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® (10.1 VerilogREHLHI—

10.1.2 REVFI—K S

IR NAN N i

TYPE F3M 3T I8 (=0,31,32,33,34);
SIGHAL current state, next state : FoM 3T;

parameter[2:0] =s0=0, s1=1, sZ=2, 53=3, =s4d4=4 ;

reg[2£:0] current state, next state;

typedef enum {s0, sl1, 52, =3, =4} type user ;

Lype user current state, next state ;
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[ 10-1]

module FSM EXP (clk, reset, state inputs, comb ocutputs);

input clk; I A% 4 T et
imgnis reset; Ik ENRERFH
irgut [0:1] state inputs; I % 8 rHER SN RS S
output [3:0] comb outputs; 1 LA R B R SR
reg [3:0] comb outputs;
parameter =0=0,sl=1,s2=Z,53=3 ,54=4 ; W EXEESEM
reg [4:0] c_st, next state; I EEXMEREENREER
always @ (posedye clk or negedge reset) begin N FFEHFAE
if {(lreset) o _st<=s0; I BEERSM. F—E&EdA9E =0
else c st==next state ;0 end
always @ (c st or state_in_putSJ begin i EFRETE
case (o =t) M TEREYETHESES. 1§ current stake el o st

=0 : begin comb outpubs<=5 ; T AE oM, SR
if {state inputs==Z'b00) next state<=z0; VEE#HZ. E@E =0
else next state<=sl; end NEET#E. AIT—HRE:=L
£l : begin comb outputs<=8 ; i A E =L M. BBl e
if (state jmputs==2'b0l) next state<=sl:;
else next state<=sZ ; end
£Z  begin comb_outputs<=1lZ ;
if (state jmputs==2'bl0) next state<=s0;
else next state<=s3 ; end
£3  begin comb_outputs<=14 ;
if (state imputs==:2'bll) next state<=s3;
elze next state<=sd ; end

4 : begin comb outputs<=3 [ next state==s0 ; end
de fault : next state<=s0 ; IMEEFREME ESE EEME sO
enidcase end

erndunodile
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(75 10-21
module ADCOB09 (D, CLE, EOC, R8T, ALE, STAET, OE, ADDAR, Q;LC‘CK_T}I;
input[7:0] D; /7R B 08095 # T ofr #E
input CLK,RST; SRR YRR, FN RS E AriE
input EOC; /ISR, REFE R ETERER
output ALE; S/ ERLE SEIE A E R S
output START,OE ; J/REEREENGES, R E =S ERES
output ADDA,LOCK_T ; //fFSEEESIESFEFIEES
output [T:0] ©; req ALE, START, OE;
parameter s0=0,s5l=1,s52=2,53=3,34=4; //FEXIHRFTEH
reg[4:0] cs , next state ; /AT EFHERTR, HEEERTcs
reg[7:0] REGL; reg LOCK; /R R ST S
always @{cs or EOC) begin J/HERTE, MESWREER AN
case (cC3)
s0 : begin ALE=0 ; 3START=0 ; OE=0 ; LOCE=0 ;
next state <= sl ; end / /080941854
s1 : begin ALE=1 ; 3TART=1 ; OE=0 ; LOCE=0 ;
next state <= s2 ; end /BN EHE{E S START
52 : begin ALE=0 ; START=0 ; OE=0 ; LOCE=0 ;
if (EOC==1"bl) next state = s3 ; //EOC=03E BBFE it TR
else next state = s2 ; end SR, BT

53 : begin ALE=0 ; START=0 ; OE=1; LOCK=0; //F/AE0E, FTFADEEO.

%

A
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10.2.1 ZiIFELHPIRESHL

next state = s4 ; end A TR EE &SN
s4 : begin ALE=0 ; START=0 ; OE=1; LOCK=1l; //FEHEHTEES
next state <= sl ; end
default : begin ALE=0 ; 3TART=0 ; <E=0 ; LOCE=0 ;
next state = =0 ; end
endcase end

always @ {posedge CLK or posedge RST) begin Mt E
if {(R3IT) cs <= s0 ; 2lse c3 <= next state ; end
always @ (posedge LOCK) 1f (LOCK)  REGL<=D;/AELOCKE FHE I HiT 4 iR 8l
assign ADDA =0 ; assign @ = REGL ; AMiEEHRIESHA A EBEIND
assign LOCK T = LOCK ; /MAFHIEES
endmodule



eve(10.2 MooreZIRASHLEH &t

[ 10-3]

always @{cs or EOC) begin
case (cg)
s0 : next state <= s1 ;
31 : next state <= 32 ;
52 : 1f (EOoC==1Thl) next state=ss ; else next state=sZ ;
33 © next state = 54 ;
34 © next state <= s0 ;
default : next state = =0 ;
endcase  end
always @{cs) begin
case (cg)
=0 : begin ALE=0 ; 3TART=0 ; ©E=0 ; LOCE=0 ; end
1 : begin ALE=1 ; 3TART=1 ; ©E=0 ; LOCE=0 ; end
52 @ begin ALE=0 ; START=0 ; ©OE=0 ; LOCE=0 ; end
53 : begin ALE=0 ; START=0 ; ©E=1 ; LOCE=0 ; end
=4 : begin ALE=0 ; START=0 ; CE=1 ; LOCE=1 ; end
default : begin ALE=0 ; STARET=0 ; CE=0 ; LOCKE=0 ; end

endcase end
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(5] 10-4]

module SCHE {(input CLE, DIM, RST., ocutput S200UT) ;
paramseter gl=40, =l1=41, =s2=42, =53=43, =4=44,
=5=45, s6=46, s7=47,=8=48 ; [f &fﬁ?ﬂf’“b‘c,u
reg[8:0] ST,MNET ; MEENSTENI TS
always (@ (posedge CLE or posedge RET)
if (RE8T) 8&8T<==s0 ; else ST<=NST ;
always @ (8T or DIN) begin /11010011 BTSN, SR
case (3T )
=0 : 1if (DIN==1"k1l
=1 : 1if (DIN==1"Lk1l
=2 : 1f (DIN==1"EkD
=3 : if (DIN==1"k1l NET<==24; else NAT<=s0;

} O NET<=sl; else NaT<=sl;

)

)

)
=4 : 1f (DIN==1"h0) NST<=s5; else NST<=s0;

)

)

)

)

HNET<=3Z; else NET<=z0;
NET<=33; else NET<=z0;

25 : if (DIN==1"hQO HNET<==6; el=ze NET<==0;
g6 @ if (DIN==1"hkl
g7 : if (DIN==1"hkl
g8 : if (DIN==1TkD
default : HNET<==0;

NET<=57; el=ze NET<=z0;
NET<=50; el=se NET<=z0;
NET<=53; el=se NET<=z0;

endcaze end
agsign S0UT=(3T===8) ;
endmodule
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[{5 10-5]
module MEALY1 (input CLE, DINI1,DINZ, R3T. cutput reg [4:0] Q);
reg[4:0] P8T;: parameter st0=0, =stl=1l, =tZ=Z, =t3=3, =std=4;
always @(posedge CLE or posedge R3T)  kegin @ REG
if (RSTY PST <= zt0 ; elze  begin
case (PST)
st0 : 1f (DINl1==1ThLl PET<==tl ; else PET<=st0 ;
=ztl @ if (DIN1==1Thkl PET<=gts ; else PET<==tl ;

( )
( )
st2 : 1f (DIN1==1"hl) PST<=st3 ; else PST<{=stZ ;
( )
( )

st3d : if (DIN1==1"L1l PaT«<==st4d ; =l=e PET<=st3 ;
gtd : if (DIN1==1"kO PET<=st0 ; else PET<=st4d ;
default : BEET<==t0 ;
endcase end end
always @ (PST or DINZ) begin : COM i YRI5 SRR
case [(PST)
=t : i1f (DINZ==1'kl) Q=5THI10 ; el=e (Q=5THOA ;

{
stl @ if (DINZ==1'k0) Q=5T'H17 ; else p=5TH14 :
stz @ if (DINZ==1Thkl) Q=5THI1S ; el=ze Q=5TH13 :
(
(

st3 @ if (DINZ==1Thk0) Q=5THIEB ; el=ze (Q=5THOY ;
=t4 : if (DINZ==1'kl) Q=5T'HID ; el=e (Q=5THOD ;
default o=5TkLO0O000O ;

endcase ernd

endmoedul e
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[{5 10-6]
module MEALY? (input CLE, DIN1,DINZ, RST, outbtput reg [4:0] Q);
parameter st0=0, =tl=1l, =tZ=Z, =st3=3, =std=4; reg[4:0] PET;
always @ (posedge CLE or posedge RST) begin

if (RET) FE3T <= =t0 ; else
case (PST)
gt0 : begin if (DINZ==1'hkl) Q=5"H10 ; el=e Q=5THOA;
1if (DINl1==1'hkl) PST<==tl ; =lse PST<==t0; end
=tl : begin if (DINZ==1'kL0) Q=5'H17 ; el=ze (Q=5"H1l4 ;
if (DIN1==1'kl) PET<=stZ ; =lse PIT<=ztl; and
=tz : begin if (DINZ==1"kl) @Q=5TH15 ; else Q=5THI13:;
1f (DIN1==1'bl) PET<==t3 ; el=e PEST<=stZ; and
=t3 : bkegin if (DINZ2==1'k0) Q=5THIE ; els=e Q=5THOD;
if (DIN1==1'bkl) PET<==st4d ; eslse PIT<==t3; and
=zt4 : begin if (DINZ==1'kl) ©Q=5THID ; else Q=5THOD ;
if (DIN1==1'k0) PET<==st0 ; =lse PIT<=ct4; and
default : begin PST<==t0 ; Q=5"kLO0OOOO ; end
endcase end

endmodul e
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[15 10-7]
module SCHE  (input CLE, DIN, RST, ocutput reg SO0UT) ;
parameter =0=0, =1=1, =X=Z, =3=3, =4=4, =5h=LH, =6=da, =7=7, =8=8;
reg[a8:0] BT ;
always @ (posedge CLE) begin
S0oUT=0;
if (RST) ST<==0 ; alse begin
casex (8T ) //FFHSMHE 11010011

=0 @ 1f (DIN==1'hkl)} ST<==l; =l=ze ST<==0;
=1 ¢ 1f (DIN==1"hl) &T<==zZ; else &T<==z0;
g2 1 1f (DIN==1"k0) ST<==3; al=ze ST<==0;
=3 1 1f (DIN==1'hkl) ST<==4; =l=ze ST<==0;
s4 1 1f (DIN==1'k0)} ST<==5; =l=ze ST<==0;
=5 ¢ 1f (DIN==1"h0) &T<==zf; else &T<==z0;
=5 1 1f (DIN==1'hkl)} ST<==7; el=ze ST<==0;
=7 1 1f (DIN==1'bl) &ST<==8; =l=ze ST<==0;

=8 : begin 200UT=1 ;
if (DIN==1'k0) &T<==3; el=e &T<==0; end
default : B&T<==0;
endcase end end

endmodul e
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[ 10-8] MAR FFRVERAFEMDTIE IS5 5% 10-2
module ADCOS09 (D, CLE, EOC, RST, ALE, START, OE, ADDA, Q,LOCE T);
input [7: 0] D; input CLE,RST,EOQC;
output START,CE , ALE, ADDA, LOCE T ; output [7: 0] Qs
parameter =sO=5TE00000,=1=57E11000,=<=5"RB0O0001, =3=5"B00100, =24=5"BO0110;
reg[4:0] <= , 80UT, next state ; reg[7:0] REGL; reg LOCK;
always @ (cg or EOC) begln
case (og)
20 : begin next stated=zl ; S0UT==0 ; end
2l : begin next stated=zZ ; BZ0UT=sl ; end
=2 : begin SO0UT==Z ;
if (EoC==1'bl] next state=s3 ; elze next state=sZ; end
=3 @ begin S0UT=z3 ; next state = =4 ; end
=4 : begin S0UT=z4 ; next state = =0 ; end
default : begin next state==0 ; S0UT==0; end

endcase
Chylal

always @ (posedge CLE or posedge RST) begin / /BT PP g
if (RST) c= <= =0 ; else cs<=next state ; end

always @ (posedge SOUT[1] ) /BRI

if {(80ouUT[1]) REGL <= D ;:
aszsign ADDA=D; agsign O=REGL; agssign LOCKE T=80UT[1]:
asslgn OE=30UT[2] ; assign ALE=S0UT[3]; assign START=20UT[4];

endmodul =
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10.6.1 HEHrHAgmhg
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10.6.2 FHZ e S EA] e SCIRARE
[# 10-0]

"define =0 S5TBO0OODOO
"define =1 5TB11000
"define =2 5"BOOOOL
"define =3 5TBOOL100
"define =4 5TBOOL10
module ADCO809 (D, CLEK, EOC, RST, ALE, START, OE, ADDA, Q, LOCK T);
input [7: 0] D; input CLE, R8T, EOC;
output START, CE, ALE, ADDA,LCOCE T ; output [7: 0] Q;
reg(4:0] c=; reg(4:0] 30UT, next state; reg[7:0] EEGL; reg LOCE;
always @ (c= or EOC) begin
case  (oz)
"=0 : begin next state<="sl ; 80UT="=0 ; end
sl @ begin next state<="sZ ; BJB0UT="sl
22 : begin S20UT="=Z ;

; end

if (EOC==1"kl) next state="=3; else next state="=Z; end
"3 @ begin SOUT="=3 ; next state = "=s4 ; end
"g4 @ begin S0OUT="=4 ; next state = "=0 ; end

default : begin next state="s0 ; S0UT="=0; end
endcase end

¢ 10.6 ANEZghEREDIRSHL
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10.6.2 H %€ X&) E RS mtD
begin //BfFFHfE

always (@ (posedge CLE or posedge RET)
1f (RBT) cg <= "sg0 ; else cg<=next state ; end
always @ (posedge SOUT[1] ) /e
it (80UT[1]) EEGL <= D :
assign ADDA =0 ; assign @ = REGL ;
agsign LOCK T = 20UT[1] assign  START = S0UT[4]
assign ATE = 2B0UT[3] assign OE = S0UT[Z] ;
sndmodule
1
[i1] b A
¥oes.sl f exzl X cs. 27 X cs. £3 ¥ ec.o=d b cs. £ ¥ ex. =l o ez =P
(1] ) Al
¥ s 00000 Y e 10000 s, 00001 T ex 00100 Y ex 00110 Y oz 00000 Y es 1DOODD Y cx, 00001
B 10-22 ‘REMETLE ESEIN A B E TR
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10.6.3 ZE&E X & igh]

“define F& (FRGF  ERF (FR&)

"define =5  A+E+CHD
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10.6.4 JIiFgmhs

= 10-2 w/EFI

"o & B FF %% 59 — AR EQEHNEETIT
States Secuential-Encoded One-Hot-Encoded Johnson-Encoded
Statel) 000 100000 0000
Statel 001 010000 1000
State? 010 001000 1100
State3 011 000100 1110
Stated 100 000010 11
Stated 101 000001 0111
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10.6.5 —AH7 AL Zmhg

10.6.6 RE&wWIL K E

1 AP HEXTTH

2. HEMk e EAWE

[ 10-10]

module SCHE (input CLE, DIMN, EST, output reg S0UT);
parameter =0=0, =1=1, =s=Z=Z, =3=3, =4=4, =L5=5, =6=6, =7=7,=38=8 ;
{(*syn encoding = "one-hot" *) reg[8:0] 2T ;

always @ (posedge CLE) begin
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10.6.6 REmILKE
2. HE e XGERJWE,

& 103 RIS EEEXRARRASE

/Ij(/[_#‘ *)_L

AT, SRS TURIEE X TR LC: | Al esE REG:
—{r 4G (* zyn_encoding = "one-hot" *) 13 10
FAFPBEESA | (" syn_encodng = "user" *) 12 5
EE (* syn_encoding ="gray" *) 8 5
et (* ayn_encoding = "sequential” *) 10 5
£ BEEY (* syn_encoding = "johnson" *) 23 5
2 ) 4870 (* syn_encoding = "default" *) 13 10
By (* syn_encoding = "compact” *) ¥ g
FFg—hr AL | (*syn_encoding = "safe, one-hot" *) 21 10
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module ASM WAVEL (input CLE,RST, output W1, WZ2);
(* gynthesisz, keep *) reg [1:0] CZ; ffﬁﬁEiﬁﬁ;EqJTﬁCS E’lﬂ%ﬁ.
reg [1:0] MN3; reqg W1, Wz; parameter 80=1, 81=3, 82==&, 83=0;
always @ (RST or cs) //ATEHNEROMED, EHEsAETIEE
begin 1f (R2T) C2<=30; else C23<=NZ; end
always @ (CF) begin
if (C3==20) begin W1=1"k0; W2=1Tk0; end

{ )
if (28==31) begin Wl=1"hkl:; W2=1"k0; end
if (C2==22) begin W1=1"kl; W2=1'kl; end
if (C2==23) begin W1l=1"k0O; W2=1"kl; end and
always @ (CLE) begin
case (28
g0 @ if (CLE) N& = 281; else N3 = 20;

'?UE|_I_|_!_|_!_|_H 1 M LL
~CLE) NS = 82; else NS = 81; RST N

i
81 : 1f |
g2 : if (CLE) NS = 83; else NS = 52; :-.la 1 | Il—l—f—l_
83 : 1f (~CLK) N8 = 20; else N& = 383; s : 7 @I,—Ij Y L
default: NS=30; 10-24 ﬁlj 10-11 E’UIT’IEETJ"%'%

endcaze end
endmodule
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[ 10-12]
module ASM_WAVEE (CLEl, CLEZ,RST,WW)
input CLEl, CLEZ,R2T; output W; reg [1:0] M3; req W, Z;

(* synthesis, keep *) reg [1:0] C8; /T E T T R os RYIBIL
parameter S0=2'b00,51=2'b01, 52=2"bll, 53=2"b10;// BN ERIEEL,

always @ (R8T or C&) begin 1f (R2T) C23<=20; else C3<=NEZ; end
always @ (C3 or W) begin
case (C8)
g0 @ if (W==1) zZ=0 ; el=se Z=1;

{
81 : if (W==1) z=0 ; el=e Z=1;
g2 : 1f (W==1) zZ=0 ; el=ze Z=1;
endcase end
always @ (C3 or CLEl or CLEZ) begin
case (C8)
g0 : if ({CLKl, CLEZ!==2ThL00) begin NS <= 80; W<=W; end
elze 1if ({CLE1l, CLEZ1==2'hk01) NZ <= 81;
else 1f ({CLELl, CLEZ'==2"L10) Nz <= 8Z;
elzse if ({CLEl, CLEZ21==2"h1l) N& <= &83;
else NI <= 30:
g1 : if {({CLEl, CLEZi==2"hb00) NS <= 30;
elzse 1f ({CLEl, CLEZ2}==2'k01) begin N2 <= 31; W<=1"bk0l;end

®10.7 FIHMRRSHLTH

ML
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elge 1f ({CLEL, CLEZ1==2"kL10)
else 1f ({CLEL, CLEZ1==2"kL11)
elze NI <= 20;

82 if ({CLEl, CLEZ}==2ThL0O0)
else 1f ({CLEl, CLEZ}==2TL01)
else 1f ({CLEKl, CLEZ}==2TL10)
else 1f ({CLEKl, CLEZ2}==2TL11)
elze NE <= 80;

83 if ({CLEl, CLEZ}1==2Th00)
else 1if ({CLE1l, CLEZ}==2TL01)
elge if ({CLEl, CLEZ}==2"h1l0)
elge if ({CLEl, CLEZ}==2"hll)
else NE <= 30;

endcase end
endmodule

NE <=
MNE <=

MNE <=
MNE <=
begin
MNE <=

NE <=
NE <=
NZE <=
begin

AL EE:

®10.7 FIHMRRSHLTH

82
53;

a0;
g8l
NS <= 5<; W<=1"bl; end
83;

al;
al;
82
N2 <= 83;W<=Z;end
I L L
1 1
| 1
S | L]

o ¥ (T e
10-25 | 10-12 B9 T1ES FFE
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[ 10-13]

module ASM3 (input CLE1l, CLEZ,RS8T, ocutputb reg W);
(* a@ynthe=zis, keep *) req [2:0] C3;
reqg [2:0] NES; wire CLE; AT BRI ERIEREE,
parameter 20=3TL0O00,81=3"L0O0L1,32=3'kL011,33=3TL0O10,
24=3"k110,85=3"kL11]1, 36=3"TkL101,37=3"L100;
assign CLE=CLEl & CLEZ;
always @ (RST or C8) if (R8T) C8«<=30; else C5<I=NS;
always @ (C2 or CLE) begin
case (C8)
a0 : if (~CLE) N2 = 281; else begin NZ = 20; W=1Tk0; end
21 : 1f (CLE) N2 = 32; else begin NI = 21; W=1"hk0; end

g2 @ if (~CLE) NS = 83; else begin N2 = 52; W=1'k0; end
23 : 1f (CLE) N2 = 24; else begin NI = 233; W=1"hk0; end
34 : 1f (~CLE) N2 = 85; else begin N3 = 84; W=1'k0; end
25 : 1f (CLE) N3 = 26; else begin N3 = 35; W=1"hk0; end
36 : 1f (~CLE) N2 = 87; else begin N2 = 26; W=1"kl; end
a7 NB& = 30;

default: begin N8 = 30;W=1"hk0; end

endcase end

endmodule
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10.8.1 WREE5IVE

parameter =zl=0,zl1=1, =2£=,23=3,24=4, =2L=5, =b=6,37=7;

85 next state = =0

56 1  next state = =0 ;
87 1 next state = =0 ;

default : begin next state==0 ;
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[l 10-1416] AThEE S IR B ES £
module LGC_PEN (CLE, ¥0,TEST,LED):
input CLE: A ARSI T fERT R
. input [2:1] ¥VO0: A/8AEB LM3035 PH-THEEREEHES
output[ 4:0] LED; output TEST: //#MHE 5 -TiETEARELLENESEZEES TEST
parameter =0=0, =l=1, s32=2, =53=3, =24=4, 35=5, =s6=6, =7=7,
s8=8,59=9, s510=10, =11=11, =12=12, s513=13 :
reg[d:0] 3T,N3T ; reg TE3T: reg[3:0] LED :

always @ (posedge CLE ) ST<=N3T :
always @ (3T or W0) begin
case (3T )

20: begin TE3T «<=1'bl; N3T<==z1l; end

2l: begin TE3T<L=1'hl; if (V0==2'b10) MN3T<=s2; else N3T<=z4; end
z22: begin TES3T <«<=1'b0; N3T==33; end

23: begin TE3T <=1'b0O :

begin if (V0==2'b0l) begin LED<=4'bl000; N3T<=z0; end
elze N3T<=5d; end end

gd: if(VO==2'b0l) MN3T<=s5; else N3T<=57:

g5: 1£(VO==Z'b0l) N3T<==z6; elsze N3T<=37:

g6: if({V0O==Z'b0l) begin LED<=4'b0001; N3T<=s0; end elze N3T«<=s7:
g7 1if(V0O==2'bl0) HN3T<==28; else N3T<=s10;

28: if(VO==2'b1l0) N3T<=s39: else N3T<==210:

g9: if({¥0==2'bl0) begin LED<=4'b0010; N3T<=s0; end elze N3T<=s10;
sl0: if(¥0==2'hll)] HN3T«<=sll; else N3T«<=sl13;
sll: if(¥0==2'hll)] HN3T<=sli; elzse N3T«<=sl3;
glZ: 1if(¥0==2'bll) begin LED<=4'h0100; N3T<=30; end else N3T<L=313;
213: hegin LED<=4'h1111; N3T==s30; end

default : NaT<=50;
endcase ernd
eridmardil ]l e
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