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[f5] 5-1]

module DFF1 (CLK,D,Q) :
output Q; input CLK; D:
redq Q;
always @ (posedge CLK)
Q <= D;
endmodule
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[#1 5-2]
module DFF2Z (CLK,D,Q,RST, EN) ;
output Q; input CLK,D,RST,EN;
reqg Qr+
always @(posedge CLK or negedge RST)
begin
1T (IRST)}) O < 0:
else 1f (EN) Q0 <= D; end

endmodule
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[45] 5-3]

module DFF3(CLK,D,Q,RST) ;
output Q;
input CLEK,D,RST;
reg Qr
always @ (posedge CLEK)
if (RST==1) Q = 0;
else 1f (RST==0) Q = D;
endmodule

[65] 5-5

e (5.1 EAIFutERVerilogRiR

[ 5.4]

module DFF1(CLK,D,Q,RST) ;
output Q; input CLEK,D,RST;
reg Q, Ql; //ARENT QIES
/ /I RE
if (RST==1) Q1=0; else Q1=D;
always @(posedge CLK)

Q <= Ql1;
endmodul e

always @(RST)

"

module DFFZ2 (input CLK, input D, input RST, output reg Q):

always @ (posedge CLK)
Hof= RST % T'hD 2 D:
endmodule
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[#1 5-6]
module LATCHI1 (CLK,D, Q) ;
output Q: input CLK,D;
reg Q;

always @(D or CLK)
if (CLK) Q <= D;
endmodule
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[45] 5-7]

module LATCHZ
output Q:
input €LK,D,RST;
assign Q = (!RST}? 0:(CLK ? D:Q);
endmodule

(CLK,D,Q,RST) ;

e (5.1 EAIFutERVerilogRiR

[ 61 5-8]
module LATCH3 (CLK,D,Q,RST):
output Q;
input CLK,D,RST;
req Qs
always @(D or CLK or RST)
if('RST) 0Q<=0;
else 1f (CLK) 0<=D;

endmodule
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[ 5-9]

module AMOD(D,A,CLE, Q) ;

output @Q; input A,D,CLK:

reg Q,QlL;

always @ (posedge CLK) Q1= ~(RAI[Q);
always @(posedge Q1) Q = D;

endmodule
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[#] 5-10]

module DFFS5(CLK,D,Q,RST, DIN, OUT); Q-regd
| el
pubpnt Q. 00T input CLK,.D,RST,DIN;

D __i ~ ] y
* - | = i :_,Iuj
reg Q,0UT; ot . .

always @(posedge CLK) Dbegine -0 ENA
OUT = !IDIN; an
if (RST==1) Q=0; -
. OUT~regd
else 1f(RST==0) 0Q=D; end e ]
DIN p— w0 e 0T
endmodule CLK . N
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[#1] 5-11]

module CNT4(CLK,Q):
output[3:0] Q: input CLK;
reglizi]l al:
always @ (posedge CLK)

Q1 <= Ql1+1:
assign Q=Q1;
endmodule

o [ 5.2 —i#|i+#AEHIVerilogkid

[l 5-12]

module CNT4 (CLK,Q):
output[3:0] Q:
input CLK;

reg[3:0] Qs
always @ (posedge CLK)
Q <= Q+1;

endmodule
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5.2.2 SEAMETEERT
[ 5-13]

module CNT10 (CLEK,RST,EN, LOAD, COUT, DOUT, DATA) :
input CLK,EN,RST,LOAD: /7 BHER  BTERERE | B8 mENERERES

input[3:0] DATA: J e T IMEE

output[3:0] DOUT; /e fEitEsa

output COOT: YR ag - bigick: far

reg[3:0] Q1; reg COUI;

assign DOUT = Q1: // BREFESENTHEEEEE pouT

always B (posedge CLE or negedge RST) /J/HEHE
begin
if (!'RST) Q1 <= O: //RST=0 0t , HAEFFERETRFR O
else if (EN) begin //EEERE EN=1 , Wit

if (!'LOAD) 0l<=DATR: //¥ LOAD=0 K FAEFESNEHNIE

else if (Q1<9) Q1 <= Q1+1; /o Ferd, AR
else Q1 <= 4'b0000; end /BN EE 0 EEEE
end

always B (Q1) /S HEHE

if {(Q1=—4'h%)} COUT = 1'bl; =else COUT = 1'bd;
endmodule
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5.3.1 SFRIZHMERKBATFHT

[#l 5-14]

module SHFTI1 (CLK, LOARD, DIN, OB} ;
output QB; input CLK,LOAD; input[7:0] DIN; reg[7:0] REGS;
always @ (posedge CLE)

if (LO&AD) REGB<=DIN; else REGB[6:0]<=REG8B[7:1];
assign QB = REGA[0];
endmodule
CLE
DIN 3 ¥ Sh ¥ e )
LOAD 1 M

REGS t D0 9B ¥CD YB6 X F3 Fa YFC XFE ¥
Qb = |
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5.3.2 FRHBMNBIERFRITBATES
[#l 5-15]

Module SHIF4 (DIN,CLK,RST,DOUT) ;
input CLK,DIN,RST; output DOUT;
regl3:0] SHFET:
alwaysl (posedge CLE or posedge RST)
if(RST) SHFT<=4'B0;
else begin SHFT <=(SHFT >> 1); SHFT[3] <= DIN; end
assign DOUT = SHFTI[O0];
endmodule
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5.4.1 FIZ NS

[41 5-16]

module FDIVO (input CLK,RST,input[3:0]D,output PM,output[3:0]DOUT):;

regliza] 9l; reqg FULL;

(* synthesis,keep *) wire LD; //IBE LD AGHETMREM

always @ (posedge CLK or negedge RST)
if (!RST) begin Ql<=0; FULL<=0; end
else if (LD) begin Ql<=D; FULL<=1; end
else begin Q1 <= Q1+1; FULL<=0; end

assign LD=(Q1==4'B1111); assign PM=FULL; assign DOUT=Q1;

endmodule



5.4 HaiE R TTHEER T

5.4.1 FIZ NS

L

4 ]

1 1 M 1

(A2 A3 A0 L1 RZ A3 R4S 26 X7 X8 X9 WA AR RCAD AR AF 33 XA N JC XD RE XF X3 RA LB XCAD RE XF 139 XA KB AC AD REAF X3 XA NE
I LT I | I |

5-20 @il s-16 MEERE , EFmEES ( Birssf EP1C3 )

Tune 25, 490875 us +25. 402166 us
4 J
L 3
CLE |
EST j
D = ]
n
Doy b}
Lo I |

Es5-21 BEs20FERFABEFEHNEE , ERBKES 0.10s



o | 5.4 BEEIMERITTHEAZ T

5.4.2 RIEINE TS

[#1517]

module fdiwvl (CLK,FM,D,DOUT,RST);
input CLK; input RST; input[3:0] D; output PM; output[3:0] DOUT;
reg[3:0]1 Q1; reg FULL;
(* synthesis,probe port,keep*) wire LD;
always @ (posedge CLE or posedge LD or negedge RST)
if {(!RST) begin Q1<=0; FULL<=0; end
else if (LD) begin Ql1<=D; FULT<=1; end
else begin Ql<=Ql+1; FULL<=0; end
assign LD=(Q1==4'B0000) ;
assign PM=FULL;
assign DOUT=Q1;
endmodule
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5.4.3 RIHEOME T HAE
[5l 5-18]

module fdiwvl (CLEK,PM,D);
input CLEK; input[3:0] D: output PM; reg FULL;
(% Synthesis,prabe_port,keep *) regl3-0] of;
(* synthesis,probe port,keep *) wire RST;
always @ (posedge CLK or posedge RST)
1if (RST) begin Ql<=0; FULL<=1; end
else begin Ql<=Q1+1; FULL<=0; end

assign RST = (Ql=Dj}: assign PBM = FULL;
endmodule
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2. AARIES

Instance Manager: -
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3. SignalTap IZ¥KE

uh SignalTap I Logee Analyzer - DofSTAPITEST/CNTLIOLED - CNTI0LED - [ONT_stpl.stp]

2
Instance Manager: “% | (5 | M| B Irvald JTAG configuration W = maG Chan Configuration: [
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4. XHF#E

SignalTap II Logic Analyzer

Spedfy compilation options for the SignalTap II Logic Analyzer,

|| Enable SignalTap II Logic Analyzer
SignalTap Il File name: CNT _stpl.stp I': |
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6. j2zhSignalTap 4TS24

input CLK /* synthesis chip pin = "G22" */ ; //ITHEI{Eneh
input CLK0 /* synthesis chip pin = "Bl1" */; / /B R RT
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5-3 RIEMIFERIASR BT

[5] 5-19]

module DIV16 (input CLE, input[15:0] 2A,B, ocutput reg[l15:0] QU,RE);
regll5:0]1 AT, BT, P,Q: integer i;
always @ (posedge CLK) begin
AT = A; BT = B; P = 16'HOD00; Q = 16'HODODO;
for. {1=15; 1>=0; 1=i-1)
begin
P = {P[14:0], AT[15]}:
AT = {AT[14:0],1'BD}; B=P-BT:
if (P[15]==1) begin Q[i]l=0; P = P+BT; end
else Q[i1]=1;
end
end
always @(*) begin QU = Q; RE = P; end
endmodule
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[ s-20] HZeHR 500%MFHOX 5 DinEE,

module FDIV3 (input CLK, output K OR,K1,K2};
reg2:0]1 C1,C2; reg M1, M2;
always @ (posedge CLK) begin
1EICT=—3) Cl=—==0; else Cl<—Cl+]1;
if (Cl==1) Ml<=~M1l; else if(Cl==3) Ml1=~Ml; end
always @({negedge CLK) begin
1T [C2=—4) C2<=0; else C2«<=C2+1;
1f(C2==1) M2<=-M2; else if(C2==3) M2=-M2Z; end
assign Kl = Ml; assign K2 = M2;
assign K OR = M1 | M2;
endmodule
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5-8 T Verilog/RBL KRR #it

[51 5-21]

module FTCTRIL (CLEE, CNT _EN, RST CNT, LOAD) ;
input CLEKK; cutput CNT EN, RST CNT,LOAD;
wire CNT EN, LOAD; reg RST_CNT,DivECLK:

always @ (posedge CLEK)
DivZ2CLK <= ~DivZCLK;
always @ (CLEKEK or DivZCLK) begin
if {CLEKEK==1'b0 & DivZCLK==1'b0) RST CNT <= 1"bils
else RST CNT <= 1'b0: end
assign LORD = ~DivZCLK;
assign CNT EN = Div2CLK;
endmodule
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5-9 VGAR %155 BB H| BB
[#1 5-22]

module VGA COLOR LINE (CLE,MD,HS,VS,R,G,B); //VGA LTk BEEESR
input CLE , input MD ;
output H5:, V8§ R, G, B;

wire R,G,B, VS, HS; /A& ERS  iGRF |, TREES

wire FCLE, CCLR;
reg HS1, VS81l; reg[l:0] MMD; reg[4:0] F5;

reqg[4:0] cC; /ITRS  BESER
reg[B8:0] LL; /RS | BEEERK
reg[3:1] GRBX, GRBY, GRBE; [IXEER Y BER
wire[3:1] GRE;

assign GRBE[2] = (GREP[2] ™~ MD) & HS1 & Vs1;
assign GEB[3] = (GRBP[3] ™~ MD) & HS1 & Vsl;

assign GRB[1] (GRRP[1] ~ MD) & HS1 & Vs1;
always @ (posedge MD) begin

if (MMD==2'bl0) MMD<=2'b00; else MMD<=MMD+1; end //3 &
always @ (MMD) begin
if (MMD == 2'b00) GRBP <= GRBYX; JIEEEES



else 1f (MMD

else 1f (MMD
else GRBP <=

S4nESh any

= 2'h01) GRRBP <= GRBY; [ IRERER
== 2'h10) GRBP <= GRBX ~ GRBY; //FHHER
3'b000; end

always @ (posedge CLE ) begin //20MHz 21 458
if (F8==20) F8<=0; else FS8<=(FS8+1l); end
always @ (posedge FCLE) begin
1f (GC=29} C£C<=0; Blos CCI=CCIl; end
always @ (posedge CCLE) begin
if (LI=——481) LIL<=0; else LL<=LL+1; end
always @(CC or LL) begin
if (CC > 23) HS1<=1'b0; else HS1<=1'bl; //TRIE
if (LL > 479) vS1l<=1'b0; else VS1<=1'bl; end //HREZF
always @(CC or LL) begin
if (CC < 3) GRBX <= 3'bl11; /IEREE

else 1f (CC
else 1f (CC
else 1f (CC
elsae 1f {CC
else 1f (CC
else 1f (CC <
else GRBE <=

if (LL < 60)

MM M A A

6) GRBX <= 3'b110;

9) GRBX <= 3'b101;

12) GRBX <= 3'b100;

15) GRBX <= 3'b011;

18) GRBX <= 3'b010;

21) GRBX <= 3'b001;

3'b000;

GRBY <= 3'bl11; /I EREE
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else if (LL < 120} GRBY <= 3'bl10;

else if (LL < 180) GRBY <= 3'bl101;

else if (LL < 240) GRBY <= 3'bl100;

else if (LL < 300} GRBY <= 3'b011;

else if (LL < 360) GRBY <= 3'b010;
)

alse 1f (LL < 420 GRBY <= 3'b001;
else GRBY <= 0; end
assign HS = HS1; assign FCLE = FS[3];
assign HS = HS1; assign Vs = Vsl ;
assign R = GRB[2]; assign G = GRB[3]:
assign B = GRB[1]; assign CCLE = CC[4];
endmodule
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