Digital design laboratory 3




BCD code checker

* The first task is the implementation of the codechecker circuit we
have designed on practice

* Valid BCD codes are 4-bit binary numbers that represent values
between O and 9

* Thus, the circuit has 4 inputs and one error output
* The error output is set to 1 if the input is higher than 9



BCD code checker

e Launch the Xilinx ISE:

* Select File -> New Project...

0 |5E Project Mavigator (P.20131013)

EI Edit  “iew Project Source Process  Too

o o |
Open Project... +O0F x
Open Example..,

hacinmn Coita



BCD code checker

* Name:

Digital design lab 3
e Location: work on drive D:
* Press Next

v Mew Project Wizard

©Create New Project
Specify project location and tvpe,

Enter a name, locations, and comment For the project
Marme: Digita_design_lab_3
Location; D:\Digita_design_lab_3

Warking Directory: | D:\Digita_design_lab_3

Description:

2elect the type of top-lewvel source For the project

Top-level source bype:

HOL

More Infa

Cancel



BCD code checker

* Verify the settings
Family: Spartan3E
Device: XC35250E
Package: TQ144
Speed: -4

* Press Next and Finish

a Mew Project Wizard

“Project Settings
Specify device and project properties.

Select the device and design flow for the project:

Property Mame

Evaluation Dewvelopment Board
Product Cateqaory

Farmily

Dewvice

Package

Speed

Top-Lewvel Source Type

Synthesis Tool

Sirnulator

Preferred Lanquage

Property Specification in Project File
kdanual Compile Order

WHOL Source Analysis Standard

Enable hessage Filtering

Mare Info

Malue

Mone Specified
&)l

Spartan3E
HC3I5250E
TC144

-4

HOL

HET OWHDL Werilag)
1Sirm (WHDLAerilog)
Werilog

Store all values

[
WHDL- 93

[

< Back.

Cancel




BCD code checker

* Once the project is created, right
click on the label ,,xc3s250e-4tq144”
and select New Source...

-

o |5E Project Mavigator (P.20131013) - ChlUsershclowdWDigital_design_lab_3%
File  Edit ‘“iew Project Source Process  Tools  Window  Layc
D:SHE‘ﬁ| - o B \x|n ﬂ| £ /+ /_f;]:c-;

|Design +0OF X|

El Yiew: (@) ﬁi}lmplementatiun ) @ﬁmulatiun

[=| | Hierarchy o
=2 . wcds250e-dtg144

r'E_:

A=

Fu

The v [5] Add Source...



BCD code checker

a Mew Source Wizard

“Select Source Type

* Se | e Ct Ve ri | Og M O d u | e Select source kype, file name and its location,
o N a m e : BC D 4] IP (CORE Generator & Architecture Yizard)

] Schernatic
=] User Docurment
* Do not modify the
working directory

Werilog Module
Werilog Test Fixture
)] YHODL Module
™ WHDL Library

' ackage BCD
[F] WHDL Packag
s WHDL Test Bench

% Embedded Processar

° M a ke sure th e ” Ad d to p rOJ e Ct ” C:\Usersicloud\Digital_design_lab_3
checkbox is checked

File name:

Locakion:

* Press Next

Add to project

Mare Info Cancel




BCD code checker

* Add ,,sw” as input, Bus is checked,
MSB is 7 and LSBis O

* Add ,ld” as output, Bus is checked,
MSB is 7 and LSB is O

* Press Next, then press Finish

a Mew Source Wizard

& Define Module
Specify ports For module,

Module name |BCD

Part Marme
0y

Id

Mare Info

Direction
input
autput
input
input
input
input
input
input
input
input
input

Bus

Oooooooonr®

CHCUHSH<H<U<U<H<U<HCHS

< Back

hASE

-l
L=~

L=B

Cancel



BCD code checker

* The code checker has 6 invalid inputs: 10, 11, 12, 13, 14, 15
e So the error function consists of 6 minterms

* This could be transformed directly into a gate level circuit, but it
require many gates (6 4-input AND gates, 1 6-input OR gate)

* Next slide summarizes the minimization process we did on practice

* The simplified circuit consists of 2 2-input AND gates and 1 2-input OR
gate



BCD code checker
nput (ABCD)__|Error | Input (ABCD) | Ermor

0000 0 1000 0
0001 0 1001 0
0010 0 1010 1
0011 0 1011 1
0100 0 1100 1
0101 0 1101 1
0110 0 1110 1
0111 0 1111 1

* F= AB’CD’+AB’CD+ABC’D’+ABC’D+ABCD’+ABCD =
AB’C+ABC’+ABC = AB’C+ABC+ABC’+ABC = AB+AC



21
22
23
24
235
26
27
28
29
30

BCD code checker

* Add the following lines to the BCD module
* sw[3], sw[2], sw[1] and sw[O] will represent A, B, C, D

e [d[7]...Id[0] is also driven to avoid warning messages

* {IN{EXPRESSION}} syntax: use curly braces! Description on the next
slide

module BCD(
input [7:0] sw,
output [7:0] 1d
)7
assign 1d[0] = sw[3]&sw[2] |sw[3]&sw[l];
// dummy line to avold warnings caused by unused inputs and unset outputs:
assign 1d[7:1] = {7{sw[0]&sw[d4]&sw[D]&sw[6] &sw([T7]}};
endrmodule



BCD code checker

* {N{EXPRESSION}} syntax:

 EXPRESSION is a logical expression, it can be true or false

* The above syntax means that ,take the value of expression, and repeat it N
times

e For example, if EXPRESSION=1 (true) and N=6, the result is the following 6 bit
binary number: 111111

* If you have added the code, save all changes before the next step

5



BCD code checker

* In the top left corner, swith to simulation mode

 |5E Project Mavigator (P.20131073) - ChUsershcloud \Dic
File  Edit ‘“fiew Project Source Process Toc

02 S (o o -
Cesign +0OF X i
view: (O J8F Implementation (@) Simulation
&;J Behavioral w| —

\[EIEJ Hierarchy

—| - '5] Digital_design_lab_3
s | B EF wc3s250e-dtq14d
BCD (BCD.W)




BCD code checker

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

a |5E Project Mavigator (P.20131013) - ChUsershclowd\Digital_design_lab_3*
File  Edit ‘“fiew Project Source Process Tools  Window L

N2 H | db - --l|"'}~"|” b2 P
Desian =+ 05 x|

;_‘I Yiew: () ﬁi} Implementation (@) Simulation 5 / /
CEJ Behavioral wl| T 6 ///
I Hierarchy 7 //
B 8 //
= . S //
f— S| Add Source..,
H';J Add Copy of Source.., D / /

' 1 //




BCD code checker

Select Verilog Text Fixture
Name: BCD tf

Do not modify the location
Check ,,Add to project”
Press Next

a Mewe Source Wizard

select Source Type
Select source type, file name and its location.

BRAR File
£ ChipScope Definition and Connection File
EJ Implermentation Constraints File

J P (CORE Generator & Architecture Wizard)
MERA File
| Schematic
=] User Docurment
Werilog Module
M Werilo g Test Fidure
g WHOL badule
I WHOL Library
P WHODL Package
g WHDL Test Bench
Embedded Processor

Mare Info

File name;
BCD_tf

Locakion:

CUsersicloudiDigital_design_lab_3

Add ko project

Cancel



BCD code checker

 The ,Associate source” window
appers

e Select BCD
* Press Next

& Mew Source Wizard x

“—Associate Source
Select a source with which to assaociate the new source,

Mare Info < Back Zancel



BCD code checker

 The circuit will be tested

using a for loop

* Add the following lines to your

code

* integer i; BEFORE the ,initial

begin” part

* Copy the code after the , Add
stimulus here” comment

* Note: i++ is not accepted here

e Save all changes

5

33
34
35
36
37
38
39
40
41
4z
43
44
45
do
47
48
19
50
51
52

// Instantiate the Unit Under Test (UUT)
BCD uut
.SW(sw) ,
L1d(1d)
) ;
integer i;
initial begin
// Initialize Inputs
sw = 0;

// Wait 100 ns for global reset to finish
#100;

/) Add stimulus here
for (i=0; i<16; i=1i+1) // i++ is not accepted here!
begin
#25; sw = i;
end
end

53 endmodule



BCD code checker

* In the top left corner, left click on the BCF_tf module:

Wi O Eﬂ}lmplementatinn @ Sirr

Behavioral

Hierarchy
& Digital_design_lab_3
giit | = B wc3s250e-dtq144

= |£,£@L

uut - BCD (BCD W)

| |

* Press the + sign next to the Isim simulator, right click on ,,Simulate
Behavioral Model” and select Rerun All

@ | ) MoProcesses Running 4 3
I?:t Processes: BCD_tf 4 4
S| =% 1Sim Simulator

— 2  Behawvioral Check Syntax a5
I..EH: T0 Simulate Behavioral bleds F

— l?f‘ Run

Rerun Al

=1, Stop
Fun With Current Data

LEH: Process Properties...
I T&N




BCO code checker

* The simulator starts and the waveforms appear, press the Zoom to
Full View button: o .51 =.

s

Zoom to Full Wiew

* Right click on the sw[7:0] signal, select [qE = mm—s {sooooc
Radix->Hexadecimal B -

Select &ll
Expand

Collapse
Ungroup

Mame

v Default
Signal Colaor » Binary

Divider Calar

Rewverse Bit Order Iazianed Macimmal




BCD code checker

* Do the same for the |d signal

3¢ Delete

Rename

Oy Find...

Select Al
Expand

Collapse

Ungroup

Mame

v Default
Signal Colaor g Binary
Divider Color
Rewverse Bit Order Heziamad MNecimazl

* Now you can read the inputs and outputs as hexadecimal values:




BCD code checker

 Exit the simulatori and switch back to implementation mode:

o |5E Project Mavigator (P.20131013) - CAUsers\cloudyDigi
File  Edit ‘“fiew Project Source Process Too

2 HiF ) & | »
Design =+ F X
. 'u'mpemcntatmn O [ simulation
;Eéj HieMs

& =] Digital_design_lab_3
1 Bud %c33250e-dtq144




BCD code checker

* Now we will check the design verilog generates from the module

code you have entered.

* Left click on the BCD module in the top left corner

Hierarchy

(=] Digital_design_lab_3
=1 B wc3:250e-dtq144
& BCD (BCDA)

* Press the + sign next to Synthesiye-XST, right click on ,View RTL

schematic”, and select ,Rerun All”

H |85 |27 58| v

C Check Syntax

P2 Generate Post-Synthesis Si

fd Mo Processes Funning J‘ 9 "f ’j
20 J/50S
Processes: BCD
E  Design summary/Reports 21 mo dule 1]
Design Utilities .
~ User Constraints 22 lflp]
() Synthesize - X5T 23 C'U.t:[
i Miew RTL Schernatic . i
Yiew Technology Schermati I?I: Run L

Rerun Al

=1 Stop




BCD code checker

e Select , Start with a schematic of the
top level block” in the popup window

* Press OK

& Set RTL#Tech Viewer Startup Mode

Select how the RTL/Tech Viewer behaves when it is initially invoked

Startup mode

() Start with the Explorer Wizard

In this mode, the Explorer Wizard is the initial screen, and allows
you o select the elements that you want 1o see on the initial
schematic

® Start with a schematic of the top-level block

In this mode, the Explarer Wizard is bypassed and an initial
schermatic is created with only the top-level block displayed. You can
then use the logic expansion capabilities of the Viewer o start
expanding from the top-level block

Yau can also change the startup mode by selecting Edit- =Preferences under
the RTL/Tech Yiewsr page

Show this dialog on startup oK

pod




BCD code checker

* Double click
inside the BCD
module
(red circle)




BCD code checker

* The gate level design of the module appears:

d_0_and0001_imp_Id_0_and00011 = Id_0_or0000_imp_Id_0_or00001

and5
14

i
o0
10 J

ld_0_and0000_imp_Id_0_and00001

Id_7_1_and0000_imp_Id_7_1_and00001

e Study the design, focusing on the two and2 gates and the or2 gate
(the and5 gate belongs to our dummy line to avoid warnings)



BCD code checker

* Now we will implement and download the module to the FPGA
board. A file has been prepared for this purpose, you can download it
using the following link: download

* If the browser opens the file instead of displaying the download
dialog window: right click, and select “Save as...”

 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 (top of
the ISE window)



http://home.mit.bme.hu/~rtamas/Logsys/LOGSYS_SP3E.ucf

BCD code checker

* Go back to the ISE, right click on the
,XC3s250e-4tq144” label and select 15 Poject Nvigator (0TI - CAUserAcloud\Digitl_desig

File  Edit ‘“iew Project Source Process  Tools  Wind

,Add copy of source” DPET Ll XDB X0 »

Cresign =+ 08 x |

5
B Yiew: (@) ﬁi}lmplementatinn ] Simulatil:un )
A=| | Hierarchy o o
- =1 Digital_design_lab_ -
e 5| Digital_design_lab_3 . Fi
— = #; -|: 3 '_-'.I:E"- [l - 8
2, et [ Mew Source..,
- [5| Add Source... .
: Manual Cormpile Order 11
| @ Implement Top Maodule 12




BCD code checker

* Browse the file you have downloaded, select it and press Open:

Fa

A

Marme Date rmodified Type Size
_Hrmsgs 29,10, M. 1626 File folder
ipcare_dir 2M910.M. 134 File folder
izecanfig 201910, M, 1340 File folder
isirm 201910, 0. 106 File falder
xst 201910, M., 1@25 File folder
| | BCD.nge 201910, M. 127 MGC File 4 kB
| | BCDw 201910, 0. 1&26 WFile TKE
| | BCD_tfw 201910, M, 1@z WFile 2FKB
| | LOGEYS_SP3E.ucf 201909, 1971219 LICF File 6 KE
v
le narme: |LOGSYS_SP3E.uct wo || Sourcest Mk Yarhd Yochd] Y ]

Open Cancel




BCD code checker

* The following window appears:
* Press OK

* If you have difficulties,
ask for assistance

# Adding Source Files,.,

The following allows wou bo see the status of the source files being added ko the project, It

also allows vou bo specify the Design Wiew association, and For WHOL sources the library, For
sources which are successfully added ta the project,

2
3

File Marme

1 () LOGE¥S_SPIEucf] Implementatio « | wark

Azsociation Library

Source file already in project directory, Itwas not necessa,.,
path: LOGEYE SP3Eucf

Adding files ko project: _ 1 aof 1 files (0 errors)




BCD code checker

* Open the downloaded file inside the ISE, and uncomment the lines
b@longig to ”SW”and ”Id” 22 # 8 kapcsold, balrol jobbra szamozva

36 NET "ld<ds™ Corvert
37 NET "ld<3=" Goto

23 #NET "sw<7>" LOC = "p47";

24 #NET "sw<ox" LOC = "p48";

25 #NET "sw<b>" LOC = "PoS9";

26 #NET "sw<4>"  TOC = "P7RM.

27 #NET Mo 3 ) Undo Ctrl+Z

59 #NET T L (3 Redo Chrl +Y

29 HNET "sw<l>" ¥ cut Chrl +X

30 #WNET "sw<0>" [ Copy Crl+C | 8

P =7 Paste Ctrl+4f
Press Save 32 # 8 LED, kbalr|X Delete Del OZVA
-3 NET "1ld< " Carmrment »
34 NET "ld<b>™ Uncornment b | Lines)  AlteShift+C
H 35 NET "ld<o>" Indent g Selection

3
3



BCD code checker

* Select the BCD module in the top left corner (left click) e

&) Digital_design_lab_3
= £ xc3s250e-dtg1dd

* Then right click on ,,Generate Programming

File”, and select ,Rerun Al

III

-

[
Ert
%

2 Mo Processes Running
Processes: BCD
= Design SurnrmaryReports
Design Utilities
User Constraints
= P20 Synthesize - K5T

Wiews RTL Schermatic
Yiewr Technology Schernatic
Check Syntax

Generate Post-Synthesis Sim..,
P2 Implement Design

Configure Tafget Device I?t Run
&8 Analyze Design Using Chi ReRun

Rerun Al

"] LOGSYS SP3IE.ucf

31
32
33
34
33
36
37
38
39

# 8
NET
NET
NET
NET
NET
NET
NET

"

™

™

™

"

"

™

™



BCD code checker

e Wait until the programming file is generated
* If everything is OK, you should see this:

Processes: BCD
i iDesign Summary/Reports

+ Design Utilities
+ Hser Canstraints

PAC0 Synthesize - X5T
Wiewe RTL Schematic

H |88 | 29 &5

Wiew Technology Schermatic
Check Syntax

ta
fJ)  Generate Post-Synthesis Sim...
W

+

Q8
7

lrmplernent Design

Generate Programming File

G Configure Target Device

28 Analyze Design Using ChipScope

-+

» Ask for assistance if you see errors (red X) or warnings (yellow !).



BCD code checker

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

* Mind the orientation of the JTAG
connector!




BCD code checker

* 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 =



BCD code checker

* 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:
HCISZ00E [ihine) e Configure the selected device...




BCD code checker

‘Hl Open

 Browse the bcd.bit
file

* Press Open

= w A c Local Disk (C:) » Users » cloud » Digital_design_lab_3 » v | ()
Organize = Mew folder
circle A Mame Diate rmodified Type
Digital_design_Iz _ngo 2019,10.01, 1644 File folder
b Music _Hmsgs 201910, 01, 1644 File folder
B videos ipcore_dir 209,10, M. 131 File folder
& OneDrive ?siecu:unfig 2M910.Mm, 1340 File folder
isirm 2Ma10 M. s File folder
[ This P wlr_auto_0 xdb 201910, 01, 1844 File folder
J 3D Objects xst 201910, M., 1@25 File folder
B Desktop | | bed.bit 201910, 01, 1edd EIT File
=| Documents
‘. Downloads
J’) kusic
= Pictures
B video:
% Local Disk rca Y
File name: | bod.bit ™

Pt

Search Digital_design_lab_3 2

Size

== -

166 KB

m @

&l configuration files (*.2.f, *.b

Open

Cancel



BCD code checker

* Try the inputs from O to 15 using the switches (4 on the right side). Is
the output set correctly for inputs higher than 97?



BCD code checker

* Try to modify the circuit on your own: the output on Id[0] should be
1, if the 8 bit input is an invalid BCD code.

* Help: sw[7:0] can be converted to a 2 digit hexadecimal number:
e sw[3] sw[2] sw[1] sw[O]: ABCD
e sw[7] sw[6] sw[5] sw[4]: EFGH

* So the error output is 1 if ABCD is greater than 9 OR EFGH is greater
than 9




Fibonacci number detector

* Try to modify the circuit on your own to implement a Fibonacci
number detector.

* You can find additional information on Fibonacci numbers here:
https://www.mathsisfun.com/numbers/fibonacci-seqguence.html

* Since the board has an 8-bit input, the following Fibonacci numbers
can be detected: 0, 1, 1, 2, 3,5, 8, 13, 21, 34, 55, 89, 144, 233

* Design a circuit that outputs 1 on Id[0] if the input on the switches is
a Fibonacci number

* Help: implement a minterm for each Fibonacci number
» sw[0] represents 2°, sw[1] is 21, ..., and sw[7] represents 2’


https://www.mathsisfun.com/numbers/fibonacci-sequence.html

