464

VHDL for simulation — Code for synthesize

entity Sampler versionl is
Port ( Master Clk : in STD_LOGIC;

Datout : out STD LOGIC_VECTOR (7 downte 0); : ! ) !
Clks : out STD_LOGIC) ;
d s 1 ionl; \ / .
snd Sampler_versioni. Master_CIk Clks
architecture Behavioral of Sampler versionl is
Signal @: STD_LOGIC_VECTOR (7 downte 0);
Signal Enb: sSTD_LOGIC;
begin
clks <= not Enb; 4 -- Notes: o _ _
Datout <= not 0: -- Alternative Q+1 5 =-1) This instantiation template has been automatically generated using types
6 -- std logic and std logic vector for the ports of the instantiated module
process ( Master_Clk) T =-2) To use this template to instantiate this entity, cut-and-paste and then edit
variable Scale: integer range 0 to 3 := 1;| §
begin 9 COMPONENT Sampler versionl
if rising edge( Master_cClk) then 10 PORT( =
if sScale > 0 then 1 Master Clk : IN std logic:
Scale := Scale-1; a'_er- ' T 0g1c,
Enb <= "0 : 12 Datin : IN std logic vector(7 downto 0);
else 13 Datout : OUT std logic vector (7 downto 0);
Scale := 2: 14 Clks : OUT std logic
Enb <= "1"; 15 ):
end if; 16 END COMPONENT;
end if; 17
end process; . .
P ' 18 Inst Sampler versionl: Sampler versionl PORT AP (
process ( Master_Clk) 19 Master Clk => ,
begin 20 Datin => |
if rising edge( Master_Clk) then 21 Datout => ,
if Enb='1" then 22 Clks =>
Q <= Datin; 23 ) :
end if;
end if;
end process;
end Behavioral:
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The TestBenchWaveForm — Tool (1)

= New Source Wizard - Select Source Type :”:|g|

[fm) Btk File

%] IP (Coregen & Architecture Wizard)
[%) MEM File

[#) Schematic

[ Implementation Constraints File File name:

& State Diagram (o)

Test Bench ¥ o |T88t_Df_Samp|er1 k\_/) |
[2] User Docurment Location:

[¥]verilog Module DABASYS_PROJECTS\S MU __H_JZ|
[#]) Werilog Test Fixture
[l *HOL Module
[yHOL Library
[F]*HOL Package
[y wHDL Tast Bench

Mazimum
output delay‘

Add to project

cgack | Neao)

Clock Timing Infarmation Clock Infarmation

Inputs are assigned at "Input Setup Time" and (@) Single Clock | taster_Clk v
E R n e e A R e atels ol ce outputs are checked at "Output Valid Delay". O Muliple Clacks

¢ C192 o e C/0CK.
: high for : oy fOr '

(@) Rising Edge () Falling Edge
| Select a source with which to associate the new source, () Dusl Edge (DDR or DET) () Combinatarial (or internal clock)
!:-3.r'r'l[2||E!r_- onl e Clock High Time |1DE| | ne Caombinatorial Timing Information
Signal_generator] ;
Signal_generatar? Elkaielk Ly T |1 i | - Inputs are assigned, Dutputs_ are decoded then .
) checked. A delay between inputs and outputs avoids
Signal_generator3 | . . . .
i nput Setup Time |15 | ns assignment/checking conflicts.
State_machine_demno
Clutput Walid Delay |15 | ns Check Outputs ns After Inputs are Assigned
Difeat |1D|j| | ne Assign Inputs ns After Outauts are Checked
Global Signals »
Initial Length of Test Bench: |1DEID | ns
FRLD (CPLD) GSR [FPGA)
Time Scale: |ns v|
High for Initial: 100 | ns _
[] Add Asynchronous Signal Suppont
<Back || Nex] | Marelnio | <Back | Finish | [ cancel |
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The TestBenchWaveForm — Tool (2)

._E_Xilinx - ISE - D:\BASYS_PROJECTS\SIMULATION\Demo1\Demo/1.ise - [Test_of_Sampler1.tbw*]

L Fle Edit Wiew Project Source Process TestBench Simulaton Window Help

[=11&) %]
IDPEHA LIdBEX D RiPOMHD B (Ni%E MDA K 0 5| number_dete viQ Q@
‘FEE BEAAAN «» LT A% FECH D& [1000 v v
X x| . 550.0]

Suurcesfur:|Synthesisflmplementatiun b End Time:

= 400 B00 800 1qoo
- EDemol = ¥ Sampler_versionl 1000 ns b | | | | | |
= £3xc3s D0e-dty 144 - AMMaster_Clk M Master Clk 0 S

:.ﬁUﬁSampIer_versiDm-Elehavinral (Sampler_wversionl.whd) il Diatin [7:0] & pak Datin[7:0] P ( B'hOD X Th55

[l Signal_generator] - Behawvioral (Signal_generstor vhd) - ¥ Datout [7:0] A Clks ]

: Signal_generatDrE-Elehavic:ral [Signal_generator? wh) =..Mc|k5 Z]){Datuut[?;:ﬂ] | o < 500

-- Signal_generatord - Behavioral (Signal_generatord vhd)

- [w] State_machine_dermo - Behavioral (State_machine_demao.v

£ |

Enterthe}&ej{ed hexadecimal walue:

S (2)

l

E¥ Sources | e Snapshots || [y Libraries |

Pattern Wizard

J

3

% [ OKf/—J\L] Cancel H Help J

State_machine_derr” Sampler_wversion ‘TESt_Df_SampIeﬂ

B Compiling whdl file "D:/BASYS PROJECTS/SIMULATION _ol/Sampler versionl.vhd™ in Library work. -~
Entity <sampler versionl> compiled.
Entity <sampler versionl> (Architecture <behaviocoral>) compiled.
v
| | K
Console | @Enors | g\ Wamings | @ TclShell | Iz Findin Files
Ready [Time: 221.3ns | .
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Behavioral Simulation (1)

E Xilinx - ISE - D:ABASYS_PRO JECTS\SIMULATIONADemo1\Demo1.ise - [Sampler_version1.vhd]

L EX

[ File Edit Wiew Project Source Process Window Help (=15 [X])
DPEF LidDEX 0 QPP B ABBE DTSR i0h @[ umberdae v[i Vi@
BEEE ML €= Z2 L 43R % W
] oo ~
Sources for: | Behawioral Simulation - 23 process ( Haster_clk) B
] Demao? 24 variable Scale: integer range 0 to 3 := 1;
= £ xc3s100e-4to1 44 25 begin
Signal_generatc:ﬂ -Behavioral (Signal_generatorl whd) 286 if rising_edge( Master_clk) then
Signal_generatDrE-Elehaviural(Signal_generatc:r&vhd) 27 if sScale > 0 then
Signal_generatc:ﬁ-Elehaviural(Signal_generatc:r&vhd) =8 Scale := Scale-1:
State_mac:hine_demc:-Elehavic:ral [State_magk=_demow =0 Enb <= '0':
Test_Df_SampIeH (Test_of_Samplerl thw) @ 20 glse
31 Scale = 2;
r B 32 Enb <= '1"';
33 end if;
=g Sources ‘ g Snapshots | [y Libraries 34 end if:
x| 35 end process;
Fracesses for Test_of_Sampler 36
M Add Existing Source 37 process ( Master_ Clk)
M Create Mew Source 38 begin
[E) ‘iew Generated TestBench s HOL 39 if rising_edge ( Master_Clk) then
M Add TestBench To Project 40 if Enb='l' then
=%  XilinxISE Simulator 41 Q@ <= Datin;
EEFF  Simulate Behavioral Model 9 4z end if;
[l Generate Self-Checking Test Bench 43 end if;
44 end process;
45
45 end Behavioral:
47
48 |
< | >
Ef Processes o i , . o
— T Design Summary | [ State_machine_demo vhd ‘ sampler_versianl wvhd
Ready Ln42 Col 17 | CAPS | RUM | SCRL | WHDL
JIM/teb09 VHDL Testbenches



Behavioral Simulation (2)

Xilinx - ISE - D:A\BASYS_PRO JECTS\SIMULATION\Demo1\Demo1.ise - [Simulation]

[ File Edit View Project Source Process TestBench Simulation Window Help

& (X
DPEHS & dBX e QILPLXXA R A BEMD AR MG umberdasn «: 7 0@
BEE @EEL iy  ZZ252 43R0 w2 § &4 Q1621000 vns
X

Sources for:| Behavioral Simulation M)-urrent Simulatio ks 200 400 aon 1000
15 Demo? B i 1 s it
= £ *c3s100e-4tgq1 44
Signal_generator! - Behavioral (Signal_generator] whd)
Signal_generator? - Behavioral (Signal_generator? whd)
Signal_generator3 - Behavioral (Signal_generator3 vhd)
State_machine_demo - Behavioral (State_machine_demow
&[] Test_of Sampler! (Test_of Sampler] thw)

< >
=g Sources | ey Snapshots | [P Likraries

K

s
)

= e Test_of_Sampler - Test_of_Sampler! = : | | | I_
& Datout [7:0]
& Clks
& Datin [7:0]
M taster_Clk
= PERIOD [31:0]
HMDOUTY_CrCLE
@ OFFSET [31:0]
= P UUT - Sampler_version] - Behavioral

< *
Ef Processes [ Sim Hierarchy - Test_of_Sarmpler]

< ¥l ]

1w Design Summary State_machine_demavhd Sampler_versionlvhd | [ Simulation

Time: ---

JIM/feb09 VHDL Testbenches 5



Behavioral Simulation (3)

E Xilinx - ISE - D:ABASYS_PROJECTS\SIMULATION\Demo1\Demo1.ise - [Simulation*]

[ File Edit Wiew Project Source Progcess TestBench

= ENaN Window  Help
MO 2 k2 () a6 number_data vi i O

HEE WMLy [ 22 L Stop TR @IS b 1000 vfns v
I, = step

Sources for: | Behawvioral Simulation B Run Al 200 400 ROO
= Demol pE RUN For Specified Time
= Eud xc35100e-4tg144
Signal_generatar! - Behawioral (Signal_generator
Signal_generatar? - Behawioral (Signal_generator
Signal_generatard - Behawioral (Signal_generatos
State_machine_demao - Behavioral (State_machin Goto Marker
7 [ Test_of_Samplerl (Test_of_Sampler] thw) Find Signal...
Sort Signals Ascending
Sort Signals Drescending
Markers
Zo0om

1 Goto Previous Transiton "
Ay Goto Mext Transiton
Goto Time..,

<
=g Sources | s Snapshots | [P Libraries

@, Latin [ /U]

2 tdaster_Clk
B(PERIOD [31:0]
MOUTY_CYCLE
BOFFSET [31:0] 5 Divider

End Simulation

= @ UUT - Sampler_versiont - Behavioral DividerLabel | Dividerwith tex
Mma_ﬂer‘dk Divider Height; 20
Exdatm [7:0) Drag and d rop Back d Color: [l Dark gray v]
i datout [7:0] groune L-olor:
MCIKS Label Text Colar: [ White v]
Mote: If the Divider Height is made too small the label may not appear.

&ho[70]

[ [0]14 H Cancel H Help ]

< *
Ef Processes [ Sim Hierarchy - Test_of_Sarmpler]

2L

7 Design Summary State_machine_demowvhd Sampler_wersionTh
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200 1000

Rightclick
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Delete

Decimal (Signed)
Decimal (Unsigned)
Hexadecimal
Binary
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Find Signal. ..
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Behavioral Simulation (4)

[ File Edit view Project Source Process TestBench
D2EaG SRRX Do Y

Iulgld WU i« » =2
-

Sources for: | Behavioral Simulation
] Demao?
= £ xc35100e-4t144
Signal_generatorl - Behavioral (Signal_generator
Signal_generator? - Behavioral (Signal_generator
Signal_generatord - Behavioral (Signal_generator
State_machine_demo - Behawvioral (State_machin
+ Test_Df_SampIeH (Test_of_Samplerl thw)

P s
a.

=

4
Eg Sources | g Snapshots | DY Libraries

= 4 Test_of_Sampler! - Test_of_Sampler
& Datout [7:0]
A Clks
& Datin [7:0]
Atdaster_Clk
& PERIOD[31:0]
MOUTY_CYCLE
i OFFSET [31:0]
= 3 UUT - Sampler_wversionl - Behawvioral

E Xilinx - ISE - D:ABASYS_PROJECTSASIMULATIONADemo1\Demo1.ise - [Simulation®]

= ENaN Window  Help

Restart the sim

ulation

1 Goto Previous Transiton

2r Goto Mext Transiton
Goto Time. .,
G0t Marker
Find Signal...
Sort Signals Ascending
Sort Signals Drescending
Markers
Zoom

End Simulation
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Mrmaster_clk

P clitin [7:0]

W datout [7:0] b
< 2 < > £ >

Sim Hi hy - Test_of_S lerl
#f Processes | [l Sim Hierarchy - Test of Sampler T Design Summary || [ig] State_machine_demaowvhd | [y Sampler
Run For Specified Time
L

VHDL Testbenches

= @ Restart 2% [ LTS Cate TV T
Il Stop T @S2 [1000 vns
b= Step
b R Al 1600
%4 0 Fo

Zoom In
Zoom DUt

Add Measure
Add Marker

(=1 X]

Grid .
mulation®

Goto Time...

Goto Marker  » Time: -—-




Adding the TestBench to the Project

E Xilinx - ISE - D:ABASYS_PROJECTSASIMULATIONADemo1\Demo1.ise - [Simulation]

[ File Edit Wiew Project Source Progess TestBench Simulation window Help
DPEHS LigBREX D AL m P AR B DO @93‘\‘9 Oy 28 | number_data v Q@ &
BEEE SHAALTL «» T2 43R OW: =3 ¢4 QI 6 p %2000 vns v
| X
Sources for: | Behawvioral Simulation M- urrent Simulatio 00 1200
& Demol Time: 2000 ns =y .

= £ %c3s100e-4tg144 A Lz " 8o :
ignal_generatar! - Behawvioral (Signal_generator]
| Zignal 1 -Behavioral (Signal 1.whd
ignal_generatar? - Behawvioral (Signal_generator
| Zignal 2 - Behavioral (Signal 2xvh
ignal_generatard - Behawvioral (Signal_generatord
| Zignal 3-Behavioral (Signal Jwhd
[l State_machine_demo - Behavioral (State_machine_demawvhd)
= .Ti:'_t of_Sampler (Test_of_Sampler] thw)
[ UUT - Sampler_wersionl - Behaviaral (Sampler_versianT vhd)
= est_of_Samplerl _th_| est_of_Sampler]_th_0v
1T f_= ler1_th_0 f_3 lerl_th_0
LT - Sampler_wversionl - Behawioral (Sampler_version1 whd)

=g Sources | ey Snapshots | [P Libraries

1 e - |

Frocesses for: Test_of_Samplerl

Add Existing Source

Create New Source

Yiew Generated TestBench AsHDL - o/ 0

Add Test Bench To Project i )
*ilinx ISE Sirmulator N

& Simulate Behavioral Model

[ Generate Self-Checking TestBench

el |
"]
]

- OO0

Y
b
Y

b3

P im Hi -
= | Prezsgess [ =im Hiierarchy - Test_of_SamplerT T Design Summary State_machine_demowvhd Sampler_versionl whd

1600 2000

] Simulation
Time: 1934.2 ns
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.Flle Edit “iew Project Source Process Window Help

x‘@}( - Ml .Q;—JDJC}E(.@ B i B M Ak a4 number_date
b E |zuuu vlns v

Changing Prefered Language to VHDL

E)ﬁllnx- ISE - D:ABASYS_PROJECTSASIMULATIONADemo1\Demo1.ise - [Test_of Sampler1_tb_0.v]

L IOX
EIE
v:Q QO O:F @ @ BTSN

OB &
‘_r_::i'; ARRRD R 40/ Q I
- £ 26
Sources for: | Behavioral Simulation e 23
| Demao? ; ; 28
- €3 xc3s100e-4ty144 nghtC“Ck 59
Signal_generatofT= Behavioral (Signal_generatar] vhd) 20
Signal_generator? - Behavioral (Signal_generatare vhd) 31
Signal_generatord - Behavioral (Signal_generatar3vhd) 32
State_machine_dema - Behawvioral (State_machine_dema.wvhd) 33
=[] Test_of_Sampler! (Test_of_Samplerl thw) 24
P [ UUT - Sampler_version1 - Behaviaral (Sampler_version vhef) 35
=8 [ Test_of Sampler]_th_0 (Test_of_Sampler]_th_04) 3 26
: UUT - Sampler_version - Behaviaral (Sampler_version1 .wvhd 27
38
- b Nl
E Project Properties N
Property Name ‘alue A
Froduct Categary Al v
Family Spattan3E v
Device XC3ST00E v
Fackage TO144 v
Speed -4 v
Top-Level Source Type HOL v
Synthesis Tool X3T (VHDLVerilog) v
Simulator [SE Simulator (YHOL =rilog) v
Freferred Lanquage Werilog v
Enable Enhanced Design Summary | erilog )
Enahle Message Filtering [] v

l H Cancel I Default

endmodule b

Summary |, State_machine_demil_ Sampler_versiun'ii_@ Simulation

ot
parameter PERIOD = 200; 1
parameter real DUTY CYCLE = 0.5;
parametexr OFFSET = 100
initial // Clock process for Master Clk
begin
#OFFSET ;
forever
begin
Master Clk = 1'h0;
# (PERIOD - (PERIOD*DUTY_CYCLE) } Master_clk = 1'bl;
# (PERIOD*DU‘I‘Y_CYCLE) :
end
end
Sampler versionl UUT (
.Master Clk(Master_ Clk),
.Datin (Datin) ,
.Datout (Datout) ,
.Clks (Clks) ) ;
initial begin
J/ —mmm———————— Current Time: 185ns
#$185;
Datin = 8'b01010101;
e e e e e e
end e

| £l
‘ Test_af_Sampler _tl |

ILn 1 Col 1 [cAPS [MUM [SCRL | Verilog

JIM/feb09
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[ES Xilinx - ISE - D:\BASYS_PRO JECTS\SIMULATION\Demo 1\Demo. ise - [Test_of Sampler1_tb_0.vhd"] L IOX
[ File Edit wiew Project Source Progcess Window Help (=15 [X])

DPHA LidDEX e Q:iPLPHED R A:RE DA 00 @ umberdate i Q iQOIEF @ & 9T

TEE Z2 T ARARROKI e T EASH QNG (2000 vns v
— 44 SIGNARL Datout : std_logic vector (7 DownTe 0} := "000011
Sources for: | Behawioral Simulation w ag SIGNAL Clks : std logic := '0';
El0emal A 46 -
&= £d xc3s100e-4tg1 44 2 47 constant PERIOD : time := 200 ns;
[%) Signal_generator! - Behavioral (Signal_generator] whd) 48 constant DUTY CYCLE : real := 0.5:
[ Signal_generator? - Behavioral (Signal_generator? whd) 49 constant OE'E'SET - time := 100 ns:
Signal_generator3 - Behavioral (Signal_generator3 whd) 50 BEGIN
State_machine_demu—Elehaviural (State_machine_demo.wvhd) . 51 UUT : sampler versionl
=8 [ Test_of Sampler!_th_0 -testbench_arch (Test_of_Sampler]_th.. 6> 55 PORT MAP ( Ha;ter Cclk => Master Clk,
[4 LT - Sampler_version1 - Behawvioral (Sampler_versian1 whd) 1 53 Da_tin = Datin,_
=[] Test_of_Sampler! (Test_of_Sampler! thw) 5 Datout => Datout,
[4 UUT - Sampler_version1 - Behawvioral (Sampler_versian1 whd) £t Clks => Clks) :
EITest_Df_SampIeﬂ_tb_D (Test_of_Samplerl_th_0+) L3 55 PROCESS -- clock process for Master Clk
[ UUT - Sampler_version1 - Behawvioral (Sampler_versian whd] + 57 BEGIN -
=2 Sources | g Snapshats | [ Libraries 59 WAIT for OFFSET:
— LIk CLOCK_LOOE  : LooE
Frocesses for: Test_of_Sampler]_th_0-testbhench_ 60 MaSter—Clk <= "0y
o 6l WAIT FOR (PERIOD - (PERIOD * DUTY CYCLE)) ;
[ AddExisting Source 62 Master Clk <= '1°': -
O Create New Source 63 WAIT FOR (PERIOD * DUTY CYCLE) ;
=3 Xilin ISE Simulatar aa END LOOP CLOCK LOOP : -
€2 Check Syntax 65 END PROCESS ; -
[ Simulate Behavioral Model a6 !
67 PROCESS
B8 BEGIN
6% == mmmmmmm e Current Time: 185ns
70 WAIT FOR 185 ns;
71 Datin <= "01010101";
T2 e e e
T3 WAIT FOR 1015 ns;
74 END PROCESS; —
75
76 END trstbench arch: M
< >
. Processes | | S Slereie - Joel ol Semgler] ¥ Design Summary | [ State_machine_dei| i) Sampler_versia || [ Simulation ‘TESLDf_SElmFﬂEﬂ_tb.‘

Ln 40 Cal 19 | CAPS | MUM | SCRL | wHDL
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S Xilinx - ISE - D:\BAS
[Z File Edit Yiew Project =

Generate Self-Checking TestBench

mp

=1 X

DPHI LidPBX ma R:iPLHHAESE A B DDA M R number data w2 G Q@ iE & @ 8T
i EE | Z2C AN
L %] T e e e e e e e e e e e e e e e e o A
|SDurcestr:iElehavinralSimuIatiDn A 2 -- Copyright (c¢) 1995-2007 Xilinx, Inc. i
= Demo1 3 =-- All Right Reserved.
= Ed xc3s100e-4tg144 ] e e ———————
[ Signal_generator] - Behaviaral (Signal_generator] vhd) 5 ==
[ Signal_generator? - Behavioral (Signal_generator? vhd) a  =-— NS /
Signal_generatDrS—Elehavioral (Signal_generator3.vhd) 7 -/ " S SR | Vendor: ¥Xilinx
State_machine_demo - Behavioral (State_machine_demao vhd) 3 - \_\ AV Version 9.2.041i —
=] Test_of_SampIeﬂ_selfcheck_beh—testbench_arch (Test_of_Sample... g -— N b Application ISE
; UUT—SampIer_versiDm -Behawvioral (Sampler_wversionl vhd) 10 -/ / Filename Tasg t_nf_Samplerl_selfcheck vh
i i Test_of Samplerl_th_0-testhench_arch (Test_of Sampler] d) 11 ==/ / I\ Timestamp sun Feb 10 10:23:47 2008
i [] Test_of Sampler! (Test_of Sampler] thw) @ 12 -- \_\ g iy
= Test_uf_SampIeﬂ _th_0(Test_of_Sampler!_th_0x 13 -— N WX ¥
[ ULIT - Sampler_versian1 - Behavioral (Sampler_version1 vhd) 14 -- o i
15 --Command:
16 --Design Name: Test_of Samplerl selfcheck_beh
Ei$ Sources | P Snapshots [y Likraries | 1; rlien e XLl
% 19
Processes for: Test_of_Sampler] 20 library IEEE;
M1 Add Existing Source 21 wuse IEEE.STD_LOGIC_1164 .ALL;
1 Create New Source 22 wuse IEEE.STD_LOGIC_ARITH.ALL;
[g] iew Generated TestBench As HDL 232 wuse IEEE.STD_LOGIC_UNSIGNED .ALL;
1 Add TestBench To Project 24 USE IEEE.STD_LOGIC TEXTIO.ALL;
=3 Xilinx ISE Simulatar 25 USE STD.TEXTIO.ALL;
=] Sirmulate Behavioral Model 26
king Test Bench 27 ENTITY Test_of Samplerl selfcheck_beh IS
28 END Test_of Samplerl selfcheck_beh;
293
30 ARCHITECTURE testbench_arch OF Test_of Samplerl selfcheck_
a1 COMPONENT Sampler versionl
322 PORT {
33 Master Clk : In std logic: X
4 | >
®{ Processes | |1 Design Summary ' State_machine_:i Sampler_versionﬂi Test_uf_Samplei Test_of_Sampler _Selft|
Ln 1Col 1 [CAPS [MUM [SCRL [VHDL
JIM/feb09 VHDL Testbenches 11




LT S— Selfchecking TestBench (1)

21 wuse IEEE.STD _LOGIC_1164 .ALL;

22 use IEEE.STD_LOGIC_ARITH.ALL;

232 use IEEE.STD_LOGIC_UNSIGNED .ALL;

24 USE IEEE.STD_LOGIC_TEXTIO.ALL;

25 USE STD.TEXTIO.RLL;

Zf

27 ENTITY Test_of Samplerl selfcheck _beh Is
28 END Test_of sSamplerl selfcheck_beh;

29

30 ARCHITECTURE testbench_arch OF Test_of Samplerl selfcheck_beh IS
31 COMPONENT Sampler versionl

32 PORT ¢

33 Master Clk : In std _logic;

34 Datin : In std logic _vector (7 DownTe 0}
35 Datout : out std logic_vector (7 DownTo 0} ;
36 Clks : oOut std logic

37 Y

28 END COLMPONENT ;

39

41 SIGNAL Master Clk : std logic := 70";

41 SIGNAL Datin : std logic_vector (7 DownTe 0) := "000000007;
4z SIGNARL Datout : std logic vector (7 DownTe 0) := "vvuuvuuuu";
43 SIGNAL Clks : std logic := 'U";

44

45 SHARED VARIABLE TX_ERROR : INTEGER := 0;

da SHARED VARIABLE TX_ OUT : LINE;

a7

438 constant PERIOD : time := 200 ns;

49 constant DUTY CYCLE : real := 0.5;

50 constant OFFSET : time := 100 ns;

51

S5z BEGIN

53 UUT : sampler_ versionl

54 PORT MAP (

53 Master Clk => Master_Clk,

Sa Datin => Datin,

57 Datout => Datout,

58 Clks => Clks

59 Y
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Selfchecking TestBench (2)

B0

61 PROCESS -- clock process for Master Clk

62 BEGIN

63 WAIT for OFFSET;

54 CLOCK_LOOF : LOOF

65 Master Clk <= '0';

(]l WAIT FOR (PERIOD - (PERIOD * DUTﬁ_CYCLE));

67 Master Clk <= '1';

6a WAIT FOR (PERIOD * DUTY_CYCLE);

5o END LOOP CLOCEK_LOOF;

0 END PROCESS ;

71

12 PROCESS

13 PROCEDURE CHECK_Clks(

T4 next Clks : std_logic;

75 Ti TIME : INTEGER

76 } Is

77 VARIABLE TX_STR : sString(l to 4096);

T8 VARIABLE TX_LOC : LINE;

70 BEGIN

80 IF (Clks /= next_Clks) THEN

g1 STD .TEXTIO .write (TX_LOC, string' ("Error at time=")};
8z STD . TEXTIO .write (TX_LOC, TX_TIME) ;

83 STD .TEXTIO .write (TX_LOC, string'('ns Clks="}};
g4 IEEE.STD_LOGIC_TEXTIO.writE(TX_LOC, Clks) ;

85 STD .TEXTIO .write (TX_LOC, string' (", Expected = ")};
86 IEEE .STD_LOGIC_TEXTIO .write (TX_LOC, next_Clks);
g7 STD .TEXTIO .write (TX_LOC, string' (" "));

g8a TX_STR{(TX_LOC.all'range} := TX LOC.all;

ga STD .TEXTIO .Deallocate (TX_LOC) ;

aq ASSERT (FALSE) REPORT TX_STR SEVERITY ERROR;
a1 Ti_ERROR := TX_ ERROR + 1;

az END IF;

a3 END ;
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94 PROCEDURE CHECK_Datout ( SeIfCheCking TeStBenCh (3)

895 next Datout : std logic_vector (7 DownTo 0);

96 TX _TIME : INTEGER

97 ) Is

a5 VARIABLE TX_STR : String(l to 4096);

o VARIABLE TX_LOC : LINE;

100 BEGIHN

101 IF (Datout /= next Datout) THEN

102 5TD .TEXTIO .write (TX_LOC, string' ("Error at time=")});
103 STD.TEXTIO.writE(TX_LOC, 'I'X_'I'ZIIIE:);

104 S5TD .TEXTIO .write (TX_LOC, string' (''ns Datout=")};
105 IEEE . 5TD_LOGIC_TEXTIO .Write ('I'X_LOC , Datout) ;

106 STD .TEXTIO .write (TX_LOC, string' (", Expected = ")};
107 IEEE .STD_LOGIC_TEXTIO .write (TX_LOC, next_Datout);
108 S5TD .TEXTIO .write (TX_LOC, string' (" "))}:;

109 TX_STR(TX_LOC.all'range) := TX LOC.all;

110 STD . TEXTIO .Deallocate (TX_LOC) ;

111 ASSERT (FALSE) REFORT TX_STR SEVERITY ERROR;

112 TX_ERROR := TX_ERROR + 1;

113 END IF;

114 END ;

115 BEGIHN

11 == mmmmmmm——— e Current Time: 185ns

117 WAIT FOR 185 ns;

118 Datin <= "01010101";

118 mm em e e e e me e e e e e e e e e e e e e — e ———

iz0 == mmmmmmmm—— e Current Time: 215ns

121 WAIT FOR 30 ns;

122 CHECK_Clks ('1', 215);

123 mm mmmmm e mmm e e e e e e e e e e e ———

124 == mmmmmmmm—— e Current Time: 415ns

125 WAIT FOR 200 ns;

126 CHECK_Clks ('0', 415);

129 mm mm e e e e e mm e e e e e e e e e e e e — e ———

1z == mmmmmmmm—— e Current Time: 615ns

129 WAIT FOR 200 ns;

130 CHECK_Clks ('1', 615);

131 CHECK_Datout ("10101010", 615);

132 mm e e e e e e me e e e e e e e e e e e e ———

133 WAIT FOR 585 ns;
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134
135
136
137
138
138
140
141
142
143
144
145
1l4a
147
148
148

JIM/feb09

Selfchecking TestBench (4)

IF (TX_ERROR = 0) THEN

STD.

TEXTIO .write (TX_OUT, string’' ("lo errors or warnings'")};

ASSERT (FALSE) REPORT

"
5

imulation successful (not a failure). No problems detected.”

SEVERITY FARILURE’

ELSE
STD.
STD.

TEXTIO.writE(TX_OUT, TK_ERROR);
TEXTIO.writE(TX_OUT,
string' (" errors found in simulation™)) ;

ASSERT (FALSE) REPORT "Errors found during simulation”

END IF;
END PROCESS ;

END testbench_arch;

SEVERITY FARILURE’

VHDL Testbenches
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Creating your own TestBench (1)

E New Source Wizard - Select Source Type . ” |R|
Eihdb File
%] IP (Caregen & Architecture Wizard) — =
(& MEM File E New Source Wizard - Associate Source ‘_ ” |[§‘
[¥] Schematic E—
Fal Implementation Constraints File File name: | Select a source with which to associate the new source. |
% State Diagram \Min_TestBench_Sampler! vhd | Sampler_version]
[] Test Bench WaveFarm Location: Signal_generator]
[£]User Dacument i Signal_generator?
[]"erilog Module DABASYS_PROJECTS\SIMULATIONDer |, ] Signal_generatar3
W] werilog Test Fixure State_;nachine_demn
[l wHDL Module
Iy HOL Likrary
[F]wHDL Package

B HOL Test Bench

Add ta project

< Back Mext » ] l Cancel ]

E New Source Wizard - Summary |:H:|b:<

Project Nawvigator will create & new skeleton source with the following specifications: BN

[ Mt » I l Cancel

Addto Project: Yes

Source Directory: DABASYS_PROJECTSASIMULATION\Demal
Source Type: YHOL Test Bench

Source Mame: Min_TestBench_Samplerl vhd

Association: Sampler_versionl

< Back

Finish I ’ Cancel ]
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23

-- This testbench has been automatically generated using types std_logic and

24 == std_logic_vector for the ports of the unit under test. Xilinx recommends

25 == that these types always be used for the top-level I/0 of a design in order

26 == to guarantee that the testbench will bind correctly to the post-implementation

27 == simulation model.

28 e e —

29 LIBRARY iecee;

30 USE ieee.std logic 1164 _ALL; -

1w e cresomasneda;, CFE€ALING YOUr own TestBench (2)
32 USE ieee.numeric_std.ALL;

33

34 ENTITY Min TestBench Samplerl vhd IS

35 END Min TestBench_Samplerl vhd;

36

37 ARCHITECTURE behavior OF Min_TestBench_Samplerl vhd Is

3B e Component Declaration for the Unit Under Test (UUT)

39 COMPONENT Sampler_ versionl

40 PORT ( Master Clk : IN std_logic;

41 Datin : IN std logic_vector (7 downte 0);

47 Datout : OUT std logic vector (7 downto 0);

43 Clks : OUT std _logic);

44 END COMPONENT;

45

df e e e Inputs

47 SIGNAL Master Clk : std logic := '0'; :
48 SIGNAL Datin : std_logic_vector (7 downto 0) := (others=>'0"}); °
49 s - butputs °
50 SIGNAL Datout : std_logic_vector (7 downto 0} :
51 SIGNAL Clks : std_logic; °
5Z BEGIN [ )
53 e e e Instantiate the Unit Under Test :
54 UUT: Sampler versionl PORT MAP ( Master Clk => Master Clk, TestbenCh °
55 Datin => Datin,

56 Datout => Datout,

57 Clks => Clks ) ;

58 tb : PROCESS Clk gen. —H—ﬂ—; """"""
59 BEGIN - - 001101011 N

a0 -- Wait 100 ns for global reset to finish Stimuli I

61 wait for 100 ns; -

62 -- Place stimulus here generator "

63 wait; -- will wait forever

64 END PROCESS; e R
65 END; _

JIM/feb09 VHDL Testbenches
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Creating your
29 LIBRARY ises;
30 USE ieee.std logic_1164 .ALL; Own TeStBenCh (3)

31 USE ieee.std logic_unsigned.all;
32 USE ieee.numeric_std.ALL;
33 use IEEE.S5TD_LOGIC_ARITH.ALL;

34 use IEEE.MATH RERL.ALL; -- This contains the SIN{ )

33

36 ENTITY Min TestBench_Samplerl vhd Is

37 Port ( CLKX: out STD_LOGIC;

38 Dataout : inout STD LOGIC VECTOR (7 downto 0));

39 END Min TestBench_samplerl vhd;

40

41 ARCHITECTURE behavior OF Min TestBench Samplerl vhd Is

42 mmmmmmm e Component Declaration for the Unit Under Test (UUT)
43 COMPONENT Sampler versionl

44 PORT ( Master Clk : IN std logic;

45 Datin : IN std_logic_vector (7 downto 0);

46 Datout : OUT std_logic_vector (7 downto 0);

47 Clks : OUT std_logic);

43 END COLMPONENT ;

49

S50 e e Inputs
51 SIGNAL Master Clk : std logic := '0';

92 SIGNAL Datin : std_logic_vector (7 downto 0) := (others=>'0");

93 e e e e e e e e e e e e e e e e e outputs
54 SIGNAL Datout : std_logic_vector (7 downto 0);

53 SIGNAL Clks : std_logic;

SA e e
57 signal Clk_vl: STD_LOGIC := '0';

58 -- Please note - Shared variables can be used for interprocess data

59 -- exchange. Moreover can they be observed under a simulation as well

i shared variable Delta_step: real := 100.0;

Bl shared variable Delta: real := 1000.0;

&Y shared variable Delta_xx: real = -1.0;
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Creating your

{(UUT)

own TestBench (4)

63 BEGIN

Bd == mmmemmmmm e m e m e m e Instantiate the Unit Under Test
63 UUT: Sampler versionl PORT MAP ( Master Clk => Master Clk,

ol Datin => Datin,

67 Datout => Datout,

B8 Clks => Clks ):

6o

T Master Clk <= not Master Clk after 5 ns; ~-- 100 MHz master clock

71 Datin <= DataOut;

12 CLKX <= Clk_v1;

73

Td e m e mm e
15 -- This process creates a c¢lk-signal with a variable frequency

76 -- not use if its useful in practice, but it demonstrates what can
) -- be done.

78 -- The shared variable "Delta" will decrease with the value "Delta_step”
70 -- for each step will the "Delta_step"” value change with "Delta xx"
BO mmmmmm e m e mm e m e —— e
81 Clk_generator: process

82 begin

83 Clk_vl <= not Clk_vl; -- Toogle the Clk

g4 Delta := 1000.0; -- Ready for a new count down

85 while Delta>0.0 loop -- while not done

86 wait for 10 ps; -- adjust this if needed

87 Delta := Delta - Delta step; -- one step down

8B end loop;

BO

an if Delta_xx < 0.0 then

91 if Delta step < 2.0 then

92 Delta xx := 0.1;

93 end if;

94 else

895 if Delta step > 198.0 then

96 Delta xx := -0.1;

o7 end if;

9B end if;

50 Delta Step := Delta_step + Delta_xx;

100 end process Clk_generator;

JIM/feb09
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102 == e
103 -- This process driven by an external clock signal

104 -- the statement "wait until rising edge( clk _vl)" do the trick

105 = e
106 $inus_generator: process

107 constant Umax: integer := 127; -- Max amplitude

108 constant £f: real = 2.0E6; -- Frequency [Hz]

109 constant Tper: real =1.0/f: -- Period of fr.

110 -- If you can find a way to convert real to time please let me know
111 constant Delta: real = 1000.0E-12; -- delta time - sec
112 constant DeltaWait: time = 1000 ps; -- delta time - ps
113 = e
114 variable t: Real = 0.0; -- Actual time

115 variable angle: real := 0.0; -- Actual angle in radians

118 variable Usin: real := 0.0; -- The sin value [real]

117 variable Usin_int: integer; -- The sin value as integer

118 begin

119 wait until rising edge( Clk_vl);

120

121 angle = 2.0 * MATH PI * t * £’ -- calculate angle

122 t = t + Delta; -- next time

123 Usin := real (Umax)*( SIN( angle)+1.0); -- Usin calculation
124 Usin _int := integer(Usin); -- convert real to integer
125 Dataout <= conv_std logic vector( Usin int, 8); -- to vector
126 end process sinus_generator;

127

128 === - not in use -----------------
129 th : PROCESS

130 BEGIN

131 -- Wait 100 ns for global reset to finish

132 wait for 100 ns;

133 -- Place stimulus here

134 wait; -- will wait forever

135 END PROCESS;

136 END;
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