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1. REHLEBA B 2

PYPE F5M ST IS [(50,51,82,83,54});

SIGNAL current state, next state : FSM 5T;

parameter[2:0] s0=0, sl=1, s2=2, s3=3 , s4=4;

reg[2:0] current state; nNeExt state;

typedef enum {50,51,82,83,54} type user;
C¥pe user eurrent skate, next stabte;
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[4]101]

module FSM EXP (clk, reset, state inputs, comb_ outputs) ;.

input clk , reset ; J i REAN TSR EAN S {4
input[0:1] state inputs; A EEAHHERENESES
output [3:0] comb outputs; A RBIHARE ERERESERE
reg[3:0] comb outputs;.,
parameter s0=0,sl=1,s2=2, s3=3, s4=4; JIENTESER
reg[4:0] c_st, next state; JENBERSEREETR
always Biposedge clk or negedge reset) begin JSEREREFETE
if (lreset) c_st<=s0; fEEERE | FTRBRAGE 0
gl=e c_st<=next state; end
always @ic_st or state_ inputs) begin JiEREEHEE
case [(c_st) F A TEEEEE?%—EE% : ﬁ-current._zt.ate A c ot
=0 : begin comb_outputs<=5; JIEATE 0 MEERSE

if (state inputs=—2'b00} next state<=s=0; //EFEE A BIE =0
else next state<=sl; end JIEGTHE BTF-$%Es1

=1 : begin comb ocutputs<=8; FABATE =1 W, R e
if (state_ inputs—2"b0l] next state<=sl;
else next state<=sZ; end
sZ2 - begin comb outputs<=lZ;
if (state imputs—2'bl0} next state<=s0;
else next state<==s3; end
=3 - begin comb outputs<=l4;
if (state inputs—2'bll} mnext state<=s3;
else next state<=s4; end

=4 begin comb outputs<=3; next state<=s0; end
default - next state<=s0; J/BEEEFRERE FEE IEEHE =0
endczse end

endmodule
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10.2.1 ZTREEHIREI

(61 10-2]
module ADC0809 (D, CLK, EOC, RST, ALE, START, OE, ADDA, Q,LOCK T);
input[7:0] D; //FB 0809 HiiTH o U BUE -
input CLK,RST; /REH TER AR S 2
input EOC; [/FRRREBER , ERERTFEEER
output ALE; /e MEESEBUBiIERES
output START,OF; [/ EBREHESHNERH =FEFES
output ADDR,LOCK T; //ESBEERHESHEENRES
output[7:0]1 Q; [/ REHER

reg ALE, START, COE;
parameter s0=0,sl1=1,s52=2,s53=3,s54=4; /[/EMEREFER

reg[4:0] cs , next state; J/RTETHES R, MAEBRIN cs
reg[7:0] REGL; reg LOCK;: /I EREYEAEHEERMMES
always B@(cs or EOC) begin [AEEE AESREERAR

case (cs)
s0 : begin ALE=0; START=0; OE=0; LOCK=0;

next state <= sl; end / /0809 k1L
sl : begin ALE=1; START=1; OE=0; LOCK=0;



¢ (10.2 MooreZIRASHL A H 1t

10.2.1 ZTREEHIREI

next state <= s2; end // BEI B {E=S STRART
s2 : begin ALE=0; START=0; OE=0; LOCK=0;
if (EOC==1'bl) next state = s3; / /EOC=0 REAKBRL R
else next state = s2; end [/FRRRER  HEFS
53 : begin ALE=0; START=0; OE=1; LOCK=0; //FFBoE, {IF epHEC
next state = s4; end [ F—REFTEEEM s4
s4 : begin ALE=0; START=0; OE=1; LOCK=1; //FREHEHEES
next state <= s0; end
default : beqinﬁ ATFE=0; START=0; O0E=0; LOCE=0;
next state = s0; end
endcase end
always @ (posedge CLEK or posedge RST) begin //EFEE
if (RST) cs <= s0; else cCs <= next state; end
always @ (posedge LOCK) if(LOCK) REGL<=D;//fE Lock bFHREESRFHNEIESA
assign BADDR =0; assign Q = REGL: //EFELME S AGEE 1IN0
assign LOCK T = LOCK; RSy hon=hen e

endmodule
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10.2.1 ZTREEMIREHL
[41 10-3]

always @ (cs or EOC) begin

case (cs)
s0 : next state <= sl;
51 : next state <= s52;
s2 : if [Eoc=1'hl) next state=s3; else next state=s2;
53 : mext state = 547
s4 : next state <= 50:
default : next state = s0:

endcase

end
always @ (cs) begin
case (cs)
50 : begin ALE=0; START=0; OE=0; LOCE=0; end
sl : begin ALE=1; START=1; OE=0; LOCE=0; end
52 : begin ALE=0; START=0; 0E=0; LOCK=0; end
53 : begin ALE=0; START=0; OE=1; LOCK=0; end
s4 : begin ALE=0; S5TART=0; OE=1; LOCE=1l; end
default : begin ALE=0; START=0; OE= LOCK=0; end
endcase

I
L
-

end
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[l 10-4]

modunle SCHK (input CLEK, DIM, RST, output S5S0UT);

parameter =20=40, 31=41, =2=4Z, 353=43, =4=44,

=5=45, s6=46, s7=47,s8=48; [IEE oM RESE
reqg[B:0] ST,NST; JIEERNETRAINETR

always @ (posedge CLE or possedge RST)
if (RST) 5T<=s(; else ST<=HST;
always @(ST or DIN} begin /711010011 BT A |, Su&Ea

case (5T)

30 : if (DIN—1'bl)}) MNS5T<=sl; else N5T<==s0;
sl : if (DIN—1'bl) N5T<=s2; else HN5T<=30;
32 : if (DIN—1'"b{() N5T<==s53; else N5T<=s5Z;

53 : if (DIN—1'kl) N5T<=s4; else HN5T<=s0;
34 : if (DIN—1'b{Qd) MN5T<=s35; else MN5T<=3Z;
585 : if (DIN—1'k{)}) MNS5T<=s&; else N5T<==s5l;
g6 : if (DIN—1'bl) NS5T<=s57; else HN5T<==0;
837 : if (DIN—1'"bl) N5T<==s8; else N5T<=s0;
8 : if (DIN=—1'b{() NST<=s3; else HNS5T<=sZ;
default : MN5T<==30;
endcase end

assign SCOUT=({5T==s8);
endmodul e
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[{3 10-5]
module MEALY1 (input CLE, DIN1,DINZ, RS8T, cutput reg [4:0] Q);
reg[4:0] PST; parameter st0=0, =stl=1, =tZ==2, =t3=3, =td=4;
always (@ (posedge CLE or posedge R3T) begin : REG
if (RES8T) PST <= =t0 ; else begin
caze (PST)
st0 : i1f (DIN1==1"bl) PET<=stl ; else PET<=st0 ;
stl @ 1f (DIN1==1"bl) PET<=stZ ; else PET<=stl ;

(
(
st2 @ if (DIN1==1"bl) FPST<=st3 ; else PST<=stZ ;
(
(

st3 @ 1f (DIN1==1"bl) PST<=st4d ; else PET<=st3 ;
std : 1f (DIN1==1"k0) PST<=stl ; else PST<=std ;
default : PET<==tl ;
endcase aend end
always @ (PST or DINZ) begin : COM i HHYERME SRR
case (P33T

st0 : if (DINZ==1'bl) @=5THI10 ; =lze (Q=LTHOA ;
stl : if (DINZ==1Th0) Q=5TH17 ; elze (Q=5TH14 ;
st2 : if (DINZ==1Thl) =5TH15 ; elze (Q=5THI13 ;
st3 : if (DINZ==1'b0) @=5THIE ; =lse (Q=LTHOO9 ;
=zt4 : if (DINZ==1'hl) ©@=5THID ; =lse (Q=LTHOD ;
default : o=5TkLO0O00CO ;

endcase end

endmodule
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L%l 10-6]

Mealyi«lﬁ:u *)-L-&H—

module MEALY? (input CLE, DINI1,DINZ, EST, ocutput reg [4:0] Q);
parameter sti=0, =ztl=l, =stZ2=Z2, =t3=3, std=4; reg(4:0] PRT;
always @ (posedge CLE or posedge RET) begin

1if (EST) PET <= =t0 ; alze
casze (PST)
=t0 begin i1f (DINZ==1"kl) @=5TH10 ; else Q=5THOA:
if (DINl1==1Tkl) PST<==tl ; el=e PST<==t0; end
stl begin i1f (DINZ==1"h0) (Q=5TH17 ; el=e Q=57Hl4d ;
if (DIN1==1"kl) PST<==tZ2 ; el=e PET<==tl; ehd
st2 begin if (DINZ==1"bl) Q=5'H1S5 ; el=e Q=5TH13;
if (DINl1==1Thkl) PST<==t3 ; el=se PST<=stZ; end
st3 begin 1f (DINZ==1"k0) Q=5THIE ; el=e Q=5THO9;
if (DIN1==1'bl) PS3T<=cst4 ; else PIT<=st3; and
std begin if (DINZ==1"bl) Q=5"HID ; el=ze Q=5THOD ;
if (DIN1==1'b0) P3T<=st0 ; else PIT<=ct4; and
default begin PST<==st0 ; Q=5TL0O0O0O0OO ; end
endcase aend

endmodul e
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always @ (posedge CLE) begin : CCM

[l 10-7]

module SCHE (input CLK, DIM, RST, ocutput req SO0UT);
parameter s0=0, s1=1, s2=2, s53=3, s=s4=4, s5=5, 868, s57=1, 56=5;
reg{B:0] 5T;
always @& (pcsedge CLE) begin
S0UT=0;
if ([RST) S5T<=s0; else begin
casex (ST ) //FF3IAM{E 11010011

30 : if (DIN—1'bl) ST«=31; else 5T<=30;
81 : if (DIN—1'bl} ST«=s5Z; else 5T<==30;
32 : if (DIN—1'b0O}) 5T<=33; else 5T<=30;
83 : if (DIN—1'bl) 5T«=z4d4; else 5T<=s30;
s4 : if (DIN—1'b() 5T«=35; else 5T«<=s0;
835 : if (DIN—1'bQO) S5T<=3b; else 5T<=30;
36 : if (DIN—1'b1l} ST«<=s57; else 5T<=s0;
s7 : if (DIN—1'bl) 5T«<=38; else 5T<=30;
88 : begin SOUT=]1;
if (DIN—1'k{d) 5T<=s3; else 5T«<=s0; end

default : ST<=30;

endcase end end

endmodule
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10.4.1 EHEHHBAmD
[#] 108] HEFHESTNFEASETE 102

module ADCOS09 (D, CLE, EOC, RST, ALF, START, OE, ADDA, Q,LOCK T);
input[7:0] D; input CLE,RST,ECC;
cutput START,CE, ALE, ADDA,LOCE T; cutput[7:0] Q;
parameter =0=5"BO00000,s=s1=5"'B11000,s2=5"'B00001,=s3=5"B00100,=4=5"B00110;
reg[4:0] cs,500T, next state; zreg[7:0] REGL; reg LOCE;

always € (cs or EOC) begin

case (c3)
s0 : begin next state<=sl; S0UT=s(; end
sl : begin next state<=si; s50UT=31; end
82 : begin SOUT=s2; +
if (EoCc—1'bkl) next state=s53 ; else next state=sZ; end
83 : begin S0UT=s33; next state = s54; end
54 : begin SOUT=s4; next state = s50; end
default : begin next state=s0 ; 350UT=s0; end
endcase
end
always @ (posedge CLE or posedge RST) begin //HEEE

if (RST) cs < s0 ; else ca< next state; end

always @ (posedge SOUT[1]) /I EREE
if (SOUT[1]) REGL <= D;
assign ADDR=0; assign CO—REGL; assign LOCKE T=SOUT[1];

assign OE=SCOUT [2]; assign ALE=S0OUT[3]; assign START=SCUT[4];
endmodul e
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10.4.2 HBEEGEARE RS HTG

[#1 109]
"define =0 S'BOOOOO
‘define =1 S'B110400
"define =2 5S'B0OO0001
‘define =3 S'BOO100O
‘define =4 5'BO0110
module ADC0O809 (D, CLE, EOC, RST, ALE, START, OE, ADDA, Q,LOCE T);
input[7:0] D; input CLE,RST,EOC;
cutput START,CE, ALE, ADDA,LOCE T; cutput [7:0] Q;
regl4:0] ca=: reg[4:0] S5C0UT, next state; reqg[7:0] REGL; reg LOCK;
always € (cs or EOC) begin
case [(c3)
"s0 : ‘begin - next state<="3al; s0UT="50; end
sl : begin next state<="sZ; SoUT="s51; end

-

s2 : begin  SOUT="s2;
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10.4.2 HBEEGEARE RS HTG

if (EOC—1"bl) next state="33; elase mnext states 3Z; end

a3 = begin S0UT—="s33; next atate = T=4; end
"84 : begin SOUT="84; next state = "s0; end
default : begin next state="sl; S0UT="s50; end
endcase end

always @ (posedge CLE or posedge RST) begin //HFEERE:

if (B5T) ec3 <= "350; else cocmext atate; end
always @ (posedge SOUT[1]) SRR
if {s50UT[1]) REGL <= D;
assign ADDR =0; assign Q = REGL;
assign LOCK T = SOUT[1]; assign START — S0UT[4];
assign BLE = S5CUT[3]; assign OE = SOUT[Z2];

endmodul e
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10.4.4 P &Y
#1022 mEAER

i) LG — U ABEHR £ DR

(sequential-encoded) (one-hot-encoded) (Johnson-encoded)
State() 000 100000 0000
Statel 001 010000 1000
State2 010 001000 1100
State3 011 000100 1110
Stated 100 000010 1111
State5 101 000001 0111
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10.4.5 —HrHAE4RHE

10.4.6 RERIEKE

[%1 10-10]
module SCHEK (input CLK, DIN, RST, output reg SOUT);

parameter s0=0, sl=1, s2=2, s3=3, s4=4, s5=5, s6=6, s7=7,s58=8;
(* Syn_encoding = "pne-hot™ *) reqgi{ld:-0] ST:

always @ (posedge CLK) begin

(* syn encoding = "one-hot"™ *)



#10-3 wHAZBEMENREREASE

10.4 A [FRIERAVRSHL

10.4.6 REEEIKE

WBEAEE REAIEEEY BREELHLC PR FRILREG
— BB (* syn_encoding = "one-hot" *) 13 10
RAFEEMSE (* syn_encoding = "user" *) 12 5
BER (* syn_encoding = "gray" *) g 5
MG =45 (* syn_encoding = "sequential” *) 10 5
SRR (* syn_encoding = "johnson" *) 23 6
FImE (* syn_encoding = "default” *) 13 10
=EHE (* syn_encoding = "compact” *) g 5
2+ — RSB (* syn_encoding = "safe, one-hot" *) 21 10
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F ARSI B 51

[5] 10-11]
module ASM WAVE1L (input CLK,RST, output W1,W2);

(* synthesis, keep *) reg[l:0] CS: [IRTEREES TE cs MiER
regll:-0] N5: reqg Wi, W2: parameter S0=1,81=3,52=2,53=0;

always @ (RST or CS) [EEERSHEBES | X EERREY AL
begin if (RST) C5<=50; else CS5<=NS; end
always @ (C5) begin
(CS==50) begin W1=1'b0; W2=1'b0; end
(CS==51) begin Wl=1'bl; W2=1'b0; end
if (C5=52) begin Wl=1'bl; W2=1'bl; end
(C5==53) begin W1=1'b0; W2=1'bl; end end
always @ (CLK) begin
case (C5)+

20 = 4f (CLE) W5 =51:; else B3 =+30;
51 : if (~CLK) NS = S52; else NS = S51;
52 © if (LK) NS = 83; elss N5 = 52;
S3 : if {~CIK) NS = 50; else NS5 = S53;
default: NS=S0;

endcase

end
endmodule
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(61 10-12]
module ESM_WE?EE (CLK1,CLKZ2,RST,W)
input CLEl,CIKZ,RST: cutput W; reg[l:0] NS; regq W, Z;
(* synthesis, keep *) reg[l:0] CS; [/ RTEREES TE cs MER

parameter S50=2'b00,51=2'b01,52=2'b11,53=2'b10; //ZEHREEEER

always @ (RST or CS) begin if (RST) CS<=S0; else CS<=NS; end
always @ (CS or W) Dbegin

case (CS)
S0 : 1f (w—1) Z=0; else 8=1;
81 : if (W==1) Z=0; elses ¥=1;
52 ¢ 1F W=1)  Z0; else E=1;
endcase end

always @ (CS or CLKl or CLKZ2) begin
case (C3)
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50 : 4f ({CLKl,CLE2]=—2"b00) begin N5 <= 50; W<=W; end
else 1f ({CLK1l,CLKZ}=—2'b0l) NS <= 51:
else 1f {{CLK1l,CLK2}=—2'bl0) NS <= 52:
else it ([CLK]l,CIKZ)}—2"bl1l) NS <= S53:
else NS <= 50;

51 : af ({CLEl; CILE2]=—2"b00) N5 <= 50;
else if ({CLK1l,CLK2}==2'b01) begin NS <= S1; W<=1'b0;end
glse 1f {{CLEl,CEKZ}—2'bl10) NS <= 8Z;
else it ([CLK]l,CIKZ)}—2"bl1l) NS <= S53:
else NS <= 50;

52 : if ({CLKl,CLEZ2}=2"Db00) NS <= 50;
else 1f ({CLKl,CLKZ}=—2'b0l) NS <= 51:
eglse if ([{CLEl,CIKZ}—2'bl0) begin NS <= S52Z2; W<=1"bl: end
else if ({CIK1l,CIEKZ}=—2"bll) N3 <=:'53:
else NS <= 50;

53 : if ({CILKl,CLEZ2}=2"Db00) NS <= 50;
else if ({CLK1l,CLK2}==2'b0l) NS <= S51;
glse 1f {{CLEl,CEKZ}—2'bl10) NS <= 8Z;
else if ({CLK1l,CLK2}==2'bll) begin N5 <= 53;W<=E;end
else NS <= 50;

endcase end
endmodule
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[#1 10-13]

module ASM3 (input CLK1,CLKZ2,RST, output reg W)

(* synthesis, keep *) regl[2:0] CS;

reg [2:0] NS; wire CLK; [ EEERESRBES
parameter S50=3'b000,51=3'b001,52=3"b011,53=3"'b010,

54=3'b110,85=3"'b111,56=3"'b101,57=3"'b100;

assign CLE=CLKl & CLE2;

always @ (RST or CS) if (RST) CS5<=S0; else CS<=NS;

always @ (CS or CLK) Dbegin

case (C5)
S50 - if (~CLK} NS = S1; else begin N5 = 50; W=1'b0; end
51 = 4f [CIK) NS = S2; else begin NS = S51; W=1'b0; end
52 : if (~CLK} NS = S3; else begin N5 = 52; W=1'b0; end

(
(
(
=3 = af (TEK) N5 = 54; else begin NS = 53; W=1'b0; end
(
(
(

54 : if (~CLK) NS = 55; else begin N5 = 54; W=1'b0; end
55 : if (CLK) NS = S6; else begin NS = S5; W=1'b0; end
56 - if (~CLK) NS = S87; else begin NS = 56; W=1'bl; end
37 : NS 50;

default: begin NS = 50;W=1'b0; end
endcase end
endmodule
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(6] 10-14]
module ERZP (CLK, KIN,KOUT):;
input CLK, KIN: // TEr S lm AE =
cutput KOUT; reg KOUT;
reg[3:0] KH,KL; [IEMNESEFAEEERE TR TR
always @(posedge CLK) if (!KIN) KL<=KL+1;//FE# ANEEERERFEITH
else KL<=4'b0000; //BEHRSHEF , MITHERSE o
always @ (posedge CLK) if(KIN) KH<=KH+1;//EIFE#SANSSERREITH
else KH<=4'b0000; J/ERMEEFE , MITHEFS 0
always @ (posedge CLE) begin
if (KH>4'b1100) KOUT<=1'Bl; //NERFEREEITH—BXRTF 12, WiEH1
else if (KL>4'b0111) KOUT<=1'B0; end //NESHEFKFITHERT 7, MEH 0
endmodule
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[#l 10-15] BATheEBrREEBESEER

module LGC PEN (CLK,VO,TEST,LED);

input CILK; /RS TAERT £
input[2:1] vo; //RBAXH 1Mz FATHESENGHES

output[4:0] LED; output TEST; //#ME S5 MEREXEBEEEMASMEARES TEST
parameter 50=0, s1=1, ‘s2=2, s53=3, s54=4, s55=5, s56=6, s57=7,
58=8, s59=9, s510=10, s11=11, s512=12, s513=13;

reg[4:0] ST,NST; reg TEST; xregl[3:0] LED;
always @ (posedge CLEK) ST<=NST:
always @ (ST or VOQ) begin
case (8T)

s0: begin TEST <=1'bl; NST<=sl; end

51: begin TEST<=1'bl; if (VO=2'bl0) NST<=s52; else NST<=s54; end

s2: begin TEST <=1'b0; NST<=s3; end

s3: begin TEST <=1'b0;

begin if (VO==2'b0l) begin LED<=4'b1000; NST<=s0; end

else NST<=s4; end end
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54 : ——2'b01) NST<=s55; else NST<=s57;
55 VO=—=2"b01l) NST<=s6; else NST<=s57;
56: VO=—=2'b0l) begin LED<=4'b0001; NST<=s0; end else NST<=s7;
57 VO==2'b10} NST<=s8; else NST<=sl10:

£(v
|
il
il
58: f(VOo==2'b10)}) NST<=s59; else NST<=s510;
il
il
|

59: VO==2'b1l0) begin LED<=4'b0010; NST<=s0; end else NST<=s510;
s10: VOo=—=2'bll) HNST<=sll; else NST<=sl3:
s11: VOo—2'bll) HNST<=sl12; else N5T<=sl3:

s12: 1f(?G==2 bll) begin LED<=4'b0100; NST<=s50; end else NST<=s513;
s13: begin LED<=4'bll11ll; NST<=s0; end
default : N5T<=s0;
endcase end
endmodule
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