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“timescale 1ns/1ns
module dff (CLK, CLRN, E, D, Q);

input D;
input CLK, CLRN, E;
output Q;
reg Q;

always @(posedge CLK or negedge CLRN) begin
if (CLRN == 0) begin
Q <= 0;
end else begin
Q <= D;
end
end
endmodule

DFF: CLKDiIb EHY T, Qpext =D dff.v
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5. 7))y 770y 7 —IKFF

“timescale 1ns/1ns
module jkff (CLK, CLRN, E, J, K, Q);

input J, K;

input CLK, CLRN, E;
output Q;

reg Q;

always @(posedge CLK or negedge CLRN) begin
if (CLRN == 0) begin
Q <= 0;
end else begin
Q<=J& Q| "K&Q;
end
end
endmodule

IKFF : CLK DB EAY T Qrex =J Q+KQ jKffyv
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®E: 7Yy 770y 7 —TFF

“timescale 1ns/1ns
module tff (CLK, CLRN, E, T, Q);

input T;
input CLK, CLRN, E;
output Q;
reg Q;

always @(posedge CLK or negedge CLRN) begin
if (CLRN == 0) begin
Q <= 0;
end else begin
Q<=T& Q| "T&Q;
end
end
endmodule

TFF: CLKDIZBHEAY T Qrer =TQ+TQ tffv
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“timescale 1ns/lins

module counter6_d (clk, clrm, u, a, b, ¢, d, e, f, g);

input clk, clrn, u;

output a, b, ¢, d, e, £, g; // outputs

reg [2:0] q; // current state
vire [2:0] ns; // next state

// 1. DXt State —----=-mmmm oo

assign ns[2] = “q[2]e"q[1]&"ql0)e"w | q[1] qloleu | q[21&"qlolz u | ql2)e qlola™u;
assign ns[1] = “q[2]e"q[1]& q[0)z u | q[1]z"qloleu | qltle qlole™w | ql2)e~qlola™u;

assign ns[0] = ~q[0];
// 2. outputs -

assign a = "q[2] & “q[1] & q[0] | q[2] & ~q[0];

assign b = q[2] & q[0];
assign ¢ = q[1] & ~q[0];
assign d = a;

assign e = q[2] | q[0];
assign £ = "q[2] & q[0] | q[1];

assign g = "q[2] & "q[1];
// 3. dffs -----

alvays Q@(posedge clk or negedge clrn) begin // dffs

if (clrn == 0) begin
q <= 0;
end else begin
q <= ns;
end
end
endmodule

countere_d.v
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DFF CTRIEAANED TV > X — D5

“timescale 1ns/1ns
module counter6_d_tb;
reg clk, clrn, u;
wire a, b, ¢c, d, e, f, g;

counter6_d i0 (clk, clrn, u, a, b, c,

initial begin
#0 clk = 1; clrn = 0; u = 1;
#1 clrn = 1;
#18 u = 0;
#25 $finish;
end

always #1 clk = “clk;

initial begin
$dumpfile ("counter6_d.vcd");
$dumpvars;

end

endmodule

d, e, £, g);
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Q@ IKFF:CLK D H EAY T, Qrext =JQ+KQevvvevvn-- (=ns)
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IJKFF TRHEAANE AV > X —DFKET

“timescale 1ns/ins

module counter6_jk (clk, clrn, u, a, b, ¢, d, e, f, g);
input clk, clrn, uj;
output a, b, c, d, e, £, g; // outputs

reg [2:0] q; // current state

wire [2:0] j, k; // next state

// 1. next state -—--------mmmm oo 1

assign j[0] = 1;

assign k[0] 1;

assign j[1] ~ql2] & q[0] & u | q[2] & "q[0] & ~u;

assign k[1] = “("q[0] & u | q[0] & "u | q[2] & "q[0] & "u);

assign j[2] “ql1] & "q[0] & "u | ql1] & q[0] & u;

assign k[2] = “(q[1] & q[0] & u | "q[0] & u | q[0] & ~u);

// 2. OUtPULS - - - - oo 2

assign a = "ql[2] & “q[1] & q[0] | q[2] & ~q[0];

assign b ql2] & ql0];

assign ¢ ql1]l & ~qlo0];

assign d a;
e
f

S

.
T
‘HH

Il
o
N
Q

0] u +g[2] qlO] U
| u+q[0] T + q[2] q[0]
[0]U +q[1] q[O] u
[OJu+q[OJu+q
0] + a[2] a[0]

Il
o]
=
Q

P ST
o NEED
Il
ko]

g

Il
fo)
=
Q

o

[

.

00 00
=N
QO|la o
CiEE

N
+
g

assign ql2] | ql0];
assign ~ql2] & ql0] | ql1l;
assign g = “q[2] & ~ql1l;
// 3. JREES —oommmmm 3
always @(posedge clk or negedge clrn) begin // jkffs
if (clrn == 0) begin
q <= 0;
end else begin
Q<= j& gl k&g
end

end counter6_jkv

endmodule
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“timescale 1ns/1ns
module counter6_jk_tb;

reg clk, clrn, u;
wire a, b, ¢c, d, e, f, g;

counter6_jk i0 (clk, clrn, u, a, b, c, d, e, £, g);

initial begin
#0 clk = 1; clrn = 0; u = 1;
#1 clrn = 1;
#18 u = 0;
#25 $finish;
end

always #1 clk = “clk;

initial begin
$dumpfile ("counter6_jk.vcd");
$dumpvars;

end

endmodule
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JIEF [B] 2% D ZR &t

FF TRIAEAZ N &
)R —DE%=E




TFF CREANE L 7 > & —

O~5Hh7rx—4REEEZK (t = 1: Toggle)

IRFE DIREE AN RDIKRE
al2] qfl] qglO]] wu ns[2] ns[1] ns[O][t[2] t[1] t[O]
1 S1 0 0 1 0 0 1
=0 0 0 0 0] S5 1 0 1 1 0 1
1 S2 0 1 0 0 1 1
Sl 0 0 L 0 SO 0 0 0 0 0 1
1 S3 0] 1 1 0 0 1
52 0 : 0 0] S1 0 0 1 0 1 1
1 S4 1 0 0 1 1 1
9 0 : 1 0 S2 0 1 0 0 0 1
1 S5 1 0] 1 0 0 1
>4 ! 0 0 0 S3 0] 1 1 1 1 1
1 SO 0 0 0 1 0 1
59 1 0 1 0 S4 1 0 0 0 0 1
AneLT 1 1 0] X Don'tcare X X X X X X
wELAEL 1 1 1 X Frbs7 X X X X X X
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g2l o o 1
11 o 1 1
alo] u

zh
0o (1) X
01 X
11 1 X
10 X
t[2]

g2l 0 © 1
aill] o 1 1
alo] u

00 1 X
01 X
11 1 1 X
10 X
t[1]

ar] o o 1 1
]J]o 1 1 O
alO] u

oo VY1l x| D

01 11 x]|1

11 101 x]|1
10 N1 [1]x]| 1/

t[O]

Y =

SRBOR PR 2

WEEEEEAPT (13)

2025 %12 A 23 A (X)
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TFF TRIAZENE D 7 > X — DEXE

gRklo o0 1 1 gklo o0 1 1 ar] o o 1 1
Mo 1 1 alll] o 1 alll] o 1 1 o
alO] u alO] u alO] u
oo (1) gk 00 1[G 1 oo P1la1]x]
01 X 01 X 01 1 1 X 1
11 1 Cx) 1 11 1] 1) x 11 1 1] x| 1
10 X 10 X 10 N1 [1]x]| 1/
t[2] t[1] t[O]

t[2] = q[1] a[0] u+q[2] a[0] U+q[2] a[0] u+q[2] g[1] g[O] U
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gkl]o o 1 1 gklo o0 1 1 ar] o o 1 1
1o 1 1 alll o 1 1o 1 1 o
alO] u alO] u alO] u
oo (1) K1 00 1[G 1 oo Yai[a]x]21
01 X 01 X 01 1 1 X 1
11 1 Cx) 1 11 1] 1) x 11 1 1] x| 1
10 X 10 X 10 N1 [1]x]| 1/
t[2] t[1] t[O]

t[2] = a[1] 9[0] u+a[2] [0] U+q[2] a[0] u+a[2] a[1] a[O] T

t[1] = a[2] g[0] u+qg[1] q[O] U+ q[2] q[O] U
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gkl]o o 1 1 gklo o0 1 1 ar] o o 1 1
1o 1 1 alll o 1 1o 1 1 o
alO] u alO] u alO] u
oo (1) K1 00 1[G 1 oo Yai[a]x]21
01 X 01 X 01 1 1 X 1
11 1 Cx) 1 11 1] 1) x 11 1 1] x| 1
10 X 10 X 10 N1 [1]x]| 1/
t[2] t[1] t[O]

t[2] = a[1] 9[0] u+a[2] [0] U+q[2] a[0] u+a[2] a[1] a[O] T

t[1] = a[2] g[0] u+qg[1] q[O] U+ q[2] q[O] U
t[0] = 1
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TFF CREANEH 7 > & —DEEt

“timescale 1ns/ins

module counter6_t (clk, clrn, u, a, b, c, d, e, f, g);
input clk, clrn, u;
output a, b, ¢, d, e, £, g; // outputs

t[2] = a[1] a[0] u + a[2] g[0] U + g[2] a[0] u + q[2] q[1] g[O] U
B t[1] = q[2] al0] u + a[1] A[0] T + 2] A[0] T
wire [2:0] t; // next state to] =1
// 1. next state —-—-----———m - - 1

assign t[2] = ql1] & q[0] & u | q[2] & "q[0] & "u | q[2] & q[0] & wu | ~q[2] & “q[1] & ~q[0] & "u
assign t[1] = "q[2] & q[0] & u | q[1] & ~q[0] & ~u | q[2] & ~q[0] & ~u;

assign t[0] = 1;

ARG T P R 2

assign a = ~q[2] & “q[1] & q[0] | q[2] & ~q[0]; Zicﬂéj]ql[é]]q[o] +al2lalol
assign b = ql[2] & ql0]; € ;g[l]%
assign ¢ = ql[1] & ~q[0]; d=a
assign d = a; e—qal2 0
assign e = q[2] | q[0]; f= qu[z]]qﬁOC;L]q[l]
assign £ = “q[2] & q[0] | q[1]; g =aR]ql]
assign g = "ql2] & “q[1];
[/ 3. tEES mm oo 3
always @(posedge clk or negedge clrn) begin // tffs
if (clrn == 0) begin
q <= 0;
end else begin
q<=t&ql "t &gq;
end
el counter6_tv
endmodule
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TFF TRIEAXNE S 7 > X —DEKET

“timescale 1ns/1ns
module counter6_t_tb;

reg

clk, clrn, u;

wire a, b, ¢, d, e, f, g;

counter6_t i0 (clk, clrn, u, a, b, c, d, e, f,

g);

initial begin

end

always #1 clk =

#0 clk = 1; clrn = 0; u = 1;
#1 clrn = 1;
#18 u = 0;

#25 $finish;

“clk;

initial begin

end

$dumpfile ("counter6_t.vcd");
$dumpvars;

endmodule

countero_t_tb.wv
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TFF CRMANES 7> & — D3

O~5Ahyv&x—:

clrn
clk

countero_t_tbyvy Count Up Count Down
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[FIEAZ & FERIEATL A 7 > X —

@ [AHAZ (Synchronous) &3, BT 27Uy 770y 708
EAR—D I Ay I TIThbNEAHD I & TH B,

. = 8

ST
» [‘ 2 {* 2 {” ¥

CLRN i
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[FIEAZ & FERIEATL A 7 > X —

@ [AHAZ (Synchronous) &3, BT 27Uy 770y 708
EAR—D I Ay I TIThbNEAHD I & TH B,

. = 8

\_—D : . ﬂk ' ' 7“ : ‘
LK LK ~BCLK
’—\ CLRN ’—\ CLRN ’7 CLRN
CLK

CLRN L i

Q@ FERHAF (Asynchronous) &lE, ATV X —~DAHELR T
Uy 770y 7OHADENRICLY, BEDZ Yy T 70y
DANDRESIN, ZOEATEEST 25D & TH 5,

2

Q1
I Qlo
1 1
— C — C
CLRN CLRN
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FERIEAZL FIFO D EXET

FIFO: First-In-First-Out (Queue — ¥ 21 —)

Y =

Data input R1 R2 R3 R4 Data output
. di2 d23 d34
dm[]l:: DIl QI Dl] Qi D[] Qll D[] Q[]i dout[]
—V — —V
CLK CLK CLK CLK
clk3 clk4
FO
_ —D Q
write
cin F3 F4
_— s Q —1s Q
Zi / { R oNp R QN empty
r CLR r CLR
read
full
clr

R1. R2. R3. R4 :FIFO L Y2 & — (& : 4)
clkl. clk2. clk3. clk4 : FERAR clock
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FERIHAZ FIFO DExE

clr write el,e2,e3,ed4 to fifo

full N N N [Tfur |
din[7:0] X X [E4
write L 1
clkl Iw I I move e2,e3, eﬁ’toward the front
clk2 NN N
k3 T H‘V
clke HA move el to the front ”’
empty
read
d12[7:0] JE1 E2 \E3 \E4 read el,e2,e3,ed from fifo
d23[7:0] JEX E2 E3 JE4
d34[7:0] JEL E2 E3 JE4
dout[7:0] (31 JE2 JE3

write: write data to FIFO;
read: read data from FIFO.
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Y =

HHH_tN jjrj/& @nXE

&8

@ FEAIXXNEAH T v X —
» DFF CRIEARANEAH 7 > & —
» JKFF CRIEAKXNEH T > % —
» TFF CRIAENED 7> & —

@ FERHAX Vv & —

o FERHEFH FIFO
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=828 X||| (100 & + 100 &)

Y =

Tt 4>k LED Z2EWEERX 10EH Y Ty T/ hT v
&3 BEIEE,. DFF ZFWTERET L. BIF&REES T 2
L—>av L TFaW (Don't Care IBZ M),

(P10 -P21 #&R)

—» U a

b

Voxand 3

Q@ HhU Y& O~9 —ck
— Cirn g

Qu=1(HT>+Tv7)
0,1,2,3,4,5,6,7,8,9,0,1,2,3,---

QuU=0(HTYFETYV):
0,9,8,7,6,5,4,3,2,1,0,9,8,7,---

Q@ 7t/ XA LED THRRY B (0: |RAT; 1: JBLT)

EE  SREIOEBEICOWTIE. EDA Y —IL (iverilog ¥

ModelSim & &) ZERLAWLTLIEE L,
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=858 X||| (100 & + 100 &)

Y =

TEER IR

next_state

seven_seg

WEEEEEAP] (13)

—m» J
— D

—m» C

2. HAHE% —== d
— ©

—m f

—m» J

ROIKRE
Nns[3:0]
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=858 X||| (100 & + 100 &)

L#— F OpBEEE:

Hiﬁbljﬁ?.

KR8 next_state D EIE(EX

g next_state FHNESDHIL / —K
€ next_state MIRER

1

:@E:
S

I~

o XX %3
S
<t
o

S

Az -

>k >F

o
(Y

)
n
)
I

(5) R DIKEE next_state D[EIKH
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=895 X||| (LOO & + 100 &)

o

(6) H B8 seven_seg D BEE(ER
(7) HB8% seven_seg EHAEBDHIL / —K
(8) H 1B seven_seg DHRER
3 =
b =
C=
d=
o=
g=
(9) H71B8%L seven_seg D [AIEXK]

42/45
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=258 X|1 (100 & + 100 &)
(10) TR

Q "® O O 0O Y O C
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* 73> (+50 R)

Tt x>k LED 2EWEHR 10EH T Ty T/ hHT
h&E T AEIEE, IKFF #FAWTERST L, BIfFREES I 2
L—>3 > LTHFEIWL (Don't Care BZHA),

(P22 - P27 #5&R)

VCC

—» U

—» clk
—» clrn

Q-+~0Q0 00w

@ h Y M O~ 9

Qu=1HT>+T7v7)
0,1,2,3,4,5,6,7,8,9,0,1,2,3,---

QuU=0(HT>YFETYV):
0,9,8,7,6,5,4,3,2,1,0,9,8,7,---

Q@ 7T/ A LED THRRT % (0 =AT; 1: JHAT)
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* 73> (+50 R)

Tt x>k LED 2EWEHR 10EH T Ty T/ hHT
N YT AEIRE,. TFF #FAWTERSTL, BfFREES T 2
L—>3 > LTHFEIWL (Don't Care BZHA),

(P28 - P33 #5R)

VCC

—» U

—» clk
—» clrn

Q-+~0Q0 00w

@ h Y M O~ 9

Qu=1HT>+T7v7)
0,1,2,3,4,5,6,7,8,9,0,1,2,3,---

QuU=0(HT>YFETYV):
0,9,8,7,6,5,4,3,2,1,0,9,8,7,---

Q@ 7T/ A LED THRRT % (0 =AT; 1: JHAT)
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