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Why Vivado Design Suite?

Larger FPGAs lead to more difficult design issues
o Users integrating more functionality into the FPGA

o Use of multiple hard logic objects (block RAMs, GTs, DSP slices, and microprocessors, for
example)

° 1/0 and clock planning critical to FPGA performance
o Higher routing and utilization density
o> Complex timing constraints with designs that have multiple clock domains

FPGA designs are now looking like ASIC platform designs
> Assembled from IP cores—commercial or developed in-house

> Maintaining place and route solutions is very important (this is resolved with the use of
partitions)

° Bottom-up design methodology

> Team design flows becoming a necessity
Vivado Design Suite provides solution to all of the above
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Vivado IDE Solution

4L project_cpu_netlist{2) - [C:/training/Vivado_project/cpu_netlist/project_cpu_netlistxpr] - Vivado 2013.1

mﬁlg

File Edit Flow Tools Window Layout View Help

Q> Search commands

Interactive design and analysis

o Timing analysis, connectivity, resource
utilization, timing constraint analysis

RTL development and analysis
o Elaboration of HDL
o Hierarchical exploration
o Schematic generation

XSIM simulator integration

o Synthesis, implementation and simulation in one
package

1/0 pin planning

o Interactive rule-based 1/0O assignment
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Vivado Visualization Features

Visualize and debug a design at any flow stage
> Cross-probing between netlist/schematic/RTL

Fix Instances I
# Highligh 3

& Mark Cark-M

i1y (HE

12.473
' Cross-probe 1o FPGA Editor

4 Schematic &
Show Connect it W T

—_— G0 To Instantiation Fr
i Show Hierare by 33
Select
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Gain Faster Timing Closure

o Analyze multiple implementation results

o Highlight failing timing paths from post-route timir
analysis

o Quickly identify and constrain critical logic path

oConnectivity display
o 1/0s, net bundles, clock domains

oHierarchical floorplanning
o Guide place & route toward better results

oUtilization estimates
o All resource types shown for each Pblock

o Clocks or carry chains
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Tool Command Line (.tcl) Features

*** Tcl Console enables the designer to actively query the design netlist

** Full Tcl scripting support in two design flows
*** Project-based design flow provides easy project management by the Vivado IDE
** Non-project batch design flow enables entire flow to be executed in memory

*** Journal and log files can be used for script construction
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Vivado Design Suite
Introduction




Typical vs Vivado Design Flow

v’ Interactive IP plug-n-play environment [ e  Specification  —» Vv System Builder
v AX14, IP_XACT HDL Design ' |
Verilog /VHDL " Verilog/VHDL

v Common constraint language (XDC) System Verilog

throughout flow
v'Apply constraints at any stage

RTL Synthesis

Netlist Linking and

v Reporting at any stage Constraints
v"Robust Tcl API .
Packlng, F_’Iac_ement,
\;I Common data model throughout the Optimization
ow

Routing, Post-Route

‘/u ” .
In memory” model improves speed it

v'Generate reports at all stages

Static Timing
Analysis

v" Save checkpoint designs at any stage
v'Netlist, constraints, place and route results

DRC and Bitstream
Generation
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Project Data and Directories

All project data is stored in a project name directory containing the
following directories

o project_name.xpr file: Object that is selected to open a project (Vivado IDE
project file)

o project_name.runs directory: Contains all run data (synthesis, implementation)

o project_name.srcs directory: Contains all imported local HDL source files,
netlists, and XDC files

o project_name.data directory: Stores floorplan and netlist data
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Journal and Log Files

Journal file (vivado.jou)
o Contains just the Tcl commands executed by the Vivado IDE

Log file (vivado.log)

> Contains all messages produced by the Vivado IDE, including Tcl commands and
results, info, warning, error messages, etc.

Location
° Linux: directory where the Vivado IDE is invoked

o Windows via icon: $APPDATA%\Xilinx\Vivado or
C:\Users\<user_name>\AppData\Roaming\Xilinx\Vivado
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Embedded System Design — Vivado Flow

Constraints '

Timing

Verification
Optional
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Vivado Flow
Practical Steps




Creating a Project

g New Project |
i e

File Flow Tools Window Help Q- Quick Acces: Spedify the type of project to create. '

' i@ RTL Project
~ You will be able to add sources, create block designs in IP Integrator, generate IF, run RTL

HL Editions analysis, synthesis, implementation, design planning and analysis.

N
‘ Quick Start

Create Project .}

["] Do not specify sources at this time

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

Do not specify sources at this time
New Project
‘oject

Project Name design sources. You will be able to view part/package resources.

Enter a name for your project and specify a directory where the project '
data files will be stored.
h vt
lo project from a Synplify, XST or ISE Project File.
Broject name: project_1
Project location: |/cris_projectsfictp_labs/test 1 ”Z‘
[ < Back ] Next > Finish Cancel

[] Create project subdirectory

Project will be created at: fcris_projectsfictp_labs/test_1
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Creating a Project

New Project

Default Part

Choose a default Xilink part or board for your project. '

‘endor: | All w | Mame: | all w | Board Rev
Search: |G- v
Display Name Preview endor File Wersic
Alpha-Data ADM-PCIE-7V3 _ ~

alpha-data.com 1.1

em.avnet.com

Add Daunhter Card Cannections - i wilimy ram 14 bt

®
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Menu Bar € Main Toolbar Workspace €@  Status Bar €

AR ooRlgx P p 6K TG |5 0cktioyout - e |D _—
Flow havigator M | Project Hanager - first_zyng_desgn
a, T B Sources —Owg = | . Project Summary x|

=111 15

Project Settings

4 Project Manager

-~ Design Sources

5 Project Settings S0 Constreinks Project name: firet_zyng_desion
{5 acd Sources =4I Smuletion Sources Product famly:  Zyng-7000
iF P Catabg e sm_L Project part: WET2020d 0484 1
Top module name:  Hotdefined
4 [P [ntegrator

Data

Baard
# Create Bod Design

B Onen Block Design . d Display rame: ZedBoard 2ymg Evaluatbion end Development Kit
& Generate BDE{I :->ev~ - Wl n OW Board neme: em.avnet.oom:zynnzed:d
- - F 3 LIRL: http: /fererer. redboard.org

Board oversier: ‘ZedBrard is & complete development kit for designers interesf=d in exploring desions using e ¥iinx : Zyng-7000 Al
Pragrammsble SoC, The bosrd contans @l the necessary Int=lifaces snd supporting functions to enable & wide range of
applications. The expardzbiity features of the board make inlteal for rapid pratatyping and proofef-concept develapment.’

4 Simulaton
£ smulztion Setmgs

Run Simul=tion &
0} Hierarchy | Lbraries | Cd synthesis % Implementation = |3

4 RTL Analyss
I+ ¥ OpenBzbersted Daggn

= Mot stert=d Gravtus: i Matstarted

Mecsapes: Mo &TCrE ar wamngs Megsages: g errors or marnings
4 Cunthess 1 | Fart: WCFE0 20009841 Part: ®CT2020d0584-1
3 synthelic s=ttings Strategy:  livado Sw £ Stratzgy: Vivado Implemertatian Defa s

Inrementsl Comple: [one

Summary | Route Stabs

Timing

t Fun Syflthesis
i [ Openfntheszed Desi

DRC Violations -

4 Implemen tationg
2% Implemlintstion Setbnps

[ Fin Irdlementation
I+ ‘ Open [Rplemented Desi

DR imformation = not svalsble becauss it hasn't b=en ron Tming information is not aveilable because it hasn't be=n run

4 Program and Dibug
£ Bitstredin Settings
¥ Genersfe Bitstream
I g OoenHirdware Marags
‘ LaunchiaP ACT

Design Runs

a\ Mame Fart Constrants Strategy rF Sans Frogress

== =+ symth_L wc P2l 20ckg484-1 constrs_1 Vivado Synthesis DefaultsfVivads Synthesis 2013) Mot started I 1 0%
= H w2l 20ckg 4841 constrs_1 Vivado Impl=mentation Defaults (Vvado Impementation 20138 Mot started L 1 e

[ | [H=|

=T+ AT Beoortn- [~ Dacin

Flow ANavigator Status LBar A Results Window Area

Vivado



Main Components of the Project Navigator

1. Menu Bar: Vivado IDE commands
2. Main Toolbar: Access to the most commonly used Vivado IDE commands

3. Workspace: area for schematic panel, device panel, package panel, text editor
panel.

4. Project Status Bar: displays the status of the currently active design

5. Flow Navigator: provide easy access to the tools and commands necessary to
guide the design from start to finish.

6. Data Window Pane: by default displays information that relates to design data and
sources, such as Property Window, Netlist Window, and Source Window

7. Status Bar: displays information about menu bar and toolbar commands; task
progresses

8. Results Window Area: there are a set of windows, such as Messages, showing
message for each process, Tcl Console, Tcl commands of each activity, Reports,
reports generated throughout the design flow, Desing Runs, display the different
run for the current project
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Create a Block design

projeckt_1 - [fcris_projects/ictp_labs/test_1/project_1.xpr] - Vivado 2018.3.1

File  Edit Flow Tools
= +«

Flow Navigator = £ ? _

~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

¥ IP Catalog

IP INTEGRATOR

Create Block Desig[t

Open Block Design

v SIMULATION

Run Simulation

v RTL AMALYSIS
> Open Elaborated Design

~ SYNTHESIS
P Run Synthesis

> Open Synthesized Desigr

~ IMPLEMEMTATION
P Run Implementation

> OpenImplemented Desig

~ PROGRAM AND DEBUG

I Generate Bitstream

Reports  Window Layout Wiew Help Q- Quick Access Ready
b‘ n o X == Default Layout v
PROJECT MANAGER - project_1 ? X
s
Sources ? 00X Project Summary ?00X
Q T =2 4+ SR - ) Overview | Dashboard
~

o

Design Sources
> Constraints
~ [ Simulation Sources
sim_1
» [ Utility Sources

Hierarchy Libraries

Properties ? 0B X

Select an object to see properties

Settings Edit

Project name:
Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

Board Part

Display name:
Board part name:
Connectors:
Repository path:
URL:

Board overview:

Changes
<
Tcl Console | Messages |Log | Reports | Design Runs
o = = %
Name Constraints  Status WNS  TNS WHS
v synth_1 constrs_1 Not started
impl_.1  constrs_1 Mot started

<

Create and add an IP subsystem to the project

project_1
Jeris_projectsfictp_labs/test_1
Zyng-7000

ZedBoard Zyng Evaluation and Develo
Not defined

WHDL

Mixad

ZedBoard Zynq Evaluation and Developn
em.avnet.com:zed:part0:1.4

Mo connections

{optfilink/vivado/2018. 3/data/boards/bo:
http:/iwww.zedboard.org

ZedBoard Zynq Evaluation and Developn

THS TPWS Total Power Failed Rout
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Create Block Design

Please specify name of block design.

Design name:

Directony:

Specify source set

©

design_1

s« =<Local to Project=

: Design Sources

Cancel




Adding IP Modules to the Design Canvas

project_1 - [/cris_projects/ictp_labs/test_1/project_1.xpr] - Vivado 2018.3.1

FEile Edit Flow Tools Reports Window Layout View Help — ©- Quick Access

=, - = > B O X i= Default Layout
EVETETTETGT S - R Bl OCK DESIGN - design_1
+ PROJECT MAMNAGER ~ . .
So x SicB ? _0O0O Diagram ?
£ Settings
a = A o ot - & »
Add Sources oo
design_1
Language Templates
¥ IP Catalog
~ [P INTEGRATOR
Create Block Design This design is empty. Fress the -{-t}buttc-n to ajd IP. Search: Q- zyn| {1 match)
: Prope ? 00 X T ZYNQT Processing System
Open Block Design d h
Generate Block Design o
Select an object to
v SIMULATION see properties

To add multiple IP to the Block Design, you can highlight the additional  |entEr to select. ESC to cancel, ctri+q for IP details
desired IP (Ctrl+Click) and press the Enter key.
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Processing System (PS)

Diagram  x« Address Editor ? 00

RIQla K019 e MO0 rensicckmueomaton. 9>
Run Block Automation

} Designer Assistance availabld. Run Block Aut-::mati-::r% ]

Automatically make connections in your design by checking the boxes of the blocks to connect. Select a
block on the left to display its configuration options on the right,

processing system7 0

x| a
r ) Q = < Description
DDR + " v Al Automatlon. (1 out of 1 selec This option sets the board preset on the Processing System. All
#F processing_system7_0 current properties will be overwritten by the board preset. This
FIXED 1O 4 " action cannot be undone. Zyng7 block automation applies
i Y B . current board preset and generates external connections for
= M _AX|I GPO ACLK ZYNQ M_AXI GPO 4 :: FIXED_IO, Trigger and DDR interfaces.
FCLK_CLKO = MOTE: Apply Board Preset will discard existing IP configuration -
please uncheck this box, if you wish to retain previous
FCLK—P‘ESETD—" r configuration.
.,

Instance: /processing_system7_0

ZYNQ 7/ Processing System

Options

Make Interface External: FIXED 10, DDR

Apply Board Preset:
Cross Trigger In: Disable  »
Cross Trigger Out: Disable  w

{ it
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Configuring the PS

Page Navigator Zynq Block Design summary Report
Zyng Block Design
¥ng g ___—
110 P enpherala G eneral
. . Seitings ;
PS-PL Configuration ::': e Apglication Procassar Unit (APU)
"o 2c 0 e ¥ .
Peripheral /0 Pins (15:0) 12C 1 - ARM Cortex -A% ARM Cortex -AS
CRES . Syatem Level CFU CPU
_ _ CAM1 —_— Control Rega
MIO Configuration |_UsRT 0 &b
", UART 1 Ax
MUX GPIO \ els Snoop Control unit ACE
Clock Configuration Mo} 00 ~ - = Slave
4 a0 1 —4 e i 1 512 KB L2 Cache and Controller Pora
. . |_useo N 1 )
DDR Configuration = ™ e 356 HB
EMNET 0 e | CoreSight Infe roonnect SRAM
_— . Components
EMET 1 Ceniral
SMC Timing Calculatior el == I r 3
Lle] FLASH Memory -+
{53:16) interfaces - '|r
Interrupts AT e
QuAD SPI W At FEVE | Programmabie #| DDRZ3LFDDRZ
T F— Legic to Memorny . Coniroll ar
SMC Timing - Intercomne ot -
Cabculation
DMA Eyme HEEE
Clock e Processing System(PS)
. 4 |5 [8 [7 rocessin m
Resats ] Genarabon 1| | BrE e je it
af(1)|2] 3
|E_|_1|£|E|Em RN ETE 32b GP bGP cmu contg  |R9 High ParunsEyiy HADC
Mo {E'I“Dl PS-PL A A AES/ AN 33n/Edb Slave
Clock Porta Mazier Siave SHA Ports
Ports Ports
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Configuring the PS

Re-customize IP

ZYNQ7 Processing System (5.5) /

Re-customize IP

ZYNQ7 Processing System (5.5) /

€ Documentation 4F Presets IP Location #&F Import ¥PS Settings

Page MNavigator

P5-PL Configuration

€ Documentation £F Presets IP Location &F Import XPS Settings

Zyng Block Design - O X =
PS-PL Configuration Search: - Page Navigator Peripheral /O Pins Summary Repart
MName Select Description A B R = T - | oa | ae TTTTTTTTTTTTTTTTTTTmTTTTTTTTTT T IITT
Peripheral I/D Pins P Zyng Block Design - QO = =2 @0
»  General
MIO Configuration 5 AX¥| Non Secure Enablement 0  ~ | Enable &XI Non Secure  PS-PL Canfiguration Search: @
~ (P Slave AXl Interface . .
Clock Configuration S AXI GPO interf Enables G | FETITETE DTS _
interrace nables aeneral purpo: MIO Corfi " Peripherals 31 32 33 34 35 36 37 3@ 39 40 41 42 43 44 45 456 47 48 49 S0 SL
DDR Configuration S A¥] GP1 interface O Enables General purpo: enniguration »[sPIl P - ~
~ HP Slave AXl Interface i i
SMC Timing Calculatic Clock Configuration > [LJUART 0 0 UARTO UARTO UARTO UARTO UARTO
» S AXI HPO interface O Enables AXl high perfor » (@) UART 1
; . DODR Configuration UART1 UART1 UART1 UART1 UART1
Interrupts » 5 AXIHPL interface O Enables &XI high perfar
l2C 0 0 12C0 12C0 12C0 12C0 12C0
» 5 AXIHPZ interface O Enables AXl high perfor  SMC Timing Calculatic i [
12C 1
» 5 AXIHP3 interface O Enables &XI high perfor it ; O 12C1 12C1 12C1 12C1 12C1
nterrupts
» ACP Slave AXl Interface ’ CANO AD CAND CAND CAND CAND CAND
> DMA Controller »LJcant CANL CAN1 CAN1 CAN1 CAM1
» PS-PL Cross Trigger interface O Enables PL cross trigge (] TTco 7 T = 1

| 0K h“ | Cancel |




Making Up the System

Diagram x Address Editor x ? 00
@ a 24 &L O Q + H » C 9 T "
* Designer Assistance auailable.[Flun Connection Automation ]

processing_system?7_0

Switches ’ R
DoOR |
ot R ko o

Internal A MAX 6P A ZYNOL st org i

FCLK CLKO |-

M emao ry FCLK_RESETO_N -

ZYMOQT Processing System

Control Step SP]
Motor

ICTP-IAEA




Running Connection Automation

Run Connecktion Automation

Automatically make connections in your des

connect. Select an interface on the left to d

Q - -
- -

v P&II Automation (9 out of 9 s

~ [ 7 axi_bram_ctrl 0
{} BRAM_PORTA
[} BRAM_PORTE
{} 5_Ax]

w o] T axi_gpio 0
{} GPIO
{} 5_Ax]

w v TF awi_gpio_1
I} GPIO
b 5_ax

w v TF axi_quad _spi 0
I} A1 _LITE
I SPLO

Sel
opt

Diagram

@ Q

% Address Editor x

L] L]
N Lh"_]

o Q s

- & * C

» Designer Assistance available. Run Connection Automation

o | IF

aati_br am_ctrl_D

axi_bram_ctrl_0_bram

?0OM0

H 1':;‘“':‘ BN POATA (|| e— - 2R PORTA =t busy
o wemny  ERAMPOATE + || — 4 mRcs pORTE =t by
T GRAM Cont oler Block Memory Generaton
axii_gpio_D
+ 5 am
5 el ama +Hi O bns Sbits
5 2 m
processing system?_0
AX GO
oA +]| DDA
P | FIOED 10
o wsamo a ]| axi_guad_spi_0
WA GR_ACLE EWG e e~ paT_0_axi_periph
n:u:_u:: b i+ 50021 - -::m_u: s+l > spiim
= - b ALK . m-uma-:l: srarwe K ||
ra Pey P T ARESETH - - p2ntc_npt
YHQT Pradessing % e & =
ZYND Y =)= | S0 5 a0
Al 50 B—m H00AE 4+ s A Quead SP
L psy_0_102M — W00 ACIK E IDI_MI + s
w00 AReseTH MW < +E axi_gpio_1
showest_syne_clic mh_resst P o a4 e
axt mset_in s _shruct_resetid:d) 01 AAESETH - N + S-Mt + Il : btns Shits 0
o 2w reset in perighe ml_reset] 0] b 02 ACLE ek G -
= mi_defig Sys_rst niEmonnect anessin 0] 02 AAESETM A
= dam_backed peripne ol snese inf0:0) = W03 ACIK AN RO
0 3 ARESETH
Pracessor Systaem Reset

A tens onesect
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Custom GPIO

Re-customize IP

AX1 GPIO (2.0) '
o Documentation I[P Location
() Show disabled ports Component Name |axi_gpio 1

Board IP Configuration

Associate IP interface with board interface

IP Interface Board Interface
GPIO btns Shits -
GPIO2 Custom
btns Shits h
Clear Board Parameters leds Shits
sws Bhits

= s
s_axi_aclk GPIO |||
5_axi_aresetn

ICTP-IAEA




DRC (Desing Rule Check) Design Validation

axi_bram_ctr| 0

Critical Messages &xi_bram_ctrl_0_bram

Wt s anam_poata + |||
5 oo nclic

- 2RaM_PORTE + |||
5 &0_anesetn

||+ rom_ponTa  rsta_susy
|[[+ eRam poRTE  rein_busy

There was one error message while validating this

dESign. =% BRAM Controlier Block Memory Generator
axi gpio 0
Messages
{» bins_Shits
AXIGPRIO
D DOR
{ FIXED IO
axi_quad_spi_0
. | f1_LITE )
Open Massages View - saa + D spittl
i clic
- sTaaTue 0 + ||
5 o Aol
- = pZankc_mpk
—{:_m_mulﬂ -
rst_ps7 0_102M won aex E W MO0AN Al Quad 58
— M AHESETH IEI et axi_gpio_1
- T MOE A1 A |
sowest sync_cli mh_reset M1 _ACLE Lo I -
at_mset_in hiE_struct reset]d:d] W1 ARESETM - B D matar drive
Zx_reset i penpheral msetfd:d)] W2 ACLK -
mh_dehug sys rst inberconne ot anesstnfd:d] W2 ARESETM
Eon i E=lpbe et exstnit 2} ::-E:im P GPID
Processor System Reset L B ]
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Memory Map

Diagram
Q =
Cell

« | Address Editor =

i

Slave Interface

w AF processing_system7_0
o Data (32 address bits : 0x40000000[1G 1)

Base Mame

Offset Address Range

High Address

=o gri_gpio_0

=0 gei gpio_1

Lo axi bram ctrl 0 5 ax

Memo

1 4EIE]E]-EIE]EIEI Bk

S_AX|
S_AX|

=0 axi_quad_spi_0  AX_LITE

Reg
Reg
Reg

0x4120_ 0000 G4k
0x4121_ 0000 4K
0x41EQ_ 0000 Ak

»  Ox4120_FFFF
=  0Ox4121_FFFF
=  Ox41EQD_FFFF

= Ox4000 1FFF
—

axi_bram_ctrl 0

- gram PORTA +|| =
aram PORTE +|||=

AXI BRAM Contr oller
axi_gpio_0
:f[-i- 5 AN
%_aud_actk L e
_{s_w_mh
AXI GPIO

!

ACLX

ps? _0_axi_periph

S00_AXI

ZYNQT Processing System

ARESETN

S00_£C1LX

rst_ps7_0_102M

SO00_ARESETN

-

slonest sync ik
—j ext_mzet_n
Aux_reset_n
mb_dabuq sys m
dom_locked

| .

mh_reset
s struct reseti0:0)
porghes_reset{00]
niaxonnect_aresen 0]
panphe ol _aresen0:0]

MO0_ACIK

MO0 ARESETN H—N
401 ACLK

MO1_ARESETN

M02 ACIX

Processo

f System Reset
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MO2 ARESETN
M03 ACIK
| MO 3 ARESET

axi_quad_spi_ 0

s 1|4 A1 LITE

AN sno +il=

stasrue 10 +||

[ p— MO0 A 4= §
M01 AXI 4|

MO2 AXE 4]t
.)_(" M03 A1 4 [

5 a0 _acik p2rke it
L o 5_A0_aresen -

AXI Quad SP1

T axi_gpio_1

:§|'+ s AN

. S

AXI Interconnact

s an_achk GPIO ||
ﬂg.w_mn

AXl GPIO




System Level Address Map

CPUs and Other Bus
Address Range ACP AXI_HP | o ctersil) Notes
OCM oM oCM Address not filtered by SCU and OCM is
mapped low
DDR oM oCM Address filtered by SCU and OCM is
. mapped low
0000 0000 to 0003 FFFF(Z
- - Address filtered by SCU and OCM is not
DDR
mapped low
Address not filtered by SCU and OCM is
not mapped low
DDR Address filtered by SCU
0004 0000 to 0007 FFFF
- - Address not filtered by S5CU
DDR DDR DDR Address filtered by SCU
0008 0000 to O0OF FFFF
- - DDR DDR Address not filtered by SCU'3)
ool0 0000 i0 ACED EDED NI NI ININI Acrpecible to ol ioterconnect moociore
General Purpose Port #0 to the PL,
4000 _0000 to 7FFF_FFFF PL PL M_AXIGPO
General Purpose Port #1 to the PL,
8000_0000 to BFFF_FFFF PL PL M_AXL GP1
EQ0C_0000 to EO2F_FFFF (013 I0OF 1/O Penipheral registers, see lable 4-6
E100 0000 to ESFF_FFFF SMC SMC 5MC Memories, see Table 4-5
F800_0000 to FB0O0_OBFF SLCR SLCR SLCR registers, see Table 4-3
F800_1000 to F8B0_FFFF PS PS PS System registers, see Table 4-7
F850 0000 to FBF0_2FFF CPU CPU Private registers, see Table 4-4
FCO0D_0000 to FDFF_FFFFY | Quad-SPI Quad-SPI | Quad-5SPI linear address for linear mode
. OCcM OCM OCM OCM is mapped high
FFFC_0000 to FFFF_FFFFIZ) - -
Vivado OCM is not mapped high 28




Getting the System Ready to be Implemented

Sox Desi(tSignéBoa| ? _ OO

il . -
a T ¢ + o B
BLOCK DESIGN - design_1 *
w = Design Sources (1)

] dEEigr‘l 1 I[dEEigr‘l 1, | Sox Desi¢{SigniBoa| ? _ 0O Diagram x Address Editor

» = Constraints Q = £ + SR - @ a X I © Q
~ [ Simulation Sources (1) v [ Design Sources (1) Source Node Properties... Ctrl+t
. P [0l design_1 (design_ 1. ;
> sim_1 (1) an_ = @ Open File BLOCK DESIGN - design_1

> Constraints

» Utility Sources Create HDL Wrapp:

v [ Simulation Sources (1) ; - I 1] = - . e B
, sim_1 (1) View Instantiation Sour x Design| Signals Boar ? OO Diagram » Address Edit
> = Utility Sources GE”EFEtE%ﬂUtPUt Fla = £ + 0 E+ 2 @ 0 I n © C
_____________________________ Feset Oulput Prod - P
o H b 1 ~ . Design Sources (1) Source Mode Properties... Ctri+E
1erarc Qurces i i
y | fr=ources 4y » [0 design_1 (design_1.bd) M Open File Aft+0
Hierarchy IF Sources Lik » = Constraints
v [ Simulation Sources (1) Creste HOL Wrapper...[:}
i 1 Wiew Instantiation Template
Source File Pro 2 _ O X Remove File from F ? sim_1 (1)
5 Utility Sources Generate Qutput Products...
Feset Output Products...
Hierarchy |F Sources Librar
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Export Hardware Design to SDK

Software development is performed with the Xilinx
Software Development Kit tool (SDK)

The design must be opened if a bitstream of the
design is generated

@ Export hardware platform for SDK.

Options

The Block design must be open before the design can S e
be exported Workspace: |6 <Local to Project>
Export Hardware
An XML description of the hardware is imported in [ incuds bisiream (Note: an implemented design ...
the SDK tool

> The hardware platform is built on this description

ok || cancel

> Only one hardware platform for an SDK project

The SDK tool will then associate user software projects to
hardware

Vivado ICTP-IAEA




Software Development
Kit (SDK)




Embedded System Design — Vivado-SDK Flow

Implementation

Timing
Verification

Software Development Kit
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Embedded System Design —

VIVADO'

Software Development Kit

Open VIVADO
Create New Project

Create New Block Design

Add PS7
Configure PS7
Run Block Automation
Add and Configure other IPs
Run Connection Automation
Validate Design

Create HDL Wrapper
Generate Output Files
Generate Bitstream

Export Hardware to SDK

Create Board Support Package
Create New ‘C’ Application
Write ‘C’ Code
Build the Application

Configure FPGA

Run on Hardware (Debug)

ICTP-IAEA
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Embedded System Tools: Software

Eclipse IDE-based Software Development Kit (SDK)
c Board support package creation : LibGen

> GNU software development tools

o C/C++ compiler for the ARM Cortex-A9 processor (gcc)

> Debugger for the ARM Cortex-A9 processor (gdb)

Board support packages (BSPs)

o Stand-alone BSP
o Free basic device drivers and utilities from Xilinx
o NOT an RTOS

ICTP-IAEA




SDK Workbench Views

( ™
C/C++ - peripheral_tests_0/src/testperiph.c - Xilinx SDK [EIEIQ

File Edit Source Refactor Mavigate Search Run  Project  Xilink Tools Window Help

(D C/C++ project outline displays the elements | = =l» = 5 #8 & @-s-c-e- &-n- w-o-a- &0 o]

IEIIﬂI HIR R R AR A

of a project with file decorators (icons) for | o 28 s e sl T e

& S m a 5 -
== # FROM CLAIMS OF INFRIE 1T, IMPLIED WARRANTIES OF I-IERC?.'J_ l z a w @ “
1 d t'f' t 1 #F hw_platform * BND FITNESS FCR A PARTICULAR PURPOSE. W stdie.h
e a Sy I e n I I Ca I O n 35 peripheral_tests 0 */ E| W xparameters.h
ﬁ-? Binaries U xil_cacheh @

[l Includes i* H  xscugich
d . f . d f = Debug @ : o xwl_ex.ception.h
@ C/C++ e Ito r O r I ntegrate SO tWa re & ac devcfg_header.h * This file is a generated sample test application. :: ;;g;;ﬁ:aderlh
[k gpio_headerh - W devcfg_headerh

.
Creatlon @ qspips_header.h # This application is intended to test and/or illustrate = 5 xgspipsh

IE scugic_header.h functionality of your system. The contents of this file = gspips_headerh
scutimer_header.h Wl xbasic_types.h
IE - * IP driver functions. o e

. .
@ scuwdt_header.h # SDE application project when you run the "Generate Libra I xgpio:h

©) Code outline displays elements of the B s camies || ©) o Do

# wary depending on the IP in your system and may use exis

[€] xgpio_tapp_example.c W scutimer_header.h

software file under development with file < s s camplc e

[€] xscugic_tapp_sxample.c #include <stdio.h> W scuwdt_header.h
@ xscutimer_intr_example.c #include "xparameters.h" |j 4®  main():int

decorators (icons) for easy identification et sampec | S ST | .

[€] wxscuwdt_intr_example.c

E Iscript.ld E_\ Problems E.Tasks & Consale 2 =] Propertiqu!'Terminalﬂ @ @ | '—E @'—ﬂ I__-='||| [ma) = - [=<j - =0
. . . [ peripheral_tests_bsp_0 C-Build [peripheral_tests 0]
@ P ro b | e m S’ CO n SO | e, P rO p e rtl e S VI eWS I I St = zynq_fsbl 0 l;{s?cfxscuwcrit_:?.;tr_e;amp%e .0 ) -W1, ——start—groap, —1xii, -lgece, -1lc, ——end-group B
inished building target: peripheral tests_0.elf @
output information associated with the rovoxig: AR prine Sise

arm-xilinx-eabi-size peripheral tests 0.elf |tee "peripheral tests_0O.elf.size"

Text data bss dec hex filename

SOftWa re d eve I O p m e nt fl OW 46872 1976 27964 Teelz 12cOc peripheral tests 0.elf

Finished building: peripheral tests 0O.elf.size

1 m |

o* | Writable | Smart Insert | 65:16
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Build Software Application in SDK

r ™
C/C++ - hello_world_0/src/helloworld.c - Xilinx SDK SRR

File Edit Source Refactor Mavigate Search Run Project Xilink Teols Window Help

O:OCreate Software platform MRS B B #E & @ - -0 |-~ $-0-Q~ & 5~ r [EEoeT)

BEm: @-freera-

& [ Project Explarer 2 = B ||z systemxml ﬂ_ﬂh system.mss w = O g out 2 Ma} =8
+* System software, board support e . e w
= hello_world_0 2l stdie.h
pa C ka ge &'} Binaries I '.I pl.atform.h .
) Includes * nelloworld.c: simple test application ++ print(char*) : void
(= Debug x5/ @ main(:int
‘ )
** LibGen program o —
@ platform_config.h #include "platform.h"
“’ . . % E:::z::; void print(char *str): B
**Create software application S
- e {
. O st pitiom inic_placfemm();
L] L] L] ?_, ,tlh . Y . .=_
**Optionally, create linker script s pesne (rredte orian\en)
ps7_inittcl cleanup platform():
|5 systemaxml -
”’ M M retarn 0;
»Build project : -
. . . . < I | 3
”’ Complle’ assemble’ |Ink Output flle E_gProbIems @Tasks El Console 2 EProper‘tieq{!‘Terminaq @ ﬁ}|ﬂ5§l;=‘.‘.|r_.’Evrﬁv='E|
C-Build [hello_world_0]
<app_pr0ject>. EI-f am;:itinx—;:l;;—sizeb::110_w32id_0 . e:.l:x in:n;l:zllo_world_o .elf.zize" i
47984 10396 27736 T68le 12c10 hello _world 0.elf
Finished building: hello_world 0.elf.size
¥ o
o* Writable | Srmart Insert | 1:1
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Software Management Settings

- — N
f ° ° & Properties for hello_world_0 W ==
Software is managed in three [ =
° Resource N
Builders
J C/C+=+ Build Configuration: [Debng [ Active |
Build Variables
Discovery Options
Enviranment &3 Tool Settings |,F- Build Steps Build Arhfactl - _ — A
Logging _| || @ Board Support Package Settings [
7 5 ARM bl < d: il "
Settings ] aF gee assembler omman arm-xilinx Board Support Package Settings
Tool Chain Editor E\ General PO
All options: Control various settings of your Board Support Package
C/C++ General & ARM gec compiler 9=ty PP o
o 4 H H Project References %: Symbols e e o b 0
Run/Debug Settings % Warnings standalone wortlil
(* Optimization drivers 0SType:  standalone Standalone is a simple, low-level software layer. It provides access to basic
(# Debugging <pu_corted 2065 <] processor features such as caches, interrupts and exceptions as well as the basic
o . 2 Prafiling Expert settings: - O Version: 00 T features of a hosted environment, such as standard input and output, profiling,
o Application program > o
5 —
(2% Directories Command S{COMMA
(2 Miscellaneous line pattern: Tl
5
& I:‘;E"Ed Options Hardware Specification: Ci\xup\zedboard\project_2\project 2.sdk\SDK\SDK_Exportisystem_hw,_platformsystem
% Software Platform Erpeecon psl_cortexad 0
(22 Processer Options
& ARM gec linker Supported Libraries
% General o
S /ﬁl - Check the box next te the libraries you want included in your Board Support Package You can configure the library in
the navigator on the left.
. @ Name Version Descrptin
o I - [ Iwipld0 102a IwIP TCP/IP Stack library: hwP v1.4.0, Xilinx adapter v...
[ silfatts 100.a Provides read/write routines to access files stored on..
[ siltlash 302a Xilin Flash library for Intel/AMD CFI compliant paral...
> 7] silisf 3002 Xilinx In-system and Serial Flash Library
> Board support package T
Generate a linker script S
®
Generate linker script
\ — )

Control your application’s memory map. w
Output Settings
Project: hello_world 0

Basic | Advanced

Qutput Script:

dboard\project_2\project_2.5dk\SDK\SDK_Exportihello_v

Modify project build settings as follows:

Place Code Sectiens in:
Place Data Sections in:

Place Heap and Stack in:

ps7_ddr_0_S_AXI_BASEADDR

ps7_ddr_0_5_AXI_ BASEADDR

ps7_ddr_0_S_AXI_BASEADDR

[ . . Set generated script on all project build configurations - Heap Size: 1KB
o - P
Hardware Memory Map Stack Size: 1ke
Memory Base Address Size
. . >
ps7_ddr_0_S_AXI_BASEADDR 0:00100000 1023 MB
o Assigning software to memory e
ps7_ram_1_5_AXI BASEADDR (0xFFFFO000 ~63.5 KB/

resources

Vivado

©)

Generate | [

Cancel
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Integrated Xilinx Tools in the SDK

Xilinx additions to the Eclipse IDE . _
> BSP Settings Xilinx Tﬂﬂl5| Window Help

Generate linker script
Board Support Package Settings
Repositories

Program FPGA
Program Flash

AMD Console

Launch Shell

Configure ITAG Settings

System Generator Co-Debug Settings
Create Zyng Boot Image

o Software Repositories
o Generate Linker Script

> Program the programmable logic
o Bitstream must be available

o Create Zynq Boot Image

o Program Flash Memory

> Launch XMD Console

o Launch Shell

o Configure JTAG Settings

> SysGen Co-Debug Settings

NX&MHK B D=F
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Basics of TCL in Vivado




Tool Command Language

TCL, is an interpreted programming language with variables,

procedures , and control structures, to interface to a variety of design

tools and to the design data

It has been an industry standard language since early 90s’

Xilinx adopted TCL for the Vivado Design Suite
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Tool Command Language (cont)

TCL in Vivado enables the designer to:

= Create a project " Run synthesis

= Target a SoPC device/board = Run implementation
= Create a block design " Modify P&R options
" Include IP Cores = Customize reports

= Configure PS, IP Cores, etc. ®= Program SoPC
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Tool Command Language (cont)

The Vivado tools write a journal file called vivado.jou into the

directory from which Vivado was launched. The journal is a record of

the Tcl commands run during the session.

Thus, they can be used as a starting point to create a new Tcl script
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Tool Command Language (cont

# ___________________________________________________________
$ Vivado v2018.3.1 (64-bit)

# SW Build 2489853 on Tue Mar 26 04:18:30 MDT 2015

# IP Build 24869529 on Tue Mar 26 06:44:21 MDT 2015

# Start of session at: Wed May 22 20:07:21 2019

f Process ID: 15215

$ Current directory: /cris projects

# Command line: wvivado

f Log file: /cris projects/vivado.log

$ Journal file: /cris projects/vivado.jou
e
start gui

create projsct projsct_ 1 /fcris projects/ZedBoard/borrar/hw -part
xcT7z020clg484-1

set_property board part em.avnet.com:zed:part0:1.4

[current project]

set property target language VHDL [current project]
create bd design "design 1"

update compile order —-fileset sources 1

startgroup

create bd cell -type ip -vilnv

xilinx.com:ip:processing system7:5.5 processing system7 0
endgroup

apply bd automation -rule

xilinx.com:bd rule:processing system7 -config {make external
"FIXED IC, DDR" apply board preset "1" Master "Disable" Slave
"Disable" } [get bd cells processing system7 0]

generate target all [get files

fecris projects/ZedBoard/borrar/hw/project l.srcs/sources
1/bd/design_ 1/design 1.kd]

Vivado startgroup 43



How to run a provided .tcl script

J Methot 1: Through Vivado TCL console
1 Method 2: Through Command Line




Method 1: Run .tcl in Vivado TCL Console

. Start Vivado Design Suite. You can see a tcl console on the left bottom of
Vivado Design Suite

. Click on the title 'type a tcl command here’ (button left of the screen)
. Go to the folder location where the tcl script resides (use ‘cd’, ‘pwd’)

Once the directory has been changed, you can use the /s’ command to list
the files in the current directory. Check that the .tcl is in there.

Run the .tcl script by using the following command: source <filename>.tcl

. The processes defined in the .tcl file will be executed. It could take some
times to execute a .tcl file (depending on the defined processes)
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Vivado TCL Console

B B e il B - (100%) o)

File  Flow Tools Window Help Q- Quick Access

VIVADO! £ XILINX.

HLx Editions

Recent Projects

Py QLTS
feris_projects/pyqt/Py_Qt_TS

Quick Start

lab_gpio_in_out
feris_projectsfictp_labs/lab_gpio_inoutflab_gpio_in_out

project_registers_dma
feris_projects/tclitest/project_registers_dma

project_registers_dma
feris_projects/axi_dma_test/project_registers_dma/proj...

project_registers_dma
fhome/cristian/project_registers_dma

project_registers_dma
feris_projects/axi_dma_test/project_registers_dma

project_2 v

Tcl Console ? 00X

Qa = =2 Il B E @
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Vivado TCL Option in the GUI

File  Edit Flow Tools Reports  Window  Layout Wiew  Help
=

u Create and Package New IP... |
Flow Mavigator Create Interface Definition...
~ PROJECT MANAGE Enable Partial Reconfiguration...
o Settings Bun Tcl Script... E\
Froperty Editor Ctri+]

Add Sources
Associate ELF Files..,
Language Temp Generate Memory Configuration File... les

¥ IP Catalog Compile Simulation Libraries...

Download Latest Boards...

v IP INTEGRATOR xilinx Tcl Store...

Create Block De

Custom Commands b fari
Open Block Desi Q| anguage Templates
Generate Block | € Settings...
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Method 2: Run .tcl through Command Line

In W10 you can start the Vivado TCL Shell by doing Start-> All apps->Vivado
2019.1 Tcl Shell.

. A small command line window should come up

. Go to the folder location where the tcl script resides (use ‘cd’, ‘pwd’)

. Once the directory has been changed, you can use the ‘dir command to list
the files in the current directory. Check that the .tcl is in there.

Run the .tcl script by using the following command: source <filename>.tcl

. The processes defined in the .tcl file will be executed. It could take some
times to execute a .tcl file (depending on the defined processes)
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Run .tcl in Linux

1. Make sure TCL interpreter is installed:
o Swhereis tclsh
o tclsh: /usr/bin/tclsh /usr/bin/tclsh8.4 /usr/share/man/manl/tclsh.1.gz

2. In case you don’t have the tcl interpreter installed, do the following:
o Ssudo apt-get install tcl8.4
o Note: if you have installed Vivado, the Tcl interpreter should be installed

3. Execute TCL script: You can either execute using “tclsh helloworld.tcl” or
“ /helloworld.tcl”.
o S tclsh helloworld.tcl
o Hello World!
(or)
o S chmod u+x helloworld.tcl
o S./helloworld.tcl
o Hello World!l.

Vivado ICTP-IAEA




Is there any Need to Learn TCL ?

It is purely based on your objectives.

If you want to automate some basic processes in creating design,
it is the best choice

as we can export a tcl script to another computer and create an exact replica
of the project with same configurations, ip integrations in single execution
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TCL Docs

Vivado Design Suite TCL Command Reference Guide

Vivado Design Suite User Guide - Using TCL Scripting

TCL Tutorial (up to Chapter 14 for Vivado appl
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https://www.xilinx.com/support/documentation/sw_manuals/xilinx2019_1/ug835-vivado-tcl-commands.pdf
https://www.xilinx.com/support/documentation/sw_manuals/xilinx2019_1/ug894-vivado-tcl-scripting.pdf
http://www.tcl.tk/man/tcl8.5/tutorial/tcltutorial.html
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Vivado Design Suite
Elaboration Process




Embedded System Design — Vivado Flow

Implementation

Timing
Verification
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Elaboration

o Elaboration is the RTL optimization to an FPGA technology

o Vivado IDE allows designers to import and manage RTL sources
o Verilog, System Verilog, VHDL, NGC, or testbenches

o Create and modify sources with the RTL Editor
o Cross-selection between all the views

O Sources view
o Hierarchy view: Display the modules in the design by hierarchy

o Libraries view: Display sources by category
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Elaborated Design

Accessed through the Flow Navigator by selecting Open Elaborated Design

Representation of the design before synthesis

° Interconnected netlist of hierarchical and generic technology cells
o> Instances of modules/entities

o Generic technology representations of hardware components
o AND, OR, buffer, multiplexers, adders, comparators, etc...

T
| Tl o i LK wiwmial_cousi_m_1_

i eimal ol 7 _r__Jmﬂﬂpﬂ-qm = i

S - - I;]u
- P — L ] x| '——Jndm+

= E[FTL_hawe FTL_RED SV RTL_ADD

b _xlE_an_segl_i Bl eBE_Bn_iig_ing
4 e -
L] & o
2T
l RTL_EG
HTL_REG_STNC
wirl_binsd gem
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o &

Flow Navigator &

el —]
i

|A Project Manager
ﬁ Froject Settings
&% Add Sources
1F 1P Catalog

4 TP Integrator
4% Create Block Design
¥ Open Block Design
& Generate Block Design

4 Simulation
% simulation Settings
(i) Run Simulation

4 RTL Analysis
» g% Open Elaborated Design

4 Synthesis
{5 Synthesis Settings
® Run Synthesis




Object Names in Elaborated Design

Object names are extracted from RTL

19 reg signal meta;
° Instance and pin names of hierarchical objects K
42  always Biposedge glk_dsc)
o Inferred flip-flops from underlying reg/signal/logic B o
o Suffix _regis added p b:::w_m ce L1b0;
47 signal_dstf <= 1'b0;
> Nets from underlying reg/signal/logic when it makes sense T .
:? he:::nul_ ta <= sigmal_sre:
52 zignal fiat <= zignal meta;
53 end
54 end /7 alyhy
/( mEta=hEI'den_rgt_ig )
I"n — /
clk |
ueta harder’Bets Tarden t3 rst_dst signal_meta_reg .
;: 1.::::-&5&2!'( - T:;::::T; e signal_sr RST _kjim_dﬂjeg)
96 .rst_dst {1'b0], D D signal_dst
99 fsignal_src ~i), =CLK L LK 4] 7 =
100 .21gnal_ds ‘::t_cl}:_txh:
. pY
01 ): RTL_REG_SYNC RTLREGSYNG

meta_harden

ICTP-IAEA




Elaboration and Analysis

In a RTL based design, elaboration is the first step

Click on the Open Elaborated Design under RTL Analysis to
o Compile the RTL source files and load the RTL netlist for interactive analysis

You can check RTL structure, syntax, and logic definitions

Analysis and reporting capabilities include: 4 RTL Analysis
> RTL compilation validation and syntax checking "| &% open Elaborated Design
> Netlist and schematic exploration
> Design rule checks
o Early /0O pin planning using an RTL port list

o Ability to select an object in one view and cross probe to the object in other
views, including instantiations and logic definitions within the RTL source files
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Schematic View of an Elaborated Design

When Schematic is clicked under the Elaborated Design, the schematic is
opened showing the hierarchical blocks
> Note that no 10 buffers are inferred at this stage

RTL Schematic (2) — 0O o =
3| 6Cells 1910 Ports 30 Nets

enathe [

|4 RTL Analysis
4 Elaborated Design
(D Report DRC

ox
[l Report Noise L vwa_berd_2_Taegment_disg
| ¥ schematic far_Bif_counter_fahric
7
ik i 70
reset
ddddd def_abaut_S00RE_refresh_rate Dkl
Ui
kin [ dk_ind k_cut
L reset] _Jiocked [Crlocked

iiiii

XA HELOmERLR YL




Cross Probing

Select an object in the schematic, right-click,
and select Go To Source to view where the  1esen

dLals IJI} : c_counter binary wlZ 0

object is defined in the source file 136 GEERIC 1P (

117 C_IMPLEMENTATION => 0,
115 C_WEBRBOSITY => 0,
U3 119 C_XDEVICEFAMILY => "artix7",
8_ 120 C_WIDTH => 4,
121 C HRS CE =» 1,
uo 122 C HRS SCIR =» 1,
CE CE _ 123 C_RESTRICT COUNT => 1,
& Cell Properties... Ctrl+E 124 C_COUNTI_TO => "loo1i",
cLX =X Floorplanning 4 125 C_COUNT_BY => "1,
L3:0 Select Leaf Cells Ctrl+Shift+S > 128 C_COUNT_MODE => 0,
LOAD . R I 127 C_THEE3HO VALUE => "1001",
SCLR SCLR Ceec el e 128 C_CE_OVERRIDES SYNC => 0,
SINIT # Highlight Leaf Cells 4 129 C_HAS_THRESHO =»> 1,
SSET Unhighlight Leaf Cells 130 C_HR3_TORD => 0,
# Highlight » 131 C_LOAD LOW =» 0,
L Unhighlight 132 C_LATENCY => 1,
C_muntei-_bin ® Mark Ctrl+M 1515 C_FB LATENCY => 0,
e _ 134 C_AINIT VAL =»> "O",
= Unmark Ctrl+Shift+M 135 ¢_SINIT VAL => "O",
four_bit_countl Show Connectivity Ctrl+T 136 C_SCLE_OVERRIDES_SSET => 1,
‘ Go To Source F7 137 C_HAS SSET => 0,
138 C_HR3 3INIT => O
139 }
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Vivado Design Suite
Synthesis Process




Embedded System Design — Vivado Flow

Optional

Implementation

Timing
Verification
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Vivado IDE Synthesis

o Applicable only for RTL (HDL) design flows
o EDIF is black boxed and linked after synthesis
o Synthesis tool uses XDC constraints to drive synthesis optimization

o Design must first be synthesized without timing constraints for constraints editor usage

o XDC file must exist

o Synthesis settings provide access to additional options
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Logic Optimization and Mapping to Device Primitives

Synthesis of an RTL design not only optimizes the gate-level design
but also maps the netlist to Xilinx primitives (sometimes called
technology mapping)

L Project Summary % | @ Device x ] Schematic x Oa X
| | J \

-;[] nces 18 1JO Ports 489 Nets

-

-

o .

o char_fifo_i0

W

g din[7:0]

] rd_clk dout{7:0]

'_Q* rd_en empty E
= ret full

'i wr_clk

| Wr_en

; char_fifo

&

[T
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Synthesized Design

Accessed through the Flow Navigator by selecting Open Synthesized Design

Representation of the design after synthesis
> Interconnected netlist of hierarchical and basic elements (BELs)
o> Instances of modules/entities

° Basic elements
o LUTSs, flip-flops, carry chain elements, wide MUXes
> Block RAMs, DSP cells
> Clocking elements (BUFG, BUFR, MMCM, ...)
> 1/O elements (IBUF, OBUF, I/0O flip-flops)

Object names are the same as names in the elaborated netlist when possible
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Commands Available After Synthesis

Flow Navigator is optimized to provide quick access to the
options most frequently used after synthesis

o Report Timing Summary: Generate a default timing report

o Report Clock Networks: Generates a clock tree for the design

o Report Clock Interaction: Verifies constraint coverage on paths
between clock domains

o Report DRC: Performs design rule check on the entire design

4 Synthesis
% Synthesis Settings
& Run Synthesis
4 | M| synthesized Design
£4 Edit Timing Constraints

. . Report Timing S

o Report Noise: Performs an SSO analysis of output and E‘? =P :m':g umm;r"l
bidirectional pins in the design — Report Clock Network

> Report Utilization: Generates a graphical version of the Utilization B Report Clock Interaction
Report &2 Report DRC

> Report Power: Detailed power analysis reports that can be M Report Noise
customized for the power supply and application environment Report Utilization

o Schematic: Opens the Schematic viewer £ Report Power

1 Schematic

ICTP-IAEA




Synthesis Reports

While the Flow Navigator points to the most important reports, the
Reports tab contains several other useful reports

> Vivado Synthesis Report shows

o HDL files synthesized, synthesis progress, timing constraints read, and RTL primitives from the
RTL design

> Timing optimization goals, technology mapping, removed pins/ports, and final cell usage
(technology-mapped cell usage)

o Utilization Report shows
> Technology-mapped cell usage in an easy-to-read tabular format

Reports

| Name Modified Size

=1

ea |[=1- Synth Design (synth_design)

— -2 Vivado Synthesis Report 7/15/13 1:13 PM 34.0 KB
-2 Utilization Report 7/15/13 1:13 PM 6.0 KB

[=}Place Design (place_design)
- [l Vivado Implementation Log
- [l Pre-Placement Incremental...

- [l 10 Report

Tcl Console L'D Messages LE‘i Lﬂb\_—él Reports Lli Design Runs J
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Synthesis Utilization Report

Reports slice logic, memory, DSP slice, 10, clocking, and other resources
used by the design

1 Copyright 1986-1999, 2001-2013 ¥ilinx, Inc. A1l Rights Reserwved. 915. Clocking
3 - —
. . . . a3

3| Tool WVersion : Vivado v.Z2013.2 (wind4) Build 272601 3at Jun 15 04 4o e P PR PR PR .
4| Date : Mon Jul 15 13:13:54 2013 95| Site Type | Used | Loced | Available | Utils |
5| Host : running G4-bit Service Pack 1 (build 7&01) G +———m e o S e S +
4 | Command : report utilization -file two digits counter on . 97 | BUFGCTRL | 2| 0| 32 | 6.25
7| Design : two_digits _counter_on 2 Tsegment display 98 | BUFIQ I ol ol 24 | 0.00
g | Device : XcTalilt 95 | MMCMEZ ATV | 11 ol & | 16.66 lg74, I0 and GIX Specific
9| Deaign State : Synthesized 100 | PLLEZ ROV | ol ol &1 0,00 1 gE e
. O 101 | BUEMRCE [ o o 12 | 0.00 |gg
1 102 | BUFHCE [ ol ol 96 | 0.00 |9Q 4o __ PR e e e n

. . . . 103 | BUER | ol ol 24 1 0.00 g7 Site Type | Used | Loced | Available | Ucil% |
12Ttilization Design Information 104 4——mmmmmmme e e e e ry- e e PR e "
13 261. Slice Legic 73 | Bonded I0B |19 | 0 210 | 9.04 |
14 Table of Contents 2T —mmmmmmm e 74 | Bonded IPBADs I ol 0| 21 0.00 |
15 e 28 75 | IBUFGDS I ol ol 202 | 0.00 |
161. Slice Logic N e L L tomm ot 76 | IDELAYCTRL I o 0 61 0.00 |
17 2. Memory 30 | Site Type | Used | Loced | Awailable | Dtil% | 77| IN_FIFO | 0o 0o 24 | 0.00 |
. - I— . T e temm tommm s temm + 78 | OUT_FIFO I 0 0| 24 | 0.00 |
B e Secciric 32| Slice LUTs* I o1 63400 | 0.11 | 79 | PHASER_REF | 0 0 61 0.00 |

. . BE 33| LOT as Logic | 73 | 01 63400 | 0.11 | 80 | PHY CONTROL I 0o 0o 6§ 1 0.00 |
205 Clocking 341 LT as Memory Lo ol 18000 | 0.00 | 81 | PHASER OUT/PHASER OUT_PEY | 0O | o 24 | 0.00 |
21 6. Specific Feature 35| Slice Registers boosed e 128800 1 0.03 1 82 | PHASER IN/PEASER IN PHY I o 0 24 | 0.00 |
227. Primitives 36|  Register as Flip Flop | 50 | o lzass00 | 0.05 1 83 | TDELAYE2/IDELAYE2 FINEDELAY | 0 | 0| 300 | 0.00 |
23 8. Black Boxes 371 Register as latch oo e lagesco 1000 84 | ODELAYEZ/ODELAYEZ FINEDELAY | 0O | 0| 01 0.00 1
245, Toetanciased Neclises 2| 17 e 41 or o oo o5 | 1807DS_o7e2 o0 o1 wi oo
- > uxes - 86 | ILOGIC [ o ol 210 | 0.00 |

o o fomm e fmm e fomm e +
. . 87 | OLOGIC i i 210 | 0.00

261. Slice Logic ' : ' ' ' '
. e e o . o +
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Vivado Design Suite
Implementacion Process




Embedded System Design — Vivado Flow

Optional

Implementation

Timing
Verification
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Vivado Implementation Sub-Processes

Vivado Design Suite Implementation process transform a logical netlist
(generated by the synthesis tool) into a placed and routed design ready for
bitstream generation

 Opt design
* Optimizes the logical design to make it easier to fit onto the target FPGA

* Place design
 Places the design onto the FPGA's logic cells

 Route design
* Routing of connections between the FPGA's cells
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Using Design Constraints for Guiding Implementation

There are two types of design constraints, physical constraints and
timing constraints.

Physical Constraints: define a relationship between logic design objects and device resources
* Package pin placement

e Absolute or relative placement of cells:
* Block RAM
* DSP
* LUTs
* Filp-Flops
* Floorplanning constraints that assign cells to general regions of an FPGA

Timing Constraints: define the frequency requirements for the design. Without timing
constraints, Vivado Design Suite optimizes the design solely for wire length and routing
congestion and makes no effort to asses or improve design performance
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Implementation Log Messages

Viewing the Log in the Log Window

The Log window opens in the Vivado o1

cuter Utilization Summary

IDE after you |aunCh a run' It ShOWS the ‘Ei Global i!ert.ic'.al Bouting Utilization = 19.68129 %
Glokal Horizontal Routing Utilization = 25.7649 %
st.andard output messages. It also siobar Horizontal Roucing
d|sp|ays deta”s about the progress Of *Does not include unroutable nets such as driverless and
. . . . . Bun report route status for detailed report.
each individual implementation Nurber of Failed Nets -0
. Humber of Unrouted Nets =0
process, such as place design and TN —
route des Ig n Ed Eind: route ~ | () Find Next (2 Find Previous Highlight [
_ Synthesizs | Implementation Simulatinn|
= Tel Console L'{J Messageé\}__ﬁ Log L-Eﬁ Reports Li} Design Runs ]
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After Implementation

o Sources and Netlist tabs do not change

. . . 4 Implementation
o Now as each resources is selected, it will show & Implementation Settings
the exact placement of the resource on the die > Run Implementation
o Timing results have to be generated with the # Bl Implemented Design
Report Timing Summary £4 Edit Timing Constraints
@ Report Timing Summary
o As each path is selected, the placement of the I, Report Clock Networks
logic and its connections is shown in the Device %] Report Clock Interaction
view &) Report DRC
- . i+ Report Noise
o This is the cross-probing feature that helps Report Utilization

with static timing analysis &) Report Power
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After Completing Implementation

Implementation Completed @

@ Project 'cpu_synth1' Implementation successfully completed.

Mext
@ Open Implemented Design

(") Generate Bitstream

(") View Reports

|| Don't show this dialog again
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Implementation Out-of-Date Message

Au_u

| Q- Search commands

Synthesis and Implementation Out-of-date more info

- — T = oo

| Q~ Search commands

synthesis and Implementation Out-of-date more info

Synthesis and Implementation Out-of-date Due to  Force up-to-date ¢ %

1 (@) synth_& - Files Modified:
@ design 1 wrapper.v (E:\Projects_FPGA'R_Gonzalez\project_ud-copro-mix_200mhz\project_ud-co}——

1 (@ impl_g - Files Modified:
&8 design 1 wrapper.v (E:\Projects_FPGA'R_Gonzalez\project_ud-copro-mix_200mhz'\project_ud-cof

14| i |
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Exporting a Hardware Description

ﬁ, test_course_1 - [E:IPmEc.Is_ZedBDardftest_cuulse_lJ’test_comse_lxpr] - Wiva
File | Edit Flow Tools Window Layout VYiew Help
¢&  New Project... b » @|ﬁ%|£ﬁ@
[#* Open Project...

== IBlock Design - design_1 *
Sources

T = wer BE

=+ Design Sources (1)
| [l design_1_wrapper - STI

Open Recent Project 3

Open Example Project...

Save Project As...
Write Project Td...

[l Archive Project... B4 design_1_j - design_1 (de:
Close Project (- design_1 - STRUCTUR
- [#-I= Constraints

Save Block Design Ctrl+5 | @ Simulation Sources (1)

Close Block Design

Open Chedkpaint. ..

Open Recent Checkpoint 4

Hierarchy | IF Sources |Librarie5 |Co

Write Chedoint. .. 4t Sources LE§ Design L Sigr

New TP Location... Source File Properties

Open IP Location... - [‘\%7

Open Recent IP Location k i design_1.bd
MNew File... Location:  E:/Projects_ZedBoard/test
Open File... Ctr+0 | rype: Block Diesigns
Open Recent File " | part: XC72020dl0484-1
Dpen IP—XAET File... Cize: 75.8 KB
Save All Files... Modified:  Today at 08:40:56 AM

@ AddSources... Alt+ A Copied to: E:/Projects_ZedBoard/test
Open Source File.., Ctrl+M 4m|m4 =t 1]

| Export 4 | | Export Hardware...  p ”

v las
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Export Hardware Design to SDK

Software development is performed with the Xilinx
Software Development Kit tool (SDK)

The design must be opened if a bitstream of the
design is generated

@ Export hardware platform for SDK.

Options

The Block design must be open before the design can S e
be exported Workspace: |6 <Local to Project>
Export Hardware
An XML description of the hardware is imported in [ incuds bisiream (Note: an implemented design ...
the SDK tool

> The hardware platform is built on this description

ok || cancel

> Only one hardware platform for an SDK project

The SDK tool will then associate user software projects to
hardware

Vivado ICTP-IAEA




Exporting IP Integrator Design to SDK — Main Files

system.xml

ps/_init.c
s7_init.h

ps7_init.tcl

ps7_init.html

This file opens by default when you launch SDK and displays the address map of
your system

The ps7_init.c and ps7_init.h files contain the initialization code for the Zynq
Processing System and initialization settings for DDR, clocks, PLLs and MIOs. SDK
uses these settings when initializing the PS so applications can run on top of the PS.

This is the Tcl version of the init file

This init file describes the initialization data.
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Vivado Design Suite
Basic Static Timing Constraints




Basic Timing Constraints

There are three basic timing constraints applicable to a sequential
machine
> Period
o Paths between synchronous elements clocked by the reference clock net
> Synchronous elements include flip-flops, latches, synchronous RAM, and DSP slices
c Use create clock to create the constraint
° Input Delay
o Paths between input pin and synchronous elements
> Use set input delay to create the constraint
o Qutput delay
o Paths between synchronous elements and output pin
° Use set output delay to create the constraint
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Timing Paths Example

FPGA DEVICE

. -------------------------------------------------------
1
Board ! Board
. i Internal Delay Data Path Delay na'
Device E REGA Device
0 a

Board Clock
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Creating Basic Timing Constraints in Vivado IDE

1. Run Synthesis (2 Synthes
. . thesis Settings
2. Open the synthesized design fiﬂ:smz g
. . 4 thesized Design
3. Invoke constraints editor

f4 Edit Timing Constraints
i& Set Up Debug

@ Report Timing Summary
;. Report Clock Networks
& Report Clock Interaction

D Report DRC

@ Feport Moise
Report Utilization
%I;’ Feport Power
{_}FD Schematic
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Clock Constraint Setting

i - S 1
ﬂ_, Timing Constraints Wizard u
| B —— il —
Primary Clocks
Primary clocks usually enter the design though input ports, Specify the period and optionally a name ‘
and waveform (rising and falling edge times) to describe the duty cyde if not 50%:. More info '.S) I e | 53 |
Recommended Constraints Primary Clocks
_ ] ) ] ) Primary clocks usually enter the design though input ports. Specify the period and optionally a name
N Object  Mame Frequency (MHz)  Period (ns) Rise At{ns)  Fall At(ns)  Jitter (ns) and waveform (rising and faling edge times) to describe the duty cyde if not 50%. More info ‘

e ] endefined [ undefied [T

Recommended Constraj
ﬂ_, Primary Clock Constraints u
i, A, @] Object —
|

......... dk Specify the 'period’ or ‘frequency’, and optionally the 'rise I
% .- at', 'fall at’ and 'jitter' values. ‘

Jitter (ns)

Constraints for Pulse Width Chedk Only

« reate_dodk -name dk [get_ports {dk}] Fall at: | ns  (optional)

C\ Object MName Frequency {MHz) Pel m k
| [& i Erequency: | ||MHz (required)
Constraints for Pulse gl Period: | | ns (required)
> R 1 | =
--------- Q Object J Rise at: | | ns (optional) [ [Eguency (MHz)  Pe
=5 Tel Command Preview (1) r& Existing Create Clock Constraints (0) ] % |

Jitter:

r O]

| ns (optional)

| [ Concel ]

- reate_dodk - |

<pack | Dext> | SkptoFmsh>> | [ Cancel |

[ <Back | Next> || SkptoFmsh> | [ cancel |
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Clock Constraint Setting

- .. Timing Constraints Wzarr ' LB u

|| Primary Clocks

Primary clocks usually enter the design though input ports, Specify the period and optionally a name and
waveform (rising and falling edge times) to describe the duty cyde if not 50%%. More info

Recommended Constraints

C\ Ohject Mame Frequency (MHz) Period (ns) Rise At (ns) Fall At (ns) Jitter (ns)

gl &« x| woool _ woool o000 5ol |
/
T

Constraints for Pulse Width Check Only

C’K Object Mame Freguency (MHz) Perind (ns]
U
|
I e ¢ | i | =
% Tcl Command Preview (1) | £ Existing Create Clock Constraints (0) |
o« create_dodk -period 10,000 -name dk -waveform {0,000 5.000% [get_ports {dk}]
tive)
Project Summary X I@? Device X ]E.‘:i] Schematic IE.‘#] Schematic (2) = IE.‘#] Schematic (3) = IEIB todec X l
| < Back ]I Next = I[ Sk Fiish. ] [ - ] E:/Projects_FPGA/Proyecto_Clevis/Controlador ¥ fproject_1/project_1.srcsfconstrs_1fnew ft.xdc

1 create clock -period 10.000 -name clk -waveform {0.000 5.000]} [get ports clk]

E il gy controlador - Behavio ‘

[-{= Constraints (1)

: E}L'-j' constrs_1 (1)
L]t xcdc (target)

[+ Simulation Sources (1)

(Jj F—T— =

i i) of~ S
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Clock Network Report

l 4 Synthesis ] Clock Metworks - network_3
% Synthesis Settings E =M. dic (100,00 MHz) (drives 48 loads)
2 Run Synthesis = =0 dk
4[] synthesized Design 58 1 (ck_IBUF_inst/T)
%, Constraints Wizard =+l dk_IBUF_inst (TEUF)
=] E1-<@ O (dk_IBUF_inst/a)

{24 Edit Timing Constraints
ﬁ Set Up Debug

-

T = I dk_IBUF (clk_IBUF)

5
il
2

E B0 1 (ck_IBUF_BUFG_inst/T)

I (g Report Timing Summary a3 =il dk_IBUF_BUFG_inst (BUFG)
;. Report Clock Metworks E-4@ O {dk_IBUF_BUFG_inst/0)

B Report Clock Interaction = I dk_IBUF_BUFG (ck_IEUF_BUFG)
l (D ReportDRC [#1-15 FDCE (43 loads)

R t Moi
Ef Report Noise network 3 x|

R t Utilizati
B = Td Console L'D Messages LEQ Log L__=“| Reporth\""—p Clock Networks

4
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Clock Network Report and Visualization

4 Implementation Clock Metworks - network_1
% Implementation Settings

m

[> Run Implementation
4 Implemented Design
,:_\., Constraints Wizard
£4 Edit Timing Constraints

, 5@ 1 (ck_IBUF _inst/T]
=}-[ill dk_IBUF_inst (IEUF
2@ O (ck_IBUF_inst/O)
=} I dk_IBUF (clk_IBUF
-0 1 (ck_IBUF_BUFG_inst/T]

(4 Repart Timing Summar

., Report Clock Networks

[=i] 0 nieracfnon GO dk IBUF BUFG inst/o

Report Clock Networks : ’ )
- . - =} Ik _IBUF BUFG (clk IELF BIFG
@ Rep Specify analysis options and create a clock networks report. J_ = - - - ’
#E Repaort Moise 4= FDCE {48 loads,

| Report Utilization i network_1 X
£ Report Power = /2 Td Console | (& Messages | [ Log | [2) Reports W Clock Networks

4 3

age
=]
5D

RS
0000 O0MSS

R

L
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Vivado Design Suite

Generate Bit Stream Process
Configuring FPGA Process




Steps to Configure only the PL

Mame Status Bl
[E:/Projects_ZedBoard/Lab_1/Lab_l.xpr] - \ = g localhost (1) Connected ue
Flovw | Tools Window Layout \View H 'Lab_l.xpr] - Vivado 2015.1 E"Ed} et SRl Soey ! Done"
Praject M ' wt  View Hel (@ arm_dap_0 (0) /A
croject Manager = o=p ] v wcF2020_1 (1) Programmed LE D
##  Create Block Design |
Open Block Design b
= N Hardware Manager - unconnected I
@ Simulation Settings... q Mo hardware target is npenrl:lxn target
il Run Simulation 3
1 Open Static Simulation... Hardware l EL Auto Connect E
i ecent Targets F
E* Open Elaborated Design A= Iill & »» N Recent Targets
B  New Elaborated Design. .. Closed Targets L Select a bitstream programming file and download it to your hardware device.
= B Open MNew Target... ‘fou can optionally select a debug probes file that corresponds to the debug ‘
4 Elaboration Settings... rores contained in the bitstream programming file.
5 Synthesis Settings...
$  Run Synthesis Fl11 Bitstream file: |E:fPrnjects_EEdEuard,ﬂ_ab_lﬂ_ab_l.runsﬂmpl_lﬂabl.biﬂ |E]
E¥  Open Synthesized Design Debug probes file: | |E]
B Mew Synthesized Design... = =
. _ | Hardware Manager - locahost/slinx_tcfDigient/21024848309 1 Enable end of startup check
&  Implementation Settings... . :
| @ There are no debug mrel. Program device heﬁesh device
[ RunImplementation t > | Program ] [ Cancel
A
Open Implemented Design 3 Hardware - 02 =
ol — 0 £
| B Hardware Manager b | AL = | .' Ld
i Bitsiream Settings. .. MName Status
% Generate Bitstream - B localhost (1) Connected
&  Create Runs... =- B¢ silinx_tcf/Digilent/210243493091 (2) Open | Hardware Manager - localhost/xilinx_tcf/Digilent/210248493091
— b Iy
® arm_dap_0 ":i* N/A | @ There are no debug cores. Program device Refresh device
E- & xc7z020_1 (1) Mot programmed
~-§& ADC (System Monitar) Hardware W xc72020_1 J
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Clocking Resources: MMCM and PLL

Up to 24 CMTs per device
One MMCM and one PLL per CMT

Two software primitives (instantiation)
o * BASE has only the basic ports i coursnlB

CLEOUTE<30-

CLEROUTE<3:0= )8

CLKEBOUT,

CLKFBOUT

o * ADV provides access to all ports o Locken

PLL is primarily intended for use with the I/O phas
for high-speed memory controllers

The MMCM is the primary clock resource for user
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Inference

Clock networks are represented by nets in your RTL design

° The mapping of an RTL net to a clock network is managed by using the appropriate clock
buffer to generate that net

Certain resources can be inferred

o A primary input net (with or without an IBUF instantiated) will be mapped to a global clock
if It drives the clock inputs of clocked resources

o The BUFG will be inferred

o BUFH drivers will be inferred whenever a global clock (driven by a BUFG) is required in a
clock region

o BUFHSs for each region required will be inferred

BUFIO, BUFR, and BUFMR cannot be inferred

o Instantil?ting these buffers tells the tools that you want to use the corresponding clock
networks

PLLs and MMCMs cannot be inferred
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Instantiation

All clocking resources can be directly instantiated in your RTL code
o Simulation models exist for all resources
o Refer to the Library Guide for HDL Designs
> Use the Language Templates ( %' ) tab

PLLs and MMCMs have many inputs and outputs, as well as many attributes
o Optimal dividers for obtaining the desired characteristics may be hard to derive

> The Clocking Wizard via the IP Catalog
o Only *_ADV available
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Invoking Clocking Wizard

Click on the IP Catalog

Expand FPGA Features and Design > Clocking

Double-click on Clocking Wizar

The Clocking Wizard walks you
through the generation of
complete clocking subsystems

&1
MName AT
(+H= Automotive & Industrial
= AXT Infrastructure
[+~ BaselP
[+~ Basic Elements
[+ Communication & Networking
[+~ Debug & Verification
[#= Digital Signal Processing
[+ Embedded Processing
= FPGA Features and Design
=+ Clocking

- ~4F Clocking Wizard
T 10 Interfaces
[+ Soft Error Mitigation
& XADC
H-(= Math Functions
H-[= Memories & Storage Elements
H-[= Standard Bus Interfaces
H-= Video & Image Processing

| e Y e Y |

ICTP-IAEA
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The Clocking Wizard: Clocking Options

Select Primitives to be used
© MMCMEZ_ADV witch to Defaults

© P LLE 2_A DV Component Name |c|k_wiz_{]

Clocking Options rOutput Clocks rMMCM Settings rPort Renaming rSummary

Primitive

Specify the primary input frequency and
source type

(@) MMCME2 ADV () PLLE2 ADV

. . . Clocking Features Jitter Optimization
> Optionally, select and specify secondary iNPU | i syieds 1 soread specram © s
Phase Alignment [] Minimize Power (7 Minimize Output Jitter

Select clocking features 7 oynanic Phase st [F] oynamic Reconhguraton || © Mndizs Tnput e fitring

> Frequency synthesis I Sofe Clock Startup
o Phase align ment Input Clock Information
Input Clock Input Frequency(MHz) Jitter Options Input Jitter Source
. . Primary 100.000 10.000 - 800.000 U1 * |0.010 Single ended clock capable pin
o
Dyn amic p h ases h Ift ["] | secondary 100.000 0.010 Single ended clock capable pin ¥

o
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The Clocking Wizard: Output Clocks

* Select the desired number of
output clocks

* Set the desired output
frequencies

* Select optional ports

1F Customize IP

[ e = = =

Clocking Wizard (5.0)

[ Documentation | TP Location [3) Switch to Defaults

~ IPSymbd-

[] Show disabled ports

Component Name ‘c\kﬁoﬂre

Clocking Option;/output Clocks rMMCM Settings rPort Renaming rsummary }

The phase is calculated relative to the active input clock.

Enable Optional Inputs / Outputs

reset
locked

[ power_down

|| clkfbstopped

[ input_clk_stopped

Reset Type

Active High

iDutput Freq (MHz) Phase (degrees) Duty Cydle (%) : JUse
putput Clock D
pu Requested lActual Requested lActual Requested Actual rves Fine PS
clk_out1 100.000 [100.000 0.000 .000 50.000 50.0 BUFG v
m clk_out2 100.000 [100.000 0.000 .000 50.000 20.0 BUFG v
Dclk_out.i 100.000 0.000 50.000 BUFG v
clk_out4 100.000 0.000 50.000 BUFG v
clk_outs 100.000 0.000 50.000 BUFG b
clk_outé 100.000 0.000 50.000 BUFG v
ck_out7 100.000 0.000 50.000 BUFG v
USE CLOCK SEQUENCING ol s dhack
Source Signaling
Putput Clock Sequence Number _
Automatic Control On-Chip ingle-ended
1
i Automatic Control Off-Chip Differential
1 User-Controlled On-Chip
1 () user-Controlled Off-Chip
1
1
1
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The Clocking Wizard: Port Renaming

Change input/output port names

Change optional port names

Clocking Options rDutput Clocks rMMEM Setting;/ Port Renaming rSummar',r

Input Clock
Input Clock  |Port Name  |Freq (MHz)  [Input Jitter (UT)
Primary clk_in1 100.000 0.010

Output Clock

VCO Freq = 1000.000 MHz

Output Clock Port Name Output Freq (MHz) Phase (degrees) Duty Cycle (%)
clk_outl clk_outl 100.000 0.000 a0.0
clk_out2 clk_out2 100.000 0.000 50.0

Optional Port Names

Dther Pins Port Name
reset reset
ocked locked
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The Clocking Wizard: Summary

Shows the input, output frequencies

Other attributes depending on
the selections made

The Resource tab on the left provides
summary of type and number of
resources used

Clocking Options r{]utput Clocks rMMEM Settings rPurt F{enaming/mnmmw

Attribute Value
Input Clock (MHz) 100.000
Phase Shift MNone
Divide Counter 1

Mult Counter 10.000
ICLKOUTD Divider 10.000
CLKOUT1 Divider 10
ICLKOUT2 Divider OFF
ICLKOUT3 Divider OFF
CLKOUT4 Divider DFF
ICLKOUTS Divider OFF
CLKOUT® Divider OFF

/P S'IfFI"Ith/FlEﬁﬂlII'EE
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Enabling Clock for PL

processing_system7_1

. g: Re-customize [P —“ ----- u

ooR
- FIXED_IO-h Il
Maa_ero_aak ZyINCY "-‘;Lm 55 ZYNQ7 Processing System (5.5) '
FCLK_RESETO_N

TYNGT Processing Syetem Iffi! Documentation 4F% Presets [ IP Location £} Import XPS Settings

Page Mavigator << | | Clock Configuration Surnmary Report
|| Zyng Block Design Basic Clocking | Advanced Clocking |
|
||| Ps-PL Configuration 4= InputFrequency (MHz) 33.333333 | CPU Clock Ratio) 6:2:1 v |
(. | |
Peripheral I/ Fins = Search: |Q~r |
I (5]
MIC Configuration % Component Clock Source Requested Freguen...  Actual Frequency(M... Range{MHz)

| »

I |Ci k Configueationa: E‘EE' Processor/Memory Clocks
3 - 10 Peripheral Clocks

|| | COR Configuration  |* &) PL Fabric Clocks
' : |10PLL M |s0.000000 0.100000 : 250.000000 I
SMC Timing Calculatio : |
: FCLK_CLK1 10PLL 50 50.000000 0.100000 : 250.000000 = | |
Interrupts - [[] FCLK_CLK2 10 PLL 50 50.000000 0.100000 : 250.000000 '
~ [[] FCLK_CLK3 10PLL 50 50.000000 0.100000 : 250.000000
[+~ System Debug Clodks L
[+~ Timers -
1| 1] | b
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g: Re-customize IP

L

ZYNQ7 Processing System (5.5)

W Documentation ﬁ. Presets B IP Location ﬁ Import ¥P5 Settings

Page Mavigator ki
Zynqg Block Design

P5-PL Configuration

Summary Report

PS-PL Configuration
|

Peripheral IjQ Pins
MIO Configuration
Clock Configuration
DDR. Configuration
SMC Timing Calculation

Interrupts

+ Search: | Q-

&= | Mame
(=55

g |[E- General
| L-JARTD Baud Rate
- JART1 Baud Rate

~PL AXI idle Port
--DDR. ARB bypass Port
~P5-PL Debug interface

-FTM Trace data interface

~FTM Trace buffer

--FTM Data edge detector

~FTM Trace buffer FIFO size

-FTM Trace buffer dock delay

~Indude ACP transaction checker

- Trace datafcontrol signal pipeline width
- Power-on reset(POR) 4k timer

-Processor event interface

[+ Address Editor
[+ Enable Clock Triggers

FCLK_RESET2_N
...FCLK_RESET3_N

Select

115200
115200

OE"ORE°"OOEO

FCLK_RESETO_N

o

g

Description

Baud rate is generated with internally fixed UART Ref Clod
Baud rate is generated with internally fixed UART Ref Clod

Enables idle AXI signal to the PS5 used to indicate that there
Enables DOR urgentfarb signal used to signal a critical mem
Enables PL debug signals to PS and vice-versa

Enables FTM Trace AXI stream interface used to capture d;
Generates a FIFO to hold trace data

Stores trace data in the FIFO when the data changes as m
FTM Trace buffer FIFO size

Mumber of dock cydes interval for a trace data output fror
Enables ACP transaction chedker.,

Enables configurable number of pipeline stages on the TRA
Enables power-on reset(POR) 4k timer, By default, 64k tim

Enables event bus which provides a low-atency and direct

ables general purpose reset signa r

ogic
Enables general purpose reset signal 2 for PL logic
Enables general purpose reset signal 3 for PL logic
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SDK Compilers



GNU Tools: GCC

GCC also functions as the user interface, passing options to- t:ﬁlj_
GNU assembler and to the GNU linker, calling the assembler
<file>.c ﬂ

GCC translates C source code into assembly language . H

and the linker with the appropriate parameters

Supported cross-compilers [ Cross-Compiler ]

ARM processor compiler
> GNU GCC (arm-xilinx-eabi-gcc)
> GNU Linux GCC (arm-xilinx-linux-eabi-gcc)

<file>.s

ICTP-IAEA




GNU Tools: AS

Input: assembly language files <file>.s
° File extension: .s

Output: object code
o File extension: .o

Contains ﬂ

> Assembled piece of code
Cross-Assembler

o Constant data
o External references
> Debugging information

Typically, the compiler automatically calls the assembler

Use the -Wa switch if the source files are assembly only and

use 2CcC
5 <file>.0

ICTP-IAEA



GNU Tools: Linker (LD)

Inputs <file>.0  <project>LinkScr.ld
> Several object files

> Archived object files (library)
o Linker script (*./d)

Linker
script

Outputs B H
> Executable image (ELF) [ Linker/Locator ]
> Map file

Executable

executable.elf

ICTP-IAEA




Timing Reports



Report Timing Summary

|4 Synthesis
5 Synthesis Settings

Tcl command: report_timing_summary

@ Run Synthesis
4 Synthesized Design
£4 Edit Timing Constraints
| @ Report Timing Summan,r|
. Report Clock Networks

report_timing_summary -delay_type max -report_unconstrained -check_timing_verbose -max_paths 10 -input_pins -name timing_1

Vivado IDE

Options tab
> Maximum number of paths

Advanced tab
o Write to a file

Timer Settings

° Interconnect delay can be igno

° Flight delays can be disabled

gptioryf Advanced rIimer Settings ]

Fins
Show input pins in path

File Output
[ ] wirite results to file:

(@) Overwrite Append
Miscellaneous
[ | 1gnore command errors (quiet mode)

[] suspend message limits during command execution

Options rﬁdgancep/ Timer Settings

Interconnect: estimated -
Speed grade: -1 (default) -
Multi-Corner Configuration
Carner name Delay type
Slow min_max ~
Fast min_max -
[ ] Disable flight delays

ICTP-IAEA

4. Report Timing Sum

——,

@ Generate a timing summary to understand if the design met timing.

Results name: |timing_1

Options ]’Adganced rIimer Settings

Report
Path delay type: | max -

Report unconstrained paths

|| Report datasheet

Path Lirmnits
Maximum number of paths per clock or path group: 1005
Maximum number of worst paths per endpoint: 15
Path Display
Display paths with slack less than: Use default (1e+30)
Significant digits: l=




Report Timing Summary

Design Timing Summary

----- |31 Timer Settings Setup Hold Pulse Width
© W N S, TN S, tOta | n U m be r [2 Design Timing Summary | worst Megative Slack (WNS): 1.826 ns  Waorst Hold Slack (WHS): MA  Worst Pulse Width Slack (WPWS): 3.000 ns

----- =1 Clock Summary (3]

i [ Check Timing (45) Total Negative Slack (TNS):  0.000 ns  Total Hold Slack (THS): NA  Total Pulse Width Negative Slack (TPWS): 0.000 ns
of endpoints are of O o e e e || g oo ot ogate D
i @ Inter-Clock Paths Total Number of Endpoints: 102 Total Number of Endpoints:  MA ~ Total Number of Endpoints: 45
I nte re St = Path Groups

----- |2 User Ignored Paths T

-2 Timer Settings
J Q

: Design Timing Summary i Name Waveform Period (ns)  Frequency (MHz)
C I oc k S u m m a r -2 Clock Summary (3) | =5 |Eclkin {0.000 5.000} 10.000 100.000
EHE Check Timing (45) 2| -k outl_clk_SMHz {0.000 100.000} 200.000 5.000
"Ti" Intra-Clock Paths “ clkfbout_clk_SMHz {0.000 25.000} 50.000 20.000
H H D Inter-Clock Paths
> Primary and derived clocks &c e aoms N
-[&1 User Ignored Paths Check Timing
~ 1
a Timing Check Count

----- |2 Timer Settings

C h ec k Ti m i n ..... % Design Timing Summary unconstrained_internal_endpaints 26
g no_clock 10

----- 12 Clock Summary (3)

5 Check Timing (45) | ﬂo_éutptutadlelav g

M = no_input_delay
> Number of unconstrained 7o Kiriogps :
. . [F0 Path Groups generated_clocks 0
..... = loops 0
internal endpoints 2 User gnored paths oope out ey ‘
partial_output_delay 0
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