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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 oflm)ultiple hard logic objects (block RAMs, GTs, DSP slices, and microprocessors, for
example

o /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

o Main’qaini?g 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
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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 timing
o Quickly identify and constrain critical logic path

o Hierarchical floorplanning
o Guide place & route toward better results

o Utilization estimates
o All resource types shown for each Pblock

o Clocks or carry chains

o Connectivity display
o 1/0s, net bundles, clock domains
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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
vV AXI4, IP_XACT System Planning and © Specification V140 ystem Builder

IP, DSP, uP

. HDL Desi
v Common constraint language (XDC) — Ve,,.,ngl,wm o+ WerilegvhoL
throughout flow System Verilog

RTL Synthesis

v'Apply constraints at any stage

v Reporting at any stage Netist Linking and
v'Robust Tcl API
Packing, Placement,

v Common data model throughout the Optimization
flow
v “In memory” model improves speed Routing, Post-Route

v'Generate reports at all stages Optimization
v" Save checkpoint designs at any stage S‘itr']‘;m'sng

v'Netlist, constraints, place and route results

DRC and Bitstream
Generation

Silicon
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Project Data

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

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

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)

o 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

> Windows via icon: APPDATA%\Xilinx\Vivado or
C:\Users\<user_name>\AppData\Roaming\Xilinx\Vivado

o Windows via command line: directory where the Vivado IDE is invoked

° From the GUI

o Select File > Open Log File
o Select File > Open Journal File
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Embedded System Design — Vivado Flow
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Vivado Flow
Practical Steps




Creating a Project

A Vivado 20151 " -

Fle Flow Tools Window Help & New Project u
[,

Profect Type

' Specify the type of project to create, ‘
VI\/IA\DO Productivity. Multiplied.

@ RETL Project
~ You will be able to add sources, create block designs in IP Integrator, generate IF, run RTL
analysis, synthesis, implementation, design planning and analysis,

["] Do not specify sources at this time

7 Post-synthesis Project: You wil be able to add sources, view device resources, run design
Create New ProjectL\\) Open Project Open Example Project analysis, planning and implementation.
Do not spedfy sources at this time

| L/OPlanning Project
Do not specify desian sources, You will be able to view partjpackage resources,

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

[ < Back ] Next > Finish Cancel
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Creating a Project

| ﬂ_, New Project u 1

Default Part
Choose a default Xilinx part or board for your praject. This can be changed later. ‘

Select: @ Parts

|
Vendor: |.|5.JI - |
Display Name: |.|5.JI - |
Board Rey: |Latest - |
| ResetAllFilters | |
Il Search: Q- |

Display Mame

latform wilin. com 1.1 @ wcTk3I25tFga00-2 900 1.2 500
@ virtex-7 YC707 Evaluation Platform wilime. com 1.1 @ xcPvx485tfg1751-2 1,761 1.2 700 =

4| m =

[ < Back ][ Next = ] Finish
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4 Cunthess 1 | Fart: WCFE0 20009841 Part: ®CT2020d0584-1
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Summary | Route Stabs

Timing
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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%
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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

ﬂ_, test_course 1 - [E:/Projects_ZedBoard/ftest_course_l/test_course_l.xpr] - Vivado 2015.1

File Edit Flow Tools Window Layout View Help

£B|Eﬂ“-‘ )(|$- [» ﬁ|%%|z|{} 02 Default Layout

Flow Mavigator 54 Project Manager - test_course_1
- Wl — SOUrCES — O =
Gl g
: A2 Wl B(E
|| 4 Project Manager
_ _ ' -4 Design Sources
% Project Settings __ = Constraints
SET Add Sources =7 Simulation Sources - ; .
L Sisim_1 ﬂ_, Create Block Degg u

'@' Language Templates
Please specify name of blodk design,

L F P Catalog 0

B 4 IF Integrator Diesign name: |desigr1_1 |
J“l% Create Block Desig Directory: |5.f| <Local to Project> b | I
‘ Open Blodk Design Specify . |II:"| — |
. pedry source set. E5IgN SOUrces -
‘ Generate Block Desi Sl lie sl _
Create and add an IP subsystem to the project.
] fn SOUTCES | 7 TEMPEEs |
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Adding IP Modules to the Design Canvas

| Block Design - design_1 X |
Sources B BT JE—ﬂDiagram » O X
A= 2 BE 3] design_1

(== Design Sources (1)
- design_1 (design_1.bd)

--h'j Constraints

- Simulation Sources (1)

o
.

Eo Diagram X oL@ =
IF Sources |Libraries |Curn|:u'le Order | - PI':_F 5] & design_t
L Sour. LE§ Design L Signals LH Board ] ":‘:f
) — ’ .\ This design is empty. Press the button to add IP,
Source File Properties — O ® = -
pe=—s
& = P35 Add TP
& design_1.bd [ ﬁ: l
=0y =
Location:  E:/Projects_FedBoardftest course_ 1/t K, Search: | Gozn | (2 matches)
- Il-|| 1 = - I R . 4
1 | LI | L (=] ; This des} {F Z¥YNQ7 Processing System
Properties | — {F ZYNQ7 Processing System BFM

ENTER. to select, ESC to cancel, Ctrl+Q for IP details

To add multiple IP to the Block Design, you can highlight the additional
desired IP (Ctrl+Click) and press the Enter key.

WSS HA SO a P
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Adding More |Ps

:-LJ E= Diagram X I B Address Editor O =
+[] 4 design_1
CL’;| E Designer Assistance available. Fun Blodk Automation |
& - J
.‘a J E= Diagram X ] B Address Editor X O @& =
R processing_system7_0 ]| b design_1
: ] C-lt| (& Designer Assistance available. Run Block Automation [E[:_, Diagram xl ] M Address Editor X O™ ¥
Elw! -
C::: M_AXT_GPO_ACLK \ 2 MFEI = e 2l & desgn 1
B ke ZYNQ. = A - C-lt| |3' Designer Assistance available. Run Block Automation Run Connection Automation
= FCLI 5 Y FIXED:_IC
e FCLK_RE!| M_AXI_GPO_ACLK M_ANI_GRC N
= 12 ZYNQ™ maes| X
i ZYNQ7 Processing System | oy FCLK_RESET 5
- o~ T e I ; o bram bl @
) Q Search: |Qv bram| | (2 matches) . WK . — processing_system? 0
E 3 e = apSAX BRAM_PORTASH |||
I e 5_awi_ack.
4 = 5 5_d_aresetn BRAM_PORTES: ]
L - X MR GPOACIK ZYN|() T MAMLGPOG
""""" iF - AXI BRAM Controller
®x e FCLK_RESETO_N
== -
E 3 ENTER. to select, ESC to cancel, Ctrl+3Q for IP details & ZfNGQF Processing System
T i ",
o r R
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Customizing the PS

E= Diagram X | B Address Editor X

A

Vg PO DmEMR

# design_1

(& Designer Assistance available. Run Block Automation

processing_system?7_0

DOR < ||

M_AXI GPO<-
FCLK_CLKD
FCLK_RESETO N

M_AXI_GPD_ACLK ZYNQ‘

ZYNQ7? Processing System
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PS Customization Options

E‘Page Mavigator < | | Zyng Block Design Summary Repart
|Z&rm;| Block Design

— 140 Peripherals oy

PS-PL Configuration PO Settings Application Procassar Unit (APL)
_ _ Bank L SPl1
Peripheral IO Pins i Beo s (P
{1510) [FEol ] < ARM Cortax A3 ARM Cortex TAo
| | MIO Configuration ST TN | System Level e e
CANM1 S Control Rega
Clock Configuration L1
UART 1
MUK GPID
MICY 500
T * 501
SMC Timing Calculation USA 0
| USH 1 | i oM 256 K8

A

= aic I Snoop Control et

praa

DDR. Configuration

STEL

DMAS T
- ol l 512 KB L2 Cache and Confroller

]

Fd i P P Pl

Interrupts EMET @ Core Sight Interconnect SRAM

Banki Intenconne ot

L L] FLASH Memory
(5318) inter faces L
SRAMMNOR

:

k-3

i
¥

. | Memory Intedfaces

DOR2ZLPDDR2
Controlier

1

QuUAD 5P1 N At DEVE Programmahle
T — —— N — L ogec to Memory

o L
S4C Timing Inferconnect i
Calculaton ] h i

DMA Eync (EHIE

- Chock
Resets Generation

- of1]2 I 3 DMA
ol Lzial 120 GP 120 GP Conig | @ | Hign Perdomamce XADC
mio My PSFL AX AXI AES/ AX| 304D Slave
Clock Ports Masier Siave SHA Por

T Processing System{PS)

i
HBEEAE

Programmable Logic(PL}
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PS-PL Configuration Options

%Rﬂ—cuﬂamize IP o = we _‘ X

ZYNQ7 Processing System (5.5) ‘

@ Documentation ﬁ Presets B IF Location ﬁ: Import ¥P5S Settings

Page Mavigator “ | | P5-PL Configuration Summary Report
z Blodk Design
| ¥na d * Search: | O~ |
| Ps-L Configuration m
E Mame Select Description
Feripheral I/0 Pins iy | [ General
= |
] - AXI Mon Secure Enablement Enable AXI Mon Secure Transaction
MID Configuration £
| i B GP Master AXI Interface

|| | Clock Configuration Enables General purpose AXI master interface 0 |

. : [H-M AXI GP1interface Enables General purpose AXI master interface 1
DOR. C ti H
enmauraten £ GP Slave AXI Interface
I SMC Timing Calculation -5 AXI GPO interface Enables General purpose 32-bit AXI Slave interface 0 |
| L..§ AXI GP1 interface Enables General purpose 32-hit AXI Slave interface 1
Interrupts - HP Slave AXI Interface
[~ ACP Slave AXI Interface
| [t DMA Controller :
[-PS-PL Cross Trigger interface Enables PL cross trigger signals to PS and vice-versa
1 1] | F @
ok || cencel |
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MIO and EMIO Configuration

E: Re-customize IP

ZYNQ7 Processing System (5.5)

ﬁ Documentation ﬁ Presets E IP Location ﬁ: Import XP5 Settings

Page Mavigator
Zynqg Blodk Design

PS-PL Configuration

<

| Peripheral 1/0 Pins

MIO Configuration

i | Clock Configuration
DDR. Configuration

M | smc Timing Calculation

Interrupts

Peripheral 'O Pins Summary Report
4= Search: | Q-
; Bank 0 | LWCMOS 3.3V - Bank 1 |LvCMOS 3.3V -
z Peripherals i (i T 8 9 M 11 12 13 14 156 18 17 18 1920 21922 23 24 =
LE'—?—'|_|--ILJ. | = I | | | T I "
. [ UART 1 UART1 UART1 UART1 UART1 UART
. [7] Modem Signe
+ E 12C0 1200 12C0 12C0
__ . 12C1 12C1 12C1 12C1
__ Flcano CAND CAND CAND CAND
__ |:| CAN 1 CAN1 CANA CAN1 CAMN1 CAN
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MIO I/O Pins Configuration

Page Mavigator ks
Zynq Block Design

P5-PL Configuration

Peripheral I Fins

MIO Configuration

Clack Configuration
DDR. Configuration
SMC Timing Calculation

Interrupts

MIO Configuration

Summary Report

H- Programmable Logic Test and Debug

4= Bank0IjO unlmgeLwcmas 3.3y - | Bank 11I/0 Voltage | LVCMOS 1.8Y -
= oearch: |Qv |
(5]
% Peripheral 10 Signal 10 Type Speed Pullup Direction Polarity
E'_E -] UsB1
o H- [¥] SDo MIO 40 .. 45
- 5D 1
- UART 0
- [ 12c0 MIO 16., 17 =
MIO 20.. 21
2c1
O MIO 24 .. 25
- [C] sPIO MIO 28 .. 29
- SPI 1 MIO 32.. 33
MIO 36..37 |_
+- [7] CAND E
= MIO 40 .. 41
w- 0] cAN1 MIO 44, 45
[+~ GPIO
[+~ Application Processor Unit MIOS52..53 =

m

[0« |
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Running Block Automation

k\lll,JE-uDiagram = lﬂ.ﬁ.ddress Editor X] O =

3] 4 design_1

CQ| E Designer Assistance availfible. Run Block Automation

ag -

omation e 2|

['?:75 processing_syste m7_0 = connections in your desian by checking the boxes of the blocks to connect. Select a block on the left to display its

ons on the right.

| DDR4 }| : /
'[T.l;'— - FIXED IO-: | tomation (1 out of 1 selected) Description
(=8 = M_AXI_GPO_ACLK ZYNQ M_AXI_GPO< i X ocessing_system7_0

== * FCLK CLKD e Zyng7 blodk automation applies current board preset and generates external connections

= i for FIXED_IO, Trigger and DDR. interfaces.

= FCLK_RESETO_IM j=

MOTE: Apply Board Preset will discard existing IP configuration - please uncheck this box, if

1iF ZYNQ7 Processing System you wish to retain previous configuration,

o

i Instance: jprocessing_system7_0 |

al Options
' 4 K
......... Make Interface External: FIXED IO, DDR &
! Apply Board Preset:
i Cross Trigger In:
-
Cross Trigger Out: @
1 m | v O
ok || cancel |
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Connecting IPs — Making Connections Manually

JE—ﬂDiagram x]ﬂ.ﬁ.ddressEditor = O =
+[] s, design_1
Q:f| |3. Designer Assistance available. Fun Block Automation Run Connection Automation
{:k_ ~
E: axi_quad_spi_0
| pAXLLITE \
Ky Cer spick spL.o-4l
) . sTaRTUP 10 5|
il N ”'. ip2inte_irpt
g == E_ERI_EI'&III
e
i AXI Quad SPI
=
iF axi_bram_ctrl_0
o sraM_PORTA_L |||
i BraM_PORTE L |||
% AXI BRAM Controller
@ IYNQ7 Processing System
-
_ 4 K

ICTP - IAEA




Run Block Automation — Customized PS

| E Designer Assistance available, Fun Block Aukbormakion

ik fprocessing_systernT_1

&; Run Block Autamation E

Zyng? block automation generates external connections For FIXED_IO and DDR interfaces.

Instance: [processing_system? _1

Make Interface External: FIXED_IO, DDR

ok [ Canecel

processing_system7_1

DDR DR
. FIXED_IO4R XED_IO
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Connecting IPs — Making Connections With the Tool

J Ic Diagram X l B Address Editor X ]

#[] 4 design_1

ﬂ, Run Connection Automation - e ‘ Q u

CL*I'| ﬁ. Designer Assistance available. Run Blod: Automatigh Fun Cu:u'u'fu{ltiu:un Automation

X U
:Q: L]
[ Connection
axi_quad_spi_0 .
I Automation
v -AXLLITE .
% est_spi_clk seL_o-l
! Q‘ o STARTUPIO |
- e =in ipZinte_irpt
il =i
e AXI Quad SPI
— -
ﬁ axi_bram_ctrl_0 processing_systems_0
s _axt oo ||
Dﬁ ::;_axi_aclt BRAM_PORTA L | FINED 10 -1 -
; A sRaM_PORTE -4 || _GPO_ACLK ZYNG ; _E[ m; :
z Ax1 BRAM Controller FOLK_RESETO_M
/M7 Processing System
&
e

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the
left to display its configuration options on the right. ‘

Q, =-{m] All Automation (3 out of 5 selected) Pescriplion

o =[] £F ai_bram_ctrl_0
[ {} BRAM_PORTA Connect Slave interface (faxi_bram_ctrl_0/5_AXI) to a selected
g ~ Master address space.
=
Options
Master: fprocessing_system7_0;

Clock Connection (for unconnected dks) : | Auto

ﬁ_, Run Connection Automation e “‘ Q u

Automatically make connections in your design by chedking the boxes of the interfaces to connect. Select an interface on the
left to display its configuration options on the right.

@ | E-{¥] All Automation (5 out of 5 selected)
= Elﬂ:axl bram_ctrl_0

2 . ~{¥]{} BRAM_PORTA
= - [¥]{l} BRAM_PORTE
..... . 7]} 5_AxI
= ﬂ: SNEPTE T Select an interface pin on the left panel to view its options
..... . 7]} AXI_LITE
..... . 7]} sP1_0

Lo ][ Concd ]
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Connecting IPs — Making Connections With the Tool

J E= Diagram X I B Address Editor O =
+[] o design_1 »
CL’;| (¢ Designer Assistance available. Run Block Automation
Ck— -
%‘: processing systam’_0
’r:k ooads (]| a@i_mam _jntercon
- FIED_ 10k |
FOLE_CLED . i |
q\ FOLE_RESETO. M f—— SAESETH = a0 awi_bram_ctri_0_bram
: i sax  O<z0 . bl A
: = ZYNQT Processing System ﬂ_ﬂ&m o .r-m_mt{hég—l_-- xk  RAMPORTAD: | e 201_PET
N g o . .M}I_Atl:h‘.}-! 5 BN PORTE o || || 2. 404_PORTE
LA ret_processing_systam?_(50M A0 _ARESET N - Binck Memary Generator
r - e Ax BRAM Controller
ﬂ dowest,_syne_dk mb_reseti= Sg—— awi_guad_spi_0
= £ resct bus_sirad, resd {00 m lma_ime .
L] —jaus_reset in peripharal_reet[o:of pm - T = g =L || {3 =0t
i =—mb_debasg sys b Inkenconnedaresebni 00 : =k STARTLF_I0dh |
=i ked peripharal_aresetn 0o0] Ipindc_jrpt
Q Processar System Reset A Guad S
& -
7 L 4
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Adding GPIO IP Bloc

[ 1 F Re-customize IP IR, S — P ﬂ -.,- u

AXI GPIO (2.0) ‘

W Documentation IE| IP Location

Show disabled portz Component Mame |design_1_axi£pio_0_n |
- Boarg,/ IP Configuration ]
GPIO ~
[/] All Inputs I
|
[ Al Qutputs
I |
GPIO Width E | 12-32 .
Default Output Value  DxD00DODO0 @ | [0x00000000,0xFFFFFFFF]
Default Tri State Value | DxFFFFFFFF @ | [0x00000000,0xFFFFFFFF] |
Hldus AxT
| saack a0 Eneble Ul Channe] =
i S_axi_aresem GPIO 2
[ All Inputs
[] Al Qutputs
i
GPIO Width 32 | [1-32
Default Output Value | 0x00000000 @ | [0x00000000,0xFFFFFFFF]
Default Tri State Value | DxFFFFFFFF @ | [0x00000000,0xFFFFFFFF] =1

Enable Interrupt
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Run Connection Automation for GPIO IP

"ﬂ, Run Cunnechnnmtomatmn h—— 1‘ | u 1

Automatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to
display its configuration options on the right.

@, E-{C] All Automation (0 cut

Description
= B D 1F axi_gpio_0
| (== D i} E Connect Board Part Interface to IP interface.
=1 O s_axt o
i Interface: faxi_agpio_0/GPIO
I Options .
| Select Board Part Interface: | bins_Shits ﬂ’ i Cnnnechon Autc:nmatlun h_ - — ‘ — u
. Automatically make connections in wour design by checking the boxes of the interfaces to connect. Select an interface on the left to
display its configuration options on the right.
| =
@, E-{C] All Automation (0 out Description
wa EHC]LF axi_gpio 0
h — g -7 {Ib GPIO Connect Slave interface (faxi_gpio_0/5_AXI) to a selected Master address space,
[ .
= D {I} W:Na
|| Options
I Master: Jprocessing_system7_0/M_AXI_GPO
Clodk Connection (for unconnected dks) : | Auto - |
| |
/processing_system?_0/FCLE_CLKO (50 MHz) I
1 Mew Clacking Wizard (100 MHz) i |
P 3
[P (= Mew External Part (100 MHz)
DK Cancel |
b = E . —u_—'J
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GPIO IP Connected

J E= Diagram X ] B Address Editor [ E,
+[]  design_1 »
CQ'| (¢ Designer Assistance available. Run Block Automation
[\1\5 processing_system?_0
e || ad_mem_inercan )
bl':_k o Fon_odl| ] ) - 2d.brem. o0 axi_Bean_ctel_0_bram
N eosax SINC) T Mo ol : mﬂL . #ﬂk O AR || || 2 01T
el FOLE|
q. | — ERA_POR TE R || | || 3 B _FORTE
EYHGT Pracessng System oo w1 oot [ ] BRAM Contraller Black Mermiry Generator
Hl B i = adi_gpio_0
|| i ral_processing_system7_0_50M :mdm:§:mg S offE
(=5 i ; i .
=] diov st _myn_ck. mb res - MOI_ACLE f_amil_adk R} 3 bms_Shits
d_resat_ini b st et [0 0] MO _BRESETN f_amil_aresein
ﬁ: ——i_reset i peripheral_reset] 0] jm M0 _ACLE ITCEIE
. b gebisg sys st Irberconnect_aressni oo MO2_ARESETN S
L] =piam_locked! periphenal_presemf oo . ad_quad sz 0
AX] Intercannect Bl LT
; Processar System Reset reE = :E SF]_Ogp | D. api_ i
L::I:k sTamup 106k ]|
2 - IRtz g
ﬁ AT Guad 5P
M E
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Options for External Connections

axi_gpio_0

GPIG L
(s _axT GRIOZ=
_axi_ack  gpiol_io f31:04
_a_aresem  ggio2_io_af3 L0
ggin2_ia_t31:00e

Axl GRIO

A1 Quad SPI

Block Interface: GPIOZ

S, Search...
L Select Al

[#  Block Interface Prope@es. ..

Ctrl+E

]
Delete
Ctrl+C
Ctrl+V
Ctrl+F
Ctrl+4

[@ Run Connection Automation...

i IP Settings...

¥ Vvalidate Design F&
Start Connection Mode Ctrl+H
Make Connection...

Mierarract Bir

Disconnect Pin Inside Hierarchy

i_gpio_0/gpiod_ioc o] [dq
-to 0 gpicd_io o'

Expand,/Collapse

Create Hierarchy. ..

—

ICTP - IAEA

. ﬂ} Create Port

Create port and connect it to selected pins and ports

to

o

Port name: | gpio2_io_o
Direction: Qutput -
Type: Other N
Create vector: Clock

Reset

I| Freguency (MHz): [Interrupt

Data
Interrupt type: Clock Enable
Sensitivity:

Connect to 'gpio2_jio_o' selected pin

Edge

Active Low

|| concl |




DRC (Desing Rule Check) Design Validation

£> test_course_1 - [Ei/Projects ZedBoard/test course_l/test course_lxpr] - Vivado 20“
il - — . — - . E 3 E 3 i

File Edit Flow Tools Window Layout Wiew Help

APB Do RR XD D VS X EGBoeatea [ HEN@

Flow Maviga [ Block Design - design_1 Validate Design (F6)
aQ E % S5.— 0O % Validate and display errors and critical warnings in this design.
= = + design_1 »
4 Panincs Q‘ oaa B ' [l 9% design_
|2 Diagram x | B Address Editor X s
3] b design_1 »
Qg -
axi_bram_ctri_0_bram
e e _PORTA
ax_mem_jntercon 5w a0 _PORTS
%: _-- gsﬂ_m Bilock Memoary Ganerator
@‘ LK
') rst_processing_system7_0_S50M fon]
L N L 008 LE -
| Q‘ - " r.b-r; :. fog] MM Mmoo axidy ;— wﬁﬂn GPII R | Dblns Ehis
=pusi_resstin mmm:u: - 00_ACLK l%l MoL_AxIdh a—
: = —mb debug mys st Interconnedt_aresenof| “:f""-'l’l [y MO ARk W GPIO
il o _lodked peripheral_aresemn(o:0] R
H=s - |
T — Proces=or System Reset 02 ACLE QSDI i
ﬁ 102 ARESET M0
.‘K AT Interconnect
E 3 AT Quad SPI
Ek. processing system?,_0 DOR
‘ r iy FINED 10
Validate Design (F6) |
Validate and display errors and critical warnings in this design, ju
— T
< FOLE_RESETO_Nj=—
DYNGT Processing System
-
4 o
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DRC — Design Validation

Jgaohgram X | B Address Editor X | O X

3] & design_1 »

i -

Q\ d_bram,_ctr_0 ad_bram_ctri_0_bram

Q_ aom BRAM_PORTAD PERAM_PORTA

N axi_mem_intercon i BRAM_PORTED PERAM_PORTE

= e {| 500X X BRAM Convolier Block Memory Generator

Q" ai_gpo_0

.(:}‘ r=_processing_system7_0_SOM ARESETN(O:0) .

: 7 / S00_AOLK ¢ M 2
4 aync_ck S a4 _adk PG > btrs_Sbits
ARESET | Lol |
[:} _reset in bus_stnuct reset(0:0) :  AQX (= B§H ::j:z : ad_acezen
=l reset n periphenal_rewet{00)] pm :
i MOD_ARESETN(OD] gy M@ AXI [

C\ =|mb_cetug sz r2 t {o:gf 08 AKX

: -w et 108 _ARESETN[02)]

o Processor System Reset MR_ACK > soi_rtl

= AQ2_ARESETN(0)

3 o A AXI Internnect

PTP_ETHERNET OG> AXI Quad SP{
FIXED 104x {> FIXED_I0
! USSIND Ok
\ M_AXLGPO" i
" - -
haro e YN mo_w&\vw.tfﬁ, Critical Messages B g
TTCOWAVEL O . T ———_—r
Validate Design (F6)
Valida:e and display errors and critical w @ There was one error message while validating this design.
Gr NQ7 Processing System
< Messages -
< i@ [BD 41-758] The following dock pins are not connected to a valid dock source: K

Jaxi_quad_spi_0jext_spi_dk

1 [ QK ][ Open Messages View ]
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ad_bram_ctri_0
t_ad_adk
5_ad_aresetn

AX] BRAM Conaler
ai_gpo_0

i ad_ack R || s
A _anesein

AT GPIO

ai_guad_spi 0

-:ﬁm‘u:f 571 ]
paiadk T | - :
4 _aresei J._ Validate Design I l — ]
- L —ie,

- A Quad SH

9 _PORTA ||
BN PORTED |

[T

@ Validation successful. There are no errors or critical warnings in this design.
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Address Map

Memory-Map
Address Space

‘]?[E-ﬂljiagram :{Iﬂ.ﬁd:lrﬁsﬁitnr x]

000000 [ 16])

Slave Interface Base Mame
5_AXI Memi

AXI LITE Reg

5_AXI Reg

A Quad S

ICTP - IAEA

Offset Address

Ox4000_0000
Ox41E0Q_0000
Ox4120 0000

Fange

Bk
S 4
ok

High Address

* 0x4000_1FFF
* 0x41E0_FFFF
* 0x4120_ FFFF




Generating Output Products

. .
| 4 1P Integrator | Clocks | Resets | E g Generate Output Products u
H Create Block Desi 4% Sour.. | B Design., @@ Sig.. | B Board =
j;q; el L \m‘ Q. The following output products will be generated.
5* Open Block Design Sub-block Properties O K | e
. .
Generate Block Design .
% s'lq/é Ll [\{ | = Prewfew
I+ Simulation Generate Block Design a, =%, design_L.bd (Global)
Generate outputs needed for synthesis, simulation and implementation. = -l synthesis
TTTT Rimmmms Toar merrm G Fmrenm T T e g :ﬂ] Implementation
S L[ Simulation
Synthesis Options ?
i@ Global
| Block Design - design_1 * () Out of context per Block Design
Saurces — O @ = JE—E Diagram x | [ Addre () Out of context per IP
Q= 2et RE 5] design_1 »
[-= Design Sources (1) o Run Settings
N ™" N decign_1 (design_1.bd) (10) .
: —— —— . Mumber of jobs: |4 -
[~ Constraints [ Source Mode Properties... Ctrl+E 1
[ Simulation Sources (1) @ Open File Alt=0
Appl | Generate | Cancel
Create HDL Wrapper... S | = | [ |
5
View Instantiation Template
Generate Output Products. .. :3
IP Sources |Libraries |E
Reset Qutput Products. ..
£ Sources LE§ Design L Sig -
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Creating an HDL Wrapper

Block Design - design_1*
Sources

I

O
I
e

JE—H Diagram X | [ Addr
qg%l@ﬁﬁl. 5] &, design_1 »

[=-{£ Design Sources (1)

+
- : o |
--Ej Corstraints [(# Source Node Properties. .. Cri=C
: i Block Design - design_1 *
-1 Simulation Sources (1) [ Open File Alt =
| Create HDL Wrapper... ST

M
H

— O
[~
Ly’

QT et R
i s || | E+E Design Sources (1)
[y Create HDL Wrapper _——

° =il design_1_wrapper - STRUCTURE (desion_1_wrapper.vhd) (1)
_ - design_1 i - design_1 {design_1.bd) (1)
; - design_1 - STRUCTURE (design_1.vhd) [7)
[+ Constraints
-1 Simulation Sources (1)

You can either add or copy the HDL wrapper file to the project. Use copy option if you w
like to maodify this file,

Options
) Bopy generated wrapper to allow user edits IP Sources | Libraries | Compile Order |
5 i —
@ Let Vivado manage wrapper and auto-update 6o LEi Design L — LH il ]

ok ]| concd ]
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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_"mr'_ﬁ--__w T = i

S - - I;]u
- P — L ] x| '—MI._+

= 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:::ml_ 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
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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 }

ICTP - IAEA




Vivado Design Suite
Synthesis Process




Embedded System Design — Vivado Flow

Optional

Implementation

Timing
Verification

ICTP - IAEA



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
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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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Embedded System Design — Vivado Flow
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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
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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) TII'I’];::_Z] e 'lr";l"l'zard | 5% |
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 ‘
M [ undefined | wndefined | [
Recommended Constraj
ﬂ_, Primary Clock Constraints u
n, Q, Object — — Jitter (ns)
_________ dk Specify the 'period’ or 'frequency’, and optionally the 'rise |
Constraints for Pulse Width Chedk Only .- at', 'fall at' and Yitter' values. ‘ _
| .
C\ Object MName Frequency {MHz) Pel m k
| [& i Erequency: | ||MHz (required)
Constraints for Pulse gl Period: | | ns (required)
. R i | =
......... a, Ohbject J Rise at: | | ns (optional) [[Bguency (MHz)  Pe
=5 Tel Command Preview (1) r& Existing Create Clock Constraints (0) ] %
- reate_dock -name dk [get_ports {dk}] Fall at: | | ns (optional)
Jitter: | | ne {optional) L=
: | [ Cancel_]
- reate_dodk - |
1 Y
1 <pack | Dext> | SkptoFmsh>> | [ Cancel |
[ <Back | Next> || SkptoFmsh> | [ cancel |

ICTP - IAEA 72




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
— 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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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
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SDK Workbench Views

( ™
C/C++ - peripheral_tests_0/src/testperiph.c - Xilinx SDK =L g

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

@ ¢/c++ project outline displays the elements | 5., =% ., 2 8 & s-erirer Soor peorar o0 noe
of a project with file decorators (icons) for | “r=" e L e O] 25

S * FROM CLAIMS OF INFRI , IMPLIED WARRANTIES OF MERCH
H £ M [ hw_platform * LND FITNESS FOR & PARTICULAR PURPOSE. o stdio.h
e a Sy I d e nt I fl Catl O n 5 peripheral_tests 0 */ E| = xparameters.h
1‘\1-? Binaries =l xil_cacheh @

@]] Includes @ / U xscugich
. . (= Debug : :.I xil_ex.ception.h
@ C/C++ e d Ito r fo r I nteg rate d S Oftwa re = E devcfg_header.h * This file is a generated sample test application. .: :::Sg_gfrl:ader.h

[K] gpio_header.h N 2l devcfg_header.h

Creation IE qspips_header.h : ;:::tiil—:;:cat_z; _3 '_:t.e.;:zd t,c:wt,est, f:d_."c:: illustrate =3 :: xqspips.h

[B] scugic_headerh qspips_header.h
A * wary depending .

[B] scutimer_header.h — : - S xbasic_types.h
*= 1 river unctions.

[R] scuwdt_header.h . . . . o xgpio.h
* SDK application projec

R 18 proj .
J@ testperiph.c 2 gpic_header.h

(3 Code outline displays elements of the B e i

[€] xgpio_tapp_example.c

software file under development with file B e ot ||| ssmcrnce <oresons s

@ xscutimer_intr_example.c #include "xparameters.h" |j i@ main():int

decorators (icons) for easy identification D ook || e | :
) Iscript.d (£ Problems | ] Tasks | E] Console 5% . Properties | & Terminal 1 | L 4B BRIt B-5-70

@é peripheral_tests bsp 0 C-Build [peripheral_tests_0]
. . . 1= zyng_fsbl 0 . in . i W1, —— _group, -1xil, - _1c, ——end-
@ Problem s, Conso | e, Pro perties views list ioiehes msiaing Tacpes: peripmeres teece boett : T
. . . . - . : -
O ut p ut I nfo r m at I O n a SSO CI ate d W I t h t h e ;I:n?:;:gr.)x?:}{abipfzzzeS;zzipheral_tests_O. elf |tee "peripheral tests_0O.elf.size"”

Text data bss dec hex filename

f | fI 46872 1976 27964 76812 12cOc peripheral tests_0.elf
SO Wa re eve O pl I le n OW Finished building: peripheral tests_0.elf.size
o

W xscutimerh
=l scutimer_header.h

-

m. |

1

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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i m w Proj I 'M_u-:-@-
MNew Project
@ CfC++ - lab2_1 wrapper_hw_platform_0fsystem.hdf - Xilinx SDK : ‘

File | Edit Source Refactor MNavigate Search Project XilinxTools Run Window Help Application Project _
Mew Alt+Shift+ M » Q Application Project I} Create a managed make application project.
Open File... [ SPM Project 1

Project name:  hello_world

Use default location

| Location: | E\Projects_7edBoard'lab2_1\lab2_1.sdk\hello_world | | Browse... |

Choose file systern: | default -

05 Platform: [standaiune vl
Target Hardware
| Hardware Platform: [labz_l_wrapper_hw_plaﬁmm_{} vl [Newl
|
Processon [ psi_cortexad 0 - ]
Target Software
| Language: @C 0 Ces

Board Support Package: @ Create New  hello_world_bsp

Use existing -

@ | <Back | Nea> || Finish || Cancel |
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‘B New Project b | = | B [

.
Templates
Create one of the available ternplates to generate a fully-functioning @
application project.
Available Templates:
Peripheral Tests Let's say 'Hello World' in C. NN
Dhrystone

Empty Application

IwIP Echo Server
Memory Tests

RSA Authentication App
SREC Bootloader

SREC SPI Boctloader |
Kilkernel POSIX Threads Demo
Zyng DRAM tests

Zyng FSBL

@ <Back | Mei- [  Finsh || Cancel
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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

Vivado

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

©)

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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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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Reset and Clock Topology



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

ICTP - IAEA




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

[ »

m

I

Ok

Can

cel

[ J )




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

Vivado ICTP - IAEA




