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2. EXPERIMENTAL STEPS

2.1 FHE Tz

1. JAshE1E Vivado 2018.3 kT A

2. il Create Project

w

. 3fH New Project, ZS7—/NFr LFE, s Next

4. FINTFEAFK 1ab02, T L7 E 1Y E:/archlabs, #fiil\’aAi&kH Create project
subdirectory J& mi i Next
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¢ New Project

Project Name

Enter a name for your project and specify a directory where the project data files will be stored '

Projectname: | |labo2 |

Project location: |_E Jarchlabs lz‘

Create project subdirectory k

Project will be created at: Evarchlabs/lab02

)
)

5. J%&#% RTL Project T.F£257, “z)i% Do not specify sources at this time, i
Next



#  MNew Project

Project Type
Specify the type of project to create.

RTL Project

You will beable to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis

o not specify sources at this time

Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and
implementation.

1i0 Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template.

K 2-1 RTL T#

6. EFESZIGH K FPGA Z%: Family i% Kintex-7, Package i% ffg676,
grade i%-2, 7EE{RAS Hik xc7k325tffg676-2, i Next

Speed

#  New Project

Default Part

Choose a default Xilinx part or board for your project.

Reset All Filters

Category: | All - Package: ffg676 - Temperature:
—
Family: Kintex-7 - Speed: -2 ~
Search: - - k
Part I'D Pin Count Available 10Bs LUT Elements FlipFlops Block RAMs Ultra RAM=
®CTK160HTg676-2 676 400 101400 202800 325 o
XCTK3I25tTg676-2 676 400 2032800 407600 445 o
—_—
*CT k4 10tTgE76-2 676 400 254200 508400 Fas o

All Remaining s

DSPs GE
600 8
540 8
1540 8
>

Cancel




7. Hiily Finish 4558 TR R 61 2

¢ Pew Project
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To crne B piogect, chck Finish

= Back

1. W rE, A AMIX Flow Navigator K Project Manager->Add

Sources B¢ A [A][X Sources H “+” 5, FIHF Add Sources X iGHE

Flow Navigator =
~ PROJECT MANAGER
o Settings
Add Sources
Language Templates

¥ Ip catalog

~ IP INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

~  SIMULATION

Run Simulation

=
=

?

PROJECT MANAGER - [ab01

Sources

Q

T &+

Design Sources

Constraints

Simulation Sources
sim_1

Utility Sources

o

- 0O0o X

Project Summary

Overview | Dashbo

Settings Edit

p Project name:

Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

Synthesis

Status:

2-3 s
2. 1 I Add or Create Design Sources, ISR INEHE: Verilog
HDL Y532, riidi Next



EOE B N AZ SO, ATk Add Files TR AR INSCAE . IX B2 B

1 S A nasiith e, EF#¢ Create File

[ A Add Sources ' X
Add or Create I:Iesign Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on '
disk and add it to your project.

J  Create Source File e
! +,
Create anew source file and add it to your
project. ‘
File type: ® Verilog L

pate File buttons below

File name: |adder_'lbi11 |

File location: | &« <Local to Project= w

= B Create File

A Finish
fE#H Y Define Module Hhéan N e iH B B 75 A 11, 158 B i 11 7 1) 5
e R OK

¢ Define Module

Define a module and specify /O Ports to add to your source file.

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. '
Ports with blank names will not be written.

Module Definition

Module name: adder_1bit

'O Port Definitions

+ - 1

PaortMame  Direction Bus MSB LSB

a input  ~ ] 0 0 -~
b input  ~ [

ci input s~ [

5 output ~ [

— linput

s output k
innnt




7. FEURARIS SR X X adder_1bit, dANUIR 7 HEH AR

module adder 1bic|

(58]

3 input a,

4 input kb,

= input ci,

& output =,

7 output co

8 )i

S wire =51, cl, c2, c3;
10 and (cl, a, kB),
11 (c2, b, ci),
12 (o3, &, ci);
13
14 Xor (sl, a, k),
15 (8, =1, ci}:

17 or {co, cl, c2, c3);

] endmodule

8. IETORESLIL 4 ffnikeds. RELQIEISCIE, fy# 04 adder_dbits, sith
OK

j  Create Source File X

Create a new source file and add it to your

project. ‘
File type: @ Verilog w
File name: adder_4hbits
Filg location: | « =Local to Project= W

@




9. Hili Finish, By AR FE O, B m O J7m, i Eagil, 4
% Bus, FfH MSB F1 LSB #i%E %5 iy OK

4+ Define Module

Define a module and specify /0 Ports to add to your source file.

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. ‘
Paorts with blank names will not be written.

Maodule Definition
Module name: |adder_4bits
'O Port Definitions
o+ =t
PortMame  Direction Bus MSB LsSB
a input || 3 0 PN
b input  ~ [+ 3 0
i ci input  ~ ]
5 output v [+ 3 0
co output w [ k Ny
(2) Cancel

10. X7 adder_4bits, #nan FALAY

2 module adder 4dbits(
input [3:0] a,
input [3:0] b,
input ci,
output [3:
output co

Vi

o] =,

] o b L

[Tal =]

10 wire [2:0] ct:

12 adder lbit al(.a(a[0]), .b(b[0O]), .cifci), .s(s[0]),.co(ct[O]}),

13 az(.a(alll), .B(k[1]), .ci(ct[Q]), .=3(s[l)),.co(ct[l])),
14 ai(.a(al2]), .B(k[2]), .ci{ct[l]), .=(s5[2)),.colct[2])),
15 a4({.afa[3]1), .B(k[3]), .cifct[2]), .=i(=[3]),.cofco)):

16

17 endmodule

2.3 ThEEfi &
1. BB, ZEF IR IX Sources 4 /&y “+7 ST A
i [X PROJEU MANAGER TFi%£# Add Source



2. 1F Add Sources # & Add or Create Simulation Source, 7 Next

4 Add Sources

Add Sources

VIVADO'
HL Editions This guides you through the process of adding and creating sources for your project

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

(i‘ Add or create simulation sources

& XILINX

[[ea]
=
o
=

3. & Create File G —AMAE B

4. BRI A4 AT adder_4bits_th, i OK

j  Create Source File X
Create a new source file and add it to your
project. '
File type: @ Verilog w

File name: adder_4bits_tb

Filg location: | « =Local to Project=

S. gt Finish, GV ST ZXS G, sy 0K

6. T3 H AN IEAE A 5 YES



7. f£ Source [X Simulation Sources T, FTFHMIASCAY adder_4bit_tb, £ 3%}
B H R AT SEE A RS M e S R i R D), W MBI PR

2 module adder 4bits th )i

3! reg [3:0] ar
S reg [3:0] b:
reg ci;

wire [3:0] =»
wire co;

11 adder_4bits uld (
12 .ala),

3 k),
14 oifci),
-5(5),
oo (co)

17 )i

initial begin

2 a = 0;

21 b= 0;

22 ci = 0O;

24 #100;

25 a = 4'b0001;
2 b = 4'L0010;
27 #100

2 a = 4'b0010;
2 b = 4'L0100;

32 a = 4'bl1111;
33 b = 4"p0001;

end

endmodule

8. Al ZEMX ) Run Simulation 3fi%#& Run Behavioral Simulation. T & A1)
FLIEAT J5 15 2 475 B0 B R -

Untitled 1*
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WA 26 75 B B display. v IXAN-EEBCEURL A SEGMENT AT LED &6 —
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Add or Create Design Sources

| Specify HOL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on
disk and add it to your p

¢ Create Source File e

Create a new source file and add it to your

+‘ project. ‘

File type: @ Verilog L

File name: |T0p| |

File buttons below

File location: | & =Local to Project= w
| Add Files | | Add Directories | | Create File |

(?) < Back Next> Cancel

Bt ADefine Module, iXHIRATIMEL IR CE X, JaAIAEIEREFH BATHM. Mk
Topfd, WINEAT I 1AL S AR 5 A
module Top (
input clk p,
input clk n,
input [3:0] a,
input [3:0] b,
input reset,

output led clk,
output led do,

output led en,

output wire seg clk,

y



output wire seg en,
output wire seg do

wire CLK_i:
wire Clk_EEH:

IBUFGDS IEUFGDS_#Fst {
LO(CLE 1),
I{clk p),
-IB(clk m)

)z

wire [3:0] =:;

wire co;

wire [4:0] sum;
assign sum = {co, s}:

adder 4bits Ul {
-alal,

LBk,
.Cci(l'bO),
-5(3),

.co(co)

)z

reg [1:0] clkdiw;

always@ (posedge CLE 1)
clkdiv<=clkdiv+l;

assign Clk 25M=clkdiwv[Ll]:

display DISPLAY (

.clk(Clk_25M),
.rst(1'b0),
.en(8 b00000011),
.data ({27 b0, sum}),
.dot(S’bﬂﬂﬂﬂﬂﬂﬂﬂ)J
.led (T {11’ b0, sum}),
.led_clk(led_clk),
.led_en(led_en),
.led_do(led_do),
.seg_clk(seg_clk),
. seg_en(seg_en),
. seg_do(seg_do)
IP

)5

Endmodule

2. Top. v HZE| T —Adisplay IP# (CA#HoNMER) , # N RTEERMNZ
. W RE, 7EAdd Sources H', riiiAdd Sources:



4 Add Sources

Add or Create Design Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a new source file on '
disk and add it to your project.

+

4

Use Add Files, Add Directories or Create File buttons below

Add Files ._ || Add Directories | | Create File
=

®

fEAdd Source FilesH [AIIN £ — Xt 512 A% [ i 48 44 103 AN R SO, ok 1 .

4 Add Source Files

Look in: src e todit, @XC HH
"1 display.edif Recent Directories
© display.v Di/archlabs/lab02 e
File Preview
(edif display My

{edifversion 2 0 0)
(edifLevel 0)
(keywordnap (keywordlevel 0))
(status
(sritten
(timeStamp 2019 03 11 14 17 48)
(program "Vivado” (version "2015.4"))
{comment "Built on 'Wed Wov 18 09:43:45 MST 2015 ")
(comment "Built by ‘xbuild ")
)
)
(Library hdi_primitives
(edifLevel 0)

File name: “display.edif” "displayv”

Files oftype: | Design Source Files (vhd, vhdl, vhf, vhdp, vho, v, v verileg, vr, vg, v, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, ngc, sv, svp... ~

Cancel

miiFinish, M{ESources[X T EIR SCAF T RBE 1 iX — X5 4




3. WML cAE. FTHFAd SourcesX 1HAE, k35S — I

¢ Add Sources

>
VlVADO' Add Sources

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

& XILINX
@

FEinish

# Add Sources

Add or Create Constraints

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

. . o ¢ Create Constraints File x
Specify constraint set: constrs_1 (active) w
+ Create a new constraints file and add it to your
“ project
File type: I XDC L
File name: |Iab02_xdc a |
Use Add Files or Create File bul
Filg location:  « =Local to Project= -
@ oK

o

opy constraints files into project

Add Files Create File
o

@

Nes Einish




N EALE, FTIFIEE RAS A A RO

PROJECT MANAGER - lab02

Sources 2 — O L[5 >
—_ callli. - -

y = e -+ -

~ Cesign Sources (1] o~

~ i S= Top (Top.w) (3)
> @ U1 adder_4bits (adder_4
Wl DISPLAY  display (display
00 DISPLAY - display (display

st Constraints (1)
t constrs_ 1 (1)
I lab0Z_ xdcxdc
» Simulation Sources (3] st
|« T >
Hierarchy Libraries Compi<d » =

A SN 2R ARG -

set property
set property

set property

Set property
Set property
Set property
Set property
Set property
Set property
Set property

PACKAGE_PIN AC18 [get ports clk p]
TOSTANDARD LVDS [get ports clk p]

PACKAGE PIN AA12 [get ports {a[3]}]

PACKAGE PIN AR13 [get ports {a[2]}]
PACKAGE PIN AB10 [get ports {a[l]}]
PACKAGE PIN AR10 [get ports {a[0]}]
IOSTANDARD LVCMOS1S [get_ports {a[0]}]
IOSTANDARD LVCMOS1S [get_ports {a[l]}]
IOSTANDARD LVCMOS1S [get_ports {a[2]}]
IOSTANDARD LVCMOS1S [get_ports {a[31}]

set property PACKAGE PIN AD10 [get ports {b[3]}]
set_prnpertﬁ[PRCKRGE_PIN AD11 [get ports {b[2]}]

Set property
Set property
Set property
Set property
Set property

set property

set property
Set_property
Set_property
Set property
Set property

set property

set property

PACKAGE PIN Y12 [get ports {b[1]}]
PACKAGE PIN Y13 [get _ports {b[0]}]
IOSTANDARD LVCMOS15S [get_ports {b[0]}]
IOSTANDARD LVCMOS15S [get_ports {b[1l]}]
IOSTANDARD LVCMOS15S [get_ports {b[2]}]

TOSTANDARD LVCMOS15 [get ports {b[3]}]

PACKAGE PIN N26 [get ports led clk]
PACEAGE PIN M26 [get_ports led do]
PACEAGE PIN P18 [get_ports led en]
IOSTRNDARD LVCHMOS533 [get _ports led clk]
IOSTANDARD LVCMOS33 [get_ports led do]

TOSTANDARD LVCMOS33 [get ports led en]

PACKAGE PIN M24 [get ports seg clk]



set_property PACEAGE PIN L2Z4 [get_ports seg_do]
set_property PRACEAGE PIN R18 [get_ports seg_en]
set_property IOSTANDARD LVCHCGS533 [get ports seg_clk]
set_property IOSTRANDARD LVCHGOS33 [get ports seg_do]

set property TOSTANDARD LVCMOS33 [get ports seg en]

2.5 FHEAE A

1. 7£ Flow Navigator[X ;i Program and Debug T Generate Bitstreami%

B, RS HEZNENSEE . KB IR FPGA BCE M. MILELTH

*E’ ){—:T\YGS

~ PROGRAM AMD DEBUG

Generate Bitstream . .
R ——— Mo Implementation Results Available

> Open Han%are Manage

D Don't show this dialog again

o There are no implementation results available. OK to launch synthesis and implementation?
'Generate Bitstream® will automatically start when synthesis and implementation completes.

mim

X

T ORINKE, m0K

¢ Launch Runs

Launch the selected synthesis or implementation runs.

Launch directory. | & =Default Launch Directory=

Options
:jij: Launch runs on local host. Mumber of jobs: | 4

() Generate scripts only

[] Don't show this dialog again

Cancel

I

FPGA BCE ARG, [EFDRbItSCE T3 st B PAE A JHLBOR,

WVGER S =L “IRE”

30 | set_property PACKAGE_PIN 124 [get_po
Type: MBS o 3] | set property PACKAGE PIN RiB [get pol

t
t



Bitstream Generation Completed b e

Next

o Bitstream Generation successfully completed.

() Open Implemented Design
() View Reports
@ Open Hardware Manager

[ ) Generate Memary Configr™ = -~ ="~

THEHEFRELER

[} Dont show this dialog again

2.

3.

4.

BRI IR 1 IR FIITAG T8k, RIGHTIFIT R

Fbit SO GBSO AR B SR . sy Flow Navigator H sty
Open Hardware Manager |~ [JOpen Target5i% ' Auto Connect

* IMPLEMENTATION

P Run Implementation

*  Open Implemented Design

¥ PROGRAM AND DEBUG

¥i Generate Bitstream Properties

~ _(Open Hardware Manager

Cpen Target

Qrgg g AutnCnnnectq

Add e

Open Mew Target... Select an object to see pro

RiiiOpen Hardware Manager | HJProgram Device, FiEFFFPGA: A
xcTk325t 0, FHI AR UEHE 1 S0 44 abox B BN EA TR A BT bi t 3T
i, A7 Program¥fFPGA s F AT L7 4n e



# Program Device

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

Bitstream file: Dfarchlabsflab02/1ab02 runsfimpl_1/Top.bit II‘
Debug probes file: k II‘

Enable end of startup check

(?) Program Cancel

5. MESLBEIR, BRREMFETIUH. Frbi Xt MRIEEEM, 2l
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