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Vivado

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)

o Bottom-up design methodology

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

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 I/0O assignment

Vivado
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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
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Gain Faster Timing Closure

O Analyze multiple implementation results
O Highlight failing timing paths from post-route timin
analysis

O Quickly identify and constrain critical logic path

OConnectivity display
0 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




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




Vivado Design Suite
Introduction




Typical vs Vivado Design Flow

v Interactive IP plug-n-play environment BN Gy V0o Builder
v AX14, IP_XACT HDL Design ]

Verilog /VHDL "
System Verilog

IP, DSP, uP

‘EI‘“DQN HDL

v Common constraint language (XDC)
throughout flow

v'Apply constraints at any stage

RTL Synthesis

Netlist Linking and

v" Reporting at any stage EIETE
v'Robust Tcl API _
Packlng_, F_’Iacgament,
\?ICommon data model throughout the Optimization
ow

Routing, Post-Route

\/u ” .
In memory” model improves speed BE

v'Generate reports at all stages

Static Timing

v" Save checkpoint designs at any stage Analysis

v'Netlist, constraints, place and route results

DRC and Bitstream
Generation

Silicon

Vivado



Vivado

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




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

Vivado




Embedded System Design — Vivado Flow
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Vivado Flow
Practical Steps




Creating a Project

g New Project |
i e

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

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

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

N
‘ Quick Start

Create Project 'p

|| Do not specify sources at this time

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

Do not spedify 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‘ L
lo project from a Synplify, ¥ST or ISE Project File.
Eroject name: project 1
Project location: |fcris_projectsfictp_labsitest 1 ”z‘
| <Back || Next> Finish Cancel

[) Create project subdirectory

Project will be created at: fcris_projectsfictp_labsitest_1

Vivado




Creating a Project

New Project

Default Part

Choose a default Xilink part or board for vour project. ‘

Vendaor: | All w | Name: | All + | Board Rev
Search: | & ~
Display Mame Preview Wendor File Wersic
&lpha-Data ADM-PCIE-7V3 ~

alpha-data.com 1.1

ZedBoard Zyng Evaluation and Development kit )
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Add NDaunhter Card Connectinns S iz d) wilime rom 14 i

@

Vivado




Vivado
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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

Vivado




E

Create a Block design

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

ile  Edit Flow Tools Reports Window Layout Wiew Help

=

Flow Navigator = = ? _
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Hierarchy  Libraries
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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 =z =

Name Constraints  Status

v synth_1 constrs_1 Mot started
impl_1  constrs_1 Mot started

<

Create and add an IP subsystem to the project
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project_1
Jeris_projectsfictp_labs/test_1
Zyng-7000
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Not defined
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{optfilink/vivado/2018. 3/data/boards/bos
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THS TPWS Total Power Failed Rout
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Please specify name of block design.

Design name:

Directory:

Specify source set:

©
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Design Sources

Cancel




Adding IP Modules to the Design Canvas

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

File Edit Flow Tools FReports Window Lavout View  Help Q- Quick Access
= - > P" B oo > &= Default Layout

]

Flow Navigator — BLOCK DESIGN - design_1

~ PROJECT MANAGER py ) )
So x SicB O ? 00O Diagram ?
£+ settings
a = H & PR &
Add Sources e O +
design_1
Language Templates
4 IP Catalog
v IP INTEGRATOR
Create Block Design This design is empty. fress the -Q-bbuttc-ﬂ to afid IP. Search: Q- zyn| (1 match)
. Prope ? 00 X% “F ZYNQ7 Processing System
Open Block Design Add IP [:3
Generate Block Design T
Select an object to
v SIMULATION See properties

To add multiple IP to the Block Design, you can highlight the additional  enterto select, £5C to cancel, ctri+ for IP details
desired IP (Ctrl+Click) and press the Enter key.

Vivado



Processing System (PS)

Diagram x Address Editor x ? 00

RIQlsN|OQ + -
Run Block Automation

M} Designer Assistance availabld. Run Block Aut-::mati-::rh‘ ]

futomatically 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

= =
i ) Q = 2 Description
v ¥ All Automation {1 out of 1 selec This option sets the board preset on the Processing System. All
DDR +
(v] % processing_system7_0 current properties will be overwritten by the board preset. This
FIXED 10 + " action cannot be undone, Zyng7 block automation applies
iy B . current board preset and generates external connections for
= M _AXI GPO ACLK ZYNQ M_AXI GPO 4 |:: FIXED_|O, Trigger and DOR interfaces.
FCLK_CLKOD o= MOTE: Apply Board Preset will discard existing IP configuration -
please uncheck this box, if you wish to retain previous
FCLH—RESETD—N r configuration,
\

Instance: /processing_system7_0

ZYNQ 7 Processing System

Options

Make Interface External: FIXED 10, DDR

lAppIy Board Preset: I

Cross Trigger In: Disable

Cross Trigger Out: Disable «

Vivado 20




Configuring the PS

Page Navigator Zynq Block Design Summary Report
Zynq Block Design
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. . Settings ;
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Configuring the PS

Re-customize IP

ZYNQ7 Processing System (5.5) /
Re-customize IP
@ Documentation £F Presets IP Location ¥ Import XPS Settings
ZYNQ7 Processing System (5.5) /
Page Navigator P5-PL Configuration
"""""""" T T T @ bocumentation  £F Presets IP Location &F Import XPS Settings
Zynq Block Design - Q = =
PS-PL Configuration Search: |Q- Page Navigator Peripheral IO Pins Summary Report
MName Select Description o N N T - | e | e )T
Peripheral /0 Pins P Zynq Block Design - QO = =2 @0
»  General
MIO Configuration » A¥lI Non Secure Enablement 0  ~ | Enable A% Non Secure  PS-PL Configuration Search: O

w GP Slave &Xl Interface ' :
Clock Configuration Peripheral 1/0 Pins

S AXI GPO interface Enables General purpo: MO Corfi ’ Peripherals 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 S50 51
. onfiguration
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w HP Slave AX Interface i i
SMC Timing Calculatic : _ Clock Configuration » L) UART 0 o UARTO UARTO UARTO UARTO UARTO
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; . DDR Configuration UARTL UARTL UARTL UARTL UARTL
Interrupts » 5 AXIHPL interface O Enables AXl high perfor
12C 0 0 12C0 12C0 12C0 120 120
3 S AXIHPZ2 interface O Enables AXI high perfor  SMC Timing Calculatic ' [
12C 1
» S AXIHP3 interface O Enables AXI high perfor it ; U 12C1 25 (25 (25 [2EL
nterrupts
> ACP Slave AXl Interface > CAN O ] CAMNO CANOD CANO CAND CAND
> DMA Contraller »Lcan CANL CANL CANL CANL CANL
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‘ oK QJ ‘ Cancel |



Making Up the System

Diagram x Address Editor x ?200
@ a I & O Q + & # C o i e
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Control Step SPp|
Motor
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Running Connection Automation

Run Connection Automation

Automatically make connections in your des

connect, Select an interface on the left to d

q - o
e, -
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Custom GPIO

Re-customize IP

AXI GPIO (2.0) ‘
o Documentation IP Location
() show disabled ports Component Name axi_gpio_1

Board IP Configuration

Associate IP interface with board interface

IP Interface Board Interface
GPID btns Shits -
GPI02 Custom
btrs Shits h
Clear Board Parameters leds Shits
sws Shits

= s_ax
s_axi_aclk GFIO |||
s5_axi_aresetn

Vivado



DRC (Desing Rule Check) Design Validation

axi_bram_ctrl_0

Critical Messages axi_bram_ctrl_0_bram

gaam_poRTa + |||
eaam_PoRTE +|||

||+ 2ras pomTs  rsta busy
||+ ees porme st busy

There was one error message while validating this

design. ST BAAH Fontrolier Block Memory Generator
axi_gpio_0
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> DDR
{» FIXED IO
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e ||| 31 LITE )
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1= 4
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Processor Systermn Reset )
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Memory Map

Diagram  x Address Editor
Q = £
Cell Slave Interface Base Name

~ 4F processing_system7 0

Offset Address Range High Address
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Getting the System Ready to be Implemented

Sox Desi(tSignéBoa| ? _ OO

il -
Q s + o B
BLOCK DESIGN - design_1 *
w = Design Sources (1)

O dEEigr‘l 1 I[dEEigr‘l 1. | Sox Desi¢SigniBoa| ? _ OO Diagram x Address Editor

4L

» [ Constraints Q = = + o & @& e i I O Q
w [ Simulation Sources (1) [ Design Sources (1) Source Node Properties. .. Ctrl+t
i 1 [ design_1 (design_1. .
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i 5 . |_ w [ Design Sources (1) Source Mode Properties... Ctri+E
1erarc Qurces i i
y fm=ources 4y » - [f design_1 (design_1.bd) B Open File Alt+0
Hierarchy IF Sources Lik » [« Constraints
~ [ Simulation Sources (1) create HDL Wrapper...b
; 13 View Instantiation Template
Source File Pro 2 _ o X Remove File from F > sim_1 {1)
5 Utility Sources Generate Output Products...
Reset Cutput Products...
Hierarchy |IF Sources Librat
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Export Hardware Design to SDK

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

. . . " Bport H S

The design must be opened if a bitstream of the B
. . Export hardware platform for SDK.
design is generated Ui p
Options
! . Source: 4, system.bd
The Block design must be open before the design can oot to: [0 oo o
be eXpOrtEd Workspace: | &0 <Local to Project>
Export Hardware

An XML description of the hardware is imported in [7] Include bitstream (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



Software Development
Kit (SDK)




Embedded System Design — Vivado-SDK Flow

HDL Implementation
A
1
|
1
|
! Timing
! Verification
D Gy |
1
|
|‘_ J——
K — | AT R | o e e e e e e e e — i |

: s Software Development Kit
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Embedded System Design — Vivado-SDK Flow
VIVADO!

Open VIVADO Create Board Support Package

Create New Project Create New ‘C’ Application
Create New Block Design Write ‘C’ Code

Add PS7 Build the Application
Configure PS7

Run Block Automation
Add and Configure other IPs Configure FPGA
Run Connection Automation

Validate Design

Run on Hardware (Debug)

Create HDL Wrapper

Generate Output Files

Generate Bitstream

Export Hardware to SDK

Vivado



Embedded System Tools: Software

Eclipse IDE-based Software Development Kit (SDK)
> 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




SDK Workbench Views

(D C/C++ project outline displays the elements
of a project with file decorators (icons) for
easy identification

C/C++ editor for integrated software
creation

Code outline displays elements of the
software file under development with file
decorators (icons) for easy identification

Problems, Console, Properties views list
output information associated with the
software development flow

Vivado

's
C/C++ - peripheral_tests_0/src/testpeniph.c - Xilinx SDK

[E=EER)

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

o

[B] scutimer_header.h

[R scuwdt_header.h

Lg] testperiph.c

[£] xdevcfg_selftest_example.c
[ xgpio_tapp_example.c

[£] xqspips_selftest_example.c
[£] xscugic_tapp_example.c

[€] xscutimer_intr_example.c
[£] xscutimer_polled_example.c
[£] xscuwdt_intr_example.c

E Iscript.ld

peripheral_tests_bsp 0

Bl xhasic_typesh
U xgpio.h
gpic_header.h
xscutimer.h

# IP driver These drivers will be

# S5DE application project wh

functions.

en you

o
o
®l  scutimer_header.h

o xscuwdth
#inclonde <stdio.h> Bl scuwdt_header.h

#include "xparameters.h" |3 4® main(}:int

"4:|“ e e " — | :

il | B #R S g - 8B -0~ i® -~ H (EE ¢/Cev |
BEm H-d-verD-
[ Project Explorer 52 = B[, system.mss ﬁ_‘; system.xml (_@ testperiph.c £ = B[ 5 outlin 32 Makew =8
<'|= - TTANT WARBANIILS UR RLE NIBTITUNS I0ORT 1015 INAPLENARNIATL I ] a 5 -
== * FROM CLAIMS OF INFRIK I, IMFLIED WARRARNTIES OF I-IERC?.lﬂ_ lz a w @ #
% hw_platform AND FITNESS FOR A PARTICULAR PURPOSE. o stdio.h
4= peripheral_tests_0 E| xparameters.h
-t-? Binaries "l xil_cacheh
il Includes H  xscugich
(= Debug H  xil_exception.h
= sre B scugic_header.h
m devefg_header.h # This file is a generated sample test application. 4 xdevcfg.h
[k gpio_header.h H  devcfg_headerh
IB qspips_header.h # This application is intended to test and/or illustrate s 21 xgspipsh
. # functionality of your system. The contents of this file .
[B] scugic_header.h H  gspips_header.h
- * wary depending on the IP in your system and may use exis -

E_\ Problems E.Tasks El Console 2 = Proper‘t\eq@Terminalﬂ

B B fE-5-=0

C-Build [peripheral_tests 0]

| Writable | Smart Insert | 65:16

L= zyng_fsbl 0 _ = = -
g - -fsrcfxscuwdt_lntr_example.o -Wl,--start-group,-1xil, -lgcc,-1lc, ——end-group e
Finished building target: peripheral tests_0.elf
o
Invoking: ARM Print Size
arm-xilinx-eabi-size peripheral tests 0O.elf |tee "peripheral tests_0O.elf.size"
text data bss dec hex filename
46872 1976 27964 76812 12cOc peripheral tests_0.elf T
Finished building: peripheral tests_0.elf.size ‘ﬂ
e




Build Software Application in SDK

r ™y
€/C++ - hello_world_0/src/helloworld.c - Xilinx SDK [ESREER

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

O:OCreate Software platform R & B B 22X & @ a-E-@r R0~ H-0-Qv ® -~ m (e

BED  #-d- e~

< [ Project Explorer 52 = O || g systemaxml ﬁ_m systern.mss w = O[5 out Ma} =0
¢ System software, board support e . e w
= hello_world_0 & stdioh
pa C ka ge 5 Binaries Ic &l platform.h
) Includes * nelloworld.c: simple test application ++ print(char*) : void
(= Debug *f @ main(}:int
"’ L. bG = src
* I e n p rog ra m [£] helloworld.c #include <stdio.h>
@ platform_config.h #include "platform.h"
”’ - - % i:::z::; void print(char *str): B
» Create software application .
- . {
. . . . O spsem Poplom inic_placzemm();
7_inith o . 3
**Optionally, create linker script s pesne rrezic mea\n\en)
ps:t_init.tcll cleanup platform();
I system.xm
L3 . ° return 0;
*»*Build project } L
J . . . < | i | o
"’ Complle’ assemble’ |Ink Output flle E_l,ProbIems @Tasks El Consale 2 EProper‘tieq@Terminaq @ﬁ}|ﬂ§ﬁtﬁ|rﬁﬂvr‘jv:ﬁ
C-Build [hello_world_0]
<app_project>. el-f am;:itinx—;:l;i—sizeb::llo_w;:id_o . e;l;:x in:n;l;zllo_world_o .elf.size" o
47984 1096 27736 76816 12cl0 hello world O.elf
Finished building: hello world 0O0.elf.size
-- E
o°® | Writable | Smart Insert | 1:1

Vivado




Software Management Settings

Software is managed in three ™™= —

H -
Builders
m a] 0 r a re a S C/C++ Build Configuration: [Debug [ Active ]

Build Variables
Discovery Options

Environment &) Tool Settings | & Build Steps Build Artifact | [si} Bina| || |- — — M
Logging _ | | @ Bosrd suppart Package settings ==
o ] - = "
Settings ) ARM gec assembler Command:  arm-xilinx: Board Support Package Seftings
Tool Chain Editor (2 General ions:
All aptions: Control ettings of your Board Support Pack
C/Cor Gemeral 1) ARM gec compiler ontrol various settings of your Board Support Package.
o . e ° Project References (1 Symbols e
ompiler/Linker Options S T, s
(i Optimization drivers 0SType  standalone Standalone is a simple, low-level software layer. It provides access to basic
(# Debugging cpu_cortexad (2062 «| processor features such as caches, interrupts and exceptions as well as the basic
. . B Profiling Expert settings: - 05 Version o T features of a hosted environment, such s standard input and output, profiling,
© App Ication program 5o tcoun -
@ Directories Command SICOMMA
> (2 Miscellaneous line pattern: Target Hardware
gie)
(2 Inferred Options Hardware Specification: C\xup\zedboard\project_2\project_2.sdk\SDK\SDK_Export\system_hw,_platformsystem.xml
)
(2 Software Platform [ . 7 cortexad 0
@ Processor Options oo pei-cote
%) ARM gec linker Supported Libraries
(2 General i
Pl P — 3 Check the box next to the libraries you want included in your Board Support Package.¥ou can configure the library in

the navigator on the left.

@ Hare Veion  Descrton

[] hwipl4d 102.a IwIP TCP/IP Stack library: lwIP v1.4.0, Xilinx adapter v...

o Software Platform Settings

] xilflash 302a Xilin Flash library for Intel/AMD CFI compliant paral...
> 7] xilisf 3004 XilinxIn-system and Serial Flash Library

> Board support package I )
Generate linker script ®

Control your application's memory map. | ﬂ

P
|

Output Settings m
Project: hello_world_0
OQutput Seript: Place Code Sections in: ~ ps7_ddr_ 0_5_AXI_BASEADDR
board\project_2\project_2.sdk\SDK\SDK_Export\hello_v | Browse Place Data Sectionsin: ~ ps7_ddr_0_5_AX] BASEADDR
Modify project build settings as follows: Place Heap and Stackin:  ps7_ddr_0_S_AXI BASEADDR
. ° . Set generated script on all project build configurations -] | HeapSize: 1k
o | o —
Hardware Memary Map Stack Size: 1KB
Memory Base Address Size
o H H > ps7_ddr_0_S_AXI_BASEADDR 000100000 1023 MB
ssSigning sortware to memory PTmOS AX BASEAOD  Dovmmmo 157K
ps7_ram_1_5_AXI BASEADDR 0xFFFFO000 ~63.5 KB

@ I Generate I[ Cancel

Vivado




Integrated Xilinx Tools in the SDK

Xilinx additions to the Eclipse IDE
> BSP Settings i}fiilinx Tm]Is] Window Help

> Launch Shell
o Configure JTAG Settings
> SysGen Co-Debug Settings

Configure JTAG Settings
System Generator Co-Debug Settings
Create Zyng Boot Image

> Software Repositories [l Generate linker script
> Generate Linker Script Wl Board Support Package Settings
o Program the programmable logic (2 Repositories
o Bitstream must be available 22 Program FPGA
> Create Zyng Boot Image Bl Program Flash
 Laach XMD Coneole. XMD Consol
1 Launch Shell
&t
i
%

Vivado
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Vivado

Elaboration

O Elaboration is the RTL optimization to an FPGA technology

0 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




Elaborated Design

Accessed through the Flow Navigator by selecting Open Elaborated Design

. . . Flowr Navigator %
Representation of the design before synthesis 2 e
° Interconnected netlist of hierarchical and generic technology cells E ngctnanauer
Project Settings
o Instances of modules/entities 5%{1; Sources
1F 1P catalog

o Generic technology representations of hardware components

4 IP Integrator

o AND, OR, buffer, multiplexers, adders, comparators, etc...  Create Block Design
¥ Open Block Design
F L e & Generate Block Design
FoEInE O T
, il ool | LH | -[ imterrsl o _mi 1 4 Simulation
:l’llll T N = T 'i:!--:ﬂ' R
g = P Emal ; Eq- r_mlum % Simulation Settings
FILED s{FTLMAR RTL_REG_STHE ki () Run Simulation
‘i 4 RTL Analysis
g T S - TR T
- b B s s > g% Open Elaborated Design
il * O g
l vy O 4 Synthesis
{5 Synthesis Settings

warl baud gen

® Run Synthesis

Vivado




Object Names in Elaborated Design

Object names are extracted from RTL

35 reg simmal meta;
o Instance and pin names of hierarchical objects g ™
. . . . 4z always @(posedge glk_dsc)
o Inferred flip-flops from underlying reg/signal/logic o win
. . 45 begin B
o Suffix _regis added % sigmalmewafes 1'b0;
47 signal dst) <= 1'bi:
> Nets from underlying reg/signal/logic when it makes sense e
:T be:::nul_ ta <= signal_stc:
52 zignal st <= zignal meta;
53 end /7 if cst
54 end S/ alyhys
/( meta_harden_rst_i0
(-]
clk 1
ueta harderfBets Tarden o rst_dst signal_meta_reg .
;: ?CI:_dsdz:( i T:m_d:xT; i signal_sr RST —W I_dst_l‘eg_)
98 .rar_dst {1'bi}, D Q D =1 sianal dst
a9 fignal_stc =1, = CLK b= 0 7 gnal_
Loo s1gnal_ds {::t_clk_txj}
. hY
o e RTL_REG_SYNC

meta_harden

Vivado




Elaboration and Analysis

In a RTL based design, elaboration is the first step

Click on the Open Elaborated Design under RTL Analysis to
> 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: RIS
o RTL compilation validation and syntax checking | &% Open Elaborated Design
> Netlist and schematic exploration
> Design rule checks
o Early I/O pin planning using an RTL port list

> 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

Vivado



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 a =
5[)| 6Cells 1910 Ports 30 Nets

e sy [

| 4 RTL Analysis
4 Elaborated Design

@ Report DRC
[ Report Noise vwa_Bed 2 7amgment_ dapky
[ 1 schematic counter_fanric
w7
1]
neset)
ddddd dek_abaul_S0ORZ_refresh rate Pebag
u1
i k| k_oistl
kin[ -
meset] _Nocked [rlocked

ddddd

X2 BE 2 zZPF AR+




Cross Probing

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

115 IJI} : c_counter binary vlZ 0

object is defined in the source file 16 GENERIC 1P |

117 C_IMPLEMENTATION => 0,
118 C_WERBOSITY => 0,
U3 119 C _EDEVICEFRMILY => "artixz7",
- 120 C WIDTH => 4,
Uo 121 C HRS CE => 1,
122 T HRS 5CIR => 1,
CE CE _ 123 C_BESTRICT_COUNT =»> 1,
IZ  Cell Properties... Ctrl+E 124 C_COUNT_TO => "1001",
cLx CLK Floorplanning 4 125 C_COUNT_BY =» "17,
L3:0 Select Leaf Cells Ctrl+Shift+S 128 C_COUNT_MODE => 0,
LOAD e | 127 C THRESHO VALUE =»> "1001",
SCLR SCLR — - 128 C _CE_OWERRIDES SYNWC => 0,
SINIT # Highlight Leaf Cells 4 129 C_HAS THRESHO => 1,
SSET Unhighlight Leaf Cells 130 C_HAS T.ORD =»> 0,
# Highlight 3 131 C_LOAD IOW => 0,
UP Unhighliaht 132 C LRTENCY => 1,
c_counter_bin| & Mark Cirl«M 133 C _FB LATENCY => 0,
s ) 134 C_AINIT VAL =» "0O",
= Unmark Ctrl+Shift+M 135 ¢_SINIT VAL => "O",
fOLII'_bit_COIJntI Show Connectivity Ctrl+T 1348 C SCLE OVEERIDES SSET =» 1,
‘ Go To Source F7 137 C_HAS SSET => 0,
138 C HRS 5INIT => 0
139 )

Vivado
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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

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

0 XDC file must exist

O Synthesis settings provide access to additional options

Vivado




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)

T Project Summary % | @ Device x 2] Schematic x Og X
| | J |

-;[] nces 18 1O Ports 489 Nets

rs

.

o .

o char_fifo_i0

N

g din[7:0]

W rd_clk dout{7:0]

'Q rd_en empty E
= ret full

'i wr_clk

;.‘ wr_en

; char_fifo

&

[T




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 (BELSs)
o Instances of modules/entities

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

Object names are the same as names in the elaborated netlist when possible

Vivado




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
5 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 f eport Timing Summary
bidirectional pins in the design D EILUCIEI ELINE

o Report Utilization: Generates a graphical version of the Utilization &l Report Clock Interaction
Report &2 Report DRC

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

o Schematic: Opens the Schematic viewer £)) Report Power

Schematic
il

Vivado




Vivado

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
o Technology-mapped cell usage in an easy-to-read tabular format

Reports

Q MName Modified Size

=

wa |[—} Synth Design (synth_design)

% |5 Vivado Synthesis Report 7/15/13 1:13 FM 34.0 KB
-2 Utilization Report 7/15/13 1:13 PM 6.0 KB

(=} Place Design (place_design)

-l Vivado Implementation Log

- [B Pre-Placement Incremental...
~ [ 10 Report

2 Tel Console | © Messages | B4 Log . 5 Reports | % Design Runs |




Synthesis Utilization Report

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

1 Copyright 1986-1999, 2001-2013 Xilinx, Inc. R11 Rights Reserved. 815. Clocking
5 e e 97—
) ) ) ) 93
3| Tool Version : Viwvado v.2013.2 (winéd4) Build 272601 Sat Jun 15 ., e e e e .
4| Date : Mon Jul 15 13:13:54 2013 35| Site Type | Used | Loced | Available | Uril% |
3 | Host : running 64-bit Service Pack 1 (build 74601} G 4—————— o S e S +
6 | Command : report_utilization -file two_digits_counter on . 87 | BUFGCTRL | 2| o 32 | 6.25 |
7| Design : two_digits_counter on_ 2 Tsegment display 98 | BUFIO I 01 01 24 | 0.00 |
g | Device : xc7ali0t 55 | MMCMEZ ROV | 11 ol 6 | 16.66 lg74, 10 and GTX Specific
9 | Design State : Synthesized 100 | PLLEZ ADV | ol ol &1 0.00 lgg oo
. 101 | BUFMRCE [ 0| 0| 12 | 0.00 lgg
11 102 | BUFHCE [ [ [ 96 | 0.00 |9q 4o ____ b e e e n
103 | BUEFR | ol ol 24 | 0.00 Iq9 Site Type | Used | Loced | Available | Uril® |
12Urilization Design Information 104 fmmmmm—mmmee o S oo S - — e e e N
13 .- Slice Logic 73 | Bonded I0B |19 | 0 210 | 9.04 |
14 Table of Contents 2T mmmmmmmm e 74 | Bonded IEADs I ol ol 21 0.00 |
15 —mmmmm e el 75 | IBUFGDS I 0 o 202 | 0.00 |
161. Slice Logic = Homm S Hommm Homm 76 | IDELAYCTRL oo 0 &1 0.00 |
172. Memory N e j e oeed | Rememe TR 77| Ti_FIFO oo o 241 0.00 |
18 3. DS _ 78 | QUT_FIFO I ol ol 24 | 0.00 |
. 32| 5lice LUTs* I 73 ol 63400 | 0.11 | 79 | PHASER BEF | 0 0 61 0.00 |
194, IO and GIX Specific i - ’
. e 33| LUT as Logic | 73 | o 63400 | 0.11 | 80| PHY CONTROL I 0o 0o 6§ 1 0.00 |
20 5. Clocking 341 LUT as Memory Lol o 15000 | 0.00 | 81| PHASER OUT/PHASER OUT PHY | O | 0 24 | 0.00 |
2l . Specific Feature 351 Slice Registers boosed e 126800 1 0.035 | 82 | PHASER IN/EHASER IN BHY I o 0 24 | 0.00 |
227. Primitives 36|  Register as Flip Flop | 50 | 01 126800 | 0.03 | 83 | IDELAYE?/IDELAYEZ FINEDELRY | 0 | 0| 300 | 0.00 |
23 8. Black Boxes :;' FTR;‘-‘”“” as Latch ' g ' g ! 12?:22 ! g'gs ! 84 | ODELAYE2/ODELAYE? FINEDEIAY | 0 | 0| 01 0.00 1
549, Tnstantiated Netlists 39: - H“"ES : : : : : S : o : 85 | IBUFDS GTEZ I oo 0 4| 0.00 |
55 . uHes . . . . : . g6 | ILOGIC I ol ol 210 | 0.00 |
) e 87 | OLOGIC i 0 210 | 0.00
261. Slice Logic : : ' ' ' '
- BB e e o . o +
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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
e 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
e Routing of connections between the FPGA's cells




Using Desigh 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
e Package pin placement

* Absolute or relative placement of cells:
* Block RAM
e DSP
e 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

Vivado




Implementation Log Messages

Viewing the Log in the Log Window

The Log window opens in the Vivado

IDE after you launch a run. It shows the m

standard output messages. It also
displays details about the progress of
each individual implementation
process, such as place design and
route_design.

Vivado

puter Utilization Summary

Global PErtical Bouting Utilization = 19.68129 %
Glokal Horizontal Bouting Utilization = 25.7649 %
Eoutakle Het Status+®

*Does not include unroutable nets such a3 driwverless and
Run report_route status for detailed report.

Humber of Failed Hets = 0
Humber of Unrouted HNets = ]
1| 1 |
E3d Eind: route + | () Find Next (2 Find Previous Highlight [

Synthesis

Implementation

Simulation |




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 D Run Implementation
O Timing results have to be generated with the - e e
Report Timing Summary (24, Edit Timing Constraints
. @ Report Timing Surmmary
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 D Report DRC

. : oo i
O This is the cross-probing feature that helps ::E:E:Zt,ﬂn

with static timing analysis £ Report Power

Vivado




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

Vivado




Implementation Out-of-Date Message

Au_u

| Q- Search commands

Synthesis and Implementation Out-of-date more info

- —~ M E [

| 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_6 - Files Modified: < |
@8 design 1 wrapper.v (E:\Projects FPGA'R_Gonzalez\project_ud-copro-mix_200mhz\project_ud-cop—
1 () impl_8 - Files Modified:
@8 design 1 wrapper.v (E:\Projects FPGA'R_Gonzalez'project_ud-copro-mix_200mhz\project_ud-co]

m

T4 i | r

Vivado




Exporting a Hardware Description

ﬂ_, test_course_1 - [E:.n"PmEc.Is_ZedBDardftest_cnulse_lftest_cmuse_lJ:pr] - Wiva
File | Edit Flow Tools Window Layout View Help

£ Mew Project... b B Eﬁl% %|E (3 E

[#* Open Project...

Block Design - design_1 *
Open Recent Project 3 =

Open Example Project... LI
A g
Save Project As... = E‘l 'ﬁl .

[=-{= Design Sources (1)

Write Project Tdl... A
riz= Froe : E}--I.;-'_rjl.'. design_1_wrapper - 5Tl
1 Archive Project... =14, design_1_i - design_1 (de:
Close Project [ -G design_1 - STRUCTUR
= b= Constraints
Save Blodk Design Ctrl+5 |- Simulation Sources (1)
Close Block Design
Open Chedkpoint. ..
o , Hierarchy | IF Sources | Libraries | Co
Open Recent Checkpoint

chedkpaint 4% Sources LE§ Design L Sigr

Ll L T T oo

rite «

New TP Location... Source File Properties

Open IF Location... A\ "’ [%

Open Recent IP Location » [ design_Lbd
Mew File... Location:  E:/Projects_ZedBoard ftest
Open File... Ctr+0 | Type: Block Designs
IIEICEEIS " | part: XC72020dg484-1
Dpen IP—XAET File... Size: 75.8 KB
Save All Files... Modified:  Today at 08:40:56 AM

@ Add Sources... Alt+ A Copied to: E:/Projects_ZedBoard ftest
Open Source File.., Ctrl+N :THA B 1]

| Export ¢ | | Export Hardware... H

1o Ly

Vivado




Export Hardware Design to SDK

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

. . . " Bport H S

The design must be opened if a bitstream of the B
. . Export hardware platform for SDK.
design is generated Ui p
Options
! . Source: 4, system.bd
The Block design must be open before the design can oot to: [0 oo o
be eXpOrtEd Workspace: | &0 <Local to Project>
Export Hardware

An XML description of the hardware is imported in [7] Include bitstream (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



Exporting IP Integrator Design to SDK — Main Files

system.xml

ps/_init.c
s7_init.h

ps7_init.tcl

ps7_init.html

Vivado

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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Basic Timing Constraints

There are three basic timing constraints applicable to a sequential
machine
o Period
o Paths between synchronous elements clocked by the reference clock net
o Synchronous elements include flip-flops, latches, synchronous RAM, and DSP slices
> Use create_ clock to create the constraint
° Input Delay
o Paths between input pin and synchronous elements
> Use set_1nput_delay to create the constraint
o Qutput delay
o Paths between synchronous elements and output pin
o Use set_output_delay to create the constraint

Vivado




Timing Paths Example
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Creating Basic Timing Constraints in Vivado IDE

1. Run Synthesis

|| 4 Synthesis
ﬁ. Synthesis Settings
# Run Synthesis

. . 4 Synthesjzed Design
3. Invoke constraints editor

£24, Edit Timing Constraints

i& Set Up Debug
@ Report Timing Summary

2. Open the synthesized design

;. Report Clock Networks
& Report Clock Interaction
) Report DRC

@ Report MNoise

Report Utilization

ﬁ[;! Report Power

{_"FD Schematic

Vivado




Clock Constraint Setting

———— — —— '
ﬂ} Timing Constraints Wiza u
F [l il —
Primary Clocks
Primary docks usually enter the design though input ports, Specdfy the period and optionally @ name
and waveform (rising and falling edge times) to describe the duty cyde if not 50%. More info ﬂ: 'I_lm:l.:;_; e wl'zard | e |
Recommended Constraints Primary Clocks
_ ) ] ] ] Primary docks usually enter the design though input ports, Specify the period and optionally a name
- Object ~ Mame Frequency (MHz)  Period (ns)  RiseAt(ns)  Fall At(ns)  Jitter (ns) and waveform (rising and falling edge times) to describe the duty cyde if not 50%. More info ‘
L [ undefined | undefined |
Recommended Constraj
ﬁ;, Primary Clock Constraints u
o, Q Object — — Jitter (ns)
......... [@: dk Spedfy the 'period' or 'frequency’, and optionally the 'rise |
Constraints for Pulse Width Chedk: Only .- at', 'fall at' and “jitter' values. l _
| ;
{:\. Ohject Mame Frequency (MHz) Pel m h‘
| % i Erequency: | || MHz (required)
Constraints for Pulse ;l Period: | | ns (required)
¢ | i | 3=
""""" A Object J Rise at: | | ns (optional)  [[Bguency (MHzZ)  Pel
=% Tcl Command Preview (1) r& Existing Create Clock Constraints (0) ] %
| | ns (optional)
| | ns (optional) )
Cancel
' I J
|
| T T T T
[<os ) o ) swere> ] (o]

Vivado 70




Clock Constraint Setting

- ﬁ, Timing Constraints WEEMLE- ' LA u

|| Primary Clocks

Primary clocks usually enter the design though input ports. Specify the period and optionally a name and
waveform (rising and faling 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)

Nl ol | wonl oo oo s |
7

W

Constraints for Pulse Width Check Only

C‘q. Ohject Mame Frequency (MHz) Period (ns,
LS
|
I o | i | A=

% Tcl Command Preview (1) | £ Existing Create Clock Constraints (0) |

o« reate_dodk -period 10,000 -name dk -waveform {0.000 5.000} [get_ports {dk}]

tive)
Project Summary X ]@: Device X ]E.“-i] Schematic = lE.“-i] Schematic (2) lE.“-i] Schematic (3) ]EIE txde X l
<B “ Next > ” Skip to Finish >> ] [ - ] E: Projects_FPGA/Proyecto_Clevis/Controlador _X/project_1/project_1.srcsfconstrs_1/new/t.xdc
| 1 create clock -pericd 10.000 -name clk -wawveform {0.000 5.000)1 [get ports clk]
- —'r = —
gl g% controlador - Behavio 2

EIL':".' Constraints (1)
! E+Srconstrs_1(1)

N Yt xdc (target)
-~ Simulation Sources (1)

| PSS — A=

i i o~ S

Vivado
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Clock Network Report

Vivado

ﬁ Synthesis Settings
$ Fun Synthesis
4 Synthesized Design

I?_hl Constraints Wizard
{24, Edit Timing Constraints
ﬁ Set Up Debug
@ Report Timing Summary
. Report Clock Metworks
5] Report Clock Interaction
() Report DRC
E Report Moise

Report Utilization
=l o L

1

|4 Synthesis ||| Clock Networks - network_3

E =1 dk (100,00 MHz) {drives 43 loads)
=HCr ke
&8 I (dk_IBUF inst/T)
=-(l dk_IBUF_inst (IBUF)
&-@ 0 (ck_IBUF_inst/O)
= I dk_IBUF (clk_IBUF)
&- I (dk_IBUF_BUFG_inst/T)
=-[# dk_IBUF_BUFG._inst (BUFG)
&-@ O (dk_IBUF_BUFG_inst/0)
Bt I dk_IBUF_BUFG (dk_IBUF_BUFG)
-1 FDCE (48 loads)

Td Console LD Messages LEﬂ Log L__§| F‘.epcrthh@b Clock Networks




Clock Network Report and Visualization

4 TImplementation Clock Networks - network_1
% Implementation Settings

m

[* Run Implementation

4 Implemented Design :r = D‘ I {dk_IBUF _inst/T]
%, Constraints Wizard E; = " EL‘;I—?UF—"TS_ _:E 'j:_ )
{24, Edit Timing Constraints T - JJ_'dk"EE;UF‘ e
(4 Report Timing Summar i i--D_I 4 B __: E_.:E st
. Report Clock Networks g =N ci:_IEiLII_:_ELIFé_inst. BUFG)
ep nrk INferacnon o€l O (dk_IBUF_BUFG_inst/O]

@ - Report Clock Networks
= Specify analysis options and create a clock networks report.
ﬂ_lr_~| Repart Moise

F| Report Utiization i network_1 X
%_I'_}] Report Power = 5 Td Console | () Messages | B Log | [2) Reports™. 1. Clock Networks

4 i
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Vivado Design Suite

Generate Bit Stream Process
Configuring FPGA Process




Steps to Configure on/ythe PL

[E:fProjects_ZedBoard/Lab_1/Lab_l.xpr] -\

Vivado

Flow | Tools Window Layout View H 'Lab_l.xpr] - Vivade 2015.1

Project Manager ut  View Help
B Create Block Design

Open Block Design L4

=P =g Hardware Manager - unconnected I
% Simulation Settings. .. .

= Mo hardware target is operfl Open target
il Run Simulation 3
¥1 Open Static Simulation. .. Hardware l
e i
E* Open Elaborated Design == Iih &>l
B Mew Elaborated Design...
Open Mew Target...

% Elaboration Settings. .. Pe J
& Synthesis Settings...
#  Run Synthesis F11
E* Open Synthesized Design
B New Synthesized Design... = —

= | Hardware Manager - localhostxilimx_tcf/Digilent/210243493091
i Implementation Settings... : :

| @ There are no debug coref. Program device fRefresh device

[+ Run Implementation L >

Open Implemented Design 3 Hardware e

el —1F.:
| B Hardware Manager I} | Al S | .' | bl »
& Bitstream Settings... MName Status
%] Generate Bitstream E- B localhost (1) Connected
E-Be wiline_tcf/Digilent/210248493091 (Z) Open
¥ Create Runs...
— - arm_dap_0 (0) A
B8 xc7z020_1(1) Mot programmed
- FE XKADC (System Monitor)

—

Mame Status

E- B locahost (1) Connected Blue
=B wilink_tcfiDigilent/2 10243493091 (2) Open w Done"
L arm_dap_0(0) M/A
C xcFz020_1 (1) Programmed LE D

----- £ XADC (System Monitar)

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

Bitstream file: | E:/Projects_ZedBoard/Lab_1/Lab_1.runs/impl_11ab l.I::itI

=
=

Debug probes file: |

Enable end of startup chedk

Program ” Cancel

| Hardware Manager - localhost/xilinx_tcf/Digilent/210248493091

| @ There are no debug cores. Program device Refresh device
e wcT2020_1 J

Hardware




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 e

CLKOUTB<3:0= |8
CLKFEOUT
B ST

o * ADV provides access to all ports — R,

CLUKOUTE<30= |8

CLKEBOUT,

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/ SN

— - (BEAE ] CLKFEOUT,

: LOCKED
P RDWHN




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 1t 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 InstantiI?ting these buffers tells the tools that you want to use the corresponding clock
networks

PLLs and MMCMs cannot be inferred

Vivado




Instantiation

All clocking resources can be directly instantiated in your RTL code
> Simulation models exist for all resources
o Refer to the Library Guide for HDL Designs
> Use the Language Templates ( 7' ) tab

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

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




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

Vivado

=1
Name AxT4
= Automotive & Industrial

[+ AXI Infrastructure

= BaselP

[+ Basic Elements

[ Communication & Netwarking

[+ Debug & Verification

[+}-= Digital Signal Processing

[+ Embedded Processing
—Il= FPGA Features and Design
=+ Clocking

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

ey e Y ey Yy |

ICTP

Status License

Production Included




The Clocking Wizard: Clocking Options

Select Primitives to be used
° MMCMEZ—ADV witch to Defaults

o P L L E Z_A DV Component Name |c|k_wiz_{]

Clocking Options routput Clocks rMMCM Settings rPort Renarning rSumman,r

Primitive

Specify the primary input frequency and
source type

(@) MMCME2 ADV (7)) PLLE2 ADV

. . . Clocking Features Jitter Optimization
> Optionally, select and specify secondary iNPU e syness [1sprent specrum  oan
. Phase Alignment [] Minimize Power () Minimize Output Jitter
Se I ECt C | ocC kl ng featu res [P Dynamic Phase Shift [ Dynamic Reconfigurabion () Maximize Input Jitter filtering
° Frequency synthesis [ fe lock starup
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

Dyna m I C p h ase S h Ift [] | secondary 100.000 0.010 Single ended clock capable pin %
o

Vivado




The Clocking Wizard: Output Clocks

 m— nw
1k Customize IP e u

* Select the desired number of fwmncs | -

output clocks Pt pe——— |

|| Show disabled ports Clocking Optiory/voutput Clocks rMMCM Settings rPon Renaming rsummary I
s
The phase is calculated relative to the active input clock.
]
butput jOutput Freq (MHz) Phase (degrees) Duty Cycle (%) rives luse
o e e e S I r e O u l l Clock equested Actual Requested lactual Requested Actual Fine PS
clk_outl 100.000 100.000 0.000 .000 50.000 20.0 BUFG v
° mclk_outz 100.000 100.000 0.000 .000 50.000 50.0 BUFG v
fre q l l e n ‘ I e S Dclk_uutS 100.000 0.000 50.000 BUFG v
clk_out4 100.000 0.000 50.000 BUFG b
clk_out5 100.000 0.000 50.000 BUFG e
° |
 Select optional ports ‘ —
L
p p clk_out? 100.000 0.000 50.000 BUFG v
|
| USE CLOCK SEQUENCING Ty el
|| Source Signaling
L Putput Clock [Sequence Number -
(@) Automatic Control On-Chip ingle-ended
| 1
! i ) Automatic Control Off-Chip Differential il
i 1 User-Controlled On-Chip
" . User-Controlled Off-Chip
b 1
i 1
1
L
M I
Enable Optional Inputs / Outputs Reset Type
reset [ | power_down [ |input_clk_stopped
locked [ | clikfbstopped
< 1 (e 4

Vivado




The Clocking Wizard: Port Renaming

Change input/output port names

Change optional port names

Clocking Options rDutput Clocks TMMEM Se‘rtim_;/s/r Port Renaming rSummar',r

Vivado

Input Clock
Input Clock  [Port Name  |[Ffreq (MHz)  [Input Jitter (UI)
Primary clk_inl 100.000 0.010

Output Clock

VCO Freq = 1000.000 MHz

Output Clock Port Hame Output Freq (MHz) Phase (degrees) Duty Cycle (%)
clk_outl clk_outl 100.000 0.000 20.0
clk_out2 clk_out2 100.000 0.000 20.0

Cptional Port Names

Dther Pins Port Hame
reset reset
ocked locked




The Clocking Wizard: Summary

Shows the input, output frequencies

Clocking Options rﬂlutput Clocks rMMCM Settings rF’urt Renaminpfajnmrf

Other attributes depending on Atribute Vaiue
. Input Clock [MHz) 100.000

the selections made Phase Shif one
Divide Counter 1
Mult Counter 10.000
CLKOUTO Divider 10.000
ICLKOUT1 Divider 10
CLKOUT2 Divider OFF
CLKQUT3 Divider OFF
ICLKOUT4 Divider OFF
CLKQUTS Divider OFF
CLKOUTE Divider OFF

/P Symth/Rmrce

The Resource tab on the left provides

summary of type and number of 1 MMCME2
resources used 1 IBUFG
3 BUFG

Vivado




Reset and Clock Topology



Enabling Clock for PL

processing_systems_1 .
BOR 4 ﬂ Re-customize IP m —— u

FIXED_IO -
- L
Y NQ ™ wacorosk ZYNQ7 Processing System (5.5) ‘
FOLK_RESETO_N

@ Documentation % Presets B IP Location ﬁ: Import XPS Settings

Y MNOQT Processing System

Page Mavigator << | | Clock Configuration Summary Report
Il | Zynq Block Design Basic Clocking | Advanced Clocking |
|
| | Ps-#L Configuration 4 Input Frequency (MHz) 33.333333 | CPU ClockRatio 6:2:1 - |
1. | |
Peripheral 10 Pins = Search: | Q- |
I =5
MIO Configuration % Companent Clock Source Reguested Frequen... Actual Frequency(M... Range(MHz)

| »

E_EE | Processor/Memory Clocks
[+~ 10 Peripheral Clocks

| Clock Configuration

|| | DDR Configuration  |* =) PL Fabric Clocks
: |10PLL v |50 Is0.000000 0.100000 : 250.000000 I
SMC Timing Calculatio : |
: 10 PLL 50 50.000000 0.100000 : 250,000000 = | |
Interrupts [ FoLK_CLk2 IO PLL 50 50.000000 0.100000 : 250.000000 |
- [[] FOLK_CLK3 10 PLL 50 50,000000 0.100000 ; 250,000000
[+ System Debug Clocks LM
[~ Timers -

1 1 | 3




ﬂ: Re-customize IP

Le

ZYNQ7 Processing System (5.5)

i) Documentation 3 Presets (5 IP Location {43 Import XPS Settings

Fage Mavigator k5
Zynq Block Design

P5%-PL Configuration

Summary Report

PS-PL Configuration
|

Peripheral 10 Pins
MIO Configuration
Clock Configuration
CDR Configuration
SMC Timing Calculation

Interrupts

& Search: | Q-

&2 | Name
5]

ping | = General

=

~UARTO Baud Rate
- JART 1 Baud Rate

~PL AXI idle Port

--DDR. ARB bypass Port

- PS-PL Debug interface

--FTM Trace data interface

- FTM Trace buffer

--FTM Data edge detector

-+FTM Trace buffer FIFQ size
-FTM Trace buffer dock delay
~Indude ACP transaction checker
-Trace datafoontrol signal pipeline width
~Power-on reset(POR) 4k timer
--Processor event interface

- Address Editor
[+ Enable Clock Triggers

fo

Select

115200
115200

OO°"@OsE°"O0OOO

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 PS 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 di
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 checker.
Enables configurable number of pipeline stages on the TRA
Enables power-on reset(POR) 4k timer, By default, 649k tim

Enables event bus which provides a low-atency and direct

| »

m

FCLK_RESETO_N :

T :----FCLK_RESI:‘I’l_N Enables general purpose reset signal 1 for PL logic
é----FCLK_RESI:‘I’Z_N [ Enables general purpose reset signal 2 for PL logic
é----FCLK_RESI:—I'S_N [l Enables general purpose reset signal 3 for PL logic -

4 T | k J

-




SDK Compilers



GNU Tools: GCC

GCC translates C source code into assembly language .

GCC also functions as the user interface, passing options to" tﬁli_ru
GNU assembler and to the GNU linker, calling the assembler
<file>.c @

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




Vivado

GNU Tools: AS

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

Output: object code
° File extension: .o

Contains ﬂ

o Assembled piece of code
Cross-Assembler

o Constant data
o External references
o Debugging information

Typically, the compiler automatically calls the assembler

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

use €CC
5 <file>.0




GNU Tools: Linker (LD)

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

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

Outputs ﬂ ﬂ

Linker
script

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

executable.elf




Timing Reports



Report Timing Summary

| 4 Synthesis
#% Synthesis Settings

Tcl command: report_timing_summary

& Run Synthesis
4 Synthesized Design
£4 Edit Timing Constraints
| @ Repart Timing Summary|
I, Report Clock Networks

report_timing_summary -delay _type max -report_unconstrained -check_timing_verbose -max_paths 10 -input_pins -name timing_1

Vivado IDE

Fins

gpticn;)’ Advanced rIimer Settings ]

Show input pins in path

Options tab
> Maximum number of paths

Advanced tab

File Output
[ ] wirite results to file:

.:- Overwrite Append

Miscellaneous

[ | 1gnore command errors (quiet mode)

[] suspend message limits during command execution

Options r Adva nce/d/’ Timer Settings

o Write to a file

Timer Settings
° Interconnect delay can be igno
° Flight delays can be disabled

Vivado

Interconnect: estimated -
Speed grade: -1 (default) -
Multi-Corner Configuration
Corner name Delay type
Slow min_max ~
Fast min_max -

[ pisable flight delays

r—

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

Results name: |timing_1

Options rhdganced rIimer Settings

Report
Path delay type: | max -

Report unconstrained paths

|| Report datasheet

Path Limits
Maximum number of paths per clock or path group: 105
Maximum number of worst paths per endpoint: 15

Path Display

Display paths with slack less than: Use default (1e+30)

kL

Significant digits: 3




Report Timing Summary

DESign Timing Summary Design Timing Summary
> WNS, TNS, total number oo e o ore i

£ Design Timing Summary | worst Negative Slack (WNS): 1.826 ns  Worst Hold Slack (WHS): MA  Worst Pulse Width Slack (WPWS): 3.000 ns
1= Clock Summary (3)

f d o f M5 Check Timing (45) Total Negative Slack (TNS): 0.000 ns  Total Hold Slack (THS): MA  Total Pulse Width Megative Slack (TPWS): 0.000 ns
O e n po I ntS a re O -u’j Intra-Clock Paths Mumber of Failing Endpoints: 0 Number of Failing Endpoints: NA  Mumber of Failing Endpoints: 0
-5 Inter-Clock Paths Total Number of Endpaints: 102 Total Number of Endpoints:  MA  Total Number of Endpaints: 45

i nte re St -5 Path Groups

|2 User Ignored Paths Sl

Timer Settings

2 Design Timing Summary | name Waveform Period (ns)  Frequency (MHz)
C I Oc k S u m m a ry [F2 Clock Summary ) | =% ki {0.000 5.000} 10.000 100.000
[+ Check Timing (45) 21| -clk_outl_clk_5MHz {0.000 100.000} 200.000 5.000
g Iﬂtra-C:oc:: Pat:5 “clkfbout_clk_SMHz {0.000 25.000} 50.000 20.000
H H [+= Inter-Clock Paths
> Primary and derived clocks = e
-2 User Ignored Paths Check Timing
- « 5 Timer Settings a Timing Check Co:m%
C h ec k TI m I ng ..... ® Design Timin?; Summary unconstrained_internal_endpoints 28
----- 5 Clock Summary (3) no_clock 10
. 5 Check Timing [45) | no_'OUtthtEdle'aY g
= no_input_delay
> Number of unconstrained ==t il g :
R . [+ Path Groups generated_clocks 0
..... = loops 0
internal endpoints = User Ignored Pt oo e 0
partial_output_delay 0

Vivado
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