:56 ; 79:63;
80:00 ; 81:08 ; 82:16 ; 83:24 ; 84:32 ; 85:40 ; 86:48 ; 87:56 ; 88:64 ; 89:72;
90:00 ; 91:09 ; 92:18 ; 93:27 ; 94:36 ; 95:45 ; 96:54 ; 97:63 ; 98:72 ; 99:81,;
END ;
FR, BLE“CONTENT  BEGIN" R BN R 2N T RE, SSHP N
P4 (401:00 ;) H—4T.
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6.1.4 HEFHIF S E5LERE

[ %16-3]
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164 _ALL ;
ENTITY DFF3 IS
PORT ( CLK,D1 : IN STD_LOGIC ;
Q1 : OUT STD_LOGIC ) ;

END ;
ARCHITECTURE bhv OF DFF3 1S
SIGNAL A,B - STD LOGIC ;
BEGIN
PROCESS (CLK) BEGIN
IF CLK"EVENT AND CLK = "1% THEN
A <= D1 ;
B <= A ;
Ql <= B ;
END I1F;
END PROCESS ;
END ;

K SRR AP LXK
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6.1.4 HEFHIF S E5LERE

[ 1516-4]
LIBRARY IEEE :
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DFF3 1S

PORT ( CLK,D1 : IN STD LOGIC ;

Q1L : OUT STD LOGIC ) ;

END ;

ARCHITECTURE bhv OF DFF3 IS
BEGIN
PROCESS (CLK)
VARIABLE A,B : STD LOGIC ;

BEGIN
IF CLK"EVENT AND CLK = "1% THEN
A = D1 ;
B = A ;
Ql <= B ;
END IF;

END PROCESS ;
END ;



6.1 X%

6.1.4 HEFHIFE S E5LERE

[ 116-5])
SIGNAL inl, in2, el, ... : STD LOGIC ;
PROCESS(inl, in2, . . .)
VARIABLE cl1, . . . : STD LOGIC VECTOR(3 DOWNTO 0) ;
BEGIN
IF inl = "1" THEN ... — 5B 1 17
el <= ""1010" ; — B/ 2 47
IF in2 = "0" THEN . . . —— % 15+n 1T
cl = "0011" ; — & 30+m 17T
END IF:

END PROCESS;
FELFILE
Kx



[ %16-6])
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4 IS
PORT (10, 11, 12, 13, a, b - IN STD_LOGIC;

q - OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
signal muxval : i1nteger range 7 downto O;
BEGIN
process(10,11,12,13,a,b)
begin

muxval <= 0;

iIf (a = "1") then muxval <= muxval + 1; end i1Tf;
iIT (b = "1") then muxval <= muxval + 2; end 1T;
case muxval 1s

when 0 => gq <= 10;

when 1 => q <= 11;

when 2 => q <= 12;

when 3 => g <= 13;

when others => null;
end case;

end process;
END body mux4;



[ %16-7]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4 IS
PORT (10, 11, 12, 13, a, b - IN STD_LOGIC;

q - OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
BEGIN
process(10,11,12,13,a,b)
variable muxval : Integer range 7 downto O;
begin

muxval := O;

iIf (a = "1") then muxval = muxval + 1; end 1f;
iIT (b= "1") then muxval :-= muxval + 2; end 1T;
case muxval 1s

when 0 => gq <= 10;

when 1 => q <= 11;

when 2 => q <= 12;

when 3 => g <= 13;

when others => null;
end case;

end process;
END body mux4;
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[ 5]6-8])
Library I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY SHIFT IS
PORT (CLK,CO : IN STD LOGIC; —-HI#8pfngtirim A

MD : IN STD LOGIC_VECTOR(2 DOWNTO 0); —-BArEmissl+
D : IN STD LOGIC VECTOR(7 DOWNTO 0); —-fFim#& e
QB : OUT STD LOGIC_VECTOR(7 DOWNTO 0); --Ffi¥idEsH

CN : OUT STD LOGIC); —— A7 %

END ENTITY;

ARCHITECTURE BEHAV OF SHIFT 1S
SIGNAL REG : STD_LOGIC_VECTOR(7 DOWNTO 0O);
SIGNAL CY - STD_LOGIC ;

BEGIN
PROCESS (CLK,MD,CO)
BEGIN
IF CLK"EVENT AND CLK = "1" THEN
CASE MD IS
WHEN 001" => REG(0) <= CO :

REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); CY <= REG(7);--iFi{(ifEIrE#

WHEN “010” => REG(0) <= REG(7): (P

e

KX/»% oy



C: AW

REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); --BIESH LR
WHEN "011" => REG(7) <= REG(0);

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); -- BN AERE
WHEN **100"* => REG(7) <= CO ;

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); CY <= REG(0); --m#kfifg3 A

%
WHEN ""101" => REG(7 DOWNTO 0) <= D(7 DOWNTO 0); --in#
R
WHEN OTHERS => REG <= REG ; CY <= CY ; — R
END CASE;
END IF;
END PROCESS;
QB(7 DOWNTO 0) <= REG(7 DOWNTO 0); CN <= CY; o ZVA=E: Ifas!
END BEHAV;
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[ 16-9])
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;

ENTITY tri_s IS

port ( enable - IN STD LOGIC;
datain - IN STD LOGIC VECTOR(7 DOWNTO 0);

S = TR E

Pl fi

dataout - OUT STD_LOGIC_VECTOR(7 DOWNTO 0O) );

END tri_s ;
ARCHITECTURE bhv OF tri_s IS
BEGIN
PROCESS(enable,datain)
BEGIN

IF enable = "1" THEN dataout <= datain ;
ELSE dataout <='"'77777777'"

END IF ;
END PROCESS;
END bhv;
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6.2.2 X [M) ¥ i vt

[ %16-10]
library ieee;

use i1eee.std logic 1164.

entity tri_state 1s

all;

port (control : 1n std logic;
inl: 1n std logic vector(7 downto 0);
q - 1nout std logic vector(7 downto 0);
X - out std logic vector(7 downto 0));

end tri_state;

architecture body tri of tri_state 1s

begin
process(control,qg,inl)
begin

iIf (control = "0") then
else q <= Inl; x<='
end 1f;

end process;
end body _tri;

‘L7 777777"

X <=q ;

.
b

Pl fi

K X/% Vi) /ﬂfé
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6.2.2 X [M) ¥ i vt

[%16-11]

(LA E&B 4 [F] BB

process(control,qg,inl)

begin

iIT (control="0") then Xx <= q ; q <= "ZZZ7Z7777';
else q <= Inl; x <="Z77277777';

end 1f;

end process;

end body _tri;

I(X%%ﬁ%§
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Pl fi

Name: _Valy soons  LOMS 15ps 20us 25U 30us 35S
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= control | 1
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6.2.2 X |a) ¥ ¥ 1

S E
iﬂ’l[T:D]_,_}h[?:D] e [F:0] [0 | ]\ 70 OIS
control == L '

x_1[7:0]
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6.2.2 X [ ¥ H B vt

control —=
|n1[?' U]_""-—-_[TD] [TD].. N\ ,_[TD] [TI:IL ’\l\ _[TD] [7:0]

q_tb_5[? 0] }{_1[? 0]
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6.2.3 =AML BRI

[ #16-12]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY tristate2 IS
port ( 1nput3, 1nhput2, 1nputl, InputO :
IN STD LOGIC VECTOR (7 DOWNTO 0);
enable - IN STD LOGIC VECTOR(1 DOWNTO 0);
output : OUT STD LOGIC VECTOR (7 DOWNTO 0));
END tristate2 ;
ARCHITECTURE multiple _drivers OF tristate2 IS
BEGIN
PROCESS(enable, 1nput3, 1nput2, inputl, inputO )
BEGIN
IF enable = 00" THEN output <= I1nput3 ;
ELSE output <=(OTHERS => "Z%);
END IF ;
IF enable = 01" THEN output <= I1nput2 ;
ELSE output <=(OTHERS => "Z%);
END IF ; (BT IO



6.2.3 =AML BRI

(¥ 50
IF enable = "10" THEN output <= I1nputl ;

ELSE output <=(OTHERS => "Z%);
END IF ;
IF enable = "11" THEN output <= 1nputO ;
ELSE output <=(OTHERS => "Z%);
END IF ;
END PROCESS;
END multiple_drivers;

I(X%%ﬁ%§
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6.2.2 XU [n) ¥ M vt
[%16-13] (F:: Maxplusl I ASZEA5))

library ieee;
use 1eee.std logic 1164._all;
entity tri2 is
port (ctl - In std logic vector(l downto 0);
datainl, datain2, datain3, dataing :
in std logic vector(7 downto 0);
q - out std logic vector(7 downto 0) );
end tri2;
architecture body tri of tri2 is
begin
q <= datainl when ctl="00" else (others =>"Z") ;
q <= datain2 when ctl="01" else (others =>"Z") ;
q <= datain3 when ctl="10" else (others =>"Z") ;
q <= datain4d when ctl="11" else (others =>"Z") ;

end body _tri;

{51 i
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6.2.2 XU n)¥m H i vt

npuUB3[7:0] =)

[0}

enable[T r:]]““x“ 0

inpLt1[7:0 :“;:JT .
Input2[7.0] ="

[}

—= g
un7 enable U—{:” S NG Py T

output_1[7:0]

npUtO[7:0] ==t
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[ 1516-14]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164 _ALL;
ENTITY control _stmts IS
PORT (a, b, c: IN BOOLEAN;
output: OUT BOOLEAN);
END control stmts;
ARCHITECTURE example OF control _stmts IS
BEGIN
PROCESS (a, b, ©)
VARIABLE n: BOOLEAN;
BEGIN
IF a THEN n = b; ELSE n := c;
END IF;
output <= n;
END PROCESS;

END example;

e
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6.3 |FiEH)HEAR

2R6-2 8Z-3L L ILImAL AR HAHR
fa A W W

din0 dinl din2 din3 din4 din5 din6 din7 output0 outputl output2

X X X X x x x 0 0 0 0
X X X X xXx x 01 1 0 0
X X X x x 0 11 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
Xx x 0 1 1 1 1 1 1 0 1
x 0 1 1 1 1 1 1 0 1 1
o 1 1 1 1 1 1 1 1 1 1
F: BREPFXTNER, RAVHDLAFH“—"1H.
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[ %16-15]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164 ._ALL;
ENTITY coder 1S
PORT ( din - IN STD LOGIC VECTOR(O TO 7);
output : OUT STD_LOGIC VECTOR(O TO 2) );
END coder;
ARCHITECTURE behav OF coder 1S
SIGNAL SINT : STD LOGIC VECTOR(4 DOWNTO 0);
BEGIN
PROCESS (din)
BEGIN
IF (din(7)="0") THEN output <= "000" ;
ELSIF (din(6)="0") THEN output <= 100" ;
ELSIF (din(5)="0") THEN output <= "'010" ;
ELSIF (din(4)="0") THEN output <= ""110" ;
ELSIF (din(3)="0") THEN output <= ""001" ;
ELSIF (din(2)="0") THEN output <= ""101" ;
ELSIF (din(1)="0") THEN output <= 011" ;
ELSE output <= "111" ;
END IF ;
END PROCESS ;

END behav;
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AN
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[ZtfEr5: ] PROCESS [ ( #UEfEEZ2%EL ) 1 [1S]
LA 0 B ER 43 ]
BEGIN

It P 3 7

END PROCESS [#FfEtn5];
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6.4 BEFEESG]IT

AN
T

6.4.3 HEFEE N
1. PROCESS A — TG R 1E¥ & f)
2. PROCESSH i &) B A B B B F/ 4T 1847 WETE

PROCESS (abc)
BEGIN
CASE abc IS
WHEN **0000™" => so0<="'010" ;
WHEN ""0001" => so<=""111"" ;
WHEN **0010" => so<=""101" ;

WHEN ""1110" => so0<=""100"" ;
WHEN ""1111" => so0<="000" ;
WHEN OTHERS => NULL ;

END CASE;

END PROCESS; KX/%/Z‘,%"[%
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[ #516-16]
ENTITY mul IS
PORT (a, b, c, selx, sely : IN BIT;
data out : OUT BIT );
END mul;
ARCHITECTURE ex OF mul 1S
SIGNAL temp : BIT;

BEGIN
p_a : PROCESS (a, b, selx)
BEGIN
IF (selx = "0") THEN temp <= a; ELSE temp <= b;
END IF;

END PROCESS p a;
p b: PROCESS(temp, c, sely)
BEGIN
IF (sely = "0") THEN data out <= temp; ELSE
data _out <= c;
END IF;
END PROCESS p b;

END ex;
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6.5

[ 516-17]

AT IR

ARCHITECTURE dataflow OF mux 1S
SIGNAL seiect :

BEGIN
Select <=

X <=

WHEN
WHEN
WHEN

WHEN
WHEN
WHEN

O 0T Y WNEFEO

sO="0" AND s1=70’
sO="1" AND s1="0’
sO="0" AND s1="71’

select=0
select=1
select=2

ELSE
ELSE
ELSE

ELSE
ELSE
ELSE

INTEGER RANGE 15 DOWNTO Oj;

I(X%%ﬁ%§
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6.6.1 [ LER}

z <= X XOR y AFTER 5ns ;

z <= X XOR vy ;

B <= A AFTER 20ns ; --[Af &%
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6.6 1 E LER}

6.6.2 fL% AL
B <= TRANSPORT A AFTER 20 ns:-—- f&%%E R} fEz

A A
B B \
0 10 20 30 40ns 0 10 20 30 40ns
K6-15 [t A Sk B % A\ fa HH i 1K]6-1 645 57 2 B oy N\ By R Y T
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6-1. fI A &[G R ? A &R IERT?

6-2.8 &4 ? ZEVHDLS, § FH4AL?

6-3. MFLLfE L T R E 22 FASTD LOGIC _UNSIGNED? R&—4i.
6-4. TiAA{E 5 AR R I RERF A, N BRI R A

6-5. FEVHDL I, 25 FrREETHEO(BAL) AWM Lk, et 4

6-6. B — 7k AL TR IR RALAS 5 AEBEE TR ? 4 HXPF g
B HIVHDLI#IA .

6-7. AR EERE? HEERTAMAL? W[ EEE AT R
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6-8. Al FHIINMNEFF R G EE IR, &8 NN EREE, FEETERET.
EF1:

Signal A, EN - std logic;
Process (A, EN)
Variable B : std logic;
Begin
iIT EN = 1 then B <= A; end if;

end process;




®

Al
N

FEF3:

library ieee;

use 1eee.std logic 1164_all;
entity mux21l 1s

port ( a, b - 1n std logic; sel : In std logic; c
out std logic;);

end sam2;
architecture one of mux2l1l 1s

begin

1T sel = "0" then Cc := a; else C := b; end 1f;

end two; AR
KX/% DBl
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[%16-181

LIBRARY IEEE ;

USE IEEE.STD LOGIC 1164_ALL ;

ENTITY DECL7S IS

PORT ( A :- IN STD LOGIC_VECTOR(3 DOWNTO 0);

LED7S : OUT STD _LOGIC _VECTOR(6 DOWNTO 0) ) ;
END ;
e ARG E LEGRYRE. 006 QR RECkle-kS

BEGIN

PROCESS( A )

BEGIN

CASE A 1S
WHEN *"'O000" => LED7S <= "0111111" ;
WHEN *"'0001'" => LED7S <= "0000110" ;
WHEN ''0010'" => LED7S <= "1011011" ;
WHEN ''0011'" => LED7S <= "1001111" ;
WHEN 0100 => LED7S <= "1100110" ;
WHEN ''0101' => LED7S <= "1101101" ;
WHEN ''0110' => LED7S <= "1111101" ;
WHEN "'0111' => LED7S <= "0000111" ;
WHEN '*1000'" => LED7S <= "1111111" ;
WHEN **1001' => LED7S <= "1101111" ;

WHEN '"1010'" => LED7S <= "1110111" ;

WHEN "*1011' => LED7S <= "1111100" ;
WHEN '1100' => LED7S <= "0111001" ;
WHEN ''1101' => LED7S <= "1011110" ;
WHEN **1110' => LED7S <= "1111001" ;
WHEN ""1111" => LED7S <= "1110001" ;
WHEN OTHERS => NULL ;

END CASE : o
END PROCESS : KX/;%@%'%?

END ;
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[ [%16-19]
LIBRARY IEEE;

USE I1EEE.STD_LOGIC_1164_ALL;

USE 1EEE.STD_LOGIC_UNSIGNED.ALL;

ARCHITECTURE one OF SCAN_LED

1S

IN STD LOGIC;

1S

R(6 DOWNTO 0);--Bt#HIE S

- OUT STD_LOGIC_VECTOR(7 DOWNTO 0) );--{rsthifs S

: STD_LOGIC_VECTOR(2 DOWNTO 0);
INTEGER RANGE O TO 15;

CASE CNT8 IS

000" => BT
001" => BT
010" => BT
"011" => BT
100" => BT
101" => BT
110" => BT
"111" => BT

ENTITY SCAN_LED
PORT ( CLK :
BT
END;
SIGNAL CNT8
SIGNAL A
BEGIN
P1: PROCESS( CNT8 )
BEGIN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

END CASE ;
END PROCESS P1;

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

"*00000001™ ;
00000010 ;
00000100 ;
''00001000"" ;
*00010000"" ;
"'00100000"" ;
"'01000000"" ;
10000000 ;
OTHERS => NULL ;

A<=1,;
A <= 3 ;
A <=5 ;
A <=7 ;
A <=9 ;
A<= 11 ;
A <= 13 ;
A <= 15 ;
N K LB



Z B

P2: PROCESS(CLK)

BEGIN
 w s ol Cloorm Y ENT - ANDmdlme= 1 = THEN
END IF;

END;

END PROCESS P2 ;

P3: PROCESS( A ) —— ¥ HLE

BEGIN

CASE A IS
WHEN O =>
WHEN 2 =>
WHEN 4 =>
WHEN 6 =>
WHEN 8 =>
WHEN 10=>
WHEN 12=>
WHEN 14=>

SG
SG
SG
SG
SG
SG
SG
SG

<= "0111111";

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

WHEN OTHERS =>

END CASE ;

END PROCESS P3;

""1011011";
""1100110";
"1111101";
"1111111";
"1110111";
"0111001";
""1111001";

NULL ;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

CNT8 <= CNT8 + 1;

SG
SG
SG
SG
SG
SG
SG
SG

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

"'0000110";
"*1001111";
""1101101";
"'0000111";
""1101111";
1111100 ;
""1011110";
""1110001";

K SEEHH
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[ 1516-20]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY DVF 1S
—— R —— e ——————] C
D : IN STD LOGIC_VECTOR(7 DOWNTO 0);
FOUT : OUT STD LOGIC );
END;
ARCHITECTURE one OF DVF IS
SIGNAL  FULL : STD LOGIC;
BEGIN
P_REG: PROCESS(CLK)
VARIABLE CNT8 : STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
IF CLK"EVENT AND CLK = "1° THEN
IF CNT8 = "11111111" THEN
CNT8 := D; —-H4CNT8vHEvHinT, MALZIEDH R E S HE#sCNT8
FULL <= "1"; --[RIAdM#%s Hbsdifs 5 FULL S H A s HoF
ELSE CNT8 := CNT8 + 1; —-Flgks/EinlitE
FULL <= "0"; --H# HisEE S FULL K HEP
END IF;

END 1F; TR K)(/%uﬁﬁ
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END PROCESS P_REG ;
P_DIV: PROCESS(FULL)
N ARTABLE CNT2 - SI1D LOGIC;
BEGIN
IF FULL"EVENT AND FULL = *"1* THEN
CNT2 := NOT CNT2; --wWR#HFrERSFULLA EHEY, Dtk e
fan HH HYU%
IF CNT2 = "1" THEN FOUT <= "1": ELSE FOUT <= "0";
END IF;
END IF;
END PROCESS P DIV ;
END;
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