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4. Bt iE
[ 7-11

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY FSM EXP IS
PORT ( clk,reset : IN STD LOGIC; ——RENTAENHNELES
state inputs : IN $TD LOGIC VECTOR{O TO 1); -- REMEERENIZHIES
comb_outputs : OUT INTEGER RENGE 0 TO 15 ); ——fb‘tuilﬂli"fﬁ’l‘iﬁffitﬂﬁﬁﬂ’“%'lﬁ
END FSM EXP;
ARCHITECTURE behv OF FSM_EXP IS
TYPE FSM ST IS (50, sl, 52, 53, s4); --¥EHEREN, FIXREFS
SIGNAL ¢ _st, next state: FSM ST:-—RIEMIGEE I EESRT rsM ST
BEGIHN
REG: PROCESS (reset,clk) BEGIHN - R R i
IF reset="0"' THEN c st<=s0;—-#NEFEMES, ELESBEEIFE 50
ELSIF clk="1" AND clk'EVENT THEN < st <= next state; END IF;
END PROCESS REG; ‘TR

lI



B ) COM:PROCESS (c_st, state Inputs) BEGIN --E#H&#fE
CASE ¢ st IS
WHEN s0 => comb outputs<= 5; --HARE s0/5HE S
IF state i1nputs="00" THEN next state<=s0;
ELSE next state<=sl:; END IF;
WHEN =1 => comb outputs<= g;
IF state i1nputs="01" THEN next state<=sl;
ELSE next state<=gZ; END IF;
WHEN 52 =>  comb outputs<= 12Z2;
IF state inputs="10" THEN next state <= 350;
ELSE next state <= s53; END IF;
WHEN 53 => comb outputs <= 14;
IF state i1nputs="11" THEN next state <= 33;
ELSE nexXt state<=szd; END IF:;
WHEN 54 => comb outputs <= 59; next state <= s50;
WHEN OTHERS => next state <= 50 ;
END case;
END PROCELSS COM:
END behwv;
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[ 7-2]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

ENTITY ADCO809 IS

PORT (D : IN STD LOGIC VECTOR(7 DOWNTO 0): —--3R EOB09¥EIRITH) s #iE

CLK ,RST : IN STD LOGIC; ——fb‘t,uilirLI’f’EEFI%%’FDEﬁEmj’E%H

EOC : IN S$TD LOGIC; - TET, (REFREREERHR

ALE : OUT §TD LOGIC: --8|RAEEREMMEES

START, OE : OUT S§TD LOGIC; --¥MBENESHIEERE =55%ES
ADDA, LOCK T : OUT STD LOGIC;-—fESBiE#HF|ESHHFENNES
Q : OUT STD LOGIC VECTOR{7 DOWNTO 0) );

END ADCO809;

ARCHITECTURE behav OF ADC0809 IS

TYPE states IS (30, 31, 52, 33,34y @ ——FEMXFHIRSE

SsIGNAL cz, next state: states =50 ;

SIGNAL REGL : STD LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL LOCK : STD LOGIC;
BEGIN

ADDA <= '0'; LOCK T<=LOCK; --HiifADDREO

2N



&L

COM: PROCESS (cs,EOC) BEGIN --fH&#HE, MESRESEHEFR
CAGE C3 IS5
WHEN 50 => ALE<="0";START<="0";0E<="0"; LOCE<="0" next state <= s5l:
WHEN sl=> ALE<='1';START<=T1";0E<="0";LOCE<="0";next state <= 5I;
WHEN sZ=> ALE<="0';START«<="0";O0E<="0";LOCE<="0";

IF (EOC='1") THEN next state <= 53; --EOC=0FHFEMER

ELSE next state <= 3Z; END IF : - RS R RE W, HEES
WHEN 53=> ALE<='0'";START<="0";0E<="1"; LOCE<="0";next state <= z4;
WHEN s4=> ALE<='0";3TART<="0";0E«<="1";LOCE<="1"next state <= 50;
WHEN OTHERS => ALE«<='0":START«<='0";0E<="0";LOCK<="0";next state <= 350;
END CASE 7

END PROCESS COM ;
REG: PROCESS (CLK,RST) REGIN --FFFi#HFE
IF RST='1" THEN cs <= 503
ELSIF CLE'EVENT AND CLK='1" THEN cs5 <= next state; END IF;
END PROCESS REG:
LATCH]l: PROCESS (LOCE) BEGIN ——-HifFisiHTE
IF LOCE='l' BAND LOCEK'EVENT THEN REGL <= D ; END IF:
END PROCESS LATCHL:
o <= REGL;
END behavw:
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COoM1: PREOCESS (o=, EQC) BEGIN
CARE 3z I3
WHEN s0=> next state <= s51;
WHEN =l=> next state <= si;
WHEN sZ=:»> IF (EOC=717)THEN next state <= 353;

EL3E next state <= s5Z; END IF ;

WHEN s3=» next state <= s4;--F7/58 CE
WHEN sd=> next state <= z0;
WHEN ©OTHERS => next state <= 350;
END CASE ;

END PEOCESS COM1

CCOMZ 1 PROCESS (cs) BEGIN
CADE <3 13
WHEN sl=>ALE<="0";53TART<="0";LOCK<="07;0E<="0"
WHEN sl=r-ALE<="17;83TART<="T1";LOCE<="0T;0E<="0T
WHEN sZd=>ALE<="0";5TART<="0";LOCK<="07;0E<="0"
WHEN s3i=>ALE<="0";5TART<="0";LOCK<="07;0E«<="1"
WHEN sd=-ALE<="07;3TART<="0";LOCK<="1";O0E<="1"
WHEN OTHEERES => ALE«<=T0T;53TART<=T0T7;LOCK<="0";
END CASE ;

END PEOCESS COMS



7.2 MooreZdH FRARSHLHI T

7.2.2 FH R A 2 RSP T
[ ) 7-4) £ M#FIE 11010011, F{I7EAT.

LIEEARY TEEE ;
U3E IEEE.3TD LOGIC 1164.ALL;
ENTITY SCHEK IS

PORT(DIN,CLK, RST : IN STD LOGIC; --S1TAMIBM/ THEITH/ ERES

SOUT : OUT STD LOGIC); --Taille Rigd

END SCHEK;

ARCHITECTURE behav OF SCHEK IS

TYPE states IS (s0, sl, =2, s32,34, s5, =6, 57, =8) ; --TFHEHE
SIGNAL ST, NST: states :=s0 ; --HBTFHETENTETE
BEEGIN

COM: PROCESS (ST, DIN) BEEGIN --dHEHiE, MFESWERRTI
CASE ST IS --11010011

&P
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THEN NST <= sl

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

.
,

NaT
5T
5T
NaT
NaT
NaT
NaT
NaT

BEGIN

Z bW
WHEN =0=»> IF DIN = T17
WHEN =l=» IF DIN = T1T
WHEN =Z=» IF DIN = T0T
WHEN ss=» IF DIN = T1°
WHEN =sd4=»> IF DIN = T07
WHEN s5=» IF DIN = T0T7
WHEN s6=» IF DIN = T1°T
WHEN =s7=» IF DIN = T1°T
WHEN =s8=» IF DIN = T07
WHEN OTHERS => N3IT<=sl
END CASE ;
END PEOCESS
REG: PROCESS (CLK,EST)
IF RE8T="1" THEN &T <= =0;
EL5IF

END PREOCESS ERG;
SOUT <=

END behawv ;

CLETEVENT AND CLE=T1T

lI':I_'II

WHEN S5T=z38 ELSE

52 ; ELSE
53 ; ELSE
=4 ; ELSE
=5 ; ELSE
sh ; ELSE
57 ; ELSE
58 ; ELSE
53 ; ELSE
——BtFEHE
THEN ST <=
'I'|:|'I' :_

.
L

T FRARSHLH B vt

ELSE MN3T<=s[

NET«<=3[
NET«<=30
NaT<=s
NaT<=30
NaT<=30
NaT<=30
NaT<=30
NaT<=30

MNaT;

.
L

.
L

END TIF

END
END
END
END
END
END
END
END

IF
IF
IF
IF
IF
IF
IF
IF

END IF:

.
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7.3 Mealy#!

[ 7-51
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY MEALYl IS

PORT (CLK, DIN1,DINZ,RST : IN STD LOGIC; ——%ﬁﬁﬂﬁ%ﬁfiﬁﬂﬁﬁfﬁﬁl%%

BRARZSHLH BT

d

Q : OUT STD LOGIC VECTOR (4 DOWNTO 0)); --faillles FEimit
END MEALYL;
ARCHITECTURE behav OF MEALYL I3
TYPE states IS (st0, stl, st2, st3,std) ; —-FEASKE
SIGNAL PST : states ;
BEGIN
REGCOM: PROCESS (CLK,RST,PST, DINL) BEGIN

IF RET=T"1" THEN P3T <=stl; EL3IF RIGING EDGE{CLEK; THEN
CASE PIT I3

&P



7.3 Mealy 21 FRARSHLHI BL T

%th:ﬁi WHEN stl=»> IF DIN1=T'T1" THEN P3T«<=stl ; ELZE P53T<=stl ; END IF
WHEN =stl=» IF DIN1='1"' THEN P53T<=st. ; ELSE P3T<=stl ; END IF
WHEN stZ=» IF DIN1="1" THEN P5T<=st3 ; ELSE P3T<=stZ ; END IF
WHEN st3=» IF DIN1='1"'" THEN P5T<=st4 ; ELSE P3T<=st> ; END IF
WHEN std=> IF DIN1='0"'" THEN P5T<=st0 ; ELSE P3T<=std ; END IF
WHEN OTHERS =»> P3T<=stl ;
EMND CASE ; END IF;
END PROCESS EEGCCM:;

COM: PROCESS (PST,DINZ) BEGTIHN

CASE P33T IS

WHEN stl=> IF DINZ=T1" THEN oQ«="10000" ; EL3SE o<«<="01010"; END
WHEN stl=> IF DINZ='0T" THEN ¢Q<="10111" ; ELSE oQ<="10100"; EMND
WHEN std=> IF DINZ="1" THEN oQ<="10101" ; ELSE oQ<="10011"; EMND
WHEMN st3=» IF DINZ='0" THEN o«="11011" ; ELSE Q<="01001"; END
WHEMN std=> IF DINZ='1" THEN ©«="11101" ; ELSE o<="01101"; END
WHEN OTHERS => o<="00000" ;

END CASE ;

END PROGCESS COM:
END;
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[ 7-6]
LIERARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY MEALY2 IS
PORT (CLK, DIN1,DINZ, RST : IN $TD LOGIC; ——%ﬁ?ﬁ‘ﬂﬁﬁ%ﬁzfrﬁ?ﬁ#fﬁﬁz =5
Q : OUT STD LOGIC VECTOR {4 DOWNTO 0)); --igiss R
END MEALY2:
ARCHITECTURE behav OF MEALY2 IS
TYPE states IS (st0, stl, stz, st3,std) ; —-FXHFRSE
SIGNAL PST : states ;
BEGIN
PROCESS (CLK,RST,PST, DIN1,DINZ) EEGIN
IF RST='1"'" THEN PST <=st0; ELSIF RISING EDGE(CLK) THEN
CASE PST IS
WHEN st0=> IF DIN1='1l' THEN PST <= stl ; ELSE PST<=st0 ; END IF ;
IF DIN2='1'" THEN Q <= "10000" ; ELSE Q<="01010" ; END IF ;
WHEN stl=> IF DIN1='1l' THEN PST <= st2 ; ELSE PST<=stl ; END IF ;
IF DIN2='0' THEN O <= "10111" ; ELSE 0<="10100" ; END IF ; % ML
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o ol
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WHEN =t2=> IF DIN1='1l" THEN PST <= st3 ; ELSE PST<=st?2
IF DIN2='1" THEN ¢ <= "10101" ; ELSE ¢Q<="10011"

WHEN =t3=> IF DIN1='l" THEN PST <= std4 ; ELSE PST<=st3
IF DIN2='0" THEN ¢ <= "11011" ; ELSE ¢Q<="01001"

WHEN =td=> IF DIN1='0" THEN PST <= st0 ; ELSE PST<=st4
IF DIN2='1" THEN ¢ <= "11101" ; ELSE Q<="01101"

WHEN OTHERS => PST<=3t0

END CASE ;
END IF;

END PROCESS ;
END;
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[ 7-7]
LIBRARY IEEE :
LIBRARY IEEE ; --11010011
USE IEEE.STD LOGIC 1164.ALL;
ENTITY SCHK IS

PORT (DIN,CLK, RST : IN STD LOGIC; --SiTHWAHKELS, TENH/ EHEES

SOUT : OUT STD LOGIC); --Rill&RHE
END SCHK;
ARCHITECTURE behav OF SCHK IS
TYPE states IS (s0, =1, s2, =s3,34, 55, =36, =7, 38) ; ——-EMZTERE
SIGHNAL ST @ states :1=z=0 ;
BEGIN

PROCESS (CLK, RST, ST, DIN) BEGIN
IF RST="'1"'" THEN ST <= s0; ELSIF CLK'EVENT AND CLK='1' THEN

d

CASE =T I:
WHEN =s0=»> IF DIN = '1' THEW ST <= =31 ; ELSE ST<=s0 ; END IF ;
WHEN =l1=> IF DIN = '1' THEN 5T <= =32 ; ELSE ST<==0 ; END IF ;
WHEN =2=»> IF DIN = '0' THEW ST <= =33 ; ELSE S5ST<=s0 ; END IF ; %—F—ﬂi‘
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d

& W

WHEN =3=»> IF DIN = '1'" THEN ST <= =4 ; ELSE S5T<=z0 ; END IF :
WHEN =s4d4=> IF DIN = '0' THEN ST <= sb ; ELSE ST<=z0 ; END IF ;
WHEN sb=> IF DIN = '0O' THENW ST <= =& ; ELSE ST<=s0 ; END IF :
WHEN =é=> IF DIN = '1'" THEN ST <= =7 ; ELSE ST<=gz0 ; END IF ;
WHEN s7=> IF DIN = '1'" THENW ST <= =8 ; ELSE ST<==s0 ; END IF :
WHEN s8=> IF DIN = 'O' THENW ST <= =3 ; ELSE ST<=s0 ; END IF :
WHEN OTHERS => ST<=z0 ;

END CASE ¢

IF (ST==8) THEN SOUT«<='1"; ELSE 3SOUT<='0"; EMND IF; END IF:
END PROCESS;
END behawv ;
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SOPC Builder System A
= Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Systermernlog HOL File
Tel Script File
Verilog HDL File
WHOL File

= Memorny Files
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[ 5] 7-8]
.LIBRARY IEEE:
USE IEEE.STD LOGIC 1164.ALL;
ENTITY ADCO809 IS
PORT (D : IN STD LOGIC VECTOR (7 DOWNTO O);:
CLK ,RST,EQC : IN STD LOGIC;:
ALE,START, OE ,ADDA, LOCK T : OUT STD LOGIC;
Q : OUT STD LOGIC VECTOR (7 DOWNTO 0) );
END ADCOS809;
ARCHITECTURE behav OF ADCO809 IS
SIGNAL cs ,SOUT: STD LOGIC VECTOR(4 DOWNTO 0);
CONSTANT s0 : STD LOGIC VECTOR(4 DOWNTO 0):= "00000"
CONSTANT 51 : STD LOGIC VECTOR(4 DOWNTO 0):= "11000"
CONSTANT 52 : STD LOGIC VECTOR(4 DOWNTO 0):= "0000L"
CONSTANT 53 : STD LOGIC VECTOR(4 DOWNTO Q) := "00100"
CONSTANT s4 : STD LOGIC VECTOR(4 DOWNTO Q) := "00110"
SIGNAL REGL : STD LOGIC VECTOR(7 DOWNTO 0);

BEGIHN TR
) <= REGL; ADDA <= 'T07;



L
PROCESS (cs, EOC)

BEGIN
IF R3T='1" THEN cs<=s0; ELSIF CLK'EVENT AND CLE=T1T THEN
CASE cs IS

WHEN =0 => cs <= gl ; S50UT<=z0;

WHEN =1 => cz <= 52 ; S0UT<=z1 ;

WHEN =2 => S50UT«<=3Z ; IF (EOC='1") THEN cz <= 33:

ELSE cz <= zg2Z; END IF ;:

WHEN 53 => ca <= g4 ; S5S0UT<=z3;

WHEN =4 => cz <= g0 ; S50UT<=gz4;

WHEN OTHERS => cg <= g0; S0UT<=g0;

END CASE ; END IF:
END FPROCESS 7

LATCH1: PROCESS (SOUT(1),D) BEGIN

IF soUT(1)="1" AND SCQUT (1) "EVENT THEN REGL<=D; END IF;

END PROCESS LATCHT1:
LOCK T<=SOUT(1); START<=SOUT(4); ALE<=SOUT (3); OE<=SOUT(2) ;
EMND behav:
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7.5.1 B A g

[ 7-9]
ARCHITECTURE behawv OF ADCO809 IS
type STAT iz (s0,2l,22,23,24);

attribute enum encoding : string:

attribute enum encoding of STAT : type is "00000 11000 COOO01 OO100 OO110™;
- IGNAL cg, next state: S5TAT

n
r
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® 72 HwIEAR

w & M Fr % 15 — (i iDL £ 7 I 4w AL
States Sequential-Encoded One-Hot-Encoded Johngon-Encoded
State( 000 100000 0000
Statel 001 010000 1000
State2 010 001000 1100

State 3 011 000100 1110
Stated 100 000010 1111
States 101 000001 0111
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Option
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Setting: Auto 24
Description: |Bray
o Johnson
Specifies thef Minimal Bits
can use youll One-Hot
Bits”, 'Gray’. {Sequential
User-Encoded =

F 7-20 GRS
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7.5.4 REHRLKE
2. BRI E I

Option

. . Heset
Mame: State Machine Processing L
Setting: One-Hot ol g
Description:

Specifies the processing style used to compile a state machine. You e
can use your own 'User-Encoded' style, or select "One-Hot', 'Minimal
Bits', 'Gray’, Johnson', "Sequential’ or ‘Auto’ [Compiler-selected)

A 7-21 JGFEE T — AR L I
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7.5.4 REHRLKE
3. gt ERWE

[ 5] 7-10]
ARCHITECTURE behawv OF SCHE IS
TYPE =tates IS (=20, =1, =22, =23,z24, =L, =6, =7, =28)

attribute enum encoding : sString?
attribute enum encoding of states : type 13 "one-hot™:
SIGHNAL ST : =ztates :=z0

EEGIN

=
r
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7.5.4 REWYE
3. HEt e EmwE

* 73 REBHABEENRAFRRKERSSE

il 77 I\ IS TR B E X EEZ B ITHLCs il #24 REGs
— {7 B35 type is "one-hot" 11 10
BHPEEME | type is Tuser” 12 5
¥ E 1Y type iz "gray" 3 5
A5 type iz "sequential” 10 5
#0089 115 type iz "johnson” 23 6
1A ig type iz "default” 11 10
& ahg type ig "compact” 9 3
Zape— i | type 1g "safe, one-hot” 18 10
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YA

=74 PFERAE

W IO = £ 5%
=0 000
21 001
22 010
23 011
24 100
25 101
26 110
87 111




7.6 ZEIRSHLITT

7.6.1 EFEESIE

TYPE states IS (50, =1, s2, 53,34, =55, =6, =7 ; ——-FEMXFRSG

WHEN =5 => next state<=s0;
WHEN =6 =»> next state<=s0;
WHEN =7 =»> next state<=s0;
WHEN OTHERS => next state<=z0;



7.6 ZEWRSHLITT

7.6.2 RZSGwHS VR

alarm <= (st0 AND (gtl OR st2 OR #t3 OR st4 OR #t5)) OR (st] AND (st0 OR &2 OR...

7.6.3 fEBIEDARAE R T B A 2 &R

attribute enum encoding of sStates : type 13 "safe,one-hot™;

Option
Mame: ISafe State Machine _"'_1

setng (R -

& 7-22 EEZERSTET




7.7 BT RARHERBH

7.7.1 3ER R EEH

1 \FPGA i) B 2 18 OFF & DFFQN
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R B R “ f :
L IBAMEES > FPGA ) [ T e 3
2 i

. i
PN FPGA ) {i[;l-j'[;l-ha P B PREk E
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DELAYCLR M e = B9
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7.7 BT SRAERBR

7.7.1 3ER R EEH

I gk 7
ERTH {7452

— P

i A3 ! DIFE ! : DFI g
p_ : data[7..0] l__ data[7..0] e
—1> clock q[7..0] = —> clock q[7..0] f== : 4

:inst11 ; i inst12

S BT RT 77351

CHl

& 7-25 A EF 725 50E IERT RS
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7.7.2 BHEHFAEER

l.ﬂl us E'.L'I. us 3.']' us 4 l.'.lI us

— UFLUNYIUULIU i LM AR g It Ll ) —

H 7-26 RS LS TRESHEITINASIE SHNHES
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7.7.2 BHEHFAEER

AT
}——OUTEUT = "KEY_OUT
HEY
K I s I - | =1k
E = . - o
] T_9T vy Tl 7
Z| 7-27 THFBhE R
PE 1.02 us 2.05 us 3.07 us 4.1 us 5.12 us 6. 14 us T.-1T us 819 us 9. 22 us 10. 24 us 11.26 u:l
Hame 17.6 nxz
I]
we)  weraw 4 (ALK L 1 )t LIV LA ATLAR
= C1E
| KErOW '
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7.7.3 T EEH
[ 1 7-11]

LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY TEMO IS

PORT (CLK, KIN : IN STD LOGIC; --L{ERTEfFFAIEIAES

KOUT : OUT STD LOGIC);

END TRMO;
ARCHITECTURE behav OF TRMO IS --E XX EAETFAKETFR Tz FiEE.
SIGNAL KH,KL : STD LOGIC VECTOR(3 DOWNTO 0);
BEGIN
PROCESS (CLK,KIN) BEGIN

IF RISING EDGE(CLK) THEN

IF (KIN='0') THEN KL<=KL+1 ;--%T8%AFHEE P E I
ELSE KL<="0000"; END IF; END IF:--HFHIMFHEF, THEHEEO

END PROCESS;
BETHm




7.7 BT SRAERBR

7.7.3 ERTAEBH

& B
PROCESS (CLK, KIN) BEGIN
IF RISING EDGE{CLK) THEN

IF (KIN='1') THEN KH<=KH+1 ;--[FEAS2% AN SE T

ELSE KH<="0000"; END IF:; END IF; --EHIMFHEFE, MTEERF 0
END PROCESS:

PROCESS (CLK, KH, KL}  BEGIN
IF RISING EDGE(CLK) THEN

IF (KH>"1100™) THEN KOUT<='1' ;--X&EHEFEHETH -—EXF 12, MFwmE 1

ELSIF (KL>"0111") THEN KOUT<='0";--%H{EHEFHTFTHEZT LT 7, NFEE O
END IF; END IF;

END PROCESS:?
END;

N o
I8 LI LML LU UL LTI ML LA AT T L ST gy

BT | I | J —

& 7-29 7] 7-11 yEH-5h R EIK
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7-1 BIEE7-30 (a) FinPREE, 2n#ZEE7-30 (b) FE7-30 (¢) B
R R VHDLIRZS KL, 3ARIERT7-2, 4 RIE3D ARG T RS RS
M, FETHeA IR A s R

ina="000"
ina="110"

inar="100"

ina="101"/outz="0010"
ina="111"outa="1100"

outz="1001" ina="101%outa="1101"

ina="011%outa="1110"

outa="1111"

CLK (a)
RESET
1
e SIGMALY
LA FSh o RESET REG SIGNAL2 COM Hﬂm
—F
(b) (c) -

B 7-30 FFE7-1 RS
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