JIM/feb09

VHDL for simulation

The complete VHDL language

UUT: sampler versionl
PORT MAP{ Master Clk => Master_ Clk,
Datin => Datin,
Datout => Datout,
Clks => Clks ) ;

The original purposes for VHDL was to write code which:
e Described existing hardware — System Models

* Generated stimuli for a UUT (Unit Under Test)
e Evaluated the output and gave errors/warnings
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VHDL for simulation - TestBenches
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UUT: Sampler versionl
PORT MAP ( Master Clk => Master Clk,

Datin => Datin,
Datout => Datout,
Clks => Clks ) ;

COMPONENT Sampler_versionl_
PORT ( Master Clk : IN std_logic;

END COMPONENT;

Normally will the ENTITY of a
TestBench be empty

ENTITY Test of Samplerl selfcheck heh IS

END Test of Samplerl selfcheck heh;

But your allowed to create OUT and INOUT
signal for the presentation of Data

ENTITY Win TestBench Samplerl vhd IS
Port (CLEK:  out STD LOGIC;
Dataout : inout STD LOGIC VECTOR (7 downto 0));
END in TestBench Samplerl vhd;

The Unit Under Test will normally
be some VHDL code for Synthesize

The TestBench provide stimuli for UUT.

Datin : IN std logic vector(7 downto 0);
Datout : OUT std logic vector (7 downto 0);
Clks : OUT std_logic);
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The Clock generators — Example of Stimuli (1)

|i5imulatiun
File Edit View TestBench Simulation Window

Testbench LB me e § A PSR

.
Clk generatorf _T_T] Time: 10 ns -

———»
3 library IEEE;
4 use IEEE.STD LOGIC 1164.
5
6 entity Testbenchl i
7 Port { Clkl : i = "03;
8 Clk2 -7 inout TD LOGIC) \\\\
9 end Testbenchl;
10
11 architecture Behavioral of Testbenchl is
12 begin
- .. ~ .
%i Clkl <= not Clkl after 1 ns; | :urrent b!mulatlu
_| 4 n
i e Time: 10 ns
17 Clk2z <= '1°%;
18 wait for 1 n;?—___—_-______““‘-———— 'y k1
19 Clk2 <= '0°';
20 wait for 1 ns;
2.1l end process;
22 end Behavioral;

The VHDL statements after and wait for are only ment for simulation
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Exercises — Asymmetric clock-signal

Current Simulation
Time: 10 ns

o clk1
o ok

Current Simulation
Time: 10 ns

ollclk]
o/ Clk2

Create an Asymmetric clock-signal — with a start offset (3 ns)




7 entity Testbench2 SigGen is The Wait statement can take three forms:

s Port ( Clkl : inout STD LOGIC := '0'; : : _

) Clk2 : inout STD LOGIC := '0'); wa!t for .tllme rsz ' ]

10 end Testbench? SigGen; a!t until condition j[rue’

11 - Wait on change of signal;

12 architecture Behavioral of Testbench2 SigGen is Finally can you mix those forms if needed.
13 The Wait statement only for processes
14 begin

15 ¢lkl <= not clkl after 4 ns;

6 Current Simulation

17 PI‘ ocess Time: 10 ns

14 begin v

19 wait for 3 ns; -- Start offset

20 c.].‘?_ck_laap :

21 ~"LooR ",

22 F- wait on clkl; Current Simulation

23 r-  wait until clkl="0"; T|me 10ns

24 L= wait on clkl for 1500 ps;

25 . clk2 <= 17 MM

20 wait for 300 ps;

27 clk2 <= 0" _-

21 : wait for 900 ps;

29 “end, L0OP clock_loop; Note — A Process "born” with an infinite loop, but your

30 ‘end progess allowed to make your own with LOOP .. End LOOP

31 end Behavioral;
JIM/feb09 VHDL for simulation
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"Slope” generator — Example of Stimuli (1)

entity Signal generatorl is
Port ( Data : out
end Signal generatorl;

architecture Behavioral of Signal generatorl is

STD_LOGIC_VECTOR (7 downto 0));

Shared variable can be very usefull if
processes need to exchange data
during a simulation.

-- Shared variables also called global variables as they can be reached

-- by other processes.

-- Try to remove the comments from the process below and simulate again

shared variable n: STD LOGIC _VECTOR (7 downto 0)
shared variable i_ integer := 1;
begin

process
variable delay:
begin
Data <= n;
n :=n+1;
i =1 +1;
Delay := i;
--- Wait for "Delay”™ ns --
while Delay >0 loop
wait for 1 ns;
delay := delay-1;
end loop;
end process;

integer :=

(others=>"0") ;

is process produce a "slope" signal ----------

Please note!!

For simulation purposes, are you allowed to set
or change a Shared variable from more then one
process.

This not allowed when you are dealing with code
for synthesizing.

------------------------- to remove the comments from this --------

-- process
-- begin

- wait for 5
- i=1;
-- end process;
end Behavioral;

VHDL for simulation




"Slope” generator — Example of Stimuli (3)

| wanve - default
H_J

e dffcipd
------- 7

fsignal_generat...

Mow | 1000000ps W0 LaAnAn

Cursor 1 0ns
J | | L .y | -~

£ wave

ﬁ]' Wave Analog

nnnnnnnn

Farmat:
i+ Analog Step

" Analog Interpolated
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" Analog Backstep

Cut Chitl-=

Copry Cnt-C
Faste Cntl-
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MATH_REAL

MATH_REAL

Constants and subprograms for real numbers. Is precompiled into the library "IEEE”

(accessed via USE IEEE.MATH REAL.ALL).

package MATH REAL is

constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
constant
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MATH F
MATH 1 OVER E
MATH PI
MATH 2 PI
MATH 1 OVER PI
MATH PI OVER 2
MATH PI OVER 3
MATH PI_OVER 4
MATH 3 PI OVER 2
MATH LOG OF 2
MATH LOG OF 10
MATH LOG2 OF E
MATE LOG10 OF E
MATH SQRT 2

MATH 1 OVER SQRT 2:

MATH SQRT PI
MATH DEG_TO RAD
MATH RAD TO DEG

: BEAL :
: BEAL :
: REAL :
: REAL :
: REAL :
: BEAL :
: BEAL :
: REAL :
: REAL :
: REAL :
: BEAL :
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: REAL :
: REAL :
EEAL :
: BEAL :
: BEAL :
: REAL :
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MATH_REAL

function SIGN (X :REAL) return EEAL;
function CEIL (¥ :EEAL) return EEAL;
function FLCOR (¥ :REEAL) return EEAL:;

)
)
)
funection ROUND (¥ :REEAL) return EEAL:;
function TEUNC (¥ :REEAL) return EEAL:;
function “MOD” (X,Y:REAL) return EEAL:;
function EEALMAX (X,Y:REAL) return EEAL:;
function EEALMIN (X,Y:REAL) return EEAL:;
procedure UNIFORM (wvariable SEED], SEEDZ:inocut POSITIVE:
variable X:out EEAL):;

function SQRT (¥:REAL) return REAL;
function CBRT (¥:REAL) return REAL;
funetion "**” (¥:INTEGEE; Y:REAL) return REAL;
funetion "**” (¥ :EEAL; Y:REAL) return REAL;
funection EXP (¥:REAL) return REAL;
funetion LOG (¥:REAL) return REAL;
funection LOGZ (¥:REAL) return EEAL;
funection LOGL0 (¥:REAL) return EEAL;
function LOG (X:FEAL; BASE:REAL) return REAL;
function SIN (X:EEAL return REAL;
funection COS (X:EEAL return EEAL:;

function ARCSIN (X:REAL return EEAL:;
funection ARCCOS (X:REAL return EEAL:;

)
)
function TAN (X:EEAL) return EEAL:;
)
)
function ARCTAN (Y:REAL) return EEAL:;

funection ARCCOSH (¥X:REAL
function ARCTANH (X:REAL
end package MATH REAL;
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return REAL;
return REAL;

function ARCTAN (Y:REAL; X:REAL) return EEAL:
function SINH (X:EEAL) return EEAL:;
funetion COS (X:REEAL) return EREEAL;
function TANH (¥X:EEAL) return REAL;
function ARCSINH (X:REAL) return REAL;
)
)
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"Sinus” generator — Example of Stimuli (4)

library IEEE;

use IEEE.STD_LOGIC_1 164 .ALL;

use IEEE.STD_LOGIC ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGHNED .ALL;
use IEEE.MATH REAL.ALL;

entity Signal generator2 is
Port ( Dataout : out STD LOGIC_VECTOR (7 downto 0));

end Signal generator2;

architecture Behavioral of Signal generator2 is

begin

Sinus_generator:

process
constant Umax: integer := 127; -- Max amplitude
constant f: real = 2.0E6; -- Frequency [Hz]
constant Tper: real = 1.0/F; -- Period of fr.

-- If you can find a way to convert real to time please let me know
constant Delta: real = 1000.0E-12; -- delta time - sec
constant DeltaWait: time = 1000 ps; -- delta time - ps

== <<<<< Note the use of MATH_ REAL

variable t: Real := 0.0; =-- Actual time

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

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

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

begin

while angle < MATH_2 PI*2.0 loop -- go for to periodes
angle = 2.0 * MATH PI * t * £/ -- calculate angle
t = t + Delta; -- hext time
Usin = real (Umax)*{ SIN( angle)+1.0); -- Usin calculation
Usin_int := integer (Usin); -- convert real to integer
Dataocout <= conv_std logic vector( Usin int, 8); -- to vector :
wait for DeltaWait: -- Wait one delta time

end loop;

wait; -- forever / stop the process

end process;
end Behavioral:

JIM/feb09 VHDL for simulation
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Conversion between real, integer .. vectors etc.

Port ( Dataout : out STD LOGIC VECTOR (7 downto 0));

constant Umax: integer := 127; -- Max amplitude
variable Usin: real := 0.0; —-— The sin value [real]
variable Usin int: integer; -- The sin wvalue as integer
Usin = real (Umax)*( SIN( angle)+1.0) ;

Usin_int := integer (Usin);
Dataout <= conv std logic vector( Usin_int, 8);

—— If you can find a way to convert real to time please let me know
constant Delta: real = 1000.0E-12; -- delta time - sec
constant Deltawait: time 1000 ps; -- delta time - ps

VHDL is known for its "hard” use of types — However is it possible to convert
between most types, eighter by using build in functions like real() and integer().

Other conversion functions can be found in libraries — like for instance;
Conv_Integer() and Conv_std logic_vector( ,)

JIM/feb09 VHDL for simulation 11



”Sinus” generator — Example of Stimuli (5)

m wave - default

File Edit Wiew Add Format Tools  Window

| 4 e (ER[ to0ps 4 BLEREL D TP 3

Mo

Ohbject Declaration

Format

Cut

Copry
Faste

Delete

Insernt Divider
Insert Breakpoint
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Symbolic
* Binary

Octal
Crtix o
" Decimal IR L]
SN Urcioned I
NS 1
Crfly | IR 5

Hexadecimal
ASCIH
Default

VHDL for simulation

Farmat:
i+ Analog Step

" Analog Interpolated
" Analog Backstep

Pixals = (valus + |-600.0 1* |05

[8]:4 | Cancel | Apphy

When it comes to watch a vector
as an analog value, choose the
modelsim simulator instead of
the ISE simulator.
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"Sinus-Sweep” generator — Example of Stimuli (6)

2 ______________________________________________________________________________
3 library IEEE;

4 use IEEE.STD LOGIC_1164 .ALL;

3 wuse IEEE.STD_LOGIC_ARITH.ALL;

6 use IEEE.STD LOGIC_UNSIGNED.ALL;

7 use IEEE.MATH REARL.ALL; == This contains the SIN{ )

8

9 entity Signal_generator3 is

10 Fort ( CLKX: out STD_LOGIC;

11 Dataout : out STD_LOGIC _VECTOR (7 downto 0));

12 end Signal_generator3;

13

14 architecture Behavioral of Signal_generator3 is

15 signal Clk_vl: STD_LOGIC := '0';

16 -=- Please note - Shared variables can be used for interprocess data

17 -=- axchange. Moreover can they be observed under a simulation as well

18 shared variable Delta step: real := 100.0;

149 cshared variable Delta: real := 1000.0;
20 shared variable Delta xx: real = =-1.0;
21 begin
22 CLKX <= Clk_vl;
B3 | e e e e e e e e e e e e e e e e e e e e e e e e e e e
24 -- This process creates a clk-signal with a variable frequency
25 -- hot use if its useful in practice, but it demonstrates what can
26 -- be done.
217 -- The shared variable "Delta" will decrease with the value "Delta step”
28 -- for each step will the "Delta_step" value change with "Delta_ xx"
20 | e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

JIM/feb09 VHDL for simulation 13
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"Sinus-Sweep” generator — Example of Stimuli (7)

CLKX <= Clk_vl;

This process creates a clk-signal with a variable frequency

not use if its useful in practice, but it demonstrates what can

be done.

The shared variable "Delta"” will decrease with the value "Delta_step”
for each step will the "Delta_step” value change with "Delta xx"

Clk_generator: process
begin

Clk_vl <= not Clk _vl; -- Toogle the Clk
Delta := 1000.0; -- Ready for a new count down
while Delta>0.0 loop -- while not done
wait for 10 ps; -- adjust this if needed
Delta := Delta - Delta step; -- one step down
end loop;

if Delta xx < 0.0 then
if Delta _step < 2.0 then

Delta xx := 0.1;
end if;
else
if Delta_step > 198.0 then
Delta xx = -0.1;
and if;
end if;
Delta Step := Delta step + Delta xx;

end process Clk_generator;

JIM/feb09
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"Sinus-Sweep” generator — Example of Stimuli (8)
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-- This process driven by an external clock signal
-- the statement "wait until rising edge( c¢lk_vl1l)" do the trick

Sinus_generator: process

constant Umax: integer := 127; -- Max amplitude
constant f: real = 2 .0E6; -=- Frequency [Hz]
constant Tper: real = 1.0/F; -—- Period of fr.

-=- If you can find a way to convert real to time please let me know
constant Delta: real = 1000.0E-12; -- delta time - sec
constant DeltaWait: time = 1000 ps; -=- delta time - ps
variable t: Real := 0.0; -- Actual time
variable angle: real := 0.0; -- Actual angle in radians
variable Usin: real := 0.0 -— The =sin value [real]
variable Usin_int: integer; -- The sin value as integer

begin : ‘
wait until rising edge( Clk_vl);
angle = 2.0 * MATH PI * t * f; -=- calculate angle
t = t + Delta; -- next time
Usin = real (Umax)*( SIN( angle)+1.0); == Uszin calculation
Usin_int := integer (Usin); -- convert real to integer
Dataout <= conv_std logic vector( Usin int, 8); == to vector

end process sinus_generator;

76 end Behavioral:

JIM/feb09
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"SIinus-Sweep” generator — Example of Stimuli (9)
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Difference Between — Transport .. After & After (1)
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entity sSignal_generator4d is

Port ( Dataoutl,
Dataout?
Bit0 ,Bitl Bit2:
end Signal generator4;

inout STD LOGIC VECTOR (7 downto 0);

out STD_LOGIC) ;

architecture Behavioral of Signal_generator4 is

begin

Dataout2 <= Dataoutl after 10 ns;

The After delay will normally be used to
simulate a gates propagation delay —
hence glitch rejection needed.

The signal should at least be as long as
the delay time to change the output.

-- Bit0 <= Dataoutl(0) after 10 ns; ‘////

-- Bitl <= Dataoutl(l) after 10 ns;

-- Bit2 <= Dataoutl(2) after 10 ns;
BitoO <= transport Datacutl(0) after 10
BEitl <= transport Dataoutl(l) after 10
BEit2 <= transport Dataoutl(2) after 10

Sinus_generator:
process

o/ bitl

*

</ bitD I'

BEit0 <= Dataoutl(0) after 10

“ Bitl <= Dataoutl(l) after 10
Bit2 <= Dataoutl(2) after 10

-
ns;
ns ;i

ns;/

ns; 4|
ns;
ns;

The Transport .. After used for
a transmission line.
The signal will show up after

the delay time.

Time; — ﬁ

JIM/feb09
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dd  Format Tool

Dataout2 <= Transport Dataoutl after 10 ns;
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State Machines for simulation

Synchronous State Machine

' State Output
Input S ; : / utpu
Next State Logic Next Memory Current Logic

Ctate / (D-F/Fs) | State 5

Decide what should ) ) Mealy =
happen "Next Time” What's going and Output
—i-> o1t 1LOW Voore —
—;
Next
; Time
[ Clk —— —

Feedback of Current State

The structure of a hardware state machine more or less fixed and can be drawn as above

State Machines often used in concern with highlevel languages like C and Java.

When it comes to simulation in VHDL will the idea of thinking in states surely shows to very
usefull as well.

How ever will you learn that you can make the rules and structure of a Simulation State
Machine like you like them to be.
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"Function” generator — Example of Stimuli (10)
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entity State machine demo is
Port ( DataOut : out ©STD LOGIC VECTOR (7 downto 0));
end State machine demo;

architecture Behavioral of State machine_demo is

== The statenames can be used

type States is (Start, Statel, State2, Stated);

shared variable State: States;

signal Clk: BIT := '0'; -- NOTE the type BIT
begin

Clk <= not Clk after 1 ns;-- Seems to work better together with not

-- This demonstrates how a statemachine for simulation could be

-=- implemented, please note the difference compared with "real"

-- statemachines for hardware.

-- You can use the "Wait for" statement to created timing and delay
-- Also internal "for-loops" allowed ...

-- Finally can the statemachine wait for a Rising egde or similar
-- inside a state (surely not for synthesize)

State_machine:

process
variable i,Value: integer;
begin
State := Start;
loop

case State is
when start =>
Dataout <= conv_std logic vector( 10,8);
wait for 30 ns:
State 1= Statel;

JIM/feb09 VHDL for simulation
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"Function” generator — Example of Stimuli (10)

39 when statel =>

4 for i in 0 to 10 loop

11 Dataout <= conv_std logic vector( i*25,8);
4z wait for 50 ns;

43 end loop;

44 Value :=10;

45 State = State2;

4f when state2 =>

47 wait until Clk'event and Clk="1"; -- Rising edge
43 Dataout <= conv_std logic vector( Value,8);
44 Value := Value + 1;

a0 if Value >254 then

5l State := State3; -- Change state now

32 end if;

33 when state3 =>

54 Dataout <= conv_std logic vector( 127, 8);
55 wait for 30 ns;

56 State := Statel;

37 end case;

58 -- wait for 1 ns;

39 end loop;

hll end process;

61

62 end Behavioral:

JIM/feb09 VHDL for simulation



"Function” generator — Example of Stimul (10)
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