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F—E VHDL &4

1.1 VHDL %K

b TR ROR I R R, FRUBR IR R PR R, 1 TR I R Rk, R
HE RN 5 1 DA Rei 2 Tl S #rt-ae /12K . VHDL (Very High Speed Integrated
Circuit Hardware Description Language) &3¢ E F5#8 1983 4 H ) —FE AR 1E S, ©
A DU R B (R 25 R A4 T Ry, @I R EDA T B HEI% & H s, Mo e 1kt
BEJJ. VHDL Wit JiixA LA LA s

1. AT EBERGR AT N, H EDA THEE g, B,

2. L&KM, Bt ARALEZROEMEK T, B EDA TH AN BARK T
A, FR B EAIEE SR AR, X% JE B B A VEA T AL .

3. Wil SRR

1.2 VHDL Hj¥H7E

CPLD/FPGA ] VHDL # it feani 1.2.1 fis.

T NRIRTLLE
VHDLARHS

it AR

DR IR
A

AL

T FICPLDIIIE

K 1.2.1 CPLD/FPGA &itififs
B E BRI T L.
1. BB, B AT TR EE RS0 AR RS, KT AR e
R B E R B AR R
2. it filafiZk. t EDA L EARHEBAKR) CPLD LE, ZwiFit (i, reAHg

1



ghife, e R, a4 R3] CPLD HI%E SCiF.

3. fhiHE. fEHENLEX EDA T AP A BT, RIEHESRThERE. NP _R
IR ER

4. TF#F| CPLD ¥iE. 5 BHIE TR IhReIER &, /5 T3 CPLD &5+, fid
&40 B R I A RS T RE

1.3 VHDL HjEA B

VHDL i 52 — ML E R IIE S, E EAFE B 52 JatiR — A s, X 1A
PSR PIT 5 B R A T

1.3.1 VHDL F&FF 454
FEFF 24451«
LIBRARY ieee: - PEEX

use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;
ENTITY counter IS - SEARE X
PORT (
AB,CLK:in std_logic;
Q:out std logic );

END; PRE
‘;g ) o a >a

ARCHITECTURE behav OF counter IS [—‘_
-- gt tioE X - G
SIGNAL D, E: std_logic;
BEGIN
E <=AandB;
PROCESS (CLK)
BEGIN
IF CLK’event and CLK="1" THEN
D <=E;
END IF;
Q<=D;
END PROCESS;
END behav ;

EE AN AR VHDL B2 7, B a4E =4 70

1. JE

PESRALL C B IS0, R BE LT — S B RA . s, — eI LR Y
PERRAE T

1.3.1  VHDL F2 7 X M 2

LIBRARY ieee; -~ B TR
use ieee.std_logic_1164.all; bR IZ A

use ieee.std_logic_unsigned.all;

2. SEfA
SEAAE SCT LR R B AR B S S A AR SRALL TERESE, VAR


Think
高亮


ek R ENTITY cout (EE_E%/‘%%) IS | I |
PORT( A,B: in std_logic; :

PORT i I C : out std logic_vector(7 downto 0); ;2 CWL:

] Q : inout std_logic); ;;w |
END,

SRR E R LL “ENTITY  IS” iRk “END” ifH) 45, a2 PORT i H it
RS 53 o

AT R R -

® in: HA .

out: Hrh vt .

® inout: % H XA o

® std_logic: FRAEZ A HHEIEA.

® std logic_vector: FRUEZHER BRI, S NMEAR e U AT, HEEE
EHEE G (M downto ND FI5 R, B FRs My NIRBIGLF . EHIHES C w2 —4 8 firfis
B IR M 15 S
3. gtk
SERRE ST HLER R P ER L A, ELAE LR N B INAE , BMEER SE A R AT IR
AT

AN

—

ARCHITECTURE behave (451444) OF cout (35/644) IS
SIGNAL  E (N#B5%5) : std_logic;

BEGIN
B 1
i 2

END;

o LAY HitE Ahdrda,  OF Ja i i SR A BRR W Z S5 A 14 S T8 A e it sk
A, FEFR— DB SR P AT RS 2 AR, AR Z R X 5. Beihin AT URYE 45
PR RIRF R 4a . fl:

ARCHITECTURE behave  OF cout IS T AR AR AT R
ARCHITECTURE dataflow OF cout IS Tt 2B A PR B AR £
ARCHITECTURE structural OF cout IS R SR I 2R S5 MRt
ARCHITECTURE bool OF cout IS R SR IE 2RI T R

® LR S S e SO A R RE ST Bk B 1.3.1 YRR A ——
SIGNAL D, E : sd logic; i, PY3& [ X HUAE T2 1547 3 € o

® ZiFfRkrpEIE, SCOLEAIIIRE. B 1.3.1 TR T SR A IR AL ST
B, —ARATNHER IR D filk SR

1.3.2 HERA

VHDL R 2 A, H R
1. 91EHIZ%# std_logic


Think
高亮

Think
高亮

Think
高亮

Think
高亮

Think
高亮

Think
高亮

Think
高亮


EES L R REEA K 0, 1, U, X 2, W L, CHY S 9 R o
TR 0; TFRREH 1, ZRREME: URRARILEN: XERRHAN: - Rom 2.
2. K& std_logic_vector
ZREPRTIM R O (HIZH, (N A 2Te E R E IR, — NS BUSALFHES, il
signal x: std_logic_vector(3 downto 0);
FoR x ML L, 1 X(3),x(2),x(2),X(0) K4 i o
3. M integer
BAVE S FEAMERSE S 1M EUE B3R Mx, (EH B2 HUqE I, Fn:
signal y: integer range 0 to 15;
R HAE 5 AT LIS 4 58 20 CONV_INTEGER #6487, 5 4n
y <= CONV_INTEGER(X);
4. HiE X H IR
VHDL Fe¥FH 7 B AT 5E SCHT I BE 28R . B e SR 2R 8 I 2R B 7€ SCiF ) TYPE SE3IL
. TYPE HIMTE B E#&AN:
TYPE ##EKM 4 1S HIRIAE X ;

1) MR
MO SRR RSB P A T ARSI 2 ok, (8 B s 1R ml B i
M SRR E g AT

TYPE ¥4 IS (L&, JLE, = )

BIREHLBCTH 7 N IR

TYPE STATEIS  (S0,51,52,83);

2) EEPCRA. SLHRA

BHORAL, SLHCERRAE VHDL WEShadErh CoE X, AR TR E R ERFEE OE
XEHEHRA . REHCRRM SRR o B E#% 0N

TYPE ¥ERM4 1S HIRKAE L AR

BIfE-C BB E R T, — B E R B RN 0

TYPE digit IS INTEGER range0TO9;

3) HAHRM

VHDL 277 Bt o i 20 2R 2 1 A [F) SR 2 F Bl 4R 5 AE — A2 T BC— 8 O Bl 28
M. BRI PSR AN

TYPE ##52%4 1S ARRAY (INTEGEROTO9)OF STD_LOGIC;

BIn7EfE ] RAM. ROM 27 £7 s HEI 75 228 CHUH, i8R T

type instrisarray (0to 15) of std_logic_vector(7 downto 0);
signal IRAM: instr;

EHIESEE T instr B R AR A 8 MR R, BAHBER 16: A5 HIZHE
FAE L7155 IRAM. I IRAM A 5 52FR b —/ M & 16 11 8 A 84, 7] LAE N RAM,
ROM EGAF 725 3 .

P € SR AGE AR ORI, SO 2R, ARG A, RUONANVE AL,
XREAENH.

1.3.3 HIEHAE

1. BE (<=
R H SR AL 45 5 AT DAIRAEL, 5 M 1A 9 I BUEL T A0 A 24 15 SRR . il

4


Think
高亮

Think
高亮
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高亮

Think
高亮
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SIGNAL D, E: std_logic;
BEGIN
E <=AandB;

PROCESS (CLK)
BEGIN

IF CLK’event and CLK="1’ THEN
D<=E;
END IF;
Q<=D;
END PROCESS;
E<=Aand B fl1 D <= E iEHERIR [ B 5L MINEE R R, 2 ILKE 2-2b.
2. Wi/ (AND. OR. NOT. NAND. NOR. XOR. XNOR)
RN UG S B R, Bl
y <= not (x(1) nand x(2) or x(3));
AND #r5: OR #Foril; NOT #/rdE: NAND £/R59F; NOR Rk, XOR %
ARG XNOR Fon[F|EL;
3. HBHEAE (=, /=, <. >, <=, >=)
P R B T 2 A IRAEIE R RN 26 AR 0 SOEA), TELUE AN =R A E T,
4. PHEEE (&
PHEEAE T DIERNME S PR — MR &5 S, filan:
X(3downto 2) <= x(1) & x(0);

1.3.4 FHITREES]

Y IRAE T B B4 1 IAE S5 A AR i R FEATIRMEE A1), B HERR T8 S SR K R EL
IR T — AR (HEZHEBEI) . Fra FE AT B AR R AT PAT . BEL T
I Hbr <= #i&xX WHEN IR{E%/; ELSE
#ix:X WHEN {54 ELSE

1.3.5 #EIEH
BB ST — /N, HERE PN AR AT A . BRI R
[#F4 ] PROCESS (5% 1, 1552, ..)
BEGIN
17 RIRTER]
END PROCESS [#EFf£44] ;

HH PROCESS i f) J5 M5 5 4RI N AR I BURER, — Rt ol M %4> PROCESS H
FIMFTE NG SR BURER B, BRAEZE AR — M Al e RE . FHAT IRELTE A AN
[], 7EHEFE P S AT R 1 A1) 75477 SIS #R ITUT $0AT 1 o 3X A28 2% A 23 315 ) AT CASE
WA EATHEE T

1. FAR BRI 3 Pkl

1)  FFREEHIN IF 5

FEHEN: FEFF 24401«
if 2644 then IF CLK’event and CLK='1"



Think
高亮

Think
高亮


W) THEN
if. D <=E;
end if END IF;
Q<=D;
2)  ik—EHIE IFER)
P T 454 :
If %14 then if LOAD = <0’ then
AT 1. Q <=Q+1;
L else
else Q <= QLOAD:
WHh) 2; End if;
end if;
3) ZEFEEHIN IFIES)
PERE: T2 7 25451 :
if 241  then if  (D(0)=°0") then
‘E . Q <: 6‘1 1” ;
B L elsif (D(1)=“0’) then
W) 2; elsif (D(2)=°0") then
else els(i% <= 017
)L%/EU 3; Q <: 6‘00” ;
end if; end if;
2. CASE 7 ()i
PR T2 725451 :
case 1% is case OP is
when {H1 => when “00” =>
] Q<=0Q+1;
_ Wherl “01” | 6(10” :>
Whe”gjiz | E3]...= 0 <= OLOAD:
I when others =>
When‘ others => Q <= “0000";
1%/'37: .
end case;
end case;
1.3.6 Jof4HItk

TOEBIE R SN — RS R, WIS T R T SE ik e SCA— Ao, SR EFIH
R B A BE O A5 2 A0 AT SE AR A 48 i i AR ERE, AT SEIREE M it o 1Bk
T
Sy Jofh e GE AN
COMPONENT o4 IS

PORT( f§%5 1, {552 : in std_logic;
553 . out  std_logic_vector(7 downto 0);
554, 555 inout std_logic );

END COMPONENT;
ARy BRI IE A
Bt 4 - JofF4 PORT MAP (s 4 1, B4 2, -eeer );
TEVE2EH:
COMPONENT or_gate



PORT(a,b : IN std_logic;
c: OUT std_logic);
END COMPONENT;

BEGIN
U0: or_gate PORT MAP((tmp3,tmp2,Co_F);

1.3.7 TR
VHDL F&F7 R RAT N - " FF4E, AT LA T A2 AR o7 B

1.4 ZHEHERK =I5k

1. AT RV 0B SRR H AR BR AR RN, Foah SO Rtz s T B
Hik Oy AR T7, 75 EDA TAE AP AR N 2 R AR B i

Froms A EIRTH R SR 04708, AT BB DI RE T 2L

2. BARIAIRE: REMIR TR — o WA R IR E S EIE S Er
fras i AR L S OREEAT (1, RO A A a2y 5K

Frm: ST HHMTIEHERG . (AR ZN B B A BRI T

3. GhifgIRYE: $RIEZZ BV rh, BRI A PR b ) o R R BT AR EOR 52
BB SEAATh R HlIA -

Fra: SERTRM

E3R 3 R T AR BT HL N AT LIRS

1.4.1 AT RFIRBE 25
FAT AR IESE—A 4 318 1 Bl ey . @it 45 e AR RS S;So, BRI A 4 4>
i NEPE ABCD Wik T —Ay, HEEm Y. W ZEAME AR

Y=A(S5S,)+B(SS,)+C(5,S,)+D(5,S,) (2.4.1)
HAER:
R141 4% 1IBEEERAEER
LN Y
0 0 A
0 1 B
1 0 C
1 1 D
--VHDL f2f:
LIBRARY IEEE; - PR B R
USE IEEE.STD_LOGIC_1164.ALL ; --FRUEZ L

USE IEEE.STD_LOGIC_ARITH.ALL ;
USE IEEE.STD_LOGIC_UNSIGNED.ALL ;
ENTITY mux_4 11S
PORT ( S: IN  STD_LOGIC_VECTOR(1DOWNTO 0) ;-4 1k Feis 1
A,B,C,D: IN  STD_LOGIC; -\l
Y: OUT STD_LOGIC) ;-3 1
END mux_4_1;
ARCHITECTURE mux_behave OF mux_4 1 1S
BEGIN

7



Y<= AWHEN S="00" ELSE
B WHEN S="01" ELSE
C WHEN S="10" ELSE
D WHEN S="11" ELSE
0
END mux_behave ;
fRAT Syt L BT ) 4 6 1 ol R 3e 1 RTL AL BRI K] 1.4.1. RTL HESHIRFS

BOHZH MR

Equal~0

I —y

2 -

EQUAL b
~ >
Equal~1 i a2

V-3
1 0.0 T
our
2'hp - 1.0]

EQUAL

Equal~2

0.0
our —
2'h) - .01

EQUAL

Equal~3

EQUAL

]
[ —
s>
Al

141 AT AHRVERTHR) 4 1% 1 Bnieseds

B B0k AN B A O
Y<= AWHEN S="00" ELSE
B WHEN S="01" ELSE
C WHEN S="10" ELSE
0
Ja%& RTL HEREISE R, JF5K 1.4.1 thE.
1.4.2 BHERERIEE 5
FEAE LR RV FIRE—A 4 3% 1 B ie P48 .
--VHDL F&%:
LIBRARY ieee; --FR T E B R

USE ieee.std_logic_1164.ALL; -FrUEIZ4EFE A4
ENTITY mux_41 1S

PORT(
S . IN  STD_LOGIC_VECTOR(1 DOWNTO 0); --#§ 4 1% £ I1
ABCD : IN STD LOGIC;  -Hj N\l
Y : OUT STD_LOGIC); -~
END mux_41,;
ARCHITECTURE mux_behave OF mux_411S
BEGIN

Y <= (NOT S(1) AND NOT S(0) AND A) OR ( NOT S(1) AND S(0) AND B)
8



OR ('S(1) AND NOT S(0) AND C ) OR (S(1) AND S(0) AND D );
END mux_behave ;
BRI IRTE R 4 1% 1 B3R IEFESS 00 RTL HES K LI 1.4.2,
o9

si.o—> } 1o
T Y
c > Y_~6\
I—I—O__/I

A ﬂ:w

B>

142 AEFHEIRRARIE BT 4 128 1 Bl g
PR LR IR 7 0 AT s SR LI 1.4.3 FHIE] 1.4.4, WEXTLG o B 5434 5@ SORMEE T L3 — 2%

Begistered Performance thl tzu | too | th | Custom Delays |
Slack | Requied P2P Time | Actual P2P Time | From [ To |
1 Mit  |Mone 11.408 nz E Y
2 [MWi Mone 11.323 nz o] N
3 Wi |Mone 11117 ns =110/
4 Wi |Hone 10981 n= sM1] v
] M  Mone 10136 nz &, N
E M/ Mone 9,950 nz C N
1.4.3 A7 NIRRT 4 3% 1 Rk B g b
Registered Performance tpd |t5u | teoo | th | Custom Delays |
Slack | Requied P2P Time | Actual P2P Time | From | To |
1 M |MNone 11.408 nz C N
2 [MW |Mone 11.323 nz o] N
K] Mia Mone 11117 nz S0 Y
4 Mia Mone 10.981 n= =110/
5  |NMA Mone 10,136 nz i) i
E N Maore 9,950 nz B N

M 144 FERBEIAEBTR 4 % 1 B ik B2 m e bt
1.4.3 SR B2
H MR IER T — LA ngs. B3R, MR measf—A 5 A B T2 8 .
TG, AR T AER IS RN F) 2 i gs EAE R LK 1.4.2, Hd AL B 2N INEL
S AR, CO ZlmEiini#fii. ¥ Sy Cov A, B KK ARG IZHELIAERNE ]
{S:AB+AB

2.4.2
C,=AB (242)

142 $MBEMAR
9



L] )
A tH
/ B S ¢
(o]
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
- N4 VHDL & 5 BT
-SRI NIG N AL B
-t 4 Sy Co(REAT)
LIBRARY IEEE; -~ B BT
USE IEEE.std_logic_1164.ALL; N SA Y s )

ENTITY half_adder IS
PORT (A,B: IN std_logic;
Co: OUT std_logic;
S : OUT std_logic);
END half_adder;
ARCHITECTURE rtl OF half adder IS

BEGIN
S <= A XOR B;
Co<= A AND B;
END rtl;

MR —HEB IS S 51— A B R R 1.4.3. Cp RARMIAIHERL. ¥ S,
Cov FIA. B\ C KRS s RIERNEH
{ S = ABC, +ABC, +ABC, +ABC,

_ _ ~ (24.3)
C,= ABC,+ABC, +ABC, +ABC,

143 EMBEAER

L

moA "

C C

£ E S
I o
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
o

XEAERIEN (2.4.3) Hbfd], SEHUBH R, e fEMmai R I T

10



S = ABC,+ABC,+ABC, +ABC,= (AB+AB)C,+(AB,+AB)C,
=A®B®C,

_ _ _ _ _ _ (2.4.4)
C,=ABC,+ABC,+ABC,+ABC, = (AB+AB)C,+AB(C,+C,)
= (AB+AB)C,+AB = (A®B)C,+AB
—~—fI A INE VHDL B S (S5Mtbitiid)
LIBRARY IEEE; -t PR B U
USE IEEE.std_logic_1164.ALL; --FR e AR A
ENTITY full_adder2 1S
PORT( A/ B : IN std_logic; NG A AL B Cin(FiEfr)
Cin : IN std_logic;
SF : OUT std logic; - N S_Fy Co_F (L)
Co_F : OUT std logic);
END full_adder2;
ARCHITECTURE structure OF full_adder2 IS
SIGNAL tmp1,tmp2,tmp3 : std_logic; I =R=r2 & it
COMPONENT half_adder ¥4 s e SUCh— Ao
PORT(A,B : IN std_logic;
S : OUT std_logic;
Co : OUT std_logic );
END COMPONENT;
COMPONENT or_gate - B T SCA— N Je
PORT(a,b: IN std_logic;
¢ : OUT std_logic);
END COMPONENT;
BEGIN
UO: half_adder ~ PORT MAP(A,B,tmpl,tmp2); - nastis
U1: half_adder PORT MAP(tmp1,Cin,S_F,tmp3);
U2: or_gate PORT MAP(tmp3,tmp2,Co_F); - T8 (FEATRE
ZARH
END structure;

Quartus I Z£& 5 1 RTL HLE B LA 1.4.5,

half_adder: LU0

half_adder: U1 or_gate: U2

s
] s ] ] A Co a
—————1 > F

B 5 b -
cin[_> 4-‘
: [ >sF

1.45a —fi4eings RTL H A

11



half_adder:U1 -0
Al ) —
Bl co
S— A Co —
B S p— N ~0
____jD—Ds
K 1.45b 4hnge Kl 1.45c Ahn#s R INEs RTL K
1.5 VHDL F e #3134

25 ) SR REIRVE JE FE AT AR — A S AT DA R VAR 2 R ) B, X seAR AT DL
VHDL 18 5 1E [Al— N g5 MR b 43 59 B FRAT RAELVE A) sl dE R SR iR o T A48 LR B e
i) VHDL ##iR .

15.1 HEZBHEHL

{87 2 2H 4538 %8 L B T DA FE AT IREE ), W mT DA AR R IR . 87 g BB L iR —
BRI DL — MR TR R, Blin=%iN51]: F=AB-C

AT T ) -
5% 1:
begin o>t
F<=AandBand C; al ) [ >F
end; o[ >———
ik 2:
process(A,B,C)
begin
if A="1"and B="1"and C="1" then . ot
11 D_'—‘_ cessO~
F<="1"4 R
Else ’;:: - L_>F
F <=0,
End if;
End process;

FEAT WA TE A& ] 1 7T LA s A R 5 R ROn AL A B B g . RIS R R,
ARG /R T3 RE s, AT CARTERESEEL,  FERERE T 25 A1 20 SCIE R AN CASE 154) L%k
HLE (1) 12 B Dh i

TR ERAGZEEN, T REMD SIS 4.

1.5.2 fiiR#s (D filik#%)

D filh 3 1 T i ik 1 R
1 B LER CREAD W, YA S, W B R 6 CERD
S O e 2 E I B
2. TEWPEME S ETHE CRBEI 05N SR S5,
3. BRI A,
D ik 5% FAE RIS, 76 RIS B BB BRI RIS 5. R AHI T
12



e MR D il ds, BRI SO R R S I AN T EE, AEFERROLT Q TREF
R,

PROCESS (RST,CLK)
BEG'N Q-~reg0

comb~0 T

if RST ="1" then 1> p o -

Q<='0"; BUF (DONT CARE) I—‘—
elsif CLK'eventand CLK ='1" then | . ,— ENA
Q<=D: CLR
end if; RsTC> |
END PROCESS;

1.5.3 2 FRss e %

AR SRR, BT HATHEOIRESN, A 2 MIThAE, R R AR I BRI
BRI Bl o AN —AME 7S f T B s SR 7SS HL . FEBR R HIR AR 1.6.1,

K151 HEEIFISEEER

ST

O o Eifwg‘;‘ S| S | Co
0 0 0 0 0 0 0
1 0 0 0 1 1 0
2 0 0 1 0 2 0
3 0 0 1 1 3 0
4 0 1 0 0 4 0
5 0 1 0 1 5 0
6 0 1 1 0 6 0
7 0 1 1 1 7 0
8 1 0 0 0 8 0
9 1 0 0 1 9 0
10 1 0 1 0 10 0
11 1 0 1 1 11 0
12 1 1 0 0 12 0
13 1 1 0 1 13 0
14 1 1 1 0 14 0
15 1 1 1 1 15 1
16 0 0 0 0 0 0

B R U B AR R LEN MR i AR Bk clkin (855 73 B L AR I B

LIBRARY IEEE; -~ F T P TR
USE IEEE.std_logic_1164.all; ARy R N

use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;
entity divider16 is

generic(LEN : integer := 16); -4 16 fif
port(
clkin  : in std_logic;
clkout : out std_logic );
end divider16;

13



architecture beh of divider16 is

signal s_cnt : integer : 58 M AE 5 R B
signal ss_cnt : std_logic_vector(3 downto 0) ;
begin
process(clkin)
variable cnt  : integer range O to LEN - 1; --cnt & XN AR &
variable clkt : std_logic ;
begin

if rising_edge(clkin) then
if cnt = LEN - 1 then

if clkt ="1"then
clkt :='0";
else
clkt:="1";
end if;
cnt:= 0
else
cnt:=cnt+1;
end if;
s cnt<=cnt;

ss_cnt <= conv_std_logic_vector(s_cnt,4) ;
A std_logic_vector %,

BB . ¥ integer

clkout <= clkt and ss_cnt(3) and ss_cnt(2) and ss_cnt(1) and ss_cnt(0) ;

end if;
end process;
end beh;
AR RTL RS LA 1.5.1, HERIIDIRENT Bas Ry E R LK 1.5.2.
?Bzﬁ%fiﬁﬁ%)‘(%ﬁﬁﬁm%:io

%‘ clkoutera g0l
o causio L ; 0 Q e elkout
ENA clid~0
clR enif2.0] -
o T A hF = our LR
o a a
addn0 ! 4
ent
\ EQUAL
. L
. ies ouTg. ‘I/ >
o1 ENA
entel clr
ADDER
—# B
ent2
D:i
ente3
AN a
1.5.1 pHiiasi RTL HEE &
| | clkin
k=d clkout,
£+ 5_cnt
1| =s_ent[3] [ | ]
|| zz_emt[2]
|| =s_ant(1] J | | | | | | | ] ] ] ] J | |
|| zz_ent[0]

1.5.2 4srhids HEE R Th e fi B as R K
1.5.4 BifF# (Latch)

BRI DIREMIR U T -
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1. fEfesm A R, S = g 20 o

2. i gE s o R R A AR

BiAE & R RE P HERE SEBIL, AERERR I BURER T MR T R B AE 5. R I 6152
— MBS, B SR B A OB Dh RE, AEHCERE LT Q fRFFAAE. M D

i A A XS s B AR B I R 20 3

PROCESS (LE,D)
BEGIN Q$latch
if LE ='1' then N RS —q
Q<=D; [ > |ENa
end if; CLR
END PROCESS;

155 RAM/ROM Bt

RAM/ROM [ it BB A%, fE VHDL FE 17 vt i — MEd i 1 22 Th R AR HoR SE L
TIfe. XERMNH, SEESHHLTR.

1.6 A&V

1.6.1 iR

REHRIEHMANGE S HRECIRES CIRELE) (1848 KB RR I 7@ 4 i g DI Re
Jid, WIEFEHL. A BRI TR E Bt BB N — & (PR 2 A4

i PP L CTRTFRINT PP L) A AT — I 20 3 S 5 A BGR T 24 i N 15
Ty T HARE R T R R RS, B UL, 185 DART AN K.

N P FL 6 T L % 4 ) A T T TR

1. P B IE o 1 2H A F R RT A7 HEL B N LRGBS 0, T A7 il FEL B A D AN T/

2. {HEHER I HPIRS LU S BIH A B A, SRAGES i, LREd
G HLER 4 o

M F 0 15 5 BT 5 nD R P B S RIDR Mealy 2 AT Moore B Ff

®  Moore ZYHLER T, HirHE S5 AL T2 4f ri % RPIRES o FORES e LB 1.5.3a.

® Mealy BUHLERH, ¥ S 5 AMUBGR TAA6E I FORAS, W FOSBGR TN & .
FORSHA B WK 1.5.3b.

Moore BLIRZSHL AT BE ZELEAR LY Mealy BUIRZSHLRE E 5 2 RES . Moore B FRARZSHL
(% H 5 R NS A TE 0%, DR S w7 AR AT AR RS S LB IR B R — AN
Al 0L, Moore ZUARZSHL A fe R A AU P LUCKE46r 5 23 Rl H B 70 BR 25 o X T Mealy U
FRORZSHLR UL, BT e 2R ANE T R, Fb R NG 5 KBS, AT
DATE — AN B ol B 30 7 o ) e A 2R

A BRARZSHL— M FH R LB 7 R G vt s il 4

RS WL 251 B T8 B0 RO F A BRORFS AL A B —ANIRES R LT 428 il B i — /M5
B0 B RS R R R T e S R — NS DA SR R

A BRSO IEIA T7 200 =R . SO FE A RS — Fhdtid 7 =0,

—RER IR T RIRTE VHDL B S REF MRS, H =N RE A SRR A R

15



RSV TIRE . — MR RR A RSP RS 5 — AN 3ERE R R IR A PR HL
PR A7 AN RR A SRR R A FRARZS L 1% H 2 48 .

RO T SBRAE VHDL B SRF Mg, ARG R IR A TR
RENHITIRE . — AR A SRR A RS HL RS AR RS S A7 A A i 2 4
FETEAS s S8 — SRR U SRR A BRAR S HLFR R 1) T RE

BRI T RTRAE VHDL WESREFM At H— ARSI R R A TR
RENF RS Z . RS AR H 2 .

TE N T R HR AR R NG RER IAR 38— MR STIRAS ek, 78 CP L AUTE
IERE, HEDIRA (PresetState) [ N —/MIRZS (NextState) R, 25 —/NEERE 6 54 I 4
ANfE5 (DIN) FI4AERAS (PresetState) HIE, JfH1 CASE-WHEN &) due {55 (OP)
FIR —AVIRZSME (NextState) 1.

0/0

1/0
K 1.5.3a Moore tR&HL K 15.3b Mealy JR&HL
1.6.2 FEFZH
--Moore JJRZHL VHDL 27
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL; - v 2 SR
USE IEEE.STD_LOGIC_ARITH.ALL; - FREIZ A A
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY Moore IS
PORT(
CP JIN STD_LOGIC;
DIN T IN STD_LOGIC;
OP :OUT STD_LOGIC );
END More;
ARCHITECTURE behave OF Moore IS
TYPE STATEIS (50,51,S2,S3); -- State Type Declare
SIGNAL PresentState : STATE; -- Present State
SIGNAL NextState : STATE; -- Next State
BEGIN
SwitchToNextState : Process (CP) -- PresentState -> NextState

16



BEGIN
IF CP'EVENT AND CP="1'THEN
PresentState <= NextState;
END IF;
END PROCESS SwitchToNextState;
ChangeStateMode : PROCESS (DIN,PresentState)

BEGIN
CASE PresentState IS
WHEN S0 => --STATE SO
IFDIN ='0'THEN --INPUT=0
NextState <= S0;
ELSE
NextState <= S1;
END IF;
OP <=0} --OUTPUT
WHEN S1 => --STATE S1
IFDIN ="1'THEN --INPUT=1
NextState <= S1;
ELSE
NextState <= S2;
END IF;
OP <="1} --OUTPUT
WHEN S2 => --STATE S2
IFDIN ="1'THEN --INPUT=1
NextState <= S2;
ELSE
NextState <= S3;
END IF;
OP<="0" --OUTPUT
WHEN S3 => --STATE S3
IFDIN ="1'"THEN --INPUT=1
NextState <= S0;
ELSE
NextState <= S1;
END IF;
OP<="0" --OUTPUT
WHEN OTHERS => --Initial State
NextState <= SO;
OP<="0" --OUTPUT
END CASE;
END PROCESS ChangeStateMode;
END behave;
Moore JRENLF RTL K-
PresentState
DIN| > = DIN
s1| —= [ >or
cP__>—= - clk

K 1.5.4 Moore IRANLA RTL T2 &

17



£

Source State | Destination State | Conditionl
1] =1 =1 (DIH)
HE =2 (1DIN)
13| =2 =2 (DIH)
4] =2 =3 (I ITK)
15 =3 =1 (I IIHK)
|B] =3 s0 (DIH)
|T| =0 =1 (DIH)
g =0 =0 (I IIK)
%1 1.5.5 Moore RASHLIRZ K
--Mealy JRZ&HL VHDL 25
LIBRARY IEEE; -t R B
USE IEEE.STD_LOGIC_1164.ALL; -t HIE T

USE IEEE.STD_LOGIC_ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY Mealy is

PORT ( CP tIN STD_LOGIC;
DIN *IN STD_LOGIC;
OP :OUT STD_LOGIC
END Mealy;
ARCHITECTURE behave OF Mealy IS
TYPE STATEIS (S0,51,52,S3);
SIGNAL PresentState : STATE;
SIGNAL NextState STATE;
BEGIN
SwitchToNextState : Process (CP)
BEGIN

IF CP'EVENT AND CP="1'THEN
PresentState <= NextState;
END IF;
END PROCESS SwitchToNextState;

-- CLOCK
-- 1/P Signal
-- O/P Signal

--State Type Declare
-- Present State
-- Next State

-- PresentState -> NextState

ChangeStateMode : PROCESS (DIN,PresentState)

BEGIN
CASE PresentState IS
WHEN S0 =>

IFDIN ='0'THEN
NextState <= S0;
OP <="0"

ELSE
NextState <= S1;
OP<="1"

END IF;

18
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~-INPUT=0

--OUTPUT

--OUTPUT



WHEN S1 => --STATE S1

IF DIN ="1'THEN --INPUT=1
NextState <= S1;
OP<="1" --OUTPUT
ELSE
NextState <= S2;
OP<="0" --OUTPUT
END IF;
WHEN S2 => --STATE S2
IF DIN ='1' THEN --INPUT=1
NextState <= S2;
OP <="0" --OUTPUT
ELSE
NextState <= S3;
OP<="1" --OUTPUT
END IF;
WHEN S3 => --STATE S3
IF DIN ='1' THEN --INPUT=1
NextState <= SO;
OP<="1" --OUTPUT
ELSE
NextState <= S1;
OP <="0" --OUTPUT
END IF;
WHEN OTHERS => --Initial State
NextState <= S0;
OP<='0" --OUTPUT
END CASE;
END PROCESS ChangeStateMode;
END behave;
Mealy RN RTL K-
PresentState Select~0
DW| > D .
P> ok —_[__OI—.SEL[1 0]
ouT op
g—-DATA[’I 0]

SELECTOR

K 156 Mealy JRAEHLE RTL TiZE
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Source State | Destination State | Conditionl

1] st st (DIH)
2] =1 =2 (I ITH)
3] =2 =2 (DIH)
4] =2 =3 (I ITH)
5] =3 =1 (I ITH)
6] =3 =0 (DIN)
|[T] =0 =1 (DIH)
S| =0 =0 (1IN}

K 157

Mealy RASHLHPIRAS K

20



B _-F Quartus Il F{¥H

2.1 Quartus 11 #EiR

Quartus 11 /& Altera A &4k MAX+PLUS 1l 5, Frfeftit) FPGAICPLD JF & £ 3 Hi,
T B X A B A RO FPGA (I K . Quartus 1 $2 (35— /N 78 53 N4 2 Wit BT v
B SR TG WL, EAMUE RS FPGAICPLD #it il M B i v 7 %8, 1 HLAR SR
BT gwfE i B RS0 (SOPC) Wit LRG3 . Quartus I Bk T REEHA MAX+PLUS II [14F
tahh, WAl AR S = sE& T E, 40 Synopsys. NativeLink. 1/ & T.E ModelSim %,

2.1.1 WIrFEEIRTS

Quartus Il A ME R THE ST A TS gia. TE. MRAmL. 14 ke
PR EEETAE. T EEZR T Quartus I #EAT IR THAT % FEH Y.

BitHA

r| AW ELGRE e TR

G | MRS

|| WEAE e M

51 e E
LR B

K 2.1.1 Quartus Il #E47 &A= IR

KU A B0 R

1. &It

et N 35 B ARSI R E 5 (HDL) SCAS AN KRR, A< e dh 5
B A B A AR VHDL S AR5 30, HDL B 77 SR BLA Bt K R S -4 R
R H IR, B IEEE #rvd VHDL 5 Verilog HDL FiffER4h, FH & H FPGA | i
AL HES, 40 Quartus Il A AHDL. HDL & 5 #iR/EIRSHL. HI2 4. Skshie )y
TR s 1T i PR A NTE T2 vt Bl i B 02 4 5 T LA R TAL SR . ThRE A s
Quartus Il SCHREE AT, AT RASE—ASB f0 4 G 48 20 55 o R AN IR N 11 K58 B
BEEL, T 58 IR A A AN BT DURTE B %5 HR
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2. ot 4E

TS IANZ I, BRIl it T T 5454 . il imBk ot 5K IE, Ra
KPR IB A BT IR R SR A R AT 1F Ak FeHRsi s . mERBT IR S
TR JZ I R IR RS BRI, ZREERH BRI SZ0E S (WAT AR sl
1), A5 FPGA/CPLD )3 A 25 A6 A B SFT (1) X  SCAF BT o BEPT LU Quartus 11 HRFI45
G AR TRV SO S TR AR, T FH A EDA 454 T RGBT X, )5
FEAE Y Quartus T ECERRC &8 F (10 R S0

3. ik

P FA G DI RE 0 AN P4 3. BEAT DhRepT 5, B E RN VHDL . 5 8 P sl A 4
LB T REIEAT ML, DL T L S i Dh e 750 2 SR Bt K, 1 g ARl
TINES A4S B, R R BAR SRR TR P o T A e 05 B S ae s AT A M L, 1
BREFE . Quartus 1 AT DL FE T FNGm B L SCIF,  RBAT 05 BT IR 4T

4. iR

4 DIRe i A i 2 BB, W AT /AR B0 B R R LRE G = AR N R S
PEBCE 482 1) BARasth, 2 P AR M N80 76 Quartus 11 1, 2 LS
FESLBAR I, ¥ TAR R AN P ER S AR T A SRS ARUL D . e AN E Il RE i
BEUTFHB R ITAL S, BMTARLRAINT . R AR N 0 HE B AR AN 5] AT

5. BFaHT

Quartus I H I oA DhRe n] DL S ise vk i i @ e Re, P51 S IE R 2% 2
WA BT R o 38 W] LAEAT S T PP 40 AT, A5 S AR I DU P 45 51, B0IE IR Bl
F M 5 R Bh 2 A IR SE RS

6. SIMHBE K FE

TR TAREATRRARIEE, RO A N S 5 B /28 i 51 ) E. a2
W N AR EEC B S m i g AR 2R ) FPGA B CPLD #4T T &, LUEHEAT R AN I0AIE .

2.1.2 Quartus 11 FIEFHE

Wik i E ) Quartus 1 EAR, FTHF 54, W1k 2.1.2 Fron. 54 B 7 TRE AR
BEEERANE DT 228k, AR IARHR OB A B A Xt . s R EEX .
17 PRGEAZ B A P B AL AT RTAE S A SR BRI B fir %o 2 T A SEB AR, 2/ gt
KA HANET AP B AR R .
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LA PREE T A

b8 File Edit View Eroject Assigrments Frod®ising TLools Mindow Help NIEES
0= S f BE K2 | |divicerd -l e@® LA SR
Project havigat = —
rojert Havigatar EE] # zbe, dividerd. vhd I @ Compilation Report - Flow Summary ]
Entity |Logie Cells [1e
By CreLome: EFICOR240C A LIBRARY IEEE: ~
FeLone: * USE IEEE.std logic_1164.all:
e 2bC divi derd 2 i2) z o
L entity dividerd is
i=

=F generic (LEN @ integer = Z):

E port i

- clkin @ in std_logic;
A clkout : out std_logic

I%%@ﬁﬁ,*é end dlv!u;erq;

architecture beh of divider4 is

= hegin
m process (clkin)
ﬁ wvariable cnt @ integer range O to LEN - 1;
< > wvariable clkt : std logic ;
il " : - begin
&y Hisratchy [ E) Files | & Design Unk 3
‘ |e|a|cy“§ s | et msJ if rising edge (clkin) then
Stats x| |26 if cnt = LEN - 1 then
i = 110
Wodule [Fromess % [Tine d | | | |2 it Ci)): ‘é‘ then
3 1= H
Full Compilation 00:00: 18 clse
Analysis & Synthesis 00:00:06 clke 1= 110
Fitter 100 00:00:07 end if:
Azsgnbler 00:00:03 ent 1= 0
TimPd Analyzer 00:00:02 else
ont 1= ont + 1;
end if;
clkout <= clkt:
1‘&}%,1 YA end if; -
IXA= || | e e
< >
2@ &) Infor Quartns IT Timing Analyrer was successful 0 srrors, | warning -~
2 ‘%) Info! Quartus IT Full Compilation was successful. 0 errors, | warning '\ o B
BREH :
>

<
Sustem }\ Processing /, Extra Info )\ Infa }\ W arning }\ Critic:al "W arning }\ Error

é |Message: Oof 132 ¥ | J J

For Help, press Fl In 4, Col 2001[Te@ [ Idle nm

sages

K 2.1.2 Quartus Il {3 A1

2.2 Quartus 11 ] VHDL ¥ A\ i ifs

AR A—A> 4 7350 73 i N, A 432 Y Quartus 11 SEILELDhRER PR D 3R K5
HEERHRRL
W TRE— W VHDL Wit SO F— D RED L — A i3 — I 3 017 31— S IABUE AT

221 FEILE

RN O ARSI, FERAEBO A et TR &S, @ DA+45. 1
TAE SO et a] LA g2 vk TARR SO IE, AR5 H BCEAS [F 0 S e b o 7EHL
FHRMER P O REERE D b, XM RERTPTREFALESHE P L. W
D:\DA2004010111\divider4 . FAKHEEAES BT

1. EHCEHAF File—New Project Wizard, I LR M S8 M. Hi AT Next i3t
ANEEHEOWE 2.2.1 s,
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Hew Project Wizard: Directory, Name, Top—Lewel Entity [p- .- §|

What iz the warking directory for thiz project’?
|D:HD.&2EIEI#EI1 0111 dividerd

What iz the name of thiz project?

[ dividerd [

What iz the hame af the tap-level design entity far thiz project? This hame iz caze sengitive
and muzt exactly match the entity name in the design file,

[ dividderd ;J

Usze Exizting Project Settings ... |

K221 HeETfEms

2. EIEE%&%&L"T&A, 7t Select Diretory XJ 5 AHE HH g8 bk TFE FIAF U A, W

Kl 91 Bz D:\DA2004010111\dividerd. &5, sididT 4. SUtEE, Quartus Il H3)
¥ TR RS LR S TR SO A8 —HE,  [F2A dividerd.

3. i Next HEAGINSCARE O (B . QiSRS rp A7 L NG5 TREAHE 4
AN, I A NEERINE TRk FoA H AT AT, Bl Next i
@, RUEFEHSH E O WE 2.2.2 Fir.

4. fF Family £ H Apts i 241 — —Cyclone, 4R )5k £ 241 dh i) BARS 7 8L 5
N EP1C6Q240C8.

5. i Next #E A\ EDA THKEE M (EHg), AR EH K =77 EDA TH. &R
PEARH S =07 TR, Fitb s Next #EA GG AL 0 (EIRS . XA R FIH 1 AT
BRI ERER . WA R LU Back [l 2s— &0, 75 3% Finish 45

SRR EE, DGR TR E RS

Project Mavigator =] =
S E DR, HFRTER 2.2.1 e if TR Entity |
TR AR fE L R Finish 45, i Cyclone: EP1EE.Q24|:||:E|
X E Quartus 11 =E Fiif A2 i i) 72 5 A e B divider
Project Navigator H {2 A TRE I T )= B ih SCF 4 F
4 dividerd, &l 2.2.3 Prox. HEA HBLSAE, W
PAME BF: View — Utility —Project Navigator #f H . K223 TRSHR
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New Project Wizard: Family & Dewice Settings [page 3 of 5] [Z|

Family:

T arget device

Axvailable devices:

Select the family and device you want ta target for compilation,

(™ Auto device selected by the Fitter from the ‘Available devices' list

f* Specific device selected in ‘Available devices' list

EP1C4F324C7
EP1C4F22417

EP1C4F324CH
EP1C4F400CE
EP1C4F400C7
EP1C4F40017

EP1C4F400CH
EF1CEF25ECE
EP1CEF25ECT
EP1CEF25EI7

EP1CEF256CE
EF1CER240CE
EF1CEQZ40CY
EF1CEQZ24017

FPI1CRT144CR

< Back | Fext > | Finish Hiig

= Filtkers

T Package: |,£'.,n_|,| j
Fir count: |,£'.,n_|,| ﬂ
Speed grade: |,£'.,n_|,| j
Core voltage: 1.5

0 [v Show Advanced Devices
-

W

K222 HEFEHBRSH

2.2.2 g VHDL ¥t

R TS, #in] DA
I VHDL A\ SO A BN L
DR

1. 1£ Quartus Il 3= 51
SRR %R File—New,
HR OB T SO G
2.2.4 fli7~. {E Device Design
Files U1+ VHDL File 1, 54
i OK 4% £ 4T FF VHDL SCA 4
wmEH, HEWAXHAN
“Vhdl.vhd”.

x)

New

Device Design Files l Software Files ] Other Files ]

AHDL File

Block DiagramdSchematic File
EDIF Filz

Yerilog HOL File

2.2.4 i VHDL ¥t o

2. BN VHDL SCAFA MR — SR EIRAE S A A A Bt SO, 4 2040 VHDL

AT s
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LIBERLRY IEEE:
U3E IEEE.std logic 1164.all:

entity dividerd is
generic (LEN : integer := 2);
port |
clkin @ in std logic;
clkout : out std logic
12

end divider4d;

architecture bheh of dividerd i=

hegin
process(clkin)
wariable cnt @ integer range 0 to LEN - 1;
varishle clkt : std logic ;
hegin

if rising edge (clkin] then
if ent = LEN - 1 then
if clkt = '1' then
clkt = 'd' ;
else
clkt
end if;
cnt = 0

I1I ;

else
cnt 1= ent 4+ 1;
end if;
clkout <= clkt;
end if;
end process;
end heh;

5 RAT U408 “dividerd.vhd”s 7 E:  BIASCHRRAEIEAR TRESCHR I T L Sk A AN
VHDL %t 30F 44—, M HAECRAFIS Za) ik “IRA7 D97 RHEHE T 771 “Add file to current
project” &,

Iy —AJ7 A2 I A AR R A AN S Tk Rk K e Edit— Insert Template B 7E %
H & R A I RE Insert Template, 5 H 3l AR & WK 2.2.5 Fras. fEAM Show
syntax of 513 Hik # VHDL, 4R J5 M A Template section 413 A% HX Architecture Body 55
7 OK RIAT . 84 5t o 45 My AR N B SR G 6l 1, 8 5 A2 ESOBE R PN 25 A I 7 22
) VHDL i N 3. 7E Template section 41|38 it HAb Z R X, v AR MRS BH3
i
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Show syntax af: Template section:

Inzert Template

Cuartuz | Tel PO - rchitecture Body

Caze Statement

Component Declaration
Companent [ngtantiation Staterment
Concurrent Procedure Call
Concurrent Signal Aszzignment Statement
Conditional Signal Aszignment
Constant Declaration

Entity Declaration

For Staternent

Full Design:; Counter

Full Dezign: Flipflap

Full Dezign: Tri-State Buffer
Generate Statement [For Generate]
Generate Statement [If Generate)
If Statement

likr=r Claiea

Cancel

Preview:

ARCHITECTURE a OF  entity name IE L
SIGNAL _ sigmal nawme : S5TD LOGIC:
SIGNAL _ sigmal name : 3TD_LOGIC:

BEEGIN
—-— Process Statement (optional)

—— Concurrent Procedure Call (optional)

—— Concurrent Signal Assignment (optionall

K225 AR

223 DI E

KA D ReA 32 R B T E SO AT I AR D RE B, NG i I& et AN R BAR SRR
TR RRE o FﬁuE%iﬁﬁiﬁ%ﬁiﬁﬂ‘]ﬁ?&%éﬁ%ﬁﬂ#ﬁ, PRI . EX AR
iy VHDL Wit SO AT i 5276, S8 5 18 LS4 N s tH 0 1) 0C 2 Rk & e = 1576
RWTHEKR

—. X VHDL &t SCHEHAT T 5285 . MR ik $E Processing — Start — Start

Analysis&Synthesis B F. i PRI F4 4 4 .

G CEHEATING, R A SO IR e B SRR RS, JFE AN Status A% H R IR S 1
BERE, [RIN 250 R 7 A5 B A sei R ERE T AR R . R MBERRE R, T
w30, MSZEIFE VHDL it SO haric 2N B . —RAEZ SRR E B R E B0
i LR AR RI AT, PO —Fi iR & S B2 MRS S A Bl B2Ua TRAF SO ERTA
T VE, EEHRRITA TR,

. fREThEe M B, EEESEH R Assignments —settings B R4 241 < R
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Category £ H1i% H' Simulator Settings, %8 J5 7547 ] Simulation mode ] T $i4% 91 3% H Functional

Kl 2.2.6 fw.

Categony:

General
Files
Ilzer Libraries [Current Project]
Device
Operating Conditiohs
Compilation Process Settings
ED& Taal Sethings
Analyziz & Suntheziz Settings
Fitter Settings
Timing Analysiz Settings
Azzembler
Dezign Aszistant
SignalT ap Il Logic Analyzer
Logic Analyzer Interface
= Simulator Settings

Simulation Poweer

PowerPlay Power Analyzer Settings

- F--FH-F-H

Simulator Settings

Select zimulation optionsz.

Sirnulation mode: |Functi0nal

Sirnulation input; | Add

Simulation penod

* Bun simulation until all vector stimuli are used

" End simulation at: | J

v Automatically add pins to simulation output waveforms
[~ Check outputs |
-

n s =
[+ Simulation coverage reporting Report Settings. ..

[ Owvenwrnite simulation input file with simulation results

-

More Settings...

Dezcriphion:

Specifies the zource of input vectors to be uzed for incremental input simulation.

K226 FREINRENFHIEK

S -

D RRUNE

1. 1E Quartus Il TS HISAFFIE Device Design Files] Software Files  Other Files l

¥ File—New, 7£ Other Files 1% Vector

AHDL Include File

Waveform File Tii, Wi 2.2.7 fin. st Black Symbol File
OK T TF5 FIf it 11, SR e e

A4 “Waveforml.vwf”,

Hexadecimal [Intel-Format] File
kdemory |ritialization File

2. EPESEEFL Edit—Insert Node ?3”5‘3};;5;!@"&
or Bus, #t 3 AT pE 1118 2.2.8 iR . Text Pl

ector W aveform File

K 2.27 HrEse ot
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Inzert Hode or Bu=s

3

M ame: | Q.
Type: |INPUT | Cancel
Walue type: | I-Level

B adix: |L|nsigned Decimal ﬂ

Bus width: |1

Start index; ||:|

[ Dizplay gray code count as binary count

K228 AT

3. i B H Node Finder #%40, i 5 58 H 7 1 HR A List 4241 - 76 /2 /M) Nodes Found

1 e clkin % clkout, 45 s 2 bl b {2 2 265 %45 ) Selected Nodes 7 11741,

W 2.2.9 fiow
$LJF il OK [B1 B4 A5 A8 11, et OK Il B R4 7 1.

Node Finder E

| Fiter: [Pins: al | | L |C§ [ oc ]
ﬂJ [v Include subentities | Cancel |

Selected Nodes:

Named: |ﬁ

LCustomize...

MNode: Found:

| M ame | Azzignments | Tupe Creatar Mame | A zzignments | Type
e Input B |dividerd|clkin Unaszigned  Input
Output L |dividerd koot Unassigned  Output

b e |

229 HEUES

4 HEFEHAES clkin 2 OISR R, IR A B e DR R A gk, 4
ZELNEE, 4R 2.2.10 s, RAMEE 4N “dividerd.vwE”,
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A didet v | 1 Wavetorm1 i~

% Ct}\ Ma=zter Time Bar: 10.0 n= 1| ¥ Fainter: 15.0 n= Interwval : 5.0 ns Start: 0 ps E

EI Value 0 = lD.q ns 20,0 n= 30.0 n= 40.9 ns S0.0
Hame 10.0 10.0 n=

4] 7
lkin v | —L 1 1 1
cllkout ) e

Ed
k-d

K2210 HEMANMET
5. IZ{T3 . Processing—Generate Functional Simulation Netlist iy 4 7= F T D RE4h EH
B e o
. N e X - N
6. iEHX Processing—Start Simulation BRG] ™ PATHEAM . i oSG, @it

)?ﬁ@‘ AN BT SRR ) Zoom i & KEEIE IR GE K/, TR RBIE WA 2.2.11

Firs. BT LU S04 clkout B LS clkin 0 4 fir, 74 B 0K,

Master Time Bar: 10.0 ns 1| *|Fointer: 63.17 ns Interval: 93.17 ns Start: End:

FO.0 ns 4D.EII n= E\D.Q n= BD.IIJ ns IEIEI.ID ns IZD.IEI n= |

Hame

= clkin
E ellkont

K 2211 Dhaeli Bas Rk E

2.2.4 YRR — i B K e i

Quartus 1l 4 ¥4 & i — RYVCERSA ST, BRSO H 3T a4 . LR
A ARG A R G BN R . R TERT, Bt nT DOd AN E 1) R A,
i VRS R FHAS B U255 FUERCEAR, DR st v I H B AR, TR A28 0 B2 YR R 2.
Wt AT g iF 0, BE AT LA Start Compilation 425 1% tH A LIk F% Start S22 Hh (AN [FE 157,
K MFAT A S5LEE Rk GERO. NFairESE.

BAERT— /NI Re 0 B S2BR Bt CEPAT T &gk o 5554, MR DA
AT A B G R Re 1 5

TEIX T A B m BRI e TAE, AT 2 9m R 000 B K dn 3R RN Ja SRS I 45 R

—\ TEYmFALEEAT, UMW E . — M DU LA

30



1 AR SRATHH R TR C4ksE 1 BERS R, A8 a] PSR A, 75 AT DAk £

SEHd Assignments—settings BRHEEFAH < ek Category £+ Device, #RJETEH
) F i 4 2.2.2 i BXCH FRids i EP1C6Q240C8.

2. MRS Assignments—settings sk beEdickl <, 472Ul Category ek

Device, #RJ5 fEA47 51 b 27 Device&Pin Options $%4H, #H & DKl 2.2.12 Fis.
General U1, 7t Options =+ Auto-restart Configuration after error, fi%} FPGA ML E KW )E
AR E N W=

3. WMRFHFENEE M (xpof) THIIECE ST, FIEmER T RE. &K
2.2.12 ¥ Configuration 73, 7E4NE] 2.2.13 fi7 % H BLikH Generate Compressed bitstreams
b8

4. HITERAIFHBSLR RS ERCE /2 EPCS1 8t EPCS4, Tixf Hgmfe b ZiH AS
Mode. [AIIt7E Configuration Tii& %% $E Configuration scheme A Active Serial, Configuration
device JIHR ¥ SERR{S FH A C B 281Kk £

Device & Pain Options [5_(

Dual-Purpose Fins ] Yoltage ] Pin Placement ] Error Detection CRC ]
Feneral l Configuration ] Programming Files ] Unuszed Pins ]

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

Optiar

u : | ker error
[Releaze clears before ti-states
[]Enable uzer-zupplied start-up clock [CLELSR]
[]Enable device-wide reset [DEY_CLRN]
[]Enable device-wide output enable [DEW_DE]
[“1Enable [NIT_DOME output

[ Auto usercode

JTAG user code [32-bit hexadecimal): |FFFFFFFF

| [

Deszcription:

Directs the device to regtart the configuration process autamatically it a data erar is
encounterad. IF this option iz turned off, you must externally direct the device to
restart the configuration process if an ermor ocours.

Bezet

K] 2.2.12 XF FPGA MIBC & U5 AE H sh E Hic &
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Dewice & Pin Options

Inal-Furpose Fins ] Yoltage ] Fin Flacement ] Error Detection CREC ]
Feneral Configuration l Frogramming Files ] Unuzed Fins ]

Specify the device configuration zcheme and the configuration device.

Configuration scheme: |.-'-‘-.u:tive Senal [can uge Configuration Device] j

Configuration mode: |

Configuration device
v Usze configuration desvice: |EF'I:S‘I ﬂ

v Generate compressed bitstieams

K] 2213 EFACE

L AT R
% B SE # Ak Processing — Start

Compilation &k P 4241 ® T4 S 21|
) Module | Frogreszs & |Time (& |
ETRZ N Full Compilation 00:00:11

g P A P 3 A B g R a3 Analysis & Synthesis 00:00: 06
BRI 2214 FiR, Hp R Fitter |00 0:0
TN IRIER AT AP IR T RE O Assembler 00 00: 01
AR B, R TR Tining inalyzer | FORRRE |00:00:00
& EN B RS &S R o

BB OR S . UM K2.2.14  gmiFidt BRI

Compilation Report U1 Hisz 1| i 44
M GEts A JmAn 2ty SO P & 555 5, il 2.2.15 PR 9B se Bua = 4E
TR 9 sof B pof A
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468 dividerd. vhd

] @ Compilation Repart - Flow Surimary

%@ Compilation Report

% Legal Hotice

%& Flow Settings
é% Flow Elapsed Time
% Flow Log
+ %D fnalysis & Synthesis
= %a Fitter
%% Summary
%% Settings
@% Device Optiens
%)@b Equations
& Pin-Out File
+ @D Rezource Section
"il) Mezzages
+ ém Azsembler
= %a Timing Analyzer
%% Summary
é% Settings
@% Clock Settings Summ
%% Clock Setup: *elkin
é% teo
%&J Mezzages

225 BHFIE

Flow Status

Quartus IT Ver=ion
FRevizion Hams
Top-lawel Entity Hame
Family

Device

Timing Models

Mat timing requirements
Total logic elements
Total pins

Total wirtunal pins
Total memory bits
Total FLLs

Successful - Tue Jun 06 16:46:55 2008
5.0 Build 148 04/26/2005 ST Full Version
diwiderd

diwiderd

Cyclone

EF1CBRZ40CE

Final

Tes

4 /5,980 (<1%)

2/185 (1%

0
0, 82,160 (0% )
o2 (0%

K] 2.2.15 gmikst Bia

FE 4G BEYIIA) Q200 BETE SO B ZhHEAT TP o0 AT, JF NG 1A 5 A e B T A ORI 4
Ro AR BB EIEE PO M N S 5. BUT R RARIEE R, K2

RS TR H I AR A

— . R E . EFESE el Assignments —settings SRS < 7E 7
Category ¥4k Simulator setting, #XJ57£ 451l Simulation mode ) F A% 1% Timing,

WK 2.2.16 fiis.
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Categon:

Filez
Idzer Libraries [Current Project]
Device
Operating Conditions
Compilation Process Settings
ED Tool Settings
Analysiz & Synthesiz Settings
Fitter Settings
Timing Analysiz Sethings
Agzembler
Design Asziztant
SignalT ap [l Logic Analyzer
Logic Analyzer Interface
B S irnulator Settings

Simulation Power

PowerPlay Power Analyzer Settings

¥ [ [ [

General Simulator Sethings

Select zimulation options.

Sirnulation mode: |Timing

Sirnulation input; |

Sirnulation period

™

f* Run simulation until all vector stimuli are used

" End simulation at: | J

[v Automatically add pinz to simulation output waveforms

[~ Check outputs |

[ Setup and hald time wiolation detection

[ Glitch detection: | J

[v Simulation coverage reporting Beport Seftings... |

[ Owenwrite gsimulation input file with simulation resulks

| Dizable zetup and hold tirme violation detection for input regizters of bidin

More Settings. .

Description:

K 2.216 15N P B

T B SIS AT B, T AR DL R PRI AT
1. 7F Quartus Il 3= FL1HI 32 B4 % 3% File—New, 7E Other Files T H Vector Waveform
File . siii OK #AFT 2 AR EmEE 0, HEAXHZ A “Waveformlvwf”, B(#$T

T B I S vwif.

2. XTE R, R EL
R EE N EXIR 0 EE, B
T B B [ 3 R PR b 2 ) o 4%
b Edit—End Time, ZE#HH 45T
i) BT 1 R BN 1us, T 2.2.17 fF
7No

3. MANFANFIHES, WERBA
S5 M, RSP R H S A T
B Re 0 I AR ] o

o

2.2.17 WE S5 E

4. EHL Processing— Start Simulation B buf# 1241 . PATEIT H . 2 & e 8
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S Zoom iy KB BCE S il R/, A EA RO I 2.2.18 iR .

Master Time Bar: 0 p= A/ HFointer:  BZ 92 ns  Interwal: | BZ.92 ns Start: End:
T0.0 n= 90.0 ns 110.0 n= 130.0 n= 150.0 n= 170.0 n= 190.0 n= |
Yalne 1 1 ! 1 ] ! 1
Fame 01

= clkin i)
fo 3 cllkout U

Kl 2218 B E 4R EE

MR A, clkout B AT D RENT HUR IBIEAIEL, L 1 fa) 22 57

2.2.6 5B T

TER 70 AR SE R JG , N T RBSE BT 2 SIS AR RE A DU, R ey N R A5 5 Ble e
AR5 L, FR9adE N

— SIEBE o« AR BT SR R N B S FPGA S R I SRR IR XS R K o

1. EFESEH R T Assignments— Assignment editor, 7E 7 H 5 140t & 11 ) Category
FHER AR Pin &I, W 2.2.19 FioR. Wil To £ F <<new>>, 7EHILI T Hi51)3k F
Sk s EUE NS 5 4, SRJG X Location £ T fi<<new>>, 7E HBLI T i 513
a3 SR & SN S 5 BTN L 5] S

B F/Ex/dividerd /dividerd. vhd | €& Assignment Editor
|
@ i + Category: | Fin j @ All (5 i
7 “ o | s category displays all pin assignments for the target device Family, Pin assignments assign node and entities ko pins or regions on the device,
5
g
o &
=
2
|
il A Edit: M| |<<new>>
12
i Tao Location /0 Bank. If0 Standard General Function Special Function Reserved
= | B LEnEw s
B
ret 3
>
T
¢
Ha
Lo

K2.219 S

2. Pl clkin BiE 28 [, clkout i 214 B, /rFiss R SR 2.2.20 s G
g1 X R Z R B 53D
To Location 110 Bank, IM Standard General Funckion Special Function
= clkin PIM_25 3.3-Y LVTTL Dedicated Clack. CLEDJLVDSCLE Lp
£ clkout PIM_214 2 3.3-Y LVTTL Column /O LYDS24n
NN = <M

K 2220 #RESIHS
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3. RAESIMBUEREE, Bk 4eY% % (Start Compilation) DU 5| BIEE (5 B 4 1%
RO

L B AE R sof SCIE R # B FPGA

1. KR GW48 #7%1 SOPC/EDA LK R ARGt (BENHAS R At EfE
LRIERET

2. FIFFRGEIR, WO RGN TR AR 5.

3. EFSEHALT Tools—Programmer Ei'ﬁ%%?‘ﬁ’%ﬂ@ , FHE O W 2.2.21 iR

3% dividerd. vhd ] & Assignment Editor ] & Compilation Report - Flow Summary ] @ dividerd. cdf l

‘:; Hardware Setup...| | ByteBlaster [LPT1] Mode: |JTAG j Frogress: 0%

Wi Start File ‘ Device ‘Checksum ‘Usercode E'Dﬁl'gamg Verfy Elrf':cl?k Examine Segﬁ”w ‘
dhviderd,sof EPICGR240 DO0GFZF7  FRFFFFFF ]

*Fﬂ At Detect

K 2221 FHEAH

# Hardware Setup %44 ByteBlaster II[LPT1].
£ Mode ) T #2513 ik H JTAG.
IS INRECCAF dividerd.sof..
‘s i+ Program/Configure 1
8. Hili Start FAHMAT THEERME. NERI)E T A NG BRORE BT,
Progress .7~ 100%, Wi 2.2.22 iR

N o g s

3‘33 dividerd. vhd ] @ Aszsignment E ditor ] @ Compilation Report - Flov Summary ] @ dividerd. cdf l
& Hardware Setup...| | ByteBlaster [LPT1] Made: [JTAG x| Progess:

P Start File: Device Checksum Usercode E[oongfi[gami erify E:"?:gk Examing Segﬁrit}l
dividerd. sof EF1CENZ240 0008F2F7 FFFFFFFF

#1 Auto Detect

¥ Delete

2 Add File..

K 2222 AT F#E

WA B FPGA b HL 5 RER8 DR 45 S5 IR0 B SO R T AN =08 T 2, A 20k fic B S0 4. pof
FEEINLE S EPCS1/4 1. EPCS1/4 /& Cyclone R H & FHBLE S H, HFEN
Active Serial B2 It LLRFE] 2.2.21 s 1% BLEON : 7£ Mode 1) R R4 ik Active Serial
Programming, 7E#H & ik 7. Adr Add files %417 Infd & S+ dividerd.pof. )
1 Program/Configure. Verify. Blank-Check T, 1K 2.2.23 ffizn. iy Start 341 HAT T
BARAE.
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abE dividerd. vhd ] @ Azzignment Editar ] @ Compilation Report - Flow Summary ] @ dividerd. cdf*

o5, Hardware Setup...| | ButeBlaster| [LPT1] Mode: |Active Serial Pragramming ﬂ Progress: 0%
. . Program/ - Blank- g Security
Wb Start File: Device Checksur Uszercode Configure Werify Check E=arine Bit

&2 dividerd. pof 0164F3C5
“-Page D | O O O O

¥ Delete

K] 2.2.23 F#; pof i

BRJE AR SCR R B EIIE 4 73 B 2 SR T RE . BIANLEFE clock0 Chg A\ clkin) FIigh
LAy 750kHz, T 5] R A R 7R L e N B A5 S R

2.3 Quartus I F R B8 A\ B HHRE

FERX TP A TRAE 2.2 Tk 4 0B BEAE_EBE—A 16 205 ditds, JF HA4HH]
JEUER g N 7 SUBEAT 2 A e iR, e K 2B RN A R A R

2.3.1 FERTENMAERTAR 5

N7 AEIR PR PR N 16 A o s, FRATRFAE 2 A 4 350 1) 43 A ESAH R BRI
Jre BRI ELRE 4 4385 VHDL Wit SCHFAE SO — A ot 755, RIS T = 5 3R A
SEPL VHDL Bk AR B & H VR A i AN e ik

1. @AM, 40 D\DA2004010111\divider. T B3 &t N 4 4345
VHDL 3CfF, JFrbART BAE 248 DR R Z SO . 4 dividerd A2 SC A v i
dividerd.vhd SC{F#5 D12 415 S0 e

2. CHETREAN divider, [FIFEEELH bRty Cyclone 1) EP1C6Q240C8, #RJ5 rith
Finish 45 08T i TAE M) .

3. &+ File—Open $TJF divider4.vhd SCfF . Fii%#% File— Create/Update —Create Symbol
Files for Current File #iz 4, 4 2417 VHDL SC A2 57 44 B T AF R 5 A7 TR 4 i TAE S Rerh

TSR R SO R SR B A, R DA RIS 07 XA e A 755 LS R A

2.3.2 FrgJF EE

AN AAE R I AR OO 5 28 N ST o B 128 FH AT 2B B dividerd Jof,
DRI B A B AN T TR
T2 3. EFEUL T LA .
%, New E'
1. 1E Quartus Il T4+
IH] 3 BORE b ak E File —
New, 5 HBT g w it SO &

Device Design Files l Software Files ] Other Files ]

AHDL File

Block :' iaqrans chematic File
M4 2.3.1 ik . 78 Device EDIF File
] ) . Werilog HOL File
Design Files Tl Block YHDL File
Diagram/Schematic File i,
i OK $ZHL$T I i 2 K 2 2.3.1  Hrad RS SO

WE o, HBOAXHESA
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“Blockl.bdf”.

2. fEFEAE AP ERAENS R, ST E . ik 2SR Project
SO I dividerd JTFRS,  WIFEA & b SRk e UG R, il 2.3.2 k.

3. miili OK 5, JebrZ N+ R A o2 #3h. £ A RhEE AL E
LR T . AR)E R R EE

4. fERRNTCIFE D MBS, b Jo SO e primitives/pin ST input TofF
N 2.3.3 iz

Symbol [X]

Libraries: LIl
El & Project LT
S8 /e | |

S U DD Dlividerd Lol

o o |
£ ¥ I = Lol
Mame: Ll
|dividerd J LT

Syabol X

Libraries: A S S D S
B O Project Al |
H & _e/akera/quatusi0ilibrariess | T
B megafunctions | [
#E3 athers A S S D S
EE primitives A S S D S
HIED buffer N
BT logic
HE3 other A S S D S
HHE pin A S S D S
£ bidi L L

— pin_name :>_IE.L'{I_ .....

e el vl |

< | » A S S D S
Hame: A S S D S
firput I ER R SO E D R

2.3.3  # input oA

5. xidly OK #lJa i B AE B AR /2 Mo FTRIRE AR J7 358 H S output Jef, 73l TSFE
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6. CKIEFRBE A input JTUHFRIE L, YRR NI 2.3.4 iRt

7. B AOeRR, IHEREIE LD dividerd TR clkin EHLE, FUCRETHE AR
B VEEAERISE g, AR S0 I S A S e R TN X o SERSLARIELE,
2.3.6 Fio.

S dl\-‘lderﬂl .

T O PO TS N PO SIS PO Sy T T g ot [

... i pin_name - chkin chkout |——

K234 St

8. X7 input JGHFTHF Pin Properties & 1, £ Pin names(s): =% N4 N\ i 4 FR
clkinput, 41/ 2.3.5 frn, s iR

9. [FEFEITIES KPS output JTAF 73l w44 9 clkoutputl A1 clkoutput. 58 T2 i BE
Kl et il 2.3.6 frose.

Pin Froperties r5_<|

General ]Furmat ]

To create multiple pinz, enter a name in AHOL buz notation [for example,
"namef3..0]"]. or enter a comma-zeparated lizt of names.

Bin namelz): ||:Ikinput

Default value: |ﬁ.,.-'|:|: j

K235 NG N 44 FR

LoD ivicierd Lo Delividerd

chkin clkout — — ckin chout [————QUTPUT__—— clkoutput ‘-

DU et N I

oot T RUTRUT T clkautput

K236 TiZEHE
e A7 JE B S 42 4 “divider.odf”, VR RRAAAE AT LA ek, B AR fRAEIT
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BUAE “ARAFN” RHEHEF T 71 “Add file to current project” JEI.
2.3.3 EYgFENNFIHE
FEIX BIAIE L T BE A7 HAB I3, ELHEMEEN Fr

Project MNavigator 2=l
REAER . ZHW L EEDERS 2.2 5Th N4 Entity
sEaMEL SN Cyclone: EPI1CBRZ40CH
PEASUIT 9t AT )0 B E AT e B e e B divider
A8 5 G A S AAR R AT DA B TR A T A be2B0 divi derd:inst
JESCA A RR SR IRE R, W] 2.3.7 Frow LB il derd: instl
SN (= il I IR B = VI i = e A L

Assignments — settings % Pt 5 4% 4 L RN

Category £% b & v Simulator , 4R J5 7€ 45 {1
Simulation mode [~ fzA= ik Timing, 41/ 2.2.16 ffrw.

I ENSL IR AT O R, PRI

1. EFESEHAFEF File—New, £ Other Files T A Vector Waveform File . it OK
FHFT I AU iR 1 .

2. PSR Edit—End Time, 7R HAIZE RN ) & H 3 BN lus, Wil 2.2.17 iy

K237 LTRERFZERGER

/j_\‘o
3. AN ES, REMANETHAMA 10ns, RERMAEIEXME. 720 2.2.5
N,

4.  1&E Processing— Start Simulation = HR4#E 4240 r PATHRGE. i & YA B A
BB Zoom i MR I R A IE RN, iR RV E W E 2.3.8 fs.

Simulation Taveforms

Mazter Time Bar: 0 ps 4| v Fointer: T.5T ns Interwval: T.5T n= Start; End:

U p= 80.9 ns IBD.ID ns ZQD.IEI ns 320.|D ns 4DD.ID ns |
Hame D o=
i

clkinput
cllkoutputl
clloutput

[&le]s]

K238 18l REGEE
M AT DA Hi o clkoutput i 2 16 M AT EEK

IS 05 L5 SR A et SR A, A RS AR EEAT 91 B FO AT R AR X St A I T
MAH AT .
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