ISIim Timing Diagrams

By:
Sebastian Hoyos



Quick VHDL

e Entity: Describes the interface
e Architecture: Actual implementation



-- (this is a VHDL comment)

-- import std_logic from the IEEE library
library IEEE;
use IEEE.std logic_1164.all;

-- this is the entity
entity ANDGATE is
port (
IN1 :in std_logic;
IN2 :in std_logic;
OUT1: out std_logic);
end ANDGATE;

architecture RTL of ANDGATE is
begin

OUT1 <=1IN1 and IN2;

end RTL;

AND Gate



ISim Project File Syntax

e verilog|vhdl <library _name> {<file_name>.v|.vhd}

e verilog[vhdl indicates that the source is a Verilog or VHDL file.
Include either verilog or vhdl.

e <library_name> indicates the library that a particular source on
the given line should be compiled. “work” is the library.

e <file_name> is the source file or files associated with the library.

I smiaremps Nes e

File Edit Format View Help

vhdl work "..%sources‘drp_stmach.vhd"
vhdl work "..%‘sources‘drp_demo.vhd"
vhdl work "..%‘sources‘drp_demo_tb.vhd"
vhdl work "..%‘sources‘drp_dcm.vhd"”

vhdl drp_tbh_Tib "..%sources‘drp_tb_pkg. vhd"|




Building the Simulation .exe

e Open Command Prompt

Ailinx ISE Design Suite 12.3
. Accessories |

ﬂ% Check For Updates

BB ISE Design Suite Command Pron

i: Manage Xilinx Licer| ISE Design Suite Cemmand Prompt
i: Software Download| I5E Design Suite Command Prompt

8 Uninstall
E, ¥Info System Checker -

Control Panel

Devices and Printers

Help and Support



Building the Simulation .exe

 The following is opened:

B [5E Design Suite Command Prompt

CinAilinxs12.35I8E_DS>




Building the Simulation .exe

Without any parameters:

B ISE Design Suite Command Prompt

Cinililinws12 _3INISE_DS>fuze
Bunning: C:sHilinxs12.35I8E_DSSISEsbinsntodsunwrappedsfuse .exe
ISim M.78d <signature Bxl6fhebT4)
Mumber of CPUs detected in this system: 2
Turning on mult—threading, number of parallel sub—conmpilation joh=s: 4
RROR:Simulator:747 — Ho design top<=s) specified
ISim M.78d <szignature Bx16fhebT4)
Usage: C:sEilinxs~12 . 35IS8E_DSSISEs~bhin~ntb4 unurapped~fuse.exe [options] [libname.
Junitname. ..
(Switches with double dash '—' can also be wused with a single dash '—*'2>
ISim fuse options:
—f [ —file 1 arg ?g?d additional options from the specified
ile
—h [ ——help 1 Print thiszs help message
——yueprsion Print the compiler wversion
—intstyle arg Dizsplay messages according to specified st
yle: izelixflowizilentidefault (Defaunlt: de
fault>
—ize arqg Specify ¥ilinx ISE file
—incremental Compile filesz only if they have changed =i
nce the last compile
—initfile arg Uze uszer defined szimulator init file to ad
d to or override the settings provided hy
the default xilinxzim.ini file




Fuse.exe Syntax

e fuse —incremental —prj <project file> -o
<simulation executable> <library.top unit>

e -incremental: requests fuse to compile only the files
that have changed since the last compile

* -prj: specifies an ISim project file to use for input

e -0: specifies the name of the simulation executable
output file

C:xdilinxs12 . 35IS5E_DS>fuse.exe —incremental —prj simulate_isim.prj —o simulate_1

zim.exe work.drp_demo_th




Running the Sim .exe

Executable is created by fuse.exe

This .exe calls the Simulator

Double click does nothing, needs parameters
We got to invoke the GUI mode

B simulate_isim.exe



Simulation .exe Syntax

e Simulation executable —gui -wdb
<waveform_ database file>

e -gui: launches ISim in GUI mode.

e -wdb: specifies the file name of the simulation database output
file.

IG:HUsersHEehastianHDucumentSMHilinx\cumpleted\scriptﬁ}simulate_isim.exe —gqui —wd

b zimulate_izim.wdh



Isim GUI

e 1Sim (M.70d) - [Default. }
File Edit View Simulation Window Layout Help
|Instances and Processes + 0 & X Objects a08 x
Simulation Objects for drp_demo_th

- EAETED) @

Instance and Process Name

:Lj- "J drp, Object Name Value

[ std_logic 1164 std_; 1 clk_in a

(7 std_logic_arith std_| |5 drp_start il

[l std_logic_unsigned std | | ? drp_change_.. 0

(@ textio teut| Ha drp_current .. 0

(% drp_th_pkg drp_; ? drp_done jig
numeric_std nun | Ha drp_stmach_r. 0
vital_timing vita| | U@ user_dem_reset O
vital_primitives vita| @ drp_multiplyl.. 00090000
vcomponents veoll | b= @ drp_divide[7:0] 00000000

i vpkg vpk| @ dem_clk0_out T
| JP dem_clkfx_out 7
-@ dem_locked T

| period 10000 ps

4 1 b F [ [

nstances._.: Memory | 350urce ) | m F | L Default.wcfg |3

Console +08 x
| ISim M. 70d {signature 0x16fbe6S4)

| WARNING: A WEBPACK license was found.

| WARNING: Please use Xiinx License Configuration Manager to check out a full ISim license,

| WARNING: ISim will run in Lite mode, Please refer to the ISim documentation for more information on the differences between the Lite and the Full version,

| This is & Lite version of ISim.

| Time resolution is 1 ps

| ISim=>

g SearchResults

Console | @ Breskpoints | ip§ Find in Files Results
Sim Time: 0 ps



Instances and Processes

°
Instance and Process Name  Design Unit Block Type
TR TN drp_dema_tb... VHDL Entity
ugj std_logic_ 1164 std_logic 1164 VHDL Package
(9 std_logic_arith std_logic_arith VHDL Package
ﬂ std_logic_unsigned  std_logic_un.. VYHDL Package °
(4 textio textio VHDL Package
-J drp_tb_pkg drp_tb_pkg YHOL Package
(% numeric_std numeric_std  VHDL Package
ﬂ vital_timing vital_timing VHDL Package
.iJ vital_primitives vital_primitives YHDL Package
-J vcompaonents vcomponents  VHDL Package
(3 vpkg vpkg VHDL Package

Displays the block (instance
and process) hierarchy
associated with the wave
configuration open in the
Wave window.

Instantiated and elaborated
entities/modules are
displayed in a tree
structure, with entity
components being ports,
signals and other
entities/modules.



Source Files Panel

Source Files

—

BUFG.vhd
DCM_ADVvhd
drp_dcm.vhd
drp_demo.vhd
drp_dermo_tb.vhd
drp_stmach.vhd
drp_tb_pkg.vhd
numeric_std.vhd
prentvs_b.vhd
prmtvs_p.vhd
std_legic_1164.vhd
std_logic_anth.vhd

std_logic_unsigned.vhd

textio.vhd
timing_b.vhd
timing_p.vhd
unisim_VCOMPvhd
unisim_VCOMPvhd
unisim_VPEG.vhd
unisim_VPEG.vhd

Displays the list of all the
files associated with the
design.

The list of files is provided
by the fuse command
during design parsing and
elaboration.

The HDL source files are
available for quick access

to the read-only source
code.



CObjects [
Simulation Objects for drp_demo_tb
R Y P S T S
Object Mame Walue Data Type
L iclk_in io Logic
by drp_start 0 Logic
i drp_change_mode ] Logic
iz drp_current_mode 0 Logic
‘g drp_done i} Lagic
iz drp_stmach_reset 0 Logic
Lig user_dem_reset i Lagic
:*gr drp_multiply[7:0] 00000000 Array
drp_divide[7:0] 00000000 Array
Uy dom_clk_out u) Logic
Uy dem_clkfx_out i} Lagic
Lg dem_locked u) Logic
& period 10000 ps Physical Type

Objects Panel

Displays all ports and signals
associated with the selected
instances and processes in the
Instances and Processes panel.

e Object Name - Displays the
name of the signal,
accompanied by the symbol
which represents the type of
object it is.

e Value - The value of the signals
at the current simulation time or
at the main cursor, as
determined by the Sync Time
toolbar button.

e Data Type - Displays the data
type of the corresponding
simulation object, logic or an
array.



Wave Window

* Displays signals,
buses, their
properties and
any other wave
objects.

Name Value

\lj{\l b

e The wave
configuration is
used to drive the
simulation

3y =B HOO

a
—

|

Default.wcfg D

]




Configuring the Wave Window

e Select the VHDL Entity
and right click on it. The
entity is the one with
the ports, buses and
signals.

e Choose “Add to Wave
Window”




\lj{\l )

3 =B FOO

=

Wave Window with Signals

g dk_in

g drp_start

\';, drp_change_mode
& drp_current_mode
\';. drp_done

U drp_stmach_reset
\';, user_decm_reset
By drp_multiply[7:0]
B drp_divide[7:0]

U dem_clk0_out

| \';, dem_clkfx_out

g dem_locked
g period

Default.wcfg™®

e Signals, ports and buses

added.

e The values are the one
listed in the Objects

Panel



Running the Wave Sim for a Specified
Time
50 o] & e Type 5usinthe

Simulation Time field
and press Enter or click
the “Run For” button

15im> run 5 us|

B console | @ Breakpoints | (28 e Typerun5usinthe
Console prompt

T e |f Simulation doesn’t
start, press the
“Restart” option



+
&
&

Wave Sim Results

4 ps

2ps

[y
h=]
(%]

MName Value
1% cik_in
-”;-. drp_start
1l drp_change_mode
-H:'.._: drp_current_mode
-H}._; drp_done
-”:'r-_; drp_stmach_reset
-”;- user_decm_reset
» B drp_multiply[7:0]
p B¢ drp_divide[7:0]
# dom_clkD_ou
1 dem_dko_out
:;_-, dem_clkfx_out
g dom_locke
1 dem_tocked
-|E period

3ps

- |
I e —
| Ooodoooo |
I
| ooodoooo |
I

5 ps|

Sps

I
I
I
N
I
I E—
I
N
]
R
I .
I
I
S -
N

Default.wcfg™®




Zoomed Out Wave Sim Results




Full Simulation




Now... lets make it pretty (unlike this
PowerPoint)



Hold Ctrl and select the = 5 £ _p
signals in the wave - drp_start Select Al Ctri+A
. .. drp_change_mode Expand
WI n dOW .. drp_current_mode Collapse
. . .. drp_done Ungroup
Right click on any of + a_stmacn_reset (VRN .
¢ Wser_dcm_reset Radix 4
th em . drp_multiply[7:0] Signal Color »
" ) 3 drp_divide[7:0] Divider Color
Select “New Group” in b dem_clo_out Reverse Bit Order
g dom_clkfx_out
the menu n - Go To Source Code
R period Show Drivers
Force Constant...
Name the group Force Clock...

Eemove Force

B New Group




End Result ->

You have to expand the
group to see the signals

-”; user_dcm_reset
1 period
¥ W DRP Test Signals

-”;- drp_start
-H}.: drp_change_modej
-”;'h; drp_current_modej 0
-”; drp_done
-”;"-; drp_stmach_reset

p W@ drp_multiply[7:0]

» B drp_divide[7:0]

| ¥ W DCM Test Signals
-”;' dem_clk_out
-”;'..: dem_clkfx_owut

-”:'H: dem_locked




Dividers

Right Click on any part
of the Wave Window

Select New Divider
Name it

Move it to where you
want it to be

Rename them by
double clicking on them
or using F2

~
= To Eull View Fo

A To Cursors

Delete

() Find...

Select All Ctrl+ &

Radix

Signal Color L

Divider Color

E iGo To Source Code

Show Drivers

Force Constant...

Force Clock...

- o
o To... Ctrl+
Fi [ 4

G
Cursors /
Default.wcfg™ Markers "




Dividers

e End Result:

Value

1 dk_in
-”;1 user_dcm_reset
12 period

» W DRP Test Signals

p» W DCM Test Signals




Adding Signals from Sub-Modules

 Allows you to study the < Expand the test bench
interaction between the entity until you see the
sub-modules and the instanced entities

test bench test signals

] Th iS i nte ra CtS Wit h a n Instance and Process Mame Design Unit Block Type

ﬂ drp_demo_tb drp_demo_tbibehavioral) VHDL Entity

t't th t M M g :B7 drp_demo_tb(behavioral]  VHDL Process
en I y a IS In a 0 97 drp_demo_tbibehavioral) WHOL Process
ﬂ Ut drp_demo(behavioral) VHDL Entity

0 1133 drp_demo{behavioral) YHDL Process
deeper Ievel :_-lfl 136 WHDL Process

drp_demo{behavioral)

g 139 drp_demo{behavioral) YHDL Process
g :DCM_RESET drp_demo{behavioral) VHDL Process
7 Inst_drp_dcm drp_dcm(behavioral) VHDL Entity
ﬂ Inst_drp_stmach drp_stmach({behavioral} VHDL Entity

("6 dro tb pka dro tb oka YHDL Packaae



Objects from the instanced entity

 You’'ll get the following
signals:

You’ll get the following
Instances:

| Instances and Processes ||pbiects

mimulation Objects for Inst_drp_dom

Instance and Process Name Dresign Unit =
1} drp_dema_tb drp_demo_thibehz || Phject Name Value Data Type
(Y a7 drp_dema_tb{behz UL clkin_in 0 Logic
g 97 drp_demo_th(behz daddr_in[&:0] 1010000 Array
4 vur drp_demojbehavio [ delk_in a Lagic
LG a3s drp_demo(behavio I den_in 0 Lagic
g 136 drp_demo(behavio di_in[15:0] 0000010100000100 Array
g 138 drp_demo(behavio dwe_in il Lagic
7 :DCM_RESET drp_demo(behavio rst_in a Lagic
dkont o Logic
ﬂ Inst_drp_stmach drp_stmach(behavi clkl_out 0 Lagic
(8 drp_tb_pkg drp_tb_pkg drdy_out 0 Logic
[ numeric_std numeric_std locked_out 1 Logic
rLg] std_logic_1164 std_logic_1164 L'? clkfb_in i Logic
(@ std_logic_arith std_logic_arith L'? clkfx_buf i Logic
fyj std_logic_unsigned std_logic_unsigne: '_'? clkD_buf i} Lagic
ry textio textio g ond_bit 0 Logic
[ vecomponents veomponents



Adding the Signals

e Select the signals
o R|ght CI'Ck Objects 005 X

Simulation Objects for Inst_drp_dom

e Add to Wave (AR «

Object Mame Value Data Type
Window
daddr_in[6:0] 1010000 Array
delk_in i} Logic
den_in Logic ¢ Add To Wave Window  Cirl+W
di_in[15:0] 0000010100000100 Array
dwe_in Logic (& Copy Ctri+C
rst_in Logic Select All Ctrl+A
clkfx_out Logic Expand

clkd_out Logic
drdy_out Logic
locked_out Logic Search

Show All Elernents
Limit Elements

Radix

Select in Wave Window

Collapse




Added the Signals

1y clkin_in
B daddr_in[6:0]
1y delk_in
-lEl den_in
B3 di_in[15:0]
-lEl dwe_in
-|E| rst_in

]E, clkfx_out
1% clk_out
]E, drdy_out
1% locked_out

start

reset
new_freq_mode

drp_ready




Organized by Groups

 The signals are organized in groups

1 cnein
-|J;1 user_dcm_reset

-|E period
» W DRP Test Signals
» W DCM Test Signals




Naming the Signals

. Name: g
ame: oo (SRS o
1% drp_change_mod Radix ’

i drp_current_maode Signal Celor L Custom

1R drp_done Divider Color .-

1 drp_stmach_reset Reverse Bit Order
» 7 drp_multiply[7:0]
B 7 drp_divide[7:0]

— Select Long

-“; drp_start

E Go To Source Code

Chrase Mirineare

Tk drp_change_mode Radix

1R drp_current_mode Signal Color
1R drp_done Divider Color
1R drp_stmach_reset Reverse Bit Order
" jdrp_demo_tb/drp_multiply[7:0]

" /drp_demo_tb/drp_divide[7:0] GoTo S':'_"'rce Code

~ m

e Use Custom for setting a desired name



Radix

g drp_start Mame ¥

¢ drp_cthange_mode v Default
¢ drp_turrent_mode Signal Color r Binary
¢ drp_done Divider Color
g drp_stmach_reset Rewverse Bit Order Unsigned Decimal
Jdrp_demao_tb/drp_multiply[7:0] : :
, , o E Go To Source Code signed Decimal ——
fdrp_demo_tb/drp_divide[7:0] Octal | 00000011 |
Shimaae Mirivers - I
L]
e Select Hexadecimal:
elec exaaecimal.
bl — F=——===
B /drp_demo_tb/drp_multiply[7:0] 1 oo Y} | X 1oz |
_—_-_-
B§ /drp_dema_tb/drp_divide[7:0] | oo | | x |l 03 ]]




Crayola Effect

-
| .—i]i—-.l—
4 Cut Cut+x [, G

Paste Ctrl+V

x EE| - DE' -

m Find... Ctrl+F
: Input

| Cutput
fr | E Go To Source Code - - |:| - |:| |

:\.’@'— Jdrp_demo_tb/drp_multiply[7:0]

:5 jdrp_demo_tbh/drp_divide[7:0]
| DCM Test Signals

| Input
: Cutput

Divider Color - - - I:l - I
Default.wcfg® Show Drivers |:| |:| |:|

=

 Changing the Color:

[ 3 nﬁ [drp_demo_tb/drp_multiply[7:0]
p B /drp_demo_tb/drp_divide[7:0]
: I




Markers

e Useful to identify times in the diagram
e Most used to determine when a test starts
e The tests are defined in the test bench file



(M. /0d]) - [test

& View Simulation Window Layout Help

¥ Undo Crl+Z b =B
< (4 Redo Ctrle ¥ O oeOex .
] Cut Ctrl+X >~
;: Copy Ctrl+C E =
{13 Paste Dy 7~
. Delete Del L iy '-:.j
\ 00 p= P
| Select All Ctri+ A& TauE, T A .J
%) Unselect All : i
® Unsele (1001011 i; L 10000 ps
{rj{_'; Eind... Ctrl+F | Log ?J
Find Mext F3 tog T
Find Previous Shift+ F3 ' Log)
E 4 A 8 Ry et e . | | tg‘; u
! Find &l heplace. Lir+H [ iﬂ; E|
" /34 Find inFil Ctrl+ Shift+F Log) g
L4 Findin Files rl+5hi Log 5
5 Show Mext Result Ctrl+F8 1 arr| | HL
* | Show Previous Result Ctrl+Shift«Fa [P0 Arr
t ~ S Log E]
. Stop Find in Files Log
3 Loy
. Rename s Py
3 Go To... Ctrl+G
Wave Objects k
1
. i
., Mew Group i Previous Marker
Mew Divider 1 Next Marker
# Mew Virtual Bus
a Delete All Markers X1 2.500000 us
Preferences... '

el mbam Beiabed cmmmmn Bl Fmmd = Failoemd



Measuring Time

e Measuring time between 2 endpoints
e Useful for calculating the frequency of a signal

e 15t Click on the Snap to Transition toggle
button




Measuring Time

 Drag the cursor over a signal until it snaps on a
rising edge

1 e_in

-”;'-:; user_dcm_reset

1 period
Wy DRP Test Signals

al'il drp_start

-”;"'_: drp_change_mode




Measuring Time

e Repeat for a second rising edge

5.759996 us

1 dk_in
-|J;~, user_decm_reset
1k period
¥ Wy DRP Test Signals
-”;u, drp_change_mode
-”;. drp_current_mode
-”;u, drp_done

-”;. drp_stmach_reset
- 'ﬂ Sdrp_demo_tb/drp_multiply[7:0]
- Hﬂ Jdrp_demo_tb/drp_divide[7:0]
W DCM Test Signals

[ 3 ‘ Input
» W Output
2.308332 us




Measuring Time

 The time difference is

AX = 2.308332 ps

1
f= 55 =433.213 KHz



