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5.1 ZAK ol i VerilogRid

5.1.1 FADfA & 25
[l5-1]

module DFF1 (CLK,D, Q) ;
output Q;
input CLK, D;
reg Q;
always @ (posedge CLK)
Q <= D;

endmodule

= posedge CLK& X B 8115 5 CLK b A ¥ U 1 BURAE =
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= FHXTN I, 1B negedge CLKES B

N TR

R HCLK H B — >
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5.1.2 & B B AL B0 BE B DAl & 4% DC—>———p " af———>Q
CLK>———
[5-2] EN[_ >———TEnn
module DFF2 (CLK,D,Q,RST, EN); CLR
output Q; input CLK,D,RST, EN; RST[ >——s T
reg Q;

always @ (posedge CLK or negedge RST)

begin
if (!RST) QO <= 0;
else 1f (EN) QO <= D; end
endmodule

= HERST=0, Dfilk 2850 v B 2475
« JUHEN=1, WeP ETREAH R EDK L
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5.1.3 &
[ #15-3]

module DFF3(CLK,D,Q,RST);

gk

DA

23 81| B DA K 5%

RST
D

output Q;

input CLK,D,RST; CLK

reg Q;

always @ (posedge CLK)

Q

0=

1f (RST==1)

0;

else 1f (RST==0) D;

endmodule
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5.1.3 & [P B AL KD & 2%

[ 5]5-4]

module DFF1 (CLK,D,Q,RST);
output Q; input CLK,D,RST;
reg Q, Ql; //HEEENXTQES
always Q(RST) //#iHEidHE

if (RST==1) (Q1=0; else Q1=D;
always @ (posedge CLK)
0<=Q1;
endmodule

[ 1415-5]

module DFF2 (input CLK, input D, input RST, output reg Q);
always @ (posedge CLK)
Q <= RST ? 1'b0 : D;

endmodule w Lab
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5.1.4 AP TEES PRE —
PN PR —— o™ 5
[{515-6] Lkl 3——— EN(?LR

module LATCHI1 (CLK,D,Q);

output Q;

input CLK, D; CLE I"
I [ I I
reg R : I 1|

always @ (D or CLK)

1f(CLK) Q <= Dy

CLK s .
endmodule PE= }j R
[
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5.1.5 275085 H] a7 88
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=

RSTED>

) mRQ
) module LATCH3 (CLK,D,Q,RST) |
module LATCH2 (CLK,D,Q,RST);

output Q;
output Q;

input CLK,D,RST;
input CLK,D(,:RST;)? ( ; ) reg Q;
aSSign Q: IRST)? O:(CLK DQ ; alwa S D or CLK or RST
endmodule if(!RSYI') (g(<=0; ) CLE | | | |
else if(CLK) Q<=D; RoT J | |
endmodule _| I M| |
< 1] ] L
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[f5ll5-9]
module AMOD(D,A,CLK,Q);
output Q; input A,D,CLK;
reg Q,Q1;
always @(posedge CLK) Q1 =~(A]|Q);
always @(posedge Q1) Q = D;
endmodule
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5.1.7 BRI R AT
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YA TR ZRIA, UWposedge AEinegedge A; {HEalwaysid F2 4t 14

FARHEIESAT .
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5.1.7 B3 EERIBHIR SRR

(3) FRFRAT 5 € O NI R ERIE 5 (B R
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» RS RPARTHEINIESE S
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I

5.1.7 B8P ERERIR FIRF S HLE

= AESCRARE (WARST) N R AP UKE =, TR AR R
N AZON BURAE 5 R P E 5 A ILBCHIRE, WLl R 3R IA T AR
& IEFA I

always @ (posedge CLK or negedge RST) begin if (!RST)
always @ (posedge CLK or negedge RST) begin if (RST==0)

always @ (posedge CLK or negedge RST) begin if (!RST==1) ...

EDK L
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I

5.1.7 I BHT AR IR HIRE S AR

[%15-10]
module DFF5(CLK,D,Q,RST,DIN,OUT) ;

output Q,0OUT; input CLK,D,RST,DIN;

reg Q,0UT;
always @ (posedge CLK) begin OUT
if (RST==1) 0=0;
else 1f (RST==0) O=D; end
endmodule

RET_ > C~regl
FRE
D> ) b NN

0 EMA,

CLR

OUT~reg0
FRE
DIN| [ opb————1  =0UuT
CLK] .

EnA,

CLR

K5-14 1515- 10 RTL H % %]
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5.2.1 TR Es K]
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Q1[3..0]

FRE
D o

>

ADDER ENA

CLK] > I CLR

ANIIMALT#N=SRTLEE RS E]

[3..0]

[515-11]

module CNT4 (CLK, Q) ;
output[3:0] Q;
reg[3:0] Q1;
always @ (posedge CLK)

Q1 <= Q1+1;

assign Q=Q1;

endmodule

input CLK;

[155-12]

module CNT4 (CLK, Q)
output[3:0] Q;
input CLK;
reg[3:0] Q;
always @ (posedge CLK)
Q <= QO+1;
endmodule

EDK L
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5.2.2 SEFIVETHEES vt
—MNEFBEA R RE AN A B A0 T R g

[55-13]

module CNT10 (CLK,RST,EN,LOAD,COUT, DOUT,DATA) ;
input CLK,EN,RST,LOAD; // BEHER, BREpERE, B, HdEinEdstiE S

input[3:0] DATA; [/ ADLFAT I AR

output[3:0] DOUT; // AT

output COUT; // VHEOEAL

reg[3:0] Q1; reg COUT;

assign DOUT = Ql; // PN ERE AT AR TS R 2 pouT

EDK L



5.2 —EEHITHEES K H VerilogRid

5.2.2 SEFIVETHEES vt
—MNEFPEA. R R AN A B A0 A g

[515-13]
always @ (posedge CLK or negedge RST) / /B i R
begin
if (!RST) Q1 <= 0; //RST=0F, XTNHE AR ICHITFO
else if (EN) / /R AEREEN=1, I oV InEEit2L
begin
if (!LOAD) Q1<=DATA; //ALOAD=0, [n] PN A A7 4 I B A
else 1if (Q1<9) Q1 <= Q1+1; //HQlL/NTFolf, F¥FFEIN
else Ql <= 4'b0000; / /A5 M —N 8 575 0 [FIH]4E
end
end
always @ (Q1) // HELTE
if (Q1l==4'h9) COUT = 1'bl; else COouT = 1’b0;
endmodule

EDK L
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5.2.2 SCHIETHEES T

LOAD e

Addl

Q1[3..0] Equall

ADDER

1 EQUAL
LessThanO b2 CLR | SDOUT

LESS_THAN

M2

RST]
CLK[»
EN[__>
DATAS..0

QuartusXdf5l5-134= S G5 ZIRIRTLER IR E]

EDK 1w



5.3 B &FF K VerilogRid ikt

5.3.1 & F BB FFR 1T
[{55-14]

module SHFTI1 (CLK,LOAD, DIN,QB) ;

output 0OB; CLE

Eli

[ 1
¥OF XCD XEB ¥ F3 ¥ F9 X FC XFE ¥

¥

input CLK, LOAD; DLy
LOAD
input[7:0] DIN; REGS

reg[7:0] REGS; RE
always @ (posedge CLK)

if (LOAD) REG8<=DIN;

else REG8[6:0]<=REG8([7:1];

assign QB = REGS8[0];

endmodule
EDK L
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5.3.2 [E BN BRIERF T AL A7 748
[f5l5-15]

module SHIF4 (DIN,CLK,RST,DOUT) ;

input CLK,DIN,RST; output DOUT;

reg[3:0] SHFT;

always@ (posedge CLK or posedge RST)
if (RST) SHFT<=4"'RB0;

else begin

SHFT <= (SHFT >> 1); SHFT[3] <= DIN;
end
assign DOUT = SHFT[O];
endmodule

e S E<< R, IR0
R s/ R<c<, AT — H G S SRS HE ()
fr, 7RI R 4 2 << LD L
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5.4.1 [EIN#EITEAS
[f515-16]

module FDIVO (
input CLK,RST, input[3:0]D,

output PM,output[3:0]DOUT) ; cw (T T Uiy vy uut
reg[3:0] Q1; reg FULL; BT L
. D g
wlre LD;
always @ (posedge CLK or negedge RST) A ] ] L
£ (IRST) begin 0l<=0; FULL<—0; " (T IDIREETERTDTDHERDOTDDEEEODDTE
Ly N I I O I N
end
else 1f (LD) begin Q1<=D; FULL<=1; e
end (AR

else Dbegin Q1 <= Ql+1; FULL<=0;
end
assign LD=(Q1l==4'B1111);
assign PM=FULL;
assign DOUT=Q1;

endmodule ééZtEZZ?ﬂLab



5.4 V] T B BT Eas it

5.4.2 FP MBS
[{515-17]

module fdivl (CLK,PM,D,DOUT,RST);
input CLK; i1nput RST; input[3:0]
output PM; output[3:0] DOUT;
reg[3:0] Q1; reqg FULL;
wire LD;
always @ (posedge CLK or posedge LD or
negedge RST)
if (!RST) begin Q1<=0; FULL<=0; end
else 1f (LD) begin Q1<=D; FULL<=1;

(REIKI

end
else Dbegin Q1<=Q1+1; FULL<=0; end
assign LD=(Q1==4'B0000);
assign PM=FULL;
assign DOUT=Q1;

endmodule
EDK 1
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5.4.3 FBTEOME s

[#5-18]
R Al e | UMMM
input CLK; input[3:0] D; I | 3
output PM; mo [ M M
reg FULL; at
reg[3:0] 0Q1; RST | |
wire RST; (SELETY
always @ (posedge CLK or posedge RST)
1f (RST) begin Q1<=0; FULL<=1l; end
else begin Q1<=Q1+1; FULL<=0; end e e ST
assign RST = (Ql==D); o T > -
assign PM = FULL; . —
endmodule v E A F_j_j
RSTES BN =

HAFRLEM, TTEHNRIBHEZRIHEO
Lab



5.4 VT E BT EEs it

5.4.4 [FPIF0ME A

[515-18]

module fdivl (CLE,PM,D };
nput CLK: anputi 3 .81 D;
(* synthesis,probe port,keep *)
(* synthesis,probe port,keep *} wire RST ;
always (@ (posedge CLE or posedge RST) =) always @ (posedge CLK)
1f {(R3T) begin Ql<=0;
FULL<=1; end
else beglin Ql<=0l+1;
FULL<=0 ; end
assign R3T = (Ql==D};
assign PM = FULL ;

output PM ; reg FULL;
reg [3:0] ol1;

endmodule
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5.5 B Fr ELERIEAF B TS5 0 Kol

5.5.1 ZriEEL G, GIE TREMGENHR

0 ps 5.12us 10.24 us 15.36 us 20,4958 us 25.6us 30
Mamis Value at ! 1 L - !
Ops ips @ Clack |4JEE

n_ CLE BO | | J | : | | || .[ Base waveform on time period L
% DATA HO Period:  900.0 B :
in_ EN BO Offset: 0.0 B8 T
. LOAD BO : ' Duty cyde (%): 50 =
o RST BO ' -
k|  cour [BX PO ey Lok [ concel | son et
2 b DOUT HX ! ! —_— 7 R

B NP CLK ) & 3
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5.5 B Fr ELERIEAF B TS5 0 Kol

5.5.2 FPGATE4-3
* 51 EHTF HX1006A A 10CLO06YU356 5 | BIsiE 1551«
HEEEESE CLK¢ EN¢ LOAD¢ RST¢ DATA (3)<| DATA (2) <| DATA (1)<
HAiEThEER< | LED7 4] KEY3< KEY2¢ KEY1< SW4e SW3< SW2¢
TR FPGA 3|« Cl15¢ El< F3¢ M1 M2¢ M15¢ M16<
HEEE =24/« | DATA (0)¢| COUT¢ | DOUT (3)<| DOUT (2)<| DOUT (1)<| DOUT (0) <| CLK50M< .
HatmhaEss SW1¢ LEDG £T < LED4¢ LED3¢ LED2< LEDI« 50M Highe
E16¢ D15¢ K 8¢ TO< RO« T10< E15¢

YIRZ FPGA 3|«

EDK L



5.6 SignalTap 4 ¥k

SignalTap IHR AN RZ A A DU 92 H bRts v Wi R 4ef5 510
RACHIAE BEURE EREERR, HAR R R g R TR,

1. FTHSignalTap lIZRiE & X
2. AARIES

4DECL?S
—— CLK DOUT[3..0] — | :
— | RST cout —— be—tapo) LED7SE O] peRMIEUT [ EDBO]

—— EN ; 5

. +— LOAD

DAARO oM oaTA )

inst

£ {G_U___I__F...U__I;_.....____....____. ot s CGUT“- BT e e :

T EERR T BIRR R

! inst
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3. SignalTap IS E

v SignalTap I Logic Analyzer - D/STAP2TEST/CNT10LED - CNT10LED - [stp2.stp]

File Edit Wew Project  Processing Tools  Window  Help =
Instance Manager: r"‘is. I3 Invalid TTAG configuration [
Instance Status LEs: 0 Memory: 0 Small: NA Medium: MNA Large: MA
2] auto_sig... Mot running 0 cells 0 bits NA NA NA
' B
1 Nede Finder | 2 |
Mamed: * - List 3
auto_signaltap_0 Lock mode: | =" Allow &l Options
Hode Data Enable | Trigger Enal Filter: ~ [Pins: all * | | customize... |
TypelAIiasl o a Lookin:  JCNT10LED] - E] Include subentities Hierarchy view
Do Jick to add
Modes Found: = Selected Modes:
Mame = MName Assignments
CNT10LED [ 24 cout PIN_T10
% ClK L pATA Unassigned
E%{.‘ﬂ SUT :
o o =% pouT Unassigned
" ol .
._ DATA[0] e == LED7S Unassigned
< 0 ¥ 4| 1 [
ok || cancel | i
&3 setwp
9 >
r T —_

MNZBEDHNEES
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3. SignalTap IZ¥KE

1 SignalTap II Logic Analyzer - Dy/STAP2TEST/CNT10LED - CNT10LED - [CNT_stpl.stp]

File Edit WView Project Processing Tools  Window  Help ==D

Instance Manager: |"_'_“85._' |[i_| !l__| '_ Invalid JTAG configuration X | JTAG Chain Configuration: _

Instance Status LEs: 702 Memory: 65536 smaill: Ufﬂ Medium: 8;56 Large: 00 Vi |
& onts Not running 702 cells 65536 bits 0 blacks 8 blacks 0 blacks ;

Dievice: |-N|:une Detected

S0F Manager: |':_:"°'1! !u|

CNTS Lock mode: ’LE_f' Allow all changes - Signal Configuration:

Node Data Enable | Trigger Enable | Trigger Conditions ke

ock:
Type | Alias Hame 16 16 11| Basic AND fut
i I r o T )
= i &) QuartusIT | = |
o - DOUT th: (4K
% - LEDTS A Do you want to enable SignalTap II File "CNT _stpl.stp” for the current project? B .2 TRl e
out cout _f—k o
uzlifier:
[ Yes i l Mo ] [ Cancel ] [ EZE Continuous

- T TR |

SignalTap I4RAEE [
Lab
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4. XHHF

B File->Save As->Do you want to enable SignalTap Il...->iE& &%, FonlE = IR
BN It SignalTap 130 S TAESAE —REZ GG Re->W Rk #5, WWnE I 2%
WHE, HiERIEFAssignment->Settings->Category->SignalTap Il Logic Analyzer

B Y%F| HSignalTap 1K 5 H G 5 23 lRg G, AES 1R SignalTap NP

MG R BR 2 .

Specify compilation options for the SignalTap II Logic Analyzer.

Enable SignalTap II Logic Analyzer

SignalTap II File name: CNT stpl.stp | |

e PEE I B2 SignalTap 1130/ I\ 2564 w o
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5. ETE

r N | B
1 SignalTap 1T Logic Analyzer - Di/MY_PROJECT/CNT10LED - CNT10LED - [CNT_stpl.stp]* | = | =] & |
File Edit Yiew Project Processng Tools  Window: Heln ‘==D Search altera.com @
Instance Manager: .-| @ Ready to acquire # | JTAG Chain Configuration: JTAG ready b4
Instance Status LEs: 702 Memory: 65536 Small: 0,0 Medium: 8/260 Fa dweras [USB-Blaster [Use-0] v] ’ — l

E‘ CNTS Mot running 702 cells 65536 bits 0 blocks 8 blocks
Device:  |@1: EP3CS5/EP4CESS (0xD20F500D) ~ | | scan chain |
o - SOF Manager: D:MY_PROJECT joutput_files/CNT 10LED. sof E]

4]

log: 2017/05/23 15:36:27 #0

Tpclaies] Weme | @ @ & & & 7 7w B ® @ @ & & &«
oy - DATA

& - DOUT

£ [ LEDTS

= cout

Bl pata | &3 Setup
SignalTap 1152 038 KA 2 7 ST

Lab



5.6 SignalTap IIFJ{ FH F1E
6. JazhSignalTap TR EEE ST
B “+7 S RARBLES; BukHFEL TR
Unsigned Line Chart, 2SRRI B

log: 2017/05/23 15:38; dickonsertim=b | JTAG Chain Configuration:  JTAG ready =
Type Alias| Hame | e s e e i
iy - DATA gh Hardware: ’L.ISB—EJaster [UsB-0] ""l [ setup... ]

- pouT MM/\//\/ Device: | @1 EP3C5S/EPACESS (0x020F500D) > | | Scan chain |

25
o || = ceovs UMMM | [>>] SOF Manager: I} | D:MY_PROJECT/output_files/CNT 10LED. sof
# cour L1 0 10 1 N E]

BAZDOUTEHE ERAYA T FFHFPGA, FTELSOFSU4
input CLK /* synthesis chip pin = "G22" */ ; / /v A TAERS B
input CLKO /* synthesis chip pin = "B11" */; / /5 TR FE I B
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©5-9 VGAR K5 5 W2 il B B &t

R 1 [y
0 o]
G 2 15°6 12
(1) | \ B I35 1.°,] 138Hs
I 15°,] 14Vs
2 o 15
>11@@@o@15 0 |°,°
60000010 1= _—
| 1000005 | = VGA Port

Vs [T3] =< 13 -
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—> T Te e
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LT Tg o
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