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Introduction to Basys3 (1/3)
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Introduction to Basys3 (2/3)
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Introduction to Basys3 (3/3)

« Make sure that the programming is done by LED color
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Design Procedure

 Vivado and Basys3 Design procedure
1) Create a Vivado project

2) Simulate the design

3) Synthesis the design

4) Implement the design

5) Perform timing simulation

6) Verfy functionality in the hardware
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Preparation_1: Demo Board (1/2)

* Basys3 Demo Board
e USB2microUSB power line
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Preparation_1: Demo Board (2/2)

Eusmssmmmns N NN NN NN NS NN N SN RN EEEEEEEEEEEEEEEEE,
- - = "
a ™ "
o Select Suitable Chip Type 4 [BASYS S \viciant] [
- BEYOND THEGRY n
"
- - - . ' Vemtlle prouotypmg board for both student projects & classroom concepts o
* Find the information on your box : e
: Features theXiIirm Artix-7™ FPGA (XC?ASST—ICPGZ!G -
- "
a z "
#  New Project x + 1,800 Kbits of fast block RAM o
o * Internal clock speeds exceeding 450MHz -
i * Serial FLASH .
Default Part JP - « USB-UART bridge .
. . - i ™ o -
Choose a default Xilinx part or board for your project. I ,“' ’ 3 b T;‘;’z'ﬂ" Pmod™ co -
. = " VGAW .
“““ : m‘tusaﬁmﬁtfw H E !& :
T . + Designed for use exclusively with Vivado' W .
. - -
Parts | Boards 2 et - -
B 1 - -
- n
RBJ.QH Filters 3 - -
-
Category:  All v % FPackage: cpg236 ~ Temperature:  All Remaining ~ "
Famly: Artix-7 v preed: -1 v lStaltic power:  All Remaining v [ New projeat p—— ﬂ
New Project Summary
’
Search: O i) V|\/ADO (@ A new RTL project named 'project_5' will be created.
4 /1y No source files or directories will be added. Use Add Sources to add them later.
Part /O Pin Count  Available IOBs  LUT Elements  FlipFlops Block RAMs  Ultra RAMs DSPs  Gb Tran
/1y No Configurable IP files will be added. Use Add Sources to add them later.
xc7al5tcpg236-1 236 106 10400 20800 25 0 45 2
- —_ 1y No constraints files will be added. Use Add Sources to add them later.
L || 72250998 4 | oop 108 20200 41600 o0 0 a0 2 I -
e (D The default part and product family for the new project:
xcT7a50tcpg236-1 236 106 32600 65200 75 0 120 2 e e e
Family: Artix-7
Package: cpg236
Speed Grade: -1

To create the project, dick Finish

5 LN

< > Cancel
3 —
-
N
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Preparation_2: Sources (1/8)

e Design file(s)
— e.g. XXX.V

e “Xilinx Design Constraints” file

— e.g. xxx_constraint.xdc
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Preparation_2: Sources (2/8)

¢ Add Sources

IAdd or Create Design Sourcesl
°
. A d d Source S ° Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to

add it to your project.

» On “new project” stage

+A
¥ PROJECT MANAGER Index Name Library Location
a . a 1 full adderv  xil defaulib ~ C:/Users/LAB 626/Deskton/COl
SETIIHQS ¢ Add Sources
Add Sources |Add or Create Constraints |

Specify or create constraint files for physical and timing constraint to add to your project.
Language Template:

TP Catalog
Specify constraint set- constrs_1 (active) v
+A
Constraint File Location

full_adder_constraintxdc ~ C:\Users\LAB_626'\Desktop\CODE

» On an “opened project”

Add Files | l Create File

Copy constraints files into project

™~
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Preparation_2: Sources (3/8)

¢ Add Sources *

Add Sources

VIVADO'

HLx Editions This guides you through the process of adding and creating sources for your project

(@) Add or create constraints
() Add or create design sources

() Add or create simulation sources

&2 XILINX.
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Preparation_2: Sources (4/8)

¢ Add Sources X

Add or Create Constraints

Specify or create constraint files for physical and timing constraint to add to your project. '
4 Create Constraints File s
Specify constraint set: constrs_1 (active) v Create a new constraints file and add it to your
project ‘
+A
Add Files...
Create File... Eile type: Ih XDC v
File name:  [YOUR_XDC|
Use Add
File location:  « <Local to Project= v
—
\ ?\) OK Cancel
R
Add Files l l Create File
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Preparation_2: Sources (5/8)

¢ Add Sources X

Add or Create Constraints

Specify or create constraint files for physical and timing constraint to add to your project. ‘
Specify constraint set: constrs_1 (active) v
4+ =-
Fl
Constraint File Location

YOUR_XDCxdc | =Local to Project>

Add Files H Create File |

Copy constraints files into project

1"

"
L

‘ Finish ‘ ‘ Cancel ‘
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Preparation_2: Sources (6/8)

Sources 2 _ 0O X
Qa T £ +
v Design Sources (1)

® -~ full_adder (full_adder.v)
~ . Constraints (1)

« . constrs_1(1)

" YOUR_XDC xdc

v Simulation Sources (1)

_____ O e S~ .. T S i
Hierarchy Libraries Compile Order
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Preparation_2: Sources (7/8)

e Pin assignment for Labl 1

LT TITAT & OOCOTA AT AT8 T
A1 L el ! I

P Sl i (s T T L W O T

set_property PACEAGE PIN V17 [get _ports {x}]

set_property I10STANDARD LVCMOS3S [get_ports {x}] Constraints File (.XdC)Z

set_property PACEAGE PIN V16 [get ports {v}] ° TCL Language
set_property [0STANDARD LVCHOS33 [get_ports {¥}] e |/O pin assignment

set_property PACEAGE PIN W16 [get_ports {cin}]
set_property IOSTANDAED LYCMOS33 [get _ports {cin}]

Wooos o~ SR N dm L [ e

—_
—_

set_property PACEAGE PIN Ule [get_ports {s}]
set_property IOSTANDAED LYCMOS33 [get ports {s}]

—_ =
N LT

set_property PACKAGE PIN E19 [get ports {cout}]
set_property IOSTANDARD LYCMOS33 [get ports {cout}]

._.
N
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Preparation_2: Sources (8/8)

EAS Y S 5 I B (6t

U17) Bl

LD1 4 D13 D12 LD11] 0 LD8 LD?7 LDé LDS LD4 — L03 LD2 LD1 Loo -

. ey @B B B (U3 W  fun s w14 U15) CH1B) V1) (UL CE19) u16)
| | 8 I

SHLIS™ SU1 4 SU13~ SH1Z™ SWI1™ SH10™ SUS - SH3 SW2 ~ su1 = SWO —

__ _T"::.ﬁr;ﬁr:_ﬁr“——r—jr_ﬁl_u—rﬁl_lr_'f;l[:\v:!

LD1 | LD1 | LD1 |LD1 |(LD1 |LD1 |LD9 |LD8 |LD7 |LD6 |LD5 |LD4 |LD3 |LD2 |LD1 |LDO

L1 P1 N3 P3 U3 W3 V3 Vi3 (V14 |Ul4 | U15 (W18 | V19 | U19 |E19 |U1l6

SW1 | Swil [ Swi | Swl | SW1 | Swil1 [Sw9 | SW8 | SW7 [ SW6 | SW5 | SW4 | SW3 [ SwW2 | SW1 | SWO

R2 T1 Ul W2 | R3 T2 T3 V2 W13 | W14 | V15 | W15 [ W17 | W16 | V16 | V17
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e Confirm your sources
* Run Synthesis

¢4 Launch Runs

Launch the selected synthesis or implementation runs.

Launch directory:

Options
(@) Launch runs on local host:

Generate scripts only

| Don't show this dialog again

= =Default Launch Directory=

Mumber of jobs:

Synthesis (1/2)

8

Cancel

~ PROJECT MANAGER i
& Settings
Add Sources
Language Template:

Tpe Catalog

V¥ P INTEGRATOR
Create Block Desigr
Open Block Design

Generate Block Des

~  SIMULATION

Run Simulation

v RTLANALYSIS

> QOpenEla

P Run Synthesis

> QOpen Synthesized [

~ IMPLEMENTATION

P Run Implementation

> Open Implemented

G EVLELCT SR, PROJECT MANAGER - project_1

Sources ?2 _ 00 X
Q = £ + £
v unsnanE | -
> constrs_1 (1)
v Simulation Sources (1)
v im 11
I @ . full_adder (full_adder.v)
__________________________________________________________________ hd
Libraries Compile Order
File Properties 2 _ 00 %
full_adder.v - -3
~
] Enabled
____________________________________________________________________ hd
General Properties
Tel Console Messages Log x Reports Design Runs
Q | B

Conpleted sinmmlation data flow analysis

Tine Resolution for simnlation is lps

Conpiling modnle xil_defanltlib.binup_counter
Conpiling module xil_defanltlib.binup_counter_th
Conpiling module xil_defaultlib.zlbl

Built simmlation smapshot bimp_counter th_hehaw

Synthesis Implementation Simulation
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Synthesis (2/2)

Synthesis Completed x

e Make sure that no Critical
Warnings Or Errors o Synthesis successfully completed.

Next
— X - X -
) Run Implementation
Running synth_design Cancel O Synthesis Complete  «/
—_— — Open Synthesized Design
Default Layout v Default Layout v

@ View Reports

|| Don't show this dialog again

Synthesis

Status: +/ Complete

Messages: 1 warning

Part: xcfa3btcpg236-1

Strategy: Vivado Synthesis Defaults
Report Strategy: Vivado Synthesis Default Reports
Incremental synthesis: Mone

NTHU EECS Logic Design Lab.




Implementation (1/2)

Flow Navigator = £ 7

* Run Implementation

TP Catalog

¥ IPINTEGRATOR
Create Block Desigr
Open Block Design

Generate Block Des

¥ SIMULATION

Run Simulation

~ RTL ANALYSIS

> Open Elaborated D¢

v~ SYNTHESIS

P Run Synthesis

> QOpen Synthesized [

~ IMPLEMENTATION

P Run Implementation

> Open Implemented

¥ PROGRAM AND DEBU

¥i Generate Bitstream

> Open Hardware Mai
v

ZMIFH RS R
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Implementation (2/2)

- X

Initializing Design  Cancel 0

* Try to understand the Doyt ___
error/warning messages " .

Running opt_design Cancel ¢

Implementation Completed X
Default Layout W
o Implementation successfully completed. B X
Running place_design Cancel )
Next
— Default Layout
) Open Implemented Design y v
) Generate Bitstream _ %
@ View Reports Running route_design Cancel  J
(] Don't show this dialog again Default Layout v
Implementation Summary | Route Status o X
Status: ¥ Complete Implementation Complete '
Messages: I 3 warnings I Default Layout w
Part: Xc7a35tcpg236-1
Strategy: Vivado Implementation Defaults
Report Strategy: Vivado Implementation Default Reports
Incremental implementation: MNone
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Generate Bitstream

e Generating bitstream

Flow Navigator = £ 9

Language Template: "

TP Catalog
¥ IPINTEGRATOR Bitstream Generation Completed X
Create Block Desigr
Onen Block D - >
QOpen Block Design
Generate Block Des o Bitstream Generation successfully completed. write_bitstream Complete
¥ SIMULATION Next Default Layout v

Run Simulation
. ) Open Implemented Design
~ RTL ANALYSIS

View Reports
2 Open Elaborated D¢

@ Open Hardware Manager
¥ SYNTHESIS

P Run Synihesis ) Generate Memory Configuration File

> Open Synthesized [
|| Don't show this dialog again

¥ IMPLEMENTATION
P Run Implementation

Cancel

> Open Implemented

v PROGRAM AND DEBU

I ¥ Generate Bitstream

> Open Hardware Mai
v

TS AR SR
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Open Target (1/2)

Step 1:
Change blue jumper to [ JTAG ] mode

SPI Flash

Step 2: .
Turn the power switch to [ ON ]

*

WWW
cu7E3mEFciio
& o

MmENDE
,,,,,,,
—4388860
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Open Target (2/2)

- - - ¢ Open New Hardware Target X
¥ PROGRAM AND DEBL '
Run output » Hardware Server Settings

M -
| lannch_runs . . . .
Generate Bitstream i - Select local or remote hardware server, then configure the host name and port settings. Use Local server if the target is attached to the local ‘
o [Wed Mar 4 machine; otherwise, use Remote server.
1

~ Open Hardware M Run ontput o

| open hw mans

Open Taraet ! Local server (target is on local machine) v
& Auto Connect
Prog \
gl
Add New Hardware Target %

Open New Target. ..
|32 0pen New Herewererargerrr=—

Open Hardware Target Summary

VIVADO'

HLx Editions

¢ Open New Hardware Target
© Hardware Server Settings:

Select Hardware Target o Server: localhost:3121

Select a hardware target from the list of available targets, then set the appropriaffJTAG clock (TCK) {
devices, decrease the frequency or select a different target.

© Target Settings:
o Target: xilinx_tcf/Digilent/210183A2810CA
o Frequency: 15000000

Hardware Targets

Type Name JTAG Clock

I.xnmx_tcf Digilent210183A2810CA 15000000 v I

Add Xilinx Virtual Cable (XVC) l

Hardware Devices (for unknown devices, specify the Instruction Register (IR) length)
Name ID Code IR Length

@ xc7a35t 0 | 0362D093 6 i: XlLINX

Hardware server: localhost:3121

(2)
- 2 < Back
© el O

To connect to the hardware described above, click Fin

Cancel

THU EECS Logic Desig 23



Program Device

| Hardware Manager - localhost/xilinx_tcf/Digilent/2101837 120044

@ There are no debug cores. Program device Refresh device

Hardware — O 2 =
AZS|E & P»E
1
Mame . Status
=- g Inmlhnstill Connected
= Bl dling_tofiDigi 01837120044 (1) Open

B 4" xc7a35t 0 (1)

i Program Device,.
| & Refresh Device

b o oo T e

Select a bitstream programming file and download it to your hardware device. You can optionally select a debug
probes file that corresponds to the debug cores contained in the bitstream programming file.

Bitstream file: C:/Users/User fproject_27/project_27.runs/impl_1/ADVERTISEMENT. bit] E] I
Debug probes file: B
Enable end of startup check

|| Program | Cancel ]

NTHU EECS Logic Design Lab.



Program Device

Hardware 2 _ 00K X full_adder.v
Q = 2 & Ci/UsersiLAB_6.
Name Status Q -
| localhost (1) Connected TR
1 “timescale
v Io xilinx_tcf/iDigilent/210183A Open 5 module fu
I ~ fi xc7a3st P Mot e I At et
- TaTONaTe e e rTopaTee -
I XAD!
/ Program Device...
Verify Device. .. N
Refresh Device 2

. . (&
¢ Program Device > e Device P
Show Bus Plot._.

. . . . i Add Configuration Memory Device...
Select a bitstream programming file and download it to your hardware device.

Boot from Configuration Memory Devi

You can optionally select a debug probes file that corresponds to the debug General | Prope] Program BBR Key..

cores contained in the bitstream programming file. Clear BBR Key..

Tel Console  x Program eFUSE Registers...

Q = =

THDA. FTablanaladal A0 ARt Tlasmsmn b Smsans |omn (hamk s 21581 Jaes | aimer hmd H1aa

Export to Spreadsheet...

Bitstream file: _LAB/project_1/project_1.runsfimpl_1/full_adder bit

Debug probes file:

'v| Enable end of startup check

ff_ -
ll ?\) Erograrﬂ
M




Demo Lab1 1

a =1’b0 : GILENT Bl ' % & ==
b =1°h0 L dng _ e o cout
cin 1°b0  §Nw : l??gh e i-gﬁW,,ﬁ
sum 11b0 : =1 LI Il | ‘mnz&, - sum

cout

Lo
,u:u o=

17b0 e ."EM‘ e #——w,——!;———"———"—ﬁ’—u—»r*—lr _
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Practice Lab1 4 (1/6)

a  =4’b0000
b =4’b0000
cin  =1’b0 : L T ek £ G 35
sum = 4’b0000 e ,'H:'a' sum
cout =1'b0

cout
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Practice Lab1 4 (2/6)

a =4’b0101

b =4’b0000 =
af!ﬁu F u.s”@ﬂm

BYN

cin =1’b0 g
; =T =T =1k

cout =1"h0 ) TR T T TR e

et Py fNm e f§ WD W) wy uia vih CLIEN RS 1L :s £18) 6

:‘% = QIIDI‘) = L7um Eﬁﬁi ﬁ W

sum = 4’b0101 :%m : Fa’ B ||
et N I e R R BASYS 3 ity
I?El‘r l— It | f I H' o U e e

%
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Practice Lab1 4 (3/6)

a =4’b0000
b =4’b1010

cin =1’h0 T o ol B e
b ? . P WCTID

sum =4’p1010 ]

cout =1°b0 U A =3

NTHU EECS Logic Design Lab.



Practice Lab1 4 (4/6)

€ = BE el
y . \ I e — [iex |
[ cisEm pmea

B JE
T2

a  =4b0000 SE="
b = 4’0000 = SRR,

cn?-a:ﬂfi“o

s Bt YEg XILNX

1 ] !N
Cln — 1 bl o - —f hﬁ:%m IUNNERssTYPR?Gm;
sum = 4’b0000 - T I ] N
cout =1°bl 23, 2l 121 1L u BASYS 3} :

f““ %LU_;?‘ for jow oo ‘(um fus B fas Fouo | kmm htElSJ ‘ns)
Su U7 g & i s S

SWt ~
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Practice Lab1 4 (5/6)

a  =4bl11l . AN, .
b =4’bllll i P o =i | JEN s:x:uwxﬁ

f

cin =1’bl et — ) 0.4\ 0 T T Sl TG -

= 4 2 o | gl .y g
Sum 4 bllll o > & ’-’. ’-’.J - :,—mr ¢ fﬁ‘
cout =1’b1 i v Ll}“ 0“’ Q"’ L
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Practice Lab1 4 (6/6)

a =4’pb0011
b = 4’p0011
cin =1’bl

IZ1-21 11

sum = 4’b0111 Iy el
, e e A K N :
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