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VHDL:

—w B BTAY B B E =

Constant clockperiod : time :=10 ns;

— BT AT R A R

Clock<=not clock after clockperiod/2;

——ITAP R A T R

Generate clock
Begin

: process

Wait for (clockperiod/2);

Clock<="1";

Wait for (clockperiod/2);

Clock<='0";
End process;

Verilog:

/% B FA S

Parameter clockperiod =10;

[/ 7k 1

Initial begin
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Forever clock=#(clockperiod/2) -~ clock;
End
/7% 2
Initial begin

Always # (clockperiod/2) clock=~clock;
End

B

ZiF B NRISGELE R, X% DUT JAEZUNME 5. AN+
FFE M INAE S 22 AR R AR L IR 6D, R AT I Ko 4 st AT 18]35
A AR 1) 5 A2 5 —Ft 7 K A5 BAL 9 48 32 2 AR xT T 45 A B 1]
HAERG, AL, ABXT BT ERUMR AR, R FAF B R AR AR AT
WO KA TR EARYE R A 6 F KT AR Bl — /S S o
£/ . &2, &R 3R _ERMA T R4 VIDL VAR Verilog #941F.
& 2. gt U

VHDL-4& %} B 18] 3 J5h 7 X, Verilog — #&xt Bt 838 mh 7 X,
Mainstimulus : process Initial begin
Begin Reset=1;
Reset<="1"; Load=0;
Load<='0"; Count updn=0;
Count updn<='0'; #100 reset=0;
Wait for 100 ns; #20 load=1;
Reset<='0"'; #20 count updn=1;
Wait for 20 ns; end
Load<="1";

Wait for 20 ns;
Count updn<='1"';
End process;

& 3 . ARxTHE A MU
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VHDL Verilog
First : Process(clock) always@ (posedge clock)
Begin tb count<=tb count+1l;
If rising edge(clock) |initial begin
then if (tb_ count<=5)

Tb count<=tb count+1l;

End if;

End process;
Second : Process
Begin

If tb count<=5 then

Reset<="1";
Load<='0";

Count updn<='0"';
Else

Reset<="0";
Load<="1";

Count updn<='1"';
End process;
Final :Process
Begin

If count="1100"
Count updn<='0"';
Report”terminal
reached, now
down.”

End if;

End process;

then

count
counting

begin
reset=1;
load<=0;

count updn = 0;

end

else

begin

reset=0;

load=1;

count updn=1;

end

end

initial begin

if (count==1100) begin
count updn<=0;

Sdisplay (“terminal count
reached, now counting
down.”) ;

End

End

VHDL #4224 & Verilog #n4s sk 5 X S o 44 E bt A2 K &
MIEAARS T B AR AT H) . R, EEA (RARE i) ) Ak
o, EHARR IR B BIFARRIATE . F—A B3T3 A %
AR R B, VASG An Sy e 5y Y 4P bk

LR BT

A Verilog P VAARAE A 644 F Sdisplay #=Smonotor K425 £ 2

L2 % 4K VHDL 5 H Rl B ik 44, (2324 T std_textio

¢
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& B MK ).

VAT R — NS R AL FRZI 7469 Verilog 4] F:

Initial begin
Stimeformat (-9,1,"ns”,12) ;
Sdisplay (" time clk rst 1d sftrg data sel”);
Smonitor (“%t %b %$b %b %b %b $b",
Srealtime,clock, reset, load,shiftreg,data, sel
) ;

End

$display XK4EE 5 1E5 A R3] 5 P o9 LR 3| 2~ 49%
$monitor W R—AF, el B FHIRS), 4T F, $realtime &

2 (APEL) MARBAFETINATHETE, 50 4d
Srealtime R A4, KEAZAHLMEZI T894 5F (b
clock, reset, load 3 ), X418 “%” @&&—4A7e9& X, AT
EH BT EA T X B T AL, BRI EAZALENLL,
BAKBAMGAEZFE T R FPIZTIFAT L., Blde, %t #5347
Srealtime ¢9/A R T A AN, F—/%b & XAFHEET clock &
BRA N, Verilog RAET BG4 XNIE4F, #lde, %h
AFHiathl, %d T4, %o AT AEH (T k4 F
#e XAhi2 515 5% Verilog $45 ).

e 7R pl O A o 2

VEIM 113 run 200 ns

#  TimeClk Rst Ld SitRg Data Sel
# O00ns 07 0 e 00000 00
# 500ns 11 0 00000 OOOOO OO
B 1000ns 071 0 00000 00000 00
#  150.0ns 1 1 0 000OOD DOOOD 0O
WSIM 125 |

st F—f% 69 FPCA %3t k5L, 18 32 64 )X A A i Ri% it I,
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BAAXAIAM. TEE—AEF4 Verilog 424 4 & 89K

module shift reg (clock, reset, load, sel, data,
shiftreqg) ;
input clock;
input reset;
input load;
input [1:0] sel;
input [4:0] data;
output [4:0] shiftreg;
reg [4:0] shiftreg;
always @ (posedge clock)
begin
if (reset)
shiftreg = 0;
else if (load)
shiftreg = data;
else
case (sel)
2'b00 : shiftreg = shiftreg;
2'b01 : shiftreg = shiftreg << 1;
2'b10 : shiftreg = shiftreg >> 1;
default : shiftreg = shiftreg;
endcase
end
endmodule

VAT 18] 3 64 3K A 18] 15140 b iR 0 45 F A B 43Kt

Verilog:

module testbench; // declare testbench name
reg clock;

reg load;

reg reset; // declaration of signals

wire [4:0] shiftreg;

reg [4:0] data;
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reg [1:0] sel;
// instantiation of the shift reg design below
shift reg dut(.clock (clock),
.load (load),
.reset (reset),
.shiftreg (shiftreqg),
.data (data),
.sel (sel));
//this process block sets up the free running
clock
initial begin
clock = 0;
forever #50 clock = ~clock;
end
initial begin// this process block specifies the
stimulus.
reset = 1;
data 5’b00000;
load 0;
sel = 2'b00;
#200
reset = 0;
load = 1;
#200
data = 5’b00001;
#100
sel = 2'b01;
load = 0;
#200
sel = 2'bl0;
#1000 S$stop;
end
initial begin // this process block pipes the
ASCII results to the
//terminal or text editor
Stimeformat (-9,1,"ns",12) ;
Sdisplay (" Time Clk Rst Ld SftRg Data Sel");

Smonitor ("%t %$b %b %$b %b %b %b", Srealtime,
clock, reset, load, shiftreg, data, sel);
end
endmodule

AR AL T %4, E5 T 4P, RSB T®E. TR
GG BEAZERZ AT BT A A R AT FF 4009 L2 51K 8. B8 “#7 Rk
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T T U E| R e aEnt, Sstop AR A T BAZ IR MR A 49
B (PR 4 MK A AR BL @845 144 ), U5, $Smonitor 443
25 RVAASCIL % X B A 4k RA IR R . A TR VHDL 4

)5

library IEEE;
use IEEE.std logic 1164.all;
entity testbench is
end entity testbench;
architecture test reg of testbench is
component shift reg is
port (clock : in std logic;

reset : 1in std logic;

load : in std logic;

sel : in std logic vector (1 downto 0) ;
data : in std logic vector (4 downto 0) ;
shiftreg : out std logic vector (4 downto
0));

end component;

signal clock, reset, load: std logic;

signal shiftreg, data: std logic vector (4 downto
0);

signal sel: std logic vector (1l downto 0);
constant ClockPeriod : TIME := 50 ns;

begin

UUT : shift reg port map (clock => clock,

reset => reset,
load => load,
data => data,
shiftreg => shiftreg
) ;
process
begin
clock <= not clock after (ClockPeriod / 2);
end process;
process
begin
reset <= '1’;
data <= "00000";
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load <= '0';

set <= "00";
wait for 200 ns;
reset <= '0';
load <= "1"';
wait for 200 ns;
data <= "000O01";
wait for 100 ns;
sel <= "01";
load <= '0';
wait for 200 ns;
sel <= "10";
wait for 1000 ns;

end process;

end test reg;

XA~ VHDL 3K X AF 2 2 68 A= a] d 49 Veri log MK A 49 o 8 K

S

L, HIGHER DTS, £ VEDL #, std_textio eLEJA E¥1Z 8.

RFAELSR, INRARORAE. T@RTinikite) fshnic.

B ZHIE
MR 49 B SR AATHAG 69, 45 FRABGE. A

ZHIIE ST VA LR 42 A BRIt B A PP GG B ], VAR MU A AR

w6 B SRS F R % AP

1.

AExFe, B, B —AOAHE i d 69 88 LA (“golden
vector” X AF); Mok, HARAF A4 JF B L AT 2 569
BB G ATV, Rin, & TEHA RS E
BN AF 09184, X — ik e — R B A — B IR A A
FRARMEIR IR

T PLER . R IR T VAR ST IAA AT, IAF %
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VA LR AP e R AT T IR, FEBFE R AL, wRA
RIEEt 7, 2= “end of good simulation”., 4= & 4 RIT

AL AL AR IR 64 F) I B 7 0K I B 64 B 2 A An AL 2 4E

‘timescale 1 ns / 1 ps

module test sc;

reg tbreset, tbstrtstop;

reg tbclk;

wire [6:0] onesout, tensout;

wire [9:0] tbtenthsout;

parameter cycles = 25;

reg [9:0] Data in t [0O:cycles];

[ 1177707777777 7 7777777777777

// Instantiation of the Design

[ 1177777777777 7777777

stopwatch UUT (.CLK (tbclk), .RESET
(tbreset), .STRTSTOP (tbstrtstop),
.ONESOUT (onesout), .TENSOUT
(tensout), .TENTHSOUT (tbtenthsout));

wire [4:0] tbonesout, tbtensout;
assign tbtensout = led2hex(tensout) ;
assign tbonesout = led2hex(onesout) ;

[17777 7777777777777 77777777777 7777777777777777

[11177777771771777

//EXPECTED RESULTS

[17777 7777777777777 77777777777 7777777777777777

[17777777771771777

initial begin
Data_in_t[l] =10’b1111111110;
Data_in_t[2 =10’b1111111101;
Data_in_t[3 =10’b1111111011;
Data_in_t[4 =10’b1111110111;
Data_in_t[S =10’b1111101111;
Data_in_t[6 =10’b1111011111;
Data_in_t[7 =10’b1110111111;
Data_in_t[8 =10’b1101111111;
Data_in_t[9 =10’b1011111111;
Data_in_t[10]:10’b0111111111;
Data_in_t[11]:10’b1111111110;
Data_in_t[12]:10’b1111111110;

]
]

]
]
]
]
]
]
]
]

Data in t[13]=10'b1111111101;
Data in t[14]=10'b1111111011;

12
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Data_in_t[lS]=10’b1111110111;
Data_in_t[16]=10’b1111101111;
Data_in_t[17]=10’b1111011111;
Data_in_t[18]=10’b1110111111;
Data_in_t[19]=10’b1101111111;
Data_in_t[ZO]=10’b1011111111;
Data_in_t[21]=10’b0111111111;
Data_in_t[22]=10’b1111111110;
Data_in_t[23]=10’b1111111110;
Data_in_t[24]=10’b1111111101;
Data_in_t[25]=10’b1111111011;

end

reg GSR;

assign glbl.GSR = GSR;
initial begin
GSR = 1;

[ 1177707777777 7777777777777 77777
// Wait till Global Reset Finished
[ 1177777777777 7777777777
#100 GSR = O;

end

[] 11777777777 77777
// Create the clock

[ 117777777777 7777
initial begin
tbclk = 0;
// Wait till Global Reset Finished,
clock
#100 forever #60 tbclk = ~tbclk;
end
initial begin
[ /1777177777777 7777777
// Initialize All Input Ports
[ /1777777777777 7777777
tbreset = 1;
tbstrtstop = 1;
[0 1177717777777 7777777
// Apply Design Stimulus
[0 11777777777 7777777777
#240 tbreset = 0;
tbstrtstop = 0;
#5000 tbstrtstop
#8125 tbstrtstop
#500 tbstrtstop = 1;

1.
0

4
.
4

13
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1
0

#875 tbreset
#375 tbreset

1l I ~e ~o

#700 tbstrtstop 0;

#550 tbstrtstop 1;

//

L1177 7777777 7777777777777 777777777777777/77777
/1111777

// simulation must be halted inside an initial
statement
//
[11777 7777777777777 77777777777 777777777777777
/1111177
//
#100000 S$stop;
end
integer 1i,errors;
[17777 7777777777777 777777777777 777777777777777
// Block below compares the expected vs. actual
results
// at every negative clock edge.
[17777 7777777777777 777777777777 777777777777777
always @ (posedge tbclk)
begin
if (tbstrtstop)
begin
i = 0;
errors = 0;
end
else
begin
for (i = 1; 1 <= cycles; 1 =1 + 1)
begin
@ (negedge tbclk)
// check result at negedge
Sdisplay ("Time%d ns; TBSTRTSTOP=%b; Reset=%h;
Expected
TenthsOut=%b; Actual TenthsOut=%b", Sstime,
tbstrtstop, tbreset,
Data in t[i], tbtenthsout);

if ( tbtenthsout !== Data in t[i] )
begin
Sdisplay (" ------ ERROR. A mismatch has
occurred----- ") ;

14
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errors = errors + 1;
end
end
if (errors == 0)

Sdisplay("Simulation finished
Successfully.") ;

else if (errors > 1)
$Sdisplay ("%0d ERROR! See log above for
details." errors) ;

else
Sdisplay ("ERROR! See log above for details.");
#100 Sstop;

end

end
endmodule

XA F P A I AF 61X T VA 5] ANEB) E AT — AN P, B
R, HBH B FAZ T L E BB EHAE . BN RE ZAEE/N
BAP A, ARA for PAIRTT VIARIE S 2450, R AR, 2RIT

FPafE R RS, o T AN BT A0SR

WSIM 14> run 23000 ne
H

# Beginning Simulation. ..

# Patternit Otime 1350 WE=0; Address=0; Data=00; Expected O=xx; Actual Q=ux
# Patternit 1tme  2950: WE=1: Address=0: Data=01 ; Expected Q=01 Actual Q=01
H Patternft 2time  3380: WE=1; Address=1; Data=02; Expected Q=02; Actual Q=02
# Patternit Jtme  4950: WE=1: Address=2; Data=04; Expected Q=04: Actual Q=04
H Patterntt 4tme 5950 WE=1; Address=3; Data=08; Expected @=08; Actual (=08
# Patternt 5 time B350 WE=1: Address=4; Data=10; Expected O=10; Actual Q=10
# Patternt B time 7950: WE =1; Address=5; Data=20; Expected 0=20; actual (=20
# Patternit 7 time 8950 WE=1; Address=6: Data=40; Expected Q=40; Actual (=40
# Patternt 8 time 9350: WE=1; Address=7; Data=80; Expected 0=80; Actual Q=80
# Patternft Qtime 10950 WE=0: Address=0: Data=07: Expected (=01 Actual Q=01
# Patternit 10kme 11950 WE=0; Address=1; Data=08; Expected Q=02; Actual Q=02
# Patternft 11 tme 12950 WE=0; Address=2; Data=09; Expected 0=04; Actual Q=04
# Patternit 12time 13950 WE =0; Address=3; Data=10; Expected 0=08; Actual Q=08
H Patternt 13 tme 14950 WE=0; Address=4; Data=11; Expected 0=10; Actual =10
# Patternt 14 time  15350: WE=0; Address=5; Data=12; Expected 0=20; Actual Q=20
H Patternit 15 tme 16350 WE=0; Address=b; Data=13; Expected U=40; Actual =40
# Patternt 16 time  17950: WE=0; Address=7; Data=14; Expected O=80; Actual Q=80
H Patternft 17 time 18950 WE=1: Address=0; Data=aa; Expected O=aa; Actual D=aa
# Patternit 18 time 139350 WE=0: Address=0: D ata=55; Expected O=aa: &ctual Q=aa
# Patternt 19 time  20950: WE=1; Address=0; Drata=55; Expected 0=55; Actual =55
# Patterntt 20tme 21950 WE=0: Address=0; Data=aa: Expected 0=55: Actual Q=55
# Good! End of Good Simulation.

# = Mote: $finish  : F./projects/appnotes/testbenches/ver_exampleftest v{112]

# Time: 22950 ns Iteration: 0 Instance: ftest

H1

# Break at F:/projects/appnotes/testbenches/ver_example/test v line 112

WSl 15>

15
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VHDL #)-F: & VHDL ¥ &)= X 4212 4 &, VHDL 49 textio &

MR A8 A PR IR AR, B R THIRE &

LIBRARY IEEE;
USE IEEE.std logic_1164.all;
LIBRARY ieee;
USE IEEE.STD LOGIC TEXTIO.ALL;
USE STD.TEXTIO.ALL;
ENTITY testbench IS
END testbench;
ARCHITECTURE testbench arch OF testbench IS
COMPONENT stopwatch
PORT (
CLK : in STD LOGIC;
RESET : in STD LOGIC;
STRTSTOP : in STD LOGIC;
TENTHSOUT : out STD_LOGIC_VECTOR.(9 DOWNTO
0);
ONESOUT : out STD LOGIC VECTOR (6 DOWNTO
0);
TENSOUT : out STD LOGIC VECTOR (6 DOWNTO 0)
) ;
END COMPONENT ;
SIGNAL CLK : STD LOGIC;
SIGNAL RESET : STD LOGIC;
SIGNAL STRTSTOP : STD LOGIC;
SIGNAL TENTHSOUT : STD LOGIC VECTOR (9 DOWNTO 0) ;
SIGNAL ONESOUT : STD LOGIC VECTOR (6 DOWNTO 0) ;
SIGNAL TENSOUT : STD LOGIC VECTOR (6 DOWNTO O0) ;
constant ClockPeriod : Time := 60 ns;
FILE RESULTS: TEXT IS OUT "results.txt";
signal 1i: std logic;
BEGIN
UUT : stopwatch PORT MAP (
CLK => CLK,
RESET => RESET,
STRTSTOP => STRTSTOP,
TENTHSOUT =>
TENTHSOUT,
ONESOUT => ONESOUT,
TENSOUT => TENSOUT
) ;
stimulus: PROCESS

16
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begin

reset <= '1’;
strtstop <= '1’;
wait for 240 ns;
reset <= '0';
strtstop <= ’'0';
wait for 5000 ns;
strtstop <= '1’;
wait for 8125 ns;
strtstop <= ’'0';
wait for 500 ns;
strtstop <= '1’;
wait for 875 ns;
reset <= '1’;
wait for 375 ns;
reset <= '0';
wait for 700 ns;
strtstop <= ’'0';
wait for 550 ns;
strtstop <= '1’;

end process stimulus;
clock: process
begin
clk <= "1";
wait for 100 ns;
loop
wait for (ClockPeriod / 2);
CLK <= not CLK;
end loop;
end process clock;

check results process
variable tmptenthsout: std logic vector (9
downto 0) ;
variable 1: line;
variable good val, good number, errordet:
boolean;
variable r real;
variable vector time: time;
variable space: character;
file vector file: text is in "values.txt";
begin
while not endfile(vector file) loop

readline (vector file, 1);
read(l, r, good => good number) ;

17
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next when not good number;

vector time := r * 1 ns;

if (now < vector time) then
wait for vector time - now;

end if;

read(l, space);
read(l, tmptenthsout, good wval) ;
assert good val REPORT "bad tenthsoutvalue";
wait for 10 ns;
if (tmptenthsout /= tenthsout) then
assert errordet REPORT "vector mismatch";
end if;
end loop;
wait;
end process check results;
end testbench arch;
library XilinxCoreLib;
CONFIGURATION stopwatch cfg OF testbench IS
FOR testbench arch

FOR ALL : stopwatch use configuration
work.cfg tenths;
END FOR;

END FOR;

END stopwatch cfg;
MXE L T, @87 WL A,

-- Vector file containing expected results
0 1111111110
340 1111111110
400 1111111101
460 1111111011
520 1111110111
580 1111101111
640 1111011111
700 1110111111
760 1101111111
820 1011111111
880 0111111111
940 1111111110
1000 1111111110
1060 1111111101
1120 1111111011
1180 1111110111
1240 1111101111

18
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1300 1111011111
1360 1110111111
1420 1101111111
1480 1011111111
1540 0111111111
1600 1111111110
1660 1111111110
1720 1111111101
1780 1111111011

ﬁ‘j%#{f/m' ‘@J ’?L'l«fiﬁi , VA T4a m_; /ﬁ'—/{i?é‘l

W5IM 1EE:  restart

WEIM 167> run 1500 ns

# = Errar: wector mismatch
# Time: 710 ns Iteration: 0 Instance: Mestbench
B ™ Error: wector mismatch
# Time 1290 nz Iteration: 0 Instance: Mestbench

WSIM 168> |

MR %0 B 365
Fa LR & FEB A T VAT B M AR BT 09 Bk —HR, ALK R A
T AR S5 B iR A
® TEARITMIAIHITET MBALL,
BRIALIE R 6947 A T 4546 HDL ¢4 T A7, {2 R X sk A7
FRRHAOAETIRS T2 AL ES . TR A TR
RR eG4, B8 A VABAER )k Ee, AT A TR LR,
A ATEMHOGARKT ARG A
GALERAATEMIAEATRASGG A &, ATF
et A TR S =N, 35 R 1T A R3] — A7
AR, EATHFEHNGATRLY, AT A
—ANERAETT A A B A R 38 0f . KT Bl ety A T L4t
*tF B FiRat, A T AT A BE BN AT AT B AT 44
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R X4 g A TRAPNA TR EATSHOGTALRL
B ENERNAEA. Rin, @ TATRAHGGATERA
eIt B RE, FTA R TNBAF A,

B.  FHRH

ATEHOG AT LGB ERLA T AR 6 F xRk HG

AEM, A, AR — AR ALEGREFHALIR

BT A T B Bk AR s HEE R 69RF (i FAL

PATIRA RN 69, TR AbE A RAE R TR 09, X

A—AFHER) . AT BEFFGIRBEARA T 133

B ss R, B 6 MR AT 30 AL 1% 2 AR 6 4R

TR
8 A% ) SAB IR
b —/NFAEIE B K T E AR R 6915 A T a9 at4E, CPU
Fa ) AL R AR IE An, 47 AL TR, HRAEx MK
PR E B, TN RER RIRIGIR RIS, 188 4P = AT
E—NRBAERY, 2R FRES L lEF
Ko ff 3| 35 45 AL e o
JEMAR I AF P, BT A 69 “INITIAL”(Verilog )#= process( VHDL )
AL AR ST LA . AR K 89 R B dk S e A P 518 45
MK 690 5 BAT BA G PAT R, 1 T BN FF R 694
AR AARXS T 18] A A8, BT vA R AR s 69 ARG S 9 4% 12 sk AT
F 3, AR T GBS T ALK A 5 T = A, i
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VAR,
BN T AN E R B
KAR a9 MK ST Al A2 it 10K e F AR5 5

\

TR TR KRG F Aty A BT A T AR E ey
FLaf AT 04 ik AR n AR B AR RAAR X 6915 5
Lo fT 4 I - F) iR Ak 5449 TASKS 3% & PROCEDURES?
FEBEMNARE], E—AKE, ZH69FF, XL TR
TN VCER B Je 64, 4o fT 4 B AT 3 MR A T 8L B3 5 ikt e
IEMEG KR E . E—ADKGNRIA T, ) HF) FLiZ VA n
ARAG 6 F W] B A L 4P 6948 At 2 e ). VERILOG + &9 TASK vAZ& VHDL
F &4 Procedures A k4255, AT@EAH TP, ML K
17 A —A~ SDRAM 4% 4| 25 69K 4. XANRT 8 T 1R % 48 X 69 a9 42
B, FA K PR AL 9 B AR K SR o AROR R 69 3% s g TASK k4
B, VARIEAR 69K T fE

VERILOG:

task addr wr;
input [31 : 0] address;

begin
data addr n = 0;
we rn = 1;
ad = address;
end
endtask

task data wr;
input [31 : 0] data in;

begin
data addr n = 1;
we rn = 1;

ad = data_in;
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end
endtask
task addr rd;
input [31 : 0] address;

begin
data addr n = 0;
we rn = 0;
ad = address;
end
endtask

task data_rd;
input [31 : 0] data in;
begin
data addr n = 1;
we rn = 0;
ad = data_in;
end
endtask
task nop;
begin
data addr n = 1;
we rn = 0;
ad = hi z;
end
endtask

XMAE SR TR AR L& A s, KI5,

FTEAE., —EwBf, XL SRET ARSI A2 A A, 4o
Initial begin
nop ; // Nop
#( 86* ‘CYCLE +1) ; addr wr (32'h20340400); //
Precharge, load
Controller MR
# (*CYCLE) ; data wr (32'h0704a076); // value for
Controller MR
# ('CYCLE); nop ; // Nop
#(5 * “CYCLE); addr wr (32'h38000000) ; // Auto
Refresh
#('CYCLE) ; data wr (32'h00000000) ; //
# ('CYCLE); nop ; // Nop

end
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VHDL:

VAT 2 Fik R — A% it 44 VHDL 3K S8, @it F42 5 k-

Stimulus : process
procedure addr wr (address: in
std logic vector (31 downto 0)) 1is
begin
data addr n <= '0';
we rn <= ‘1’';
ad <= address;
end addr_wr;
procedure data wr (data in: in

std logic vector (31 downto 0 )) 1is
begin

data_addr n <= ‘1’;

we rn <= ‘1’';

ad <= data_ in;
end data_wr;
procedure addr rd (address: in

std logic vector (31 downto 0)) 1is
begin

data addr n <= ‘'0';

we rn <= ‘0';

ad <= address;
end addr_rd;
procedure data rd (data in: in

std logic vector (31l downto 0)) 1is
begin

data_addr n <= ‘1’;

we rn <= ‘0';

ad <= data in;
end data_ rd;
procedure nop is
begin
data_addr n <= ‘1’;
we rn = ‘0';
ad = ‘Z';
end nop;
begin
nop ; -- Nop
wait for 200 ns;
addr wr (16#20340400#); -- Precharge, load
Controller MR
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wait for 8 ns;

data wr (16#0704a076#); -- value for Controller
MR

wait for 8 ns;

nop ; -- Nop

wait for 40 ns;

addr wr (16#38000000#); -- Auto Refresh

wait for 8 ns;

data wr (16#00000000%) ;
wait for 8 ns;

nop ; -- Nop

End process;

Fe i Ioh 4B BRAR 2 694 G5 Bt AT AL AT D I8 5 AT VA
B B T A6 T ik b,

B S ATF AR R B AN FE, ARG T, X AR

Bkt E 2 EiE e 1/0 v R A F, FEE—/A 5 Fi500:

Library IEEE;
use IEEE.STD LOGIC 1164.all;
use IEEE.STD LOGIC UNSIGNED.all;

entity bidir IO is

port (DATA : inout STD LOGIC VECTOR (1 downto 0) ;
READ WRITE : in STD LOGIC) ;

end bidir_ infer;

architecture Lattice of bidir IO is
signal LATCH OUT : STD LOGIC_VECTOR (1l downto 0) ;

begin
process (READ_WRITE, DATA)
begin
if (READ WRITE = ’‘1’) then
LATCH OUT <= DATA;
end if;

end process;
process (READ WRITE, LATCH OUT)
begin

if (READ_WRITE = ’'0’) then

24



Testbench 2w LI5S Jason.chen@weikeng.com.cn

DATA(0) <= LATCH_OUT(O) and LATC‘H_OUT(l);
DATA (1) <= LATCH_OUT(O) or LATCH_OUT(l);
else
DATA(0) <= 'Z';
DATA(1l) <= 'Z';
End if;

End process;

End Lattice;

FEZANBFF, dofTat e 0 #4745 A6 R E B4 T 5 X
3

library ieee;
use ieee.std logic 1164.all;

Entity testbench is
End testbench;

Architecture test bidir of testbench is
Component bidir IO
port (DATA : inout STD LOGIC_VECTOR (1 downto 0) ;
READ WRITE : in STD LOGIC) ;
end component;
signal read writet: std logic;
signal datat, data top : std logic vector (1l
downto 0) ;
begin
datat <= data top when (Read writet = ’'1’) else
(others => '2");
data top <= datat when (Read writet
(others => '72’);
uut : bidir IO port map (datat, read writet);
process begin
read writet <= ’'1';
data top <= "10";
wait for 50 ns;
read writet <= ’0';
wait;
end process;
end test bidir;

FE ERRA T I, e ddE & d Read_writet 155454,

'0’) else

B b4t *T4E 8 Verilog HDL #44%+t % #tA728540) 5000 . R340 T :
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module bidir_infer (DATA, READ_WRITE);
input READ WRITE ;
inout [1:0] DATA ;
reg [1:0] LATCH OUT ;
always @ (READ_WRITE or DATA)
begin
if (READ_WRITE == 1)
LATCH OUT <= DATA;
end
assign DATA = (READ_WRITE == 1) ? 2'bZ
LATCH OUT;
endmodule

)R A

module test bidir ver;
reg read writet;
reg [1:0] data in;
wire [1:0] datat, data out;
bidir infer uut (datat, read writet);
assigndatat= (read writet ==1) ? data in : 2'DbZ;
assigndata out=(read writet ==0) ? datat : 2'DbZ;
initial begin
read writet = 1;
data in = 11;
#50 read writet = 0;
end
endmodule

B E&@ey ) F b L2t T 40 “Smonitor, $display, $time” FF3E
A 49 VERILOG #& & £ M), T @ 4R oh 3448 JUAS 3T £ 3K A F 1% F)
#) VERILOG #5#44: force/release, force #= release [ vAJH R F 4

BHTAF T FHBREE T MLYIRIL. T @050 218 8

module testbench;

initial begin

reset = 1;

force DataOut = 101;
#25 reset = 0;

#25 release DataOut;
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end
endmodule
assign/deassign, X WL F force/release, 2% f£ %+t ¥+

assign/deassign Rt F G 84EF . @7 RiIX B AL, 4o force

—#, BIAFAAF TR assign THRE R ERWGE. EEHA T

BF P

module testbench;

initial begin
reset = 1;
DataOut = 101;
#25 reset = 0;
release DataOut;

end

initial begin

#20 assign reset = 1;// this assign statement
overrides the earlier statement

#25 reset = 0;
#50 release reset;
endmodule

timescales, FH 324K RIFGE MK E[Z0TE], [ ITEFHmly A
TN, EREM T

- timescales reference_time/precision
Reference_time #t 2 A F B 18], ALzt 2 A4F A4 #7269 242 0t 9],
Precision st 245 E, R A TEN R L FUaTE, T @itt—

A - timescales 94 ) 45

‘timescale 1 ns / 1 ps
// this sets the reference time to 1 ns and

precision to 1 ps.
module testbench;
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initial begin

#5 reset = 1; // 5 unit time steps correspond to
5 * Ins = 5ns in simulation time

#10 reset = 0;

end

initial begin

Sdisplay (“%d , Reset = $b”, Stime, reset); // this
display

// statement will get executed

// on every simulator step, ie, 1 ps.

end
endmodule

Yo Ry AAL R B BB, A T @Aty BB AT R 1A A B oL AR
RFRmAER. Blde, wREGAEFIRAT Ips t93E0, R LG
B WA L LI 1ps VAFRAE Ops Bg3E AT,

LA, EAAEREATH AN, 12425 ExH G485 AT A1k,
AELATTICE PLDAF X T B9, Atk 40360 XA Amem L A4, fEALTERA
FoXILINXF & T B 54 25 a0 de AL A Amif A MemX A4 69 %% 5 =T
VARAEF XA Gt T LSt AT 5, AN AT UORA Zdt4], +
N A RA A + TN B R R BT . REHF Hnen ., £
T AR KA F LI 25 A ) KA $readmembFe$readmemhop-4s,
BRI T
$readmemb ( “<design.mif/mem>” , design instance) ;

VHDL " if 42 4% T A4k 35 Ande b 323, T VA A SR AN A AE S
69 M 2, Bk F: FILEmeminifile: TEXT IS IN “<design.mif>”;

Tt A B RARA L K AR ) 4 B NAEAR R AR E 209,
R AT H AL KA FT VAR 38 i 4G ST i Ao o] 2R 37 0. PTARZ I E %R B
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M IRAKAD 84 B A AR HE 75 W 64 45 A AavT i i, DB VA & ) Fa e 37,

LATTICE 45 L7742

BB BMIXTA, RTARFH THE, LT @i LATTICE
B AR A R T B, B R, RGBTSR R 2L, A4
VABARAES R T MK A6 %R 5 . Fa R T
VHDL Testbench:

1. #& “source in Project” ¥ &FATEAF LXK MH, 0T
WA AHFMELH (fifo_xp3)

B ispLEVER Project Navigator — [D:%lattice proififo_zp3\Untitled. s¥ynl

File VYiew Souwrce Frocess Options Tools Window Help

Sources in Project: Processes for current source:
a Untitled & Hierarchy Browser
i Documents & HOL Explorer
LFXP3C-3T144C U Synplify Synthesize VHIL File
fifo_xp3_tb. vhd ' Symplify Report (fifo_up3. log)
Sy‘nthesued EDIF File (fifo_xp3. edi)

[fifo_xp3 (g'\fo_xp:i_vhd)]
Comp1le EDIF File
VHIL Test Eench Template
i Generate Schematie Symbol
& Generate Synthesize Tool Tel Seript

2. J& “Processes for current source” ¥ 3 “VHDL Test Bench

Template”

B i=pLE¥ER Project Navigator — [D:\lattice pro\fifo zp3ilntitled. synl
File ¥iew 3Source Process Options Toolz Windew Help

& Hierarchy Browser
F, HIL Explerer
AFSC-3TLA4C @3 Synplify Synthesize VHIL File
tito_xps_th. vwhd @# 2] Ssmplity Keport (fako_xpd. Logl
[£ifo_xp3 (fifo_xp3.vhd)]l o? 2] symthesize 4 EDIF File C(fifo_up3. edi)
@” '} Compile EDIF File
[E) VHOL Test Bench Templatawe__
I Generate Schematie Symbel
&, Generate Synthesize Tool Tcl Seript

3. A R IAFAERR, “VHDL Test Bench Template” itIATA
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EH AR, TEegME A2 LA TARR AR 6 R 2

B ispLE¥ER Project Navigator — [D:ilattice proififo zp3ilUntitled.=ynl

Fiff View Source Process Options Tools Hindow Help

DeE &S XY w ERRQ M 28 | & @ FOE s FaBie =8M kT
Seurcas in Project Processes for current seurcs:
[5) Vntitled *, Hierarchy Browser
G Documents *, HIL Explorer
LFYPIC-3T1440 '3 Synplify Synthesize VHIL File
£ifo_xp3_tb. vhd 2] Symplify Report  (fifo_xpd. log)
[£ifo_zp3 (fife_zp3.vhd)] o?[Z) Synthesized EDIF File (fifo_xp3. edi)

@'} Conpile EDIF File
#(2) VHIL Tect Bench Template
g Generate Schematic Symbel
K, Generate Synthezize Tool Tel Seript

2) To u=e thi= template as your testbench. change the filename to any -
—— name of your choice with the exten=sion .vhd, and use the "source->import"
—— menu in the isplEVER Project Navigator to import the testbench

—— Then =dit the user defined section below, adding code to generate the

—— =timulus for yvour design.

—— 33 VHDL simulations will produce errors if there are Lattice FPGA library
—— elements in your design that reguire the instantiation of GSR, PUR. and
—— TSALL and they are not present in the testbench. For more information see
—— the How To section of online help

la
T
i

LIBRARY ieee;

LIERARY yenerios, -
USE ieee . =td_logic 1164 ATL:

USE ieee numeric std.ALL;

USE generics.comnponents. ALL:

ENTITY testbench IS
END testbench:

ARCHITECTURE behavior OF testbench IS
COMPONENT fifo_xp3
PORT(

Data : IN std_logic wector(? downto 0):
Clock : IN std_logic: -

[T\ futomake Log i%;f;:;;a;fl| | ,r_

2| [Zk Revision Controls (OFF)
A

Ready Schematic/VHDL Symplify

A F A ARG AIR LA 2o T

-- VHDL Test Bench Created from source file
fifo xp3.vhd -- 01/25/07 20:53:09

-- Notes:

-- 1) This testbench template has been
automatically generated using types

-- std logic and std logic vector for the ports
of the unit under test.

-- Lattice recommends that these types always be
used for the top-level

-- I/0 of a design in order to guarantee that the
testbench will bind

-- correctly to the timing (post-route) simulation
model .

-- 2) Touse this template as your testbench, change
the filename to any
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-- name of your choice with the extension .vhd,
and use the "source->import"

-- menu in the ispLEVER Project Navigator to import
the testbench.

-- Then edit the user defined section below, adding
code to generate the

-- stimulus for your design.

-- 3) VHDL simulations will produce errors if there
are Lattice FPGA library

-- elements in your design that require the
instantiation of GSR, PUR, and

-- TSALL and they are not present in the testbench.
For more information see

-- the How To section of online help.

LIBRARY ieee;

LIBRARY generics;

USE ieee.std logic 1164 .ALL;

USE ieee.numeric_std.ALL;

USE generics.components.ALL;

ENTITY testbench IS

END testbench;

ARCHITECTURE behavior OF testbench IS
COMPONENT fifo xp3

PORT (

Data : IN std logic vector (7 downto 0) ;

Clock : IN std logic;

WrEn : IN std logic;

RAEn : IN std logic;

Reset : IN std logic;

Q : OUT std logic vector (7 downto 0);

Empty : OUT std logic;

Full : OUT std logic

)

END COMPONENT;

SIGNAL Data : std logic vector (7 downto 0);
SIGNAL Clock : std logic;

SIGNAL WrEn : std logic;

SIGNAL RdAEn : std logic;

SIGNAL Reset : std logic;

SIGNAL Q : std logic_ vector (7 downto 0) ;

SIGNAL Empty : std logic;

SIGNAL Full : std logic;

BEGIN
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uut: fifo xp3 PORT MAP (
Data => Data,

Clock => Clock,

WrEn => WrEn,

RdAEn => RdEn,

Reset => Reset,

Q => Q,

Empty => Empty,

Full => Full

) ;

-- *** Tegt Bench - User Defined Section ***

tb : PROCESS

BEGIN

wait; -- will wait forever

END PROCESS;

-- ***x End Test Bench - User Defined Section ***
END ;

4, fEIAZPIE—/-. VIDIL 4

B i=plE¥EE Project Nawvigator — [D:%lattig

File View Source Proceszs Options Tools HWindow H

DEE & XEE wm | BEEB@

Sources 1in Froject:
(7] Untitled

locuments

Select Hew Dewice. .

lmpnrt.Eg

View Constraint/Freference file

i Ide T 315 AE,
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## Documents=
LFXP3C-3T144C

Fi1fo_xpd_+b. +hd

[fifo_xp3 (fifo_xp3. vhd)]

New Source

Froject Type: Schemstic/VHIL

Wi 0K
BBEL Test Vectors

Schematie Cancel
User Document

VHOL Modula

.

Help

4 “VHDL Test Bench” , E£0K, RE#BEitatagly A4
KRB

LFXFP3C-3T144C
fifo_xpS_tb. whd

% [£fifo_xp3 (fifo xp3. whd
Azzociate ¥YHDL Test Hench |

VHDL Test Bench File:
(Untitled)
e = Cancel

Azzociate With

fifo_xp3 Help

B EO0K, AL EHOK
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%5 spLEVER Project N 07
AR =B f" Text Editor

File View Source Procasy

File
DS d |2 £ & Py
Sources 1n Project

E] Untitled

Dacument =

LFXP3C-3T144C

fifo xp3 th. vhd File Name:%
b [fifo_xp3 (fifo_ xy IfifD w3t

LCancel |

Default Dot Extenszion:

|.vhd |

IR AR B A i 4 ISR AR AR S P 2 A4 K Uk B 3 22 69 A

?R Text Editor — [fifo_xzp3_th.vhdl

File Edit V¥iew Templates Tools Options Windoew Help - 8 X
Tu b, L] 1RE
[=1E CIE B [«) =] [S][2]
A
— WHDL Te=t Bench Created from source file fifo =p3 whd — 12-13-06 13:56:30 il
—— Hotes:
— 1) Thi= testbench template hasz besn automatically generated using types 3
—— =td_logic and =td logic wector for the ports of the unit under test. 3
— Lattice recommends that these types always be used for the top-lewel
— I.0 of a deszign in order to giaranteese that the testbench will bind
—— correctly to the timing (post-route) simulation model. ||
— 23 To uze thiz template az vour testbench, change the filename to any
— namne of ywour choice with the extension  vhd. and use the "source—:import"
— menu in the isplEVER Project Yawigator to import the testbhench.
—— Then edit the user defined section below, adding code to generate the
— stimulu=z for your design.
— 3) VHDL =imulation=s will prodice errors if there are Lattice FPGA library
—— element= in vour design that regquire the instantistion of GSR, PUR, and
— TSALL and they are not present in the testbench. For more information =es
— the How To section of online aslp.
LIBEARY iees:
LIBRARY generics:
USE iess.std_logic 1164 ALL:
USE ieee numneric_std ALL:
USE generics. components. ALL:
ENTITY testbench IS
END testbhench:
ARCHITECTURE behavior OF testhench IS
COMPONENT fifo =p3 v
< m|] >
[Ln I Col | [T [ [whR |Fiec OF [Nowrap [DOS [INS [Document: | of |

WG AL ZA T N AE TR &, MR E TR, T
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VAR B IR I A BEATAT A

VERILOG ) XAZRR A AR,
® FkBFEIAATERIAM, RENEITLELEM “Processes for

current SOUTCC’, C}? é(]i verilnq\Test Fixture Declarations @I}ﬁ

Seurces in Froject: Frocezzes for current source:

a dds ~ R Hierarchy Browser

ocuments & HOL Explorer
LFAPEC-3F208C G Sxnplify Synthesize Verilog File
dds_th. =] Synplify Report (dds. log)
- [dd= (DDS. ¥)] ] Symthesized EDTF File (dds. edi)
loadfw (loadfw. ) ¥} Compile EDIF File
loadpw (Loadpw. w) G?i Verilog Test Fixture Declarations
—1-|v] phasea (phasea. v) i@l Generate Schematic Symbol
- claaddSs (claaddSs +) & Genera% Synthesize Tool Tel Seript

=[] buff (claaddds. v)
frag a (claaddds. )
- czabita (claaddfs. w)
=[] and2i0 (elaaddds. w)
frag_a (claaddSs. w)
- and?i? [claaddfs. v)
frag a (claaddds. +)
- nor?il [claaddfs. w)
frag_a (claaddSs. «)
= csabith (flaaddSs. +)
frag a (claaddSs. w)
frag f (claaddSs. w)
frag m (claaddSsz. w)
- czacl (claaddds. w)
frag_a (claaddfz. )
]

frag_f (claaddds. «) P

i=pLEVER Auto-Make Log File

lalx

Starting: 'D:wispTO0LS6_l1-ispopld~binssyndos cleanup —entry orcaclean —all "dds"'

Done: completed successfully.

0*)\ Automake Log / 1|

S EAE AR, ELI VerilopTest Fixture Declarations 37 th P 5% &
A FRATLRAER ¢ TP XAF, 2SR R 8 A3 A kit
ATlr BAR TR, B BRAT I MG

® AREGAEIAREFTTFRIE tFilth, ¥ BBE BUR*. TFIAF;
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n D:vlattice proidds guicklogic
TiEF) fwmIE) EE (O dEEE G TH R

QFE - 6O W PO=x [ rax -

ik (o) Lo DM lattie:_prohdds_gquicklegic

EE -~
AR AR S % dds. ini
mh B o jhj
(4 FEEmETITe ™ o e
2 EHliE-TIot || dds. et
& TP IEEAD e [ dds. 1p£
) AT SR | |dds. mt
dd=. naf
P e [ dd=. ngo
| |dds. ngy
— | |dds. prd
HERS (9 2dm ot
I lattice_pro @::5-1’91
o | |dd=. =r
EI %%I% | |dd=. 5TY
1 B HEIAS @ dds. ST
ﬁ SEROEH fe | |dd=. sz
ﬁ F_E3ERE i dds. tel
LSy
HERE R | dd=s_hdle. -xt
| |dds_th. =
dd=_ t£1 Yl dds tel. ind
tesf S
ﬁ%?ﬂ:mmﬁmmﬁ, Emwmw
:,l;:/-J\: 1.75 KE | | frag_a mnaZ

| |frag f.naZ
| | frag_m. naZ
|| loadfw. naZ
|| LOADFY. ¥

| |loadpw. naZ

@ HEFALH, Re%hiF- TFXH: BXH:

// TOOL: vlog2tf

// DATE: 01/22/07 17:34:37

// TITLE: Lattice Semiconductor Corporation
// MODULE: dds

// DESIGN: dds

// FILENAME: dds.tfi

// PROJECT: dds

// VERSION: 1.0

// NOTE: DO NOT EDIT THIS FILE

//

This file is generated by the Verilog Test
Fixture Declarations process and

// contains an I/0 and instance declarations of
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the Verilog source file

// you selected from the Sources in Project list.
// Notes:

// 1) This 1include file (.tfi) should be
referenced by your text fixture using

// the “include compile directive using the
syntax: “include "<file name>.tfi"

// 2) If your design I/O changes, rerun the
process to obtain new I/0O and

// 1instance declarations.

// 3) Verilog simulations will produce errors
if there are Lattice FPGA library

// elements in your design that require the
instantiation of GSR, PUR, and TSALL

// and they are not present in the test fixture.
For more information see the

// How To section of online help.

// Inputs

reg RESETN;

reg PNCLK;

reg SYSCLK;

reg [31:0] FREQWORD;

reg FWWRN;

reg [7:0] PHASEWORD;

reg PWWRN;

// Outputs

wire IDATA;

wire QDATA;

wire COS;

wire SIN;

wire MCOS;

wire MSIN;

wire DACCLK;

wire [7:0] DACOUT;

// Bidirs

// Instantiate the UUT
dds UUT (

.RESETN (RESETN) ,

. PNCLK (PNCLK) ,

.SYSCLK (SYSCLK) ,

. FREQWORD (FREQWORD) ,
.FWWRN (FWWRN) ,

. PHASEWORD (PHASEWORD) ,
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. PWWRN (PWWRN) ,
.IDATA (IDATA) ,
.QDATA (QDATA) ,
.COs (Cos) ,
.SIN(SIN),

.MCOS (MCOS) ,
.MSIN (MSIN),
.DACCLK (DACCLK) ,
.DACOUT (DACOUT)

)

// Initialize Inputs
"ifdef auto init
initial begin
RESETN = 0O;
PNCLK = 0;
SYSCLK = 0;
FREQWORD = 0;

FWWRN = 0;
PHASEWORD = O;

PWWRN = 0;

end

“endif

sk

“timescale 1ns/1lps
“define auto_init
module tst xx;

R
endmodule
® EBUKF:  Minitial e . XAFEAVERILOGM X LA

AR, VAR TAF A,
MR XA 90 B4Fvh iz, AR T B89 £ M e “source in projects”

ik P, AEAMEG “process for current source” HH P H
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Ao T 3L A

VHDL

¥, VHIL Functional Simulation
K VHOL Fost-Route Functional Simulation
K VHOL Fost-Route Timing Simulation

VERILOG

& ¥erilog Functional Simulation
& ¥erilog Fost-Route Functional Simulation
& Yerilog Post—Route Timing Simulation

e FH &, MEZXINERF 8 —A, F—AEITAA B A LA 89
DGR, LA R, & A—H TR NG R, L
ARG R, FENRARAREEOE AR, BRRABGE. B
15 B R H A By A G 0 B AR K IE R AZ BT A, RGP EA 5
P o 84 R I — AT AACARIL ., & & # A4 B 3h B Fhmodelsimfy A T
B, BTG A, BATH AR R P E BT ASATIRE (WA X
SATEINRUN xx (TIME); AR E+%H 0 T EAEZMAE 25 AN
8], R & HERUNBPHT ),

A BATWER S ATIETS , AT VAR AL A @ A4 69 7 % % B KR
FAZAF MR T VA B )BT KA 4 R

*ENJOY YOURSELF!
*ONLY FOR REFERENCE ( refer to xilinx application note : test benches)

M54 Lattice Fdnsk M B TA42)F (FAE)
BAEERR 5 (Lik) AR iR 5038 @il s
FHL: 13960772601 wi5: 0591-87589289
BR AR jason. cheniweikeng. com. cn
MSN: chenjj790163. com
Mik:  http: //www. latticesemi. com
http: //www. weikeng. com. cn
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