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4.1.1 EARDfh & #sH T Kk EVerilogRid

D UF'HLu 'D‘
CLK:: N [#4-1]
s:r:w module DEF1{CLE,D,Q);
P41 iR D S 5 output 9
input CLK, D ;
redq ;
always @ (posedge CLK
Q <= D;
cx | ML ML LI L1
S H A endmodule
] |
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4.1.2 HUDPRIARDfh %k 2% [ 43]

module DFE UDP {o,D,CLE,RET)
input D,CLE,R3T;
output o
EDGE UDE Ulio,D,CLE,RST) ;

[#4-2]
primitive EDGE UDF(Q,D,CLK,R3T};

input D,CLE,R3T; output ¢; reg ¢;

table // D CLK R3T : © : O+ Endmodule

o {01y o0 7 : 0O;
1 {01y o o7 o 1;
Tl 0 S B
T (703 0z o2 o: -
A o — 0o —
ool : 0; CLKC—>—— 1>
o0 1 ? 0; -~
L 1 1 S CLR

endtable RST[::}——————J
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endprimitive
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4.1.3 &P RALMPE HE I DA A 8% K HVerilogRik

o — o a —>a [#l44]
Cég':)_‘_‘_: >Em module DFFZ (CLK,D,Q,RST,EN) ;
CLR cutput o
RETD———'—O' input CLK,D,R3T,EN;
B 44 &1 EEFIE A /I D fl% 88 reg Q;
always (@ {posedge CLK or negedge RST)
begin
CLE L] | if {(IR3T) ¢ <= 0;
]:| I [l
o _I_I L1 L else 1f (EM) Q<= Iy
- | end
g [ | endmodule

FA45 E44KDiEBKIFEE




..|I\H| 4.1 FHAR

TR VerilogER R

4.1.4 ERIZRALLEHEZE KDk 8% K HVerilogRik

o1 EMA
cLk——— CLR

A 4-6 & F2F 18 0 #1687 D A &8

CLE
y — 1
st 1 2

Q

B 4-7 EFEEE 0 % D s B0t E




4.1 FEARR

TR VerilogER R
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[#]4-5]
module DFF3 (CLE,D,Q,R3T) ;
output ¢ ;
input CLEK,D,RE3T :
reg o
always (@ (posedge CLK )
if (RST==1) ¢ = 0;
else if (RST==0) ¢ = D;
else o= 0y
endmodule

[#4-5]
module DFF1{CLE,D,Q,EST);

output ¢; input CLE,.D,R3T ;

reg ¢, 9l; //FEELTQLES
always @(RST) //HHETE
if (RST==1} ©1=0;
else 0Ql=D;
always (@ (posedge CLK )
o <= Ql;

endmodule

module DEFZ

always (@ (posedge CLK )
QO <= RST 7 1'b0 : D;

endmodule

(input CLE, input D, input RST , output reg ¢ ;
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4.1.5 FEARBF2E K HVerilog®id

[#l4-7] AT O 1
module LATCHL (CLE,D, Q) ; | — )
output ¢ ; input CLK,D; "
req Q; :
always @ (D or CLK)
if{CLK) © <= D; F 4-9 $i77 SRR L Py S0P 55 s i
endmodule
D DPRED—-—o—DQ CLK L m
CLK E>——— ] E E L~
31 [ I I I I
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[# 48]
module LATCHZ (CLE,D,Q,R3T);
output Q ; input CLK,D,RST;
assign @ = (IR3T)? 0:(CLK 7 D:Q);
endmodule
LK —1__ L

E4-13 EREE 0 KSTERMHFERE

[#]49]

module LATCH3 (CLK,D,Q,RE3T);
output ¢ ;
input CLE,D,R3T;
req Q;

always @ (D or CLK or RET)
if{IRST) Q==0;
else
if (CLK)  Q<=D;
endmodule




[#]4-10]

module AMCD (D, A, CLK, Q) ;
output ¢ ; input A,D,CLE;
regq Q,0l;
alwavs (@ (posedge CLEK)
begin ©1 = ~{(A | ©); end
always @ (posedge Q1 )
begin © = D; end

endmodule
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4.1.8 PP RERIRHIR R

always @(posedge CLE. or R3T ), oY, always [@(posedge CLE. or negedge RET or A) X
always @ (posedge CLE  or negedge RST)  begin 1f (! RIET)

always @ (posedge CLE. or negedgeRET) begin 1f (R3T==0)
always @ (posedge CLE. or negedge RST) begin 1f (! RET==1) ...

always @(posedge CLE. or DI )
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RST .
[ 4-11] — J Grragd

module DFFS(CLK,D,Q,RST,DIN, QUT) ; PL— 1 o ale e >a
output ¢,0UT; input CLK,D,R3T,DIN; a0 -
req o, 0UT; ELR
always @ (posedge CLK )} begin
OUT = !DIN ; e
if (RET==1} Q=|:|; DM o Gpf———{ =0T
else if (R3T==0) O=D; e .
end ELR

endmodule FE4-15 ¥ 4-11 B9 ETL B




.|I|‘H| s

hn a
— v I

=1\~

3 4088 K HiVerilog Rk

4.2.1 TRIBMZETHEEs X HverilogRid
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[#]4-12] [#]4-13]
module CHNT4A{CLE,Q); module CHNT4 (CLE,Q);
output [3:0] ¢ input CLE; output [3:0] ¢ ;
reg [3:0] @l ; input CLK;
always (@ (posedge CLEK] req [2:0] © ;
0l <= Ql+1 ; always @ (posedge CLK)
assign Q=01; o <= o+l ;
endmodule

endmodu le
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module CNT10 (CLK,RST,EMN,LOAD,COUT, DOUT, DATA) ;
input CLK,EN,RST,LORD ; // Wb, BtehiFEge, Efr, HENSERES,
input [3:0] DATA ; /4 fr34ringirs
output [3:0] DoUT ; /4 fF of kg H

output COUT ; Aot E R e
reg [2:0] ©1 ; reg COUT ;
assign DOUT = Ql1; OB FIEREM TS B E pouT
always @ (posedge CLK or negedge RST) /JHTFEI#E
begin

if (IRST) Ol <= 0; HRST=0 B, HABFFRETREE O
elzse if (EN' begin AR {ERE EN=1, T iFne sy ot 4
if {!LOAD) Ol<=DATR; /X LoAD=0, [HMHAHEITFRMSHE
else if (01<9) ¢l <= Ql+1; #X¥ ol Fout, MiFEM
else ¢l <= 4'h0000; end  AEN—-HreEE 0 8 EVHE

end
always @ (Q1) HeEEHTE
if {Ql==4'h9} COUT = 1'bl; #H¥0l=1001H4, couTHiHEAriRE 1
else COUT = 17h0; HEN], YA RRE O

endmodule
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4.3.1 E R EINGERIBAL T s W

[#]4-15]
module SHETL {CLE,LOAD,DIN,QB) ; L
output ¢B; input CLE,LOAD; DTN T Y=k * I
input [7:0] DIN; reg[7:0] REGE; LOAD M M
mee |00 S E P
alw.ays @ (posedge CLE ) 0 EE'--EI
1f (LOAD) EEGH<=DIN ;

else REGE[6:0]«<=REE=8[7:1];
assign QB = REGB[0] ;
endmodule

B 4-20 ] 4-15 ) TAEHT
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4.3.2 EAFERBA FFSE BT
[ 4-16]

module SHET. (CLE,CO0,MD,D,QB, CH);
output CN ; output [7:0] OQB; A 8 S R A U i

input CLK,CO; AR RO T 3
input [7:0] D; input [2:0] MD; #SMSEAMEEE A FBEAERERF
regq[7:0] REG ; regq CY ;
always @ {posedge CLK } begin
case (MD)
1 : begin REG[0]<=C0; REG[7:1]1<=REG[6:0]; CY<=REG[7]; end/H#{I{Fs I
2 : begin REG[0]<=REG[7] ; REG[T7:1]1<=REG[6:0] ; end /BIEHILE
3 : begin REG[7]<=REG[0] ; REG[6:0]<=REG[T7:1] ; end /BIEHEE
4 ; begin REG[T7]<=C0; REG[6:0]<=REG[7:1];CY¥<=REG[0]; end /#HH#{r{EHTHE
5 : begin REG<=D ; end M F B
default : begin REG <= REG ; CY <= CY ; end T REH

endcase end

assign QB = REG ; assign CMN = CY ; MM EEE, REA RN

endmodule
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MName l EDIIJI]ni 1 I:!u5 158 2 E!ue. 2 ‘E:us 3 E!u5 3 E:u-s 4 l:!u5 45 5 E!ue. S5us B E!ue. B E:us 7 E!u5 7 E:us

9= CLK | | |

= (0 | |

S MD | 00 1 101 H [T}

=0 [-f 10011010 Y 00000000

£ OB 00000000 10011010 ¥ o011 I 01101011 hH
-& CN | |

421 #]4-16 i A B E R E I D =40017)
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[#4-17]
module SHIF4{DIN,CLK,REST,DOUT) ;
input CLEK,DIN,EST;
output DOUT;
reg [3:0] SHET;
always@ (posedge CLK or posedge RST)
if (R3T) SHFT<=4TEO;
else begin SHFT[2]«=DIN;
SHFET[Z:0] <= SHFET[3:1]:
end
assign DOUT=SHFTI[0];
endmodule

[# 4-12]
module SHIF4 (DIN,CLE,R3T,DOUT);
input CLE,DIN,R3T; output DOUT;
reg [3:0] SHET:
always@ (posedge CLE or posedge RET)
1f{R3T) S3HFT<=4'E0;
else begin
SHET <= (SHFT >> 1});
SHET[3] <= DIN;
end
assign DOUT = SHET[O];
endmodule
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[ 7] 4-19]
module CNT DCD
{CLE,EN, COUT, LED) ;
input CLK,EN ;
output COUT;
output[6:0] LED ;
{*svnthesis, keep®) wire [2:0]netl;
CHT10 Ul {(.CLE{CLK}, .EN({(EN;,
JCOUT (COUT) , .DOUT {netl) )

DCoDys UZ (Ainetl), .LEDTVS (LED) ) ;
endmodule

[ 4-20]
module CHNT1O (CLE,EN,COUT,DOUT) ;
input CLE,EN ; cutput [3:0]D2UT;
output COUT ; reg [3:0] @1 ;
reqg COUT ; assign DOUT = ¢1;
always (@ (posedge CLK)
if (BN} 1f(Ql<B) Ql<=0l+1;
glse Ql<=47hL0000; else Q1 <= Ql;
always @{Ql)
if {pl==4Th9) COUT = 1'hl;
else COUT = 1'b0;
endmodule
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4.5 SignalTap IHFME

j Sehup..
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4.5 SignalTap NHEf#

Settingz — CHTLO

Categony:
General SignalT ap Il Logic Analyzer
Fies
Litwariez Specafy compdation oplions for the SignalT ap Il Logic Anakyzer.
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Analyss & Synthess Selfngs
YHDL Input
Wenlog HDL Ingut
Drafauk Paametsis
Filber Seltirgs
+ Timing Anabysis Seftings
Bgzemblen
Dresign Assistant

[RIE I T

Signall ap || Logic Anabzes

B 4-26 BeFEEEM bR SignalTap O 30 50 A SS9 E




N
H” 4.5 SignalTap NE#H -

R Quartus IT D:fent10b/CHTLO CHT10 [ztpl. =tp=]
File Edit VYier [Eroject Frocessing Tools Hindew

@ s E| B | e
Instance Manager. " %2 I [E] [Readyto acquiee (Z) x | JTAG Chein Configuation:  [ITAG ready @)
ﬁg:;s li::nm | ;E;:il Hmﬁqﬁ[ Harcware: | USE-Blaster [USB-0) RN
. g | Devios | @1: EP3CS5 (WI20FS000) | ScanChain
logy 201 202007 16:55:14 #0 chck to insert time bar
Type [Alias| Mame | B o s o o e B e o o cers .1,”.5 ............ v, S
= cout _ ] 1 I ] 1 I ] 1 | ] | | ] N |
T
L5 e d ' d 1 d 1 1 i
VAN
= eoutiol | [N UL LﬂﬂJlﬂMﬂﬂﬂﬂﬂﬂ.ﬂﬂl'ﬂﬂ.ﬂﬂMﬂJlﬂﬂﬂ.ﬂI
o DOUTH) | | |
= WWIJT_H_H_H_ﬂ_ﬂ_FLFLFLFLFLFLFLFLFLF
o oouts) 1 | I [

PR 4-27 SignalTap II B H O R BB HIE SR




4.5 SignalTap ¥4 FH 5

[ 4-21]

module CHNT10 (CLE,EN,COUT,DOUT, CLED) ;
input CLE /% synthesis chip pin = "G2" %/ ; // it #08 TiERT 8P
input CLEO /* synthesis chip pin = "G2Z1" */; / BESH SR
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