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ARCHITECTURE ...I5
TYPE FSM 5T IS5 (=0,s8l1,32,83);
STGHNAT, current state, next state: SM 5T ;

BEGIN
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LIEFRET IEEES

U3 IEEX.STD _LOSGIC 311 B4.ALL;
EINTITY TR DR IS

qg v

) -

=

PORT | ik, reset : IN 5ID_IOGIC; —@arZSreNEces

stste_irmputs : IN SID_LOGIC_ VECTOR (T T0 1)y — ESSESHonEsas

combh cotpeta @ OUT DNUISIR RANGE T 70 18 ) —@INNAERHsosAs
oo TR I

TIPE FEM ST IS (=2, =1, a3, a3, S4); —ESAIl FiRpeEs

SISNAL ©_at, sext_state: I SI;—RTEMTTE ANFrESSIrm s
- are

RIS : FROCESS [reaet,clk)] LIy —mErEan
I¥ sesete'l" THIN o atoml;—-EESSECES, ECWSSEICLac
ELSIF clibe'l® AND <lk"IVENT THEN < at 4= next stste;
D FROCERS S
oM : FREOCESS{= at, atste Ispota) oI -—-SEEf#am
CASE = st IS
N 3 =0 comb owtpetads 53; —EARTITWEE
T wiste_ispotaw™IC" THIN nexct statedsal;
ELEX maxck stetedssl; oD IF;
WEIN 3l = conb ostputads §;
I¥ stste ispota="21% THEIN sext stsbted=al;
ILSX maxt_statedeal; IND IF;
MEIN 22 = cosb_owiputsds 1I;

==n IF;

i¥ ztste IspotaelCY TEEN nseaxt stste o= 307
ELEY maxt stste o= &3; IND IF;

N a3 = ook oostoesta J4e 347
i¥ stete isgotae™ll™ THEN Saxt stete = a3j
ELSE naxct stebedssd; D IF;

PEEN 34 = S==b sotoctas = B nexh ytete Jf= a0;

TEIN OIERS =3 naxt yixte = 30

DE —aws;
=D FROCEIT
N el
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10.2.1 ZHEESHRESHL

ARAEHLFSM LR L

PROCESS current_state
REG

PROCESS
COM

PROCESS

next state =] LAILH
B Py L Al Fe i 15 a
\ ! J
ok - ADCOB09
REHLTAER ALE =
itk START -
BT S A OF |= Q[7..0]
- ADDAle—— o
-""'."Ill} I-ﬂ‘ HT?F S—— T EOC | i PR R S i
clk=750kHz D[7..0]
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10.2.1 ZHEESHRESHL

[ 10-2]
LIBRARY IEEE;
USE IEFE.STD LOGIC 1164.ALL;
ENTITY ADCOB0G IS
PORT (D : IN STD LOGIC VECTOR(7 DOWNTO 0); -—kEB080%5iRiTH sz

CLE ,RST : IN STD LOGIC; —— N T ERTs930 % S B 155
EOC : IN STD LOGIC; —--HiREiET, REFFRRE TSR
ALF : OUT STD LOGIC; —--gEIVE S I EiE LTS
START, OE : OUT STD LOGIC; ——{HmBzliE=indiEnmt==1T%E=
ADDR, LOCK T : OUT STD LOGIC;--f§=1HiBiTH F=SHHzMitiE=S

0 : OUT STD LOGIC VECTOR({7 DOWNTO 0O) );
END ADCOBQS;
ARCHITECTURE kehav COF ADCOEOS IS

TYPE states IS5 (30, =51, =82, 33,34) ; *}{R({}tu
SIGMAL <=, next state: states =30 ;
SIGNAL REGL : STD LOGIC VECTOR(7 DOWNTO 0);
SIGNAL LOCK : STD LOGIC;
BEGIN

ADDA <= '0'; LOCR T<=LOCK; ——iiijfaopafo
COM: PROCESS (cs,EOC) BEGIN -—SA5HE, MESHEERAT

CASE cg 15



10.2 MooreZiH [RARFHLHI BT

10.2.1 ZHEESHRESHL

WHEN a0 => ALE-—="0';5TART<="0'";0E<="0" ;LOCE<="0";next state = s];

WHEN
: START<="0";0E<="0"';LOCE<="0";

WHEM s2=> RALE<="0";
IF (EOC='l') THEN next state <= s3; --roc=0FAREiRE S
—-$EimiteR Ao, Ry

WHEN s3=> ALE<='"0';S5TART<='0';0E<="1l";LOCE<="0' ;next state <« =4;

sl=> ALB-="1l";START<="1";0E<="0";LOCE-—="0' next state -= s;

ELSE next state <= 3£; END IF ;

WHEN s4—> ALE<—'0';START<="0';0E<="l1l";LOCE-="1' !next state <= si;
WHEN OTHERS => ALE«<='0' ;S5TART<="0";0E<="0";LOCE<="0" next state «= 30;

END CRASE ;
END FROCESS COM ;
i i n o
REG: FPROCESS (CLE,RST) BEGIN -0 FRitE
IF RST="1" THEM o3 <= 30;
FLSIF CLE'EVENT AND CLE='l' THEN cs5 <= next state; END IF;

FND FROCESS REG;
IATCHl: PROCESS (LOCE) BEGIN ——fi1Fesinfe

LOCK'EVENT THEN REGL <= D ; EHND TF;

IF LOCE="1"' &ND
END EROCESS LATCHI;
Q0 <= REGL;

END behav;
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10.2.1 ZHESEHRESHL

[ 10-3]
COM1: PROCESS (cs, EOC) BEGIN
CASE cs IS5
WHEN s0=> next state <= sl1;
WHEN sl=> next state <= s2;
WHEN s2=»> IF (EOC='l')THEMN next state <= s53;
ELSE next state <= a2; EMD IF ;
WHEN s3=> next state <= 54;——HE OE
WHEN s4=> next state <= =0;
WHEN OTHERS => next state <= s0;
END CRSE ;
END PROCESS CCOM1 ;
COM2: FROCESS {(cs} BEGIN
CASE cs IS5
WHEN s0—ALE«<="0";S5TART<="0"';LOCE<="0";0E<="0" ;
WHEN sl=—AlE«<='1";S5TART<="1';LOCE<="0"';0E<="0" ;
WHEN s2=>AlFE«<='0Q"';START<="0';LOCE<="0"';0E<="0" ;
WHEN s3—ALE«<—"0";START<—"0';LOCE<="0";0E<="1"' ;
WHEN s4=ALE<="0";START<="0';LOCE<="1";0E<="1" ;
WHEN OTHERS => ALE<='Q';START<="0';LOCE<="0";
END CLSE ;
END PFROCESS CCOMZ ;
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10.2.2 FHIKN 2 RESVLR T

$o i)

[N R

e Hit

[#10-4] .
LIERRRY IEEE ;

TIE IEEE.STD LOZIC 11E4.RLL;

= 11010011, &

ENTITY 3CHE I3

FORT (DIN,CLE, HET IN 3TD LoCIc; —-SHEAGES/ ZemSrELES
SOTT OTT STD _LOZIC) --MEIiEEEs
END SCHE;
AACHITECITRE kaha~ OF SCHE IS
TYEE stataes I8 (el, wl, 22, 2,84, %, mE, 7, @d) ; ——-EIEES
SICMAL 3T, NST: gtatan :—al ; --HEIsFSiE=SD
EEGIN
CoM:  FROCESS (8T, DIN) BEECIN --E2f3EE,. FEESFENETE
CREF 8T I3 -—-11410011
WHEN pl0—> IF DIN-"1" THEN K9T<—aml , ELSE N9T+<-—al , END IF;
WHEN al-> IF LDIN—"1l" THEN N3T<—eZ ; ELSE N9T=-ml , END IF;
WHEN p2—> IF LIN-"0" THEN KH9T<x—m3 ; ELAE N3T<—mid , END IF;
WHEN a3i—> IF LIN-"1l" THEN K8T<x—amd , ELSE N9T<—al , EXD IF;
WHEN gd-> IF DIN-"0" THEN K89T<—a% , ELSE NK9T<—-pl , END IF;
WHEN aS5—-> IF LDIN—"0" THEN KST<—-af ; ELSE N3T=-al , END IF;
WHEN sE—> IF LOIK-"1" THEN KH9T<x—a7 ; ELAE N3T<—mild , END IF;
WHEN a7—> IF LIN-"1l" THEN KST<x—md , ELSE N9T<-pl , END IF;
WHEN g8—> IF DIN-"0" THEN K3T<—m3 , ELSE N9T=—al , END IF;
WHEN OTHERS —> NKST<—amil ;
END ZROE ;
END FPROCESS
REZ: FROCESS (CLE, BAT) EBECIN - FiEFE
IF B9T-"1" THEN 8T =<— al;
ELSIF CLE"EVENT AND CILE-"1" THEN 3T<—NST; END IF;
EXND PROCESS REZ;
300T «— "1" WHEN 3T-m8 ELSE "0" ;

END ahaw
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[ 3] 10-5]

LIBRARY IEEFE ;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY MEALY1 IS
PORT (CLK, DIN1, DINZ,RST : IN STD LOGIC; ——$5f’f¢&)\¥ﬂﬁﬁfl{’ﬁﬂﬁ¢fﬁﬁﬁ%
Q : OUT STD LOGIC VECTOR (4 DOWNTO 0)); ——ill&E84g
END MEALY1;
ARCHITECTURE behav OF MEALY] IS
TYPE states IS (st0, stl, st2, st3,std) ; —ENESHSE
SIGNATL PST : states ;
BEGIN
REGCOM: PROCESS (CLE,RST,PST, DIN1) BEGIN
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IF RST="1"' THEN PST <=st(; ELSIF RISING EDGE (CLK} THEN

CASE PST 1S5
WHEN st0=>
WHEN stl=>
WHEN sti=>
WHEN st3=>
WHEN std4==>

IF DIN1='1"'" THEN
IF DIN1="'1"' THEN
IF DIN1='1"' THEN
IF DIN1='1"' THEN
IF DIN1='0"' THEN

WHEN OTHERS => PST<=st0 ;
END CASE ; END IF;
END PROCESS REGCOM:;
COM: PROCESS (PST,DINZ) BEGIN

CASE P3T IS
WHEN st0=>
WHEN stl=>
WHEN stZ2=>
WHEN st3=>
WHEN std=>

IF DINZ2="'1"' THEN
IF DINZ='0"' THEN
IF DINZ='1" THEN
IF DINZ2='0"' THEN
IF DINZ='1l"' THEN

WHEN OTHERS => Q<="00000" ;

END CASE ;

END PROCESS COM;

END;

EST<=stl ;
PST<=st?Z ;
PST<=st3 ;
EST<=st4d ;
EST<=st0 ;

g<="10000"
o<="10111"
o<="10101"
g<="11011"
o<="11101"

ELSE PST<=st0 ; END
ELSE PST<=stl ; END
ELSE PST<=stZ ; END
ELSE PST<=st3 ; END
ELSE PST<=st4 ; END

IF
IF
IF
IF
IF

; ELSE O<="01010"; END
; ELSE Q<="10100"; END
; ELSE 0«<="10011"; END
; ELSE O<="01001"; END
; ELSE Q<="01101"; END

IF
IF
IF
IF
IF



10.3 Mealy 2 A [RAIRSHLHI T

CLE

OIK]
DIHZ

al4]
a[s]
Q2]
Q]
alo]
EST

L1 | - LJ J —J LJ LI 1 | L _E
—
L J
J I |
[T ¥ 1T X 13 ¥isy o8 ¥ 1] 4+ § 04 ) ¢ SN 4
| l | | i_
| | | L |
| 1 | | £
L I L
[ | M I
Fal. 310 YW EST. stl f Pl a2 L FoT. and f F=T. std ¥ FaT. sl WEST. sud X

B 10-10 {8l 10-5 ZFWHFE Mealy HAH EifF



10.3 Mealy 2 A [RAIRSHLHI T

[ 51 10-6]
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY MEALY2? 15
PORT (CLK, DIN1,DIN2Z, RST : IN STD LOGIC; —SR{THAZUHE/L{Erteh/ E{{F=
0 : OUT STD LOGIC VECTOR (4 DOWNTO 0)); -—MiERiat
END MEALY?2:;
ARCHITECTURE behav OF MEALY2 15
TYPE states IS5 (st0, stl, st2, st3,std) ; —ELSKE
SIGNAL. PS5T : states ;
BEGIN
PROCESS (CLE,RST, PST, DIN1,DINZ) BEGIN
IF RST='1' THEN PST <=st0; ELSIF RISING EDGE (CLEK) THEN
CASE PST 15
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WHEN

WHEN

WHEHN

WHEN

IF DINZ="0Q"
IF DINI="0"
IF DINZ="1"

WHEN

WHEN
FND CLSE
END IF;
END FROCESS
END;

stl=>

stl=>

stZ=>

st3=>

std=>

OTHERS

"
r

-
r

IF DIN]1="1"
IF DINZ="1"
IF DIN1="1"
IF DINZ="0'
IF DIW1="1"
IF DINZ="1"
IF DIN1="1"

=» P5T<=st(]

THEN
Y+
THEN
Q «—
THEN
O =
THEN
Q <
THEN

THEM Q ==

P5T «—
*10000"
PS5T «—
"LOELL™
P5T =—
10101"
P5T «—
g e 0 2 i
BST <=
"11101™

stl
i
st
I
st3
'
st4
'
st0

r

@E=T0000eT "

; ELSE PST«<=st0
ELSE Q-—="01010"
; ELSE PST«<—=stl
ELSE Q<—"10100"
; ELSE PST«<=st?Z
ELSE Q<—"10011"
; ELSE PST<=st3
ELSE Q<—"01001"
; ELSE PST«<—st4
ELSE Q=—"01101"

r

a
r

r

n
r

r

r

-
r

-
r

"
r

r

EMD IF
END IF
END IF
END IF
END  ITF
END IF
EHL IF
END TIF
END IF
END IF

r

-
r

"
r

"
r

w
r

"
r

w
r

w
r

"
r

r
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[#10-7]
LIBBEARY IEEE ;
LIBEABRY IEEE ; --11010011
TE IEEE.STD LOCSIC 11&4.RLL;

ENTITY SCHE I8

RESHLRI Bt

FORT (OIN,CLE, HIT IN STD _LocIc; -SSRSO S/ ETES
S0TT - OUT STD LOCIC), ——BiEIds
END SCHE;
ARCHITECTIURE bahaw OF SCHE I3
TYFE atates IS (a0, @l, =2, 83 .md4, %5, RE, &7, @) ;, ——EIEFET
SISHAL 8T atatas :—al ;
BECIN

EROCESS (CLE,.BIT, 5T, DIN) BECIN

IF BST-"1" THEN ST «— i, ELAIF CLE'EVENT AND CLE-"1" THEN
CRIE 5T I8

WHEX al-> IF DIN-"1" THENW S5T<—al ; ELSE ST<—al ; EXD IF ;
WHEX @l-> IF DIN-'1"' THEN S5T<—aZ ; ELSE ST<—ald ; EXD IF ;
WHEK m2-> IF DIN-'0" THENY 5T<—a3 ; ELSE ST<—al ; EXND IF ,
WHEN @3-> IF DIN-"1" THEX S5T<—ad ; ELSE ST<—al ; EXD IF ;
WHEK mé—> IF DIN-'0" THEN 5T<—a% ; ELSE ST<—ald ; EXKD IF ;
WHEN aS—> IF DIN-'"0' THEXY S5T<—af ; ELSE ST<—al , EXD IF ,
WHEX mE—> IF DIN-"1" THEX 5T<—a7 ; ELSE ST<—al ; EXD IF ;
WHEX a7-> IF DIN-'1" THEX S5T<—aB ; ELSE ST<—al , EXD IF ,
WHEX mB-> IF DIN-"0" THEY 5T<—a3 ; ELSE ST<—ad ; EXD IF ;
WHEX OTHERS -7 ST<—gl ;

END CRIE

IF (3T-sB) THEN BSO0OUT<-'1"; ELSE SOTT<—"'0"; EXD IF; EXD IF;

EXD FRXCESS,
EXND baphaw
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[ 10-8]
.. —— LAEEPSH110-248F]
ARCHITECTURE behav OF ADC0809 IS
SIGNAL cs , SOUT: STD LOGIC_VECTOR(4 DOWNTO 0) ;

CONSTANT s0 : STD LOGIC VECTOR(4 DOWNTO 0) := "00000% ;
CONSTANT s1 : STD LOGIC VECTOR(4 DOWNTO 0} := "110007 ;
CONSTANT s2 : STD LOGIC VECTOR(4 DOWNTO 0O) := "00001" ;
CONSTANT s3 : STD LOGIC VECTOR(4 DOWNTO 0) := "001007 ;
CONSTANT s4 : STD LOGIC VECTOR(4 DOWNTO 0) := "001107 ;
SIGNAL REGL : STD LOGIC VECTOR({7 DOWNTO 0) -

BEGIN

Q <= REGL; ADDA <= '0';
PROCESS (cs ,EQC) BEGIN
IF RST='1"'" THEN cs<=s0; ELSIF CLEK'EVENT AND CLE='1l"' THEN
CASE cs IS5
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10.4.1 HiiHAgmE

WHEN s0 => cs <= sl ; S0UT<=s(;
WHEN s1 => cs <= s2 ; S0UT<=sl ;
WHEN s2 =»> 80UT<=s2Z ; IF (EQC="1") THEN cs<=s3; ELSE cs<=s2; END IF:;
WHEN s3 =» cs <= s4 ; S0UT<=s3;
WHEN s4 => cs <= s0 ; S0UT<=s4;
WHEN OTHERS => cs <= s(; S0UT<=s0;
END CASE ;
END TIF;
END PROCESS ;
LATCH1: PROCESS (SOUT(1),D) BEGIN
IF S0UT{1}="1' AND SOUT (1)} 'EVENT THEN REGL<=D; END IF;:
END PROCESS LATCHI1;
LOCK T<=S0UT(1l); START<=SOUT (4); ALE<=S0UT (3); OE<=SOUT(2} ;
END behavw;
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[ 5 10-9]

ARCHITECTURE behawv OF ADC0O809 IS
type STAT is (s0,sl,s2,s53,s54);
attribute enum encoding : string;

attribute enum encoding of STAT : type is "00000 11000 00001 00100 00110";
SIGNAL cs, next state: STAT :
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10.4.2 JRF4RAG

% 10-2 HEHEA

"o i P £ 55 — RS £ H1 B R A
(States) (Sequential-Encoded) {One-Hot-Encoded) {Johnson-Encoded)
State0 000 100000 0000

Statel 001 010000 1000

State2 010 001000 1100

State3 011 000100 1110

Stated 100 000010 1111

State3 101 000001 0111
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10.4.4 WRERIGKE

[ 51 10-10]
ARCHITECTURE behav OF SCHE IS

TYPE states IS (s0, sl1, s2, =s3,s4, =5, s6, 587, =8) ;
attribute enum encoding : string;

attribute enum encoding of states : type is "one-hot";
SIGNAL ST : states :=s0 ;

BEGIN
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10.4.4 REmYTE

%= 103 FELARMENEARERSE

WA WA EEEN EEERTHLC AP 24 REG
— {3 typeis "one-hot" 11 10
AFPEEXSH typeis "user” 12 5
e typeils "gray" g 5
=2t typeis "sequential” 10 5
£ B typeis "johnson" 23 6
2l typeis "default” 11 10
E typeils "compact” 9 5
TE—{fuihis tvpeis "safe, one-hot" 18 10
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= 104 FEKE

R I = 44 85
0 000
:1 001
2 010
:3 011
s4 100
53 101
56 110
57 111




10.5 Z&IRESPLETT

10.5.1 BEFEESIE

TYPE states IS (s0, sl1, s2, s3,s54, s5, s6, 57) ; ——E}{Fﬁﬁlﬂ(ﬁ

WHEN s5 => next state<=s0;
WHEN s6 => next state<=s0;
WHEN s7 => next state<=s0;
WHEN OTHERS => next state<=s0;



10.5 Z&IRESPLETT

10.5.2 RASGHD WM

alarm <= {st0 AND (stl COR st2 OR st3 OR st4 OR st5)) OR (stl AND (st0 OR
st2 OR ..

10.5.3 fEBHEDAMRALIE #] T BEA B Z 2 RSN

attribute enum encoding of states : type 1s "safe,ocne-hot";
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10.6 M EFHARHERER]

10.6.3 ERN HREER

[ 10-11]
LIBRERY IEEE;
USE IEEE.STD LOGIC_1164.ALL;

EE.
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY ERZE IS
PORT ( CLK,KIN : IN STD LocIc; —-L{ERfftflgiAigE=
ROUT : OUT STD_LOGIC ); ——AEENERHLES
END;
ARCHITECTURE BHV OF ERZP IS
SIGNAL KL,KH : STD LOGIC_VECTOR (3 DOWNTO 0);

BEGIN
FROCESS (CLE,EIN,EL,EH ) BEGIN
IF CLE'EVENT AMND CLE = '"1' THEN
IF (RIN='0') THEN EKL<=RL+1; -3 ABHEERFRE T
FLSE RL<="0000"; END IF: ——EHIMEEF, NitHEEs o
IF (RIN='1l') THEN EH<=EH+1; —-[ET3t5A 0TS TR mita
FLSE RH<="0000"; END IF; ——EHEHMEHF, NitEEEE o

IF (RE>"1100") THEN ROUT<='1l';—-WEEERHETH—BEATF 12, NEL 1
ELSIF (KL»>"0111") THEN EROUT<='0';--3HEBERZETHELT 7, &L o
END IF; END IF;

END PROCESS;

END;
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