Digital design laboratory 5




Preparations

e Launch the ISE Design Suite

ISE Design
Suite 14.6

" ISE Project Navigator {P.68d) - C:\Documents and Settings®,
| File Edit Yiew Project Source Process Tools  Window  Lay

* Create new project:

. . J_| Mew Project. ., b4 | 5 | ¥ JJ T
File -> New Project... 8 .. —— =
L Cpen Example. .. Simulation 20
Project Browser, .. ll S 1
":EI Copy Project. .. 22
H Close Project g 23
- 24
n f 25
o Few Ckr|4+M
- g Fov) 2 26




Preparations

 Name: DiglLab5

e Location: D drive!
D:\DiglLab5

* Working directory:
The same as Location

e Click Next

™ New Project Wizard

Create Mew Project
Specify project location and kype,

—Enter a name, locations, and comment Far the project

Marne: | DigLabs

Location: I Lt Diglabs

Working Direckary: ID:'I,DigLal:uS

[l

Descripkion:

—5elect the type of top-level source For the projeck

Top-level source type:

|HOL

5}

More Info |

Mext =

ancel |




Preparations

* Check the following:
Board
Device
Package
Speed

 If OK, Click Next

™ New Project Wizard

Project Settings
Specify device and project properties,

—5elect the device and design Flow For the project

Property Mame Yalue

Ewaluation Development Board im
Produck Cateqory IF'.II ll
Farmily ISpartanSE LI
Device [xcasesoe =]
Package ITQ144 |
Speed -4 |
Top-Level Source Type HOL ll
Synthesis Tool IHST (YHOLverilog) LI
Sirnulatar |15 (vHDL fverilog) =]
Preferred Language I'-.-'eril::ug ll
Property Specification in Project File IStDre all walues LI
Manual Compile Order r

YHOL Source Analysis Skandard YHOL-93 ll
Enable Message Filkering r

More Info | < Back Mexk = Cancel




Preparations

* Click Finish

™ New Project Wizard x|

Project Summary

Praoject Mavigakor will create a new praject with the Following specifications.

<

FProject:

Project MName: DigLabhsb

Froject Path: C:%Documents and Settings' Administratorh Desktoph DigLakhs
WMorking Directory: C:hWDocuments and Settingsh Administratorh DesktophDig
Description:

Top Lewel Source Type: HDL

Lewice:

Device Family: SpartanikE

Device: xoais250e
Package: togldd
Speed: -4

Top-Lewvel Source Type: HDL

Gynthesis Tool: X3T (VHDL/Verilog)

Sirmlator: ISim [(VHDL/WVerilod)

Preferred Language: Verilog

Property Specification in Project File: Z3tore all wvalues
Hanual Compile QOrder: false

VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

| ©H

Mare Info | < Back, Einish Zancel |




Add module to the project

* In the top left corner,
right click on the project
(DiglLab5)

e Select New Source...

"B ISE Project Navigator (P.68d) - C:\Documents and Settings' Administrator’,D
File

Edit Yiew Project Source Process  Tools  Window  Lawouk  Help

JJD::?IHkI‘#' : JJd'b = K|ﬂf—”‘| ¥

J_|x+ ,;_;EC_P:'{/'

Design =+ [ 7 x

View: % {5 Implementation ¢ & simulation

08 5| BEE

Hierarch

™ & Diglabs
E1 £ xc3sZSle-dhgldd

[5| add Source. ..
Ej’-'i] add Copy of Source. ..

Empty ¥iew

The view currently contai
files, You can add files ko

project using the toolbar .
commands From the Proje
and by using the Design,

Libraries panels,

Manual Compile Order

= Implement Top Madule

File/Path Display »

Use:
Expand All

# New Source: To c Collapse &ll

new source File,
» Add Source: To a (M) Find... Chrl+F
existing file to the
« 4dd Copy of Sour Design Properties. ..

copy an existing Hle tothe
project directary and add it ;I

#2 Ma Processes Running




Add module to the project

Select Verilog Module
Name: Topmodule

Do NOT modify the
Location!

Click Next

. New Source Wizard

select source Type
Select source kype, file name and its location,

. IP (CORE Generator & Architecture Wizard)
| Schematic

E ser Document
verilog Module
] erilog Test Fixture
"y WHOL Module

™ WHOL Library

Eile name:

ﬂ YHOL Package IT::upmn:u:IuIe
iy WHOL Test Bench

Location:
Embedded Processor acation

v &dd to project

I.lments and 3ettings! administratoriDeskioptDiglabs = |, , |

More Info |

Mexk =

Zancel




Add module to the project

* Add the following ports:
e rst, clk, bt, Id

e rst, clk and bt are
iInputs

* |d is an output
* bt and Id are buses!
e Click Next

x
Define Module
specify ports For module,
Module name | Toprnodule
Part Mare Direction Bus MSE L5E ;I
clk. input |
rsk inpukt ~|lO
bt input | 3
Id oukpuk | 7|
input ;l []
inpukt ~|lO
input ;l []
inpukt ~|lO
inpukt ~|lO
input ll ]
inpukt ~|lO
inpk ~|lO ;I
Maore Info | < Back | fext = Zancel |




Add module to the project

e Click Finish PRSI

Summary
Project Mawvigakar will create a new skeleton source with the Following specifications.

fdd to Project; Yes

Source Direckory: C:Daocuments and Settings)adminiskratoriDeskiopiDiglabS
Source Type: verilog Module

Source Mame: Toprodule,w

Module name: Toprodule
Port Definitions:

clk. Pin inpuk
rst Fin input
bk Bus: 30 inpuk
Id Bus: 70 aukpuk

More Info | < Back

Eirish

Cancel




Adding a module to the project

* You should see this:

ISE Project Mavigator (P.68d) - C:', Documents and Settings" Administrator',Desktop’ Diglab5' DigLab5.xise - [Topmodule.¥]

% File Edit Yiew Project Source Process Tools ‘Window Lawout  Help

IO lE i xmwa[lAprgn 2RAI=E0cl#es = L9
Design 08 x = 1 timescale 1ns / 1ps
[ Wiew: {+ Il':j}lmplementationf" EE Simnulation = 2 SASPESSSESEEE PRSI SSS SRS S S S S S S A E AL S SRS SAS SRR AR
) — 3 // Companvy:
&l H:erarch; e | 4 // Engineer:
= IR s //
H_—J =Gl xedezshe-dtalad & // Create Date: 12:16:45 10/03/2018
e sm Topmodule {Topmodule. ) = // Design Name:
= - 5 // Module Name: Toptodule
% — a // Project Name:
A 10 ;A/’ Target Devices:
. o 11 Tool wversions:
A 1z // Description:
= » 13 A
e 14 // Dependencies:
— 15 /4
@ i // Revision:
.:) 17 // Revision 0.01 - File Created
— 18 // bkdditional Comwents:
19/
20 SRR S A SRR
z1 module Topmodule |
22 input clk,
— 23 input rst,
p | #2 MoProcesses Running 24 input [3:0] bt,
I%r;: P_rocesses: Toprodule 22 Jm:tput [7:01 14
',EH: = E Design Summary/Reports 27
e g Diesign Utilities ag
Efi: -- User Constrainks zg endmodule
— | ®-82  Synthesize - ¥5T 30
T | &8  Implement Design
+~P)  Gemerate Programming File
-- @ Configure Target Device
@8 analyze Design Using ChipScope




Task 1 - Design

* We are going to implement the 1 cycle low, 3 cycles high system first
* The state diagram was the following:

Inputs: b; Outputs: x




Task 1 - Design

» After encoding the states, the graph was the following:

Inputs: b; Outputs: x




Task 1 - Design

 State table, Boolean equations and the circuit:

Inputs Outputs

sl sO b X nl n0
'R BB
N EIE BB
oz 1 5 q|1 1
AN BB
Xx=s81+s0

n1 =s1's0 + s1s0’
N0 =s1’'s0’b + s1s0’

Combinational Logic

b
— -
FSM
inputs

clk

)._’L

FSM
outputs

s14

A s0

State register

T

i




Task 1 - Implementation

* Add another module to the project following the previous steps.

Name: Task1
]

Select Source Type
Select source bvpe, File name and its location.

BMM File

&% ChipScope Definition and Connection File
E,J Implementation Constraints File
J IP (CORE Generakor & &rchitecture Wizard)

MEM File
| Schematic ’

File name:
E User Dacument
Merilog Module ITaskl
W] Werilog Test Fixkbure
= d Location:

"] YHDL Module
W’l YHOL Library l_lments and SettingstadministratoriDeskiop) Diglabs _I
P YHOL Package

] YHOL Test Berch

Embedded Processor

v add ko project

Mare Info | Mexk = Zancel




Task 1 - Implementation

* Add the following inputs and output, then click Next:

x
Define Module
Specify porks For module,
Module name | Taskl
Pork MName Directiaon Eus MSE LSE ﬂ
b imput ||
clk input ;I O
rst input ||
x nLkp ]
input ||
input ~||O
input ;I ]
input ||
input ||
input ||
input ~||O
input ;I ] j
Maore Info | < Back, | Mext = Cancel |




Task 1 - Implementation

* Click Finish

Sumnmary
Project Mavigator will create a new skeleton source with the Following specifications,

Add to Project: Yes

Source Directory: CDocuments and SettingsiAdminiskrator Deskiop DigLabs
Source Type: Werilog Madule

Source Mame; Taskl.w

Module name: Taskl
Port Definitions:

b Fin input
clk. Fin input
rsk Pir inpuk
¥ Pir output

Mare Info | < Back

Einish

Zancel




Task 1 - Implementation

" ISE Project Navigator (P.68d) - C:',Documents and Settings' Administrator'Desktop’,Diglab5%DigLab5.xise - [Taskl.¥]
File Edit ‘ew Project Source Process Tools Window  Lavout Help

[D3E@ T IR0 x[wa|-lfrpr rRalAlZE0o(l#e]r 2]

i You ShOUld See thIS:DESiQn +0O8 X 1 Ctimescale 1ns / 1ps
0] | View: & {&F trplementation  Ff simulation = 2 SAAEAASS AR
o L — 3 /4 Company:
EE' .IEF-EIFIZ Ld g4 /4 Engineer:
&l =] DigLabs - s )
— | & & xc3szS0e-dtqldd & // Create Date: 13:58:08 10/03/2018
ﬁ:ﬁ , Taskl (Taskl.v) 2 // Design MName:
= ﬁﬁﬁ Topmodule (Topmodule. v . g ¢/ Module MName: Taskl
'__| — o /¢ Project MName:
A 10 ¢/ Target Devices:
- % 11 #/ Tool wersions:
L 1z // Description:
= e 13 //
g | 14 // Dependencies:
— 15 A/
@ 15 // Revision:
.Q 17 ¢/ Revision 0.01 - File Created
— 13 // bhdditional Comments:
19 ff
20 SAASESSAS A
21 module Task1l|
: #J Mo Processes Running 22 iEEEE 1;1}{,
I?;: Mo single design module is selected, Z4 input rst,
- Design Utilities 25 output x
% 4 Z6 i
27
% 28
mn za endmodule
30




Task 1 — Implementation

* We start the implementation with the state register. The reset signal
will be added to the implementation: after reset, we force the circuit
to go into the Off (encoded 00) state.

* State register implementation:

 state and next_state are 2 bit registers
e State is the same as s1s0 always B (posedge clk)

* Next state is the same as n1n0 1L [rst] state <= 2THU;

) . . L. else state <= next state:;
* If the reset input is high at the rising —

edge of the clock, we go to the Off (00) state. Else we go into the next
state.

reg [1:0] state;
wire [1:0] next state;



Task 1 — Implementation

* Next we implement the combinational logic . The combinational logic
provides the output signal and the bits of next_state.

* Add the highlighted lines:

* Remember!
Verilog operators:
AND: &

OR: |
NOT: ~

a4t
49
30
31
3z
33
34
35
36
37
38
39

A0

reg [1:0] =state;
wire [1:0] next state:

alwayzs [ (posedoge clk)
if (r=st) state <= Z'hb0O0;
else =tate <= next state;

assign x = state[d] | state[l]:
assign next state[0] ~ztate[l] &~state[0] &b | state[l] &~=state[0]:
assigh next state[1] ~ztate[l] &éstate[0] | state[l] é~state[0] :

endmodule



Task 1 - Simulation

* Verify the circuit with simulation.
* First of all: Click Save All

"B ISE Project Navigator (P.68d) - C:',Documents and Settings', Administrator',

File Edit i Project  Source Process Tools Window Layout  Help
o2 Hﬂ“ Il'ae [E X | o | ] 22 B X
Diesign E— +[0F x B 1 ' timescal
[] | View: & o rpremettation 5@ Simulation 5= 2z SAAA
i — 3 // Compar
EEl Hierarchy 17 Eng
- _ 4 ngine
HEJ - '-L‘?ﬂ DigLabs - 5 /i
= E;’.! xC3s250e-4tgl44 BN/ Create
g:ézé;s :. ;I:'taskl (Taskl.w) = // Desigr
; ;;m Toprodule (Toprmodule, ) = 5 // Module
= — g // Projec
A ig0 /¢ Target
- o1 11 /4 Tool =
1z // Descri
= A 13/
) 14 // Depenc
— 15 /f
O 15 // Revisi
- A Ti—mrra A A




Task 1 - Simulation

e After saving, in the top left corner, switch to Simulation mode from
Implementation

"B ISE Project Navigator (P.68d) - C:', Documents and Settings' Administrator' Desktop',Dig
File Edit Wiew Project Source Process Tools  Window  Lavout  Help

ID2EF [ lsbXxwalrr88 73 (Al

Design _,—--""E'-E-.}i { 1 Ctimescale 1lns F 1
[ | View: ol [ Implementati(ﬁ' Sirnulatiorn b 2 SASSSSSS S
£ Behavioral | — 3 /A C‘:‘ml_:'an?:

4 // Engineer:

HEJ Hier archy - s
— > '-',__‘ﬂ DigLabs g // Create Date:

s | B £ xc3s250e-4bqldd =2 // Design Name:
= Taskl (Taskl.v) = g // Module Name:

i Topmodule (Toprmodule, ) — g // Project MName:
A 10 {/ Target Devices:
- 1 11 // Tool wersions:

1z // Description:

- A 13 S

- 4 14 // Dependencies:
e 15 ff
O 15 // Rewvision:
(5] 17 // Revision 0.01 -




Task 1 - Simulation

* Right click on the Taskl module, and select New Source...

" ISE Project Navigator (P.68d) - C:Documents and Setti
File Edit Wiew Project Source Process  Tools  Window

ID2Ea| - |l & X o o | =

Design ~+ [ F X
[ | iew: [ Ej}lmplementatmn (% =4 Simulation
EE Behavioral _| -
HIEJ Hierarch':.-' -
— | - ©] DigLabs
£his E E:E xC3s250e- 4t|:|144
% ] TI:IIIIITII:II:lI. B e
A5 Add Source. .
[¢] HEJ add Copy of Source. ..
1] Open

E Femowve

Manual Compile Order
srpr oED 85 Top Module




Task 1 - Simulation

 Select Verilog Test Fixture
* File Name: Taskl TF

* Don’t modify the Location!
* Click Next

Select Source Type
Select source bype, file name and its location,

™ New Source Wizard |

EMM File

&2 ChipScope Definition and Connection File
E Implementation Constraints File
0 IP {CORE Generator & Architecture Wizard)
MEM File
Schematic
Uzer Docurent
Yerilog Module
E'-.-'er‘il-:u;l Test Fixture
YHOL Module
YHOL Library
YHOL Package
a| WHOL Test Bench
%% Embedded Frocessor

Eile name:

| Task1_TF

Location:

I_IITIEI'ItS and Setkings\AdministratoriDeskiop\Diglabs =~ ., |

v add to project

More Info |

Bext = Cancel




Task 1 - Simulation

 Make sure that the Taskl module is selected in the next window, then
click Next x|

Associate Source
Select a source wikh which to associate the new source,

Topriodule

Mare Info | < Back Mexk = Zancel




Task 1 — Simulation

* Click Finish

. New Source Wizard

Summary
Project Mavigatar will create a new skeleton source with the Fallowing specifications.

Add ko Project: Yes

Source Directory: Ci\Documents and SettingstAdministratorDesktop) Diglabs
Source Type: verilog Test Fixture

Source Mame: Task_ TR

Assaciation: Taskl

More Info | < Back

Einish

Zancel




Task 1 - Simulation

e The software creates the Test Fixture file. You should see this:

1SE Project Navigator {P.68d! _TF. =181

_|e Edit Wiew FProject Source Process Tools Window Layout Help ;lglil
C2Egdtlabixwal-lrsrem ~AAlEm=Eccl2R]ls = £]19
Design 08 x 1 timescale lns / 1ps N
[ |Yiew: {8 Implementation 5] Simulation z
Eehavioral | 3 SIS RS PRSI E R LR AR R E SRR E LR E R E R RS
£l 4 // Company:
{52 | Herarcny 5 5 /7 Enginee::
T 1= DigLabs g [/
(13 xCIs2o0e-4tglad 7 [/ Create Date: 13:43:54 10/04/2013
= = g // Design Wam Taskl
% uk - Task1 (Task1,v) g // Module Name: C:/Documents and Settings/Administrator/Desktop/Diglabs/ Taskl TF.v
prmodule {Topmodule.«) 10 /¢ Project Mame: DigLabs
11 // Target Device:
1z // Tool versions:
- 15 // Description:
14 [/
15 // Verilog Test Fixture created by ISE for module: Taskl
16 /7
17 // Dependencies:
15 /S

19 // Revision:
20 // Revision 0.01 - File Created
21 // hdditional Comwents:

2z //
— 23 SASSITEEIE LR RS RS S R E R E RS RS RS S R E R RE RN
B | 82 no Frocesses Running z4
— 25 module Taskl TF:
T | Processes: Taski_TF 26 -
ar = IsmSimulator 27 // Inputs
) 1) Behavioral Check Syntax 28 reg b;
ap “ Bl Simulate Behavioral Model 29 reg clk:
— 30 reg rat;:
nl 31
3z /¢ Outputs | |
33 wire x;
LD
35 /¢ Instantiate the Unitc Under Test (UUT)
36 Taskl uut |
37 Rai=
38 .elklelk),
=} LEst(rst),
40 ¥ (%)
41 Vi
42
43 initial begin
aa i Tririalize Thnurs _'LI
K 3
o Stat B Design | U Files | ) Librariesl I = Design Summary I Taskl. v ‘ Taskl_TRw @J
Errars +08&8 X

L | o

Console (@) Errors | 1) warnings | g Find in Files Results

LnzColl Veriog



Task 1 - Simulation

* Go to the bottom of the code. We will add a reset input, then after
the reset, we will set the input to b=1, and we will provide a CLK also
for the circuit. Go to the “Add stimulus here” part. Insert the always
#50 part AFTER the end statement!

40 A Wait 100 n=s for global reset
o0 #100;

51

52 J/ Add stimulus here

B3 #100 rst 1:

54 #100 rst 0:

o5 #100 b .

56 100 b

57
S et

a9

&0 alwaﬁs #50 clk = ~colk:

61




Task 1 - Simulation

e Save All again

* Then make sure that the Taskl TF file is selected in the top left

corner: . ISE Project Navigator (P.68d) - C:Documents and Se
File Edit Miew Projeck Source Process Tools  Wind
IOE& | |l X|o o s
Design 05 X
B Wiew: ﬁi} Implementation {* Simulation
EE] Behavioral ll -

HEJ Hierarchey

- =] Diglabs
[ Ead ®c3s2S0e-4bqldd
S8 [ iTaski TF (Taski_TF.)
N uuk - Taskl (Taskl . w)

. Tu:npmn:u:lule {Toprnodule, w)

|&;ﬁ|ru_h|§é§m|

NN



Task 1 - Simulation

* Go down to “Processes: Task TF”
* Click on the plus sign on the left of ISIM Simulator

* Then double click on Simulate Behavioral Model
(Or right click on Simulate Behavioral Model, and
select Run from the Menu)

"™ JSE Project Navigator {P.68d) - C:Documents and &
File Edit Wew Project Source Process Tools  Wir

SIEIEEDA

02 S (@ o |

Design 08 X

0] | Yiew: [ I!:.EE Irmplementation {+ Sirulakion ;

LEEJ Behavioral ;I —

EI'J Hierarche: -

—| =] DigLabs

sis | 2 £ wr3s250e-4bq144

. =[] Task1_TF (Taski_TF.+)

ﬂ e [W] uut - Taskd (Taskd.w) -

Toprodule (Toprmodule, «») it

— A
e

#J Mo Processes Running

Processes: Taskl TF

N =
Eli i

{Simulate Behavioral Model

= a%‘ ISim Sirnulatar
- P2 Behavioral Check Syntax



Task 1 - Simulation

e The simulator launches. You should see this:

View Simulstion Window Layout Help

=181
]

TR R® e oM % =H
Instances and Processes +0& X Objects +08&x
. Sinnulation Objects fFor Taskl_TF
P )= 1 L ! =
Instance and Process Mame D i 1 ol |
P Task1_TF Tz | Obiject Name Yalue
gl d B~ )
Db 0
B dk L}
B rst [}
k1| |
S trstane. [ Memory | =) soures ] | 4 D= Default.wfa [l
Consale
WARNING: A WEBPACK license was found,
WARNING: Please use Miinx License Configuration Manager to check out a Ful 15im license.
WARNING: 15im will run i Lite mode. Please refer ko the I5im documentation for more information on the differences betwesn the Lite and the Full version.
This is a Lite version of 15im.
Time resolution s 1 ps
Simulator is daing circut initialization process.
Finished circuit intialization process.

B8] comsole | [ ] Compilation Log | @ Breakpoints | 14 Findin Files Resuls | “gg Search Results

sim Time: 1,000,000 ps



Task 1 - Simulation

* On the top menu, select the third magnifier (Zoom to full View)

ISim (P.68d) - [Default.wcig]

g File Edit Wew Simulaktion Window Layout  Help

J_IDWH| - J_I —\‘I B ®'|ﬂ "|IM.'I.M IJ_I_"'—:__-J_IJ"'!‘? ,,|@Re-launch|
Instances and Processes ~+ O & *x Ohjects +O48 X _t
|ﬂ| ',-.|| :.EH :JH} |"'-'|::f| & Simulation Objects For Taskl_TF Jc

¥\ = | = T e | o 909,993 999,99 999,99 993,94

Inskance and Process Mame D | -‘il| -élllim -G| _é| é | = ,;53:'
i Taskl_TF T: | ©Objeck Mame Yalue F
[l R
1k ghl gl g E E O
)k ] O
B rst o %=
=y




Task 1 - Simulation

* First the value of the x output is undefined (red line). After rst=1 and
the first rising edge of the CLK, the output is set to 0 (because we go
into state 00=0FF). Then, after the first rising edge when b=1, the x
output will be 1 for exactly 3 clock cycles.




Task 1 - Simulation

* You can plot the waveform of the state register also.

* On the left menu (Instance and Process Name) click on the triangle
left to Task_TF, then click on the triangle left to uut. Then select

A | W ayS 3 2 O ISim (P.68d) - [Default.wcfg]
. - ol File Edit Wiew Simulation  Window  La
(or maybe it’s called Always 31 0, etc). Io2al = s

Instances and Processes [ A x

FiE e e

Instance and Process Mame (N
1 Taski_TF T:
E ik Tz
‘Always 32 0 iT:
g Ahways_36_1 Tz
g Always_45_2 Tz
7 Initial_43_0 T:
g Always_55_1 Tz
1 gkl al




Task 1 - Simulation

* The state and next_state variables appear in the right menu.

* Click on state[1:0], simply drag it and drop it into the waveform’s

dl'€d. I

Layout  Help

| (A = H M 3| MR a8 2) & | T 1 (B P pE | Loous =] ks I Re-launch

[ Objecks —+ [ &7 X

Simulation Objects For Always 31 0

4
&
- 400 ns
¥ ¥ LI TS
;14| talgal e[ 8]0 | e ®
= | Obiject Mame | Yalue F =
i _|i| A vl Q
g _¢| o u] -
: oy st 0 O
: -Iﬁl ¥ ] 2=
ol B e o
g 4
[ i
]
1

s
=




Task 1 - Simulation

» After dropping it, it should appear among the other signals:

out  Help

|z’ . |MM “J__:' = JJJ'"‘? J_|,-+ PRl |§J JJ'IE:"J'| a.’ i Iil|m [ rgll.DDus 'I(’E |-Q-Re—|aunch|

biects +08 x +
Simulation Objects For Always_31_0 -~
#
APFRNNE | | g
Object Name | Yalue =
&

fﬂ'(
J";"r‘f

] &
By next_stats{1:0] 00
B srarafio]

* However, the waveform is missing



Task 1 - Simulation

* Press the Re-launch button. A popup window asks whether save
changes or not. Select No.

|| e My o

Cbjects
Simulation Objects for Always_31_0

| alam| el B | e

Object Name | Wal
T o
_é o
_é r=f
I x
:6 next_stafeff:aQf 0o
Bj ota/r07

ou want ko save the changes you made to:

b Doy
.,_-r/ ‘Default, wcfg'?
Bs

hi | m | Cancel |




Task 1 - Simulation

* Press the Zoom to full view button again (3" magnifier button on the
top). Now you can see the states also. Notice that every change is
synchronized to the rising edge of the clock. Study the output, check
the order of the states. Is the behavior of the FSM correct?

-”;-. X
1§ b

& ok
-L[', rsk
B B state[1:0]

B RO@ wHE % %



Task 1 — Update implementation

* We defined the behavior of the combinational circuit using Boolean
equations. That’s fine.

 However, the readability of the code can be improved by the
application of the case command.

* First, close the ISim simulator (File -> Exit). A popup window might
appear. Don’t save the changes.



Task 1 — Update implementation

* In the top left corner of the ISE Project Navigator, switch back to
Implementation mode.

"™ ISE Project Navigator {P.68d) - C:\ Documents and Settings' Administrator', Desktop'Diglab5' Dig
File Edit Wew Project Source Process Tools  Window  Layout  Help

JJD.}I| JJdb. A

ﬂh:ﬂ|}}”__;::_“.-f'ﬂ”:“?=;

Design =" =, wO&X | 23 SIIATIIITIEEITETIIEEE
[ | Mied: i ﬁi} Implernentation () Sirnulation ' 24
" S z5 module Task TF:
=| | Hierarc -
Eg : = 26
HEJ o o 27 /f Inputs
Se-tq144 . reg b
::: Taskl (Taskl v 50 reg olk;
B : ;ﬁ; Toprnodule (Toprmodule, ) o 20 reg rst:
el |
A 33 A Cutputs
o % %3 wire u:
= 34
— . 35 44 Instantiate the Un
- g, 1 36 Taszkl uut |
— 37 N =l =R
O 38 lklelk) .
;. 30 kst (r=st) .




Task 1 — Update implementation

* Select the Task1.v file.
* Delete the written code, except for the following lines:

R N N
21 module Taskl(

22 input h,

>3 input clk,

e input rst,

75 output =

26 1:

27

>3 reg [1:0] state;

29

30 alwaya @ [(posedge clk)
31 if (rst) =tate <= Z'b0O0O;
33 else state <= next state;
33

34 endmodule
35



Task 1 — Update implementation

» Add/modify the highlighted lines:

z0 SOSS S S S EEE RS SRESASSS
241 module Taskl|

o input b,

=3 input clk,

> 1 input rst,

25 DutEut rEH b

26 1:

27

el reg [1:0] state:

20 re 1:0] next state:
30

31 always M (posedge olk)
37 1f [r=st) state <= 2'b00;

37 gl3e state <= nexXt state;



Task 1 — Update implementation

 Values of reg variables have to be set inside an always block.
* To set the value of a reg type variable, use <= instead of = (see later).

* The commands inside an always block are evaluated once a specified event
occurs.

* The event is specified after the @ part in the brackets, this is the so-called
sensitivity list: always @ (... Sensitivity list ...)

* Example 1: always @ (posedge clk)
In this case the block is evaluated after the rising edge of the clk. This is
used to describe the state register.

. Exam‘ole 2: always @ (*)
The always block is evaluated if ANY of the inputs changes. This is used to
describe combinational logic.



Task 1 — Update implementation

* Remember the general design of FSM implementations:

* The combinational logic
part is described with an
always @ (*) block

* The state register is
described with an
always @ (posedge clk) block

= @
UE) 2 +>I . , O = 3
L c Combinational E =
logic o
°}
m
m-bit

‘%

>state register

General version



Task 1 — Update implementation

* The combinational logic provides the next_state signal and the ouput
of the FSM (check previous figure).

* First we implement the generation of the next_state signal.
* We can use the case ... endcase commands inside the always block.
* This improves the readability of the code.



Task 1 — Update implementation

* Add the following code. Notice that it implements the next states in
the correct order, and the conditions (b and b’) are also evaluated!

* Note that we use <= instead of = !

a1

32 alwayza @ [(posedge clk)

33 if [(rst) state <= 2'kb0O0;

34 elze state <= next state; InpUtS: b; OUtPUtS: X
35

36 alwvays @ (¥

37 case [state)

35 Z2'kh00: if (b)) next state <= Z'h01;
30 elze next state <= Z'b00;
a0 2'h01: next state <= Z'b10;

41 2'bh10: next state <= Z'b11;

4z 2'bhi11: next state <= Z'b0O0;

473 endcase

44

45 endmodule
46



Task 1 — Update Implementation

* Now implement the output function, using case...endcase.

fa e

36 always @ ()

37 Ccase [(state)

38 2'ha0: if (k) nexXt state «= Z'kb0O1;
39 else next state <= 2'b0O0; Inputs: b; Outputs: x
40 2'h01l: next state <= 2'b10;

41 2'hil0: next state <= 2'b11;

47 2'hlil: next state <= Z'b0O0;

473 endcase

34

45 always @ (*)

45 CcazZe [(2tate)

47 2'ho0: » <= 1'h0;

45 2'h0o1: x <= 1'hil:

49 Z2'bi10: = <= 1'bhi;

50 2'h1l: x <= 1'bil;

51 endcase

52

g3 endmodule



Task 1 — Simulation |l

* Simulate the behavior of the modified circuit.
Eil=  Edit Project St
e Save all changes. 2> ', %

10N

» Switch to Simulation mode on the top left corner.

. T_ - &) pigLabs
* Select the Task1_TF file. “|° & cmm
— Q; | uuk - Taskl (Taskl.w)
Topmodule {Toprmodule. )

e Run the simulation: “Simulate Behavioral Model”

iew £ I!:.E:E Irnplemenition % Simulakion

ehavioral

S8 =

[

Processes: Taskl TF

=3 Isim Simulator
- P2 Behavioral Check Syntax

(8 T isimulate Behavioral Model

Lo

* Add the state register’s value to the waveforms (slides 33-37)



Task 1 — Simulation |l

e Study the waveforms. Did the behavior of the FSM change after the
modifications?



Task | — Generating programming file

* Now the FSM will be uploaded to the FPGA.
* First it has to be added to the top module. This is the so-called

Instantiation.
* Close the Isim simulator.
* Go back to implementation mode.
* Now select the top module file.

"™ ISE Project Navigator {P.68d) - C:\ Documents and Settings', AdministratorDesktd
File Edit Wew Project Source Process Tools Window  Lawouk  Help

I | R e a| =] 2B R E
Design +0O8 X 1  timescale 1n:
[ | View: o) EI:E Implementation @ Sirulation 2 SASASAAAAAAN
Hi h S— 3 F/ Company:
& :|erar|: "‘a_ 4 // Engineer:
a[jl'J - '.'E:'._'] DigLabS 5/
— | = £ xc3s250e-4hgl44 & // Create Date
"N Task1 (Taskl.v) BN/ Design Mam
E - g // Module Namm
= — g // Project N
A 10 ¢/ Target Dew:
: o 11 // Tool wersic
ﬁ _ 1z // Descriptim
- A 13 /Y
o A, 4 A Y Tarandarnedc




Task | — Generating programming file

* |nstantiation means that we create an instance of the module, and
connect its input(s) and output(s) to some wires of the top module.

e Add the following line to the topmodule:

21 module Topmodule |

22 input clk,

>3 input rast,

>4 input [3:0] bt,

25 output [7:0] 1d

26 1

a7

25 Taskl F3M1(.bibt[0]), .clkiclk), .rstirst), .x(1d[0])):

29
30 endmodule

31




Task | — Generating programming file

* The line can be interpreted as the following:

e Taskl FSM1(...): A Taskl type module is placed in the top module, and
Its name is FSM1

 .b(bt[0]): The bt[0] input of the Topmodule is connected to the b
input of the FSM1 module.

e .clk(clk): The clk input of the Topmodule is connected to the clk input
of the FSM1 module (two different wires, but with the same name!)

e .rst(rst): Similar to clk

 .X(Id[0]): The |d[0] output of the Topmodule is connected to the b
output of the FSM1 module.



Task | — Generating programming file

* The bt and |d wires are multi-bit buses. However, we use only 1 bit of
the input, and we do not define the value of the Id[7:1] outputs. This
might lead to errors and warnings.

* To avoid this, modify the code in the following way:

21 module Topmodule |

27 input clk,

23 input rst,

4 input [3:0] bt,

25 output [7:0] 1d

26 1z

27

28 wire k;

20 assign b = bt[0] |bt[1] |bt[Z2] |bt[3]:
30 assign 1d [V:1] = 7'bO0000O00;

S

32 Taskl -@ 2lkiclk), .rastirst), .x(1d[0])):
33

34 endmodule



Task | — Generating programming file

* Now the |d[0] led will turn on if any of the buttons are pressed.

258 11828 1 ASTTHIANTIL DU o2
...................

bbbbb

lllllllllllllllll

00088 . . ; l: i Id[0]

20080 7
so9en i
anher»
Tl

bt[3]-bt[0] buttons



Task | — Generate programming file

* Before generating the programming file, you have to add the .UCF file
to the project.

e Download it from this link.

* Unzip it into your working directory.

* Your working directory appears in the title bar of the project
navigator.

° EX am p | e " ISE Project Mavigator {P.68d) - C:\Documents and Settinas' Administrator' Desktoo'. DiaLab5. DigLab5.xise - [Topmodule.¥]
’ File Edit Mew Project Source Process Tools  Window  Lawout | Help

IDFEHP| L)l a DR X | wa| =228 XK '§]||:JJT=;T.'-JJJ5'P¢?JJH*E
Design 08 X = 1 “timescale 1ns / 1ps

5] Wiew: (# Eﬂ}lmplementatinnf" Simulatinn = 2 SAASASEASES SRS AR

- L R TP e e L



http://logsys.mit.bme.hu/sites/default/files/page/2009/09/SP3E_UCF.zip

Task | — Generate programming file

* Right click on the project and select Add Copy of Source...

"B ISE Project Navigator (P.68d) - C:',Documents and Settings' Administrator Desktop',DigLab5%DigLab5.xise - [Topm
File Edit “iew Project Source Process Tools Window  Lavout Help

ID3E@ [ leaB0Xx[wa|Alf B8R ,RAIZEDO|[LR
Design +08 X 1 timescale 1ns / 1ps
B Yiew: ¥ ﬁ}lmplementetinnf’ Simulatinn o I P P P P P
i H — 3 // Company:
EE,-l HEIE!rar Y. 4 // Engineer:
HEJ - - DlgLaI:uS - 5 /)
— El- o o s /f Create Date: 1z:16:45 10/03/201
£t " e 10PMOAUIE /¢ Design Name:
= FaM1-Ta [5] Add Source... J4 Module Nare: Toprodule
i HIEJ Add Copy of Source. ., /¢ Project Name:
/f Target Devices:
) Manual Compile Order d4 Tool wversions:
S Description:
- = Implement Top Module O
a /f Dependencies:
File/Path Display 3 i
S4 Revision:
Expand Al /¢ Revision 0.01 - File Created
Collapse Al Jf bdditional Comments:
£
() Find... Chri+F FEEEEETE R R EE i i idiiiiiiiiiiii
e i . module Toprmodule |
Design Propetties. .. input clk,
Ju— 23 input rst,

m | ™Y paDvacaccac ER 24 input [3:071 kbt,



Task | — Generate programming file

 Select the LOGSYS SP3E.ucf file

Leok jri: | £ DigLab5 x| = & ok ER-

Deszktop

Y

Type: UCF File
f Task_TF.w Dake Modified: 1032013 4:34 PM
Size: 5,50 KB

by Documents

File nare: ILEIGS'T’S_S P3E j Open I
Files of type: ISDurces[ * twt b *vhdl 7w "k vk S sco “.scj Cancel |
E




Task | — Generate programming file

* The following window appers. Select OK.
x

The following allows wou to see the status of the source files being added to the project, It
also allows wou ko specify the Design Miew association, and For YHOL sources the library, For
sources which are successfully added to the projeck,

File Mame Association Library
1 | () L0GSYS_SP3E.ucf Implementation 7 | [work [~
i Source file already in project directory, It was nok necessary bo ..
3 path; LOGSYS_SP3E, uck

Adding files to project: |IIIIIIIIIIIIIIIIIIIIIIIIII 1 of 1 Files {0 errors)

I, Cancel | Help

&




Task | — Generate programming
* Open the LOGSYS SP3E file and uncomment (de

ak)

e

ete the # character

from the beginning) the following lines: clk, rst, bt<3>...bt<0>,

ld<7>...1d<0>

13
14
15
16
17
13
13
20
21
22
23
24
25
26
27
28
29
30
31
J&
33
34
35
36
37
3
39
30

NET
NET

# 4
HET
HET
HET
HET

# & kapcsold, balral

HMNET
#MET
HMNET
HNET
HNET
HNET
HMNET
HMNET

# 3
MNET
MNET
HET
HET
HNET
MET
MET
MET

"c l]{"
"]‘_'St."

darah aktiv magas nyomwdgondy, balrdl jobhra sSsémoEva

Mht<3n
Mht<Zx "
"ht<l>"
"ht<O>"

Pago7m
Faw<axr
w5
Fawcds-rr
Pagad-"
oo ="
Pagaol>™
PagcOsr

LED, bhalrdl jobhra sSsamoEva

"l
Ml En
"ld<Es
"ld<dn
"<
M1z
mld<ls
"1d<0s

LioC
LioC

Lo
Loz
Lo
Lo

LoC
LioC
LioC
LioC
LoC
LoC
LoC
LoC

Lz
Lz

LoC =
LoC =
LoC =
LOZ =
LOZ =

Lz

"P 129"
"Pllg r

= "p1z;
"pZ4n;
"P3IE";
= "P3IE";

= "P_q'?":
= "pagr;
= "Pga";
= "p7a";
= "PE4";
= "PE3";
= "PgE";

= FFPlDl"-

= "pa3";
"pSO";
"PS1";
"PS2";
"RPS3";
"PE"}”:
"PEB":
= "p5ar;

PUOLLIOWE
PUOLLIOWE

jobhlhra sSzamoEva



Task | — Generate programming file

* Press Save All
 Select the Topmodule file EJ

El £ xc3sZSle-dbqlded
=8 [ - Topmodule { Topmodule, )
: l FSM1 - Taski (Taski.w)

- 18] DigLabs - ‘

* In Processes: Topmodule (on the mid-left of the screen), double click
on Generate Programming File

J 22 # & kapcsold, balrdol jokk

25 HNET "sw<7s"  LOC = "P45

24 HNET "sw<6x"  LOC = "P4f

25 #MNET "sw<5"  LOC = "FP&C

\ 25 HNET "sw<dx"™  LOC = "PTE

=_]: 0 mrmaty Reporks 27  HNET "sw<3iz" LOC = "pgc

0 . Desu;n Lkilities 25 HNET "sw<z=" LOC = "pa3c

.]: . IJser Constraints 20 HNET "sw<lz" LOC = "paE

—— | @82 Synthesize - ¥5T ag  #MNET "sw<Ox"  LOC = "PIC
n l T2 e 31

o 22 # & LED, balrdal jokbbhra =s:

Cf@ 33 MNET "ld<7="™ LoC = "p4gst

L 34 MNET "ld<gx'™ LoC = "pEO*f

a2 MNET "ldcRzrT" .o = MRpEAT




Task | — Generate programming file

* If the program file was generated
successfully, you can connect the FPGA
board to the PC

* Mind the orientation of the JTAG
connector!




Task | — Generate programming file

* Launch the Logsys GUI application

* Press the +5V button to turn the board on

Power
Yoltage Current
_I Macimurm Yalue: i
[ ]Logta file...
Measurement

+EYauk: u Mairurn Walue: (500 5 mi
Ijcref: w Critical Yalue: |90 [2|es
ITaGref: 'u' Samples/Second: 10 =



Task | — Generate programming file

* On the right side of the screen, select JTAG download:

Loz o

Info Configur ation

LOESYS development cable 1TAG Download
([ Tgetel

* Press the ,,Query JTAG chain” button

JTAG .. .
Devices in the JTAG chain:

Cuerny JTAG chain HCISZE0E [iline) e

Clear Log

* Then press ,,Configure the Selected Device”

Devices in the JTAG chain:
WCASZR0E [ilire) ~ | Configure the selected device. . |




Task | — Generate programming file

* Browse the generated file in your working directory

* Press Open

* The circuit needs a system clock input and a reset input
* First set the value of the clock frequency to 1000

* Press the Set button

LOC2a o x
. . Info Configuration
* Click into the CLK checkbox LOGSYS develpnert 5. 1145 Do
Conkrol Zommmun ication
* Note: on Windows 10 the tick might Cessngiio
. . @ [JUaRT
not appear, but it should be fine g Juser

* You can reset the circuit by pressing the
RST checkbox



Task ||

* If you have time, try to implement the following FSM on your own:

* FSM: Button press synchronizer — no matter how long the bi button is
pressed, the output high is 1 clock cycle wide on the bo signal

FSM inputs: bi; FSM outputs: bo

X o " bi
2, (o
bi bi

bo=0 bo=1 bo=0

Step 1: FSM



Task ||

e Button press synchronizes: Encoding states and State table

FSM inputs: bi; FSM outputs: bo ?r;:t'gat'm;'“'gﬂ't‘;
s1 sO bi | n1n0bo
@ O 00| O0O0DO
001|010
R L
0 1 1 1 0 1
L L
@ BT
. 110,000
Step 3: Encode states unused 4 4 4 | 0 0 0

Step 4: State table



Task ||

* Boolean equations of the combinational circuit:

N1 =s1's0bi + s1s0bi
n0O = s1's0’bi
bo =s1's0Obi’ + s1's0Obi = s1s0



Task ||

* Main steps:

O NOUAEWNRE

Add new module (e.g. Task2)

3 inputs (clk, rst, bi — single wires), 1 output (bo, single wire)
Modify bo from output to output reg in the generated .v file

Add the state and next_state registers.

Implement the state register using always @ (posedge clk)
Implement the next_state logic using always(*) and case...endcase
Implement the bo logic using using always(*) and case...endcase
Verify with simulations



