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Bai thi nghiém 1
Switches, Lights, Multiplexers

1. Thinghiém1.1:
Thue hién mach thi nghiém c6 ngd vao 1a 10 cong tic SW9—0, va ngd ra la 10 dén LED mau do

LEDR9—Q duing dé doc trang thai cua cac ngd vao.

e Céacbudccinthuchién:

1. Tao project mai.

2. Viét chuong trinh Verilog cho bai TN
3. Géan chan & bién dich project.

4. Nap project vao kit TN. Thir mach.

e Chuong trinh cia nhom:

module TN1 1 (SW, LEDR);
input [9:0] SW;
output [9:0] LEDR,;
assign LEDR = SW;

endmodule
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2. Thinghiém1.2:

= Cho mach multiplexer 2 sang 1 nhu hinh 2 véi ngd vao chon kénh's. Néus = 0 ngd ram
s€ bang ngd vao X, vanéus= 1 thingdram=y.

X
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a) So dd mach
S
m
0 X X 0 m
1|y y—{1
b) Bang su that c) Ky hiéu

Hinh 2. Mach multiplexer 2
sang 1. Mach c6 thé mé ta dung ma Verilog nhu sau:
assign m = ( s&x) (s& Y);
« Dung 4 b multiplexer 2 sang 1 nhu hinh 2 dé thuc hién mach multiplexer 2 sang 1 - 4 bit nhu

hinh 3a. Mach ¢6 2 ngd vao nhi phan 4 bit X va'Y, vangd ra 4 bit M. Néus = 0 thiM = X,
cons=1thiM =Y.
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e Céacbudccinthuchién:

1. Tao project mai.
2. Viét chuong trinh Verilog vai:
i. s=SWg vandi véi LEDR9
ii. X =SW3-0 vandi véi LEDR3-0
iii. Y =SW7-4 vandi véi LEDR7-4
iv. M=LEDG3-0

Gan chan
Bién dich project.

Nap project vao kit TN.

A

Thir mach bang cach thay di cac cong tic SW rdi theo ddi cac dén LED xanh, do.

e Chuong trinh cua nhom:

module TN1_2(SW,LEDR,LEDG);
input [9:0]SW;

output [9:0]LEDR,;

output [3:0]LEDG;

assign LEDR=SW;
Mux21(SW[9],SWI0],SW[4],LEDG[0]);
Mux21(SW[9],SWI1],SW[5],LEDG[1]);
Mux21(SW[9],SW[2],SWI[6],LEDG[2]);
Mux21(SW[9],SW[3],SW[7],LEDG[3]);
endmodule

module Mux21(S,X,Y,M);

input S,X,Y;

output M;

assign M=(~S&X)|(S&Y);

endmodule
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3.Thinghiém1.3:

- Dung 3 bo multiplexer 2 sang 1 nhu hinh 2 dé thuc hién mach multiplexer 4 sang 1
nhu hinh 4a.

Mach ¢6 4 ngd vao u, v, wva x; 1 ngd ram; 2 ngd vao chon kénhs1 so

«  Tuwong tu ding 2 mach multiplexer 4 — 1 nhu hinh 4a dé thuc hién mach
multiplexer 4 — 1 - 2 bit nhu hinh 5

ST
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a) so dd mach
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C—‘— 00
T —dn
w———— 10 m
) I s
b) bang su that c) ky hiéu

Hinh 4. Mach multiplexer 4 sang 1

e Céacbudccanthuchién:

1. Tao project mai.
2. Viét chuong trinh Verilog véi:

$1 S0 = SW9-8 vandi voi LEDR9-8

U-X = SW7-0 va néi véi LEDR7-0

M = LEDG1-0

3. Gan chan
4. Bién dich project.
5. Nap project vao kit TN. ) .
6. Thu mach bang céch thay doi cac cong tac SW roi theo ddi cac den LED xanh, do.
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e Chuong trinh cia nhom:

module TN1_3(SW,LEDR,LEDG);

input [9:0]SW;

output [9:0]LEDR;

output [1:0]LEDG;

assign LEDR=SW;
Mux41(SW[8],SW[9],SWI[0],SW[2],SW[4],SW[6],LEDG[O]);
Mux41(SW[8],SW[9],SW[1],SW[3],SW[5],SW[7],LEDG[1]);
endmodule

module Mux41(S0,51,U,V,W,X,M);

input SO,S1,U,V,W,X;

output M;

wire t1,t0;

Mux21(S0,U,V,t0);

Mux21(S0,W,X,t1);

Mux21(51,t0,t1,M);

endmodule

module Mux21(S,X,Y,M);

input S,X,Y;

output M;

assign M=(~S&X) | (S&Y);

endmodule



4. Thinghiém1.4:

Thue hién bd giai ma cd 2 ngd vao c1 ¢ va 7 ngd ra tir 0 dén 6 dung dé hién thi cac ky tu
trén bo hién thi 7 doan nhu hinh 6. ‘

Bang 1 liét ké céac ky tu can hién thi (9om H,E,L va ky tw O) twong tng voi

cac ngd vao c1 cQ . Cac ngo ra tich cuc murc logic 0.

0
sl |
o —{ 7-segment - -
¢ decoder :4| I2
~ 3

Hinh 6. Bo giai ma

7 doan
clcO| Kytu
00 H
01 E
10 L
11 O

Bang 1. Bang ma chir

e Céacbudccinthuchién:

1. Tao project mai.
2. Viét chuong trinh Verilog véi:
0 Céacngdvao c1c0 ndi vai cac cong tic SW1-0
o Céacngd ra 0 — 6 ndi voi HEX0Q, HEXO1.....HEX06
3. Génchan
4. Bién dich project.
5. Nap project vao kit TN.
6. Thir mach bang céach thay di cac cong tic SW1—0 rdi quan sét bo hién thi 7 doan.
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e Chuong trinh cia nhom:

module TN1_4(SW,HEXO);
input [1:0]SW,;

output [6:0]HEXO;

reg [6:0] HEXO;

always @ (SWI[1:0])

begin

case (SW[1:0])

2'h00: HEX0= 7'n0001001;
2'b01: HEXO0= 7'n0000110;
2'p10: HEXO0= 7'b1000111;
2'b11: HEX0= 7'1000000;
default: HEXO= 7'b1111111,
endcase

end

endmodule
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5. Thinghiém1.5:

Thuc hién mach di¢n hién thi “chir xoay” nhu hinh 7 hoat dong theo bang 2.
Cac cong tic SW7—0 dung dé tao ky tw va SW9—8 dung chon Ky tu hién thi.

SW,

SW,
SW, 42 0
SW 2 l l
5-4 5 1
SW ﬁzgl— 7-segment 7 6
3-2—7 ] decoder
2 4 2
W, ,—=l ] l |
: 3

Hinh 7. Mach c6 thé chon & hién thi 1 trong 4 ky tu.

SW9 Sws Hién thi

0 O H
0 1 E
1 0 L
1 1 o)

Bang 2. Hién thi chir xoay HELLO.

e Céacbudccanthuchién:

=

Tao project mai.
Viét chuong trinh Verilog vai:

N

3. Gan chan

4. Bién dich project.

5. Nap project vao kit TN.

6. Thir mach bang céach thay di cac cong tic SW1—0 roi quan sét bo hién thi 7 doan.

e Chuong trinh cua nhém:

module TN1_5(SW,HEX0,HEX1,HEX2,HEX3);
input [9:0]SW,;

output [6:0]HEXO;

output [6:0]HEXZ,;

output [6:0]HEX2;

output [6:0]HEXS;
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wire [1:0]A,B,C,D;

Mux412b(SW[9:8],SWI[1:0],SW[7:6],SW[5:4],SW[3:2],A);
Mux412b(SW[9:8],SW[3:2],SW[1:0],SW[7:6],SW[5:4],B);
Mux412b(SW[9:8],SW[5:4],SW[3:2],SW[1:0],SW][7:6],C);

Mux412b(SW[9:8],SW[7:6],SW[5:4],SW[3:2],SW[1:0],D);

ganchu(A,HEXO0);
ganchu(B,HEX1);
ganchu(C,HEX2);
ganchu(D,HEX3);

endmodule

module Mux412b(S,U,V,W,X,M);
input [1:0]S,U,V, W X;

output [1:0]M;
Mux41(S[0],S[1],U[0],V[0],X[0],W[0],M[O]);
Mux41(S[0],S[1],U[1],V[1].X[1],W[1],M[1]);
endmodule

module Mux41(S0,S1,U,V,W,X,M);
input SO,S1,U,V,W,X;

output M;

wire t1,t0;

Mux21(S0,U,V,t0);
Mux21(S0,W, X t1);
Mux21(S1,t0,t1,M);

endmodule

module Mux21(S,X,Y,M);

input S,X,Y;

output M;

assign M=(~S&X)|(S&Y);

endmodule
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module ganchu(S,HE);
input [1:0]S;

output [6:0]HE;

reg [6:0] HE;

always @ (S[1:0])
begin

case (S[1:0])

2'h00: HE= 7'b0001001;
2'h01: HE= 7'b0000110;
2'p10: HE= 7'b1000111;
2'b11: HE= 7'h1000000;
default: HE= 7'b1111111;
endcase

end

endmodule
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Bai thi nghiém 2

Numbers & Displays

Day 1a bai thi nghiém thiét ké mach t6 hop dé thuc hién bo bién doi s6 nhi phan sang sb
thap phan va mach cong hai so BCD.

1.Thinghiém2.1:

Diing cac dén 7 doan HEX1 va HEXO dé hién thi cac s6 thap phan tir 0 d&én 9. Gid tri hién
thi thay doi dugc bang cac céng tac SW7—4 va SW3—0 tuong Gng.

« Céacbudccanthuchién:
1. Tao project mai.
2. Viét chuong trinh Verilog cho bai TN
3. Gan chan & bién dich project.
4. Nap project vao kit TN. Thir mach bang céach thay ddi cac cong tic va quan sat cac
deén hién thi.
e Chuong trinh ciia nhom:

module TN2_1(SW,LEDR,HEX0,HEX1);
input [7:0]SW,;

output [6:0]HEXO0,HEX1,;
output [7:0]LEDR;
assign LEDR=SW;
ganso (SW[3:0],HEXO0);
ganso (SW[7:4],HEXY);
endmodule

module ganso(S,M);
input [3:0]S;

output [6:0]M;

reg [6:0]M;
always@(S[3:0])
case(S[3:0])

4'b0000: M=7'h1000000;
4'b0001: M=7'h1001111;
4'n0010: M=7'h0100100;

4'p0011: M=7'b0110000;
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4'h0100: M=7'p0011001;
4'h0101: M=7'00010010;
4'h0110: M=7'n0000010;
4'p0111: M=7'01111000;
4'h1000: M=7'h0000000;
4'h1001: M=7'n0010000;
default: M=7'b1111111;
endcase

endmodule

2.Thi nghiém2.2:

Thuc hién 1 phan caa mach chuyén d6i s6 nhi phan 4 bit V. = v 3 v2 v1 v thanh sé thap phan
D =d1dp nhu hinh 1, bang 1. Mach bao gdm mach so sanh (dé kiém tra V > 9), mach
multiplexer va mach A (chua can thuc hién mach B va bo giai ma 7 doan). Mach s& c6 ngd

vao V 4 bit, ngd ra M 4 bit va ngo ra z.

Binary value

Decimal digits

0000
0001

0010

1001
1010

1011
1100
1101
1110
1111

Bang 1. Bang gié tri chuyén

- Cachudccanthuchién:

1. Tao project méi. Viét chuong trinh

0
0

0

2. Bié:n dich project va thuc hién mé phong
3. Viet thf:m doan chuo*pg trinh pho mach B va mach giai ma 7 doan. Dung cac q
cbng tac SW3—0Q dé nhap so nhi phan V va cac den 7 doan HEX1, HEXO dé

hién thi s6 thap phan d 1 do

ok

Bién dich lai roi nap project vao kit TN. 7
Thu mach: thay doi gia tri V va quan sat cac den hién thi.

. NRO

RPRPRRPRPPRPRPO -

9
0
1
2
3
4
5
doi

5i nhi phan thap phan.
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\

Circuit B

Comparator
—
m
Vg D \l 3
]
v, I m,
»
A 0
ST
VO b m
1
Circuit A

Chuong trinh cua nhém:

module TN2_2(SW,LEDR,HEX0,HEX1);

input [3:0]SW,;

output [3:0]LEDR;
output [6:0]HEXO,HEX1,;
assign LEDR=SW;

wire [3:0]M,N;
ss4bvoi9(SW,M,N);
ganso(M,HEXO0);
ganso(N,HEX1);
endmodule

module ss4bvoi9(B,M,N);

7-segment
decoder

|

\

Hinh 1. Mach chuyén d6i nhi phan-thap phan.
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input [3:0]B;

output [3:0]M,N;

reg [3:0]M;

reg [3:0]N;
always@(B[3:0] or M or N)
if (B[3:0]<=4'01001)
begin M=B;

N=4'b0000; end

else

begin M=B+4'b0110;
N=4'b0001; end
endmodule

module ganso(S,M);
input [3:0]S;

output [6:0]M;

reg [6:0]M;
always@(S[3:0])
case(S[3:0])

4'b0000: M=7'n1000000;
4'b0001: M=7'01001111;
4'p0010: M=7'00100100;
4'b0011: M=7'n0110000;
4'p0100: M=7'00011001;
4'h0101: M=7'00010010;
4'h0110: M=7'n0000010;
4'h0111: M=7'b1111000;
4'1000: M=7'h0000000;
4'h1001: M=7'b0010000;
default: M=7'b1111111,
endcase

endmodule
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3. Thinghiém?2.3:

Cho mach cong toan phan (FA) nhu hinh 2a véi cadc ngd vao a, b, and cj, cadc ngdras va
Co.
cos=a+b+cj.

Dung 4 mach cong FA nhu trén dé thyuc hién mach cong 4 bit nhu hinh 2d.

oD s T

l a — FA

b i h — Co
CO

a) Mach cong FA b) Ky hiéu

bac|c,s by a3 ¢, b2 a ¢, b & ¢ by 3 Gy
00010 o bbb [ A b ] 4
0100 1
0111 0 FA FA FA FA
100]0 1
101]1 0
et T Lo Lo LT

1 1 € SS3 S, Sq So

c) Bang su that d) Mach cong 4 bit

Hinh 2. Mach cong.

- Cachudccanthuchién:

1. Tao project méi va viét chuong trinh Verilog cho mach cong:
 Nbi céc ngd vao A, B va cin vai cac cong tac twong tng SW7—4 , S
W3—0 va SWsgva vai cac dén LED mau do LEDR
« NG&icacngd racout vaS vai cac dén LED mau xanh LEDG
2. Gén chan, bién dich va nap project vao kit TN
3. Thir mach bang cach thay doi cc gia tri khac nhau caa A, B va ¢ jn, quan st cac den
hién th.
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Chuong trinh cua nhom:

module TN2_3(SW,LEDR,LEDG);

input [8:0]SW;
output [8:0]LEDR;
output [4:0]LEDG;
assign LEDR=SW;
wire [3:1]c;

wire [2:0]s;

FA(SWI[4],SW[0],SWI[8],c1,LEDG[0]);
FA(SW[5],SW[1],c1,c2,LEDG[1]);
FA(SW[6],SW[2],c2,c3,LEDG[2]);

FA(SW[7],SW[3],c3,LEDG[4],LEDG[3]);

endmodule

module FA(a,b,ci,co,s);
input a,b;

input ci;

output co;

output s;

assign s = a"b”\ci;
Mux21(a”b,b,ci,co);
endmodule

module Mux21(S,X,Y,M);
input S,X,Y;

output M;

assign M=(~S&X)|(S&Y);

endmodule
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4. Thinghiém?2.4:

Thue hién mach cong 2 s6 BCD. Ngd vao cua mach 12 2 s6 A, B va ngd vao cho s nhé cin .
Ngd ra la sé6 BCD, tong S1 S0 va s6 nhé cout.

- Céachudccanthuchién:
1. Tao project méi cho mach cong sé6 BCD. Phai thuc hién mach cong 2 s6 4 bit A, B
(thi nghiém 2.3)
va 1 mach chuyén ddi 5 bit tong s3525150co thanh 2 s6 BCD S1 S0 (thi nghiém 2.2)
2. Viét chuong trinh Verilog:
» NGi cac ngd vao A, B va cin véi cac cdng tac tuong tng SW7—4 , SW3—0
va SWsgva vadi cac den LED mau do LEDR7—0
» N&i cac ngd racout va 'S vai cac dén LED mau xanh LEDG4—0
« Dung cac deén 7 doan HEX3, HEX2 dé hién thi gia tri cia 2 s6 A va B va
HEXZ, HEXO0 dé hién thij két qua S1S0 .
3. Gan chén, bién dich va nap project vao kit TN
4. Thir mach bang céch thay d6i cac gia tri khac nhau cia A, B vac jn, quan sat cac dén
hién thi.

e Chuong trinh cia nhom:

module TN2_4(SW,LEDR,LEDG,HEX0,HEX1,HEX2,HEX3);
input [8:0]SW,;

output [4:0]LEDG;

output [9:0]LEDR;

output [6:0]HEX0,HEX1,HEX2,HEX3;

wire [4:0]a;

assign LEDR=SW;

assign a[4:0] = SW[7:4] + SW[3:0] + SWI8];
assign LEDG = g;

reg [3:0]c;

reg [3:0]b;

always @ (a or c or b)

if (a <5'001010)

beginc =a;

b = 4'b0000; end

else if (a<5'b10100)

begin ¢ =a + 4'b0110;
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b =4'v0001; end

else if (a<5'b11110)
begin c =a + 4'h1100;

b = 4'v0010; end

else begin ¢=4'b0000;

b= 4'b0011;end
ganso(SWI[7:4],HEX3);
ganso(SWI[3:0],HEX?2);
ganso(b,HEX1);
ganso(c,HEXO0);
endmodule

module ganso(S,M);
input [3:0]S;

output [6:0]M;

reg [6:0]M;
always@(S[3:0])
case(S[3:0])

4'n0000: M=7'b1000000;
4'b0001: M=7'01001111;
4'p0010: M=7'00100100;
4'p0011: M=7'00110000;
4'h0100: M=7'p0011001;
4'p0101: M=7'00010010;
4'h0110: M=7'n0000010;
4'b0111: M=7'01111000;
4'h1000: M=7'b0000000;
4'h1001: M=7'h0010000;
default: M=7'b1111111,
endcase

endmodule
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5. Thinghiém2.5:

Thiét ké mach t6 hop chuyen doi 1 s6 nhi phan 6 bit thanh s6 thap phan dudi dang 2 s6 BCD.
Dung cac cong tac o )
SW5—-0 dé nhap so nhi phan va cac dén 7 doan HEX1 va HEXO0 d¢ hién thi s6 thap phan.

Chuong trinh cua nhom:

module TN2_5(SW,LEDR,HEX0,HEX1);
input [5:0]SW,;

output [9:0]LEDR;
output [6:0]HEXO,HEX1;
wire [5:0]a;

assign LEDR=SW;
assign a[5:0] = SW[5:0];
reg [5:0]c;

reg [5:0]b;

always @ (a or ¢ or b)

if (a <6'b001010)
beginc =a;

b = 6'b000000; end

else if (a<6'n010100)
begin ¢ =a + 6'b00110;
b = 6'b000001; end

else if (a<6'n011110)
begin ¢ =a + 6'b001100;
b = 6'b000010; end

else if (a<6'101000)
begin ¢ = a + 6'b010010;
b = 6'b000011; end

else if (a<6'0110010)

begin c = a + 6'0011000;
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b = 6'b000100; end

else if (a<6'n111100)
begin c=a + 6'b011110;
b = 6'0000101; end

else begin c=a + 6'b100100;
b= 6'0000110;end
ganso(b,HEX1);
ganso(c,HEXO0);
endmodule

module ganso(S,M);
input [3:0]S;

output [6:0]M;

reg [6:0]M;
always@(S[3:0])
case(S[3:0])

4'n0000: M=7'b1000000;
4'b0001: M=7'01001111;
4'b0010: M=7'p0100100;
4'p0011: M=7'00110000;
4'p0100: M=7'00011001;
4'h0101: M=7'00010010;
4'h0110: M=7'n0000010;
4'p0111: M=7'1111000;
4'h1000: M=7'b0000000;
4'h1001: M=7'h0010000;
default: M=7'b1111111;
endcase

endmodule
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Bai thi nghiém 3
Latches, Flip-flops, Registers
1. Thinghiém3.1:
Hinh 1 mé ta mach RS latch dung cdng logic.

C 6 2 cach dung Verilog ¢é mé ta mach nay: ding cong logic (hinh 2a) va ding céng thtc
logic (hinh 2b).

R R g
— Qa(Q)
Clk
— Qb
S S_g

Hinh 1. Mach RS latch duing céng logic.

/I A gated RS latch
module partl (CIk, R, S, Q);
input CIk, R, S;
output Q;
wire R_g, S_g, Qa, Qb /* synthesis keep */ ;
and (R_g, R, CIK);
and (S_g, S, CIKk);
nor (Qa, R_g, Qb);
nor (Qb, S_g, Qa);
assign Q = Qa;
endmodule

Hinh 2a. Dung cong logic d& mo ta mach RS latch.
/I A gated RS latch
module partl (CIk, R, S, Q);
input CIk, R, S;
output Q;
wire R_g, S_g, Qa, Qb /* synthesis keep */ ;
assign R_g=R & CIk;

%‘ assign S g=S & CI%

assign Qa= (R_g Qb);

@ assign Qb= (S_g Q%a)];
assign Q = Qa;
%] endmodule %

Hinh 2b; ung cong thic logic dé mé ta mach RS latch.
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C6 2 cach thu%gl:n: dung 1 LUT 4 ngd J%L‘mh 3a) va dunq%UT 2 ngd vao (hinh 3b).

= — = @O =

Clk
4-L

S

= =

=

@ (a) RS latch chi dung 1 bal=— Jam chiéu 4 %lvao.
=

%] R 4LUT

o€

4-LUT

0 Qo o

R Q2 (Q)

4-LUT

=

Ul

S 9

4-LUT
=

(b) RS latch diing 4 bang tham chiéu 2 ngd vao.
Hinh 3. Céac cach thuc hién mach RS latch

- CAacbudccanthuchién:

1. Tao project RS latch
2. Viét chuong trinh Verilog theo hai cach 2a va 2b.
3. Bién dich. Dung tién ich RTL Viewer dé so sanh véi so d6 mach hinh 1. Ding tién
ich Technology Viewer dé so sanh véi so dd mach hinh 3b.
4. Tao Vector Waveform File (.vwf) cho c&c ngd vao/ra. Tao dang séng cho céac
ngd vao R va S r6i dung tién ich Quartus I1 Simulator dé quan sat cac dang song
R _g,S g, QavaQb

e Chuong trinh caa nhém:

module TN3_1(CIk,R,S,Q);
input CIk,R,S;

output Q;

wire R_g,S_g,Qa,Qb;

and (R_g,R,CIk);

and (S_g,S,CIKk);

nor (Qa,R_g,Qb);

nor (Qb,S_g,Qa);

assign Q=0Qa;

endmodule
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2. Thinghiém3.2:
Cho mach D latch diing cong nhu hinh 4.

1 -«
:

_Doi R_g

Hinh 4. Mach D latch diing cong logic.

— Qa(Q)

—— Qb

YAy

- Cacbudccanthuchién:

Tao project méi véi chuong trinh Verilog dang 2b cho mach D latch.

Bién dich chuong trinh. Duing tién ich Technology Viewer dé khao sat mach.

M6 phong dé kiém tra hoat dong ciia mach.

Dung cong tac SWQ cho ngd vao D, va SW1 cho ngd vao Clk. N6i ngd ra Q dén LEDR,
Bién dich chuong trinh lai va nap project vao kit TN.

Thur mach bang cach thay doi cac ngb vao D, Clk va quan sat ngd ra Q.

o0 k~wnE

e Chuong trinh cia nhom:

module TN3_2(SW,LEDR,LEDG);
input [1:0]SW;

output [1:0]LEDG,LEDR,;

assign LEDR=SW;

wire S,R,R_g,S_g,Qa,Qb;

assign S=SWI[0];

not (R,SW[0]);

nand (S_g,S,SW[1)]);

nand (R_g,R,SW[1));

nand (Qa,S_g,Qb);

nand (Qb,R_g,Qa);

assign LEDG[0]=Qa,LEDG[1]=Qb;

endmodule
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3. Thinghiém3.3:

Cho mach master-slave D flip-flop hinh 5.

Master

D D Q

Clock——Do— ck ©

Qm

Slave

ck ©

-

Hinh 5. Mach master-slave D flip-flop.

Cacbudccanthuchién:

Chuong trinh cua nhoém:

module TN3_3(SW,LEDG,LEDR);
input [1:0] SW;

output [1:0] LEDR,LEDG;

assign LEDR=SW;

wire t1,t0;
Dlatch1(SW[0],~SW[1],t1,10);
Dlatch1(t1,SW[1],LEDG[0],LEDG[1]);
endmodule

module Dlatch1(D,Clk,Q,Q0);
input Clk,D;

output Q,Q0;

wire S,R,R_g,5S _g,Qa,Qb;

assign S=D;

not (R,D);

nand (S_g,S,Clk);

nand (R_g,R,Clk);

nand (Qa,S_g,Qb);

nand (Qb,R_g,Qa);

assign Q=Qa,Q0=Qb;
endmodule

1. Tao project maéi dung 2 D flip-flop caa thi nghiém 3.2.
2. Dung cong tic SW, cho ngd vao D, vaSW1 cho ngd vao Clk. N6i ngd ra Q dén LEDR,
3. Bién dich chuong trinh.
4. Dung tién ich Technology Viewer dé khao sat mach. Md phong dé kiém tra hoat dong
cua mach.
5. Thtr mach bang cch thay ddi cac ngd vao D, Clk va quan sat ngd ra Q.

Qs
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4. Thinghiém3.4:

Cho mach dién hinh 6 véi D latch, D flip- flop kick canh 1&n va D flip- flop kick canh xudng.

D D Q|- Q,

Clock Clk Qf— Q.

+—D Q—Qb

> QF— Q

— P QI Q

(a) So d6 mach

Clock

o _ [T L L e

n

(b) Gian db thoi gian

Hinh 6. So @ mach va dang song cua thi nghiém 3.4.

e CAacbudccanthuchién:

Tao project mai.

Viét chuong trinh dya trén doan chuong trinh goi y nhu hinh 7.

Bién dich chuong trinh.

Dung tién ich Technology Viewer dé khao sat mach.

M6 phong dé kiém tra hoat dong caa mach. So séanh hoat dong caa cac phan
tu trong mach.

asrwONE
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e Chuong trinh cia nhom:

module TN3_4(SW,LEDG,LEDR);
input [1:0] SW;

output [2:0] LEDG,LEDR;

assign LEDR=SW;
Dlatch1(SW[0],SW[1],LEDGIO0]);
Dflipflop(SW[0],SW[1],LEDG[1]);
Dflipflop(~SWI[0],SW[1],LEDG[2]);
endmodule

module Dflipflop(Clk,D,Q);
input Clk,D;

output Q;

wire t1;

Dlatch1(~CIk,D,t1);
Dlatch1(Clk,t1,Q);

endmodule

module Dlatch1(Clk,D,Q);

input CIk,D;

output reg Q;

always @(Clk,D)

if (Clk) Q=D;

endmodule
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Bai thi nghiém 4

Counters

1. Thinghiém4.1:
Cho mach dém ddng bo 4 bit dung 4 T flip-flops nhu hinh 1.

Enable T Q T Q_D‘TTQL

Ol
Ol

Clock——>

Q

+ 1

Clear

Hinh 1. Bo dém 4 bit.
Cacbudc canthuc hién:

1. Tao project mai thyc hién bo dém 16 bit ding 4 mach dém nhu hinh 1. Bién dich

chuong trinh. Ghi nhan sé phan tt logic (LEs) da dugc dung? Tan sb hoat dong tbi da

(Fmax) ciaa mach dém 1a bao nhiéu?
. M6 phong hoat dong ctaa mach.

N

3. Gan thém nut nhan KEY(Q 1am ngd vao Clock, cac cong tic SW1, SWQ 1am ngb vao

Enable, Resetva cac den 7 doan HEX3-0 dé hién thi gia trj thap luc phan cua ngb ra

mach dém.
4. Bién dich lai va nap project vao kit TN.

5. Thir hoat dong cua mach bang cach thay doi cac cong tac va quan séat cac dén 7 doan.
6. Thuc hién mach dém 4 bit roi dung tién ich RTL Viewer quan sat mach va so sanh vai

mach dién hinh 1.

Chuong trinh cua nhom:

moduleTN4_1(SW,LEDR,LEDG);
input [1:0]SW;

output [3:0]LEDR,LEDG;
assign LEDR=SW;

wire Q0,Q1,02,03,T1,T2,T3;
Tflipflop(SW][0],SW[1],Q3);
and (T1,Q3,SW[1]);
Tflipflop(SW][0],T1,Q2);

and (T2,Q2,T1);
Tflipflop(SWI[0],T2,Q1);

and (T3,Q1,T2);
Tflipflop(SW[0],T3,Q0);
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assign LEDG[3]=Q0,LEDG[2]=Q1,LEDG[1]=Q2,LEDG[0]=Q3;
endmodule

module Tflipflop(CIk, T,Q);
input T,CIk;

output Q;

wire D;

xor (D,T,Q);
Dflipflop(CIk,D,Q);
endmodule

module Dflipflop(CIk,D,Q);
input D,CIk;

output Q;

wire t1;
Dlatch1(~ClIk,D,t1);
Dlatch1(Clk,t1,Q);
endmodule

module Dlatch1(Clk,D,Q);
input CIk,D;

output Q;

wire S,R,R_g,S_g,Qa,Qb;
assign S=D;

not (R,D);

nand (S_g,S,CIk);

nand (R_g,R,CIK);

nand (Qa,S_g,Qb):

nand (Qb,R_g,Qa);

assign Q=Qa;

endmodule

2. Thinghiém4.2:

Thuec hién lai thi nghiém 4.1 dung ma Verilog sau:

Q<=Q+1
Bién dich chuong trinh.
So sanh s6 phan tir logic (LES) da duoc dung, tan s6 hoat dong toi da (Fmax)
cua mach dém. Dung RTL Viewer dé khao sat va nhan xét nhirng khac biét
S0 V&i thi nghiém 4.1.
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