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8.1 VerilogtR&SHLHK—#&

8.1.2 REHLHI—R 4

1. YLEHER 4

TYPE FSM ST IS (=s0,=l,32,33,354);

AN

2IGNAL current state, next state @ F5M 5T:

parameter[2:0] z0=0, =zl=1, =2==2, 23=3, =4=4

reg[2:0] current state, next state;

typedef enum {=0, =1, =2, =23, =54} type user ;

type user current state, next state ;

n
r
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i 8.1 VerilogRZ&NLH—%

8.1.2 REHLHI—R 4

4. WS RE
[ 8-11]
module F3M EXP (clk, reset, State_inputs, comb outputs);
input clk; AR AR
input reset; i R FERLE AT
input [0:1] state inputs; F R BRI TENERIES
output [3:0] comb outputs; ORISR HRERIF S

reg [3:0] comb outputs;
parameter s0=0,s51=1,s52=2,53=3,54=4 ; NOENREEY
reg [4:0] ¢ st, next state; O S GERI SRR E
always (@ {posedge clk or negedge reset) hegin H EEITFEITE
if {lreset) ¢ st<=s0;/ BEffFHA, T—WEHAFE 0

else ¢ _st<=next state ; end

PR



& ER

- always @(c st or state inputs) begin /o EEHEHE
case (c_st) MATHEFEEESTESZEE, ¥ current state i c st
- s0 : begin comb outputs<=5 ; AR S0 B, RIS S
- if {state inputs==Z'b00) next state<=s0; Hg{Ei R, E#¥F%E s
else next state<=sl; end HgA{E TR, B T—HEF=1
51 : begin comb outputs<=8 ; AT s L, R ERIED 8

i1f (state inputs==Z'b0l) next state<=sl;
else next state<=3Z ; end
52 : begin comb outputs<=1Z ;
if ({state inputs==Z'bl0) next state<=s0;
else next state<=s3i ; end
53 : begin comb outputs<=14 ;
if ({state inputs==Z'bll) next state<=s3;

2lse  next state<=s4 ; end
=4 begin comb outputs<=3 ; next state<=s0 ; end
default : next state<=s0 ; /HEEFFRHIL EEE, BEWIF S0
endcase end

endmodule
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[ 8-21 ATHEFENE, O T AEYFEES LOK. T

module ADC080% (D, CLK, EOC, RST, ALE, START, OE, ADDA, Q,LOCK T);

input[7:0] D; // KB 080950 IT B 8 fi #iE

input CLK,RST: ARSI ERT 8, M EFE 156
input EOC; S/ ERIORGS e, R RR ETESE
output ALE; /A TERUE S BB E TS

output START, OE ; J/ERBENES, HEEEH=F5EES
output ADDA,LOCK T ; //fEEEBESFESHNEENRES
output [7:0] O

reg ALE, START, OE;

parameter s0=0,s51=1,352=2,353=3,s4=4; //FXGFEFIHELY

reg[4:0] cs , next state ; JIATERTHERSR, AEEE s

reg[7:0] REGL; reg LOCK; Jf EEEHERHEITNEES

always @ (cs or EOC) begin J/ HEIERE, AESIEREITA
case (C3)

=0 : begin ALE=0 ; START=0 ; OE=0 ; LOCE=0 ;

&R



next state <= sl ; end /7 na0s#E{tk
:‘I%—l:ﬁ 1 : begin ALE=1 ; S3TART=1 ; <E=0 ; LOCE=0 ;

next state <= s2 ; end /B EN R ESSTRRET
2 : begin ALE=0 ; 3TART=0 ; <E=0 ; LOCE=0 ;
if (E0C==1"bl} next state = 353 ; // BoC=05= 00 3 g
else newxt state = s2 ; end SRR, dREEET
53 : begin ALE=0 ; START=0 ; oE=1; LOCK=0; //FFBor, FTHrpEiEO.
next state = s4 ; end J TR ETTSEHE s

54 : begin ALE=0 ; START=0 ; OE=1; LOCK=1; //FBH#HIEHFEES
next state <= s0 ; end
default : begin ALE=0 ; 3TART=0 ; CE=0 ; LOCK=0 ;
next state = =0 ; end
endcase end
alwavs @ {posedge CLK or posedge RST) begin //BIFiEFE
1if (RST) c=s <= =z0 ;
else cs <= next state ; end // HIGETEEc:F ISP TET DITIE
always (@ (posedge LOCK) /BRIt TR
if (LOCK) REGL <= D ; // MHITFEF, TELoCKR LG IRIFR s A
assign RDDAR =0 ; assign ¢ = REGL ; //infEEflES#H IEIEIND
assign LOCK T = LocK ; //HW{ES%

endmodul e
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[ &3]

always @{cs or EOC) begin
case (o9
s next state <= sl ;
=1 next state <= =2 ¢
=P 1f (BECC==1"kl) next state=33 ; else next state=sZ ;
53 next state = =4 ;
=3 next state <= =0 ¢
default :© next state = s0 ;
endcase erd
always @i{cs) begin
Case (og)
50 begin ALE=0 ; START=0 ; OE=0 ; LOCEK=0 ; end
51 begin ALE=1 ; START=1 ; OE=0 ; LOCE=0 ; end
= begin ALE=0 ; START=0 OE=0 ; LOCKE=0 end
3 begin ALE=0 ; START=0 OE=1 ; LOCE=0 end
54 begin ALE=0 ; START=0 oE=1 ; LOCE=1 end
default begin ALE=0 ; START=0 OE=0 ; LOCK=0 end
endcase end



8.2.2 FrAlfulds B ILREHL B

[l 5-4]

module SCHEK (¢LEK, DIN, RST,S0UT); /411010011 S{7EAT.
input CLEK, DIN, RST; MATEMES, wANEE. MELES
output SOUT; frs A B

parameter z0=40, =1=41, =Z=4Z, =23=43, =4=144,
=5=45, s6=46, =7=47,s8=48 ; / IFFE o MREEE
reg[8:0] ST,NST ; INETENGTEN G TE
always @ (posedge CLK or posedge R3T)
if [(R3T) 3T<=s=0 ; else ST<=N3T ;
always @(3T or DIN) begin

case [T )

g0 : 4if [DIN==1'khl) N3T<=1; else N3T<—=s0;
g1 : 4if (DIN==1'hl) N3T<=sZ; else N3T<—=s=s0;
g£ : 4if [(DIN==1'k0O) N3IT<s3; else N3IT-=s0;
23 : 4if [(DIN==1'khl) N3T<s4; else N3IT-=s0;
g4 : it [(DIN==1'khO) N3T<=5; else N3IT<—s=0;
g5 : 4if [DIN==1'kh0O) N3T<=b; else N3T<—=s0;
g6 : 4if [DIN==1'hl) N3T<=7; else N3T<—=s0;
g7 : 4if [(DIN==1'hl) N3T<s8; else N3IT-=s0;
8 : 4if (DIN==1'k0O) N3IT<s3; else N3IT-=s0;

default : NaT<=s0;

endcase end

assign S20UT = [(3T==s8) ;

endmodule
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8.3 MealyZDiR

[ 5 8-5]
module MEALY1

input CLE,

output[4:0] o
reg[4:0] ¢7

parameter stO=0,

always (@ {posedge CLK or posedge RST)

if

(CLK, DIN1,DINZ,

DIN1,DINZ, RST;

reg[4:0] BET;

stl=1, stZ=2Z,

R5ST, Q)7

=R

Pl A\

st3=3, std=4;

(RST) BST <= st0 ; //IETEEY

else  begin

case (PST)
st if
stl if
st2 1f
st 3 1f
st 4 if
default

endcase

{DIN1==1"bl)
{DIN1==1"bl)
(DIN1==1"hbl)
(DIN1==1"hbl)
{(DIN1==1"h0)
end end

begin :
EST<=stl ; e=lse
EST<=stZ ; else
EST<=3st3 ; else
EST<=std ; else
EST<=3t0 ; else
E3T<=3t0 ;

REG

BEET<=z=t0
BEET<=z=tl
EST<=ztZ
EST<=zt 3
ES3T<=zt4

it

T



i 8.3 MealyZDIRAVLE T

always (@ (P3T or DINZ} begin : COM [ B IEHE SRR
case (BST)
st0 : 1f (DINZ==1T"bl p=5TH10 ; else o=5THORA ;

( )
stl @ 1f (DINZ==1T"h0) ¢=5TH17 ; else o=5"H14 ;
st2 : 1f (DINZ2==1'hl}) ¢=5TH15 ; else o=5"H13 ;
( )
( )

st : 1f (DINZ==1Th0 =5TH1E ; else o=5THOS ;
std : 1f (DINZ==1Thl p=5"H1D ; else o=5"HOD ;
default : o=5"h00000 ;

endcase erd

endmodule
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8.3 MealyZLRRAML ¥

[ 5 8-61]
module MEALY? (CLK, DIN1,DINZ, RST, Q);
input CLK, DIN1,DINZ, EST; output[4:0] O

parameter stl=0, =stl=1, stZ=Z, st3=3, std=4;
reg[4:0] B3T; reg[d4:0] ¢
alwavs (@ ({posedge CLK or posedge RST) begin
if (R3T) P33T <= =t0 ; else begin
case (B3T)
=t0 : begin
begin if (DINZ==1'bl} ¢=5'H10 ; else Q=5THOA:; end
begin if {(DINl==1Tbl) P3T<=stl ; else P3T<=st0; end
end
ztl : begin
begin if (DINZ==1"hb0) ¢=5TH17 ; else (0=5"H14 ; end
begin if {(DINl==1Tbl) P3T<=3tZ2 ; else P3T<=stl; end

end

el



i 8.3 MealyZDIRAVLE T

\

endocase

endmodule

stZ : begin
begin
begin
end

st2 : begin
begin
begin
end

std : begin
begin
begin

end

default

if
if

if
if

if
if

{DINZ==1"hbl}) $=5TH1L ; else ©=5TH13; end
(DIN1==1"bl) E3IT<=st2 ; else EB3IT<=stZ; =nd

{DINZ==1"h0} $=5"HIB ; elze $=5THO0%; end
(DIN1==1"bl) P3T<=std ; else B3T«<=st3; =nd

{DINZ==1"khl}) $=5THID ; else $=5THOD ; end
(DIN1==1"b0) P3IT<=stlD ; else EB3T<=std; =nd

begin P3T<=st0 ; ©=5"hb00000 ; end

end

end



i 8.3 MealyZDIRAVLE T
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[18-7]
module SCHE (CLE, DIN, RST,SOUT);:/ /11010011
input CLE, DIN, R3T; output 2300TT;
parameter =0=0, =s1=1, si=2, =3=3, =4=4, =5=5, =s6=6, s7=7, =8=8;
reg[8:0] 3T ; reg I00T;
always @([posedge CLE) begin
SOUT=0;
if (RST) 3SIT<=s=s0 ; else begin

casex (3T )

=0 : 4if (DIN==1'kl) &5T<==1; else 3Z3T<==0;
21 : if (DIN==1'kl) 3T<=3Z; elze 3S3T<=s30;
s£ ¢ if (DIN==1'k0O) &53T<==23; else 3T<==s0;
53 ¢+ if (DIN==1'khl) &5T<==4; else 3S3T<==s0;
g4 : if [(DIN==1'kO) 3T<==35; elze 23T<=s30;
25 ¢+ if (DIN==1'k0) &ST<==t; else 3ZT<==0;
z6 ¢ if (DIN==1'kl) &ST<==7; else 3ZIT<==0;
s7 ¢+ 4if (DIN==1'kl) &S3T<==8; else 3T<==s0;
=8 : begin 20UT=1 ;
it (DIN==1'kh0O) &S8T<==23; else S5T«<==0; end
default : ST<==0;
endcase end end

endmodule
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8.4 SystemVerilogHI#zERE W

module ADC (CLK, DIN, RST,SOUT);//11010011 Sfz7ER.
input ©CLK, DIN, RST; output SOUT;
typedef enum {s0,s1,s2,s53,54,55,56,57,58]) type u;
type u  sT,NST ;

alwavs @ {posedge CLK or posedge R3T)
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i 8.5 WREHLE
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[16-8] VerilogHDL EFF: SMlv
"timescale lns/1lns
module ZM1 [ clock,reset,inl,inZ,in3, oukbputl);
input clock, reset,inl,inZ, in3;
tril reset; tril inl; tril ind; trill in3;
output ocutputl; reg outputl, reg outputl;
reg [£:0] fstate, reg fstate;
parameter =tl=0, sti=1, =st3=Z;
initial
hegin reg outputl <= 1'k0; end
always @ (posedge clock or posedge reset) begin
if (reset) hegin fstate <= =stl1; outputl <= 1'kb0; end
else begin fstate <= reg fstate; outputl <= reg ocutputl; end
end
always @ (fatate or inl or inZ or ind) begin
reg outbtputl <= 1'b0;
case [fatate)
stl: begin 4if ([(inl £ ind) & in3) ) reg fstate <= sti;
else reg fstate <= =tl; reg outputl <= 1'hl;

end

default: hegin reg outputl <= 1'hx;
fdisplay ("Reach undefined state™);
end endcase end

endmodule
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i 8.5 WREHLE

[515-9) Systern Verilog #2FF: SM1.sv

‘timescale 1lns/lns
module M1 [ input clock, input reset, input inl,
input ind, input in3, output outputl);
reqg reg outputl;
enum int unsigned { stl=0, =stZ=1, st3=i } fstate, reg fstate;
always ff @ (posedge clock or posedge reset)
begin if [(reset) begin fstate <= =stl1; outputl <= 1'k0; end
else begin fstate <= reg fstate; outputl <= reg outputl;
end end

always comb begin

end

endmodule
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i 8.6 A[FZRIGKALRAML

8.6.1 HiximH EIgmhy

T 8-1 ZHIE SRS HNR

EFe w & g

# | START | ALE | OE | LOCK B I BE iR BA

50 0 0 0 0 0 | FIEE

51 1 1 0 0 0 | BE)FEm

52 0 0 0 0 1 | EiNE EOC=1 K, ¥TF—IkE sT3

53 0 0 1 0 0 | R SEIRIT B AR

54 0 0 1 1 0 | FH LOCK BY_E G435 i iF B BE 4




i 3.6 Inﬁﬁﬂ%}‘u’lkujﬂ

8.6.1 HiximH EIgmhy
[5 8-101]

module ADCO0809 (D, CLK, EOC, RST, ALE, START, OE, ADDA, Q,LOCK T):
input[7:0] D;
input CLE,RST,EQC:
output S$TART,O0E , ALE, ADDA,LOCK T :
output[7:0] Qr
parameter s0=5'BO0000O,=s1=5"B11000,32=5"B0O0001,s3=5"BO0100,=24=5"RB00110;
reg[4:0] cg ,S0UT, next state ;
reg[7:0] REGL; reg LOCEK;
always @ (cs or EOC) begin

case (C5)
s0 : begin next state<=sl ; S0UT=s0 ; end

1 : begin next state<=sZ ; S0UT=sl ; end
5Z 1 begin S0OUT=gZ ;
I

~N



i 3.6 Inﬁﬁﬂ%}‘u’lkujﬂ

1f (EOC==1'bl}) next state=s3 ;
#®En else next state = 32
33 : begin SO0UT=s3 ; next state = 54 ; end
z4 : begin 8SO0UT=s4 ; next state = 50 ; end
default : begin next state=s0 ; S0UT=s50; end
endcase

; end

end
always @ (posedge CLK or posedge RST) begin //FFid#E
1f (RST) cs <= 30 ; else cs<=next state ; end

always @ (posedge SOUT[1] ) /B TR

if (sOUT([1]) REGL <= D

assign ADDA =0 ; asslign @ = REGL ;

assign LOCK T = SOUT[1] :

assign OE = SOUT[Z2] ¢

assign ALE = SOUT[3] ;

assign  START = soUT[4] !
endmodule
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LOCK T

cs

8.6.1 HEFHH AT

Bl 8-21 5] 8-10 JREH TIER FE

0 - - J . b L J o J L LJ L
m
T [ | -
N I I 1 I
| | | |
| | I
74 iz Y A4 be iz X BT A iz
. 00 } 4 Ad ) 4 BT
1 1
00 y A Y BT
I@’::)G(:s. s0{cs. sl fics. 52 5. 53 Jcs. 54 §c5. 50 Les. 51 ) cs. 52 Wes. 53 ) cs. 54 Kes. 50 fes. sl )



i 3.6 Inﬁﬁﬂ%}‘u’v{zu*ﬂ

8.6.2 H7E & X iEHR] g XCIRAwY
[ 8-111

“define s0 5TE0OO00O0O

"define s1 5'B11000

"define s2 5'BO0001

"define 53 STBOOL100

"define s4 5'BO0110

module ADCO809 (D, CLK, EOC, RST, ALE, START, OE, ADDA, ©,LOCK T):
input[7:0] D; input CLE,RST,EOC;
output START,CE , ALE, ADDA,LOCE T : output[7:0] Q-
reg[4:0] cs 7 reg[4:0] S0UT, next state ;

reg[7:0] REGL; reqg LOCK;

always @ {cs or EOC) begin

Ccase (C3g)



8.6 A[FZRIZIREDIRSHI

"s0 : begln next state<="s5l1 ; SOUT="s0 ; end
BB "3l : begln next state<="35Z ; S0OUT="s1 ; end
"s2 ¢ begin S0UT="352 ;
1f (EO0C==1"bl) next state="s53 ;

else next state = “s52 ; end
"853 1 beglin S0UT="83 ; next state = "=s4 ; end
"s4 1 begln SO0UT="354 ; next state = "0 ; end
default : begin next state="s0 ; S0UT="50; end
endcase end
always @ (posedge CLK or posedge RST) begin //FFid##E
1f (RST) cs <= "30 ; else cs<=next state ; end
always @ (posedge SOUT[1] ) /R ILRE
if (SOUT[1]) REGL <= D ;

assign ADDA =0 ; assign g = REGL ;
assign LOCKE T = SOUT[1] assign START = S0OUT[4] :
asslgn ALE = SOUT[3] - assign OE = SOUT[Z2] ;

endmodule
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‘define EE (FFEM) EAT (FHE)

‘define & A+B+CHD

assign  DOUT = A+B+C+D+E;
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82 WAL

w L T — {7 AR Y 47y AL 4R 1
States Sequential-Encoded One-Hot-Encoded Jolngon-Encoded
State() 000 100000 0000
Statel 001 010000 1000
State2 010 001000 1100
State3 011 000100 1110
Stated 100 000010 1111
States 101 000001 0111
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2. gtk GER) W E

[ * syn_encoding = "pne-hot" *)
[ 8121
module SCHE (CLK, DIN, RST,SOUT);:
input CLK, DIN, RST: output SOUT;
parameter s0=0, sl=1, s2=2, s53=3, s5d4=4, s55=bhH, =z6=6, 37=7,38=8 ;
(* syn_encoding = "one-hot" *) reg[8:0] ST ;
reg SOUT;

always @ (posedge CLK) begin
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2. gtk GER) W E

DR

Ri-3 WMEHTABUEXRERERSE

g5 77 gD T BB HEE PHEBTHLC: | MEBH REGs

— {7 #8g (* syn_encoding = "one-hot" *) 13 10
HAHENE | ("syn_encoding = "user" ) 12 5

FEE (* syn_encoding = "gray" ) 8 5

I 55 (* syn_encodmg = "sequential”’ *) 10 5

247 B G (* syn_encoding = "johnzon" *) 23 6

i SRR (* syn_encoding = "default” *) 13 10

T 1 (* syn_encoding = "compact’ *) 0 5
Zoe—FHiE | (" syn_encoding = "safe, one-hot" *) 21 10
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3. HEWE A

Ooh

- : Eleset
Mame; |5tate Machine Processing LI ———
Setting: [Autn ll ﬂ

Description: |G

— Johnson
Specifies thel Minimal Bits
Can use YOUll Dne-Hot
Bit". 'Gray'. Y Sequential

User-Encoded b

Bl 8-22 B AFNEBE R

Option Reset
Mame: |State Machine Processing :I

Setting | One-Hot o | )=
Description:

Specifies the processing style used to compile a state machine. You A
CAN LSe YOLF oWn ‘User-Encoded' style, or select ‘One-Hot', ‘Minimal

Bitz', Gray', Johnzon', "5 equential’ or *4uto’ [Compiler-selected) 3

FEl 8-23 BEHE T — (i H R iTIE =
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R’ 84 RFARTS

s IF Fr 2w
s0 000
s1 001
52 010
s3 011
g4 100
83 101
<6 110
87 111
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8.7.1 R&EF5F

parameter =0=0,sl1=1,s2=2,33=3,34=4, 355h=5, =6=6,37="7;

55 1 hext state

= 30 7
S6 ¢ next state = 30 ;
ST ¢ next state = 30 ;

default : begin next state=s0 ;
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8.7.2 RA&TwmAS v

8.7.3 fGBEDATLE B34z RS

Option
Narme: | Safe State Machine =

Seting: | I |
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8.8.3 M\ ZE BRI

[ 8-131
module ERZP (CLK, KIN,EKQUT):
input CLE, KIN: HTAE e A B B
output EKoOUT; req KOUT:
reg [3:0] F¥H,EL; BN FHE A REF TS 2 FFE.
always @ (posedge CLE) begin
if (IKIN) EKEL<=KL+1 ; /5 R A ) 0 FEL S ik v B

else KL<=4'h0000; end  (EWBIMFEF, NHHHEE 0
always (@ (posedge CLK) begln

if (KIN) EH<= KH+1; B AR & B R A
else KH<=4'h0000; end NERIEEFR, N#EsE o

always (@ (posedge CLEK) begin
if (KH > 4'b1100) KOUT<=1'Bl;/FEHEFHFEITHE —ERTF 12, NigH 1
else if (KL > 4'b0111)
KOUT<=1"'R0; IFHREFHTEAREAT 7, N o
end
cendimodir] e
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ina="000" ina="100"

ina="110"

inai="100"

ina="101"outa="0010" outa=" 1001 " ina="011"

ina="111"fouta="1100"

outa="1111" ina="101"outa="1101"
ina="011"outa="1110"

CLK (a)
RESET
1
CLK SIGNALT
, t t
= FsM — RESET. REG SIGNAL2 coM >
(b) (c) e
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