Laboratory 12

HEEREFOERER

it

o

Department of Electrical Engineering
National Cheng Kung University

O
©
3
O
C
~+
@
=
>
=
0
-y
~+
D
0
-t
C
=
@
QD
)
Q
)
<
)
(g
D
=
—
QD
)
®)
=
=
©)
=
<




=S
> [ ##BlockingfZNon-blockingdl B £ 1T A =R
> (A EREFNERTEF LNESE

O
©
3
O
C
~+
@
=
>
=
0
-y
~+
D
0
-t
C
=
@
QD
)
Q
)
<
)
(g
D
=
—
QD
)
®)
=
=
©)
=
<




{ERzM

1=
< <
=0
_“_u+_ 4
=
=
A

Computer Architecture and System Laboratory




Behavior model

> MR IEFE R ( gate-level )RIANER

> BT RAR SR

module mylogic(A,B,C); module mylogic(A,B,C);
input A,B; input A,B;
output C; output C;
wire D,E;

assign C = (A|B)~(A&B);
OR orl(A,B,D);
AND and1(A,B,E);
XOR xori1(D,E,C);
endmodule endmodule
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Clock edge (1/3)

> always /Y sensitive list 73 /&
> 1E#Z B8 2% posedge
> B4 f53% negedge

> PIBE2RINEZLENREZSE PNESZENT
always FHERH

> UNER sensitive list ;2 B 1ZRRHITE AR 2L HY list C
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Clock edge (2/3)

always@(posedge clk)
begin

if(reset)
dout <= 0;
else
dout <=din;
end

ck |

dout W

reset
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Clock edge (3/3)

always@(A,B,SEL)
begin

if(SEL)
C <= A;
else
C <= B;
end
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Blocking (1/2)

> B ERE—1T 1T

always@(posedge clk) begin
if (rst) begin

al=|a_i;
bl=b 1i;

end

else begin
al=b;
bl =|a;

end
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Blocking (2/2)

> B ERE—1T 1T

kb L4 L4+ [ %
stn [ \
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Nonblocking (2/2)

> ARFO#ESFER DB
> Z BRI ITRYTTTUEAT

always@(posedge clk) begin
if (rst) begin

a <= a_ i;
bi<= b 1i;

end

else begin
a <= b;
b <= a;

end
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Nonblocking (2/2)

> ARBERESEERLNE

> ZEXAZ TURELAS

TR AT

i

ckd | & 1§
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Seqguential circuit (1/6)
> A F OB EEF B

> ZEBERENFEED IR AREFASEEVE

> Bl AR B R & R ARk (clock)

> RIBEEMRINEEN D&

\

> B E & (synchronous reset)

> FEEILZ EE (asynchronous reset)

> Latch ~ Flip Flop =

[

EEBEE

EEBZ

I\
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Seqguential circuit (2/6)
> FNED R AIERTEEDAEITEE

always@(posedge clk) //£ E 5 ¥

begin
if(reset)
dout <= 0©;
else
dout <=din;
end

always@(posedge clk or posedge reset) //E£ E 513 k¥
begin
if(reset)
dout <= 0O;
else
dout <=din;
end
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Seqguential circuit (3/6)

always@(posedge clk) //£ 2k H

begin
if(reset)
dout <= ©;
else
dout <=din;
end
ck |
dout W
resef

B B3 ik [=] 25
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Seqguential circuit (4/6)

always@(posedge clk or posedge reset) //£ E5.i1F k¥
begin
if(reset)
dout <= O;
else
dout <=din;
end

clk |

dout 777777

reset

B B3 Ak A [2] 5
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Seqguential circuit (5/6)

always@(posedge clk or posedge reset) //E£ E 517G k¥
begin
if(reset)
dout <= ©;
else
dout <=din;
end

ck [ ]

dout W

reset

BB Ik A [2] 5
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Seqguential circuit (6/6)

|
I

> FEITEENERABESERIK, IJUEESEE
> FE T EENERERATESES reset delay Y
A MmEEFaRBEEENARL
1 D1°"" Q1 D2 @ RESET out
CLK > >
crt QI otrz Q2

D T
RESET_in

Reset delay
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Combinational circuit (1/2)
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always@(A,B,SEL)
begin
if(SEL)

C =A;

else

C = B;

end

Combinational circuit (2/2)
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Rules

(LT

> LUR A blocking nonblocking B9 VY& 2 24
® [E—1{@& always A2 ;& Fblocking Alnonblocking
@ RFMOEREFETFERA nonblocking
® MHEEREREM blocking
@ assign sa1#£H blocking
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= ERE(—) Blocking (1/4)
> 8858 Non-blocking Al blocking ZERIZE£E -

> B FEEEE (Verinstrument) AR ES BB RIS 6 A
2%, — (BRI reset GELURFIE LED 1B ZHH LNk

%75 Verilog code -
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E{FRE(—) Blocking (2/4)

1. BT “c\logiclab\<B CHIE5E>" BB MRS —ERIK lab12_1
2. ST MA*VIE

o clk_div.v

e cnt_blk.v

e labl2 1.v
3. HEERERWRLAE:

o [ {E 513G RS
o MEILEDE
o —{E%EH
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B {ERE(—) Blocking (3/4)

“define FRQ 48000 000
module clock_div(clk _48MHZ, clk_1HZ);

input clk_48MHZ;
output clk 1HZ;

reg [31:0] counter_1HZ;
reg clk 1HZ;

always@(posedge clk _48MHZ)begin
if(counter_1HZ< FRQ)
counter_1HZ <= counter_1HZ+32'd1l;
else
counter_1HZ <= 32'dl;
end

always@(posedge clk_48MHZ)begin
if(counter_1HZ<="FRQ/2)
clk_1HZ <= 32'd1;
else
clk_1HZ <= 32'de;
end

clock_div.v

endmodule

module cnt_blk(clk,rst,a_in,b_in,a out,b _out);

input clk,rst,a_in,b_in;
output a_out,b_out;

reg a,b;
assign a_out = a;
assign b_out = b;

always@(posedge clk or negedge rst)begin

if(~rst)begin
a = a_in;
b =b_in;

end

else begin
a =b;
b = a;

end

end
endmodule Cnt_blk.V

25



B {ERE(—) Blocking (4/4)

“include "clk_div.v"
“include "cnt_blk.v"

module labl2 1(clock,reset,a in,b_in,a out,b_out);

input clock,reset,a_in,b_in;
output a_out,b_out;

clock_div clock_div(
.clk_48MHZ(clock),
.clk_1HZ (clk_1HZ)

I

cnt_blk counter(
.clk (eclk_1HZ),
.rst (reset),
.a_in (a_in),
.b_in (b_in),
.a_out(a_out),
.b_out(b_out)

)s

|

endmodule
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E{EfE(Z) Nonblocking (1/3)

1. BT “c\logiclab\<B CHIE5E>" FUEEE MRS —ERIZK lab12_2
2. ST MA*VIE

o clk_div.v

e cnt_blk.v

e labl2 2.v
3. HEERERWRLAE:

o i fE FE5 14 R A

o MEILEDE
o —{E%EH
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E1EfE(Z) Nonblocking (2/3)

“define FRQ 48000 000 module cnt_nblk(clk,rst,a_in,b_in,a out,b out);
module clock _div(clk_48MHZ, clk_1HZ);

input clk,rst,a_in,b_in;
input clk_48MHZ; output a_out,b_out;
output clk 1HZ;

reg a,b;

reg [31:0] counter_1HZ;

reg clk_1HZ; assign a_out = a;
assign b_out = b;

always@(posedge clk_48MHZ)begin
if(counter_1HZ<  FRQ)
counter_1HZ <= counter_1HZ+32'dl;

olse always@(posedge clk or negedge rst)begin

counter_1HZ <= 32'd1l; 1f(~rst)beg?n
end a <= a_in;
b <= b_in;
always@(posedge clk _48MHZ)begin end .
if(counter_1HZ<="FRQ/2) slel szl
clk_1HZ <= 32'd1; a <= b;
else b <= a;
clk_1HZ <= 32°de; end
end end
endmodule CIOCk—dIV'V endmodule Cnt_blk.V

Q)
©
3
O
C
~+
@
=
>
=
0
-y
~+
D
0
-t
C
=
@
QD
)
Q
)
<
)
(g
D
=
—
QD
)
®)
=
=
©)
=
<

28




E1EE(Z) Nonblocking (3/3)

“include "clk_div.v"
“include "cnt_nblk.v"

I

module labl2 2(clock,reset,a_in,b _in,a out,b_out);

input clock,reset,a_in,b_in;
output a_out,b_out;

clock_div clock div(
.clk_48MHZ(clock),
.clk_1HZ (clk_1HZ)

I

cnt_nblk counter(
.clk (clk_1HZ),
.rst (reset),
.a_in (a_in),
.b_in (b_in),
.a_out(a_out),
.b_out(b_out)

);

endmodule
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4o IR [E1 =8

aa ez clk_div.v BIPERAID ?

saLCER Labl2-1 ] Lab12-2 pV4ESRY

non-blocking E&ETTA ?

[7 F#2 752 BX

e C = dE &R
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