Digital design laboratory 2




Introduction

* This week you will learn about implementing basic combinational
circuits

* First the 3 gates will be implemented: AND, OR and NOT

* In the second part you will design and implement simple
combinational circuits

* You will also learn how to use the simulator



Task 1

* To get started, launch the Xilinx ISE

* Select File -> New project...

 |5E Project Mavigator (P.20131013)
JI Edit  ‘iew Project  Source  Process  Tools  “Wind
| ;) _i| »

Open Project... +OF x
Open Example..,

Fraject Browser... Jesign Suite
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* Name:
Digital _design lab 2

* Work on the D: directory!
* Press Next

a Mew Project Wizard

f—Create New Project
apecify project location and type,

Enter a name, locations, and comment For the project
Mame: Digital_design_lab_2
Location: D:\Digital_design_lab_z

‘Warking Directary: | D:\Digital_design_lab_2

Description:

Select the bype af top-level source For the project

Top-lewel source type:

HOL

Mare Info

Cancel
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 Set the properties of the board:
Family: Spartan3E
Device: XC35250E
Package: TQ144
Speed: -4

* If everything is set properly,
press Next

 Mew Project Wizard

{—Pruject Settings
Specify device and praject properties.

Select the device and design flow Far the project

Property Mame Walue

Evaluztion Dewveloprment Board Mone Specified o
Product Cateqory Al o
Farnily Spartan3E o
Device HC35250E o
Package T2144 o
Speed v
Top-Lewel Source Type HDL

Synthesis Tool HET OWHOLWerilog) w
Simulatar [Sirn WHDL M erilag) w
Preferred Lanquange Werilog o
Property Specification in Project File | Store all walues o
Fanual Compile Order ]

WHOL Source Analysis Standard WHOL-93 o
Enable hdessaqe Filtering ]

More Info < Back Zancel
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* Press Finish

a Mew Project Wizard

'frPruject Summary
Project Mavigator will create a new project with the Following specifications.

FProject:
Project MName: Digital design lah 2
Project Path: C:\Usershcloudi\Digital design lak 2
Working Directory: C:hWUsersicloudiDigital design lab_ 2
Description:
Top Lewel S3ource Type: HDL

Device:
Device Family: SpartansE
Dewvice: xo3isZ50e
Package: tglad
Speed: -4

Top-Lewvel S3ource Type: HDL

Svnthesis Tool: 3T (VHDL/Verilog)

Simulator: ISim (VHDL/Verilog)

Preferred Language: Verilog

Property 3Specification in Project File: Z3tore all wvalues
Manual Compile Order: false

VHDL Source Analyziz Standard: VHDL-93

Message Filtering: disabled

Mare Info < Back.

Zance
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* Right click on the xc3s250e-4tq144 label, and select New Source...

a |5E Project Mawigator (P.2M31M 3 - ChAUsers'cloud\Digital_design_lab_2\Digital_design_lab_2.xise
File Edit ‘iew Project Source Process Tools  Window Layout  Help

OPEFILXDEX|wa| 2R 2RIA

|Design ~+O4A X|

[ | view: @ f&F mplementation O [ simulation
J[5| | Hierarchy 2
=R W ocds250e-dtq14d
[Wews Source...
#h | -
E The viev =] Add Source...
— ¥ou £an Add Copy of Source..,
using th
— Frarm the ]
! Manual Cormpile Order
D using kh
— Librari
i rar=3 P lmplement Top Module
e ] ]
File/Path Display 2
Expand All
. Collapse All
. " Find... Ctrl +F
Design Properties...
0L TE proect,
L
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o Mew Source YWizard

* Select Verilog Module ¢ Select Source Type

Select source bvpe, File name and its location.

"F. IP (CORE Gernerator & Architecture Wizard)

E Schematic

E ser Document

Verilog Module

Werilog Test Fixture

E WHOL hodule _ .
Iy WHOL Library File name:
E WHDL Package module._1|
E WHODL Test Bench .

e Ernbedded Processar Location:

Cisers\cloud\Digital _design_lab_2

* Name: module_1
* Do not modify the Location!

* Make sure the “Add to project”
checkbox is checked

* Press Next

#dd to project

Mare Info Cancel
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* We will use the switches as inputs, and the LEDs of the board as outputs in
the current module

e Set the sw and Id (lowercase “L”, not uppercase “i”!) signals as:

o Mew Source Wizard X

“Define Module
Specify ports For module,

Madule name |[module_1

Part Marme Direction Bus MSE LSE (s
sy input ~ 7 0
d output ~ 7 |
input ~ [
input ~
input ~

* Press Next, then press Finish
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* The new module has been added to the project:

Hierarchy
=] Digital_design_lab_2
= £ xc3:5250e-dtq1dd
[v]efs imodule T {module 1.}

* A template module has been generated:

20 LSS5
21 module module 11

22 input [V:0] =w,
23 output [7:0] 1d
24 V:

25

26

27 endmodule
o Q
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e According to AsicGuru.com:

Module Declaration

A module is the principal design entity in Verilog. The first line of a module declaration specifies the name and
port list (arguments). The next few lines specifies the i/o type (input, output or inout, see Sect. 4.4. ) and width of
each port. The default port width is 1 bit.

Then the port variables must be declared, the default is wire. Typically inputs are wire since their data is latched
outside the module.

Syntax

module module_name (port_list);
input [msb:lsb] input_port_list;
output [msb:lsb] output_port_list;
inout [msb:lsb] inout_port_list;
... statements ...
endmodule
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* In our case a module has been defined that has two ports:
* The 8 bits wide |d is an output
* The 8 bits wide sw is an input

* Both sw and |d are wires
* Now you have to add statements to the module to define its behavior

* In the first task, we will implement two four-input gates: an AND gate
and an OR gate

* The inputs of the AND gate will be the first four switches (from the
right). The second 4 switches will be the inputs of the OR gate.



Task 1

* The output of the AND gate will be connected to the rightmost LED,
|d[0]. The output of the AND gate will be connected through a NOT
gate to Id[1] too.

* The OR gate’s output will be connected to Id[2], and its inverse to
Id[3].

* The Boolean equations are the following:
* [d[0] = sw[O]-sw[1]-sw[2]-sw[3], Id[1]=(sw][O]-sw[1] -sw[2] -sw[3])’
o |[d[2] = sw[4]+sw[5]+sw[6]+sw[7], |d[3]=(sw[4]+sw[5]+sw[6]+sw[7])’
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* The following operators can be used in Verilog to implement the AND,
OR and NOT operations:

AND & a&b (2 input AND)
OR | alb]c (3 input OR)
NOT ~ ~X
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* Add the following lines to the module

= gw[0]&sw[l] &aw[2] &sw[3]

= ~(aw[0]&aw[l] &aw[2] &aw[3]);

= agw[d] |sw[5] |aw[E] |aw[7]:

= ~(swld] |sw[d] [sw[o] |sw[7]):

] = 4"k0000; // setting to constant O

aszign 1d[0
azzign 1ld[1
aszign 1d[Z
aszign 1d[3
assign 1d[7:4

* The above code shows that signals of type wire can be driven

continuously using the assign statement.

* You can see that the value assigned to a wire can be a constant or an
expression (last line vs lines above).

* We set the upper 4 LEDs to constant O otherwise we would receive
warning during the implementation
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* The 4’b0000 expression is a constant. The 4 shows the bit width of
the constant, b shows that its given in a binary form, and 0000 is the
4 bit value we want to assign.

* You can also define decimal or hexadecimal constants:
* 4’d10: 4-bit decimal constant (1010)
e 5’hB: 5-bit hexadecimal constant (01011)

* The resulting constant is always in binary form, the b, d, h specifiers
define the base of the source, not the final result!
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* Before implementing the design, we are going to test it using the
simulator

e Before you do anything, make sure you have saved the modifications &

* As a next step, switch to Simulation mode in the top left corner of the
ISE:

5B Project Mavigator (P.20131013) - CAUsershcloud®,
File Edit “iew Project Source Process

AT I o o |
Design [/ X
Wiew: () E&E} Implementation (@) @ Simulakion

;éj Behavioral wl —

HIE| Hierarchy
— =1 Digital desian lab 2
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* Right click on the xc3s250e-tq144 label, and select New Source

a |5E Project Mavigator (P.201310013) - ChUsershcloud'\Digital_design_lab_2%Digital_des
File  Edit ‘iew Project Source Process Tools  Window  Layout  He

D2 Hd| YKDEX|vwa|l s 2l 2R
Es o . HIZI & X| g 1 " timesca.
Yiew! Irnplementation A8 Simulation
g ' Sl o2 /1000007
LE' Behavioral v
. 3 // Compal

HIEJ Hierarchy - .
— Digital_design_lab_2 4 {i Engine
o -

a0 | o8 xc
_ ol (module_ | IR - - -

@ Add Source...

. Desigl
[3z] Add Copy of Source.., E|

Modile
Froje:

) B | | E

Manual Cornpile Order
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 Select Verilog Test Fixture

* Name: module_1 tf

* Do not modify the Location

* Make sure the “Add to project” checkbox is set
* Press Next
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* The following windows appears, module_1 should be selected (since
we want to test it):

e Mew Source Wizard >

“Associate Source
Select a saurce wikh which ko assaciate the new source,

* Press Next,
then press Finish

Mare Info < Back Cancel
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* The ISE generates the skeleton for the test fixture file. Go to the initial
begin — end part:

38

39 initial begin

40 /4 Initialize Inputs
41 sw = 07

4z

43 // Walt 100 ns for global reset to finish
44 #100;

45

46 /4 Add stimulus here
47

43 end

43
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* Here you can define arbitrary input for the module. The syntax is the
following: #T sw = CONSTANT

* T defines the time interval (in nanoseconds) the simulator waits
before setting the value defined with CONSTANT on the given variable
(sw in this example).

* First, let’s wait 100 nanoseconds, then set the input of the AND gate
to 1101 and the input of the OR gate to 1000:

* To do so, add the following line after the Add stimulus here part:
#100; sw = 8'b10001101



Task 1

* The input can be interpreted as the following:
e #100; sw=28'b 1101
* We want to wait 100 ns before setting the value

* The constant is given in binary form, and we want to define an 8-bit
value

* The input of the AND gate is 1101, since sw[3], sw[2], sw[1] and sw][0]
are connected to the inputs of the AND operation
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* Add two more lines to the stimulus part:

initial begin
/4 Initialize Inputs
sw = 07

/4 Walt 100 ns for global reset to finish
#100;

S/ Add stimulus here

#100; sw = 8'b1l0O001101;

#1007 sw = g'h00001001

#100r sw = 8'bL11001111;
end

Before continue, make sure all changes are saved! =a
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* Select the module_1 tf file in the top left corner by left clicking on it

& |5E Project Mavigator (P.20131013) - C:hUsershele
% File  Edit ‘iew Project Source Proces

D :& F:i | [egs] | )«
Cesign 048 X
[ wiew: O {53k Implementation @) 8 Simulation
-\'._EEJ Behavioral w
EIJ Hierarchy

1] Digital_design_lab_2
srer | = B xc3s250e-dtgldd

uut - module_1 {module_1.

H D8 W

* After selecting it, press the + button next to the Isim simulator:

P | ) Mo Processes Running

: -]: Processes: module_1_tf

| E "%‘ i5im Simulator

A




Task 1

* To new options appear: “Behavioral Check Syntax” and “Simulate
Behavioral Model”

 Right click on Simulate Behavioral Model, and select “Rerun All”

2 Mo Processes Running

Processes: module_1_tf

= % [Sim Simulator
2  Behavioral Check Syntax
T Simulate Byl

'?:t Run

1

>
{

-0
%

1, Stop
Run With Current Data

LEH: Process Properties...

B e o e e ¥ e iy 1 N - Y B A I
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* The simulation output window pops up, you should see something
like this:

£ 1Sim (P.20131013) - [Defaultwcfg]

X
<] File Edit View Simulstion ‘Window Layout Help
oa Do o |dh 3 =B [ Re-launch
Instances and Processes <08 x| |objerts 08 x| # __
a T Simulation Objects for modue_1_tf 5
HENSERIERNE
: Bl &
Instance and Process Name o M 168
B module 14 || Object Name Value
aibl ol - 2T 1a0000101
5 swirol 11001111
<
& Instanc... Memory < > || B Default,wfg []
Consale wOex
WARNING: & WEBPACK licnse nas found,

WARRNING: Pleass uss ¥iirx License Configuration Manager to check out & Full ISm license.

~
WARNING: 15 wil r in Lite maode. Please refet to the 15m documentation For more infarmatian on th dfferences between the Lite and the Ful version.

Thisis a Lite version of I5m,

Time resolution is 1 ps

Sivulatop iz doing creut ntakzation pracess.

Finished direLit intialization process.

Isim> v
@ console [ Complationlog @ EBreakpoints (4 Findin Files Resuks gy Search Resuks

Sim Time: 1,000,000 ps
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* To see the full result of the simulation, press the “Zoom to full view”
button on the bar above the main window.

Zooarm to Full Wiew

* To see the output bits one-by-one, click on the triangle next to Id:

Mame Yalue
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* Now you can see each outbut bit’s waveform for the different inputs:

* For example, when the input on the swis 10001101, Id[0] is O, Id[1] is
1, 1d[2] is 1 and Id[3] is O.

* Remember: |d[0] is the output of the AND gate, Id[1] is the inverse of
|d[0], Id[2] is the output of the OR gate, and Id[3] is the opposite of
|d[2]. Thus, |d[0] is 1 if ALL of the lower 4 bits of sw is 1.
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e Similarly, Id[2] is 1 if ANY of the upper 4 bits of the sw input is 1.

* Check the output for the other input combinations you have set in
the test fixture file. Is the result in accordance with your
expectations?
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* Before you continue, close the ISim simulator (File -> Exit)
* Switch back to Implementation mode in the top left corner of the ISE:

Desian + 09 X

T Yiew: (@) Iﬂ:& Implementation () @ Simulation

E Hierarchy
| - E Digital_design_lab_2

* Now we will implement and download the module to the FPGA
board. Thus, we have to define the ports for the LEDs and switches,
just like on the first lab.

* A file has been prepared for this purpose, you can download it using
the following link: download



http://home.mit.bme.hu/~rtamas/Logsys/LOGSYS_SP3E.ucf
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* Download the file, and save it to the current working directory of
your project (D:\Digital design lab_2).

* If you are not sure, you can check it in the title bar of the ISE:

O . ; & O | 2 2 PR BlA BB I AP L

BEm __ *O8X &€ 30 // Revision 0.01 - File Created
[0 |view: @ (G mplementat ion O [ simulation 21 // additional Comments:
EJ Hierfrchy 29 //
) gfc‘?;?;ij‘g?ﬁ"-z S 23 SIS
33'3;, module_1 (module_1.: 24
= “ 25 module module 1 tf:
& ” ——
’j 27 S/ Inputs
- o | 28 reg [7:0] swr
m .| 29
—| 30 // outputs
Ol 51 wire [7:01 1d;

* If the browser opens the file instead of displaying the download
dialog window: right click, and select “Save as...”
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» After saving the file (with .ucf extension), go back to the ISE, right
click on the xc3s250e-4tq144 label, and select “Add Copy of Source...”

File Edit ‘iew Project Source Process Tools  Windo

[ 2 | db - e | =
Design =+ &8 x| | 50 f
Ei Yiews: (@) Eﬂ}lmplementatinn i Simulatiu:un ) 71 f,a
(5| | Hierarchy ‘ o 2o/
: =] Digital_design_lab_2
H—J = ' 5::-::-:-525& R 23/
:"E"\: UGy |. m I_I NEW SDL“’CE“. 2 4
- L5 Add Source... 5T
. fanual Campile Order 27
f— 23
— P Implement Top Module
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* Select the downloaded ucf file, and press Open:

Organize « Mew folder ==~ [ @
" Marre Date rmodified Type Size
3 Quick access
#ITEgs 2019, 09,18, 1540 File folder
B Desktop = 3 : :
ipcaore_dir 2019, 09,18, 1612 File folder
& Downloads iseconfig 2019,00.19,15:40  File folder
=] Documents isirn 2019.00.19.17:20  File folder
i=| Pictures | | LOGEYS_SP3E.ucf 2019, 09,19, 1813 LICF File 6 kB
circle || module_1x 2019, 09,15, 1714 %W File 1kE
J, busic | | module_1_tfw 2019, 09,19, 1720 W File 2 kB
m YWideos
s OneDrive
3 This P
P 3D Ohjects
B Desktop
[ZZ] Documents "
File narme: | LOGSYS_SP3E.uct wol | Sources( bt Yavhd Poaehdl et

Dpen Cancel
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* The following window appears, press Ok:

o Adding Source Files..,

The Fallovwing allaws wau ko see the skatus of the source Files being added ko the project, It
also allows wou to specify the Design Yiew associakion, and for YHOL sources the library, For

sources which are successfully added to the project,

2
3

File Marme

Azsociation

1 )LOGEYS SP3Eucf! Implementatia ~ | wark

Source file already in project directory. Itwas not necessa..,

path: LOGEYS_SP3E ucf

Libirary

o

Adding files to project: _ 1 of 1 files {0 errors)

Cancel

Help
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e Left click on the plus sign next to module 1:

S £ xc3s250e-dtq144

* Open the LOGSYS SP3.ucf file (by double clicking on it).

 Uncomment the lines that belong to the switches and LEDs. Select
the lines first, then right click, and select uncomment (see next
slides).
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* Uncommenting the switches:

#NET "swd7>" LoC = "p4i";
#NET "sw<o>" LOC = "p48";
#NET "sw<bh>" LOoC = "Pb3";

#NET "“ow<d>" LOC © Undo Ctrl+Z
#NET "sw<3>" LOC & Redo Ctrl +
#NET "owl 2" LioC ¥ cut Chpl +3
#NET Tew< 1" LoC Fe Copy Ctrl +iC
#NET a0 Lodc Paste Chrl +4
2 Delete Del

# 8 LED, balrol jo ,
# NET "1ld<7>" LOC Uncomiment L
#NET "ld<o>" Lo Indent 3
3
3

Camrment

&= Line(s) At +Shift+C

. Selection

#WNET "1ld<bH" LOC  Corvert
#FWNET "1ld<4>" LOC Gota

#NET "ldsae" Lo Save &g,
$#MNET "1d<2>" Lz 4 Toggle Bookrmark
#NET "1d<1>" LOC v Line Numbers
#NET "1d<0=" Lo Split Window

) ) o Preferences.., B .
# 4 Airites Fidaeld eIV S v armmeats Ter a1
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 Uncommenting the leds:

# 8 LED, balrél Jjobbra szamozva
TTP43TT;
TTP5OTT;

#NET
#HNET
#NET
#NET
#NET
#NET
#NET
#MNET

# 4 digites kijelzd akti]
¥ Ugyvanezeket a lébakat

"ldT "
"ld<e>"
"1ld<aE"
"ld<4="
"1ld<SE"
"ld<2E"
"ld<lE"
"1ld<O>"

LOC
LOC
LOC
LOcC
LoC
LocC
Loc
LOC

"ph ”
"L o
"pL

"ph dP
"ph 43

P5)q

module_1 .+

[=

* Press Save =

Indo
Feda

Cut

Copy
Paste

Delete

Camment

ncomment

Indent
Conwvert
Gaota

Save s,

Cirl+Z
Crl +%

Crl +3
Ctrl+C
Ctrl +4
Del

i Line(s)

2. Selection

MMMen= wewot ]S j
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* Select the module_1 file again on the left side:

Wiews:; (@) Eﬂ}lmplementatiun ) Simulatil:un
Hierarchy

1] Digital_design_lab_2
=1 Eud xc35250e-dtg1dd

"] LOGEYS SP3Euct

* On the bottom left side of the screen, double click on “Generate
Programming File”

* It everything went fine, you should see this: (&g,

-~ - - o .
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* Connect your board to the USB. Remember the correct orientation of
the JTAG connector:
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 Start the LOGSYS GUI application:

* First, press the Power button:

Power
Yoltage Current
i g 450
oy Off flaimum 'I.I'E!|LIE i
[]Lagta file...
Measuremenk

+5-...-,:,u|::u Maxirmurn Yalue: 500 5 mbd

IjOref: v Critical value: 90 = =%
IThiref; '-.-' Samples/Second; 10 =
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* Press the JTAG Download checkbox:  crfste

JTaG Downlaad

* Press the Query JTAG chain button: & Download (LDC221)

JTAG

| Cueny JTAG chain I

* Then press the Configure the selected device... button

Configure the zelected device. .
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* Browse your working directory and select the generated bitfile,

press Open:

& Mame

_hgo

_Xrsgs
ipcare_dir
iseconfig

isirn
#ln_auto_0 xdhb
wst

[ | module_1.bit

W

Date modified

20790919, 1821
209,09, 19, 1322
20190919, 1612
209,09, 19, 15:40
209,09, 19, 17:20
29, 09,158,181
209,09, 19, 18:20
2019.09, 19, 153:22

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
EIT File

File narme: | module_1.bit

Size

166 KB

All configuration files (*.auf, b

Dpen Carncel

and



Task 1

* Verify the correct behavior of the network using multiple input
combinations. Are the LEDs turning on and off as you expect?
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* In the next task, we will create a simple combinational circuit that has
fourinputs: a, b, c, d

* Input a will be driven by sw[3], b by sw[2], c and d by sw[1] and sw[0].

* The four input bits abcd will represent four bit binary numbers from O
to 15.

* The output of the circuit will indicate whether the input can be
divided by 5 or not (the remainder is 0).

* The following numbers fulfills this condition in the 0-15 domain:
0, 5,10, 15
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* Remember binary number representation: input abcd represents
23222120

* The corresponding product terms are the following:

0: a’b’c’d’, 5: a’bc’d, 10: ab’cd’, 15: abcd
* Thus, the sum of products form of the Boolean function is:
e F=2a’b’c’'d’ + a’bc’d + ab’cd’ + abcd
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* Add a new Verilog module to the project. If you need help, use slides
7-10

* Name: div_5
* Inputs: sw and Id, the same as in Task 1
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* Now implement the Boolean function by adding the following lines:

module div 3
input [7:0] =w,
output [7:0] 1d
)7
assign 1d[0] = ~sw[3]&~sw[2] &~sw[l] &~sw[O]
| ~sw[Z3] &aw[Z2] &~=aw[l] &sw [O]
|lew [3] &~aw[2] &sw[l] &~=w [O]
|ow (3] &esw 2] &aw[l] &sw[O] ;
azsign 1d[7:1] = 7'k0;
endmodule

* The example shows that long expressions can be divided into multiple
lines to improve the readability of the code

* The function’s output is connected to Id[0], the other leds are turned
off.



Task 2

 Right click on the div_3 file, and select “Set as Topmodule”

# |5E Project Nawvigator (20131013 - ChUsershcloudhDigital_des
File Edit “iew Project Source Process  Tools Wi

ASEEd dh U x| o] = 4
Dresign =+ [0 8 X 1
[ | view: @ f&F mplementation O [ simulation 5
JAZ] | Hierarchy = 3

] =] Digital_design_lab_2 .

S5 B wc3s250e-dtqlad 4
e v 5
E ,;m I |:| Mew Source.., £
— L] Add Source... .
[35] 2dd Copy of Source...
P o
— Open g
i L=| Remove 0
hanual Compile Order 1
Y. Setas Top MModule
SmartGuide... 3
e lrenlarmant Tam bAdadola ﬂ




Task 2

* Generate the programming file and upload it to the board. Using the
switches, verify the circuit for every input from 0 to 15.

* If you need help, check slides 39-43

* Note: you will get some warnings since sw[7]..sw[4] is not used in this
design. You can ignore this right now

* If you still have time: try to implement a function on your own thats
output is one if the input can be divided by 3



