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Chapter 1Abstract
1.1 About the Document

This document mainly introduces how to implement your own project de
velopment on the MYS-ZUSEV hardware platform. Through studying this docu
ment, | hope that customers can achieve several goals:

1. Understand the hardware platform of MYS-ZUS5EV.

2. Be able to achieve your own target design on this hardware platform.

3. Understand the reference materials about the hardware platform of MY
S-ZUSEV, customers can find them quickly, especially for some official referen
ce documents and reference designs of xilinx.

Introduce the collection of materials and information that customers may

use when using the MYS-ZU5SEV hardware platform. When encountering key
points, they can seek the direction of reference materials, and they can seek
cooperation and development from MYIR.
Here is the origin of the heterogeneous platform ZYNQ/MPSOC.
This is a hardware platform developed on the basis of the SOC. When th
e required peripheral interfaces and the data to be processed are integrated
by the ARM processor, it is the SOC chip, but there are some special tasks i
n the SOC that cannot be completed or reached. To the required standard, it
is necessary to add additional resources to complete the dedicated function.
At this time, there are two solutions, one is to plug a dedicated device outs
ide the PCB, and the other is to add a dedicated area in the SOC chip to co
mplete the dedicated function. Obviously now the ZYNQ platform is the seco
nd solution. The second solution is the development trend, the current trend
Al function and the newly added various functional modules The primary solu
tion is to embed the corresponding functional modules into the SOC chip to
form a more complex SOC chip.
For detailed information about the heterogeneous platform of ZYNQZYN

Q/MPSOC, please refer to the official xilinx document:
ds891-zynq-ultrascale-plus-overview.pdf
ug1137-zynq-ultrascale-mpsoc-swdev.pdf
ug1085-zynq-ultrascale-trm.pdf
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1.2 About the Arrangement of the Later Chapters
of this Document

The first chapter is an introduction, briefly introducing the purpose of wri
ting this document and the chapter structure of the document. The second ¢
hapter introduces some preparations for using this hardware platform or simil
ar hardware platforms, including some preparations for the use of the hardw
are platform. For the introduction of using xilinx's EDA tool vivado, from xilin
x official website registration to download the required version Vivado softwa
re, installation screenshots are introduced.

Secondly, it introduces the download, installation and use of FPGA simula
tion tool modelsim. The corresponding vivado version can call the specific m
odelsim version. Here, refer to the vivado installation document to find the c
orresponding modelsim version. When using these EDA tools for the first tim
e, license registration is required, and registration methods are introduced. In

addition, some paid IPs from Xilinx have a trial period of 3 months. You ne

ed to download a temporary license on the official website to register before
you can use it. Otherwise, you need to design and write your own code. Fin
ally, some verilog syntax, corresponding reference materials, the use of the d
ocument finder DocNav, the syntax introduction of XDC constraint files, a bri
ef introduction of TCL syntax and so on are introduced.

Chapter 3, Section 3.1 explains the detailed configuration of the detailed
hardware platform. The general content includes a detailed configuration intr
oduction of MPSOC according to the resources used by the hardware platfor
m. For example, the hardware platform is connected to the DP interface on t
he PS side. When establishing the vivado project, you need to check the DP
interface option of the peripheral interface of the MPSOC IP core. , And selec
t the corresponding link pin according to the schematic connection method. |
n short, the interfaces and peripherals on the hardware platform will be intro
duced in detail in the PS configuration in Chapter 3. The last step is to speci
fically generate the hardware platform file xsa file, and the last step is to use

vitis to build an app project to output hello world. Section 3.2 On the basis
of Section 3.1, assuming that the PL side logic is added, we will introduce t
he data interaction method between the PL and the PS side. It focuses on th
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e AXI4 bus. This content is closely related to the content of the following ch
apters.

The fourth chapter is divided into several sub-sections, and respectively i
ntroduces a use case of using this hardware platform to achieve a goal. Thes
e are all based on the AXI4-Lite bus PL end external expansion peripheral int
erface module. The two general interfaces introduced are AXI UART interface
and AXI-IIC interface.

The fifth chapter is an introduction to the use of high-performance AXI4
bus interface. 5.1 Introduce the use of PL-side BRAM to interact with the PS-
side data of small modules. 5.2 introduces the demo using DMA.

Chapter 6 , Introduces the use of AXI-Stream in the transmission of video

streams, focusing on the MIPI interface using IMX334 as a sensor, configurat
ion, and the process of using AXl-stream to transmit video streams. The adde
d things are customizable. How to add RTL module to AXI-Stream data strea
m. Custom I[P design, white balance module addition. The seventh chapter int
roduces how to use some official reference materials of xilinx.

Chanpter 7. 7.1 Introduce how to quickly view the official user manual do
cuments to quickly find the information we need. 7.2 Introduce how to quickl
y find xilinx product manuals, and quickly find information about the function
s, features, interfaces, timing and other aspects of the corresponding IP. 7.3 i
ntroduces how to use the official reference design of xilinx. 7.4 How to quick
ly seek help for problems encountered by customers, you can raise questions

in the Chinese and English communities of xilinx's official website. There is d
edicated xilinx technical support for maintenance. Working hours are online,
where you can get quick feedback and solutions. Program.

Chapter 8, Conclusion.

1.3 MPSOC Series Chip Introduction

1, Low-end CG series,as show ,
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Zynq® UltraScale+™ MPSoCs: CG Devices

|Application
Processor Unit
Real-Time

[P rocessor unit

P

Connectivity

ocessing Syst

[&integrated Block
Functionality

35 ta PL Interface
Programmable
Functionality
Memory

Clocking

Integrated IP

Programmable Logic (PL)

[Transceivers

Speed Grades

The low-end series processor is dual-core A53, the
ach 1.3GHz, the actual frequency is lower, only about 1GHz,
nterface on the ps side has USB3.1, STAT3.0, DP, GEthernet,

External Memoary

Device Name™! 2U1CG 2U2CG ZU3CG ZU4CG ZUsCG 2U6CG ZU7CG ZU9CG
Processor Core Dual-core Arm® Cortex®-A53 MPCore™ up to 1.3GHz
Memory w/ECC L1 Cache 32KB | / D per core, L2 Cache 1MB, on-chip Memory 256KB
Processor Core Dual-core Arm Cortex-R5F MPCore up to 533MHz
Memory w/ECC L1 Cache 32KB 1 / D per core, Tightly Coupled Memory 128KB per core
Dynamic Memory Interface x16: DDR4 w/o ECC; x32/x64: DDR4, LPDDR4, DDR3, DDR3L, LPDDR3 w/ ECC
Static Memory Interfaces NAND, 2x Quad-SPI
High-Speed Connectivity PCle® Gen2 x4, 2x USB3.0, SATA 3.1, DisplayPort, 4x Tri-mode Gigabit Ethernet
General Connectivity 2xUSB 2.0, 2x SD/SDIO, 2x UART, 2x CAN 2.08, 2xI12C, 2x SPI, 4x 32b GPIO
Power Management Full / Low / PL / Battery Power Domains
Security RSA, AES, and SHA
AMS - System Monitor 10-bit, 1MSPS — Temperature and Voltage Monitor
12 x32/64/128b AXI Ports
System Logic Cells (K) 81 103 154 192 256 469 504 600
CLB Flip-Flops (K) 74 94 141 176 234 429 461 548
CLB LUTs (K) 37 a7 7 88 17 215 230 274
Max. Distributed RAM (Mb) 1.0 12 18 26 35 6.9 6.2 88
Total Block RAM (Mb) 38 53 76 45 51 25.1 110 321
UltraRAM (Mb) = = = 135 18.0 = 27.0 =
Clock Management Tiles (CMTs) 3 3 3 4 4 - 8 4
DSP Slices 216 240 360 728 1,248 1,973 1,728 2,520
PCl Express® Gen 3x16 - - - 2 2 - =] -
150G Interlaken - = =
100G Ethernet MAC/PCS w/RS-FEC = = =
AMS - System Monitor 1 1 1 1 1 1 1 1
GTH 16.3Gb/s Transceivers = - 16 16 24 24 24
GTY 32.75Gb/s Transceivers = =
Extended” -1-2-20
Industrial =241 2

Figure 1-1CG series features
main frequency can re
the high-speed i

PCle. The ability

is low, and the logic unit can choose different devices as the demand fails.

2, The mid-range EG series, as shown :
Zynq® UltraScale+™ MPSoCs: EG Devices

|Application Processor
Unit
Real-Time Processor

Graphic & Video
Acceleration

External Memory

Connectivity

Processing Syst

Iintegrated Block
Functionality

PS to PL Interface
Programmable
Functionality
Memory

Clocking

integrated IP

Programmable Logic (PL)

Transceivers

Speed Grades

Device Name'"!

ZU1EG ZU2EG

ZU3EG ZUAEG ZUSEG ZUBEG ZUT7EG ZUSEG ZU11EG ZU15EG ZU17EG ZU19EG
Processor Core Quad-core Arm® Cortex®-A53 MPCore™ up to 1.5GHz
Memory w/ECC L1 Cache 32KB | / D per core, L2 Cache 1MB, on-chip Memory 256KB
Processor Core Dual-core Arm Cortex-RSF MPCore™ up to 600MHz
Memory w/ECC L1 Cache 32KB | / D per core, Tightly Coupled Memory 128K8 per core
Graphics Processing Unit Mali™-400 MP2 up to 667MHz
Memory L2 Cache 64KB
Dynamic Memory Interface x16: DDR4 w/o ECC; x32/x64: DDR4, LPDDR4, DDR3, DDR3L, LPDDR3 w/ ECC
Static Memory Interfaces NAND, 2x Quad-SP1
High-Speed Connectivity PCle® Gen2 x4, 2x USB3.0, SATA 3.1, DisplayPort, 4 Tri-mode Gigabit Ethernet
General Connectivity 2xUSB 2.0, 2x SD/SDIO, 2x UART, 2x CAN 2.0B, 2x 12C, 2x SPI, 4x 32b GPIO
Power Management Full / Low / PL / Battery Power Domains
Security RSA, AES, and SHA
AMS - System Monitor 10-bit, IMSPS - and Voltage Monitor
12 x 32/64/128b AX| Ports
System Logic Cells (K} 81 103 154 192 256 469 504 600 653 747 926 1,143
CLB Flip-Flops (K) 74 94 141 176 234 429 461 548 597 682 847 1,045
CLB LUTs (K) 37 47 71 88 117 215 230 274 299 341 423 523
Max. Distributed RAM (Mb) 10 12 1.8 2.6 35 6.9 6.2 8.8 9.1 113 8.0 9.8
Total Block RAM (Mb) 38 53 76 45 51 251 110 321 211 26.2 280 346
UltraRAM (Mb) o & = 13.5 18.0 = 27.0 i 225 315 28.7 36.0
Clock Management Tiles (CMTs) 3 3 3 4 4 4 8 4 8 4 11 k4
DSPSlices 216 240 360 728 1,248 1,973 1,728 2,520 2,928 3,528 1,590 1,968
PCl Express® Gen 3x16 - - - 2 2 - 2 4 - 4 i
150G Interlaken = - = = 1 2 4
100G Ethernet MAC/PCS w/RS-FEC = g - 2 2 4
AMS - System Monitor 1 1 1 1 1 1 1 1 1 1 1
GTH 16.3Gby/s Transceivers = = 16 16 24 24 24 32 24 44 44
GTY 32.75Gb/s Transceivers = & - 16 & 28 28
Extended®! 1220 12203 412213

Industrial

-1-1L-2

Figure 1-2 EG series features

In the mid-range series, the processor is quad-core A53, the main frequency

can reach 1.5GHz, the actual stable frequency is lower, only about 1.2GHz, and the
high-speed interfaces on the ps side include USB3.1, STAT3.0, DP, GEthernet, and
PCle. The logic unit can choose different devices according to the demand. If the
high-speed demand is relatively high, you can choose 4EG, 5EG upwards, if you
need 100Gbps communication data, you need to choose 11EG and 17EG, 19EG

-10 -



MYS-ZU5EV_FPGA Development Manual V2.0.3 MY iR RiE=

these three models. The biggest difference from the CG series is the addition of
GPU processors on the PS side.

3, High-end EV series, as shown :
Zynq® UltraScale+™ MPSoCs: EV Devices

Device Name"™ ZU4EV ZUSEV ZU7EV
 Aniptication Processor Ui Processor Core Quad-core Arm® Cortex®-A53 MPCore™ up to 1.5GHz
Memory w/ECC 11 Cache 32KB | / D per core, L2 Cache 1MB, on-chip Memory 256KB
b= 2 2 Processor Core Dual-core Arm Cortex-R5F MPCore™ up to 600MHz
£ e Memory w/ECC L1 Cache 32KB I / D per core, Tightly Coupled Memory 128KB per core
E Graphic & Video Graphics Processing Unit Mali™-400 MP2 up to 667MHz
e W Acceleration Memory L2 Cache 64KB
& Dynamic Memory Interface x16: DDR4 w/o ECC; x32/x64: DDR4, LPDDR4, DDR3, DDR3L, LPDDR3 w/ ECC
[=External Memory ;
£ Static Memory Interfaces NAND, 2x Quad-SPI
g Conn sty High-Speed Connectivity PCle® Gen2 x4, 2x USB3.0, SATA 3.1, DisplayPort, 4x Tri-mode Gigabit Ethernet
s General Connectivity 2xUSB 2.0, 2x 5D/SDIO, 2x UART, 2x CAN 2.0B, 2x 12C, 2x SPI, 4x 32b GPIO
|ntegrated Block Power Managemgnt Full / Low / PL / Battery Power Domains
o sl Security RSA, AES, and SHA
AMS - System Monitor 10-bit, 1MSPS — Temperature and Voltage Monitor
PS to PL Interface 12 x32/64/128b AXI Ports
PR bk System Logic Cells (K) 192 256 504
Fonctanality CLB Flip-Flops (K) 176 234 461
CLB LUTs (K) 88 117 230
Max. Distributed RAM (Mb) 26 3.5 6.2
EdMemory Total Block RAM (Mb) 45 5.1 11.0
%— UltraRAM (Mb) 13.5 18.0 27.0
E‘ Clocking Clock Management Tiles (CMTs) 4 4 8
3 DSP Slices 728 1,248 1,728
3 Video Codec Unit (VCU) 1 5 1
£ PCI Express® Gen 3x16 2 2 2
g (g 150G Interlaken
g 100G Ethernet MAC/PCS w/RS-FEC =
a AMS - System Monitor 1 1
ransceivers GTH 16.3Gb/s Transceivers 16 16 24
GTY 32.75Gb/s Transceivers - = -
Extended™ -1-2-2-3
pEsse Cater Industrial =1-11-2

Figure 1-3 EVseries features

The high-end EV series has a quad-core A53 processor, the main frequency
can reach 1.5GHz, the actual stable frequency is lower, only about 1.2GHz, and the
high-speed interfaces on the ps side include USB3.1, STAT3.0, DP, GEthernet, and
PCle. The logic unit can choose different devices as the demand is not available. If
the high-speed demand is relatively high, you can choose 4EV, 5EV, and 7EV. If
you need 100Gbps communication data, you still need to choose the mid-range
11EG and 17EG, 19EG. Three models. The biggest difference from the EG series is
the addition of the VCU hard core module on the PL end, which can handle the
video encoding and decoding of the H.264/H.265 protocol.

1.4 Vivado Project List

The projects introduced in this document can be seen in the following list,
and the corresponding project documents can be downloaded and used in the
information channels announced by the company. The specific development
process is described in detail in Chapter 3,

Table 1 project list

Num Name Description

1 hello_world.rar Introduced as a basic configuration
project in Chapter 3

2 gpio_mio.rar In the third chapter, the introduction of

-11 -
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the use of ps-side LED lights is
introduced

3 lic_test.rar Introduction to the use of the IIC
peripheral bus on the PS side in
Chapter 4

4 uart_cycle.rar In the fourth chapter, we will introduce
peripheral experiments based on the
AXI-Lite bus

5 dma_loop.rar In the fifth chapter, the introduction
experiment using AXI4 bus

6 bram_test.rar In the fifth chapter, use the introduction
experiment of AXI4-Lite bus

7 MIPI_DP_4G In the sixth chapter, the introduction
experiment using AXI-Stream bus

1.5Sections of this Chapter

This chapter mainly introduces the summary of the entire document. The
later chapters are basically mentioned in this chapter. The detailed content n
eeds to be checked in the specific chapters, or the corresponding reference
materials or projects can be found. For the MYIR MYS-ZU5EV hardware platfo
rm, the main application directions are edge computing, image processing an
d artificial intelligence.

-12 -
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Chapter 2 MYS-ZUSEV Preparation

2.1 Hardware Preparation

A little introduction to the basic characteristics of the MYS-ZU5EV hardware
platform , as show in figure2-1

Figure 2-1 Hardware platform products
MYS-ZU5SEV-32E4D-EDGE use Xilinx XCZU5EV-SFVC784 decice , The speed

grade is -2. 32E means 32GEMMC, 4D means 4G DDR storage. XCZU5EV-
2SFVC784I supports 1.5GHz (maximum -2) APU speed, 600MHz (maximum -2)
RPU speed, 667MHz (maximum -2) GPU speed, and up to 2400Mbps DDR4 speed.
XCZUS5EV-2SFVC784I device resources :
Processor System Unit (PS):
Processing core: Quad-core ARM Cortex-A53 multi-core processor up to

1.5GHz

The highest clock frequency: 1.5Ghz  APU: L1 Cache 32KB | / D per core,
L2 Cache 1TMB.

RPU: L1 Cache 32KB | / D per core On-chip cache: 256KB
Off-chip interface:

support LPDDR4, DDR4, DDR3, DDR3L LPDDR3 with ECC  External static
storage: 2x Quad-SPI, NAND
DMA channels:

8 (4 of which are dedicated to PL)

Peripherals:

-13 -
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[

Figure 2-2 MPSOC interconnection block diagram
High performance interface : PCle® Gen2 x4, 2x USB3.0, SATA 3.1,

DisplayPort, 4x Tri-mode
Gigabit Ethernet.

General interface : 2xUSB 2.0, 2x SD/SDIO, 2x UART, 2x CAN 2.0B, 2x 12C,

2x SPI, 4x 32b GPIO.

Programble Logical Unit (PL) :
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Table 2 PL side logic resources

resources ZUSEV
Logical kernal Xilinx Kintex Ultrascale+ ® FPGA
Programable logical Unit 256K
LUTs 117K
register 234K
Block RAM Distributed RAM 5.1Mb /
Block RAM 18.0Mb
DSP Slice 1248
AMS System Monitor 1

2.2 Software Preparation

This section mainly introduces the installation of Vivado2020.1. The
installation of vivado2020.1 is applicable to all vivado versions. The difference
between vivado versions is not very big. We recommend using the vivado
software version of the same version of our engineering documents to facilitate
the verification of the vivado software version we provide. Engineering
documentation routines.

Why install vivado instead of ISE, here is the evolution process: As the FPGA
chip enters the 28nm process, the performance of the ISE software can no longer
follow the huge improvement in the hardware performance caused by the
progress of the process, so there is the plan of vivado, although the follow-up ISE
continues to update in 2008, it has also been added. For 28nm series devices and
subsequent device libraries, it is necessary to accelerate design and development
and improve software efficiency.

Vivado®DesignSuite aims to improve the overall work efficiency of
designing, integrating and implementing systems using Xilinx®UltraScale™ and 7
series devices, Zyng®UIltraScale+™ MPSoC devices and Zynq®-7000 SoC.

Then there are various problems with different versions of vivado. The first is
the update of IP, and the second is that there will be unexpected problems in the
process of generating bitstream in the comprehensive realization of vivado. It may
be caused by problems such as spaces in the path. It may be caused by other

-15 -
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unknown reasons. For smooth engineering development, the same version is
recommended. Secondly, there may be inexplicable reasons when using vivado.
This reason is sometimes caused by errors or death of the PC processor process,
or it may be caused by inconsistent use of vivado. Various complex reasons, if
they occur, A recommended solution is to uninstall vivado and reinstall.

2.2.1 Vivado Download

To download the Vivado tool, you need to register an account on the xilinx
official website. After completing the registration, you can find "Product——
"Hardware Development——"Vivado Design Suit——"Find the corresponding
version" to download. as the picture shows

. ¥ - - - - - B -
’ £ Zymq Uirascale: x| 0 Zynq UhraScale: X | O zynarcgrblockt X | t/AKATIRH B! X | o haot23 LA X | & POIESE SRS X | & PCIE GENXAE X | [ IMON FRRME X
‘ €cCc»o hitps:/chinaxilinx.com/suppo

Omisn Oisre Hnsms DEUE [leow foHBmus S030HsU [EreGADesign GHEsmE XMps:

e ye—
WIE PR R XILINX

Vivado (BEFFRE) Vitis (ST EE) Vitis BAHFEE Alveo $R{46 PetaLinux L) bre=1"1

Version Bl PRI ERRRARA.
20191

2018
20183

20182

2018.1

2017

2017.4

2017.3

iR

2017.2

2017.1

2016

By using this website, | accept the use of cookies. Learn More:

WO mxEw)\rEemmE € - OB, » BEHOGoOERBOwH AROGOTW® B v B

Figure 2-3vivado download page

You can see that the serial numbers of various versions are there. Download
and select "ALL OS installer Signaler-file download". Although the installation
package is relatively large, there are generally no extra problems
afterdownloading and installing. And the download speed is relatively fast.

2.2.2 Vivado Installation

Before installation, please close the anti-virus software, especially the 360
anti-virus software.
Step 1: Unzip the downloaded installation document, double-click the

installation program, as shown in the figure ,
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[4] uertbase.dll 479 KB
[ vecarlibi4o.dil 387 KB

veruntime140.dl| 86 KB
[ xsetup 3 KB
ﬁ xsetup 439 KB

Figure2-4 decompressed vivado installation file
Step 2: Click NEXT on the welcome page:

§ Xilinx Unified 2020.1 Installer - Welcome - O x

UNIFIED "eteom

Xilinx Installer

e are glad you ve chosen ¥ilinx as your platform development partmer. This progrem can install the Xilinx
products including Vitis, Vivado Design Enviromment, Lab Edition, Bootgen, and Documentation Havigateor.

Supported operating systems for 2020.1 are: I
— Windows 10 Professional and Enterprisze versions 18089, 1903 and 1909: 64-hit
— Red Hat Enterprize Linux 7.4-7.7, and 8 1: 64-hit
~ Cent0S Linux 7.4~7.7, and 8.1: 64-hit P
— SUSE Enterprise Linux 12.4: 64-hit
— Amazon Linux 2 A2 LTS: G4-hit
— Ubuntu Linux 16.04.5, 16.04.6, 18.04.1, 18.04.2, 15.04.3 and 18.04. 4 LTS: 64-bit — Additional library installati«

Bote: Thas velense remions Db obng potr- T Loanst rervier tusla o the Flizoil 4o 4 weratons: Plesss conbirmmith
wour license admin that the correct version of the license server tools are installed and available, before
rurming the tools

Note: This installation program will not install cable drivers on Linux. This item will need to be installed
zeparately, with administrative privileges.

To reduce installation time, we recommend that wou dizsble smy smti—virus software before comtinuing

& XILINX.

Copyright © 1986-2021 Yilinx, Ime. A1 rights reserved. Preferences Back Hext > Cancel

Figure 2-5 Installation Wizard
Step 3: Tick all of them, all agree, NEXT.
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& ilinx Unified 20

Accept License Agreements

XILINX.

"Xilinx Inc. End User License Agreement ‘

Pleaze read the following terms and conditions and indicste that you agree by checking the I Agree checkhoxes

By checking "I Agree” below, or OTHERFISE ACCESSING, DOFNLOADING, INSTALLING or USING THE SOFTWARE, I AGREE on behalf of licensee to

be bound by the agreement, which can be viewed by clicking here. .
| I Agree | |’
[TebTalk Terms And Conditions b

By checking "I Agree” below, I also confirm that I have read Section 13 of the terms snd conditions shove concerning WebTalk and have &

heen afforded the opportunity to read the WebTallk FAQ posted at https://sww. xilinx. com/products/desisn—tools/rebtallk html. I
understand that I am able to disable WebTalk later if certain criteria described in Section 13(c) apply. If they don't apply, I can
disable WehTalk by uninstslling the Software or using the Software on a machine not connected to the internmet. If T fail to =atisfy
the applicable criteria or if I fail to take the applicable steps to prevent such transmiszsion of information, I agree to allow Xilinx
to collect the information described in Section 13(a) for the purposes deseribed in Section 13(b).

I Agree

Third Party Software End User License Agreement

By checking "I Agree” below, or OTHERWISE ACCESSING, DOFNLOADING, INSTALLING or USING THE SOFTRARE, I AGREE on behalf of licenses to
be bound by the agreement, which can be vieved by clicking here.

I Agree

Copyright © 1986-2021 ¥ilimx, Ine.  All rights reserved. ¢Beck | [ Wewt> || cameel |

Figure 2-6 installation wiazrd

Step 4: Choose the product to install, because the 2020.1 version is updated
from the SDK to the Vitis software tool, so choose Vitis
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i' Xilimx Unifi 1 Ins Er - -
o Kilime Unifie staller |

Select Product to Install

e . . XILINX.
Select a product to continue installatien You will bhe able to customize the content in the next page

(O Vivade

implementation, verification and device programming Complete device support, cshle driver. and Jocument Wavigator include
pl £ d d progr g pl d ] ble dr d I Havig luded

() On—Premises Install for Cloud Deployments

Install on—premises version of teols for cloud deployments.

O BootGen

Installs Bootgen for creating bostable images targeting Hilinx Sofs and FPGAs
() Lab Edition
tools.

(O Hardvare Server

Installs hardware server end JTAG cshle drivers for remote debugging

() Documentation Navigator (Standalone)

Tnatalls Vots d A00d pobrvare Endoapylibaveen norelarats o devel spmentour Kl one s TatE s Vitie
installstionlincludes Vivade Design Suite. I

Includes the full complement of Vivads Design Suite tools for design, including C—based design with Vivade High-Level Symthesis, &

Installs enly the Xilinx Vivado Lab Editien This stendalone product includes the Vivsdo Device Programmer and Vivado Logic Analyzer

¥1link Documentation Wavigatoer (Doclav) provides amccess to ¥ilinx technical documentation both on the Feb and on the Desktop, Thiz iz a
standalone 1nstallation without Vivads Design Suite
Canyr ek TORE DI s F i T AL Gl e e s | ¢Back || Wext> || Cancsl
-

Figure 2-7 installation wizard

Step 5: Select the installation path and user, as shown in the figure

Select Destination Directory

inztallstion options such as location and shorteuts.

rInstallation Options rSelect shortcut and file association options

e P S SRR 3 £

£ Create program group entries

(- \Kilime | [filinx Design Tools

[Installatien locatien(s) [ Create desktop shorteuts

C:\X1la Viti 020. 1 i S
Pl ] create file associstions

C:\Xilinx\Vivado\2020. 1 rApply shorteut & file association selections to

O Current user
C:\Xiline\Madel Compozer\2020. 1

@ ALl users |
"Disk Space Reguired

Download Size: birs
Disk Space Required: B3.04 GE
Final Disk Usage: 59.73 GB

Dizk Space Available: 15997 GE

0ongrm group entry, Xilinx Design Tools, already exists for 2020.1. Specify a different program group entry.

Canyr ek TORE DI s F i T AL Gl e e s | ¢ Back | oo

[ |

Figare 2-8 installation wizard-installation location
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MYiR %723

Make Your IceaReal

Step 6: Click YES

§. The specified directory FAXilinx does not exist. “

i
0 F:'\Xilinx does not exist, do vou want to create [t?

==

. Yes Ne ‘
{

Figure 2-9 installation wizard
Step 7: Click Install, the installation will take about 45 minutes

O 1t tack 12 minutes to install files.

Final Processing.::

Install Cable Drivers (You MUST disconn...
——

QuickTakes

Cable Driver Insteller

==
Please disconnect all Xifinx Platform Cable USB or Evaluation Platform
JTAG cables from this system before continuing. I —

- —_—

Take a Deep Dive into Vivado Design Suite Features
Using these Shon Video Tulorials

wwwe. ik camividan

Figure 2-10 installation wizard

Step 8: Install the network adapter

@ 1¢ ok 12 minutes to inctsll filec

Final Processing..

Inctall Cahle Drivers

(You MIST discomn. ..

=1 Windows 22

= -
=

ZYNQ.

(BRI MR R RI? IraSCALE®

™ R Kiline FESIERREE

- ¥ s Thesycon Software Sokitions GibH & Co K..

SAHRIEIESEE “Thesycon Software
Solutions GmbH Co. K.." BIELE-(ALL
O SR E BN S TR RS, B

Al Programmable
Heteregensous MPSeC

Figure 2-11 installation wizard
Step 9: Install the downloader driver
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veiam TrAarnatlar
s s # Ger My Foll or Forchosed Certificove-RBosed License
F OsS1T lnfoTmatlon
WinPcap 4.1.3 Setup i e
' WinPcap 4.1.3 is already installed on this machine.

Press Ok if you want to force the installation, or Cancel if you
want to abort the installation,

Figure 2-12 installation wizard

.7 WinPcap 4.1.3 Setup e

Welcome to the WinPcap 4.1.3
Setup Wizard

This Wizard will guide you through the entire WinPcap
installation,

For more information or support, please visit the WinPcap
home page.

http:/ mwww.winpcap.org

|_ Next > | Cancel

Figure 2-13 installation wizard
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\ WinPcap 4.1.3 Setup = X

| ‘ License Agreement |
mn caP Please review the license terms before instaling WinPcap 4. 1.3, |

| Press Page Down to see the rest of the agreement.

Copyright (c) 1993 - 2005 NetGroup, Politecnico di Torino (Ttaly).
Copyright (c) 2005 - 2010 CACE Technologies, Davis {California).
Copyright () 2010 - 2013 Riverbed Technology, 5an Frandsco (California).
All rights reserved.

el »

Redistribution and use in source and binary forms, with or without medification, are
permitted provided that the following conditions are met:

1, Redistributions of source code must retain the above copyright notice, this kst of
conditions and the following disdaimer,
2 Rl_l:tistributi_uqs in t!inanr fn_rrn_n'l.lst repmduce the above copyright nofice, thislistof =

If you accept the terms of the agreement, dick T Agree to continue. You must accept the
agreement to install WinPcap 4.1 3.

Nullsoft Install Svstem v2. 46

| <geck || ragee ||| cancal |

Figure 2-14 installation wizard-install wincap
2t WinPcap 4.1.3 Setup ——]

i » installation options
ln caP Please review the following options before installing WinPcap l
4.L3

| <Back || Instal || | Cancel

a @ure 2-15 installation wizard-install wincap
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P WinPcap 4.1.3 Setup - — |= | o - |

Completing the WinPcap 4.1.3
Setup Wizard

WinPcap 4. 1.3 has been install=d on your computer.

Click Finish to dose this wizard

l Finish |

Figure 2-16 installation wizard
Step 10: Finally, a window to install MATLAB will pop up. Just fork it directly. If

you need it, you can install it yourself.

Step11: the installation is successful, the window for installing the license
pops up, and it is also directly crossed. Explained in the next section. Install wizard
registered .

Xilinx Software Install ]

0 Installation completed successfully.
L WE

Figure 2-17installation wizard-finished

2.2.3 Vivado License Register

In the previous section, the license registration wascrossed directly during
the installation. Now reopen the Vivado license Manager and find it in the start
menu bar.
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AQO Lesign 10015 OF LeVICES £U..

Add Design Tools or Devices 20...

Add Design Tools or Devices 20...
Add Design Tools or Devices 20...

Add Design Toaols or Devices 20...

Add Design Tools or Devices 20...

DocNav

Manage Xilinx Licenses
Manage Xilinx Licenses 2017.4
Manage Xilinx Licenses 2018.2
Manage Xilinx Licenses 2018.3
Manage Xilinx Licenses 2019.1

Manage Xilinx Licenses 2019.2

SETESER

Microsoft

Manage Xilinx Licenses 2020.1

Manage Xilinx Licenses 2020.2
Maodel Compeser and System G...
SDx IDE 2018.3

SDx Terminal 2018.3

HH |/0 EEE NIRRT

Bv
i

File

Help

Store

MY

RIREB=

Make Your IceaReal

O 8 |

Figure 2-18 Manage Xilinx License

VIVADO! oo voncoer

& XILINX

4 Get License
2¥ Set Proxy
i, Obtain Li

4 Manage License
; %Haﬂage License Search Paths

View License Status

4 View System Information
“ (D) View Host Information

Certificate Based Licenses:

View License Status

Filter:

[ Hide Free Built—in Licenses

tL

T

FigUre 2-19 installation of license
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License Name Taals/IP Expiration Date Version Limit licemse Type  Lacatien #
AUTOESL CC [TE:EBought P 2037. 05 Modelocked C:\Users\xilinihp. .. [Un A
AUTOESL_FLOW [TE:Bought Permanent 2037 05 Modelocked C \Users\xilin\ap... |Un
AUTOESL_OFT [1E:Bought Permanent 2037 05 Modelocked C \Users\xilin\ap. .. |Un
AUTOESL,_SC [TP:Bought Permanent 2037 05 Modelocked C \Users\nilinihp. .. |Un
AUTOESL_XILINE [TF:Bought Permsnent |2037.05 Modelocked C:\Users\xilinidp. .. [Un
AccslDSP [TE:Bought B 2037. 05 Modelocked C:\Users\xilinidp. .. |Un
Analyzer TE:Eought g 2037. 05 Modelocked C\Users\xilin\hp. .. |Un
ChipScopePro SIOTK TP Bought Permanent 2037 05 Modelocked C \Users\xilin\ap. .. |Un
ChipscopePra [TP:Bought Permanent 2037 05 Modelocked C \Users\nilinihp. .. |Un
HLS TF:Bought Permanent 2037.05 Medelocked C:\Users\silinidp. .. [ln
|£u.s yathest [TP:Bought Permsnent |EO3T 05 Modelocked C:\Users\xilinidp... |Un
ISE TE:Bought P 2037. 05 Modelocked C\Users\xilin\hp. .. |Un
15T [TE:Bought Permanent 2037 05 Modelocked C \Users\xilin\ap... |Un
Implementation [1E:Bought Permanent 2037 05 Modelocked C \Users\xilin\ap. .. |Un
PartialReconfigur  |IP:Bought Permanent 2037 05 Modelocked C \Users\nilinihp. .. |Un
[TF:Bought Permsnent |2037.05 Modelocked C:\Users\xilinidp... |Un
TE:Eought P 2037. 05 Modelocked C:\Users\xilinidp. .. |Un
Rodin Symthesis TE:Eought g 2037. 05 Modelocked C\Users\xilin\hp. .. |Un
Rodin_SystemBuilder |IP Bought Permanent 2037 05 Modelocked C \Users\xilin\ap. .. |Un
SIE [TP:Bought Permanent 2037 05 Modelocked C \Users\nilinihp. .. |Un
Simulation TF:Bought Permanent 2037.05 Medelocked C:\Users\silinidp. .. [ln
ymthesi [TP:Bought Permsnent |EO3T 05 Modelocked C:\Users\xilinidp... |Un
SysGen TE:Bought P 2037. 05 Modelocked C\Users\xilin\hp. .. |Un
VIVADO_HLS [TE:Bought Permanent 2037 05 Modelocked C \Users\xilin\ap... |Un
VIVADO_HLS [1E:Bought Permanent 2037 05 Modelocked C \Users\xilin\ap. .. |Un
Vivada [TP:Bought Permanent 2037 05 Modelocked C:\Usershwilinibp  [Un
) >
Clear Cache Refrezh
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Chose Load License , then select Copy License...

File Help
J & XILINX
VIVADO License Manager
4 Get License Load License F

o
Set P = g *
o Seb fromy Certificate Based Licenses
T, Obtain
.E. Click the 'Copy License' button to copy a certificate—hased licenze (.1lic file) into the
) “a;ise Licesse NAPPDATAR\Yilinxlicense directory. Yilinx applications eutematically detect valid, node—locked licenses
#|Menage License Search Paths (¥ 1ic) residing in the BAPPIATA®\¥ilinxlicense directory.

View License Status
4 View System Information
“(D) View Host Information

| Copy License..

Figafe 2-20installation of license
ster file of Xilinx.lic

Find the vivadoregi

R
BN Vivadc ag

File Help

p & XILINX
VIVADO License Manager

-I Geg License Load License
32::5?;‘;“’\“ | Cortificate Based Licenses
: ® = nto the
4 Hemeae Li“;_‘?é S | s ) 4 node—locked licenses
Vier Liconas Statnr | B || tilin x| # e
4 View System Information
“(D View Host Information 2O
vitis2020_01
vivado_201802
vivado2018
vivado2019.2
= vivado201901
=E xilinx_vavido2017
xilinx_vavido2017.3
ZCu104
[7] licensesoxlic
| ] vivado_2014.4 license_2037.lic
% 1 Mivada 2018.3 license 2037.lic
&tééjﬁ xlinx_ise_vivado.lic
[ Xilinx10625G MACandPCS.lic
i () Xilimx lie praTs
HHEHND):  [License £ilss (x.Lic) ] B

Figure 2-21installation license
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At last click View License State , You can verify the license has been registered,

& XILINX

File Help

VIVADO! e tranager

Al License View License Status

i ¥ Set Proxy

i+ I, Obtain License - . S

- 0, Losd Licsnse - ) Filter: []Hide Free Built—in Licenses

4 Manage Licence Certificate Based Licenses

8!
-[# Manage License Search Paths

Pl i sy Licenze Name Toals/IP Expiration Date |Version Limit |License Type  Location % of Seats

(@) Vier Hozt Information IAUTOESL,_CC IP:Bought [Permanent p03T_ 05 Todelocked C:\Users\uilin\dp. .. [ncounted A
|AUTOESL_FLOW IP:Eouht Permanent b037. 05 Hodelocked C:\Users\zilin\ap. .. Uncounted
|sUTOESL,_0PT TP:Bought Permanent p03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
[AUTOESL sc IP:Eouht Permanent b037. 05 Hodelocked C:\Users\zilin\ap. .. Uncounted
|AUTOESL,_XILTI TP:Bought Permanent p03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
AecelDSP IP:Eouht Permanent b037. 05 Hodelocked C:\Users\zilin\ap. .. Uncounted
Analyzer TP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
ChipScopePro SIOTK |IP:Bought Permanent b037. 05 Hodelocked C:\Users\zilin\ap. .. Uncounted
ChipscopePra TP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
s IP:Eouht Permanent b037. 05 Hodelocked C:\Users\zilin\ap. .. Uncounted
[HLS_Synthesi TP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
[TSE IP:Eouht Permanent b037. 05 Hodelocked C:\Users\zilin\ap. .. Uncounted
TSTH TP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
Implementation IP:Bought Permanent PO37. 05 odelocked C:\Users'milin\Ap. .. Uncounted
PartialReconfigur. . |TP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
Planthead IP:Bought Permanent PO37. 05 odelocked C:\Users'milin\Ap. .. Uncounted
Rodin_TnplementationiIP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
Rodin_Synthesi IP:Bought Permanent PO37. 05 odelocked C:\Users'milin\Ap. .. Uncounted
Rodin SystemBuilder |TP:Bought Permanent P03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
SIK IP:Eought Permanent bo37. 05 Hodelocked C:\Users\zilin\dp... [Incounted
Sinulation TP:Bought Permanent p03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
snthesi IP:Bought [Fermanent PO37. 05 odelocked C:\Users'milin\Ap. .. Uncounted
SysGen TP:Bought Permanent p03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
VIVADO_HLS IP:Eought Permanent bo37. 05 Hodelocked C:\Users\zilin\dp... [Incounted
VIVADO_HIS TP:Bought Permanent p03T_05 Todelocked C:\Users\uilin\Ap. .. [Uncounted
Vivado IP:Bought Permanent PO37. 05 odelocked C:\Users\zilin\Ap. .. [Uncounted .,
I — A ; ~n R T . ——

Clear Cache Refresh

Figure 2-22installation license
2.2.4 Temporary License Registration of Paid IP in Vivado
Let's take an example of an IP that needs to be paid. If we want to use the IP

of 10G/25G Ethernet Subsystem, when we configure, the status of the IP is IP:
Design_Linking IP License available.
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e
|
a i
j 10G/25G Ethernet Subsystem (3.2) ¢ ‘
" @ Documentation - IP Location
b
j| | =newsdsabled posts: Component Name ov_ethernet 0 ‘
1
1 Configuration ~ MAC Options  GT Selection and Configuration  Shared Logic
| -
1 General T
1
Select Core Ethemet MAC+PCSPMA G40t r
{ L
4 Speed 10.3125G v Num of Cores 1 v L
: | Data Path Interface = AXI Stream - Clocking Asynchronous |
i 1|+ atret_ci
Il|+ strx () Enable Preemption 802 1cm Feature
of =+ axis tx 0
I+ cttx0
| I+ ctres PCSIPMA Options
1 rx_core_ck_0 ot D
i troutoksslin_0[20] it Bass RAR Stangan]
tx_clk_out 0 =
rxoutelksel_in_0[2:0]
rx_clk_out_0
gtiz_reset_x_etansth_0 i () BASER (8 BASEKR
ot _refolk_out =
gtwiz_reset_rx_datapath 0
otpowergood_out 0 =
sys_reset
o user_rx_reset 0 = A s + i Z
o A Include FEC Logic Auto NegotiationiLink Training Logic
rx_reset e -~
- bi_resel L [ Clause 74 (BASEKR FEC) ;
el i te_unfout 0 = ® None
tx_preamblein_0[55:0]
rx_preambleout_0[55:0] = R | 4
| gt_loophack_in_0[20] Include ANILT Logic
i aplieset_jn_0
1
1 User Interface
1
1 Control and Statistics Interface
| (®) Control and Status Vectors
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Figure 2-24Installation license

At this time, the license has expired, and it can be simulated but bitstream
cannot be generated. Next, we will introduce how to apply for a specific license.
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Just follow the steps shown in the figure.
Prosucs Sipo XILINX

10G/25G Ethernet Subsystem

Part Number:
EF-DI-25GEMAC-PROJ
EF-DI-25GEMAC-SITE
EF-DI-25GBASE-KR-PROJ*

“MAC sold separately

License: Core License Agreement

£ XILINX.
Overview Documentation

Product Description

SERE- LR ]
The Xilinx® LogiCORE™ IP 106/25G Ethernet solution provides a 10 Gigabit or 25 Gigabit per second (Gbps) Ethemet Media Access Controller integrated with a PCS/PMA in BASE-R/KR S

modes or a standalone PCS/PMA in BASE-R/KR modes. The core is designed to work with the latest UltraScale™ and UltraScale+™ FPGAS.

The 25G Ethernet IP s designed to the new 25 Gb/s Etheret Consortium standard and supports the demand of cloud data centers to enable lower cost and increased performance
solutions between the server and the top of rack switch and to increase the front panel density by two.

10G/25G IP Evaluation

Feedback

« 106/25G Ethemet MAC/PCS (25GEMAC) Evaluation

« 10G/25G Ethemet PCS/PMA with FEC/Auto-Negotiation (25GBASE-KR) Evaluation

Figure 2-2510G/25G Ethernet Subsystem IP
Solutions Products Support X| |_| NX

China |
City* Postal Code
shen city 518001
Phone
18665937875

Job Function*

Developer - Hardware v

For more information about how we process your personal information, please see our privacy policy.

XI LI NX Get to know us. News & Events Media & Community Product Support Partners & Investors

Company Overview News & Press Releases Video Portal Downloads & Licensing Xilinx Partners
Product updates, events, and Management Team Events Powered by Xilinx Documentation Partner Services
resources in your inbox Corporate Responsibiity Webinars Xilinx Blogs Knowledge Base Xilinx Ventures
Careers Corporate Briefing Center Community Forums Product Retum Investor Relations
SUBSCRIBE Contact Us Training Media Kits Authorized Distributors
University Program Contact Sales

Figure 2-26 Go to license requested permission page

-28 -



MYS-ZU5SEV_FPGA Development Manual V2.0.3

Product Licensing

Create New Licenses Manage Licenses

Have a Voucher to Redeem? ?

Evaluation and No Charge Cores 7
0000000 Q

Search the Evaluation and No
Chargre cores catalog and add
specific cores to table below

|enter voucher code

Create a New License File

Create a new license file by making your product selections from the table below. =

Certificate Based Licenses

Product Type License Available

Seats
[[] *ilinx add-on for Matlab and Simulink, 90 Day Evaluation Certificate - Evaluation Mode 11
[] SE Embedded Edition License Certificate - No Charge Mode 11
[ Vivado Design Suite: 30-Day Evaluation License Certificate - Evaluation Mode 11
[F] SDSoC Enviranment, 60 Day Evaluation License Certificate - Evaluation MNode 11"
[E] SDAccel OpenCL Development Environment: 30 Day Node Locked Evaluati... Certificate - Evaluation Node 11
I Vivado Design Suite: HL WebPACK 2015 and Earlier License Certificats - No Charge Node n
El ISE WebPACK License Certificate - No Charge Node n
[[] Xilinx MicroBlaze/All Programmable SoC Software Development Kit — Stand...  Certificate - No Charge Node 1
[F[] Petalinux Tools License Certificate - Evaluation Node 11
[l Vivado HLS Evaluation License Certificate - Evaluation Mode 11
<1

8
=
]
z
2
:
=
g
8

Figure 2-27Product Licensing

Create New Licenses Manage Licenses

Have a Voucher to Redeem? ?
RXXHHEHAR NN AR AN

!enterﬁﬂ@i. AAdd Evaluation and No Charge IP Cores...
Search:

— Evaluation and No Charge Cores ?
£ Qanrcrh tha Evaliiatian and Ma

Product Category

= Category: Communication and Networking (11 Items)

Create a New Lic| :
[ 10G/25G TSN 802.1CM Wireless, Evaluation License (Includes EF-DIF25GEM. ..

Create a new licen:
[[] LogiCORE, 10 Gigabit Ethernat MAC, Evaluation License

Certificate Based [ LogiCORE, 10 Gigabit Ethernet PCS/PMA, No Charge License

LogiCORE, 10G/25G Ethemnst MAC/PCS (256GEMAC), Evaluation License

[F] LogiCORE, 16G/25G Ethernet PCS/PMA with FEC/Auto-Negotiation (25GBAS...

Xilinx add-on forM‘ [[] LogiCORE, Aurora 8B/10B, No Charge License

MY

RIREB=

Make Vour Tdea Real

Help

Communication and .
Communication and....
Communication and...
Communication and_ ..
Communication and....

Cemmunication and...

Status

Current
Current
Current
Current
Current
Current
Current
Current
Current

Current

Certifi_ T
Certifi...
Certifi...
Certifi_.
Certifi...
Certifi...
Certifi__
Certifi...

Certifi_.  «

ISE WebPACK Lict

ISE Embedded £ LogiCORE, Ethemet 1000BASE-X / PCS/PMA or SGMII, No Charge License Communication and___
Vivado Design S“j [[] LogiCORE, USXGMII (10M/100M/1G/2.5GI5GI10G) MAC+ PCS, Evaluation Lic... Communication and...
5DSoC Enviranmm i B UltraScale Integrated block for 100G Ethemet No Charge License Communication and .
SDAccel OpenCLL | ¢

Vivado Design 51 ]

Xilinx MicroBlaze/All Programmable SoC Software Development Kit — Stand...  Certificate - No Charge
Certificate - Evaluation

Certificate - Evaluation

Node n
Petalinux Tools License Node n

Vivado HLS Evaluafion License

Generate Node-Locked License

Figure 2-28 Search license
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Create New Licenses Manage Licenses

Have a Voucher to Redeam? ? o Evaluation and No Charge Cores 7
% 0000000 X0

L] ; . 3 omm  Search the Evaluation and No
enter voucher cote Charge cores catalog and add

specific cores to table below

Create a New License File

Create a new license file by making your product selections from the table below. =

Certificate Based Licenses

Product Type License Available Status Subscription
Seats End Date
[ Hilinx add-on for Matlab and Simulink, 90 Day Evaluation Certificate - Evaluation Mode nm Current 90 days &
[E] SE Embadded Edition Licanse Certificate - Mo Charge Mode m Current None
[F] Vivado Design Suite: 30-Day Evaluation License Certificate - Evaluation Mode m Current 30 days
[F] SDSoC Enviranment. 60 Day Evaluation License Certificate - Evaluation MNode n Current 60 days
[] SDAccel OpenCL Development Environment: 30 Day Node Locked Evaluati...  Certificate - Evaluation Mode m Current 30 days
[ Vivado Design Suite: HL WebPACK 2015 and Earlier License Certificate - No Charge Node n Current None
[[] SE WebPACK License Certificate - No Charge Node m Current None
[7] Xilinx MicroBlaze/All Programmable SoC Software Development Kit — Stand...  Certificate - No Charge Node " Current None
[F] PetaLinux Tools License Certificate - Evaluation Node " Current 365 days
[l Vivado HLS Evaluation License Certificate - Evaluation Node 11 Current 30 days
B e e R S R R LR LA Sa = =i

Generate Nod ed License

Figure 2-29 Generate license

-
Generate Node License
Fields marked with an asfensk * are required
J PRODUCT SELECTION
e
Selections End Date [ .
. LogiCORE. 10G/25G Ethem Evaluation 120 days »
1
i »
2 SYSTEM INFORMATION ﬁ
License MNode rent
= 1 rent
add a host...
rent
Edit'Delete a host...
W DESKTOP-BPB41C4 - Windows 64-bit - Ethernat - 10697A566BF3 i
rent
3 COMMENTS rent
2_ remt
Comments 7 ramt
rent
3 =

Figure 2-30 Fill ip with you PC MACaddress to generatelicense
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Generate Node License

4REVIEW LICENSE REQUEST

Product Subscription| Awvailable | Requested
ind Date Seats Seats

LogiCORE, 10G/25G Ethernet MAC/PCS (25GE. .. Site

Product Selections

System Information

License

Host ID

MNode
1C697TALSGE6BF3

w Lice nsei
foucher to Rede
OO H-XRKK-KK)

wicher code

¥ License F

license file b

ased Liceng

1 for Matlab and
led Edition Licen
gn Suite: 30-Day
ironment, 60 Da;
enCL Developm
gn Suite: HL We
ZK License
3lazefAll Prograr
Jols License

Evaluation Licer

Make Vour Tdea Real

Note: WebTalk is always enabled for WebPACK users. WebTalk ignores user and install

preference when a bitstream is generated using the WebPACK license. If a design is using a
device contained in WebPACK and a WebPACK license is available, the WebPACK license will !
always be used. To get additional information on WebTalk, go to www xilinx comiwebtallk. ]

o

Figure 2-31 Confirm the license generation

License Agreement

A A Y T TP I iy T VT T A T R e e s S e ey

| the parties with respect to the Licensed Materials, and supersedes all prior or contemporaneous

| discussions, representations, arrangements, understandings or agreements, written or oral, regarding

| the subject matter hereof. Mo additional terms or modificatons proposed by Licensee shall be binding

! on Xilinx unless expressly agreed to in writing and signed by Xilinx.

110.10 Interpretation. By dicking to “accept” or “agree” to this Agreement, Licensee acknowiedges
| and agrees that it has read and understood this Agreement, has had an opportunity to discuss this

| Agreement with its legal and other advisors, and agrees to be bound by the terms and conditions of this
| Agreement. This Agreement shall be interpreted fairly in accordance with its terms and without any

| strict construction in favor of or against either party.

| XTLTNX CONFIDENTIAL
| 2014.06

| EXHIBIT A - PRODUCT EXHIBIT

| Xilinx Part Number: 0452276
| Product Name/Description: LogiCORE, 10G/25G Ethemet MAC/PCS (25GEMAC)

Licensed Materials:

-

Search Now

Status Subscription
End Date

rent 90 days =

rrrent Nene

irent 30 days

irent 60 days

irent 30 days

wrent Mone

rrent None

irent None

wrent 365 days

;ﬂ'Ent 30 days

AAAPACF Y otk e a ARACITUND POCOTRRAIY Tl sl

—r PR e WAn

Figure 2-32 Agreement with xilinx license
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Congratulations

Your new license file has been successfully generated and e-mailed tu.:lq.mm.
You can also view the license file under the Manage Licenses tab,

Please add this sender (xilinx.notification@entitienow.com) to your address book.

License File Details
Node Licensa

Host 10:

Products
LogiCORE, 10G/25G Ethernet MAC/PCS (25GEMAC), Evaluation License (Evaluation):

Figure 2-33 after send license to you mail

So far, you can receive the corresponding Xilinx.lic in the registered mailbox

& ML )
ik

Xilinx.lic

R #E &5~

Figure 2-34 Mail received license attachment

Download the received Xilinx.lic, and then re-register the license with the
Vivado License manager (repeat the operation in section 2.2.3), as shown in the
figure
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: z ]
il Vivado License Manager 2020.1 - b X
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} & XILINX
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& Wapuga Lisare Certificate Based Licenses:
#|Manage License Search Paths
ATV Syt Tt srasion License Hame Tools/IP Expiration Date Version Limit License Typs  Location # of Seats
View Host Information zezufegest Taals Nodelocked C:\Ussrs\zilin\bp. .. [Tncounted A
- ten gie_eth mac TP Hardvare Evaluation Wodelocked C:\Users\xilin\lp. . |Uncounted
ten_gie eth mac_v3 0 |IF Herdrare Evalustion Wodelocked C:\Users\zilin\Bp. . |Uncounted
ten_gig eth mac_v4 0 |IP:Hardrare Evalustion Nodelocked C:\Users\zilin\Ap. .. [Uncounted
ten_gie eth mac_v5 0 |IP:Hardrare Evelustion Wodelocked C:\Users\xilin\lp. . |Uncounted
ten_gig eth mac v6 |IP.Hardrare Evalustion Wodselacked C:\Users\zilin\dp. .. [Incounted
ten_gig_eth mac w7 |IP:Hardrars Evalustion Nodelocked C:\Users\zilin\Ap. .. [Uncounted
ten_gie eth mac_vB |IP:Hardrare Evelustion Wodelocked C:\Users\xilin\Bp. . [Uncounted
ten_gig ethmac_v9 |IPHardvare Evalustion Nodelocked C:\Users\zilin\Ap. .. [Uncounted
x_eth_mac [TP:Hardvare_Evaluation Nodelocked C:\Users\zilin\Ap. .. [Uncounted
xxv_eth_nac_pes [P Hardvare_Evaluation Wodelocked C:\Users\xilin\Bp. . |Uncounted
xv_mac_pes [IP:Hardrare_Evalustion Nodelocked C:\Users\zilin\Ap. .. [Uncounted
i en_gig eth mac [TP: Hardrare_Evaluation 08-0ct-2021 Nodelocked C:\Users\zilin\Ap. .. [Tncounted
E en_gig eth mac_v3_0 1P Hardware Eveluation 08-0ct—2021 10 Nodelocked C:\Usevs\zilin\dp. [Uncounted
an_gig eth mac_v4 0 [IP:Hardrars_Evalustion 09-0ct=2021 1.0 Nodelocked C:\Users\zilin\Ap. .. [Uncounted
en_gig eth mac_v5_0 [IP: Hardware_Evaluation 08-0ct—2021 10 Nodelocked C:\Users\silin\lp  _[Uncounted
en gig eth mac_v6 [P Hardware Eveluation 08-0ct—2021 10 Nodelocked C:\Usevs\zilin\dp. [Uncounted
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Figure 2-35 Installation of license
At this point, the corresponding IP status has become Hardware Evaluation

IP License available

- Re =
10G/25G Ethernet Subsystem (3.2) ¢ ‘
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| @ Documentation IP Location
Y
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4
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4 =
4 Speed 1031256 - Num of Cores 1 v L
1 Data Path Interface | AXI Stream ~ Clocking Asynchronous |
i 1|+ atret_ci
| Il|+ strx () Enable Preemption 802 1cm Feature
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Figure 2-36 Installation license of state IP core
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In the next 3 month,you can use the IP of 10G/25G Ethernet MAC/PCS
(25GEMAC) Evaluation,

2.2.5 Modelsim Download and Installation

modelsim se 2019 is the latest version of HDL language simulation
softwarethat has been improved and optimized on the basis of the original
version of the software functions and performance, making its software
functionality more complete. The 2019 new version provides comprehensive and
high-performance verification functions, fully supporting the industry's wide
range of standards; in addition, compared with the old version, the simulation
speed is 10 times faster, and the graphical user interface is powerful, all windows
will be automatically updated in any other windows activity. For example,
selecting the design area in the Structure window will automatically update the
Source, Signals, Process and Variables windows. You can edit, recompile and re-
simulate without leaving the software environment. All user interface operations
can be scripted, and the simulation can be run in batch or interactive mode. It is
the preferred simulation software for FPGA/ASIC design.

Modelsim is a simulation tool of Mentor Graphics Corporation. The method of
downloading here can be found on the eetop website to find the corresponding
installation package, or download it from Mentor Graphics' official website.

2.2.6 Modelsim Installation

1,Unzip the compressed package of the software installation package to get

the installation program,
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Make Your IceaReal

I M
it
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[r] #REEEEASL i Emae - — = | SFEEE
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E=5E &4 = v it T eEmEE O
iR 2L FE I fii =
“~ - > [HFEERE » DATA1(D:) » user » downloads * modelsim2012
25 B ExEs s ol
# HuEAE
o =E > modelsim crack 2019/7/30 9:31 g
. . i modelsim crack 2020/8/18 9:24 WinRAR FEEEST4 801 KB
» 0] modelsim se 201 N4 7 2020/8/18 9:24 DOCK 3 1,445 KB
Spec] * &) modelsim-win64-2019.2-se 2020/8/18 10:23 HREF 836713 K8
=88R B s 2020/8/18 3:24 AT 2KB
AX7101_2019 1
— DATA1 (D3)
FZ5
BEEERE

N VR E

Figure 2-37 modelsim installation files
2,Double click the suffix .exe files to install , go to the installation wizard and
click next,

74 Mentor Graphics =2

Menbor: Welcome to ModelSim SE-64 2019.2

M Seemerin Bumine

This program will install Modelsim-64 on your computer.

eteanead S tation aad Dabtigging It is strongly recommended that you exit all Windows programs

before running this Setup program.

3100810441 Menior:

Click Cancel to quit Setup and then close any programs you have
running. Click Next to continue with the Setup program.

WARNING: This program is protected by copyright laws and
international treaties.

Unauthorized reproduction or distribution of this program, or
any portion of it, may result in severe civil and criminal
penalities, and will be prosecuted to the maximum extent
possible under law.

BR3H

Figure 2-38 modelsim installation wizard
3,Select the software installation path, click Browse to change the path, or set

the installation path according to the default.
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3 (@) Mentor Graphics 222 - ModelSim SE-64 2019.2 — | ¥

259 =Eopivin ot

g e

C\modeltechf4_2019 2 l:J ) B

Figure 2-39 modelsim installation location
4,Agreement with the license

2 (73 Mentor Graphics 222 - ModelSim SE-64 2019.2 — | b 4

End-UserLicense Agreement ﬁ;ri__

The latestversion of the End-User License Agreement
is available on-line at. www.mentor.com/eula ﬂ'E]‘_l

WO EEEs W W )

IMPORTANT INFORMATION

USE OF ALL SOFTWARE IS SUBJECT TO LICENSE

RESTRICTIONS. CAREFULLY READ THIS LICENSE AGREEMENT
BEFORE USIMG THE PRODUCTS. USE OF SOFTWARE INDICATES
CUSTOMER'S COMPLETE AND UNCONDITIONAL ACCEPTANCE OF
THE TERMS AND CONDITIONS SET FORTH IN THIS

AGREEMENT. ANY ADDITIONAL OR DIFFERENT PURCHASE
ORDER TERMS AND COMDITIONS SHALL NOT APPLY.

END-USER LICENSE AGREEMENT ("Agreement”)

This is a legal agreement concerning the use of
Software (as defined in Section 2) and hardware
(collectively "Products™)y between the company
acquiring the Products ("Customer™), and the Mentor

Graphics entity that issued the corresponding ';
Bl i . 2SR ASERERFCH M BRI AET MRERETEE". &
THEFRTE - R 'R "E RS EEETF T e iR -

ARE

Figure 2-40 modelsim license agreement
5,The software enters the installation state and is being installed. The installation

process will take some time, just wait
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2 Mentor Graphics 22 - ModelSim SE-64 2019.2 — O =
pl

W OEERE W W W

T

A REA T 2%~ W A A

— 8%

A

Figure 2-41 modelsim installation progress

6,click NO

;_i; @@ Mentor Graphics &2 - ModelSim SE-64 2019.2 — O

A Gemens funiness

I B R

153 Mentor Graphics 225 = O X

Menbor: Modelsim Desktop Shortcut

A Semmens Bunines

9 Would you like a shortcut to Modelsim placed on your desktop?

1= Y
=)

TEAEEAT Iy 2 R R 1 1

A
Figure 2-42 modelsim installation
/,In the last step to install the key driver of the hardware, select No, do not install.

This completes the installation of modelsim,
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2.2.7 Modelsim Project Establishment and Simulation

1, built new modelsim project , and make a location for the project,
2 , open modelsim software , file->new->project

l ™ Modelsim SE-64 20192

Fle Edit View Compile Simulate Add Transcript Tools Layout Bookmarks Window Help
Folder

|| cobmmtovout izcotumms EEE

o R[SLERRA] ¢ 12 o 4] wethonn
-

fPath I
smodelsm_work/AWB_NEV fwork
DiModelsmjmodeltechs_2015.2hvado2013.3_Ibjahbite_axi bridge

i02018.3_lbjorm.

Recent Dvectories » Lbrary
Recent rojects »
Gose indon " i

: —2015.2/01/ =
Tin S04 2016.2 Ape 17 2016 Bevote- v

Copyright 1991-2019 Mentor Graphics Corporation
A11 Rights Reserved

n contain trade

ed from disclosure under the Trade Sec:
ecion 1905

¢ Loading project awb_new
¢ zeading 15.2/win€d/ . fmodel

bocesm]

| O mzEe rEEERNRE € = 8 B G OB, s B > D M ~"2060HGE B m;/g;“ 8

Figure 2-43 New modelsim project

3,fill the project name and location
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lata_fifo_w2_1_17F

latamowver_w5_1_20

ima_w7_1_19

iwidth_converter_v2_1_18

smc_w3_0_18 MM Crecie

pc_ w2 0 21

sthernet_buffer w2 _0_19 —_Project Name ™ =
sthernetite_v3_0_16 [project _test

ifo_mm_s_w4 1_15

ifo_mm_s_w4 2.0 r Progect | ocstion

irewall_v1_0_6 [D: /modelsim work/project_test Browse...
pio_w2 0_20

wicap_w3_0_22 f -Default Library Mame

c w2 0_21 [wory j
afrastructure_v1_1_0 =

atc_ w4 1 12 —Copy Settings From —

:ech64._2l319.2.-"mcrdelsim.ini Browse. .. |

i)
o 1 Ll

' Copy Library Mappings ¢ Reference Library Mappings

oK t Cancel |

Figure 2-44 modelsim new project

4,Add existing files -> then chose RTL design files
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< |

™ Add items to the Projec Pt
— Click on the icon to add items of that type; —
Create Mew File Add Existing File
M Add file to Project
I File Name

|iD: Jfmodelsaim work/project test/RILSi2c.v D:/mg

Browse,..

]

Add fileastype —
E:le:'ault

g

Folder
!Tu:rp- Level

{* Reference from current location

" Copy to project directory

ok | cancel [
Figure 2-45 project to add existing files
5,compile-> compile ALL

te Add pmfe“,ﬁ Tnf‘; ;wm’:“ ‘:’;Wm ngm B S "J [ a2%8 [ N

2 =
RE]
ﬁﬂfj

ISERTLER Y]

[ Project : awb_design | <o Design Loaded> [awb_design.v

C-~0pHEHGOR/

Figure 2-46 modelsim compile
6,Back to library window

P
£ GRERARRRONE "2 6OBBE D hua B |
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Edit View Compile Simulate Add Library Tools Layout 3:0'—cma" "‘lmdca Help

@ #h B J Help m | \% |J Lyt ateaton
A orory . .
:V|Name |Type |Path
| gl work Library work.
| i;-m ahblite_axi_bridge_v3_0_13 Library D: Modelsimfmodeltecha4_2019. 2fvivado 2018, 3_lib/ahblite_axi_bridge_v3_0_13
| 1}M amm_axi_bridge_v1 0_4 Library D:/Modelsim/modeltechs4_2019. 2fvivado2018.3_libfamm_axi_bridge_v1_0_4
| 1'~M ats_switch_v1_0_1 Library D:/Modelsim/modeltecha4_20139. 2fvivado2018.3_libfats_switch_v1 0_1
I3 M audio_docdk_recovery_v1_0 Library D: /Modelsim/modeltecha4_2019, 2fvivado 2018, 3_libfaudio_dock_recovery_vi_0
| i;-m audio_formatter_v1_0_0 Library D: Modelsim fmodeltecha4_2019. 2fvivado2018, 3_lib/audio_formatter_v1 0_0
| 1}M audio_tpg_v1 0.0 Library D:Modelsim/modeltechs4_2019. 2fvivado2018.3_libfaudio_tpg_v1_0_0
Eii“ml av_pat_gen_v1 0_0 Library D:/Modelsim/modeltecha4_2019. 2fvivado2018.3_libfav_pat_gen_v1_0_0
I3 M axidstream_vip_v1_1_4 Library D: Modelsim/modeltecha4_2019. 2/vivado 2018, 3_lib/axidstream_vip_v1_1_4
| i,-m axidevideo_bridge_v1_0_10 Library D: Modelsim fmodeltecha4_2019. 2fvivado2018, 3_lib/axidsvideo_bridge_v1_0_10
| 1}M axi_ahblite_bridge_v3_0_15 Library D:Modelsim/modeltechs4_2019. 2fvivado2018.3_lib/axi_ahblite_bridge_vw3_0_15
IES M axi_amm_bridge_v1_0_8 Library D:/Modelsim/modeltecha4_2019. 2fvivado2018. 3_lib/axi_amm_bridge_v1_0_8
| 1;~M axi_apb_bridge_v3_0_14 Library D: /Modelsim/modeltecha4_2019, 2fvivado2018, 3_libfaxi_apb_bridge_v3_0_14
| i;-m axi_bram_ctrl_v4_0_14 Library D: Modelsim fmodeltecha4_2019. 2fvivado2018, 3_lib/axi_bram_ctrl_v4_0_14
| 1-‘M axi_bram_ctrl_v4_1 0 Library D:/Modelsim/modeltechs4_2019. 2fvivado2018.3_libfaxi_bram_ctrl_v4_1_0
= M axi_cdma_v4_1 18 Library D:/Modelsim/modeltecha4_2019. 2fvivado2018.3_lib/axi_cdma_v4_1_18
:1,~M axi_chip2chip_v5_0_4 Library D: /Modelsim/modeltecha4_2019, 2fvivado 2018, 3_libfaxi_chip2chip_v5_0_4
'irm axi_dock_converter_v2_1_17 Library D: Modelsim fmodeltecha4_2019. 2 fvivado2018. 3_libfaxi_dock_converter_v2_1_17
._-‘M axi_crossbar_v2_1_19 Library D:/Modelsim/modeltechg4_2019. 2fvivado2018.3_lib/axi_crossbar_v2_1_19
| +~M axi_data_fifo_v2_1_17 Library D:/Modelsim/modeltecha4_2019. 2fvivado2018.3_lib/axi_data_fifo_v2_1 17
_-“m an datamover w5_1 20 Library D: /Modelsim/modeltecha4_2019. 2fvivado2018, 3_lib/axi_datamover_v5_1_20
Library D: Modelsim fmodeltecha4_2019. 2fvivado2018.3_lib/axi_dma_v7_1_19
Library D: Modelsim/modeltechg4_2019. 2fvivado2018. 3_lib/axi_dwidth_converter_v2_1_18
Library D:/Modelsim/modeltecha4_2019. 2fvivado2018.3_lib/axi_emc_v3_0_18
Library D: Modelsim/modeltecha4_2019, 2fvivado2018,3_lib/axi_epc_v2_0_21
Library D: [Modelsim fmodeltecha4_2019. 2fvivado2018. 3_lib/axi_ethernet_buffer_v2_0_19
Library D:/Modelsim/modeltechg4_2019. 2jvivado2018.3_lib/axi_ethernetlite_v3_0_16
Library D:/Modelsim/modeltecha4_2019. 2jvivado2018.3_lib/axi_fifo_mm_s_v4_1_15
Library D: /Modelsim/modeltecha4_2019, 2fvivado 2018, 3_lib/axi_fifo_mm_s_v4 2 0
Library D: [Modelsim fmodeltecha4_2019. 2 fvivado2018. 3_libfaxi_firewal_v1_0_6
Library D:/Modelsim/modeltechs4_2019. 2fvivado2018.3_libfaxi_gpio_v2_0_20
Library D:/Modelsim/modeltech&4_2019. 2fvivado2018. 3_lib/axi_hwicap_v3_0_22
Library D: Modelsim/modeltecha4_2019. 2/fvivado2018.3_lib/axi_ic_v2 0 21
ey D Modismncdelt= oy 015 iuado U183 Mo dnfrastnichins 143 200

2

# // Mentor Graphics Corporation and are privileged, confidential,

# // &nd exempt from disclosure under the Freedom of Information Act,
# // 5 U.5.C. Section 552. Furthermore, this information

# // 13 prohibited from disclosure under the Trade Secrets Act,

# // 18 U.5.C. Section 1905.

$# //

# Loading project awb_new

Figure 2-47modelsim library
7,0pen work library-> “Testbench “ , and simulation
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D:/Madelsimmodeltech&4_2019. 2/vivado2018. 3_lib/ahblite_axi_bridge_v3_0_13
D:Modelsim/modelteched_2019. 2fvivado2018. 3_libjamm_axi_bridge_vi_0_4

Simulate vath Coverage
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a4} @xi_dock_convertel  propertes. .. Dz Modelsim/modeltechsd_2019. 2fvivado2018.3_libfaxi_dock_converter_v2_1_17
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T Ilan datamover v5_1_20 Library D:Modelsim/modelteche4_2019.2vivado2018.3_libjaxi_datamover v5_1_20
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+ ‘1 axi_epc w2 0_21 Library D:Modelsimfmodelteché4_2019.2/vivado2018.3_libjaxi_epc w2 0_21

+- lla)ﬂ ethernet_buffer_v2_0_19 Library Dz Modelsimmodelteché4_2015. 2 vivado2018. 3_lib/axi_ethemet_buffer_v2_0_19
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<ol 2% frewall vi0 6 Librarv D:Modelsim/modelteched 2019, 2/vivado2018.3 libfaxi firewall vi D 6

i brary [ Project

B Transcript

Figure 2-48 modelsim simulation begin

Add the signal to be observed in the sim window, and then you can see the
simulated waveform window. If there is an error, you can modify it according to
the prompt.

View Add Format Tools Bookmarks Window Help

JDE Sl iwBO

re
O-ME

HRERA|| G-t | B = UBEHS AW A2 BT[N W] L LIS

sk e[aqasan]

LW

Figure 2-49 modelsim simulation waveform
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2.3 Knowledge Preparation
2.3.1 Verilog Brief Introduction to Grammar

Verilog HDL is a hardware description language that describes the structure
and behavior of digital system hardware in text form. It can be used to represent
logic circuit diagrams, logic expressions, and logic functions completed by digital
logic systems. Verilog HDL and VHDL are the two most popular hardware
description languages in the world, both of which were developed in the mid-
1980s. The former was developed by Gateway Design Automation (the company
was acquired by Cadence in 1989). Both HDL are IEEE standards. Here are some
synthesizable grammatical knowledge of Verilog:

1, Constant :

Constants can exist in Verilog documents, which will be converted to
constant registers corresponding to logic circuits or ignored directly during the
pretreatment stage. For example, integer, parameter DLY=1; here is to define a
constant DLY, integer can be represented by binary b or B, octal o or O, decimal d
or D, hexadecimal h or H, for example, 8'b00001111 means 8 bits A bit-wide
binary integer, 4'ha represents a 4-bit wide hexadecimal integer. For example,
underscore: assign a = 8 b0000 1111; The underscore here is for easy reading.
For example, X, or Z: X indicates that the variable is in an uncertain state, a =
8'bxxx0_11xx; here it means that the 0, 1, 5, 6, 7 bits of the variable a[7:0] are
uncertain values, that is, In the actual result, there must be a result, but we cannot
logically determine whether the exact value of this result is 0 or 1. On the whole,
the value of a is in an uncertain state. If a = 8'bzzz0 11zz, here it means that the
0,1,5,6,7 bits of the variable a[7:0] are in the high-impedance state. As the name
implies, the resistance is large enough to reach an open circuit, which is
equivalent to floating. The value depends on the logic circuit that follows.

2, Variable

Refers to the amount of value that can be changed during operation. The
amount of value that can be changed in Verilog is a variable of the register type,
such as the reg type. The value of the line connecting a colleague and reg is also
changed. This type is a wire type variable. There is also a whole block of data
changes, which can be used to store data, such as RAM, ROM, etc., as well as
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frequently used DDR, SDRAM, FLASH, and so on. These devices can all be
instantiated in verilog's grammar, and can naturally store changed data. Here we
introduce wire and reg.

3, Wire :

Wire refers to a linear variable. Use wire to define a variable. Wire [7:0] a; In
the process of synthesis, there is an 8-bit wide connection. As for what is
connected at both ends of the connection, it needs to be specific It will be known
in the design. For example, assign a = 8'b0000 1111; here is to link a to the
output terminal of the 8bit constant register, so that the value on the entire line
has changed, and it is always 8'b0000 1111. For example, link a to the output
terminal of the register, Here the register needs to have a bit width of 8bit, and
only the assign statement can be used in Verilog. Of course, the bit width
assigned to a is mainly 8bit. as the picture shows:

0
4, Reg:

This is called a register variable in verilog. In the circuit, a register is used to

represent the corresponding variable. The bit width and number of variables are
consistent with the number of registers implemented in the circuit. Obviously, reg
type variables can store us The required data, its value can also be changed with
the clock of the register, the value in the register can be retained, changed, etc.
The change of the register value in the verilog syntax must be carried out in the
always statement. There are two usages here, divided into Combinational logic
circuit and sequential logic circuit; the register q is defined, the generated circuit
is sequential logic, and the structure on the right is the D flip-flop.

g~reg0
d[ >—B
k[ >— Bemeal > q

T'holSeiR
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module top(d, clk,

a

input d ;

input clk ;

output reg g ;

always @ (posedge clk)
begin

q<=d ;

end

endmodule

Combinational logic can also be generated, such as data selector, sensitive
signals have no clock, reg Mux is defined, and the final generating circuit is

combinational logic.

MuxO

sel[10] | >—SEL[1"O] ouT

Mux
b[:} P DATA[3..0]

a
C
d

module top(a, b, ¢, d, sel,
Mux) ;

input a ;

input b ;

input c ;

input d ;

input [1:0] sel ;

output reg Mux ;

always Q(sel or a or b or c or
d)

begin

case(sel)

2'b00 : Mux = a ;
2'b01 : Mux = b ;
2'bl10 : Mux = c ;
2'bll : Mux = d ;
endcase

end

endmodule

Memory type: We can use reg [15:0] a [1023:0]; to define a data block, there
are 1024 data, and the bit width is 16bit. It can be instantiated in RAM, occupying
RAM resources, and can be instantiated into ROM, FLASH, etc. memory in ASIC
design,

Operator: Operators include: arithmetic operators, logical operators, bitwise
operators, reduction operators, relational operators, shift operators, equality
operators, conditional operators, and concatenation operators.

Arithmetic operators: Commonly used arithmetic operators include: +
addition,-subtraction, * multiplication, / division,% modulo (remainder)

The above arithmetic operators are binocular operators.
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Logical Operators: && Logical AND, || Logical OR,! Logical negation Bitwise
operators: ~ Bitwise negation, & bitwise AND, | bitwise OR, ~ bitwise XOR, A~, ~A
bitwise XOR Reduction operator: Abbreviated operators are unary operators,
including the following: & And, ~& and or, | or, ~| NOR, ~ XOR, A~, ~~ same or
E.g:
reg [3:0] a;
b=8&a;//equalto b= (((a[0]&a[1])&a[2]) &a[3])

Relational operators:

<Less than, <= less than or equal to,> greater than, >= greater than or equal
to Shift operator: <<, shift left. >>, move right Equality operator: == equals, !=is
not equal, === is equal, !== is not equal Equality operator (==):

The two operands involved in the comparison must be equal bit by bit, and
the result of the equality comparison is 1. If some bits are in the indeterminate
state or high impedance state, the result of the equality comparison is indefinite
value;

Congruence operator (===): In the indeterminate or high-impedance state,
the two operands must be exactly the same, and the result is 1.
Conditional operator ?:
Concatenation operator: {}

For example: {3{a,b}} is equivalent to {{a,b}, {a,b}, {a,b} }, and also equivalent to
{a,b,a, b,a b}

The precedence levels of various operators are as follows:
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&

Concatenation, replication

unary + unary -

Unary operators

Arithmetic

Modulus

Relational

Logical negation

Logical and

Logical or

Logical equality

Logical inequality

Case equality

Case inequality

Bitwise negation

Bitwise and

Bitwise inclusive or

Bitwise exclusive or

Bitwise equivalence

Reduction and

Reduction nand

Reduction or

Reduction nor

Reduction xor

Reduction xnor

Logical left shift

~

Logical right shift

Arithmetic left shift

Arithmetic right shift

Conditional

RIREB=

Make Your Idea Real

Figure 2-50 Operator Priority
5, Combinational logical :
The characteristic of the combinational logic circuit is that the output at any
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time depends only on the input signal, the input signal changes, the output
changes immediately, and does not depend on the clock.
AND :

In verilog, "&" means bitwise AND, such as c=a&b, the truth table is as
follows, when both a and b are equal to 1, the result is 1, RTL means as shown in

the figure
C
. Cc
= B
B Gt
a b &
0 0 0
0 1 0
1 0 0
1 il il
Code
module top(a, b,
c)
input a ;
input b ;
output c ;
assign c = a &b ;
endmodule

Test fot excitation :

“timescale 1 ns/1 ns
module top tb()
reg a ;

reg b ;

wire c ;

initial

begin

a =20 ;

b=20;

forever

begin
#({Srandom}%100)

a = ~a ;
#({Srandom}%100)

b = ~b ;

end

end

top

t0(.a(a), .b(b),.c(c)) ;
endmodule

The simulation results are as follows
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If the bit width of a and b is greater than 1, for example, define input [3:0] a,
input [3:0]b, then a&b then The corresponding phases of a and b are AND. Such
as a[0]&b][0], a[1]&b[1]. Other combinatorial logic similar processes can be

learned.

Comparators :

In verilog, it is expressed as greater than ">", equal to "==", less than "<",
greater than or equal to ">=", less than or equal to "<=", not equal to "!=". Take

greater than for example, such as c= a > b; means that if a is greater than b, then
the value of c is 1, otherwise it is 0. The truth table is as follows:

T ity
a b c 7'h0 ciN  LessThanO
] ] ]
A0 ouT
0 1 0 b o ¢
1 0 1 a B[O]
1 1 1]
code :
module top(a, b, c) ;
input a ;
input b ;
output c ;
assign c = a >b ;
endmodule

Test fot excitation :

‘“timescale 1 ns/1
ns
module top tb()
reg a ;
reg b ;
wire c ;
initial
begin
a=20 ;
b=20;
forever
begin
#({Srandom}%100)
a = ~a ;
#({Srandom}%100)
b = ~b ;
end
end
top
t0(.a(a), .b(b),.c
endmodule

The simulation results are as follows
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6 , Timing logical :

The characteristic of the logic function of the combinational logic circuit is
that the output at any time depends only on the input at the current time, and
has nothing to do with the original state of the circuit. The characteristic of
sequential logic in logic function is that the output at any moment not only
depends on the current input signal, but also depends on the original state of the
circuit. The following is a typical sequential logic analysis.

D flip-flop :

D flip-flop stores data on the rising or falling edge of the clock, and the
output is the same as the state of the input signal before the clock jumps. Verilog
describes the D flip-flop

module top(d, clk,
a)

input d ;

input clk ;

output reg g ;
always @ (posedge clk)
begin

q<=d;

end

endmodule

RTL synthesis :

q~reg0
d[ >——1{B
clk[ >——F€K QfF—{ > q
1'hOISEIR

The simulation stimulus file is as follows :

“timescale 1 ns/1 ns
module top tb()
reg d ;

reg clk ;

wire g ;
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initial

begin

d=0 ;

clk = 0 ;

forever

begin

#({Srandom}%100)

d = ~d ;

end

end

always #10 clk = ~clk ;
top
t0(.d(d),.clk(clk),.q(q))
endmodule

The simulation results are as follows. It can be seen that at time t0, the value
of d is 0, and the value of q is also 0; at time t1, when d changes and the value is 1,
then q correspondingly changes and the value becomes 1. . It can be seen that in
a clock cycle between t0-t1, no matter how the value of the input signal d
changes, the value of g remains unchanged, that is, there is a storage function,
and the saved value is on the transition edge of the clock. The value of d at time.

Dual port RAM :

Dual-port RAM is divided into true dual-port RAM and pseudo-dual-port
RAM. The read-write address of pseudo-dual-port RAM is independent, and the
write or read address can be randomly selected to perform read and write
operations at the same time. True dual-port RAM has two sets of control lines and
data lines, allowing two systems to read and write to it. Here is the introduction of

true dual-port RAM

Verilog description of the dual port RAM :

module top

(

input [7:0] data a, data b,
input [5:0] addr_a, addr_b,
input wr a, wr b,

input rd a, rd b,

input clk,

output reg [7:0] g a, g b
)

reg [7:0] ram[63:0]; //declare ram
//Port A

always @ (posedge clk)
begin

if (wr_a) //write

begin
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ram[addr a] <= data_a;
g_a <= data_a ;
end

if (rd a)

//read

g_a <= ram[addr_al;
end

//Port B

always @ (posedge clk)
begin

if (wr_b) //write
begin

ram[addr b] <= data b;
q b <= data b ;

end

if (rd_b)

//read

g b <= ram[addr b];
end

endmodule

RTL simulation stimulus file is as follows :

‘timescale 1 ns/1 ns
module top tb()

reg [7:0] data a, data b ;
reg [5:0] addr _a, addr b ;
reg wr_a, wr b ;

reg rd a, rd b ;

reg clk ;

wire [7:0] g a, g b ;
initial
begin
data_a
data b
addr_a
addr b
wr a =
wr b =

nn
o o oo
~

o oo ol
.
~

#100 wr_a
#100 rd b
end
always #10 clk = ~clk ;
always @ (posedge clk)
begin

if (wr_a)

1
1
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begin

data _a <= data _a + 1'bl ;
addr_a <= addr a + 1'bl ;
end

else

begin

data a <= 0 ;

addr_a <= 0 ;

end

end

always @ (posedge clk)
begin

if (rd b)

begin

addr b <= addr b + 1'bl ;
end

else addr b <= 0 ;

end

top

t0(.data_a(data_a), .data b(data b),
.addr_a(addr_a), .addr b(addr b
),

.wr_a(wr _a), .wr b(wr b),
.rd a(rd a), .rd b(rd b),
.clk(clk),

.g_a(g_a), .g9 b(g_b)) ;
endmodule

Simulation results :

4 fop_thick
}4-_ Jtop_th/data_a

booioe _Jpooiol _ Jpooiid _ Jpooiil  jpoiood _ jpotool jpoif
[boo00611 _jpooooion  jpooooidi pooooiin jpooooiil jpoooitoo jooo]

Finite State Machine :

The finite state machine (Finite-State Machine, FSM), has become a finite
state automachine, abbreviated as a state machine, which is a mathematical
model that represents a finite number of states and the behaviors such as
transitions and actions between these states. | often apply FSM in application
scenarios such as motor control and communication protocol analysis. What this
article is talking about is the writing skills and specifications of the finite state
machine based on the hardware description language Verilog HDL. As we all
know, FPGA is known to the world for its parallelism and reconfigurability. In
today’ s electronic world, basically all devices are serial, so FPGA as a control unit
or a programmable unit needs to be converted from parallel to serial. It
communicates and controls with the outside world, and the finite state machine
plays this role with its simplicity, practicality, clear structure and appropriateness.
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A finite state machine is a hardware sequential circuit composed of a register
group and a combinational logic. Its state (that is, a finite number of states
composed of the combined state of 1 and 0 of the register group) can only be
changed from the same clock transition edge. When one state turns to another
state, which state to turn to or stay in the original state not only depends on each
input value, but also depends on the current state.

There are two types of state machines: Mealy and Moore. The output of the
Moore-type state machine is only related to the current state, while the output of
the Mealy-type state machine not only depends on the current state, but is also
directly controlled by the input, and may have nothing to do with the state. The

structure of the state machine is shown in the figure below.:
[ N

input next state state
logic register

ck

Figure 2-51 Moore finite state machine
The essence of the state machine is a method of describing events with
logical sequence or timing law. The two most important words in this argument
are "logical order" and "chronological logic". These two points are the core and
strengths of the state machine to describe. In other words, all things with logical
order and timing laws are suitable for description by the state machine.

Two application ideas of state machine. The first idea is to start with state
variables. If a circuit has sequential logic or logical sequence, we can naturally plan
out the states, start with these states, analyze the input, state transition and
output of each state, and complete the circuit function; The second idea is to first
clarify the output relationship of the circuit, these outputs are equivalent to the
output of the state, backtracking plan each state, and state transition conditions
and state inputs.

The two ways of thinking have the same goal in different ways. They must use
the state machine to achieve the purpose of controlling a certain part of the
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circuit, and complete a certain circuit design with logic sequence or timing law.
The parameter definition of the state machine adopts the one-hot code.

Compared with the Gray code, although the one-hot code uses more triggers,
the combined circuit used can save some, so the speed and reliability of the
circuit are significantly improved. The number of units did not increase
significantly. After adopting one-hot encoding, there are redundant states and
some unreachable states. For this reason, the default branch direction needs to be
added at the end of the case statement. This can be represented by a default item
or a definite item to ensure that it returns to the initial state.

Generally, the synthesizer can handle the default items reasonably through
the control of the synthesis instruction.

The function of the vending machine is described as follows

The unit price of drinks is 2 yuan, and the vending machine can only accept
0.5 yuan and 1 yuan coins. Consider changing and shipping. The coin insertion
and shipment processes are carried out one at a time, and there will be no such
thing as a one-time investment of multiple coins or one-time shipment of
multiple bottles of beverages. After each round of vending machines accept coin
insertion, shipment, and change, it can enter the new automatic selling state. The
working state transition diagram of the vending machine is shown below,
including the input and output signal states. Among them, coin = 1 means 0.5
yuan coin is invested, and coin = 2 means 1 yuan coin is invested.

State machine design: 3-stage (recommended)
The state machine design is as follows:

First, determine the state machine code according to the number of state
machines. Using codes to assign values to the status register makes the code
more readable.

The first stage of the state machine, sequential logic, non-blocking
assignment, transfer the state of the register.

The second stage of the state machine, combinatorial logic, block
assignment, and determine the state of the next state machine based on the
current state and current input.
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The third generation of state machine, sequential logic, non-blocking
assignment, because it is a Mealy type state machine, it determines the output
signal according to the current state and current input.

J ™, coin=l1 N
| IDLE } » GETOS )

coin=2 coin=2

coin~=1 coin=2
sell=1 sell=1

change=0|change=1

coin=1

coin=2

sell=1

< change=0 - _
(GET15 = YGET10)
—— coin=1 . A

Verilog RTL description :
module vending machine p3

(
input clk,
input rstn,
input [1:0] coin , //01 for 0.5 jiao, 10 for 1 yuan
output [1:0] change ,
output sell //output the drink
)i
//machine state decode
parameter IDLE =3'd0;
parameter GETO05 =3'dl;
parameter GETI0 =3'd2;
parameter GETI5 =3'd3;
//machine variable
reg [2:0] st next ;
reg [2:0] st cur;

//(1) state transfer
always @(posedge clk or negedge rstn) begin
if (Irstn) begin

st_cur <="b0;
end
else begin

st cur <=st next;
end

end
//(2) state switch, using block assignment for combination-logic
always @(*) begin //all case items need to be displayed completely
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case(st_cur)
IDLE:
case (coin)
2'b01: st next = GETOS ;
2'b10: st next=GETI10 ;
default: st next=IDLE ;
endcase
GETOS:
case (coin)
2'b01: st next = GET10 ;
2'b10: st next=GETI1S5 ;
default: st next= GETO05;
endcase
GETI10:
case (coin)
2'b01: st next = GET15 ;
2'b10: st next=IDLE ;
default: st next=GETI0;
endcase
GETI15:
case (coin)
2'b01,2'b10:
st next=IDLE ;
default: st next=GETI15;
endcase
default: st next=IDLE ;
endcase
end
//(3) output logic, using non-block assignment
reg [1:0] change r;
reg sell r;
always @(posedge clk or negedge rstn) begin
if (Irstn) begin
change r <=2'b0;
sell r <=1b0;
end
else if ((st_cur == GET15 && coin ==2'h1)
|| (st cur==GET10 && coin ==2'd2)) begin

change r <=200;
sell r <=1'bl;
end
else if (st cur == GET15 && coin == 2'h2) begin
change r <=2'bl;
sell r <=1'bl;
end
else begin
change r <=2b0;
sell r <=1'b0;
end

end
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assign sell =sell r;
assign change =change r;
endmodule

The test-bench design is as follows :

Four scenarios are simulated in the simulation, namely: Casel correspon
ds to the consecutive input of 4 5 jiao coins; case2 corresponds to the coin i
nsertion sequence of 1 yuan-5 jiao-1 yuan; case3 corresponds to the coin ins
ertion sequence of 5 jiao-1 yuan-5 jiao; case4 corresponds to 3 consecutive 5
jiao and then a 1 The order of yuan coin insertion.

“timescale 1ns/1ps
module test ;
reg clk;
reg rstn ;
reg [1:0] coin ;
wire [1:0]  change ;
wire sell ;
//clock generating
parameter CYCLE 200MHz=10;//
always begin
clk=0; # CYCLE 200MHz/2) ;
clk=1;#CYCLE 200MHz/2) ;
end
//motivation generating
reg [9:0] buy oper ; //store state of the buy operation
initial begin
buy oper ='h0;
coin =2'h0 ;
rstn =1D0;
#8rstn =1Dl;
@(negedge clk) ;
//case(1) 0.5 > 0.5 ->0.5->0.5
#16 ;
buy oper =10'b00 0101 0101 ;
repeat(5) begin
@(negedge clk) ;
coin =buy oper[1:0] ;
buy oper =buy oper>>2;
end
//case(2) 1 -> 0.5 -> 1, taking change
#16 ;
buy oper =10'b00 0010 0110 ;
repeat(5) begin
@(negedge clk) ;
coin =buy oper[1:0] ;
buy oper =buy oper>>2;
end
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//case(3) 0.5 >1->0.5
#16 ;
buy oper =10'b00 0001 1001 ;
repeat(5) begin
@(negedge clk) ;
coin =buy oper[1:0] ;
buy oper =buy oper>>2;
end
/lcase(4) 0.5 > 0.5 -> 0.5 -> 1, taking change
#16 ;
buy oper =10'b00 1001 0101 ;
repeat(5) begin
@(negedge clk) ;
coin =buy oper[1:0] ;
buy oper =buy oper>>2;
end
end
//(1) mealy state with 3-stage
vending_machine p3 u_mealy p3

(
.clk (clk),
.Istn (rstn),
.coin (coin),
.change (change),
sell (sell)
);
//(2) mealy state with 2-stage
wire [1:0] change p2;
wire sell p2;
vending machine p2 u _mealy p2
(
.clk (clk),
Istn (rstn),
.coin (coin),
.change (change p2),
.sell (sell_p2)
);
//(3) mealy state with 1-stage
wire [1:0] change pl ;
wire sell pl;
vending machine pl u mealy pl
(
.clk (clk),
.Istn (rstn),
.coin (coin),
.change (change pl),
.sell (sell_pl));
//(4) mealy state with 1-stage
wire [1:0] change moore ;
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wire sell moore ;
vending machine moore u_moore p3
(
.clk (clk),
Istn (rstn),
.coin (coin),
.change (change moore),
sell (sell_moore));

//simulation finish
always begin
#100;
if ($time >= 10000)  $finish ;
end
endmodule // test
Simulations results as follows:

It can be seen from the figure that the sell signal representing the shipm
ent action can be pulled up normally after the coin is inserted, and the signa
| change representing the change action can also output the correct change

signal according to the input coin scene

ed

6 Conclusion
This document introduces the commonly used modules in combinatorial logic

and sequential logic. Among them, finite state machines are more complicated,
but they are often used. | hope everyone can understand them deeply, use them
more in the code, and think more, which is conducive to rapid improvement.

2.3.2 VerilogGrammar Study References

There are many reference materials for learning verilog grammar, but before
learning verilog grammar, you need to complete the study of digital logic circuits
and the study of semiconductor principles in the analog circuit course.

For further competition and risk in combinational logic circuits, as well as
delays in sequential circuits, input and output delays, about the integration of
module instantiation, parameter transfer, etc., here is limited to the length of the
introduction, you can refer to the verilog

The learning materials are as follows:
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[1] Xiaomei Ge FPGA Tutorial

[2] Weisan Academy FPGA Tutorial

[3] Wu Houhang. Playing with FPGA in simple language[M]. Beijing
University of Aeronautics and Astronautics Press, 2013.

[4] Xia Yuwen. Verilog digital system design tutorial. 3rd edition [M].
Beijing University of Aeronautics and Astronautics Press, 2013.

[5] Han Bin, Yu Xiaoyu, Zhang Leiming. Detailed explanation of FPGA
design skills and case development[M]. Publishing House of Electronics
Industry, 2014.

For information on timing, you can use xilinx official timing analysis and the

use of constraints.
2.3.3 Usage of DocNav

Installation of DocNav:

-Can be installed separately

-The software is already included in the Vivado installation file, just check it
DocNav overview:

Open the software, Catalog View and Design Hub View will be displayed in
the upper left corner.

Catalog View divides the data into categories according to chip series,
development tools, IP, etc.

The Design Hub View classifies documents from the FPGA design perspective.

How to use this tool well? One of the purposes of this tool is to help us find
Xilinx related documents. Furthermore, it means "use less time to find documents
and save more time to read documents”. If you are a beginner and have just
contacted Xilinx, you may only know the basic flow of FPGA design or simple
terminology, then you can start to find the information you need from Design
Hub Veiw. If you open DocNav and the Design Hub View is not displayed, you can
click the red box button in the figure below (in the upper right corner). Select
System-Level Design Flow in the figure below, and a clear flow chart will appear.
The wonderful thing about this flow chart is that the blue text in the figure is a
hyperlink. Click it and you will find that related documents are all gathered
together.

-60 -



[ s F—u
MYS-ZU5EV_FPGA Development Manual V2.0.3 MY iR RitE=

Il Xilinx Documentation Navigator 2020.2 - Design Hub View
Catelog View  Design Hub View [0 ugfaS—vivadeusingcenstraints—tutorial pdf |  uegB®d—vivado—tel-scripting pdf [
(@) () vesisn Hubs 2021.05.24 (ilinz Design Tools 2020.1/14.7)

™~ Design Checklists * | Find Text: | v
Create Design Checkiist. _ =
vrmannmwm v UltraFast Design Methodology - System-Level Design Floy
em-Level sign Flow '2020.1 - Published 2020-05-06

Design Flows Overview | Getting Started - Design Flows Dverview

10 and Clock Planning

-2

r . . i
High-Level Synthesis (C bas... System Design Entry | Gbasiﬁﬂ? i mTLr.:g-d@el.;Egssei‘inﬂﬁzll?% V;I(Eptware
Applying Design Constraints C;_:jﬁgurill‘g ge‘\);elapmen;
Logic Simulation Configuring Embedded
Logic Synthesis RTL P Procassor
Implementation Development Subsystems Design
Dynamic Function eXchange l —
System Generatar for DSP @
Timing Closure 8 Design An... | Logic Simulation |
Programming and Debug l
Installation and Licensing Dynamic - . - :
-+ Embedded Design Function eXchange H Assign Logical and Physical Constraints Iq—
Vitis Embedded Software D... l

Vitis Application Acceleratio... |

Logic Synthesis |
Zyng UltraScale+ RFSoC De...

Zyng Ultrascale+ MPSoC D.. 1]

- Boot and Configuration 4-| Implementation |
- Security l

- Debug

Zyng-7000 SoC Design Over... | Timing Clesure and Design Analysis |
- Data Movers L

= fower Management Generate Bitstream, Programming, and Debug  |s :
- Boot and Configuration
- Security

- Performance and Accelera... Processor Boot Export to SDK
- Debug Hardware Bring-up and Validation and Debug

Petalinux Tools

MicroBlaze Soft Processor
¥ FPGA Design

Dt Sy

Video Design

PCI Express (PCle) Design
UltraScale GTY Transceivers

UltraScale GTH Transceivers

~ Memory Interfaces

UltraScale DDR3/DDR4 Me...

UltraScale RLDRAM 3 Menm...
UltraScale QDRI+ SRAM M...

Figure 2-52 DocNav begin
For example, if you click Logic Simulation, the following documents will

appear (only a part of them are shown here). Then you can view the document
according to your reading habits. For beginners, GetTIng Started is a good part.
There are videos, a Tutorial that teaches you step by step, and a User Guide for
further in-depth learning. For the User Guide, | personally suggest that you can
use it as a dictionary, and you can check it when you encounter problems, which
will be more efficient. It's really unnecessary to read page by page.
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Catalog View Design Hub View [

@ (C)Design Habs 2021.05.24

ugP45—rivado—using—constraints—tutorial pdf | |

(Tilinx Design Tools 2020.1/14.7)

« Design Checklists ~
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+ Wivado Design Hubs
System-Level Design Flow
Design Flows Overview
/0 and Clock Planning
High-Level Synthesis (C bas...
Designing with IP
Using IP Integrator
Applying Design Constraints

Logic Synthesis
Implementation

Dynamic Function eXchange
System Generator for DSP
Timing Closure & Design An..
Programming and Debug
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~ Embedded Design
Vitis Embedded Software D...
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- Boot and Configuration
- Security
- Debug
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- Security
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- Debug
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Video Design
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UltraScale GTY Transceivers
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Funm llracralas REQAT Kite
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Find Text: |
Logic Simulation

= Getting Started

Introduction - Vivado Simulator

H Logic simulation

T Vivado Design Suite Tutorial Logic Simulation

= vivado Desian Suite User Guide: Logic Simulation

T vivade Design Suite 7 Series FPGA and Zyng-T000 SoC Libraries Guide

Vivado Simulation Flow
How Tos ( Show Less ...}

How Do | Simulate With a Single Language Simulator?

How Do | Coflect Simulation Files From the Tcl Console?
How Do | Run Timing Simulation in Command Line Mode?
How Do | Use Multiple Simulation Sets?

How Do | Manually Set Simulation Compile Grder?

How Do | Select Different Tops Within a Simulation Set?

How Do | Reference the UNIFAST Library for a Specific Component?
T How Do | Generate a Simulation Script for My IP Design?
FAQ (Show Less ...)

B8] \Why is XilinxCoreLib Removed?

15 what is the Difference Bstwsen simulator_language and targst_languags?®
T Does Vivade Support VHDL Nellist Generation?

2 What Does the Advanced Tab Do in Simulation Sefitings?

] Can | Run Post-Synthesis and Behavioral Simulation Simultansousiy?

E] Why Don't | See the SIMPRIM Library as in ISE?

What Is the Difference Between UNISIM and UMIFAST Libraries?
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& Design with System Verilog

& Design with Verilog

& Design with VHDL

& Designing FPGAs Using the Vivado Design Suite

Vivado Simulator

Videos

H using vivada Logic Simulater for Muliiple Sim Sets
B using Hardware Co-Simulation with Vivade System Generater for DSP
H How to Use the Zyng-7000 Verification IP to Verify and Debug Using Simulation
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T How Do | Speed Up Simulation?
™ Hew Do 1| Run the Vivado Simulator in the Vivado IDE?
T How Do | Run the Vivado Simulator from the Command Line?

T How Do | Generate SAIF Files for Power Estimation?

Figure 2-53 DocNavDesign Hub
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Quickly view document chapter titles

In DocNav, you can quickly view the document chapter titles without
downloading the document. As shown in the figure below, click the mark pointed
by the red arrow to display the document chapter titles. To view the content of a
chapter, you can directly click the title name to open the document and go to the
corresponding chapter.

Displaying 225 of 4653 Documents DoclD  Version ME  Published stats A
) Vivado Design Suite User Guide: Using the Vivado IDE @ UGB9: V20201 47 20200624 Current
8] Vivado Design Suite User Guide: Using Tel Scripting &3 UGBIA V20201 34 2020-06-03 Up to Date
) Vivado Design Suite User Guide: System-Level Design Entry @ UGESS V20201 41 202007-31 Current
) Vivado Design Suite User Gide: Designing with 1P @ UGBS V20201 32 20200805 Current
) Vivado Design Suite User Guide: Creating and Packaging Custom 1P @ UGT118 V20201 31 20200612 Current
) Vivado Design Suite User Guide: Designing 1P Subsystems Using IP Integrator @ UGeSs V20201 65 20200603 Current
) Vivado Design Suite User Guide: Embedded Processor Hardware Design @ UGBS V20201 158 20200610 Current
] Vivado Design Sute User Guide: Model-Based DSP Design using System Generator @ UGRD7 V20201 237 20200603 Current
) Model Composer User Guide @ UGi2s2 V20201 53 20200603 Current
) Vivado Design Suite User Guide: High-Level Synthesis (HLS) UGS2 V20201 67  2021-0504 Current
[T Vivado Design Suite User Guide: /0 and Clock Planning - TOC Summary 0 20200603
1/0 and Clock Planning Using the Platform Board Flow @ UGSOD V20201 39 2020-06-03 Current
1/0 and Clock Planring for SS1 Technology Devices [0S ol g Erioa ey
1/0 and Clock Planring for IP with 1/0 Ports
1/0 Planning for Zynq UlraScale-+ MPSoCs @ UGS V20201 37 20200817 Current
1/0 Planning for UltraScale and UltraScale+ @ UGSOT V20201 53 2020-06-24 Current
o g HeDaE @ UG V20201 45 2020-0825 Current
Defining Alternate Compatible Parts ® UGsos V20201 06 20200603 Current
Setting Device Configuration Modes @ UGEDe V20201 3B 20200624 Current
Setting Device Constraints @ UGso7 V20201 30 20000603 Current
Setting the Configuration Bank Voltage Select Pin
Ch 3 /O Planning @ UGE0S V20201 115 20200610 Current
Overview @ UGeos V20201 B85 20200603 Current
Using the 1/O Planning View Layout @ uciza Vil 08  2020-07-27 Current
Viewing Device Resources
Defining and Configuring 1/0 Ports B )il
Placing 140 Ports @ UGI283 V20201 01 20200820 Current
Migrating an 1/0 Planning Project to an RTL Project
Ch. 4:1/0 Planning for Ultrascale Architecture Memory 1P
i v uGers Vi 02 2019-10-30 Current
T UltraFast Design Methodology Quick Reference Guide UGIZ31 V20201 06  2020-0603 Current
) UtraFast Design Methodalogy Timing Closure Quick Reference Guide UG1202 V20201 07  2020-06-03 Current

S eee

Figure 2-54 DocNav Directory navigatio
Find files
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If you know the document number (Doc ID) or the keywords in the document
title, such as ug949, you can quickly find the document through the following
three steps.

«<
= & w0 &
X|

Figure 2-55DocNav search

avigator 20202 - Catalog View

uglbvivadeusingoonstrainta—tatorial pdf [0 ng@—vivadotel-seripting pdf [0 wedl3—vivadeusingoomstraints pdf [0 ugB®9—vivado—io—sleck—planning pdf [

isn Tools 2020.2/14 7 v || [vivado Docs -
x v A= [ My search Docs [ Auto Filtering
2 Displaying 3746 of 4688 Documents Toc DeciD  Ver

ser Guide: High-Level Synthesis (HLS) E @ uce2

3 = @ ucoos V202
= @ ucgos V202
= @ ucsos V202
E & ussr V202

ingure 2-56DocNav search results
If you don’ t know the document number, you can search for documents

based on keywords. For example, if you need to find documents related to timing
constraints, you can quickly find the documents through the following three steps.
For the searched documents, you can further filter, for example, you can filter

according to the matching situation.

Catalog View  Design Hub View ugddbvivadonsingeonstraints—tuterial pdf ugfd—vivade-tel-seripting pif eg03-vivedouzingconstraints pdf ugf8%yivado—ise
&Y Cotaleg 2021 06. 2¢ [SRINERERERIREN i inx Dosige Tools TR0 D U4 T Vivado Docs v ‘ |
| | Search Results - 5 of 1721 Hits Displayed
Search Filters | | 9
-

Ty er—— T Timing Closure User Guide
(@) Bhow Raguits as servad List | |M \fuado Design Suite User Guide: Design Analysis and Closure Techniques
(O Show Results in Folder Hierardh|

ing Filters T XAPP1350 - XPHY 1/0 Source Synchronous Interfaces

o Seey e T Vivado Design Suite Tcl Command Reference Guide
,;-‘ FX Vivado Design Hub: Timing Closure & Design Analysis
O all Resules
Match Requirsments
OE or TOC Match
Found a
£ d 9
Pocument Filters "
M Product Types
[ Silicon Devices
] versw

] Zyna UtraScake-

7] UrraScaie & UtraScaies
] Zyng-T000

=] 7 Senes

] vitexs

] Virtex-5

4] Spartans

W1 CooRunmer

Figure 2-57 DocNav search results filters
Search filters:
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Document Filters are on the far left of DocNav, as shown in the figure below.
For example, to view the corresponding documents of Vivado, you can
checkVivado and cancel the others (remove the "V" in the box). This helps narrow
down the search ,

Catalog View Design Hub View pg338—dpu. pdf pg252-veu. pdf ugl085-zynq—ultrascale—trm. pdf ugl250-zcul06-veu—trd. pdf ug939-vivado—desi
" Catalog 2021. 05. 24 JUDISEENERTAIGENN Xilinx Design Tools 2020.1/14.7 Vivado Docs v ‘
Collapse Clear A1l ISearch Docs: | alveo U200 X - ‘ ﬂl*‘ -
‘ Search Filters =

Folder Hierarchy Breathe New Life into Your Data Center with Alveo Adaptable Accdlerator Cards

(® Show Results as Sorted Lidt

!E| Getting Started with Alveo Data Center Accelerator Cards
E Alveo Data Center Accelerator Card Platforms User Guide

() Show Results in Folder Hidrarchy
Ranking Filters

O Show Best Results 'E Alveo U50 Data Center Accelerator Card Installation Guide
O ol 1] XCN19019 - Alveo U200/U250 Footprint Pad Revision and Firmware update
[OR +o+e:

E Alveo Programming Cable User Guide
E Alveo U50 Data Center Accelerator Card Data Sheet

O
O 7 (All Results)
Match Requirements
[ & Title or TOC Match
[(] All Search Terms Found
[[] Exact Phrase Found

Next Steps
Select All Document Filters

Search Xilinx Support

[Document Filters | i
i ] Product Types
v [] Silicon Devices
Versal
Zynq UltraScale+
UltraScale & UltraScale+
Zyng-7000
7 Series
Virtex-6
Virtex-5
Spartan-6
CoolRunner
v [v] Accelerator Cards
Alveo Cards
v [] System-on-Modules
Kria
L~ [ DesignTools |
Vitis

Figure 2-58 DocNav filter results
Document Tray

DocumentTray is located at the far right of DocNav, which can display
recently opened documents. The advantage of this is that if you need to find the
recently viewed documents, you can quickly find them here ,
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= ] X
skplanning pdf ughlZ: pdf «
Opened Documents History 4
— . | F. Tt 13
| Catalag View avorite

e £ : User Documents #

# Design Hub View o
- ; : ; 3 - Xilink Resources  *

. . UGY45 - Vivado Design Suite Tutorial: Using Constraints -v 2020.1

Search Results L

UGB - Vivado Design Suite User Guide: Using Tcl Scripting -v 2020.2

UG203 - Vivado Design Suite User Guide: Using Constraints -v 2020.1

UGBY9 - Vivado Design Suite User Guide: /O and Clock Planning -v 2020.1
, UGH12 - Timing Closure User Guide -v 14.3

Recent Documents

. UGB94 - Vivado Design Suite User Guide: Using Tel Seripting -v 2020.1
PG286 - Sensor Demosaic v1.0 Product Guide
PG044 - LogiCORE IP AX14-Stream to Video Out vA.0 Product Guide (AXI)
PGO16 - LogiCORE IP Video Timing Controller v6.2 Product Guide (AXI)
PG201 - Zyng UltraScale+ MPSaC Processing System v3.3 Product Guide
PGOBS - AX14-Stream Infrastructure IP Suite v1.1 Product Guide for Vivado Design Suite
PG278 - Video Frame Buffer Read v2.1 and Video Frame Buffer Write v2.1 Product Guide
XAPP1168 - Packaging Custom AXl IP for Vivado IP Integrator Application Note
PG260 - MIPI CSI-2 TX Transmitter Subsystem v2.2 Product Guide -v 2.2
PG260 - MIPI CS1-2 TX Transmitter Subsystem v2.1 Product Guide
, UGH34 - AX14-Stream Video IP and System Dzsign Guide (AXI)
UGA35 - Vivado Design Suite Tcl Command Reference Guide

Figure 2-59 DocNav histotry documents

2.3.4 XDC Constraints File

XDC basis :

XDC constraint file refers to xilinx Design constrains, which is a constraint
design document dedicated to vivado, including physical constraints and timing
constraints.

The traditional ISE UCF constraint document format is not supported. The
difference between them is that XDC is based on the standard Synopsys design
constraint SDC format. SDC has been designed and used for more than 20 years,
so it is the most popular and mature way to describe design constraints. XDC and
UCF are fundamentally different, and these basic differences need to be
understood. It can be determined that XDC is a combination of the standard
Synopsys design constraints (SDC) of design constraints and xilinx's proprietary
physical constraints.

The SDC here is (SDC1.9 version). The characteristics of the XDC document
are as follows:

1.The commands written in XDC are all commands that follow the TCL syntax.

2. XDC is interpreted like any other command of Vivado Tcl interpreter.

3. The reading and parsing sequence of XDC is the same as other Tcl
commands.
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We can enter XDC commands at different points in different ways during the
design process:

1. Design constraints can be divided into one or more XDC documents for
input. In order to add XDC constraints to the memory, one of the following
methods can be used, Use the read xdc command Add it to one of the constraint
sets of the project. The XDC file only accepts the built-in Tcl commands of set, list,
and expr.

2. Use unmanaged Tcl scripts to generate constraints In order to execute the
Tcl script, one of the following operations is sufficient Use the source command
Use the read xdc -unmanaged command Add Tcl commands to one of the
constraint sets of the project.

Use specific role XDC constraints:

Compilation process design constraints defines the requirements that must
be met in order to play a role in the design of the circuit board. Not all constraints
are used to compile all the steps in the process. For example, physical constraints
used only during implementation steps (i.e., layout and routers). Because Xilinx®
Vivado® Integrated Design Environment (IDE) synthesis and implementation
algorithms are timing-driven, so you have to create the appropriate timing
constraints.

Over-constrained or under-constrained your design makes timing closure
difficult. You must use your application requires corresponding reasonable
constraints.

XDC written in a way:

Physical constraints written in a way: Xilinx pins dedicated physical
constraints comprising: electrical pin location constraints and constraints.

Pin position constraints : set property PAKAGE PIN “Pin Number”

[ get ports “Port name” ]

Pin electrical constraints : set property IOSTANDARD “Voltage”
[ get ports “port name” ]

For example :

set property IOSTANDARD LVCMOS33 [ get ports sys clk ]

set property IOSTANDARD LVCMOS33 [ get ports{led [0]}]

set property IOSTANDARD LVCMOS33 [ get ports{led [ 1]}]
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set property PACKAGE PIN U18 [ get ports sys clk ]
set property PACKAGE PIN M14 [ get ports{led [0]}]
set property PACKAGE PIN M15 [ get ports{led[1]}]
Note :
1) The above grammar is case sensitive;
2) When the port name is an array, it needs to be enclosed in {}, and the port
name cannot be a keyword.

Differential signal constraints :

1,0rdinary difference constraint

The differential signal constraint syntax is the same as in section 1. This is
just an example.

1) HR 1/0 Bank , VCCO = 3.3V, HDMI port constraints
set property PACKAGE PIN N18 [ get ports TMDS clk p ]
set_property PACKAGE PIN V20 [ get ports {TMDS data p[0]}]
set property IOSTANDARD TMDS 33 [ get ports TMDS clk p ]
set property IOSTANDARD TMDS 33 [ get ports {TMDS data p[01]}]

2) HP 1/0O Bank , VCCO = 1.8V, HDMI interface constraints
set property PACKAGE PIN N18 [ get ports TMDS clk p ]
set property PACKAGE PIN V20 [ get ports {TMDS data p[0]}]
set property IOSTANDARD LVDS [ get ports TMDS clk p ]
set property IOSTANDARD LVDS [ get ports {TMDS data p[01]}]

Note :

Differential signal constraint, only P pin is required, the system automatically
matches the N pin constraint, of course, there is no problem if both P and N
pins are constrained;

The level of the differential signal should be restricted according to the
VCCO Bank voltage.

Transceiver differential signal constraints :
Transceiver MGTREFCLK clock constraint pin location constraint:

set property LOC “pin number” [ get ports “pin name” ]
For example :
set_property LOC G7 [ get_ports Q2 CLKO GTREFCLK PAD N IN ]
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set_property LOC G8 [ get_ports Q2 CLKO GTREFCLK PAD P IN ]
Transceiver MGT channel constraints :

For GTXE2_ CHANNEL channel constraints: one method is to use the 7 series
FPGAs transceiver wizard, after configuring the transceiver configuration
parameters, automatically generate the XDC template, and then apply the
template to your own design; the second method is to write your own XDC
constraint file, its position constraint position should refer to the specific
schematic signal pin to write the constraint file. Example: For the four-channel
transceiver in Figure 1, the GTXE2 CHANNEL constraint.

GTXEZ2_COMMON
IBUFDS_GTEZ2 GTXE2 CHANNEL

QPLL
- TX

X0Y8

RX
CPLL -

GTXE2 CHANNEL

L ",

X0Y9

RX
e )

GTXE2 CHANNEL

} ™
X0Y10 | [
___Df CPLL - Ak

GTXE2 CHANMEL

} ™
X0Y11l | [
Dﬁ CPLL W ic

UGEATE_c1_D6_ 070710

Figure 1-5: Four Channel Configuration (Reference Clock from the QPLL of
GTXE2_COMMON)

Figure 2-60 GTXE2_ChANNEL
Transceiver MGT channel constraints location :

set property LOC “ GTXE2 CHANNEL X*Y * ” [ get cells “gtxe 2
inst/location” ]

For example :
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B Set placement for gt0_gtx_wrapper I/GTXE2 CHANNEL ---—--

set_property LOC GTXE2_CHANNEL_X0Y8 [get_cells gtx_support_i/gtx_init_i/inst/gtx_i/gt0_gix_i/gtxe2_i]
#4---------- Set placement for gt1_gtx wrapper_i/GTXE2 CHANNEL ------

set_property LOC GTXE2 CHANNEL X0Y9 [get_cells gtx_support_i/gtx_init_i/inst/gtx_i/gtl_gtx i/gtxe2 i]
##---—--—--- Set placement for gi2_gtx_wrapper_i/GTXE2_ CHANNEL ---—--

set_property LOC GTXE2 CHANNEL_X0Y10 [get cells gtx_support_i/gtx_init_i/inst/gtx_i/gt2_gtx_i/gtxe2 il

Figure 2-61 Pin constraints of high-speed serial transceivers
Note : gtxe 2Refer to Figure 2-61 for the instantiated path, and the path name is
modified according to the specific project implementation ,

#a ghe_exdes (Gt exdes v) (9)

@ otc_support i gir_support

GT_USRCLK_SOURCE set_property LOC GTXE2_CHANNEL_XOYS [get_cells gtx_support_i/gtx_init_i/inst/gtx_i/gtO_gtx_i '-'[:-:ef_:,]

set_property LOC GTXE2_CHANNEL_XOY9 [get_cells gtx_support_i/gtx_init_i/inst/gtx_i/gtl_gtx_i/gtxe2_i]

set_property LOC GTXEZ_CHANNEL_XOY10 [get_cells gtx

set_property LOC GIXE2_CHANNEL_XOY11 [get_cells gtx_support_i/gtx_init_i/inst/gtx_i/gt3_gtx_i/gtxe2_i]

Figure 2-62 Pin constraints of high-speed serial transceivers

Timing Constraints :
Timing constrains include several types below :
Input Path.
Register-to-Register Path.
Output Path.
Path specific exceptions.

Input Constraint:

Figure: Example of an input delay constraint on a port

FDO

clk_IBUF clk_BUFG
s IO

L
IBUF BUFG —CE

din_IBUF _[R’
din[>> =2

IBUF FDRE

clk '

Figure 2-63 input delay example
The input signal din is captured by the register FDO on the rising edge of the

clock clk. The input delay constraint describes the delay between the start edge of
the clock and the time when the signal din transitions at the input of the device.
The maximum and minimum input delay must be specified to accurately perform
setup/restore and hold/remove checks, respectively. After selecting the interface
type (system or source synchronization, edge alignment, reference edge, and data
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rate), you must define the various delay parameters required to calculate the
minimum and maximum input delay values. E.g

set_input_delay -clock clk 3.4 [get_ports din] -max

set input_delay -clock clk 1.0 [get_ports din] -min -add

Register-to-Register Constraint:

Register-to-register constraints often refer to cycle constraints. The coverage
of cycle constraints includes:  Covers the timing requirements of the clock
domain  Covers the transmission of synchronous data between internal
registers Analyze the path in a single clock domain  Analyze all paths between
related clock domains Consider all frequency, phase, and uncertainty differences
between different clock domains

Output Constraint:

The output timing constraints constrain the data from the internal
synchronization components or registers to the device pins. System Synchronous
Output Constraint The simplified model of system synchronization output is
shown in the figure. In the system synchronization output interface, data
transmission and acquisition are based on the same clock.

Output delay constraint:

Figure: Example of an output delay constraint on a port

clk_IBUF  clk_BUFG FD1

clk [ 0 I[~._0
L/
IBUF BUFG —CE

dout_OBUF
Q , 0 dout
OBUF

FDRE

Figure 2-64 output delay example
The output signal dout is sent by the register FD1 on the rising edge of clk,

and is captured outside the device by the board clock. In most cases, the board
clock is also clk or a phase-shifted copy of clk. The output delay constraint
describes the delay between the timedout transition at the device boundary and
the capture edge of the board clock. The maximum and minimum output delay
must be specified to accurately perform setup and hold checks. After selecting the
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interface type (system or source synchronization, edge alignment, reference edge,
and data rate), you must provide the various delay parameters required by the
wizard to calculate the minimum and maximum output delay values. E.g:

set output delay -clock clk 5.555 [get_ports dout] -max

set output delay -clock clk 0.905 [get ports dout] -min -add

2.3.5 TCL Brief Introduction to Grammar

When you have installed Tcl, the program you will then call to utilize it
is tclsh. For instance, if you write some code to a file "hello.tcl", and you want to
execute it, you would do it like so: tclsh hello.tcl. Depending on the version of Tcl
installed, and the operating system distribution you use, the tclsh program may
be a link to the real executable, which may be named tclsh8.6 or tclsh86.exe on
Microsoft Windows.

The tclsh is a simple command-line interactive interpreter. You can either
start it with a script on the command line, in which case it runs the script to
completion and then exits, or you can start it without any arguments, in which
case you will be presented with an interactive prompt, usually using a % symbol
to prompt for input. In interactive mode, you can type in commands, which Tcl
will then execute and display the result, or any error messages that result. To exit
the interpreter, type exit and press Return. Playing around with the interactive
interpreter is a great way to learn how to use Tcl. Most Tcl commands will
produce a helpful error message explaining how they are used if you just type in
the command with no arguments. You can get a list of all the commands that
your interpreter knows about by typing info commands.

The tclsh executable is just one way of starting a Tcl interpreter. Another
common executable, which may be installed on your system, is the wish, or
Windowing SHell. This is a version of Tcl that automatically loads the Tk extension
for building graphical user interfaces (GUIs). This tutorial does not cover Tk, and
so we will not use the wish interpreter here. Other options are also available,
providing more functional environments for developing and debugging code than
that provided by the standard tclsh.

One very popular choice isthe TkCon enhanced interpreter, written by Jeff
Hobbs. The Eclipse IDE offers good Tcl support, in the form of the DLTK extension,
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and the Tcl'ers Wiki offers a list of IDEs with Tcl support and a

comprehensive catalogue of Tcl source code editors. Don't panic, though! If you
don't know how to use a sophisticated development environment, it is still very
easy to write Tcl code by hand in a simple text editor (such as Notepad).

Basis usage in Tcl :

1.output : tcl use " puts"keyword

Usage : puts -nonewline -channelld -string

The output command of Tcl is "puts”, which outputs the string to the
standard output channelld. The parameter between the two question marks in the

syntax is optional.
puts hello

=> hello

puts —-nonewline "hello hello”

=>hello hello

But if you output a piece of text with spaces, you must enclose it in double
quotes or curly braces The -nonewline option tells puts not to output carriage
returns and line feeds. Note: The function of double quotation marks and curly
braces is to organize multiple words into one argument, but they are different!
This difference is that when dealing with "replacement operations”, the former
allows replacement to occur, while the latter may prevent replacement. The usage
and differences between the two will be discussed in the future. Both have the
same effect here.

2. Assignment: tcl uses the "set" keyword to define parameters, without
specifying the type of variable value, because there is only one type of variable
value-string. When assigning a value to a variable, a section of memory space is
opened for the variable to store the variable value.

set varName [value]

set a Hello ;#Define variable "a” and assign =>Hello

puts $a ;#output variable value =>Hello

seta “Hello world” ;#assignment again =>Hello world

set a “Hello world” => Test Tcl ;#output variables ,

don’ tadd” $" this place
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puts $a =>Hello world ;#output variables , need to add " $"
puts a =>a ;#output character ” a”

set b $a =>Hello world

puts $b =>Hello world ;#puts the value of “a” tob

3.replacement

(1):$

The "$" character implements reference replacement and is used to quote
parameter values. Also used above Tcl only explains the replacement once, and
ignores the nested "$".

set foo 00 =>00

set dollar foo =>foo

set x $$dollar =>$foo ;#Replace "$dollar" with the dollar value (foo). The ;#
command is equivalent to set x {$foo}, and braces prevent substitution.

set x {$foo} =>$foo

set y $x =>%foo ; #First round of substitution

(2) (I

The square brackets "[]" complete the command substitution. Enclose a
command with "[]". After the command is executed, the result will be returned.

setb [seta 5] #set a 5 outputs assinged to b =>5

puts $b =>5

set ¢ [expr 5 * 10] ;#Assign the result of the multiplication to
c=>50

(3): ""and{}

Double quotation marks and curly braces organize multiple words into one

parameter, which is also a substitution operation. "" and how to replace within {}?

The general principle is that the replacement within "" will proceed normally, and

the replacement within {} may be blocked.

seta 123

=>123

puts "$a" #replace =>123
puts {$a} #=>9%a

In summary
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The order of execution of the TCL language is: first group, then replace, and
finally execute No substitutions in curly braces Double quotation marks and curly
braces are used for grouping, but the difference lies in whether to support the
operation of the replacement statement is divided into three steps:

First group

Replace next

Last run The role of $ is the variable leader.

If you want to replace a variable in the string, you may also need to use {} to
define the start and end of the variable. There are three ways to group: spaces,
double quotes and curly braces. In addition, the escape character \ here is to
improve or eliminate the ability of characters.

2.4 Sections of this Chapter

This chapter mainly introduces some basic knowledge, including the
precautions for installation and use of basic tools (vivado and modelsim), and
explains some common problems encountered in use, and the places that need
attention are specially explained. A more in-depth knowledge is the constraint. If
you are not very clear about digital logic circuits, you need to learn digital logic
circuits first. There are some basic timing-related concepts such as setup time and
hold time. The physical constraints are well understood, that is, the consistency of
the output and input pin assignments and electrical characteristics with the chip
data sheet, which facilitates the implementation process. The subsequent layout is
a more in-depth problem, and interested friends can try to explore by themselves.
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Chapter 3 Detailed Configuration of
Hardware Platform

The main advantage of ZYNQ is the reasonable combination of FPGA and
ARM, which places higher requirements on developers.

Starting from this chapter, we need FPGA engineers and software engineers
to work together. FPGA engineers are responsible for setting up the Vivado
project and providing good hardware to software developers, who can then
develop applications on this basis. A good division of labor is also conducive to
the advancement of the project. If it is a software developer who wants to do
everything, it may take a lot of time and energy to learn FPGA knowledge. It is a
painful process to change from software thinking to hardware thinking. If pure
learning and time, then It's another matter. Professional people are a good choice
to do professional things.

3.1 The First Project is Established
3.1.1 Vivado Project New

Open vivado , selcet Create Project

VIVADO!

HLx Editions

Quick Start

Create Project >
Open Project >
Open Example Project >

Tasks

Manage IP >
Open Hardware Manager >
XHub Stores >

Learning Center

Documentation and Tutorials >
Quick Take Videos >
Release Notes Guide >

Figure 3-1 vivado page begin
Click Next

-75 -



MYS-ZU5SEV_FPGA Development Manual V2.0.3

MY

choose a default part

& XILINX

FROGRAMMABLE

@

VlVADO [ Create a New Vivado Project

HLx Editions This wizard will guide you through the creation of a new project.

To create a Vivado preject you will need to provide a name and a location for your project files. Next, you
will specify the type of flow you'll be working with. Finally, you will specify your project sources and

Cancel

Figure 3-2 vivado page to buit project

Design project name and location

¢ New Project

Project Name

Projectname: | hello_world

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

Project jocation |D IFZ5140]

[#) Create project subdirectory

Project will be created at D/FZ5/4G/hello_world

©)

Cancel

Figure 3-3 vivado page to built new

Click Next
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Project Type
Specify the type of project to create. ‘

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

Do not specify sources at this time

Postsynthesis Project You will be able to add sources, view device resources, run design analysis, planning and
implementation.

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

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

Example Project
Create a new Vivado project from a predefined template

@

Cancel

MY

Figure 3-4 vivado built new project -usage RTL

In this place don’t Add Sources or Add Constraints , click Next,

Add Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new
source file on disk and add it to your project You can also add and create sources later

+

4

Add Files ‘ | Add Directories | | Create File

Target language:  Verilog W Simulator language:  Mixed v

©

Figure 3-5 vivado-add existing files or constrains ,next
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Int Default Part ,

Add Constraints (optional)
Specify or create constraint files for physical and timing constraints. ‘
+
Use Add Files or Create File buttons
Add Files Create File
®

MY

Figure 3-6 vivado built new project

select xczuSev-sfve784-1-1 , click Next

RIREB=

Make Your IceaReal

¢ New Project x
Default Part
Choose a default Xilinx part or board for your project. ’
Parts | BDoards
Reset All Filters
Category. | All ~ Package: | sivc784 ~ Temperature: | | w
Family: Zyng UltraScale+ MPSoCs w Speed. -1 w Static power. | All Remaining w
Search -
Part /0 Pin Count  Available [OBs  LUT Elements  FlipFlops  Block RAMs  Ultra RAMs  DSPs  Gb Transceivers  GTPEZ Transcei
- ~
xczu2eg-sfc7B4-1-i Ta4 252 47232 94464 150 0 240 0 0
xczZu3cg-stvcT84-1-i T84 252 70560 141120 216 0 360 0 0
xczu3deg-sfuc7B4-1-i 784 252 70560 141120 216 0 360 0 0
xCzu4cg-sivey B4-1- 784 252 87840 175680 128 48 728 4 0
xczudeg-sivc7B4-14 784 252 ave4o0 175680 128 48 728 4 0
xczudev-sfvcT84-1- 784 252 87840 175680 128 48 728 4 0
XCZUSCg-sfvci84-1- Ta4 252 117120 234240 144 64 1248 4 0
xczu5eg-sic7B84-1- Ta4 252 117120 234240 144 64 1248 4 0
XczuGev-sfvcT84-14 T84 252 M720 234240 144 64 1248 4 0 o
< »

Figure 3-7 vivado built new project

Summary page , You can check the various setting options when creating the

project. After confirming that they are correct, click Finish.
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¢ New Project

New Project Summary

VIVADOQ!

HLx Editions

ﬂ Anew RTL project named "hello_world" will be created.
Na source files or directories will be added. Use Add Sources to add them later.
No constraints files will be added. Use Add Sources to add them later

@ The default part and product family for the new project
Default Part: xczuSev-sfec784-14
Product Zyng UltraScale+
Family: Zyng UltraScale+ MPSoCs
Package: sfvc784
Speed Grade: -1

& XILINX

To create the project, click Finish

©)

Figure 3-8 vivado summary page
The vivado page after built project,

4 hello world - (0/FZ5/4G/hello_worldhello_world.xpr] - Vivado 20201

- x
File Edit Flow Tools Repos Window Layout View Help ui Ready
@, > B & T == Default Layout v
Flow Navigator B PROJECT MANAGER - hello_world ? X
PROJECTAMNAGER Sources % _ 0% | ProjectSummary 200X
2 Setings —

Q =% + & Overview | Dasnooara
Add Sources
Design Sources ~
Language Tempiates > & onshakls Settings  Eai
2 1P Cataiog = Simulation Sources TS o
sim_1 Project location: DIFZ5/4GMello_world
~ IPINTEGRATOR > = UtitySources Productfamily ZmqUiraScale
Create Block Design Projectpart ACUS-SNETBA1
. Topmodulename:  Nat defned
Targatlanguage Verllog
nerate Bock Desig
Simuiatorlanguage:  Mixed
jbraries  Compie Order
¥ SIMULATION el ampae Order
Synthosis Implementation
Run Simuiaton
Properties 2_DoEx
Status: Notstarted Staus: Notstarted
v RTLANALYSIS o Hessages No errors of warnings Messages: No errors or warnings
5 o E AR Part xczuSerSheT84-1- Pat xczuSersheT84-1-
Stateay. Vivado Syihesis Defaus Stategy Vivado Implementation Defauls
Vivado Synnesis Default Reports vvado
o S Report Strategy do Sythesis Defaut Report ”
Incremental synnesis:  None Incementalmplementation:  Hone
P Run Synthesis
Selectan objectto see properties
> Open Synine: >
" BR—RUESRRE DRC Violations Timing

 WMPLEMENTATION Run Implementation RunImplementation o sse iming resuts
» Runimplementation a
> Openim

TciConsole | Messages | Log | Reports | Design Runs, > _oo
~ PROGRAM AND DEEUG a z|s %
18 Generate Bistrsam Nama Consraints  Stalus WNS TNS WHS THS TPWS TolalPower FaiedRoutes LUT FF BRAM URAM DSP St Elepsed RunStalegy Report Strategy
B —— Vlosmn conshst  Notstared
impl1  constis 1 Notstared
< >

Figure 3-9 vivado begin page after built project

Below IP INTEGRATOR , click Create Block Design,
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¢ helle world - [Dy/FZ3/4GB/hello_world/hello_world xpr] - Vivado 2020.1
File

MY

RIREB=

Make Your IceaReal

Edit Flow Tools Reports  Window  Lavout  View  Help Q- Quick Access
=, (- I
Flow Navigator S0 e B PROJECT MANAGER - hello_world
~ PROJECT MANAGER
Sources 2
£} settings =
Q| =+
Add Sources
Design Sources
Language Templates o Constraints
¥ IP Catalog constrs_1
w [ Simulation Sources
~ P INTEGRATOR sim_1
Create Block Design — 2 s
Open Block Design
Generate Block Design
Hierarch Libraries  Compile Order
v SIMULATION y P
Run Simulation :
Properties 2?
¥ RTL AMALYSIS
» Open Elaborated Design
Figure 3-10

Design name remain design 1 , click OK,

¢ Create Block Design

Please specify name of block design.

Design name; design_1
Directory: » =Local to Proiert=
i&iHEH
Specify source set: Cresign Sources L
(%)

Figure 3-11 fill Block design name

3.1.2 PS Detail Configuration
Click Add IP to add IP
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e MO + | o El:
Ve
This ¢ P e | | button to add 1P
Figure 3-12 usage of Block design
Chose mpsoc , then double click Zynq UltraScale+MPSoC to add mpso IP
- "X o & =F|C 7DB|:

4 2ynq UltraScale+ MPSoC

This design is empty. Press the =+ button to add P

ENTER to select ESC 1o cancel, Clri+Q for IP details

Figure 3-13 Add MPSOC IP
Zynq mpsoc Ip show as below
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RIREB=
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MYiR

Diagram  x Address Editor

PR Q

+ n s Elcla

ZYNQ ™

UltraSCALE*

Lk 2

Figure 3-14 MPSOC IP

Double click zyng mpsoc IP to configuration,

The first interface that appears is the architecture diagram of the ZYNQ hard

core. You can clearly see its structure. Refer to the ug1085 document, which

contains a detailed introduction to ZYNQ. The green part in the picture is the

configurable module, you can click to enter the corresponding editing interface,

of course, you can also enter the editing in the left window. The functions of each

window are introduced below.

ig

’

Zynq UltraScale+ MPSoC (3.3)

@ Documentation

Page Navigator -
|:-: Switch To Advanced Mode
PS8 UltraScale+ Block Design
/0 Configuration

Clock Configuration

DDR Configuration

PS-PL Configuration

IP Location

PS UltraScale+ Block Design

Configurable C———J
FPD E—
RPU Lo =
APU %
T T - PPl
OocM
— *
iou ccl |k—* b
[ om0 /] L
I
% smare V|
i, PL
2 Lol ummo [ |7 D0
FPD_DMA - Eg -
i
=
— =
e~f{usrovi[wmiv] | — =
__S\'EMDN ﬂu |:§§
14 : I
s P (|| RS e biﬂ

Figure 3-15 configuration MPSOC IP page
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1. Voltage configuration

2. Inthe I/O Configuration window, configure the BANKO~BANK3 voltage

LVCMOS33 according to the actual voltage of the hardware circuit.
[ oo

Zynq UltraScale+ MPSoC (3.3) [
@ Documentation IP Location
Page Navigator - 1i0 Configuration
("] Switch To Advanced Mode MIO Voltage Standard

Bank0 (MIO 0:25] | | Bank1 [MIO 26:51] | | Bank2 MIO 52771 | | Bank2 [Dedicated]
PS UltraScale+ Block Design

LVCMOS33 ~ LVCMOS32 ~ LVCMOS33  ~ LVCHMOS33

/0 Configuration L
Clock Configuration « Q| = %
Search. | C
DDR Configuration
Peripheral o] Signal 110 Type Drive StrengthimA) Polarity Speed PullType Direction
P2-PL Configuration > Low Speed L
> High Speed | 4

> Reference Clocks

o ] [o] b

el

Figure 3-16 configuration 10

3. Low Speed configuration
Select QSPI', ” Single” mode , Data Mode is” x4 “
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MY

RIREB=
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Ii Re-customize IP

@ Documentation IP Location

Page Navigator -
) Switch T’ﬂ Advan:;d Mc|d;
PS UltraScale+ Block Design
/0 Configuration
Clock Configuration
DDR Configuration

P8-PL Configuration

Zynq Uttrascale+ MPSoC (3.3)

i Configuration

MIO Voltage Standard

Bank0 [MIO 0:25] |  Bank1[MIO 26:51] | | Bank2 [MIO 52:77]

LVCMOS33 ~ LVCMOS33 LVCMOS33

«||Q| = %

Search

Peripheral o
~ Low Speed

~ Memory Interfaces

~ LVCMOS33

Signal

Bank3 [Dedicated]

~

vlv] aspPl
QSP| Data Mode x4 ~
> GoPI D o0

"] Feedback Clk

»[] NAND

10 Type

Drive Strength(mA)

Polarity

Speed

Pull Type

Direction

> 8D

> IO Peripherals
> Processing Unit
> High Speed

> Reference Clocks

Figure 3-17 Configuration QSPI
Check SD 0 to configure eMMC. Select MI013..22, Slot Type select eMMC,

Data Transfer Mode is 8Bit, check Reset, and select MIO23.

#  Re-customize IP

@ Documentation IP Location
Page Navigator -t
[ Switch To Advanced Mode
PS UltraScale+ Block Design
10 Caonfiguration
Clock Configuration
DDR Configuration

PS-PL Configuration

Zynq UltraScale+ MPScC (3.3)

1i0 Configuration

MIO Voltage Standard

Bank0 (IO 0:25] | | Bank1 (MIO 2651] | | Bank2 (MIO 5277]

Bank3 [Dedicated]

LVCMOS33 LVCMOS33 LVCMOS33 LVCMOS33
« Q= =
Search:
Peripheral o] Signal
~ Low Speed
~ Memaory Interfaces
> (] QsPI Single v
» ] NAND
~ 8D
M= MO 1322 v

Data Transfer Mode  8Bit

0 Type

Drive Strength(maA)

SD2.0/SD3.0 or eMMC

Slot Type eMMC
Select SDO Slot Type a
v

[ Reset Mo 23
SDO MIO13
SDO MIO14
SDO MIO15
SDO MIO16

sdio0_data_out{0]
sdio0_data_out[1]
sdio0_data_out(2]

sdio0_data_out[3]

schl w

schl ~

schi ~

schl ~

12 “
12 ~
12 “
12 “

Polarity Speed Pull Type

sle

sle

sle

sk

pullu
pullu
pullu

pullu

-

~

v

-

Direction

inout

inout

inout

inout

Figure 3-18 Configuration SD

-84 -



MYS-ZU5EV_FPGA Development Manual V2.0.3 MY iR RitE=

Check SD 1 to configure SD card. Select MIO 46..51, Slot Type select SD 2.0, Data
Transfer Mode select 4Bit, check CD, used to detect SD card insertion, select
MI0O45, check WP, select MIO44, used for SD card write protection ,

§f
# Re-customize IP X
Zynq UltraScale+ MPSoC (3.3) ‘
~| @ Documentation ' IP Lacation
5
Page Navigator — 110 Configuration
(] Switch To Advanced Mode MIO Voltage Standard
Bank0 [MIO 0:25] | | Bank1 MO 26:51] | | Bank2 mio 52:77] | | Bank3 [Dedicated]
PS UltraScale+ Block Design
LVCMOS33 LVCMOS33  w LVCMOS32 LVCMOS33  w
10 Configuration
Clock Configuration « |z %
o Search: | O L
DDR Configuration
1 Peripheral o Signal IO Type  Drive Strength(mA)  Polarity Speed  Pull Type  Direction
PS-PL Configuration o — A
» ) NAND
v 8D
a
>[¥sD0 MO 13 .22 R
vl 8D1 MIO 46 51 v

Slot Type sD 2.0 ~

DataTransfer Mode | 4Bit

‘ Select SD1 Slot Type as SD2.0/5D3.0 or eMMC

¥ CcD MIO 45 v

[C] Power

Owp |

8D1 MiO45 sdio1_cd_n schi ~ 12 Del fac pullu ~ in

sD1 MID4G sdio1_data_out[0] schl v || 12 v || Det slc v | pully ~ || inout
4 sD1 MI047 sdio1_data_out[1] schl v || 12 v || Det slc v | pully ~ || inout

sD1 Mio4s sdio1_data_outf2] schi w || 12 ~ | Del slt ~ | pullu ~ | inout

Figure 3-19 Configuration SD1
Check CAN 1, select MIO 28..29 Check 12C 1, select MI024..25 Check the serial

port UART O, select MIO 26..27, check UART 1, select MIO 8..9 Check GPIO1 MIQ,
GPIO0 MIO

4 Re-customize IP x
Zynq Ultrascale+ MPSoC (3.3) P
@ Document tation - P Locat
Page Navigator 10 Configuration
(0 Swich To Advanced Hode IO Voltage Standara
Banko (W0 0:25] | | Bank1 M0 2651 | Banke (W0 5277 | Banka Dedicated]
P3 Utiradcaler Block Design
omos2e  + | [Lvomosaz ~ | [Lvowosaz || Lvowosa:
10 Configuration
«a = 2
Search
Peripheral ) Signal 10 Type Drive Strength(ma)  Polarity  Speed Pull Type Direction
PS-PL Configuration s ~
10 Periphoral
v cAn
>0 cano
[>= o wo2e 29 -]
2c
2o
[>#ect W024..25 <]
D rita
> 0 PMU
Oecsu
> sl
~ UsRT
> UART 0 W0 2527 v
[ ~oo
) Grio Emo =
> GPIOOMIO 0025 v
> ePo1mo Wo2s. 51 - |
T Grozmo N

Figure 3-20 configuration CAN, 12C, UART. GPIO
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Check SWDT 0, SWDT 1
Check TTC 0~TTC 3

2Zynq Ultrascale+ MPSoC (3.3)

© Documentation - 1P Location

Page Navigator = 10 Configuration

Switch To Advanced Hode MO Voltage Standard

Banko [MIO 0:25
PS UliraScale- Block Design

Banki [MIO 26:51]| | Bank2 [MI0 52:77] | | Bank3 [Dedicated]

LVCMOS33 + | |LVCHOS33 v | LVCMOS33 v | LVCMOS33 v
/0 Configuration
Clock Configuration « Q] = 2
Search
DDR Configuration
Peripheral 10 signal 0 Type Drive Strength(mA)  Polarity ~ Speed
PS-PL Configuration  LowSpeed

> Memory Interfaces.

> VO Peripherals

Pull Type

MY

Direction

- Processing Unit

= SWDT

> @ swoTo

> @ swor1

> () Trace

>@TTC?

>@Tics

> High Speed

> Reference Clocks

RIREB=

Make Your IceaReal

Figure 3-21 configuration SWDT, TTC

4. High Speed Configuration

In the High Speed section, first configure the PS side Ethernet, check GEM 3,
select MIO 64..75, check MDIO3, select MIO 76..77

# Re-customize IP x
Zynq Uttrascale+ MPSOC (3.3) L
B
@ Documentation - P Location
1
Page Navigator = 10 Configuration
Switch To Advanced Mods MIO Voltage Standard
- Bank0[MIO 0:25] | |Bank1 [MI0 26:51) | | Bank2 (MIO 52:77]| | Bank3 Dedicated]
LVCHOS23 v | |LVCHOS33 v || LVCMOS33 v | |LVCHOS33 v
1/0 Configuration
Clock Configuration « Q] = 2
DDR Configuration Seary
Peripheral 1o signal 10 Type Drive Strength(ma)  Polarity ~ Speed PullType Direction
PS-PL Configuration ~ LowSpeed 9
> Memory Interfaces
> O Peripherals
> Processing Unit
~ High Speed
~ cen
>0 e
) GEM1
>0 cEm2
) GEM 3 M0 6475 v
> @ MDi03 wo76.77 v
Gem3 nioss rgmii_t_clk cmos 12 v | Det v | siow pullup out 1
Gem3 Mios romil_bao} cmos 12 v | Del v | stow pullup out
Gem3 IS rgmil_a1] cmos. 12 v | Dot slow pullup out 1
Gem3 o7 romi b2} cmos 12 v | Dl v siow pullup. out
Gem3 niosa romil_baz) cmos 12 v | Dt v | stow pullup out
Gem3 niose cmos 12 v | Det v slow v | pulup out
Gem3 nio70 ramii_ schmitt v || 12 Del v | fast pullup in
Gem3 mio71 romil_ncio} schmitt v || 12 Det | fast pullup. in
Gema o7 romi 1 conmit |12 et | faet P o Il v

Figure 3-22 Configuration GEM

Check USB O, select MIO 52..63 , In USB 3.0 , select
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4 Re-customize IP

2Zynq Ultrascale+ MPSoC (3.3)

Page Navigator

() Switch To Advanced Mode
PS UlraScale- Block Design
0 Gonfiguration

Clack Ganfiguration

DDR Configuration

PS-PL Configuration

«f@ = 2
Search;

Peripheral 10

/0 Configuration
MO Voltage Standard

Bank0 [MIO 0:25] | | Bank1 [MIO 26:51]| | Bank2 (IO 52:77] | | Bank3 [Dedicated]
LVCMOS33 + | |LVCHOS33 v | LVCMOS33 v | LVCMOS33 v

signal 0 Type Drive Strength(mA)  Polarity ~ Speed Pull Type

~ LowSpeed

> Memory Interfaces

> IO Peripherals

> Processing Unit

v High Speed

~ cen
>0 e
> () GEM1
>0 cEmM2
>@) GEM3 Mo64.75 v
() Btemnal TSU Clock

~ usB
v UsBO

> @ usBo W0 52..63 v
GT Lanet v

> USBReset BootPin v

> @ UsB 20

> usa1

> PCle
> ) Display Port
> () sATA

Cancel

Check Display Port , DPAUX select MIO 34..37 ,

Figure 3-23 Configuration USB
Lane Selection is Dual Higher

/' Re-customize IP

2Zynq Ultrascale+ MPSoC (3.3)

Page Navigator
(0] Switch To Advanced Mode
PS UltraScale+ Block Design
10 Configuration

Clock Configuration

DDR Configuration

PS-PL Configuration

/0 Configuration

MO Voltage Standard
Banko [MIO 0:25] | |Bank1 [MIO 26:51]| | Bankz [MI0 52.77] | | Bank3 [Dedicated]

LVCHOS33 + | |LVCHOS33 + | LVCMOS33 ~ | LVCMOS33

«la]z 2
searen [0
Peripheral o Signal O Type Drive Strength(mA) ~ Polarity  Speed Pull Type Direction
« Lowspeed

> Memory Interfaces

> U0 Perpherals
> Processin g Unit
+ High Speed
> GEM
> uss
>O)pcle
@ Display Port
> DPAUX Mo 3437 v
+ Lane Selection Dual Higher v
OP Laneo GTLane3
OP Lanet GTLane2
> [) sATA

locks

> Reference CI

Cancel

Then

Figure 3-24 configuration Display Port

, 10 configuration finished,

4 . Clock Configuration
In the Clock Configuration interface, the Input Clocks window configures the

reference clock, where PSS REF CLOCK is the ARM reference clock, the default is
33.333MHz; Display Port selects Ref Clk2, 27MHz; USBO selects Ref Clk1, 26 MHz.
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i ¢ Re-customize IP

Zynq UltraScale+ MPSoC (3.3)

@ Documentation IP Location

Page Navigator = Clock Configuration

«|Q| |2
PS UltraScale+ Block Design

] switch To Advanced Mode | InPut Clocks  putput Clocks

Search: Q-
i Geramaion MName Source Input Freq (MHz) Range (MHz)
~_Input Reference frequency
I PSS_REF_CLK PS_REF_CLK 33333 27.00:60.00
DO Corbimichion ~ (T Lane Reference frequency
PS-PL Configuration Display Port Ref Clk2 ~ | 27 ~ |27
UsBo RefClk1 ~ || 26 v |28

Peripheral Reference frequency

o2 oE " e w o

Figure 3-25 Configuration PS side input clock
The PL clock keeps the default, which is the clock provided to the PL side logic,

TIC2

TTC3
~ PL Fabric Clocks
W PLO

| PLA

P2

[PL3

~ 8ystem Debug Clocks
DBG_LPD

Figure 3-26 Configure to PL clock

APB

APB

RPLL

RPLL

RPLL

RPLL

IOPLL

-

~

v

100.000000

100.000000

100

100

100

100

250

s w @ @

6

100000000

100.000000

99999001
99.999001
99999001

100

249997498

0.0000

0.0000

0.0000

0.0000..

0.0000...

0.0000...

0.0000...

Full Power domain , keep default except DP_VIDEO change to VPLL, DP AUDIO

and DP STC change to RPLL,
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4 Re-customize IP
3 Zynq UltraScale+ MPSoC (3.3)

4 @ Documentation IP Location

Page Navigator = Clock Configuration

[T Switch To Advanced Mode

("] Enable Manual Mode
PS UltraScale+ Block Design 5

PLL Options L
110 Configuration
|G = &
Clock Configuration
{ Search
DDR Configuration =
i MName Source FracEn Requested Freq (MHz)  Divisor0  Divisor 1 Actual Frequency (MHz)  Range
PS-PL Canfiguration > Low Power Domain Glocks |
~ Full Power Domain Clacks r
t ‘ > Processor/Memory Clocks ‘
~ Peripherals/lO Clocks
DP_VIDEO WPLL v |0 300 La 1 289987009 0.0000
| DP_AUDIO RPLL ~ O 25 20 1 24999750 0.0000
! DP_STC RPLL v 27 19 1 26315527 0.0000
SWDT1 APB 99.999001 99.990001 0.0000...

> System Debug Clocks
» Advance Clocks

Figure 3-27 Configure Peripheral 10 clock

Interconnect changed shows as below

4 Re-customize IP
3 Zynq UltraScale+ MPSoC (3.3)

4 @ Documentation IP Location

Page Navigator = Clock Configuration

[T Switch To Advanced Mode

("] Enable Manual Mode
PS UltraScale+ Block Design 5
PLL Options

110 Configuration

A

- ||Ql =
Clock Configuration
{ Search

DDR Configuration

Mame Source

PS-PL Configuration > Low Power Domain Clocks
~ Full Power Domain Clocks

1 > Processor/Memory Clocks

> PeripheralsiO Clocks

> System Debug Clocks

FracEn

Requested Freq (MHz)  Divisor 0

Divisor 1 Actual Frequency (MHz) ~ Range

|+ Advance Clocks

al » Low Power Domain

~ Full Power Domain

~ Interconnect and Switch clocks

3 FPD_DMA DPLL v

. DFDMA APLL v
TOPSW_MAIN APLL v

IOPLL -

o TOPSW_LSBUS

600 2
600 2
533333 2

100 5

599.994019 0.0000...

533.328003 0.0000...
533323003 0.0000

99993001 0.0000

Figure 3-28 Configure the module clock that requires interconnection structure
Keep the other parts as default, so far, the clock part configuration is complete,
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5. DDR configuration
In the window of DDR Configuration , Load DDR Presets select”
DDR4 MICRON MT40A256M16GE _083E" ,

A ¢ Re-customize IP x
Zynq UltraScale+ MPSoC (3.3) ¢
@ Documentation  IP Location
Page Navigator = DDR Configuration
(] Switch To Advanced Mode Enable DDR Contraller ~
PS UltraScale+ Block Design Load DDR Presets | Custom v
Clocking Opti DDR4_KINGSTON_KVR21SE15S8
10 Configuration leckngOptions =
Clock Configuration Requested Device F DDR4_SANMSUNG_K4ABG16 requency :1199.988037
Custom I
DDR Controller Options !
-1 PS-PL Configuration -
Memory Type | DDR 4 ~ Effective DRAM Bus Width | 64 Bit v
K
Components  Components v ECC Disabled v
DDR Wemory Options
Speed Bin (use tooltip) DDR4 2400P ~ DRAM IC Bus Width (per die) 16 Bits i
Cas Latency (cycles) 18 DRAM Device Capacity (per die) 8192 MBits ~
L] RAS to CAS Delay (cycles) (18 Bank Group Address Count (Bits) 1
| Precharge Time (cycles) |18 Bank Address Count (Bits) 2
b
3 Cas Write Latency (cycles) 12 Row Address Count (Bits) 15
k! RC (ns) 4532 Column Address Count (Bits) 10
i tRASmin (ns) 32 Dual Rank O B
1 v
b
4G memory version:
.
A 4 Re-customize 1P x
Zynq UltraScale+ MPScC (3.3) P
@ Documentation IP Location
P Page Navigator - DDR Configuration
) Switch To Advanced Mode Requested Device Frequency (MHz) 1200 Actual Device Frequency :1199.088037
PS UltraScale+ Block Design DDR Controller Options
WG Comagalion Memory Type | DDR 4 - Effective DRAM Bus Width | 64 Bit -
Clock Configuration Components  Components ~ ECC Disabled ~

DDR Canfiguration
DDR Memoary Options
-] Ps-PL configuration

Y Speed Bin (use tooltip) DDR4 2400R  « DRAM IC Bus Width (per dis) 16 Bits v
Cos Latary res) |10 ST ——
RAS to CAS Delay (cycles) (16 Bank Group Address Count (Bits) 1
Precharge Time (cycles) 16 Bank Address Count (Bits) 2
i Cas Write Latency (cycles) |12 Row Address Count (Bits) 16
1RC (ns) 4532 Column Address Count (Bits) 10
1RASMIN (ns) 32 Dual Rank (]
|
FAW (nS) 300
1
DDR Size (in Hexa) OxFFFFFFFF (4GB)
1 Additive Latency (cycles) 0
4
P Other Options.
] "

Figure 3-30 configuration of DDR width and capacity
8G memory version
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I 4 Re-customize IP x|
| zynqurtrascale+ MPSoC (3.3) /4
*| @ Documentation - IP Location
Page Navigator - DDR Configuration
- i . " =} 0

[C] switch To Advanced Made Enable DDR Gontroller v

PS UllraScale+ Block Design E5adDOR Preses | Cistom 2l
! Clocking Options

110 Gonfiguration

Glock Configuration Requested Device Frequency (WHz) 1200 Actual Device Frequency :1199.988037

DDR Configuration DDR Controller Options

EREPC G Memory Type | DDR 4 v Effective DRA Bus Wicth | 64 it ~

Components  Companents v Ecc Disabled v

DDR Memory Options

Spead Bin (use tooltp) DDR4 2400P DRAN IC Bus Width (per die) | 16 Bits ~
Cas Latency (cycles) 16 | DRAM Device Capacity (per die} | 16384 MBits B |
p! RASto CAS Delay (cydles) |16 Bank Group Address Count (Bits) 1
o Precharge Time (cycles) 16 Bank Address Count (Bits) 2
1 Cas Write Latency (cycles) |12 |RuwAddress Count (Bits) 17 |
1RC (ns) 4532 Column Address Count (Bits) 10
9 tRASMIN (ns} 32 Dual Rank (m]
FAW (ns) 200
KAl 7 DDR Size (in Hesa) OcIFFFFFFFF (8CB)

Figure 3-31 configuration DDR width and capacity
Keep other defaults, click OK, the configuration is complete, and connect the

clock as follows :

zyng_ultra_ps_e_1

M_AXI_HPMO_FPD + i}
maxihpm0_fpd_aclk pl_resetn0
® pl clkO

UltraSCALE*

Zyng UltraScale+ MPSoC

Figure 3-32 After auto interconnection

3.1.3 Generate XSA File
Right click design_1.bd ->Generate Output Products->Generate
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File Edit Flow Tools
=, &
Flow Navigator
~ PROJECT MANAGER
£ setiings
Add Sources
Language Templates

T IP Catalog

~ IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

2

Repots  Window  Layout  View

MY

Constraints (2 =

simulation Sources (1

Utility Sources

Hierarchy  IF Sources

Open File

Create HDL Wrapper.

View Instantiation Template

Generate Output Products.

Reset Output Products ..

Help = @ Quic
X & @ b B 8 X P §
B BLOCK DESIGN - design_1
Sources  x Design | Signals 2 _0O0 Diagram
Qlz & + o e a = 2 C Y | = DefaultView
= Design Sources (2
> design_1 (desig "
Source Node Properties
> = Text(1

zyng_ulira_ps_e_0

Y
NG

RIREB=

Make Your IceaReal

¥ SIMULATION
Source File Propertie:
Run Simulation urce File Properties Copy Al Files Into Project UltraSCALE+
design_1.6d 3 Remove File flom Project ra.
Zyng UlraScale+ MPSoC
¥ RTLANALYSIS
[¥/] Enabled
> Open Elaborated Design Disable File
Locaton DiFz514|
| Hierarchy Update ,
¥ SYNTHESIS Type L [
P Run Synthesis Part xczuSe P Hisrarchy %
> Open Synthesized Design < e

General  Properties

Figure 3-33 Generate output products
Click Generate

¢ Generate Cutput Products

The following output products will be generated.

Preview
Q== -
- | design_1.bd (DOC per IF) o~ b
Synthesis
Implementation
Simulation
Hw_Handoff i F
Synthesis Options
{ ) Global

(@) Out of context per [P

()} Out of context per Block Design

Run Settings

Mumber of jobs; | 3 w

Cancel

Figjljre 3-34 Syhthesis Options Out of context per IP
Check design 1.bd,right click --CreateHDL Wrapper
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MY

FEile Edit Flow Tools Reports Window Layout View Help
=, B X &« ® b, B 8 T ¥
w Navigator S0 L BLOCK DESIGN - design_1
~ PROJECT MANAGER
Sources  x Design | Signals 2 _ 00 Diagram  x AddressEditor x
£ Seftings = nr s
Q =|= |+ #l aa X x o/Q +
Add Sources
w Design Sources (2}
Language Templates » . design Jf—— e
Source Node Properties... =
1F | catalog » o Text{1)
> Constraints {2 _m Eipen e
“ [P INTEGRATOR > Simulation Sourt Create HDL Wrapper.

Create Block Design I ity Sosrees

Open Black Design

Generate Block Design

Hierarchy  IP Sourd
v SIMULATION

S File Pi rtie
Run Simulation s Ll

design_1.bd

View Instantiation Template
Generate Qutput Products

Reset Output Products...

Copy All Files Into Project
> Remave File from Project.

maxihpt

Figure 3-35 Create HDL Wrapper

Click OK

#  Create HDL Wrapper

Options

You can either add or copy the HDL wrapper file to the project. Use copy
aption if you would like to modify this file.

Copy generated wrapper to allow user edits

@ Let Vivado manage wrapper and auto-update

[

Cancel

Figure 3-36 auto-update HDL Wrapper file

Click built button,
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File Edit Flow Tools Reportts Window  Layout  View  Help Q- Quick
&, e le =
==l
Flow Navigator PROJECT MANAGER - hello_world
~ PROJECT MANAGER
cr Sources ¢ yre] 5 ) LA Project Summary
£* sefings - )
Q= ||+ 0 - Overview | Dashboard
Add Sources
~ [= Design Sources (1)
Lanquage Templates ¥ design_1 (design_1.bd) (1) Seftings  Edit
¥ IP Catalog ? Constraints Project name hello_warld
¥ @ Simulation Bourcesil) Project location DAFZ5/4GHhe
~ |P INTEGRATOR » = Utility Sources Product family: 2Zyng UltraSc
Create Block Design Project part xezuSev-shic
Onen Black Desian Top module name: Mot defined
Targetlanguage: Verilog
GanertelotkDesign Simulatorlanguage:  Mixed
Hierarchy | |P Sources  Libraries  Compile Order
¥ SIMULATION y ;
Synthesis
Run Simulation =
Properties 2 _ OO X
Status: Mot started
v RTL ANALYSIS L Messages: Mo errors ¢
> Open Elaborated Design L 2L 5N
Strategy: Vivado Syn
v SYNTHESIS Report Strategy. Vivado Syn
Incremental synthesis: None
P Run Synthesis
Selectan object to see properties
> Open Synthesized Design
DRC Violations
v IMPLEMEMTATION Run Impleme
P Run Implementation

Figure 3-37 generate bitstream
Click Yes

Mo Implemanﬁﬁon Results Ax

There are no implementation results available, Ok to launch synthesis and implementation?
‘Generate Bitstream” will automatically start when synthesis and implementation completes.

|:| Dont show this dialog again

Figure 3-38 click YES
Click OK
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¢ Launch Runs >

Launch the selected synthesis or implementation runs.

Launch directory. | & =Default Launch Directory= w =
Options 1
(®) Launch runs on local host  Mumber of jobs: | 3 o

[ ) Generate scripts only

SRS, B

Figure 3-39 start synthesis, and implementation

[ | Dont show this dialog again

Click Cancel

Bitstream Generation Completed e

o Bitstream Generation successfully completed.

Next
@gpenlmplemented Design
") View Reports
') Open Hardware Manager
[ ) Generate Memory Configuration File

[ | Dontshow this dialog again

TEBT TR RHEE

Figure 3-40 generate bitstream successfully
bitstream generate successfully.
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Tcl Console Messages Log Reporis Design Runs
Q| = & + %
Mame Constraints  Status
w of synth_1 (active) constrs_1 synth_design Complete!
 impl_1 constrs_1 write_bitstream Complete! A

w Out-of-Context Module Runs

» & ps_module Submodule Runs Complete

Figure 3-41 bitstream generate successfully
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WHS THS TPWS

MNA A 0.000

In the menu of  File->Export->Export Hardware->OK export hardware configuration

platform
File Edit Flow Tools Reports Window Layout Wiew Help Y- Quick Access
o
Project r i wog X
I Add Saiees. PROJECT MANAGER - iic_test
Close Project
Sources ¢ At i (M . > 4 Project Summary
a| =z €|+ o Overview | Dashi
v Design Sources (2
Checkpoint » > @ = design_1_wrapper (desion_1_wrappery) (1 Settings  Edit
IP b > = Ted (1 Project name:
> Constraints (2 R "
Text Editor " . . Project location:
> Simulation Sources (1) Product family:
> Utility Sources Project part:
Export Export Hardware... Top module name:
Export Bitstream File... Target language:
) Export Simulation... Simulator language
Exit

T Hierarchy IP Sources Libraries Compile Order

Figure 3-42 export the hardware design platform

Chose fixed , click Next

4 Export Hardware Platform
Export Hardware Platform

VIVADO”

software tools.

specify the platform properties

Platform type
@) Fixed

Expandable
A platform supporting acceleration

2

9 & XILINX
:

This wizard will guide you through the export of a hardware platform for use in the Vitis or Petalinux

To export a hargware platform, you will need to provide a name and location for the exported file and

A platform supporting ern software development only.

T Ty

.

Figure 3-43 chose Fixed

Select include bitstream , click Next
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¢ Export Hardware Platform >

output

Set the platform properties to inform downstream tools of the intended use of the target platform’s hardware design. '

Fre-synthesis
Thizs platform includes a hardware specification for downstream software tools.

(@) Include bitstream
“This-platform includes the complete hardware implementation-and-bitstream, in-addition to-the hardware specification for-
software tools.

Figure 3-44 select the platform include bitstream
Select the export file name and export path. Here the file name is selected by

default, and the path is the newly created vitis folder under the project file

¢ Export Hardware Platform *

Files

Enter the name of your hardware platform file, and the directory where the XSA file will be stored. ‘

XSAfile name: design_1_wrapper

Expart to: D:/FZ5/4G/hello_worldhitis |E At

The XSA will be written to: DIFZ54G\hello_worldwitis\design_1_wrapperxsa

W [ | [ ]

Figure 3-45 export file location

3.1.4 Built Vitis Application

Vitis is a stand-alone software, you can double-click the Vitis software to open it,
or you can open the Vitis software by selecting Tools--Launch Vitis in the Vivado

software
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File Edit Flow Tools Reporis  Window Layout  View Help Q- Quick Access
EA Sn) [¥ Validate Design
Tow Kavigalor | Create and Package New IP...
¥ PROJECT MANAGER
Create Interface Definition 2 _D0n Diagram x AddressEdifor  x
£} Settings Enable Dynamic Function eXchange
& @ PR i o § + & # C
Add Sources Run Tel Script.
Pi Edit d
Language Templ{ Fapery Exdior. fan_1_wrappery) (1
Associate ELF Files...
¥ 1P Catalog
Generate Memory Configuration File
~ 1P INTEGRATOR Compile Simulation Libraries.
Create Block Des KHub Stores...
Open Block Desig Custom Commands »
Generate Block D Launch Vitis IDE P
Q Language Templates B Compile Order
v SIMULATION & Setings tepind_fod ack
i
" s
Run Simulation v il b
design_1.bd - k-3
¥ RTLANALYSIS . -~
¥ Enabled
> Open Elaborated Design
Location: D:/FZ5!14Ghello_worldhello_world sres
v SYNTHESIS Type: Block Designs
P Run Synthesis Part #ezUSev-sve7 84-1-i "

Figure 3-46 vivado to start vitis
Select the newly created vitis folder and click "Launch”

«J Eclipse Launcher

Select a directory as workspace

Vitis IDE uses the workspace directory to store its preferences and development artifacts.

Workspace: | DAFZ5\4G\hello_worldivitis | [ Browse..

b Recent Workspaces
b Restore other Workspace

b Copy Settings

Launch Cancel

Figure 3-47 chose vitis work directory

After starting Vitis, the interface is as follows, click "Create Application

Project”, this option will generate APP project and Platfrom project, Platform

project is similar to previous version of hardware platform, including hardware

support related files and BSP,
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B« vitis - Vitis IDE - [m] EY
Ale Edit  Search Xilinx Project Window Help

# | [ Welcome 2 | = 8

XILINX
& Uims

VITIS
IDE

I— I — I
PROJECT PLATFORM RESOURCES
Create Application Project Add Custom Platform Vitis Documentation
Create Platform Project Xilinx Developer
I Create Library Project

Import Project

Figure 3-48 Vitis page begin
Click Next

3 & New Application Project (] xOE
1 Create a New Application Project E [
; This wizard will guide you through the 4 steps of creating new application projects. [
1. Choose a platform or create a platform project from Vivado exported XSA
a 2. Put application project in a system project, associate it with a processor
: 3. Prepare the application runtime — domain
4. Choose a template for application to quick start development
o

Platform
Project

Processor I Domain

XSA

]
1

- A platform provides hardware information and software environment settings.
- A system project contains one or more applications that run at the same time. t

= A domain provides runtime for applications, such as operating system or BSP.
« A workspace can contain unlimited platforms and unlimited system projects. L

[ Skip welcome page next time. (Can be reached with Back button)

| @ = Back Next = Finish | Gancel | I

Figure 3-49 built new application
select “Create a new platform from hardware(XSA)" , click “Browse” , find the xsa file
which was generated just now.
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[
Platform
5| Note: A platform project will be generated automatically in workspace for the selected X3A. It can be customized later. E

Select a platform from repository -_; Create a new platform from hardware (XSA)

Hardware Specification

DAFZ5\4G\hello_world\witis\design_1_wrapper.xsa

i vek190

| zc702 1
XSAFile: | 2706 Browse...

| zcul102
{ zed
DAFZ5\4G\hello world\vitis\design 1 wrapper.xsa

u «l Create Platform from XSA x

A e« v > HEEEE > BRODEE (D) » FZS » 4G » hellowarld » vitis v | ® 0 f@E"vitis"

M me-  smeesm - m @

A

R
b

m
i
b

[ hrEfE
B b .metadata
B msn RemoteSystemsTempFiles
= BE D design_1 wrapper.xsa
4+ T
b= i
==
i RS (C)

)
=T =1

r

o
]

SLEE(N): [design_1_wrapperxsa v| *xsa;"dsa; ~
a £H(0) Lot P P

(?) < Back | Next = Finish Cancel

Figure 3-50 select vivado export xsa file as the platform
At the bottom of the Generate boot components option, if checked, the

software will automatically generate the fsbl project. We generally choose to
check it by default. Click next.
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«f New Application Project m} X
Platform |
MNote: A platform project will be generated automatically in workspace for the selected XSA. It can be customized later.

\ Select a platform from repository -_; Create a new platform from hardware (XSA)

Hardware Specification

DAFZ5\4G\hello_world\witis\design_1_wrapper.xsa

zc702 ~
zc/06
XSAFile: |z ou102

zed
DAFZ5\4G\hello world\witis\design_1_wrapper.xsa

DAFZ5\4GYhello world\vitis\design 1 wrapper.xsa

Platform name: | design_1_wrapper |

Generate boot components e}
B
1@ <Back | Next= Finish Cancel ]

Figure 3-51 select XSA file
Fill in the APP project name hello_world, click on the box to select the
corresponding processor, we keep the default here (note that the app project
name and platform name cannot be the same, otherwise an error will occur)

<
-| =« New Application Project O Xk
| Application Project Details 7
1 Specify the application project name and its system project properties
Application project name: | hello_world |
System Project
Create a new system project for the application or select an existing one from the workpsace @@
Select a system project System project details
== Create new...
System project name: |he||07wor\disystem
Target processor
Select target processor for the Application project.
Processor Assodiated applications
psu_cortexa33 0 hello_world 1
psu_cartexa53_1
psu_cartexa53 2 |
psu_cortexa33 3
psu_cortexrS 0
psu_cortexrs_1
psu_pmu_0
psu_cortexa53 SMP
@ < Back Next = Finish Cancel
e o )

Figure 3-52 vitis application name
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In this interface, you can modify the Domain name, select the operating system,
ARM architecture, etc., keep the default here, and select standalone as the
operating system, which is bare metal.

-« New Application Project [m] x

pi

Domain
Select a domain for your project or create a new domain [l

| Select the domain that the application would link to or create a new domain
L

Note: New domain created by this wizard will have all the requirements of the application template selected in the next step

Select a domain Domain details
= Create new...
Name: [domain_psu_cortexas3_o |
Display Name: |domain_psu_cortexas3_0 |
Operating System: | standalone ~
psu_cortexas3 0
64-bit ~
]
it
L
@ Back Next= ||  Fni Cancel

Figure 3-53 select OS for CPU
Select “ Hellow World” template , click “Finish”

3 % New Application Project m] *

Templates E
7| Select a template to create your project. P

| Available Templates:

Y Find: | 2 == Hello World £

A | ¥ SW development templates Let's say 'Hello World' in C.
Empty Application

Empty Application (C++)

4| | Hello World |

IwiP Echo Server

IwiP TCP Perf Client
IwiP TCP Perf Server
IwiP UDP Perf Client
lwiP UDP Perf Server
Memaory Tests
Peripheral Tests
Zyng MP DRAM tests
Zyng MP-FSBL

i @' Next = Finish Cancel

Figure 3-54 select application template

- 102 -



MYS-ZU5SEV_FPGA Development Manual V2.0.3

MYiR

RIREB=

Make Your IceaReal

After the completion, you can see that two projects have been generated,

one is the hardware platform project, which is the Platfrom project mentioned
before, and the other is the APP project

s vitis - hello_world/hello_warld.prj - Vitis IDE

Fle Edit  Search Xiinx Project Window Help
R g .

o | B Kridhn0 i

@ ide ~ appIig Platform:
% hello_world.prj
% : Runtime:
4 hello_world_system.sprj
Domain:
CPU:
0s:
Hard
«f Assistant 2 =L
SEeRO% 7
B design_1_wrapper [Platiorm]
* hello_world_system [System]
B Console 2 |[Z Problems [E] vitis Log

Options

L Explorer 5 = | & hello world system | % hello_world 53 |
(B design 1 wra % Application Project Settings
[ hello_world_system [ desian 1 wrapper
v &} heua_wor\a'%nmsa_m Ganeral
[l Includes
&eie Project name: hello world

Navigate to BSP Settings

rrent BSP settings, or

Active build configuration: Debug v &

=g |

configure settings like STDIO peripheral
n, compiler flags, SW intrusive profiing, add/remove libraries,
assign drivers to peripherals, change versions of OS/libraries/drivers

- o kS

s|! [ Design % Debug
=g >

An outline is not available.

5= Outline 2

(D) Guidance

3 4|3

XM~ -=0

Build Consale (hello_world_system, Debug]

Figure 3-55 application
After unfolding the Platform project, you can see that it contains the BSP project

and the zynq_fsbl project (this project is the result of selecting Generate boot
components). Double-click platform.spr to see the corresponding BSP project
generated by the Platform. You can perform the BSP project here. Configuration.
BSP is also the meaning of Board Support Package, which contains the driver files
needed for development and is used for application development. You can see
that there are multiple BSPs under the Platform, which is different from the
previous SDK software. Among them, zyngmp fsbl is the BSP of fsbl, and
domain_psu_cortexa53 0 is the BSP of the APP project.
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- vitis - design_1_wrapper/platform.spr - Vitis IDE

! [ Design #F Debug

o platform.spr
[E] hello_warld_system

af Assistant 53 = 0
ERER0O % ~

& design_1_wrapper [?
* hello_warld_system [System]

8 ||z Outline zﬂ 2

design_1_wrapper

An outline is not available.

design_1_wrapper

]

Ale Edit  Search Xilinx Project Window Help
- | ®~R~its > O~ F - DG E D~
~. Explorer zz] T T T O || & helloworld system % hello world |4 design_1_wrapper & |
~ [ design 1 wrapper
& bitstream Platform: design_1_wrapper
(= export ~ [ design_1_wrapper =
& hw BSP v {} psu_cortexa53.0 Name:
(= logs / v [8 zynqmp_fsbl e ey S D
~ [ psu_cortexa53 0 |2 Board Support Package Description:
¥ (= domain_psu_cortexa53 0 ~ [ domain_psu_cortexas3_0
(= bsp FSBL 2 Board Support Package
(& resources / ,A kil Pl )
% s
(= zyngmp_fsbl v 8 zyngmp_pmufw Samples:
(& zyngmp_pmufu Board Support Package
Generate boot components.

Pre-built Components

<

Main| Hardware Specification|

Browse...

Q

B Console £ |[EL Problems |[E] vits Log | () Guidance

Build Consale [hello_world_system, Debug]

TR AT L

Figure 3-56 BSP, FSBL file folder
Click on the BSP, you can see the peripheral drivers of the project, where

Documentation is the driver documentation provided by xilinx, and Import

Examples is the example project provided by xilinx to speed up learning,

[ & hello_world system & hello_world

type filter text

v B design_1_wrapper
v {} psu_cortexa53_0
~ 8 zynqmp_fsbl
=| Board Support Package

v 71 domain_psu_cortexa53 0
=| Board Support Package
~ {7} psu_pmu 0
v 2 zyngmp_pmufw

Board Support Package

the menu bar to compil

| design 1_wrapper &2 |

Board Support Package

View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive profiling, add/remove

libraries, assign drivers to peripherals, change versions of OS/libraries/drivers etc.

Modify BSP Settings... | Reset BSP Sources

A BSP settings fle is generated with the user options selected in the settings dialag. To use exising settings, click the below link. This
operation clears any existing modifications done. Al the subsquent changes are applied on top of the loaded settings.

Load BSP settings from file
Operating System

standalone

7.2

Name:

Version:

Standalone is a simple, low-level software layer. It provides access to basic processor features such as caches,

Description:

Documentation: standalone v7 2

interrupts and exceptions as well as the basic features of a hosted environment, such as standard input and
output, profiing, abort and exit.

Drivers  Libraries
Name Driver Dacumentation Examples A
psu_acpu_gic scugic Documentation Link Import Examples
psu_adma 0 zdma Documentation Link Import Examoles
psu_adma_1 zdma Documentation Link Import Examples
psu_adma_2 zdma Documentation Link Import Examples
psu_adma_3 zdma Documentation Link Import Examples
psu_adma 4 zdma Documentation Link Import Examples
psu_adma 5 zdma Documentation Link Import Examples
psu_adma_6 zdma Documentation Link Import Examples
psu_adma_7 zdma Documentation Link Import Examples "

Figure 3-57 BSP example
In the APP project, right-click Build Project, or click the "hammer" button in

e the project
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- 8 x

5! |[2 Design 4 Debug

er 5 Khello world [ design 1 wrapper 52 = ==
design_1_wrapper ST
[ hello_world_system “ | Board Support Package
{2} hello_world [ domain_psu_cortexa53.0 1 v [ design_1_wrapper
o YO i View curent B setings,or configure seings ke STDIO peripheral election, ompiler flags, W irrusve profing, addremove
i oraries, assgn drivers 1 peipherals, change versions of OSloraris/drivers et
de B Board Support Package Modify BSP Settings...| |Reset BSP Sources
¢ helo worldpj 3 domain psu corexas3.0
B ol g e cptions selected n dilog. To use exiing setings,cickthe below link This
& hallo,world gystemspg Sl Py jeme. All the subsquent. are applied entep ofthe loaded settings.
« (Y ipeu pmu 0
8 oymamp_pmu
5 Board Support Package et TG
Name: standalone
Version: 72
Standalone i a simple,low-evel softuare layer. It provides access o basic processor featurs such as caches,
abions ac o s i hask. fasnn e o
ort ond ot
Do
Name Drver Documertation Examples ~
-
J Assistant 52 psu_sdma 0 zdma
pou_adma) 2dma
design_1_wrapper [Platform] s 2
% hello_world_system [System) LA —
S psu_adma 3 2dma
psu_adma 4 zdma Import Examples.
psu_adma_5. zdma Import Examples
zdme Impont Examples
- o tEandn
Vain|Fardwars Spedfeation
© Console 2| £ roblems [E]vits Lo ( Guidarce v E am-kl@B-0--0
Build Console hello_world_system, Debug]
@ reloworid
—
After built , generate elf folder
& Console &2 |[£] Problems [E] Vitis Log () Guidance o8 BHE=&lrB~-f~r=08
Build Console [hello, Debug]
e =
"Invoking: ARM v8 Print Size'
aarch64-none-elf-size hello.elf [tee "hello.elf.size™
text data bss dec hex filename
29668 2048 20676 52392 ccad hello.elf
‘Finished building: hello.elf.size’
18:58:14 Build Finished (took 7s.672ms)
v
< >

Figure 3-59 elf folder generate console window

3.1.5 Debug

Connect the JTAG line to the development board, and the UART USB line to
the PC.

Use PUTTY software as a serial terminal debugging tool
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& eEEEs
X BEN BBV B0
e D HBE B EX®

Lk |

H

v & DESKTOP-17B10AS
» =g IDE ATA/ATAPI 355
» [ Programming cables
» = WSD FIEEERS
> [ nEs
P am BRENENRR
o G TEERE
» = TEIAZY
» = I
v @ =0 (COM F LPT)

- .

T (1PT1)
f EEED (com1)
> E FEH
v > [ EEREE

£y ————

> ARSI EE
o i mes

s P EiEe

y i EE ERTSE
> @ siEEiEaE

) § EESAEEEsE

s Eens

ﬁ Silicon Labs CP210x USB to UART Bridge (COMS)

=7 T g |

Figure 3-60 PC resource manager

2 PuTTY Configuration
Category:
= S!E!ssion Basic options for your PUTTY session
i TE"" |..og|ging Specify the destination you want to connect to
E”'Eboa 3 Serial line Speed
. Bel |comy |[115200 |
- Features Connection type:
=~ Window (JRaw (O Telnet (O Rlogin () 55H (@) Serial
Pq:pea.rance Load, save or delete a stored session
- Behaviour
... Translation Saved Sessions
- Selection | |
- Colours Default Settings =
=i~ Connection Com3a
- Data COME
ek COME Gk
- Telnet Delete
- Rlogin
= 55H
I S Close window on exit:
() Mways  (Mever (@ Only on clean exit
oo [ Open ]| Cancel

Figure 3-61 PuTTY configuration
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Select "hello”, right click, and you can see many options. The "Run as" that is
used in this experiment is to run the program. There are many options in "Run as".
Select the first "Launch onHardware(Single Application Debug)", use system

debugging to run the program directly

 vitis - design 1 wrapper/platform.spr - Vitis IDE
File Edit Project Window Help

#r 0O [=R=g - ]

Search  Xilinx
| B Q-

< Explorer 22

design_1_wrapper
[ hello_world_system [ design_ 1 wrapper 1
~ {8} hello_world [d
@l Includes
@ sre
@ ide
% hello_world.| 3¢

& hello_world sy

New
Move To System Project.
Paste

Delete

Refresh

f25 Import Sources..
i Export as Archive

Build Project

i 77 O |[& kellovord system K helloworld | design T_arapper 52 |

type filter text

5] design_1_wrapper
v {7} psu_cortexa53.0

B8 zynqmp_fsbl
= Board Support Package
[ domain_psu_cortexa53_0
51 Board Support Package
v £} psu_pmu 0
28 zyngmp_pmuf
| Board Support Package

5 H % ¥ || Board Support Package
View current BSP settings, or configure settings like STDIO peripheral selection, compiler flags, SW intrusive profiling, add/remove
libraries, assign drivers ta peripherals, change versions of OS/libraries/drivers etc.

Modify BSP Seftings.. | | Reset BSP Sources

A BSP settings file is generated with the user options selected in the settings dialog. To use exising settings, click the below fink. This
operation clears any existing modifications done. Al the subsquent changes are applied on top of the loaded settings.

Load BSP settings from file

Operating System

Name:

standalone

Clean Project -

Standalone is a simple, low-level software layer. It provides access to basic processor features such as caches
interrupts and exceptions as well as the basic features of a hosted environment, such as standard input and
output, profiling, abort and exit

Version:

Generate Linker Script

Description:
Program FRGA "

Create Boot Image

Documentation: standalone v7_2

o BB i)

Program Flash

C/C++ Build Settings Drivers  Libraries

Team > [ Name Driver Documentation Examples ~
= Run As. > & 1 Launch on Hardware (Single Application Debug) u_acpu_gic scugic Import Examples
o Assistant 52 Debug As S e or et S Ie AFpIFaUoR =] [u,adma,o =dma Import Examples
design_1_wrappe  properties & 3 Launch on Hardware (Single Application Debug (GDB)) oot ki
 hello, world systouroysremy = ju_adma 2 zdma
- RinConfhatiasion u_adma_3 zdma import Examples
psu_adma_4 zdma mport Examples
psu_adma 5 zdma impert Examples
psu_adma 6 zdma Import Examples
su_adma zdma import Examples
pav.adme7 o o

Main| Hardware Specification

(B Cancole 52180 Prableme. B Vitic lon (D) Guidance

Figure 3-62 download and debug
In order to ensure the reliable debugging of the system, it is best to right-click

&4 o

"Run As -> Run Configuration...”

We can take a look at the configuration inside, where Reset entire system is
selected by default, which is different from the previous SDK software. If there is
still a PL design in the system, you must also select "Program FPGA"

—| «J Run Configurations

Create, manage, and run configurations

: Debug a program using Application Debugger.

|| Name: [Debugger_hello_world-Default

¥ Main|[C] Application [ ®) Target Setup " ®: Arguments B Environment| 55 Symbol Files| & Source| & Path Map| = Common
~ £ Single Application Debug

£ Debugger_hello_world-Default

Tir

£ Single Application Debug (GDE) Hardware Platform: [S{scTcfLaunchFile:project=hello_world;fleType=hus) || search. Browse..
B 5PM Analysis Bitstream File: | ide/bitstream/design_1_wrapper.cit || search. Browse... Generate...
FPGA Device: [Auto Detect || select.
PS Devics: [Auto Detect || select..
Use FSBL flow for initialization
FSBL File: [$tsdTefLaunchFile:project=hello_world:fileType=fsbl) || search.. Browse..

FSBL Exit Function: | XFsbl Exit

Summary:

Reset entire system
[JReset APU

[IReset RPU

[JEnable RPU Split Mode

[l Program FPGA
[ skip Revision Check
[ Initializs using FSBL

Filter matched 4 of 4 items

o |

=3

Following operations will be performed before launching the debugger.
1. Resets entire system. Clears the FPGA fabric (PL).
2. Program FPGA fabric (PL).
3. PS will be initialized using FSBL.
4. The following processors will be reset and suspended.
1) psu_cortexa53_0
5. All processors in the system will be suspended, and Applications will be downloaded to the following
processors as specified in the Applications tab.
1) psu_cortexa53_0 (DAFZ5\AG hello_worldivitisyhello_worldiDebug\hello_world elf

Fi

gure 3-63 debug
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3.1.6Serial Print Output“Hello World”

The serial output print result is as follows,

COMS - PuTTY

Figure 3-64 Serial output result
3.1.7Program Curing

Since the Generate boot components option was selected when creating a

new one, Platform has imported the fsbl project and generated the corresponding
elf file,

« vitis - design_1_wrapper/platform.spr - Vitis IDE
File Edit Search Xilinx Project Window Help

- S NN R e ] o o
= o 7 .
. Explorer &2 Fl S ¥ 5 O & hello_world_system # hello_world |d design_1_wrapper I3
v [B] design_1_wrapper T =
type filter text = o
: P fedalon s E Board Support Package
~ [ design 1 wrapper
* = design_1_wrapper ~{} psu_cortexa53.0 \IfIEW IcurrentIESP slettlngs‘ ora
oo " libraries, assign drivers to peri
g w v zyngmp_fshl
¥ (= sw -| Board Support Package Maodify BSP Settings...  Ressl
~ = design_1_wrapper v domain psu_cortexa53 0
:j__ boot B ;jps = P, kﬁ A BSP settings file is generatec
= . . i =l board support Fackage operation clears any existing i
= design 1 wrappec hif v i F psu_pmu 0 T o : al
. P settings from file
| fsbl.elf v [ zyngmp_pmufw Loa :? settir m file
generic.readme = Board Support Package Operating Syster
& fu.elf
- pm‘u < Name: standalone
(= domain_psu_cortexa53_0 i
9 -7 - Version: 7.2
(£ gemu
. Standalone it
design_1_wrapper.spfm . 5
3 - Description: interrupts an
- design_1_wrapperxpfm citgit, prof
&= hw i
b Documentation: standalone y
(2 logs
[z psu_cortexa53_0 Drivers | Libraries
(23 resources =
I 2= zyngqmp_fsbl I Mame
= zyngmp_pmutw | psu_acpu_gic
=« platform.spr psu_adma_0
E hello_world_system [ design_1_wrappe | psu_adma 1
psu_adma_2
| psu_adma_3

nan adma 4

Figure 3-65 Generate fsbl.elf
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Modify the debug macro definition FSBL DEBUG INFO VAL to 1, which can
output some status information of FSBL at startup, which is conducive to

debugging, but it will cause the startup time to become longer.

o viti r/zynqmp_fsbl/xdsbl_config.h - Vitis IDE
ile Project Window Help
£-0-F/-EFWT e
BEfw Y= 0O % hello_world =0 [3=
~ he ess in DDR where ~
#define XFSBL_DDR_TEMP_ADDRESS
all data exchanged
FSBL_PRINT_VAL ()
ESRLDFRLG, o
FsoL NFO_VAL vy ]
TSR T oy
SBL Debug options
Y| 75 #if FsBL_pRINT VAL
= i 76 #define FSBL_PRINT
18R] 0% B || % senai
79 #if FSBL_DEBUG VAL
50 #define FSBL_DEBUG
51 gendif

Figure 3-66 Modify macro definition

Right-click the hardware platform project hello_ world and select Build Project
&l vitis - design_1_wrapper/zyngmp fsblfxfsbl config.h - Vitis IDE
File Edit Search Xilinx Project Window Help

D-HB PR %0V DI E D

sl

Build Project

Clean Project

Copy referenced files into project
Update Hardware Specification
Team

Run As
Debug As

Properties

Figure 3-67 built
Click the system of the APP project, right-click and select Build project
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4 vitis - design_1_wrapper/zyngmp_fsbl/xfsbl_config.h - Vitis IDE

File Edit

Search Xilinx Project Window Help

B-HB 8-/ -i%-0-~

viﬁfu"‘\b\.‘:v 5

Make Your IceaReal

f .
. Explorer 23| =R =]

¥ design_1_wrapper
> [22] hello_world_system [ desinn 1 wranner 1

New

Add Application Project...

Add Library Project...

Add Hw Kernel Project...

Paste
Delete
Refresh

x

Import Sources...

8

Export as Archive

E

Close System Project
Build Project
Clean Project

Create Boot Image

H=

Program Flash

C/C++ Build Settings
Team

Run As
Debug As

Properties

& hello_world_system 4 hello_world -« design_1_wrapper I’EI *ufsbl_config.h 2 L

Cirl+V

* This is the address in DDR where biitstream will be copied temporarily */
#define XFSBL_DDR_TEMP_ADDRESS (@xleaaaal )

This is the address in DDR where boot.bin will be copied in USE boot mode
efine XFSBL_DDR_TEMP_BUFFER_ADDRESS (Bx4000000U )

Type Definitions **==*=

kExxkxEx macros (Inling Functions) Definitions **3
{@iname FSBL Debug options

FSBL supports an unconditional print
- FSBL_PRINT Used L header and any mandatory prints
Hence FSBL_PRINT be 1

Further FSBL by defau y debug prints enabled. If user
t to enable the debug prints, they can define the following
options

supports three types of debug lex
- FSBEL_DEBUG Defining this will pr

want

t basic information and

- . DE ELC  DETAILED Def‘n ng this 1 print information with
data exchanged
/
efine FSBL_PRINT VAL (1)
lefine FSBL_DEBUG_VAL (eu)
lefine FSBL_DEBUG_INFG VAL (1u)
lefine FSBL_DEBUG_DETAILED VAL (eu)

FSBL Debug options
4

Figure 3-68 Re-built

At this time, there will be an extra Debug folder, and the corresponding

BOOT.BIN

% vitis - design_1_wrapper/zyngmp fsbl/xfsbl_config.h - Vitis IDE

will be generated

File Edit Search Xilinx Project Window Help
Mg B B~ R~ -0V DI D
I Explorer &1 i =H & hello_world_system A helle_world wJ design 1_wrapper (El *xfsbl config.h &£

1 design_1_wrapper
v [z hello_world_system [ design_1 wrapper]
@ hello world [ domain_psu l
w (= Debug

~ (= sd card

 BOOT.BIN
= README.xt

=
B
2

hella_world_system_Debug.build.uilog

|.& makefile

readelflog
system.bif
writebif.log

& hello_world_system.spr]

48

* This is the address in DDR where bi m will be copied temporarily

am
#define XFSBL_DDR_TEMP_ADDRESS (@x100000U)

* This is the address in DDR where boot.bin will be copied in USB boot m

#define XFSBL_DDR_TEMP_BUFFER_ADDRESS (2x4000000U )

Type Definitions * =¥

Macros (Inline Functions) Definitions *
FSBL Debug options

L supports an unconditional print

- FSBL_PRINT Used t FSBL header and any mandatory prints
Hence FSBL_PRINT \,- should always be 1

Further FSBL by default doesn't have any debug prints enabled. If use

to enable the debug prints, they can define the following

basic information and

enabled with form

EBUG_INFD
in ad
UG_DETAILED Defining this
11 data excmangﬂd

11 print information with

Figure 3-69 SD card start W|th the BOOT.BIN
Another way is to click the system right button of the APP project and select

Create Boot Image. In the pop-up window, you can see the path of the generated

BIF file. The BIF file is the configuration file for generating the BOOT file, as well as
the path of the generated BOOT.bin file. The BOOT.bin file is the boot file we
need. It can be placed on the SD card to boot, or it can be programmed to QSPI

Flash.
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4 Create Boot Image X
Create Boot Image
Creates Zyng MP Baot Image in .bin format from given FSBL elf and partition files in specified output folder. {é}
Architecture: | Zyng MP
O Create new BIF file @ Import from existing BIF file
Impart BIF file path: ‘D:/‘HSMG/helloiwurld/‘vitis/helloiwurld/‘iidefbootimage/he\\oiwor\d.bwl ‘ e
Basic  Security
Output BIF file path: |D:/HS/4GIhel\oiwor\d/‘vi!is/hel\oiwor\d,‘iide/‘boo!image/‘he\loiwur\d‘bif | Erowal
UDF data: | | | Browse...
[ split Output format: [BIN ~
Output path: |D:/HS/‘IG,’haHm_wnr\d/vi!isfhal\m_wor\d{_ide/bumimags/BDOT‘bin | Prowion
Boot image partitions
file path Encrypted  Authenticat.. Add
(bootloader) D:fFZ5/4G/hello_world/vitis/design_1_wrapper/export/design_1_wrapper/sw/design_1_wrapper/boot/fsbl.elf none none .
3| | DiFZ5/46 hello_world/vitis/hello_world/ ide/bitstreamydesian 1 wrapper.bit none nane L
3 | DyFZs/4G/hello_worldvitis/hello_world/Debug/hello_world.elf none none e
Up
Down
@ Preview BIF Changes Cancel

Figure 3-70 Generate BOOT.bin
There are files to be synthesized in the Boot image partitions list. The first file

must be the bootloader file, which is the fsbl.elf file generated above, the second
file is the FPGA configuration file bitstream, and the third is the application
program. In this experiment The middle is hello world.elf. Click Create Image to
generate BOOT.bin.

[4 ] = | bootimage - O X
o

§ EEEe =
e

T AR -
£ -

HF BRE= = E
s | emEE :
2B e

Aar]
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=] HE I bz

A o -
# tEsE
mEE . I [] BOOTbin
: T hello_world bif
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8 3 2| writebiflag
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Figure 3-71 BOOT.bin
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Switch the development board to SD card startup mode, and then copy the
BOOT.bin file to the SD card and put it on the development board to run.

COMS - PuTTY - O pd

Figure 3-72 Output result

3.2 Data Interaction Between PL and PS

There are direct and indirect ways of data interaction between PS and PL. The
direct way is through the design of EMIO. The PS terminal can directly access the
registers of the PL terminal through a physical connection. Indirectly is to
exchange data by sending interrupts and AXI4 bus interface, bus protocol, and
bus.

3.2.1 Direct Data Exchange Between PL and PS

zynq's GPIO is divided into two types, MIO (multiuse 1/0O) and EMIO
(extendable multiuse 1/0)
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GPIO 26-bit
-
Bank O
MIO
x78
| |
GPIO 26-bit -
B .
Bank 1 o Pin
| E———— |
GPIO 26-bit
R R
Bank 2
EMIO Interface to PL
GPIO 32-bit EMIOGPIOI[0:31]
Bank 3 - o EMIOGPIOO[0:31]
EMIOGPIOTN[0:31]
GPIO 32-bit EMIOGPIOI[32:63]
Bank 4 - - EMIOGPIOO[32:63]
EMIOGPIOTN[32:63]
GPIO 32-bit EMIOGPIOI[64:95]
Bank 5 - - EMIOGPIOO[64:95]
EMIOGPIOTN[64:95]

X15456-092516

Figure 27-1: GPIO Block Diagram

Figure 3-73 MIO and EMIO architecture
There are 96 EMIOs of BANK3~BANKS5, which can be directly accessed by the

PS side. The advantage of using EMIO is that when MIO is not enough, PS can
control the pins of PL part through EMIO. Of course, in addition to the direct GPIO
interface, there are other interface methods that can directly access the resources
of the PL end through the PS if the design meets the requirements.

3.2.2 Configurable Bus Between PS and PL

The AXI bus protocol is implemented with hardware inside the ZYNQ chip,
including 12 physical interfaces, namely S_AXI_HP{0:3} FPD, S AXI _LPD,
S AXI_ACE_FPD, S AXI_ACP _FPD, S_AXl HPC{0,1} FPD, M_AXIl HPM{0,1} FPD,
M_AXI HPMO LPD interface. S AXI HP{0:3} FPD interface: It is a high-
performance/bandwidth AXI4 standard interface, there are four in total, and the
PL module is connected as the main device. Mainly used for PL to access memory
on PS (DDR and FPD Main Switch) S AXI LPD interface: high-performance port,
connect PL to LPD. Low-latency access to OCM and TCM, access to PS side DDR.
S_AXI HPC{0,1} FPD interface: connect PL to FPD, connect to CCl, and access L1
and L2Cache. Due to CCl, access to DDR controller will be delayed.
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M_AXI_ HPM({0,1} FPD interface: high-performance bus, PS is master, connects FPD
to PL, and can be used for CPU, DMA, PCle, etc. to push large amounts of data
from PS to PL.

M_AXI_HPMO _LPD interface: low-latency interface bus, PS is the master,
connects LPD to PL, can directly access BRAM, DDR, etc. on the PL side, and is
often used to configure the registers on the PL side. Only M_AXI HPM{0,1} FPD
and M_AXI_ HPMO_LPD are Master Ports, namely host interfaces, and the rest are
Slave Ports (slave interfaces).

The host interface has the authority to initiate reading and writing. ARM can
use the two host interfaces to actively access the PL logic. In fact, it maps the PL
to a certain address, and reading and writing the PL register is like reading and
writing its own memory. The other slave interfaces are passive interfaces,
accepting reads and writes from the PL, and accept them in reverse. In PS and PL
interconnection applications, the most used interfaces are S AXI_ HP{0:3} FPD,
M_AXI HPM({0,1} FPD and M_AXI HPMO LPD.

The ARM on the PS side directly supports the AXI interface with hardware,
while the PL needs to use logic to implement the corresponding AXI protocol.
Xilinx provides ready-made IP such as AXI-DMA, AXI-GPIO, AXI-Dataover, AXI-
Stream in the Vivado development environment to implement the corresponding
interfaces. When in use, you can directly add them from the Vivado IP list to
achieve the corresponding functions. The following picture shows various DMA
IPs under Vivado:
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Search: qu (5 matches)

4F AXl Central Direct Memary Access

4F AX] DataMover

4F AXl Direct Memory Access

34F AX] Multi Channel Direct Memory Access
14F AX Video Direct Memary Access

EMTER to select, ESC to cancel, Cirl+Cl for IP details

Figure 3-74 select DMA IP
The following is an introduction to the functions of several commonly used

AXlI interface IP: AXI-DMA: Realize the conversion from PS memory to PL high-
speed transmission high-speed channel AXI-HP <---->AXI-Stream AXI-FIFO-
MM2S: Realize the conversion from PS memory to PL general transmission
channel AXI-HPM < ----- >AXI-Stream AXI-Datamover:

Realize the conversion from PS memory to PL high-speed transmission high-
speed channel AXI-HP <---->AXI-Stream, but this time it is completely controlled
by PL, and PS is completely passive. AXI-VDMA: Realize the conversion from PS
memory to PL high-speed transmission high-speed channel AXI-HP <---->AXI-
Stream, but it is specifically for video, image and other two-dimensional data. AXI-
CDMA:

This is done by the PL to move the data from one location in the memory to
another, without the CPU's intervention., We will talk about it as an example in a
later chapter.  Sometimes, users need to develop their own defined IP to
communicate with the PS, then you can use the wizard to generate the
corresponding IP.

User-defined IP cores can have AXI4-Lite, AX14, AXI-Stream, PLB and FSL
interfaces. The latter two are not used because they are not supported by ARM.
With the above official IP and the custom IP generated by the wizard, users
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don’ t actually need to know much about AXI timing (unless they do encounter
problems), because Xilinx has already encapsulated the details related to AXI
timing, users only need Just focus on your own logic implementation. Strictly
speaking, the AXI protocol is a point-to-point master-slave interface protocol.
When multiple peripherals need to exchange data with each other, we need to
add an AXI Interconnect module, which is the AXI interconnect matrix. The
function is to provide one or more AXI master devices. A switching mechanism
connected to one or more AXI slave devices (somewhat similar to the switching
matrix in a switch). This AXI Interconnect IP core can support up to 16 master
devices and 16 slave devices. If you need more interfaces, you can add more IP
cores.
The basic connection modes of AXI Interconnect are as follows:

N to-1 Interconnect to-N Interconnect

N-to-M Interconnect (Crossbar Mode)

N-to-M Interconnect (Shared Access Mode)

Figure 3-75 AXI interconnect

interconnect

- 116 -



MYS-ZU5EV_FPGA Development Manual V2.0.3 MY iR RitE=

Figure 3-76 AXI interconnect structure
ZYNQ's internal AXI interface devices are interconnected by means of
interconnection matrix, which not only ensures the efficiency of data transmission,
but also ensures the flexibility of connection. In Xilinx Vivado, we provide the IP
core axi_interconnect that realizes this interconnection matrix, and we only need

to call it.

Search: Al Interl (6 matches)

14F AHB-Lite to AXI Bridge

34F Axl4-Stream Interconnect
IF AXl AHBLite Bridge

IF AXl APB Bridge

17 AX Interconnect

1F AX Interrupt Controller

EMTER to select, ESC to cancel, Cirl+Cl for IP details

Figure 3-77 AXI interconnect select IP

3.3 Introduction to AXI4 Bus
3.3.1 AXI4 Protocol

Since XILINX launched the VIVADO development environment for 7 series
FPGAs and SOCs, FPGA development tends to use existing IP cores for
engineering construction and verification, reducing the workload of code writing,
especially in the use of ZYNQ. .

Almost all IP cores in the Vivado development environment support the AXI
bus, and the IP core interface is standardized. FPGA engineers only need to learn
the AXI bus, and almost master the use of all IP core interfaces. Such
standardization also makes it possible to build a system faster and more
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convenient for verification, which is a huge improvement over ISE; For some
customized functions, there is no well-defined IP core in the VIVADO
development environment.

At this time, FPGA engineers may need to self-research, how to quickly
integrate self-developed logic into the system, and use VIVADO' s design
philosophy is to self-research The logic is standardized, using AXI bus as the
interface, and VIVADO also provides users with corresponding tools. AXI
(Advanced eXtensible Interface) was originally a bus protocol proposed by ARM.
Xilinx started to support the AXI bus from the 6 series of FPGAs, and currently
uses the AXI4 version.

(1) AXI4: (For high-performance memory-mapped requirements.) Mainly
oriented to the needs of high-performance address mapping communication, it is
an address mapping-oriented interface that allows a maximum of 256 rounds of
data burst transmission;

(2) AXl4-Lite: (For simple, low-throughput memory-mapped communication)
is a lightweight address-mapped single transmission interface that occupies very
few logical units.

(3) AXl4-Stream: (For high-speed streaming data.)

For high-speed streaming data transmission; remove the address item,
allowing unlimited data burst transmission mode. The AXI4 bus and the AXI4-Lite
bus have the same components:

(1) Read address channel, including ARVALID, ARADDR, ARREADY signals;

(2) Read data channel, including RVALID, RDATA, RREADY, RRESP signals;

(3) Write address channel, including AWVALID, AWADDR, AWREADY signals;

(4) Write data channel, including WVALID, WDATA, WSTRB, WREADY signals;

(5) Write response channel, including BVALID, BRESP, BREADY signals;

(6) System channels, including: ACLK, ARESETN signals.

The composition of the AXI4-Stream bus is:

(1) ACLK signal: bus clock, the rising edge is valid;

(2) ARESETN signal: bus reset, active low;

(3) TREADY signal: The slave tells the host to prepare for transmission;

(4) TDATA signal: data, optional width 32, 64, 128, 256bit
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(5) TSTRB signal: each bit corresponds to a valid byte of TDATA, the width is
TDATA/S;

(6) TLAST signal: the master tells the slave that this transmission is the end
of the burst transmission;

(7) TVALID signal: the master tells the slave that the data is valid for this

transmission;
(8) TUSER signal: user-defined signal with a width of 128/8bit.

Read address channel
Address
and
control
—

Master Slave
interface Read data channel interface
Read Read Read Read
data data data data

- - - e
X12076
Write address channel
Address
and
control
—_—
Write data channel

Master Write Write Write Write Slave
interface data data data data interface

—_— - @ —= @ —= | — =

Write response channel

Write
response

-

Figure 3-78 AXI bus read and write channel analysis
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The formulation of the protocol is based on the bus composition. Therefore,
AXI4, AXI4-Lite, and AXI4-Stream are all AXI4 protocols. The two ends of the AXI
bus protocol can be divided into master (master) and slave (slave). Generally, they
need to be connected through an AXI Interconnect. The function is to provide one
or more AXI master devices to connect to one or An exchange mechanism for
multiple AXI slave devices.

The main function of AXI Interconnect is that when there are multiple masters
and slaves, AXI Interconnect is responsible for connecting and managing them.
Because AXI supports out-of-order sending, out-of-order sending requires the 1D
signal support of the host, and the ID sent by different hosts may be the same,
and AXI Interconnect solves this problem. It will process the ID signals of different
hosts to make the ID. only.

The AXI protocol separates the read address channel, read data channel, write
address channel, write data channel, and write response channel. Each channel
has its own handshake protocol. Each channel does not interfere with each other
but is dependent on each other. This is one of the reasons why AXI is efficient.

3.3.2 AXI Handshake Protocol

AXI4 uses a READY, VALID handshake communication mechanism. Simply put,
there is a handshake process before the master and the slave perform data
communication. The transmission source generates the VLAID signal to indicate
when the data or control information is valid. The destination source generates a
READY signal to indicate that it is ready to receive data or control information.
The transfer occurs when the VALID and READY signals are high at the same time.
The example in the following figure:

ST o e N e S e A

INFORMATION ) X

VALID /i \

READY | .
f

Figure 3-79 Handshake with Valid before READY
When the address appears on the address bus, the transmitted data will

appear on the read data channel. The device keeps VALID low until the read data
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is valid. In order to indicate the completion of a burst read and write, the device
uses the RLAST signal to indicate the last data to be transmitted.

T0 T 12 T3 T4 T8 6 T7 T8 T9 TMO T11 T12  T13

ARADDR A
ARVALD [ |
ARREADY \ [\
RDATA oty )pnz) -
RLAST J \
RREADY J w7 | s L

Figure 3-80 Handshake and transmission of READY earlier than VALID
The host sends the address and control information to the write address
channel, and then the host sends each write data to the write data channel. When
the host sends the last data, the WLAST signal goes high. When the device has
received all the data, it sends a write response back to the host to indicate the

completion of the write transaction.
TO T1 T2 T3 T4 T5 T6 TF T8 T9 T10

P T e e e e e Y e O Y o B e I
AWADDR Y A [

AwvaLD J T\
AWREADY | J \
WDATA ( bwo) M) ban X Y D(A2) (X D(A3)
WLAST | .
WVALID I/ | \ I/ | \
WREADY I\ !
BRESP : _ JOKAY
BVALID y 1
BREADY [ \

Figure 3-80 Example of data transmission
The data read and write timing of AXI_LITE is the same as the AXI burst
timing, except that only one data is transmitted at a time; Timing of AXI4-Stream:
Data stream-oriented transmission mode, the omitted address channel, the
remaining timing is the same as the AXI burst timing;

3.4 Sections of this Chapter
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This chapter introduces the basic configuration of the hardware platform
establishment project. The configuration is based on the software and hardware
resources of the hardware platform. Secondly, it briefly introduces the
interconnection technology between PS and PL. For further study, you need to
refer to ARM's AMBA protocol spec, which describes the bus design method
protocol principle in SOC design in detail. Secondly, the interconnection module
AXI Interconnecter between PS and PL greatly facilitates the use of ARM+FPGA
heterogeneous platform.
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Chapter 4interface Device Module Based
on AXI4-Lite Bus

This chapter is mainly to understand the AXI4-Lite bus interface types reserved
by the PS side and connected to the PL side, and their specific use, focusing on
the introduction of GPIO, AXI UART, AXI IIC and other control buses and general

IO control interfaces.

4.1 AXI UART
4.1.1 AXI UART Basis Knowledge

The Xilinx LogiCORE IP AXI general-purpose input/output (GPIO) core
provides general-purpose input/output interfaces for the AXI interface. This 32-bit
soft intellectual property (IP) core is designed to interface with the AXl4-Lite
interface. The specific characteristics are as follows: Support AXI4-Lite interface
specification Support configurable single or dual GPIO channels Supports
configurable channel widths from 1 to 32-bit GPIO pins Supports dynamic
programming of each GPIO bit as input or output Supports individual
configuration of each channel Support each independent reset value of all
registers Support optional interrupt request generation

UART Control
UART 16550
Registers RX = RX
- Control
o Receive Data
i FIFO
BRG

Transmit Data

AXl4-Lite AXI -
~Interface ™ interface FIFO <
Status Register >
- TX

A

(STAT_REG) Control
»| Control Register
(CTRL_REG) Interrupt Control » Interrupt

Figure 4-1 Block diagram of the structure
Design of AXI UART function: AXI GPIO is designed to provide a general-
purpose input/output interface for the AXl4-Lite interface. AXI GPIO can be
configured as a single-channel or dual-channel device. The width of each channel
can be configured independently. By enabling or disabling the tri-state buffer, the
port can be dynamically configured as input or output. The channel can be
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configured to generate an interrupt when any of its inputs are converted. The
general-purpose input/output (GPIO) core is an interface that allows easy access
to the internal properties of the device. The same kernel can be used to control
the behavior of external devices. For further information, please refer to pg144-

LogiCORE IP AXI GPIO V2.0 Product Guide(AXI).pdf
4.1.2 Experimental Logical

We want to use this AXI UART to realize ps control the uart IP core on the pl
side through the axi bus, output the serial port signal, perform level conversion
through the chip on the hardware, and then output to the port, the port is
connected to the computer with the corresponding serial line, the schematic
diagram Shown:

Diagram  » Address Editor oo
@ e |d X|e| o s+ B | a#]'C| e Default View ~ o
zynq_ultra_ps_e 0
psB_0_axi_periph
o0 - .
Bl T M_AX|_HPMO_FPD i & S00_AXI
maxi adk 4 %
L. Y 5 ’1‘;* plresatnd @e— 1=t ACLK axi_uvartlite_0
In1g0] PLps_ec[1:0] ~ pi_cka ARESETN -?l [z
i | - s00 Acik MWW w00 AX) 4 4 s ax Tl
Concal k UltraSCALE | so0 aesem gXom e uaRT +||f [ uart_rti_0
Zyng UlraScale+ MPSoC L SR o i aresan T
System Net zynq_ultra_ps_e_0_p!_clk0 J
i, psB 0 BOM . AXI Uarilfie
AX] Intercennec
1_syne_ck
e
4
= mb_dabug sys st inte

= dem_lockad

Processor System Reset

Figure 4-2 Block diagram of engineering design

VCC3v3
U
| 100nF14/50 C373 18 1
Il : I vee ci+ —_|
C374 s
100nF/4/50V C375 2 3 1005FM/S0Y
L ci- 41
] 4
100HEHISV_|jsCaTs " -
ca77 = 1z
e 5 00NV 1
GND Ca- 3
PL_UART TX RS232 TX
Sl B R P T S B TIOUT | AV IO 3
{11 PLUART Rx & — A I RIOUT  RIN = BV
—5 1 T2IN T20UT Fg—X
%2 mooutr  RaN PE—X N N ULO-TBTZ-15RCI.81-03P-4000A
§ ot
2 2
sste SPazEREETL €16
10Ke45% @ &

Figure 4-3 Schematic design

4.1.3Experimental Steps
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Vivado project :

Create a new vivado project and name it axi_uart. The basic configuration of
the PS end is the same as the configuration parameters in the "hello_ world”
project. The corresponding CD-ROM project document is axi_uartlite.rar.

el world - [1/7Z5/4G8 helo_world hello_worldxpr] - Vivado 2020.1

/
£ Window o Holp
e z
I ope
[ £ i Diagrar
op
& e e X o Q + B #, C o | = DefaultView v s
eckpain b
2ynq_ulta_ps e 0
Text Egtor , - 3
M_AXLHPMO_FPD {3
ot D maxhpmd_fpd_ack plresetnd
B Properties 2 _oox o o
it =
- L UltraSCALE*
Ext Zynq UltaScales MPSoC

AT
—

Figure 4-4 Vivado design

¢ Save Project As X
Rk

N gaye this project to 3 new name and location.

Project name: axi_uart|

Project location: | [/FZ5/4G8

!E! Create project subdirectory
Project will be created at: [/FZ5/4GBlax_uart
| Include run results :

=1 |:| Import all files to the new project |

Figure 4-5 Name of Save As Project

£

Configure PL interrupt.
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4 Re-customize IP
Zynq UltraScale+ MPSoC (3.3)

@ Documentation

IP Lacation
- Page Navigator = PS-PL Configuration
= | -
[l swichToAdvancedtoze & (X T &
E Search: Q-
PS UltraScale+ Block Design
Name Select
110 Configuration « General
~ Interrupts
Clock Configuration
~ PLioP8
DDR Configuration I IRQOM-71 1w
IRQI[0-7] 0w
PS-PL Configuration
3 APU Legacy Interrupts(RQ, FI) ()
RPU Legacy Interrupts(IRQ, nFIQ) \:\
> PStoPL
> Fabric Reset Enable %

» Address Fragmentation
» Others
> PS-PLInterfaces

> Debug

Teuress RFIL T alzo berne used bv other verioheral clocks Their cutouts mav Sef impscted 1¥ anv driver changes DP UDIU PLL source to Supnert PUntims Sudis chanse

Figure 4-6 Add configuration
Add an AXI Uart IP core, here configuration directly select the default.

} Designer Assistance available. Run Connection Automation

~
Search: | Q- uart (2 matches) r 2yng_ultra_f -
# AXIUART16550 A ¢
A Uartlite i BP0, '+
|
® F
{ UltraSCALE+
L Zyna UllaScales MPSol C |
v
S
ENTER to select, ESC to cancel, Ctrl+Q for IP details
Diagram  x Address Editor  x 200
a a H X olQq + % F | A C | 9| =DefhulVew v o
 Designer available. Run Connection

r ————— A
e ZYNQLY
L i !

axi_vartlite_0

S AXI
A uart +||
s axi_aclk i
interrupt
s_axi_aresetn
AX] Uartlite

Figure 4-7 Add serial port IP
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The concat IP core was added, and the connection was interrupted.

x Address E
= Default View

ditor  x
+ ™ # C o

Diagram

elal X ®

* Designer Assistance available. Run Connection Automation

zyng_ultra_ps e 0

M_AXI_HPMO_FPD - fif

axi_uartlite_0
Systemn Net zyng_ultra_ps_e_0_pl_clk0
pl_resetnd

4 5 ax ) xleoncat_0
E = uART + ||| (
1n00:0] maxlhp.mﬂ fpd_aclk
i) A m—— L L I [ Vun plolk0
‘ UltraSCALE+ )

Zyng UltraScale+ MPSoC

s axl_acl
- interrupt
s_axi_aresetn

Concat

AX| Uartlite

Figure 4-8 Add concat cable
Click Run Connection Automation-->OK at the top to automatically connect

/

# Run Connection Automation
Automatically make connections in your design by checking the boxes of the interfaces to connect Select an interface on the leftto display its configuration options on

the right

w :2! |AII Automation (2 out of 2 selected)

v [v] 7F axi_uartite_0
I 5_Ax
I UART

E

Select an interface pin on the left panel to view its optior

R
o

Figure 4-9 Automatic connection
After the automatic connection is completed, as shown in the figure below
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Diagram  x Address Editor

Q /il ¥ o|Q

A
+

& A, C o |= Defaulview v

zyng_ultra_ps_e 0

maxipm_fpd_aclk
pl_ps 050 Ey

psB_0_axi_periph

xleoncat_0

UltraSCALE*
Zynq UlraScae+ MPSoC
BipaA 0.00M AR Uartiie
AX| Interconnect
slawest_syne clk mb_rasal
ext_resel_in bus_struct_reset[0:]
o ux reset i perpheral reset(o:0]
=f mi_debug_sys st inlerconnect_aresetnD:q]
= dem_locked perpharal_aresetn[0:0]

Processor System Reset

2005

uart_rti_0

Figure 4-10 BD project after connection
After the top-level file is generated, the constraint file is added.

Ble Edt Flow Toos Repois Window Lawout View Help

Synihesis Outobdale detalls <4

DRCIRS [} X » m b W 8 X * = osmutLaot v
Flow Navigator BLOCK DESIGN - design_1 ? X
PROJECTMAMAGER. Sources. [ Signals. % _ 0| Diagram or x| design_1_wrappery x| srcxde 200
& satings
a = s|lala xiw a s+ ® # C ¢ = Detautvew v o
Ada Sources
% Design Source A
Langusge Tempites B 1
T P cataog .12 design 4.1:desion 1
> @ design_1 cesion_19)(
Add Sources
= > & Te(1
PINTEGRATOR T
Create Block Design e Copataisl) =
v & constrs_1 (1 poLAx
Open Block Desion I srexde arce ® Add or reate constraints i axi_uartte_0
. fesern =
Generate Block Desion > [ Simulation Sources. Add or create design sources: pACLK S
Hierarchy | Sources. psmesE™ gog o
A or create smulsion saurces o cu
~ swuLATON | g
cun Smtaton Source s Properties N
design_1.bd h
v RTLANALYSIS _
@ Enabled
~ Open Elaborated Design
Locsion:  FZ5/4GB/ax_ustitran_usrth
ReporHehocclooy
e BlockDesigns
ReportDRC
Pat cabevsheTa1
51 scnematc
<
Goneral  Properics
v snmess £ XILINX
» RunSyrthesis TciConsole x Messages | Log | Reports, »_oo
> Opan Syhesizsc Design
Next> Cancel
~ WPLENENTATION
¥ Runimplementation
> Openimplemenied Desio
~ PROGRAM AND DEBUG
¥ Generate Bitstream L]
> Open Hardware Manager < >
TEERNREER R EEITE
—

Figure 4-11 Adding a constraint document
Create a src constraint file.
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7| Add or Create Constraints

i L)

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

1| ¢ Create Constraints File *

Specify constrain

~ Create a new constraints file and add itto
- your project

4

Constraint File

srcxdc File type: N XDC w T
File name: "srd | |
File location: | « =Local to Project= W

| Add Files |I Create File I

|| Copy constraints files into project

9: | Einish | | Cancel |

Figure 4-12 Constraining the document name
Add the following content to led.xdc, the port name should be consistent with
the top file port.

set_property IOSTANDARD LVCMOS33 [get_ports uart rtl 0 rxd]
| set_property IOSTANDARD LVCMOS33 [get_ports uart_rtl_0_txd]
| set_property PACKAGE_PIN AB14 [get_ports uart rtl_0_txd]
! set_property PACKAGE PIN 4E15 [get_ports usrt rtl 0_rwd]

L o I

Figure 4-12 Add pin assignment
The following steps to generate bitstream and export xsa files are the same as
those in the first project, so | won’ t repeat them here. Vitis project: Enter the
Vitis software, create a new project named axi_uartlite, select the empty template
on the Templates template selection page, and click platform.xprBoard Support
Package( axi_uartlite) Import ExamplesExample Directory.
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N Examples for axi uartiite 0 x |
debug it
Import Examples

R lscriptid
READMESct

Select the examples to be imported into workpsace. Double click on the file to view the source.

ith the user options selected in 8
ione. All the subsquent changes

Deselect All oK Cancel

Main  Hardware Specification

8 Console 23 |[£] Problems [E] vitis Log () Guidance ¢ |5 LB &8
8uild Console [ax uart system, Debug]

Figure 4-13 vitis project

In the opened directory, copy xuartlite low level example.c to our project src

directory.

=] = | examples — m] *
e Eand == BE [2]
% H%—I J _~] w SRR i x Iiil FJJ FEDE - M [ 7 - R esmimz
T [7] st 1 1 EHhsE - BE ZEEiE
=5 wk AR SHE MR SR 2 B B pEE
& = if i £ AEInE
HREAR =t R Ak HE
%
1 « 20201 » data » embeddedsw » XilinxProcessorlPLib » drivers » uartlite v3 4 » examples v O O T evamples”
AXU3EG =R B EmE =8 |
F25 € indexchtml 20 Chrome HTML D... 8
Tfeses =] readme.nt 20 b7 374 = | 2 KB B
& OneDrive | ] xuartlite_intr example.c 20, C 3T 12 KB
| | xuartlite intr tapp example.c 2020/5/28 7 C 3T 15 KB
2 ppegm | || suartlite_low level example.c 2020/5/28 7:54 [ 5KB | ]
J DTS [ Txuartlite_polled_example.c 2020/5/28 7 C 3 7KB
B s 7] xuartlite_selftest_example.c 2020/5/28 7:54 C3TH 4 KB
= BR
¥ T
»Es
W =E
e IS (C)
- TS (D)
= - AR (E)
| - TR ]
] axEE i
|1 - EFH) B
- T (1)
L T X
7AEE  ET1AEE 497 KB

Figure 4-14 Official driver porting

After compiling, connect the JTAG line to the development board and the

UART USB line to the PC Use PUTTY software as a serial terminal debugging tool.

The Debug mode is the same as the first project. After the program is
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downloaded, then we can find the debug serial port output results with the
software serial port PUTTY.

4.2 1IC
4.2.1 1IC Basis Knowledge

The 12C bus is a serial data bus with only two signal lines, one is the
bidirectional data line SDA, and the other is the clock line SCL. The two lines can
connect multiple devices. There is a fixed address in the 1IC device, and it will
respond only when the value transmitted on the two lines is equal to the fixed
address of the IIC device. Usually we divide the 1IC device into master device and
slave device for convenience, whoever controls the clock line is the master device.

4.2.2 Experiment Logical

The work of this experiment is to read and write the EEPROM through the
I2C bus on the PS side after configuring the 12C on the PS side.

an
4 4 [8/35 e Bl 164.35% QO ——H—

Figure 4-15 Schematic diagram of schematic connection

4.2 .3Experiment Steps

Vivado project :

Based on the "hello world" project, save it as an iic_test project. The name of
the CD is iic_test.rar. Here iic is the IIC derived from the MIO on the PS side. It has
been configured in the first project, so no changes are needed. Generate
bitstream directly and export xsa file. Vitis project: The steps of creating a new
project can refer to the first project. After creating an application project named
iic_test, use the same method as axi uart, click platform.xprBoard Support
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Package( psu_i2c_1)Import ExamplesExample Directory, In the opened directory,
copy xiipcs_eeprom _polled example.c to our project src directory.

Since the address of our iic device is 0x51, modify the first address of Eeproto
0x51 here, just click compile.

ic 532 EepromWriteData(

ic 532 EepromReadData (X nstance, us i r, ul6 ByteCount);

Figure 4-16 vitis program design
The Jtag debugging and SD card startup methods are the same as the first
project. After the program is downloaded, the debugging serial port output

results are as follows.
COMBS - PuTTY - m| X

Figure 4-17 Results display

4.3 Sections of this Chapter
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This chapter has two sub-sections. The first section describes how PS
controls uart serial port IP printing data through axi bus. The second section is
about some knowledge about IIC, and using the IIC peripherals of PS to read and
write the EEPROM on the board. The knowledge point is the instantiation of the
axi bus IP core on the PL side, which is connected to the PS through the axi bus

and controlled by software.
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Chapter 5Device ModuleBased on AXI4

High-Speed Data Interface
5.1 BRAM
5.1.1AXI BRAM Contorller Basis Knowledge

BRAM is a RAM resource customized by FPGA, which has a large storage
space and is frequently used in daily projects. BRAM is arranged inside the FPGA
in an array. It is the main part of the FPGA to realize various storage functions. It is
a real synchronous RAM with dual read/write ports. .

5.1.2Experiment Logical

The purpose of this article is to use Block Memory for data interaction or
data sharing between PS and PL, through the M_AXI_ HPMO _FPD port on the zynq
PS side to control two axi bram controllers, write data to bram through controller
0, and then use controller 1 to The data in bram is read, and the read result is
printed out to the serial port terminal for display.

Diagram Addre: i 200

|l ®lo|la + E 4 C|la Default View P e

zyng_ullra_ps_e_0
- v ‘ \ rst_psB_0_99M
‘ M_AXI_HPIO_FPD 2 slowest_syne_clk mb_reset
maxihpm0_fpd_ack plresatnd ext_resel_in bus_struct_re:
‘ ® pLAKD aux_reset_in

5 mo_dabug sys st
| UltraSCALE )| e
Zyng UltraScake+ MPSaC
axi_bram_ctrl_0
RS- ]

s ad_ack BRAM_PORTA

s =d_arasatn

AXI BRAM Controller

axi_bram_ctrl_1

Figure 5-1 BRAM experimental logic structure block diagram
5.1.3Experiment Steps

Based on the "hello world" project, save it as a bram_test project.
Corresponding to the CD file bram_test.rar. Enter block in the search bar and
double-click the Block Memory Generator to add the bram core. Double-click the
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bram core, the configuration is as follows. Set Memory Type to True Dual Port
RAM.

¢ Re-customize IP X
Block Memory Generator (8.4) g
@ Documentation IP Location
IP Symbol  Power Estimation Component Name  blk_mem_gen_0
Show disabled ports
Basic PortAOptions  Port B Options  Other Options  Summary
~
Mode BRAM Controller ~ e dres
Memory Type | True Dual Port RAM  ~ Common Clock
Select the Primitive Type to be Used
®) BRAM () URAM
ECC Options
ECC Type No ECC
|||+ BRAM_PORTA rsta_busy
Single Bit Error Injection
||+ BRAM_PORTB rsth_busy
Write Enable
Byte Size (bits) 8
Algorithm Options
concatenate the block RAM primitives.
Algorithm | Minimum Area
Primitive | 8kx2
-
{ oK Cancel

Figure 5-2 Configure axi BRAM
Uncheck Enable Safety Circuit and click OK.

e

I Block Memory Generator (8.4) P
@ Documentation IP Location
IP Symbol  Power Estimation Component biame: [Hiomem gen®

Show disabled ports
B0ptions | Other Options

Pipeline Stages within Mux 0 Mux Size: 21

Memory Initialization

Load Init File
Goe Fils
Mem File
Remaining Memory Locations (Hex) 0
II I BRAM*PORTA Structural/UniSim Simulation Medel Options
" 4 BRAM_PORTB sfine: rhings and outputs are generated when a
- rea te collision oceurs.
Collision Warnings = All v

Benavioral Simulation Mode! Options

Dynamic Power Saving

Sleep

Safety logic

RAM data corruption

Enable Safety Circuit

Figure 5-3 Configure AXI BRAM
(2) Keep other options as default, click ok to complete the configuration.
Enter axi_bram in the search bar, double-click AXI BRAM Controller to add the
axi_bram_controller core. Double-click axi_bram_controller to set the parameters,
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set the Number of BRAM interfaces to 1, the other axi_bram_controller is also set
like this

. & = so
#  Re-customize IP B XR>0¢ LD X
AXI BRAM Controller (4.1) /
@ Documentation IP Location
Show disabled ports Component Name axi_bram_ctrl_0
AXI Protocol AXi4 v
Data Width 32 v
Memory Depth (Auto) 8192
D Width (Auto) 0

Support AX| Narrow Bursts ~ Yes

Read Latency 1

Read Command Optimization No v
Y4 5 a0
s_axi_aclk BraM_PORTA + | BRAB Optichs
s i alEsEL BRAM Instance (Auto) External
MNumber of BRAM interfaces 1 v
ECC Options
Enable ECC No v
ECC TYPE H Enables the ECC. ECC is available only for datawidths 32,
MG ™ g4 .and 128

Enable Fault Injection  No

ECC Reset Value 0

OK | { Cancel ‘

Figure 5-4 Configure BRAM controller
Click Run Block Automation->OK to automatically connect, the way is the
same as in uart, check all the options, and click OK. Set address

Diagram « Address Editor % > 0mn
ajz|# 1 (A Assigned 2) ) Unassigned (0) (] Excluded (0) [ Hide Al | -3
Name Interface ~ Slave Segment Master Base A.. 1 Range Master High Address

2 Network 0

& fzyng_ultra_ps_e_1

® /zynq_ultra_ps_e_1/Data (39 address bits 224G )

0200_A000_0000 ¢ 4K ~ | 0x00_AQQ0_OFFF

1 Jaxi_bram_ctrl_0

1 Jaxi_bram_ctri_1 0x00_A000_1000 4K -  0x00_AQQQ_1FFF

Figure 5-5 Allocating address space
The following process is consistent with the uart project, but since bram
test does not use the pl-side io, there is no need to perform io constraints. To
Vitis project: Enter the Vitis software, create a new project named bram_test,
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select the empty template on the Templates template selection page, and then
copy the program files in the routine in the generated project. The code is as
follows, which is to write the numbers 0-15 into the bram register, then read them
out, and then print out the read data.

xil printf{"-—-——The Ttest is start..-—————-— e b
for (num = 0; num < ; onum++)
B 1
¥Xil Qut32 (XDAR AXT BRAEM CTRL 0 S _AXT BASEADDR + num * 4, O + mum); //
I
for {num = 0; num < 15; num++)
B {

rev = ¥il In32 (XPAR AXI BRAM CTRL 1 S AXI BASEADDRE + num * 4);

xil _printZ("The d=t= ", XDAR A¥T BRAM CTRL 1 S AXT BASEADDR + num * 4, rew);:

}
xil printf("-—————The ztest is end!-———-\m\z"};

return 0;

Figure 5-6 vitis code design
The Jtag debugging and SD card startup methods are the same as the first
project. After the program is downloaded, the debugging serial port output
results are as follows.

COMS - PuTTY Z oo xR

Figure 5-7 result display
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5.2 AXI DMA
5.2.1AXI DMA Basis Knowledge

The background of DMA: DMA (Direct Memory Access) refers to an interface
technology in which external devices directly exchange data with system memory
without passing through the CPU. To read the peripheral data into the memory or
transfer the memory to the peripheral, generally it must be controlled by the CPU,
such as query or interrupt mode. Although the interrupt mode can improve the
utilization of the CPU, there are also efficiency problems. For the case of batch
data transfer, the DMA method can solve the efficiency and speed problems.

The CPU only needs to provide the address and length to the DMA, and the
DMA can take over the bus., Access the memory, and after the DMA finishes its
work, inform the CPU to hand over bus control. DMA workflow: First, the CPU
must receive the DMA request interrupt from the peripheral, and then the CPU
interrupt, set the DMA transmission address, length, interrupt and other
information, and start the DMA transmission. The next step is for the CPU to do
other things. Peripherals use DMA for data transfer. Finally, the peripheral data
transfer is completed, and the interrupt is sent to the CPU for the completion of
the transfer. After the CPU has processed the interrupt, it will do other things. The
following mainly introduces the basic situation of AXI DMA IP, here is mainly an
excerpt from the content in PG021. 1.

The AXI DMA module uses three types of buses. AXl4-Lite is used to
configure registers, and AXI4 Memory Map is used to interact with memory. In
this module, two interfaces, AXl14 Memory Map Read and AXI4 Memory Map
Write, are separated. , And they are called M_AXlI MM2S and M_AXI_ S2MM
respectively.

One is to read and the other is to write. This should be clear and not confused.
The AXI4 Stream interface is used to read and write to peripherals, where
AXI4 Stream Master (MM2S) is used to write to the peripherals, and AXI4-Stream

Slave (S2MM) is used to read to the peripherals.

It also supports Scatter/Gather functions. (MM2S stands for Memory Map to
Stream, S2MM stands for Stream to Memory Map).

AXI Memory Map data width supports 32, 64, 128, 256, 512, 1024bits

AXI Stream data width supports 8, 16, 32, 64, 128, 256, 512, 1024bits
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AXl4 Memory Map Read AXl4 Stream Master (MM2S)

DataMover

'Y

Y

MM2S Cntl/Sts Logic AX|4 Control Stream (MM2S) =

[ [

r Y

AXl4-Lite AX14 Memory Map Write/Read

- »| Registers [« Scatter/Gather |« >
1
b
S2MM Cntl/Sts Logic P AX14 Stream (S2ZMM)
A
Y
_ AXI4 Memory Map Write DataMover i AXI4-Stream Slave (S2MM)

13225

Figure 1-1: AXI DMA Block Diagram
Figure 5-8 AXI DMA Block Diagram

2 , The direct register mode is used in this experiment. The following figure
shows the register description. It is mainly divided into two parts. One is MM2S,
which includes Control Register, Status Register, Source Address, and Transfer
Length. The other is S2MM, which also includes Control Register and Status
Register. , Destination Address, Buffer Length four parts, note that the Source
Address and Destination Address here refer to the memory address.

Table 2-6: Direct Register Mode Register Address Map

Address Space Offset'! Name Description
00h MM2ZS5_DMACR . MM2S DMA Control register
| 04h ' MM25_DMASR | MM25 DMA Status register
"08h - 14h | Reserved | N/A
| 18h | MM25_SA | MM2S Source Address. Lower 32 bits of
address.
I 1Ch I MMZ5_SA_MSB I MM2S Source Address. Upper 32 bits of
address.
| 28h | MM2S_LENGTH | MM25 Transfer Length (Bytes)
' 30h | S2MM_DMACR | S2MM DMA Control register

Figure 5-9 Direct Register Mode Register Address Map
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Address Space Offset!*! Name | Description
| 34h S2MM_DMASR S2MM DMA Status register
| 38h - 44h Reserved N/A
48h S2MM_DA S2MM Destination Address. Lower 32 bit
address.
4Ch S2MM_DA_MSB S2MM Destination Address. Upper 32 bit
address.
58h SZMM_LENGTH S2ZMM Buffer Length (Bytes)

Figure 5-10 Direct Register Mode Register Address Map

3, The following is the description of the MM2S DMACR control register. The
more important ones are Bit0, Run/Stop, which means to start or stop DMA. The

other content will not be described.
MM2S_DMACR (MM2S DMA Control Register — Offset 00h)

This register provides control for the Memory Map to Stream DMA Channel.

Dly_IrgEN

RSVD Keyhole RSVD
[31 24 [23 1si15|14|13|12|11 10 9 si? 6 5i4i3|2|1|o|
1 | ' }
“" RSVD T
IRQDelay IRQThreshold ERR_IrqENT -~ Rbf“t RS
I0C_IrqEN Yele RLENAtG

X14563

Figure 2-2: MM2S DMACR Register
Figure 5-11 MM2S_DMACR register

Bits Field Name Defoult: | Access Description
Value Type

Run / Stop control for controlling running and stopping of the
DMA channel.

+ 0 = Stop — DMA stops when current (if any) DMA operations are
complete. For Scatter / Gather Mode pending commands/
transfers are flushed or completed. AXI4-Stream outs are
potentially terminated early. Descriptors in the update queue
are allowed to finish updating to remote memaory before engine
halt.

For Direct Register mode pending commands/transfers are
flushed or completed. AXI14-Stream outs are potentially
terminated.

The halted bit in the DMA Status register asserts to 1 when the
DMA engine is halted. This bit is cleared by AXI DMA hardware
when an error occurs. The CPU can also choose to clear this bit
to stop DMA operations.

+ 1 = Run - Start DMA operations. The halted bit in the DMA
Status register deasserts to 0 when the DMA engine begins
operations.

Figure 5-12 MM2S_DMACR register details
There are several interrupts that can be set here, IOC IrqgEn, enable completion

0 RS 0 R/W

interrupt, Dly IrgEn enable delayed interrupt, and Err_IrqEn enable error interrupt.
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Interrupt on Complete (IOC) Interrupt Enable. When set to 1,
allows DMASR.IOC_Irq to generate an interrupt out for descriptors

« 0 =10C Interrupt disabled

+ 1 = 10C Interrupt enabled

Interrupt on Delay Timer Interrupt Enable. When set to 1, allows
DMASR.Dly_Irq to generate an interrupt out.

« 0 = Delay Interrupt disabled

13 Dly_IrgEn 0 R/W + 1 = Delay Interrupt enabled

Note: This bit is ignored when AXI DMA is configured for
Direct Register Mode.

Interrupt on Error Interrupt Enable.
14 Err_IrgEn 0 R/W « 0 = Error Interrupt disabled
« 1 = Error Interrupt enabled

Figure 5-13 MM2S_DMACR reg details
4 , MM2S DMASR is the description of the status register. Bits 12, 13, and 14 are

the interrupt status. Write 1 to clear the interrupt.
MM2S_DMASR (MM2S DMA Status Register — Offset 04h)

This register provides the status for the Memory Map to Stream DMA Channel.

Dly_Irg SGSWErT DMAINtEr Halted
RS*VD RSVD DMADecEm RSVD

E T ES e [1s[1a[13[12[11[0[9] 8] 7]6 [5]43]2[1]0]
e A ¥ T T T
IRQDIySts IRQThresholdSts

Err_Irg SGDecEr | RSVD SGlncld T
10C_Irg SGIntErr  DMASIVEr Idle

X14574

Figure 2-3: MM2S DMASR Register
Figure 5-14 MM2S_DMASR register
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Interrupt on Complete. When set to 1 for Scatter/Gather Mode,
indicates an interrupt event was generated on completion of a
descriptor. This occurs for descriptors with the End of Frame
(EOF) bit set. When set to 1 for Direct Register Mode, indicates
an interrupt event was generated on completion of a transfer.
If the corresponding bit is enabled in the MM2S_DMACR
(IOC_IrgEn = 1) and if the interrupt threshold has been met,
causes an interrupt out to be generated from the AXI DMA.

+ 0 = No IOC Interrupt.
+ 1 = 10C Interrupt detected.
Writing a 1 to this bit clears it.

12 10C Irq 0 R/WC

Interrupt on Delay. When set to 1, indicates an interrupt event
was generated on delay timer timeout. If the corresponding bit
is enabled in the MM2S_DMACR (Dly_IrgEn = 1), an interrupt
out is generated from the AXI DMA.

13 Dly_Irqg 0 R/WC | * 0= No Delay Interrupt.
+ 1 = Delay Interrupt detected.1 = IOC Interrupt detected.

Writing a 1 to this bit clears it.

Note: This bit is not used and is fixed at 0 when AXI DMA is
configured for Direct Register Mode.

* Interrupt on Error. When set to 1, indicates an interrupt
event was generated on error. If the corresponding bit is
enabled in the MM2S_DMACR (Err_IrgEn = 1), an interrupt

14 Err_Irq 0 R/WC out is generated from the AXI DMA.
B Writing a 1 to this bit clears it.

*+ 0 = No error Interrupt.
+ 1 = Error interrupt detected.

Figure 5-14 MM2S_DMASR register details

5.2.2 Experiment Logical

This experiment is to instantiate the dma IP core on the pl side, and test the
data transmission of the dma IP core through the axi bus on the PS side. The
function of this experiment is that MM2S reads data from DDR3, writes to AXI
Stream Data FIFO, and then from FIFO. To read and write to DDR3, to realize the
loop-through test, you need to turn on the IOC Irq of S2MM _DMACR, that is,
write memory end interrupt. The functional block diagram is as follows:

Axi_dma Axi_interconnect
Axi Stream Data FIFO
M (1 MM2S W [
W I S S00_AXI Zyng MPSoC
S_AXIS | M_AXIS_MM2S

MOO_AXT | quep | S AXT HPO_FPD

M _AXI S2MM »| 501 AXI

M_AXIS

M_AXIS_S2ZMM

-

Figure 5-15 design structure
5.2.3 Experiment Steps
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Vivado engineering:

Based on the "hello_ world" project, save it as a dma_loop project. The
corresponding design document on the CD is dma_loop.rar. Open reset, HPMO,
HPO, PL to PS interrupt IRQO. Enter dma in the search bar to call the dma IP core

Double-click the DMA IP core to set the parameters, and the configuration is as
follows.

4 Re-customize IP E , ﬂ

AXI| Direct Memory Access (7.1)

s

Siiowdsabied ports Component Name |axi_dma_o

Enable Scatter Gather Engine

Enable Micro DMA

\Width of Buffer Length Register (8-23) 14 bits
M_AXI_MMZS |-
Sl s e LTe M_AXLS2Mm [ Address Width (32-64) |32 bits
T4 S_AxIS_S2MM M_SXIS_MM2S o [
s _mwd_jte_ack /| Enable Read Channel /| Enable Write Channel
m
i MNumber of Channels 1 Number of Channels 4
= 5
axd_ima_tstvec(31:0] WMemory Map Data Width | 32 v () AGfa ) Memory Map Data Width 32
Stream Data Width 32 ~ Stream Data Width (Auto) 32
Max Burst Size 16 ~ Max Burst Size 16 o
Allow Unaligned Transfers Allow Unaligned Transfers

Figure 5-16 DMA configuration block diagram
Add the AXI Stream Data FIFO module and set it as follows, set the depth to
1024, TDATA Width to 4 bytes, and turn on TKEEP and TLAST.
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#  Re-customize IP

AXl4-Stream Data FIFO (2.0)

@ Documentation IP Location

() Show disabled ports Component Name  axis_data_fifg_0

General Flags
FIFO depth 1024
Memory type Auto
Independent clocks No
CDC sync stages 3
Enable packet mode No

ACLKEN conversion mode None

Enable ECC Mo
M_AXIS =

axis_wr_data_count[31:0]

axis_rd_data_count[31:0]

Include ECC error injeclion = No

v
~
v
v
v
Signal properties
[ TOATA width (bytes) : I
Enable TSTRE | No
[ EEEW enable TKEEP  |Ves
[ = enadle TLasT Yes v
TID width (bits) 0
TDEST width (oits) 0
TUSER width (bits) 0

EIEN imnneinne: 1N74v37hite CIEA mivn: 77009 nite

Figure 5-17 Configure FIFO

# Re-customize IP

AXl4-Stream Data FIFO (2.0)

@ Documentation IP Location

[) Show disabled ports Component Name  axis_data_fifg_0

General Flags

Write flags
Enable write data count Yes
Enable almost full No ~
Enable programmable full MNo ~
Progammable full threshold 11 15-1019]
Read flags
M_AXIS 4= Enable read data count Yes
axis_nr_data_sountf31:0]
axis_rd_data_count[31.0] Enable almost empty No v
Enable programmable empty No ~
Progammable emply threshold 5 [5-1019]

Figure 5-18 FIFO configuration
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Automatically connect, and connect S_AXIS and M_AXIS of FIFO to dma, add
Concat, connect MM2S and S2MM interrupt to pl_ps irg, the final result is as

shown in the figure below.

Diagram

e |a|H

2 4 | & C|o Default View hd

s i pa e 1
: wass e o
£ YNQ e
. oo

UltraSCALE*

T

Figure 5-19 BD design block diagram

The following process is consistent with the uart project, and the same as

bram test, it also does not require pin constraints. Vitis project: For the steps of

creating a new project, please refer to the first project. After creating a new

application project named dma_loop, open the Example Directory folder

corresponding to dma in the same way as axi uart. In the opened directory, copy

xaxidma_example _simple _poll.c to our project. src directory. Add a Tries Count

print statement in the position below, and click Compile.

/* Disable interrupts, we use pelling mede

XAxiDma_IntrDisable (8AxiDma, XAXIDMA TRQ_ALL_MASK,
XAXIDMA_DEVICE_TO_DMA);

XAxiDma_IntrDisable(8AxiDma, XAXIDMA_IRQ_ALL_MASK,
XAXIDMA DMA TO_DEVICE);

Value = TEST_START_VALUE;

for(Index = B; Index < MAX_PKT_LEN; Index ++) {
TxBufferPtr[Index] = Value;

Value = (Value + 1) & @xFF;
}

/* Flush the buffers before the DMA transfer, in case the Data Cache
* i enabled

Xil DCacheFlushRange( (UINTPTR)TxBufferPtr, MAX PKT LEN);
Xil DCacheFlushRange((UINTPTR)RxBufferPtr, MAX PKT_LEN);

for(Index = 8; Index < Tries; Index ++) {

xil printf("Tries Count : %d\rin", Index); |

Status = XAxiDma_SimpleTransfer(&AxiDma, (UINTPTR) RxBufferPtr,
MAX_PKT_LEN, XAXIDMA_DEVICE TO_DMA);

if (Status != XST_SUCCESS) {
return XST_FAILURE;

i

Status = XAxiDma_SimpleTransfer(&AxiDma, (UINTPTR) TxBufferPtr,
MAX_PKT_LEN, XAXIDMA_DMA_TO_DEVICE);

if (Status != XST_SUCCESS) {
return XST_FAILURE;
g

while ((XAxiDma_Busy(&AxiDma,XAXIDMA_DEVICE_TO_DMA)) ||
(XAxiDma_Busy (&AxiDma,XAXIDMA_DMA_TO_DEVICE))) {
f* Wait */

i;

Figure 5-20 Vitis source code design
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The Jtag debugging and SD card startup methods are the same as the first project.
After the program is downloaded, the debugging serial port output results are as

follows.
-y
4 B COMBS - PuTTY - o X

Figure 5-21 Result display

5.3Sections of this Chapter

In the first section, PS and PL realize the experiment of low-bandwidth data
interaction through BRAM. The two are interconnected through the GP port,
which can realize small-batch data interaction.

The second section uses DMA to access memory. DMA is a way of data
interaction between PS and PL. The control of DMA is mainly on the PS side, and
the PS configures the read and write of DMA.
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Chapter 6 Device Module Based on AXI-

Stream Interface
6.1 MIPI

This project is a sample project of MIPI, here is a brief introduction to the
MIPI physical layer protocol. MIPI (Mobile Industry Processor Interface) is the
abbreviation of Mobile Industry Processor Interface. MIPI (Mobile Industry
Processor Interface) is an open standard for mobile application processors
initiated by the MIPI Alliance. MIPI Alliance’ s MIPI DSI Specification

1. Noun explanation
 DCS (DisplayCommandSet): DCS is a standardized command set for display
modules in command mode.

« DSI, CSI (DisplaySeriallnterface, CameraSeriallnterface

« DSI defines a high-speed serial interface between the processor and the display
module.

« CSl defines a high-speed serial interface between the processor and the camera
module.

« D-PHY: Provides the physical layer definition of DSI and CSI 2. DSI layered
structure DSl is divided into four layers, corresponding to D-PHY, DSI, DCS
specifications, and the layered structure diagram is as follows:

 PHY defines the transmission medium, input/output circuits and clock and signal
mechanisms.

 Lane Management layer: Send and collect data streams to each lane.

* Low Level Protocol layer: defines how to frame and parse, and error detection.

« Application layer: describe the high-level coding and parsing data flow.
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Transmitter Receiver
Application Application
Pixel Control 6- 7- 8- 10- 12- 14- 15- Pixel Control
L= RiRRN el Bheniils. —— A T LT
Pixel : Control Data Formats Pixel i Control
Pixel to Byte Byte to Pixel
Packing Formats Unpacking Formats
Data Control Data Control
8-bit: 8-bit
<Leors  [[][]]] 1T sers [[[1[1]
Data Control Packet Based Protocol Data Control
Low Level Protocol Arbitrary Data Support Low Level Protocol
Data Control Data Control
JdLeots  [[[[]] AL eers [JII[]]
Lane Management Lane Distribution/Lane Merging Lane Management
Layer Layer
i/L N n-bits<-|—|—|—|—|—|—|— n= 8 forD-PHY; n=16 forC—PHY% N * n-bits | | | | | | |
Data Control Generation / Detection of packet start Data Control
and stop signaling
PHY Layer Serializer / Deserializer PHY Layer
Clock Generation / Recovery (DDR)
Electrical Layer

High Speed Unidirectional Clock (only applies to D-PHY) TT

High Speed Unidirectional Lane 1

High Speed Unidirectional Lane N
Figure 3 CSI-2 Layer Definitions

Figure 6-1 MIPI CSI-2 layer definitions
Command and Video mode

 DSI compatible peripherals support Command or Video operation mode,
which mode is determined by the architecture of the peripheral

« Command mode refers to the use of sending commands and data to the
controller with display buffer. The host indirectly controls peripherals through
commands. Command mode uses bidirectional interface

« Video mode refers to the stream of real pixels when transmitted from the
host to the peripherals. This mode can only transmit at high speed. In order to
reduce complexity and save costs, a system that only uses Video mode may have
only one unidirectional data path.

D-PHY introduction

1. D-PHY describes a synchronous, high-speed, low-power, low-cost PHY.
A PHY configuration includes
« A clock lane
« One or more data lanes
 The PHY configuration of two Lanes is shown below
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PHY
Adapter
Layer

Clock
Multiplier
| Unit APPI = Abstracted PHY-Protocol Interface (complete PHY, all Lanes)
Ref Clock PPl =PHY Protocol Interface (per Lane, some signals can be shared with multiple Lanes)
Controls | S Q‘

| /N D-PHY - D-PHY
! \l_\/ Master Clock Lane Module P Slave Clock Lane Module

ey Y F,UPI\ D-PHY i D-PHY
; \‘—/ Master Data Lane Module | v 1| Slave Data Lane Module
atieter N o) D-PHY - D-PHY
i Layer \l_‘/ Master Data Lane Module | + | Slave Data Lane Module
e PRYCVOUPHY

Master Side  Slave Side

» One-way clock Lane

e One-way data La
e Two-way data La

ne

ne

Figure 2 Two Data Lane PHY Configuration

Figure 6-1 TWO lane PHY Configuration
 Three main types of lanes

e D-PHY transmission mode

 Low-Power signal mode (for control): 10MHz (max)

« High-Speed signal mode (for high-speed data transmission): 80Mbps ~

1Gbps/Lane

« The D-PHY low-level protocol stipulates that the minimum data unit is one byte
« When sending data, the low bit must be in front and the high bit in the back.

« D-PHY is suitable for mobile applications

« DSI: display serial interface

» One clock lane, one or more data lanes

» CSI: Camera serial interface

2. Lane module

» PHY consists of D-PHY (Lane module)

e D-PHY may inclu

de:

« Low-power transmitter (LP-TX)

» Low power receiver (LP-RX)
« High-speed transmitter (HS-TX)
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« High-speed receiver (HS-RX)
« Low-power contention detector (LP-CD)
» Three main lane types
» One-way clock Lane
» Master: HS-TX, LP-TX
« Slave: HS-RX, LP-RX
» One-way data Lane
» Master: HS-TX, LP-TX
« Slave: HS-RX, LP-RX
« Two-way data Lane
 Master, Slave: HS-TX, LP-TX, HS-RX, LP-RX, LP-CD
3. Lane status and voltage
* Lane status
 LP-00, LP-01, LP-10, LP-11 (single-ended)
« HS-0, HS-1 (differential)
« Lane voltage (typical)
e LP: 0-1.2V
 HS: 100-300mV (200mV)
4. Operation mode
« Three operating modes of Data Lane
 Escape mode, High-Speed(Burst) mode, Control mode
 The possible events starting from the stop state of the control mode are:
e Escape mode request (LP-11—LP-10—LP-00—LP-01—LP-00)
 High-Speed mode request (LP-11—LP-01—LP-00)
e Turnaround request (LP-11—LP-10—LP-00—LP-10—LP-00)
« Escape mode is a special operation of Data Lane in LP state
« In this mode, you can enter some additional functions: LPDT, ULPS, Trigger
« Data Lane enters Escape mode through LP-11—LP-10—LP-00—LP-01—LP-00
 Once entering Escape mode, the sender must send an 8-bit command to
respond to the requested action
 Escape mode uses Spaced-One-Hot Encoding
sUltra-Low Power State
« In this state, lines are in an empty state (LP-00)
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e Ultra-low power consumption state of clock Lane « Clock Lane enters ULPS state
through LP-11—LP-10—LP-00 « Exit this state through LP-10 = TWAKEUP — LP-
11, the minimum TWAKEUP time is Tms « High-speed data transmission
« The act of sending high-speed serial data is called high-speed data transmission
or burst
« All Lanes gates start synchronously, and the end time may be different.
* The clock should be in high-speed mode
 Transmission process under each mode operation mode
*The process of entering Escape mode: LP-11—LP-10—LP-00—LP-01—LP-
00—Entry Code — LPD (10MHz)
*The process of exiting Escape mode: LP-10—LP-11
*The process of entering high-speed mode: LP-11—LP-01—LP-00—SoT(00011101)
— HSD (80Mbps ~ 1Gbps)
*The process of exiting high-speed mode: EoT—LP-11

«Control mode-BTA transmission process: LP-11—LP-10—LP-00—LP-10—LP-00
«Control mode-BTA receiving process: LP-00—LP-10—LP-11
« State transition diagram

CTH i
Escape
Init / uLP Mode
Master |
HS-Prpr((HS-Rqst Stop LP-Rgst
LP-00 LP-01 LP-11 LP-10
A
v o
Turnaround
SoT HST EoT LP-00>10>00>10
-
RX (_Trigger )
(e )
Init
Slave
HS-Prpr( HS-Rgst
LP-00 LP-01
v
Turnaround
SoT HST LP-00>10>00>10

Figure 24 Data Lane Module State Diagram
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Figure 6-3 Data lane Module state diagram
DSl introduction

1. DSl is a Lane expandable interface, 1 clock Lane/1-4 data Lanes
« DSI compatible peripherals support 1 or 2 basic operation modes:
« Command Mode (similar to MPU interface)
« Video Mode (similar to RGB interface)-must use high-speed mode to transmit
data, support 3 formats of data transmission
e Non-Burst sync pulse mode
« Non-Burst synchronous event mode
e Burst mode
 Transmission mode:
« High-Speed signaling mode
 Low-Power signaling mode-Only data lane 0 is used (the clock is derived from
the exclusive OR of DP and DN).
» Frame type
e Short frame: 4 bytes (fixed)
 Long frame: 6~65541 bytes (variable)
« Two data Lane high-speed transmission examples
2. Short frame structure
 Frame header (4 bytes)
- Data identification (DI) 1 byte
 Frame data-2 bytes (the length is fixed at 2 bytes)
e Error detection (ECC) 1 byte
 Frame size
 The length is fixed at 4 bytes
3. Long frame structure
 Frame header (4 bytes)
- Data identification (DI) 1 byte
e Data count-2 bytes (number of data filling)
e Error detection (ECC) 1 byte
« Data filling (0~65535 bytes)
» Length=WC*Byte
« End of frame: checksum (2 bytes)
 Frame size:
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4. Frame data type

MYiR
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Data Type, Data Type, Description Packet
hex binary Size
0x01 00 0001 Sync Event, V Sync Start Short
0x11 01 0001 Sync Event, V Sync End Short
0x21 10 0001 Sync Event, H Sync Start Short
0x31 11 0001 Sync Event, H Sync End Short
0x08 00 1000 End of Transmission packet (EoTp) Short
0x02 00 0010 Color Mode (CM) Off Command Short
0x12 010010 Color Mode (CM) On Command Short
0x22 10 0010 Shut Down Peripheral Command Short
0x32 11 0010 Turn On Peripheral Command Short
0x03 00 0011 Generic Short WRITE, no parameters Short
0x13 010011 Generic Short WRITE, 1 parameter Short
0x23 10 0011 Generic Short WRITE, 2 parameters Short
0x04 00 0100 Generic READ, no parameters Short
0x14 010100 Generic READ, 1 parameter Short
0x24 10 0100 Generic READ, 2 parameters Short
0x05 00 0101 DCS Short WRITE, no parameters Short
0x15 01 0101 DCS Short WRITE, 1 parameter Short
0x06 00 0110 DCS READ, no parameters Short
0x37 110111 Set Maximum Return Packet Size Short
0x09 00 1001 Null Packet, no data Long
0x19 011001 Blanking Packet, no data Long
0x29 10 1001 Generic Long Write Long
0x39 11 1001 DCS Long Write/write_LUT Command Packet Long
0x0C 00 1100 Loosely Packed Pixel Stream, 20-bit YCbCr, 4:2:2 Format Long
0x1C 011100 Packed Pixel Stream, 24-bit YCbCr, 4:2:2 Format Long
0x2C 10 1100 Packed Pixel Stream, 16-bit YCbCr, 4:2:2 Format Long
0x0D 00 1101 Packed Pixel Stream, 30-bit RGB, 10-10-10 Format Long
0x1D 011101 Packed Pixel Stream, 36-bit RGB, 12-12-12 Format Long
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Data Type, Data Type, Description Packet
hex binary Size

0x3D T 100 Packed Pixel Stream, 12-bit YCbCr, 4:2:0 Format Long

Ox0E 00 1110 Packed Pixel Stream, 16-bit RGB, 5-6-5 Format Long

Ox1E 01 1110 Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Long

Ox2E 10 1110 Loosely Packed Pixel Stream, 18-bit RGB, 6-6-6 Format Long

Ox3E 111110 Packed Pixel Stream, 24-bit RGB, 8-8-8 Format Long

0xX0 and XX 0000 DO NOT USE

OxXF, XX 1111 All unspecified codes are reserved

unspecified

6.1.1 MIPI_CSI2_Rx_Subsystem Basis Knowledge

The Xilinx MIPI CSI-2 RX controller implements a camera serial interface

between the camera sensor and the programmable device that performs

baseband processing. Due to the development of higher resolution cameras, the

bandwidth requirements of camera sensor interfaces have increased.

Traditional parallel interfaces require more and more signal lines, resulting in

higher power consumption. New high-speed serial interfaces, such as the MIPI CSI

specification, can meet these ever-expanding bandwidth requirements without

sacrificing power.

MIPI is a set of protocols defined by mobile industry organizations to

standardize all interfaces in mobile platforms such as mobile phones and tablets.

However, the large capacity and economies of scale in the mobile industry are

forcing other applications to adopt these standards.

Therefore, MIPI-based camera sensors are increasingly used in emerging
applications such as driver assistance technology, video security surveillance
cameras, video conferencing, and virtual and augmented reality in automotive

applications. Block diagram of delay calculation about IP
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MIPI CS12 RX SUBSYSTEM

Video Clock Domain

SeriallLines

D-PHY

rxbyteclk Domain

PPI

-

MIPICSI2Z R | Streaming I/F Streaming |

= [-PHY Latency — -—

Controller * VFB F

= \FEB Latency -=

— Controller Latency —-a———

Figure 2-1:

o RN ]

MIPI CSI-2 RX Subsystem Latency Calculation

Figure 6-4 MIPI CSI-2 Rx Subsystem latency calculation

Interface :

Port Descriptions

The MIPI CSI-2 RX Subsystem I/0O signals are described in Table 2-5.

Table 2-5: Port Descriptions

Signal Name Direction Description
lite_aclk Input | AXIl clock
lite_aresetn Input | AXl reset. Active-Low
S00_AXI* AXl4-Lite interface, defined in the Vivado Design Suite: AXI

Reference Guide (UG1037) [Ref 7]

dphy_clk_200M Input Clock for D-PHY core. Must be 200 MHz.
video_aclk Input Subsystem clock
video_aresem[” Input Subsystem reset. Active-Low.

AXl14-Stream Video Interface when Video Format Bridge is Present

video_out_tvalid

| QOutput |Data valid

Figure 6-5 Port description
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Table 2-5: Port Descriptions (Cont’d)
Signal Name Direction Description
video_out_tready Input Slave ready to accept the data

n is based on TUSER width selected in the Vivado IDE

95-80 CRCB)

79-72 ECC

71-70 Reserved

69-64 Data Type
video_out_tuser[n-1:0] QOutput | 63-48 Ward Count

47-32 Line Number

31-16 Frame Number

15-2 Reserved

1 Packet Error

0 Start of Frame(?!
video_out_tlast Qutput | End of line

Data
video_cut_tdata[n-1:0] Qutput (pnis based on Data type and number of pixels selected in the

Vivado IDE (see video_out Port Width).

9-4 Data Type
video_out_tdest[9:0] Output 3-0 Virtual Channel ldentifier (VC)

NOTE: The TDEST value stays constant
throughout the line.

AXl4-Stream Interface when Embedded

Non-image Interface is Selected

Data
emb_nonimg_tdata[n-1:0] Output [ n s based on Data type selected in the Vivado IDE (see
Table 1-1).
emb_nonimg_tdest[3:0] Output debc;ft;zse;h;O\:r?;e:gihsgsfgtlc[entiﬁe: (VC) value of the
emb_nonimg_tkeep[n/8-1:0] Output | Specifies valid bytes
emb_nonimg_tlast Output | End of line
emb_nonimg_tready Input Slave ready to accept data

Figure 6-6 Port description
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Table 3-1:

MY

Subsystem Clocks

Clock Name

Description

lite_acik!"

AXl4-Lite clock used by the register interface of all IP cores in the subsystem.

video_a clki2)

Clock used as core clock for all IP cores in the subsystem.

dphy_clk_200M

See the MIPI D-PHY LogiCORE IP Product Guide (PG202) [Ref 3] for information
on this clock.

clkoutphy_out

The clkoutphy_out signal is generated within the PLL with 2500 Mb/s line rate
when the Include Shared logic in core option is selected.

Note: When Deskew detection is enabled, the clockoutphy_out signal is
generated with the same line rate same as the subsystem line rate.

clkoutphy_in

The clkoutphy_in signal should be connected to the clkoutphy_out signal
generated when the Include Shared logic in core option is selected.

rxbyteclkhs_cnts_out

The rxbyteclkhs_cnts_out is the continuous clock signal generated within the
PLL with the same frequency as rxbyteclkhs when the Include Shared logic in
core option is selected and line rates are greater than 1500 Mb/s.

rxbyteclkhs_cnts_in

The rxbyteclkhs_cnts_in signal should be connected to the rxbyteclkhs_cnts_out
signal generated when the Include Shared logic in core option is selected and
line rates are greater than 1500 Mb/s.

Notes:

1. The lite_aclk clock should be less than or equal to video_aclk.

2. The maximum recommended video clock to meet timing is 250 MHz for UltraScale+ devices and 175 MHz for
7 series devices. If required, a higher throughput can be achieved by increasing the Pixels per clock option from
Single to Dual or Quad.

Resets

Figure 6-7 Clock description

The subsystem has two reset ports:

= lite aresetn: Active-Low reset for the AXI4-Lite register interface.

*+ video_aresetn: Active-Low reset for the subsystem blocks.

The duration of video aresetn should be a minimum of 40 dphy _clk 200M cycles to
propagate the reset throughout the system. See Figure 3-8.

s L LML S LTI L SO rirerd
! § 4 f 59
EE— i 56 | 5
s |
i — LT
i i i

Table 3-3 summ

Figure 3-8: MIPI CSI-2 RX Reset

arizes all resets available to the MIPI C51-2 RX Subsystem and the

components affected by them.

Table 3-3:

Resets

RIREB=

Make Your IceaReal

Sub-core

Lite_aresetn

Video_aresetn

MIPI CSI-2 RX Controlier

Connected to s_axi_aresetn core port

Connected to m_axis_aresetn core port

MIPI D-PHY

Connected to s_axi_aresetn core port

Inverted signal connected to core_rst
core port

Video Format Bridge

N/A

Connected to s_axis_aresetn core port

AXl Crossbar

Connected to aresetn core port

M/SA

Note: The effect of each reset (1ite_ resetn, video_aresetn) is determined by the ports of the
sub-cores to which they are connected. See the individual sub-core product guides for the effect of

each reset signal.

Figure 6-8 Reset description
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6.1.2 Experim

ent Logical

MY
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This example uses the camera of IMX334, the MIPI physical interface of the

board, as shown in the figure

. < MIPID D1P
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N T R
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i
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Figure 6-9 The physical and MIPI interface of the MIPI camera daughter board

used

MIPI physical interface on the hardware platform used ,
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Figure 6-10 MIPI physical interface on schematic
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ZUSEYV pins for MIPI
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Figure 6-11 Schematic diagram of XAZU5EV MIPI pin connection

The pin instantiated by Xilinx MIPI CSI-2 RX is the MIPI access pin in the figure
aboveTherefore, MIPI is linked to the IP of the receiving end of the FPGA chip on
the hardware, and the subsequent processing is some processing on the MIPI
access data format, and the purpose is to output the video taken by the MIPI
camera to the display. Here is a solution: MIPI's RAW10 format data-
axis_subset_converter-Sensor Demosaic-Gamma LUT-Video processing system
(RAW2RGB)-embedded white balance module-Video processing system (Scale)-
Video Frame Buffer Write- -Axi data fifo-AXI Inteconnection-PS DDR-DP interface-
display.

6.1.3Experiment Steps

1. According to the "Hello world" basic configuration project in Chapter 3,
save a file and rename it MIPI_ DP 4G, which corresponds to MIPI DP 4G.rar in the
CD-ROM file.

2. Establish a data processing link on the PL side according to the above
solution. The configuration of each module is not described in detail here. Please
configure it according to the actual situation in the project. As shown below:
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¢

UltraSCALE+

Figure 6-12 MIPI video capture design block diagram

Pay attention to the clock connection and reset in the project. After
completing the module configuration and wiring, you can perform physical
constraints and timing constraints. Because the total project resource
consumption is not very large, you can automatically select layout and routing.
After passing, there is no timing violation Can generate bitstream. Then export the
hardware platform document XSA document. The follow-up is the driver
development of the linux system. The modules using the AXI-lite bus need to be
driven and developed, and then start the production of the boot.bin file. The
production process is described in detail in the linux document, how to use the
xsa document to make BOOT.bin. This piece is software-related content, you can
refer to our software-related documents. The update process will not be
described in detail, and the final result will be an output of successful update.
Secondly, power off the hardware platform and set it to QSPI startup. After power
on again, enter /mnt/mmcblk1p1 to do the necessary work for program operation.
After correctly connecting the dp cable of the hardware and the monitor, you can
see the image output of the monitor.
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6.1.4How to Add White Balance Module

In the vivado project, a design file is added, and then right-click in the block
design block diagram to choose to add a module, as shown in the figure
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Select a module to add to the block design.

Maodule type: | RTL o
= Search: E

0 awb_design (awb_design.v) F
@ Reciprocal (Reciprocaly

Bl R E
M ———

|« Hide incompatible modules
\2) Cancel |

Figure 6-14 Block diagram of adding
RTL module The way of adding here is added in block design. The added
position is after conversion to RGB format data. You can also choose to create a

new project, custom IP, and there are two custom IPs. The first chapter is the IP
defined by user logic, and the second is to define an AXI peripheral.

6.2 VCU

6.2.1VCU Basis Knowledge

The LogiCORE™ IP H.264/H.265 Video Codec Unit (VCU) core supports multi-
standard videoencoding and decoding, including support for the high-efficiency
Video Coding (HEVC) andAdvanced Video Coding (AVC) H.264 standards. The unit
contains both encode (compress) anddecode (decompress) functions, and is
capable of simultaneous encode and decode.

The VCU is an integrated block in the programmable logic (PL) of selected
Zynq UltraScale+MPSoCs with no direct connections to the processing system
(PS), and contains encoder anddecoder interfaces. The VCU also contains
additional functions that facilitate the interfacebetween the VCU and the PL. VCU

- 162 -



MYS-ZU5EV_FPGA Development Manual V2.0.3 MY iR RiiE=

operation requires the application processing unit (APU) toservice interrupts to
coordinate data transfer. The encoder is controlled by the APU through atask list
prepared in advance, and the APU response time is not in the execution critical
path. TheVCU has no audio support. Audio encoding and decoding can be done
in software using the PSor through soft IP in the PL. The following figure shows
the top-level block diagram with the VCUcore.

Figure 1: Top-level Block Diagram
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Figure 6-15 Top-level block diagram
The encoder engine is designed to process video streams using the HEVC

(ISO/IEC 23008-2high-efficiency Video Coding) and AVC (ISO/IEC 14496-10
Advanced Video Coding) standards. Itprovides complete support for these
standards, including support for 8-bit and 10-bit color, Y-only(monochrome),
4:2:0 and 4:2:2 Chroma formats, up to 4K UHD at 60 Hz performance. Theencoder
contains global registers, an interrupt controller, and a timer. The encoder is
controlledby a microcontroller (MCU) subsystem. VCU applications running on the
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APU use the Xilinx® VCU Control Software library API to interact with the encoder
microcontroller. Themicrocontroller firmware (MCU Firmware) is not user
modifiable.

A 32-bit AXI4-Lite interface is used by the APU to control the MCU (to
configure encodingparameters). Two 128-bit AXI4 master interfaces are used to
move video data and metadata toand from the system memory. A 32-bit AXI4
master interface is used to fetch the MCU software(instruction cache interface)
and load/store additional MCU data (data cache interface).

The Decoder block is capable of processing video streams using the HEVC
(ISO/IEC 23008-2High Efficiency Video Coding) and AVC (ISO/IEC 14496-10
Advanced Video Coding) standards.It provides a complete support for these
standards, including support for 8-bit and 10-bit colordepth, Y-only
(monochrome), 4:2:0 and 4:2:2 Chroma formats, up to 4K UHD at 60
Hzperformance. It also contains global registers, an interrupt controller, and a
timer.

The VCU decoder is controlled by a microcontroller (MCU) subsystem. A 32-
bit AX14-Lite slaveinterface is used by the APU to control the MCU. Two 128-bit
AXI4 master interfaces are used tomove video data and metadata to and from the
system memory. A 32-bit AXI4 master interfaceis used to fetch the MCU software
(instruction cache interface) and load/store additional MCUdata (data cache
interface). VCU applications running on the APU use the Xilinx VCU Control

Software library API to interact with the decoder microcontroller. The
microcontroller firmware is not user modifiable.The decoder includes control
registers, a bridge unit and a set of internal memories. The bridgeunit manages
the request arbitration, burst addresses, and burst lengths for all external
memoryaccesses required by the decoder.

The encoder and decoder blocks each implement a 32-bit microcontroller
unit (MCU) to handleinteraction with the hardware blocks. The MCU receives
commands from the APU, parses thecommand into multiple slice- or tile-level
commands, and executes them on the encoder anddecoder blocks. After the
command is executed, the MCU communicates the status to the APUand the

process is repeated.
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The VCU core is a dedicated circuitry located in the PL to enable maximum
flexibility for a wideselection of use cases, memory bandwidth being a key driver.
Whether the application requiressimultaneous 4K UHD at 60 Hz encoding and
decoding or a single SD stream to be processed, asystem design and memory
topology can be implemented that balances performance,optimization, and
integration for the specific use case. The following figure shows the use
caseexample where the VCU core works with the PS and the PL DDR external

memory.
Figure 2: VCU Application
A-53 Core L
PS DRAM BRAM Interconnect DisplayPort
Controller Controller
PS
PL
Soft IP
PL DRAM DRAM Soit I
Interconnect
Controller
veu [ T~

\____—‘__

Figure 6-16 VCU Application
The typical clock frequencies for the target devices are described in the Zynqg

UltraScale+ MPSoCData Sheet: DC and AC Switching Characteristics (DS925). The
maximum achievable clockfrequency of the system can vary. The maximum

e L L

achievable clock frequency and all resourcecounts can be affected by other tool
options, additional logic in the device, using a differentversion of Xilinx tools and
other factors.

The VCU supports simultaneous encoding and decoding up to 4K UHD
resolution at 60 Hz. Thisthroughput can be a single stream at 4K UHD or can be
divided into up to 32 smaller streams ofup to 480p at 30 Hz. Several combinations
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of one to 32 streams can be supported with differentresolutions provided the
cumulative throughput does not exceed 4K UHD at 60 Hz.

Streams of 4K UHD at 60 Hz consume significant amounts of the bandwidth
of the externalmemory interfaces and significant amounts of the Arm® AMBA®
AXI4 bus bandwidth betweenthe Processing System and the Programmable
Logic.For simultaneous encoder and decoder operation (including transcode use
cases), consider usingboth a Xilinx PS Memory Controller and dedicated a Xilinx
VCU Memory Controller.

The VCU core top-level signaling interface is shown in the following figure.

Figure 3: VCU Core Top-Level Signaling Interface

e/ k.
wa[ = S AXILITE .n
L } | |
M_AXI_ENCO + mim
. 3 =
— s_axi_lite_aclk ]
- E
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n
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B
M_AXI_DECO == (=72
—  pll_ref_clk u:-
l--
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L}
M_AXI_MCU + :::
— m_axi_enc_aclk S
veu_host_interrupt  |—
— m_axi_dec_aclk
¥IVISA-T129RT7
Figure 6-17 VCU Core Top-Level Signaling Interface
The following table summarizes the core interfaces :
Interface Name Interface Type Description
M_AXI_ENCO Memory mapped AXI4 128-bit memory mapped interface for Encoder block.
master interface
M_AXI_ENC1 Memory mapped AXI4 128-bit memory mapped interface for Encoder block.
master interface
M_AXI_DECO Memory mapped AXI4 128-bit memory mapped interface for Decoder block.
master interface
M_AXI_DEC1 Memory mapped AXI14 128-bit memory mapped interface for Decoder block.
master interface
M_AXI_MCU Memory mapped AXI4 32-bit memory mapped interface for MCU.
master interface
Interface Name Interface Type Description
S_AXI_LITE Memory mapped AXI4-Lite | AXI4-Lite memory mapped interface for external master access.
slave interface
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Port Name Direction Description

m_axi_enc_aclk Input AXI clock input for M_AXI_VCU_ENCODERO and
M_AXI_VCU_ENCODER1

s _axi_lite_aclk Input AXI clock input for S_AXI_PL_VCU_LITE

pll_ref_clk Input PLL reference clock input

vcu_resetn Input Active-Low reset input from PL

vcu_host_interrupt Qutput Active-High interrupt output from VCU. Can be mapped to PL-
PS5 interrupt pin.

m_axi_dec_aclk Input AXI input clock for M_AXI_VCU_DECODERO and
M_AXI VCU_DECODER]

m_axi_mcu_aclk Input Input clock for M_AXI_MCU interface

Figure 6-18,19 VCU Interfaces

6.2.2 Experiment Logical

According to the basic knowledge of the VCU hard core, it is understood that
to use the codec function of the VCU hard core, the first need to have video data
input to the VCU, the video input path can be externally input through the HDMI
interface on the PL end, and then stored to the DDR on the PL end , And then
read the encoder interface input to the VCU from the DDR through the AXI4 bus,
and then write it into the DDR after the encoding is completed. The PS terminal is
only used as a simple control and communication with the MCU. The process of
using decoding is similar. Another way is to use the DDR on the PS side as storage,
because the AXI bus of the vcu can be in read and write mode. The PS side is the
control center for video encoding and decoding, AXI bus interaction, control and
data transmission, but it occupies the DDR bandwidth resources and AXI bus
resources on the PS side. Either way, the data source of the VCU and the data
completed by encoding and decoding are stored in the DDR. This experiment
uses the PS terminal as a data access and control center for operation. The
specific project implementation plan is as follows:

The data read by the first VCU is from the DDR on the PS side, and the data
after the encoding is completed is stored in the DDR on the PS side.

The data decoded by the second VCU is the DDR from the PS side, and the
data after the decoding is completed is stored in the DDR on the PS side.

The data completed from the VCU encoding and decoding in the middle will
pass through an axi register slice module.

The function of this module is to connect an AXI memory-mapped master
device to an AXI memory-mapped slave device through a set of pipeline registers,
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usually used to interrupt critical timing paths. Similar to the role of AXI
Interconnect.

As for the internal structure of VCU, | will not introduce it in detail. Customers
can refer to the product documentation of VCU.

6.2.3 Experiment Steps

1, According to the "Hello world" basic configuration project in Chapter 3,
save a file and rename it project fz5 vcu 707, which corresponds to
project fz5 vcu 707.rar in the CD file.

2, Establish the data processing link at the PL end according to the above
solution. The configuration of each module is not described in detail here, please
configure it according to the actual situation in the project. As shown below.

ZYNQ

UltraSCALE*

1, Here is a detailed introduction to the clock system: the clock of the control
route is the T00MHz clock output from the PS side to the PL side, and the clock
required for VCU work varies according to the use. Here, the output clk out2 from
the PLL is the 332MHz clock used by the VCU , Which is the input of the three
clocks of m_axi_ mcu, m_axis_enc, and m_axi_dec. The reference clock of the PLL is
33MHz, which is used as the reference clock input of the entire VCU, that is,
pll_ref clk.

2, Regarding the data path: As can be seen from the block diagram of the
project, the VCU does not have a separate data input interface. It reads data
directly from the memory DDRA4. After the encoding or decoding is completed,
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the data is directly written to the DDR4, so that it can be It is confirmed that there
is a DDR4 SDRAM controller inside the VCU.

According to the official PG252, this controller is customized and cannot be
used for other purposes. After the project is completed, you can refer to the
content of the VCU part in the software usage document. There is a detailed

content introduction and operation details on the software PS side.

6.3 Sections of this Chapter

This chapter mainly introduces the use of MIPI and some introductory
physical layer protocol knowledge. For further study, you need to view the
specialized physical layer protocol documents. The newly introduced knowledge is
to add a custom RTL module, or create a new project to define an IP. Then add
the IP generation path to the MIPI project, so that we can embed our logic design

into the entire solution design process,
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Chapter 7 How to Use Xilinx Official

Information

7.1 User Guide
7.1.1How to Use “User Guide”

In the design process, we usually encounter some problems, sometimes these
problems are because we don’ t know the specific IP timing or some specific
configurations, so we need to check the user manual, how to quickly find us in the
user manual The required information is the key. For example, we need to find out
the interface of PS-GTR and how to verify it.

Open a user manual as follows:
W B EQ ® © - s A D O® e P B2 a D

Table of Contents

0B

REVISION HISEOTY . . ¢t saetee s siestee | et et e et ce ettt eaaas

Chapter 1: About This Guide
Introduction . ... ..................ooo..
Intended Aud

|25 T PR ESSRN TR ———

traScale+ MPSoC D

> [ Ch.7:System Boot and Configuration
> [ Ch. 8 Security Features ke
> [ ch.9:Platform Management
Chapter 3: Development Tools
> [ Ch. 10: Platform Management Unit B
Firmware Introduction ..........c...us
> [ Ch. 11: Power Management Framework
> [ Ch.12:Reset
> [ Ch.12: High-Speed Bus Interfaces

> [ Ch. 14: Clock and Frequency
Management
Chapter 4: Software Stack

Introduct

> [ Ch.15: Target Development Platforms

> [ cn.16: Bootgen Image C on

Chapter 5: software Development Flow
Overview of Software Development FIOW . ... .. «.ovioeiiet i iniiat e ieaaaes a6

> [ Appx. D: XIMES Library (v2.3 )

> M Anox F:lwiP 2.0 library (v1.1)

Figure 7-1 Directory structure of xilinx user manual

After opening the user manual, you can see the contents in the catalog. Some
user manuals have less content, and some have more. If we need to find the
corresponding content quickly, we need the customer to have a certain English
reading ability, and then we will use the corresponding search tool. Click next:
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g XILINX@ Chapter 2: Progr ing View of Zyng Ul le+ MPSoC Device

Hardware Architecture Overview

The Zynq UltraScale+ MPSoC devices provide power savings, programmable acceleration,
1/0, and memory bandwidth. These features are ideal for applications that require
heterogeneous multiprocessing.

Figure 2-1 shows the Zynq UltraScale+ MPSoC architecture with next-generation
programmable engines for security, safety, reliability, and scalability.
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Figure 7-2 Jump to the specified chapter
You can find the location of the PS-GTR that appears in the block diagram,

the interface of the link, and so on. Click Next again:
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Figure 7-3 Find the required interface jump
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See the corresponding level standard and the next place where PS-GTR

appears:

& XILINX

Chapter 13

High-Speed Bus Interfaces

Introduction

The Zyng® UltraScale+™ MPSoC device has a serial input/output unit (SIOU) for a
high-speed serial interface. It supports protocols such as PCle™, USD 3.0, DisplayPort, SATA,
and Ethernet protocols.

+ The SIOU block is part of the full-power domain (FPD) in the PS.

* The USB and Ethernet controller blocks that are part of the low-power domain (LPD) in
the Zynq UltraScale+ MPSoC device also share the PS-GTR transceivers.

« The interconnect matrix enables multiplexing of four PS-GTR transceivers in various
combinations across multiple controller blocks.

+ A register block controls or monitors signals within the SIOU.
This chapter explains the configuration flow of the high-speed interface protocols.

See this link to the "High-Speed PS-GTR Transceiver Interface” of the Zynq UltraScale+
MPSoC Technical Reference Manual (UG1085) [Ref 10] for more information.

USB 3.0

The Zynq UltraScale+ MPSoC USB 3.0 controller consists of two independent dual-role
device (DRD) controllers. Both can be individually canfigured to work as host or device at
any given time. The USB 3.0 DRD controller provides an eXtensible host controller interface
(xHCl) to the system software through the advanced eXtensible interface (AXI) slave

Figure 7-4 Find the chapter of high-speed bus interface

In Chapter 13 of the document, click on the table of contents in Chapter 13 to

see what physical interfaces are using the PS-GTR high-speed serial interface, so

that you can find the corresponding introduction, and then use the document

finder to find Corresponding verification and debugging documents:
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Figure 7-5 DocNav search for PS-GTR filtering results
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~ D Vivado Design Suite Tutorial: Programming
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[A Revision History

Table of Contents

Debugging in Vivado Tutorial

Lab 1: Using the Metlist Insertion Method
for Debugging a Design

Lab 2: Using the HDL Instantiation Method
for Debugging a Design in Vivado

Lab 3: Using a VIO Core for Debugging a
Design in Vivado

Lab 4 Using Synplify Pro Synthesis Tool
and Vivado for Debugging a Design

Lab 5: Using Vivado Logic Analyzer to
Debug Hardware 4
Lab 6 Using ECO Flow to Replace Debug
Probes Post Implementation

Lab 7: Debugging Designs Using
Incremental Compile Flow

Lab 8: Using Vivado Serial Analyzer to
Debug Serial Links

Lab 9: Using Vivado ILA Core to Debug
JTAG-AXI Transactions

Lab 10: Using Vivado Serial Analyzer to
Debug GTR Serial Links

v
IO0 0D 0D Do o0Oo0o oo

> H

Legal Motices

Figure 7-6 Find the corresponding document experiment-analyze the PS-GTR

link experiment

7.2 Product Guide
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7.2.1 How to Use the “Product Guide”

In the design process, we usually encounter some problems. Sometimes these
problems are because we are not clear about the specific IP timing or some
specific configurations. At this time, we need to read the corresponding IP
product manual to find information, such as looking up MIPI -CSI2-Subsystem's
product manual, look at how this IP is configured to 4lane, physical layer protocol
configuration, and so on.

First find the product manual, as follows :

w B X Q ; R MO @ B B ¥ | B
BE x
= B
~ [ MIPICSI-2 Receiver Subsystem v5.1 MIPI CSI-Z R;ecei_ver
[ ot cones Subsystem v5.1
[ 1pFacts

> I] €h. 1: Overview

> I] Ch. 2: Product Specification

? ﬂ Ch. 3: Designing with the Subsystem
> D Ch. 4: Design Flow Steps

Product Guide

> I] Ch. 5: Application Example Design

> I] Appx. A: Verification, Compliance, and
Interoperability

> E] Appx. B: Debugging

> [ Appx C: Additional Resources and Legal Vivado Design Suite

Notices
PG232 (v5.1) January 8, 2021

Figure 7-7 IP product manual
You can see the corresponding introduction to this IP from the catalog,
including summary, physical layer structure block diagram, physical layer protocol
used, interface and timing, and IP configuration process, etc. You can find the
information we need.

7.3 Reference Design
7.3.1Reference Design for Vivado Project Usage

There are some development kits on the official website of xilinx, and the
corresponding development kits have also made some reference designs. These
reference designs are usually demos for a certain interface or protocol, and some
hardware modules are used. If you need to reproduce this demo If you need the
corresponding hardware environment, we generally just refer to it. For example,
some reference designs of the UltraScale+ MPSOC series are placed on Wikipedia
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at https://xilinx-wiki.atlassian.net/wiki/spaces/A/pages
/444006775/Zynq+UltraScale+MPSoC;

X Confluence  Home Spacesv Appsv Templates Create

(]
b

o Xilink Wik

~ Zyna UitraScale+ MPSoC - Zynq UltraScale+ MPSoC

Zynq UltraScale+ MPSoC CG Zynq UltraScale + MPSoC EG Zynq UltraScale MPSc

Figure 7-8 download reference design
v~ Zynq UltraScale+ MPSoC Example Designs

*  Automatic Speech Recognition on Zyng UltraScale+ MPSoC

* Zyng UltraScale+ MPSoC Ubuntu part 1 - Running the Pre-Built Ubuntu Image and Power Advantage Tool
* Zyng UltraScale+ MPSoC Ubuntu part 2 - Building and Running the Ubuntu Desktop From Sources

* Zyng UltraScale+ MPSoC - 64-bit DDR access with ECC

* Zyng UltraScale+ MPSoC - System Performance Modelling

* Zynq UltraScale+ MPSoC - ZCU106 HDMI Example Design

* 7Zynqg UltraScale+ MPSoC Accelerated Image Classification via Binary Meural Network TechTip

+ Zyng UltraScale + MPSoC Graphics - 3D Vehicle Model

+ Zynq UltraScale+ MPSoC USB 3.0 CDC Device Class Design

* Zyng UltraScale+ MPSoC USE 3.0 Mass Storage Device Class Design

* Zyng UltraScale + MPSoC Graphics- GPU application debugging using ARM Mali Graphics Debugger tool

* Zynq UltraScale + MPSoC Graphics- GPU Profiling using ARM Streamline performance analyzer

Figure 7-9 Find the reference design
After finding the corresponding reference design, download the

corresponding document, then open vivado, follow the introduction in the
readme of the downloaded reference design material, find the corresponding
engineering document Tcl document, and use the corresponding command to
reconstruct the vivado project under vivado:
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HDMI Tx display pipeline including video-mixer configured for 2ppc.

® Start Vivado

-p $TRD_HOME/vivado
$TRD_HOME/vivado

Figure 7-10 Find the project generated by the practical tcl document of the
reference design
Then you can view some of the corresponding design ideas and actual
configurations in the project. The reference design can help us solve some
references to the IP configuration, IP module sequence, and clock in the design.

7.3Xilinx Community Forum
7.3.1 How to Ask Questions in the Community Forum

Regarding the use of the design forum, you can ask questions like normal
forums. The online time of xilinx technical support engineers is working hours,
and they usually don't work overtime to solve them. Of course, ask questions on it,
and sometimes enthusiastic netizens will give good answers. Or if you search for
the same question, you can see how the predecessors solved similar problems.
As follows
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Support

Help  Signin @

Community Forums

All community v Search all content

1,636 Members Online - 186K Discussions - 56K Solutions

Welcome to the Xilinx Community Forums! Please log in to leam, participate, and share in the community. Not 2 member? Join Now!

P i il it
Before you post please read our Community Forums Guidelines or to get started see our Community Forum Help
Community Activity Latest activity v
STERAA ], o 5 AR e i Ak
& what is setup and hold delay time of a signal path? &u oo
& 1y Q) zhangjun beijing * Participant * in Timing Analysis * 06-24-202 : h
vivado i
3o 3 Community Browser
1;9 by Y Surya_ks * Observer * in Ethernet * 05-2 e
~ # Community Forums
S HLSERIHHEE B0 oo '
& o0 « Explorer « n Viis, HLS, Alve 7 2 < - »
»
y zedboardiSifiresnet50, Fi&E DNNDK and DPU ML libraries and drivers 55 ©o
% by ) h2chou * Newbie * in Vitis, HLS, Alveo, ML RAEHR -202: N )
XILINX
P o0 New Xilinx Developer Program ~

Figure 7-11 Community Forum Home Page

For example, we look for questions about 10GEthernet subsystem
Community Forums

Al community

1,636 Members Onlin

Before you post pleast

Community

&

o

N

& .

N

10G Ethernet subsysten

Q
TR ZOR 2

v 10G Ethernet reference design 4 Z
v e C706. 1 have an old design, but it doesn't work at the mement, so | would fike to verify HW before debugging further. Can you point me to a ref design

using 10G...

to the Xilinx phes o

v 10G/25G Ethernet lice

se evaluation
Hi folks, | have a design that is based on xappfi 305 for the PL Ethernet 10GbE, that fails to generate the bitstream even after adding the proper evaluation licenses. The license was ¢

what is s

R zhan

vivado =

by 0 Suy v 10G/25G ethernet subsystem gt_refclk

) Hi, we have gt ref clock problem for 10G IP core. Firstly, we donnected the gt_refclk input of the IP to a constant clock source that generates 156 25MHz before power up. In this situation the
Pc

HLSESEI® 2Replies 05-25-2021 Etherne!

n

g

ol aar AR AR AHEN  TEESETI TINIDW S5 MDIT AT Tikearias snd driare

Figure 7-12 Search for similar questions

We can see many questions and resolved questions about 10GEthernet

subsystem
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chapter 8 Conclusion
8.1 Conclusion

This document gives some introductions to customers who use this
hardware platform, and briefly talks about some knowledge and problems about
learning FPGA. Of course, there is more to learn, mainly in the following aspects:

1. Regarding the syntax of verilog, further in-depth study is needed, and
further, system verilog can be studied systematically.

2. Regarding Tcl, for those engaged in large and complex designs, mastering
a script tool is very helpful to improve work efficiency.

3. Regarding the knowledge of constraints, no specific engineering examples
are provided here to give an introduction. The space is limited. However, when
you refer to xilinx official documents on constraints and documents and sample
projects on timing closure, there should be a more in-depth To understanding.

4. For the knowledge of AXI bus, interface and protocol, it is recommended
to refer to the official ARM protocol document.

5. Regarding the sample projects we have given, some are relatively simple
and some are more complicated. It is recommended that customers study
carefully. Finally, | hope that customers can gain something after studying this
document.
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Appendix A

Warranty & Technical Support Services

MYIR Electronics Limited is a global provider of ARM hardware and software tools, design
solutions for embedded applications. We support our customers in a wide range of services
to accelerate your time to market.

MYIR is an ARM Connected Community Member and work closely with ARM and many
semiconductor vendors. We sell products ranging from board level products such as
development boards, single board computers and CPU modules to help with your evaluation,
prototype, and system integration or creating your own applications. Our products are used
widely in industrial control, medical devices, consumer electronic, telecommunication systems,
Human Machine Interface (HMI) and more other embedded applications. MYIR has an
experienced team and provides custom design services based on ARM processors to help
customers make your idea a reality.

The contents below introduce to customers the warranty and technical support services
provided by MYIR as well as the matters needing attention in using MYIR" s products.
Service Guarantee

MYIR regards the product quality as the life of an enterprise. We strictly check and control the
core board design, the procurement of components, production control, product testing,
packaging, shipping and other aspects and strive to provide products with best quality to
customers. We believe that only quality products and excellent services can ensure the long-
term cooperation and mutual benefit.

Price

MYIR insists on providing customers with the most valuable products. We do not pursue

excess profits which we think only for short-time cooperation. Instead, we hope to establish
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long-term cooperation and win-win business with customers. So we will offer reasonable
prices in the hope of making the business greater with the customers together hand in hand.
Delivery Time

MYIR will always keep a certain stock for its regular products. If your order quantity is less
than the amount of inventory, the delivery time would be within three days; if your order
quantity is greater than the number of inventory, the delivery time would be always four to six
weeks. If for any urgent delivery, we can negotiate with customer and try to supply the goods
in advance.

Technical Support

MYIR has a professional technical support team. Customer can contact us by email
(support@myirtech.com), we will try to reply you within 48 hours. For mass production and
customized products, we will specify person to follow the case and ensure the smooth
production.

After-sale Service

MYIR offers one year free technical support and after-sales maintenance service from the
purchase date. The service covers:

Technical support service

MYIR offers technical support for the hardware and software materials which have provided
to customers:

> To help customers compile and run the source code we offer;

v

To help customers solve problems occurred during operations if users follow the user
manual documents;

To judge whether the failure exists;

v

» To provide free software upgrading service.
However, the following situations are not included in the scope of our free technical support

service:
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> Hardware or software problems occurred during customers’ own development;

» Problems occurred when customers compile or run the OS which is tailored by themselves;

> Problems occurred during customers’ own applications development;

> Problems occurred during the modification of MYIR' s software source code.

After-sales maintenance service

The products except LCD, which are not used properly, will take the twelve months free

maintenance service since the purchase date. But following situations are not included in the

scope of our free maintenance service:

> The warranty period is expired;

> The customer cannot provide proof-of-purchase or the product has no serial number;

> The customer has not followed the instruction of the manual which has caused the damage
the product;

> Due to the natural disasters (unexpected matters), or natural attrition of the components, or
unexpected matters leads the defects of appearance/function;

> Due to the power supply, bump, leaking of the roof, pets, moist, impurities into the boards,
all those reasons which have caused the damage of the products or defects of appearance;

> Due to unauthorized weld or dismantle parts or repair the products which has caused the
damage of the products or defects of appearance;

> Due to unauthorized installation of the software, system or incorrect configuration or
computer virus which has caused the damage of products.

Warm tips

1. MYIR does not supply maintenance service to LCD. We suggest the customer first check the

LCD when receiving the goods. In case the LCD cannot run or no display, customer should

contact MYIR within 7 business days from the moment get the goods.

2. Please do not use finger nails or hard sharp object to touch the surface of the LCD.
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3. MYIR suggests user purchasing a piece of special wiper to wipe the LCD after long time use,

please avoid clean the surface with fingers or hands to leave fingerprint.

4. Do not clean the surface of the screen with chemicals.

5. Please read through the product user manual before you using MYIR' s products.

6. For any maintenance service, customers should communicate with MYIR to confirm the

issue first. MYIR' s support team will judge the failure to see if the goods need to be returned

for repair service, we will issue you RMA number for return maintenance service after
confirmation.

Maintenance period and charges

> MYIR will test the products within three days after receipt of the returned goods and inform
customer the testing result. Then we will arrange shipment within one week for the repaired
goods to the customer. For any special failure, we will negotiate with customers to confirm
the maintenance period.

» For products within warranty period and caused by quality problem, MYIR offers free
maintenance service; for products within warranty period but out of free maintenance
service scope, MYIR provides maintenance service but shall charge some basic material cost;
for products out of warranty period, MYIR provides maintenance service but shall charge
some basic material cost and handling fee.

Shipping cost

During the warranty period, the shipping cost which delivered to MYIR should be responsible

by user; MYIR will pay for the return shipping cost to users when the product is repaired. If

the warranty period is expired, all the shipping cost will be responsible by users.

Products Life Cycle

MYIR will always select mainstream chips for our design, thus to ensure at least ten years

continuous supply; if meeting some main chip stopping production, we will inform customers

in time and assist customers with products updating and upgrading.
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Value-added Services

1. MYIR provides services of driver development base on MYIR' s products, like serial port,
USB, Ethernet, LCD, etc.

2. MYIR provides the services of OS porting, BSP drivers’ development, API software
development, etc.

3. MYIR provides other products supporting services like power adapter, LCD panel, etc.
4. ODM/OEM services.

MYIR Electronics Limited

Room 04, 6th Floor, Building No.2, Fada Road,

Yunli Inteiligent Park, Bantian, Longgang District.

Support Email: support@myirtech.com

Sales Email: sales@myirtech.com

Phone: +86-755-22984836

Fax: +86-755-25532724

Website: www.myirtech.com
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