User’s Guide

AFE79xx SPI Bringup Guide With Xilinx FPGAs

i3 TEXAS INSTRUMENTS

ABSTRACT

This tutorial guides through the process of using Xilinx Vivado and Vitis development environments along

with Texas Instruments supplied custom IP to bring up Serial Peripheral Interface (SPI) and non-timing critical
General-Purpose Outputs (GPOs) for Texas Instruments AFE79xx EVM along with the companion LMK series
clocking chip, thereby enabling an easier integration of the AFE79xx device into a system design. This guide will
demonstrate how to use a Xilinx ZCU102 setup as an example.
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1 Introduction

This user guide is a walk-through of complete hardware and software flow to bring up SPI and GPO with Tl
supplied AFE SPI IP. The hardware in this case refers to the AFE SPI IP supplied by Tl which uses a Microblaze
processor along with AXI SPI, AXI GPIO, and other required peripherals. Shielding end-customer from the
nuances of this setup is one of the core objectives in packaging these in a single custom IP container.

The specific step-wise objectives are as follows:

» Instantiate Tl supplied AFE SPI IP in a Vivado project

* Map the supplied IP's required signals to FPGA IOs

* Import hardware design and building a new Vitis application project for software development
» Compile, link, and download C program to processor along with bit file for FPGA

2 Prerequisites
For effective use of this documentation, ensure to have the following prerequisites:

+ Xilinx Vitis IDE v2020.1.0 (or higher)

» Xilinx Vivado v2020.1.0 (or higher)

+ Xilinx FPGA board along with TI AFE EVM
* FPGA bit file download/debug programmer
* USB-UART cable for debug terminal

* Tl supplied AFE SPI IP

* Tl supplied C-APIs

Table 2-1. Prerequisites

Tl AFE AFE79xx
Sample Configuration 2T-2R-1FB
Lanes 2 RX lanes (1RX, 1FB) and 2 TX lanes at 5 Gbps
AFE EVM AFE79xx EVM
FPGA Board Xilinx ZCU102 EVM
2 AFET79xx SPI Bringup Guide With Xilinx FPGAs SBAU412 — NOVEMBER 2022
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3 Typical Bare-Metal Design Flow

Vivado Vitis
Environment Environment
4 N\
Create New Proiect Create New Platform Project
) i (Import Hardware and Create BSP)
. 7
4 N\
[ Add User HDL, Ips, and Constraints ] Create New C Application
. J
y y
{ N\
[ Add TI AFE SPI IP ] Write the system specific application code
. J
y y
{ N\
Interconnect AFE SPI IP with User HDL Include C headers _and source files from TI
Supplied C-APls
. J
y y
{ N\ { N\
Initialize AXI Peripherals of
Create HDL Wrapper T1 AFE SPI IP
. J . J
y y
{ N\ { N\
Generate Output Files Build Application
. 7 . 7
y y
4 N\ 4 N\
Generate Bit Stream Configure FPGA
. 7 . 7
A A
4 N\ 4 N\
Export Hardware > Launch or Run on Hardware
. 7 . 7

Figure 3-1. Bare-Metal Design Flow
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4 Background

This example uses a soft core Microblaze because the Microblaze can be instantiated in most of the Xilinx FPGA
families. The SPI, UART, and GPIO AXI blocks run on relatively lower frequency AXI clocks. As seen in Figure
4-1, the AXI peripherals are controlled by a Microblaze block through smart interconnects.

Figure 4-1. Internal Block Diagram of Tl AFE SPI IP

The interconnection of various submodules within this IP block diagram is similar to typical Microblaze
implementations. The HP port of the Microblaze drives AXI peripherals. The clocking of the entire IP is expected
from a 100-MHz differential clock source. This example uses a 100-MHz differential clock source because this
clock is typically available as ‘user clock’ in most FPGA EVMs. All other clock frequencies are derived internally
through a clocking wizard.
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5 AFE SPI IP Container Pinout
AFE79xx_SPI_Configur_0

JESD_RSTn(0:0] F
JESD_TXRST [0:0]
RSTZ[0:0] E
RXTDD[0:0] +
|||+ diff_clock_rtl SPIO_SCLK 1=
- RXD SPIO_SDO =
= SPIO_SDI SPIO_SEN[0:0] L
- reset_rtl SPI1_SCLK L
SPI1_SDO L
SPI1_SEN[0:0] +
TXD =
TXTDD[0:0] =
AFE79xx_SPI_Configurator ]
Table 5-1. Pinout Signals and Connections
SIGNALS DIRECTION EXTERNAL CONNECTIONS
SPI0_SCLK, SPI0_SDO*, SPI0O_SEN Output AFE SPI lines (_SDO* to SDI of AFE)
SPI0_SDI Input AFE SDO
SPI1_SCLK, SPI1_SDO, SPI1_SEN Output LMK SPI lines
RSTZ Output RESETn of AFE
JESD RSTn JESED IP Cores RSTn and TX Rst
JESD TXRST Output
RXD Input UART Terminal TX for debug
TXD Output UART Terminal RX for debug
diff_clock_rtl Input 100-Mhz differential clocking
Reset_rtl Input Reset (Active High) typically connected to FPGA board
reset
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6 Tl AFE SPI IP Container

By default, custom and user-added IPs are not visible in IP catalog of Vivado. The locations for these IPs must
be configured manually. To configure the IP locations manually, follow these steps:

1. Open the Project Manager menu and click Settings (see Figure 6-1).
File Edit Flow Tools Reports Window Layout \iew
= EH « & & » E B
Flow Navigator = S BLOCK DESIGN - system

v PROJECT MANAGER

Sources  Design

Add Sources Q = 4

system
Language Templates “ % systen0 (ayster
L \system
{F IP Catalog I diff_clock_rtl
& JESD_RSTn
v IP INTEGRATOR & JESD_TXRST
Create Block Design = reset_rtl
& RSTZ
Open Block Design = RXD

Generate Block Design

Block Interface Prope
v SIMULATION

[ TSR S P -

< diff_clock_rtl

Figure 6-1. Project Manager Settings
2. Click the +icon to add the location of Tl provided IP (see Figure 6-2).

Setings <Blincasaosindiaticom> [ S

& IP > Repository
Project Settings Add directories to the list of repositories. You may then add additional
then a tool-tip will alert you to the reason.
General
Simulation
Elaboration IP Repositories
Synthesis @
Implementation
Bitstream
vIP

Repository No content

Packager

Tool Settings

Project Refresh All

Figure 6-2. Adding IP Repository
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7 Create Block Designs With Tl AFE SPI IP

The IP is expected to be used only within a block design. Users can create a new block design or instantiate the
IP within an existing one. To create a new block design with the IP, follow these steps:

1. Open the IP INTEGRATOR menu and click Create Block Design (see Figure 7-1).

-

Flow Navigator T 0 ?
v PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

¥ IP Catalog

v IP INTEGRATOR

Create Block Desig

Open Block Design

Generate Block Design

Figure 7-1. Creating Block Design
2. Enter the desired design name (see Figure 7-2) angl keep the other two options as defaults. Click OK.

Create Block Design <@lincasa0é.india.ti.... m

Please specify name of block design.

4

Design name: spi_bd) I
Directory: e <Local to Project> v
Specify source set: Design Sources v

g

Figure 7-2. Naming of Block Design
3. Click the IP Catalog tab and notice the User Repository header (see Figure 7-3). The header appears only if
the inclusion of the IP repository is done correctly, as explained in previous steps.
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IPCatalog x ProjectSurq » = 2 0O 4

Cores | Interfaces
Q T ¢ # g rroeomn

Search: Q-]
Name
v User Repository (/proj/dsc7/hpasys/users &
v UserlP
@m_SPI_Conf@
~ = Vivado Repository
> Alliance Partners
> Audio Connectivity & Processing

Details

Select an IP or Interface or Repository to

see details

Figure 7-3. User Repository
4. Double-click AFE79xx SPI Configurator to launch the Add /P window.
5. Click Add IP to Block Design (see Figure 7-4).

 Add IP <@lincasaoé.india.ti.com> | ——C

Would you like to add 'AFE79xx_SPI_Configurator' IP to your block design, or customize it
and add it as an RTL module to your project?

—

(Add IP to Block Design: Customize IP Cancel

Figure 7-4. Adding IP to Block Design
6. The AFE SPI IP shows up in the block design (see Figure 7-5) if the previous steps were followed correctly.
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Diagram ?

Q QO Q + = *&C|A

AFE79xx_SPI_Configur_0

JESD_RSTn[0:0]
JESD_TXRST[0:0]
RSTZ[0:0)
RXTDD[0:0)

I+ diff_clock_rtl SPI0_SCLK
= RXD SPI0_SDO
= SPIO_SDI SPIO_SEN[0:0)
= reset_rtl SPI1_SCLK
SPI1_SDO
SPI1_SEN[0:0]
TXD
TXTDD[0:0] |

T A TrrTrrrrorrroTy

AFE79xx_SPI_Configurator

Figure 7-5. Final Diagram

The required 10s from the IP must be brought to the top-level file in the FPGA hdl design hierarchy. To do this,
first make the required IOs as external. To make the required 10s as external, right-click the individual 10s of
interest and select Make External (see Figure 7-6).

SPI0_SEN[0:0] |u
SPIL_SCLK = Q search...
SPI1_SDO = W Select All

- 1
%D R F AddIP...

TXTDD[0:0] r Add Module...
)| =& Make Externa
_SPI_Configurator PiNNINg X
IP Settings...

[¥ validate Design
Start Connection Mode
Make Connection...
Figure 7-6. Making 10s External

In the above implementation example, the bare minimum required IOs are brought out as external.

The block design must then be validated for any errors and output products to generate. To validate the block
diagram, right-click the block design under the Design Sources header.
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Similarly, right-click the View Instantiation Template to use as a reference for wiring this block design on the top
level hdl (see Figure 7-7).

Diagram 200 X

Q@ Q A4 X O Q o & # C Y = Default View v &

AFE79xx_SPI_Configur_0

JESD_RSTn[0:0]

JESD_TXRST[0:0]
RSTZ[0:0]
RXTDD[0:0]
diff_clock_rt]_0 [we=||+ diff_clock_rtl SPI0_SCLK =——{ > SPIO_SCLK_O
= RXD SPI0_SDO =—{ > SPIO_SDO 0
SPIO_SDI_ 0 [ )———= SPIO_SDI SPIO_SEN[0:0] mee—ed™%» SPI0_SEN_0[0:0]
reset_rtl 0 [ )——== reset_rtl SPI1_SCLK =—1{> SPI1 SCLK O

SPI1_SDO =—{> SPI1_SDO_0
SPI1_SEN[0:0] mee——=f"» SPI1_SEN_0[0:0]
T™XD =——1 TXD_O

TXTDD[0:0] r

AFE79xx_SPI_Configurator

Figure 7-7. Tl SPI Configurator Pinout

The 10s from the top level hdl which are connected to this IP must be declared in a Constraints file for them to
be mapped to the hardware design, specific FPGA pins, and the correct 10 levels.

The above steps complete the hardware design using Tl AFE SPI IP.
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8 Create New Platforms in Vitis
To create a new platform in Vitis, follow these steps below:

1. Open the File menu, go to New, and then click Platform Project (see Figure 8-1).
«J workspacel - Vitis IDE
File Edit Search Run Xilinx Project Window Help

New Alt+Shift«N > ™ Application Project... FrQOvig vits(
Open File... E= Library Project...
Hw Kernel Project...
Close Ctrl+W - W REIE. : TOject
Close Al Ctrl+Shift+w | I
= . | [ Other. Ctrl+N
Save Ctrl+S
Save As...
Save All Ctrl+Shift+S
Move...
Rename... F2
& Refresh F5
Import...
Export...
Properties Alt+Enter

Figure 8-1. New Platform Project
2. Enter the desired platform name. The name ZCU102ps was used as an example (see Figure 8-2).
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«J New Platform Project

Create new platform project

Enter a name for your platform project

This wizard will guide you through creation of a platform project from the output of Vivade [Xilinx Shell Archive (XSA)] or from an ex
you to specify options for the kernels, BSPs, as well as settings required for creating new applications. Platforms are currently support

Platferm project name: l ZCU102ps

+ A platform provides hardware infermati

Platform System
Pro}ect Pro}ect = A system project contains cne or more |

+ A domain provides runtime for applicat

= A workspace can contain unlimited plat

Processor X Domain

XSA

A new platform project can be created from one of the two inputs:

From hardware specification (XSA)
Create a new platform project from a hardware specification file. You can specify the OS and processor to start with. The platfor
platform project editor.

From existing platform

Lead the platform definition from an existing platform. You can choose any platform from the platform repository as a base for

Figure 8-2. Naming of Platform Project
3. After the new platform is named, a menu appears (see Figure 8-3). Select the XSA (Xilinx Support Archive)
file.
%) New Platform Project [m] X
Platform
€3 Please select a platform to create the project

!+ ; Create a new platform from hardware (XSA) l Select a platform from repository

Hardware Specification
I Provide your XSA file or use a pre-built board descripticn

| vek190

XSA File: | 26702 Browse...
S zc706 4
zcul02

zed

Software Specification
Specify the details for the initial domain to be added to the platform. More domains can be after the platform is created by double clicking the platform.spr file

Operating system: ~

Processer: v

Generate boot components

Figure 8-3. Hardware Specification
4. Browse and select the .XSA file from the FPGA folder shared along with this document (see Figure 8-4).
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j: Platform
. €3 Please select a platform to create the project

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

Hardware Specificaticn
Create Platform from XSA X
«~
“ L oot S —" s D S S S S S S v | B Search ZCU102_BEL
QOrganize v New folder e @ @
[_£.J Documents # * Name : Date modified Type Size
=) Pictyres ZCU102_BEL.cache File folder
B This PC ZCU102_BEL.hbs File folder
. J File folde
“3 3D Objects ZCU102_BEL.hw File folder
ZCU102_BEL.ip_user files File folder
[Z] Desktop i
_ ZCU102_BEL.runs File folder
K Doctiments ZCU102_BELsim File folder
& Downloads 7CU102 BEL sres
J Music [ | TI_204¢_IP_refxsa 1,563 KB
& | Pictures
B videos
. = Windows (C:)
- ¥ Network
I:E v
File name: || v I *xsa".dsa; v

Figure 8-4. Selecting the Platform
5. Right-click the new platform project to open the drop-down menu. Click Build Project to start the build (see
Figure 8-5). This can take some time to complete the build.
«f workspacel - Vitis IDE

File Edit Search Run Xilinx Project Window Help
e R T T SN = - |
~. Explorer 33 S = 0O
» [B) zc06ps ‘
57 ZCT706PS_SPI_system
» B zcu102.1
v B zcutozps(r - -
G i New >
> (= bitstrean
> = export Paste Ctrl+V
> & rw 3 Delete
> = logs
> G psu_cort o) Refresh
(= TESOUICE puy  Import Sources...
" - tergpdes w7 Export as Archive
> (= zZyngmp_
? (= Zynqmp. Build Project
«J platform Clean Project
[&=] ZcusP_syst
wJ Copy referenced files into project
ir7 Update Hardware Specification
Team >
Run As >
Debug As >

Figure 8-5. Building the New Project
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9 Create New Application Projects in Vitis
After the build is complete, create a new application project in Vitis. To create a new project, follow these steps:

1. Right-click the Platform project, go to New, then click Application Project (see Figure 9-1).
) workspacel - ZCU102ps/platform.spr - Vitis IDE
File Edit Search Run Xilinx Project Window Help

e | 5~ & ~im IR AR S - R b P IR PR -
L Explorer 53 2Bl v = 0 |[«zcutozps 2|
ZCTDSPS bt filer et 7 Y
[CJ ZCT06PS_SPI_system JEE ter text E @ X Platf
ZCuio21 « &3 Zcuiozps
v B zcuier—- = = Name
- bit New & ™1 Project.
= Hardv
L: E’: Paste Ctrl+V < File Descri
= oo % Delete 9 Folder
» = log
@ pst 21 Refresh —__Application Projegt
= res N, »
&, i B23 IEr:port So:rc:... 2 :h:Ker:e[ -P:otject... S
ort as Archive =] ibrai roject...
g Pltfry pJ ' E4Ge
= Zyr Build Project | atform Project... r
‘U pla Clean Project ™ Example...
[=] zcusi
- z [ Other...
«l Copy referenced files inte project S =t
11 Update Hardware Specification
Team >
Run As > pecification
>
T | Problems Vitis Log (i) Guidance
Pronertie< 102nc]

Figure 9-1. Creating New Application Project
2. When the New Application Project window appears (see Figure 9-2), click Next.

wJ Mew Application Project m} X

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 XS4
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

Platform - System
Project Project

Domain

XSA

= A platform provides hardware information and software environment settings.
= A system project contains one or more applications that run at the same time.
+ A domain provides runtime for applications, such as operating system or BSP.
» & workspace can contain unlimited platforms and unlimited system projects.

[ 5kip welcome page next time. (Can be reached with Back button]

Figure 9-2. New Application Project
3. Select the newly created platform ZCU102ps and click Next (see Figure 9-3).
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& New Application Project N} X
Platform
1, The selected platform has unbuilt changes in the workspace. Please generate the platform to use the latest version.

Select a platform from repesitory | |; ; Create a new platform from hardware (XSA)

Find: | | o= Add £ Manage
Name Board Flow Vendor Path
EE ZC706ps [custom] zc706 Embedded SW Dev xilinx C\Users\imhbdlab\workspace \ZCT06ps\export\ZC706ps\ZC70E
* ZCy, ustom] zcu102 Embedded SW Dev xilinx C:\Users\imhbdlab\workspace \ZCU102_1\export\ZCU102_1\ZCI
ZCU102ps [custom [ 3 2cul02 Embedded SW Dev xilinx Ci\Users\imhbdlab\workspaceI\ZCU102ps\export\ZCU102ps\ZC
< >
Platform Info
General Info Acceleration Resources Domain Details
Name: | ZCU102ps | The selected platform does not have application & Domains
= acceleration capabilities o e Details
Part: [xczugeg-fivb1156-2-2 |

standalone_domain ‘ CPU: psu_corteanB_OO\

Family: [.zynquplus I

Description:

[ zcurozps |

@

< Back Finish Cancel

Figure 9-3. Selecting the Application Project
4. Type a new application name. ZCU102ps_SPI was used as an example.
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« New Application Project O X
Application Project Details
Specify the application project name and its system project properties

e S
Application project name@CUTDEps_SKD ]

System Project

Create a new system project for the application or select an existing one from the workpsace (i ]

Select a system project System project details

+ Create new,..

System project name: | ZCU102ps_SPI_system

Target processor

Select target processor for the Application project.

Processar Associated applications
ps7_cortexad 0 ZCU102ps_SPI
Show all processors in the hardware specification [] (]

@ < Back IE' Finish Cancel

Figure 9-4. New Application Project Name

5. Select standalone on microblaze_0 and click Next (see Figure 9-5).
+f New Application Project u] X

Domain

Select a domain for your project or create a new domain

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

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

Select a domain Domain details

standaldne on microblaze 0
f standalone_domain
o Create new...
standalone on microblaze 0
standalone
micro :\3:&7-:

Figure 9-5. Application Project Name
6. Select Hello World from the list of templates and click Finish (see Figure 9-6).
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«J New Application Project o x

Templates
Select a template to create your project.

Available Templates:

Finc; = ® Hello World
w SW development templates Let's say 'Hello World' in C,
Dhrystone
Empty Application
Empty Application (C++)

IwiP Echo Server

IwlP TCP Perf Client
IwiP TCP Perf Server
IwiP UDP Perf Client
IwiP UDP Perf Server
Memeory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo
Peripheral Tests

RSA Authentication App
2Zynq DRAM tests

Zynq FSBL

'? < Back Next > Cancel

Figure 9-6. Selecting Template
7. Afresh C project appears on top where the actual application development can start.
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10 Build Application Projects
To build an application project, follow these steps:
1. Right-click the application name and select Build Project (see Figure 10-1).
«J workspacel - ZCU102ps_SPI/src/main.c - Vitis IDE
File Edit Search Run Xilinx Project Window Help
TR AR B SH NIRRT E -T2 HR ) R AL SRR
<L Explorer 52 | BlS e ¥ = B |[@ mainc 2 I
» =Y ZCT706ps 27 * Except as contained in this notice, the name of th
p
5 137 ZCT06PS_SPI_system 28 * in advertising or otherwise to promote the sale, u
! T 29 * this Software without prior written authorization
> B zcu1o2_1 -
> B Zcu102ps I ———————
. em [ ZCU102ps ] 32 #include <stdio.h>
Bandalone an ncn cartey 33 #include “"xparameters.h” /* EDK generated paramet
> 33 b New 2 ;
» i) Includes itiafe_bringup.h>
- Paste Ctrl+V
> @& Debug Del platform.h"
> @ Include 98 Delete xil_printf.h"
v (= src 2| Refresh math.h"
> [€ main. Export a5 Archi 2 - -
s [@ platfa 3 port as Archive tiAfe79_interface.h

> S platfo

c @ platig Clean Project
> [g tiafe? datform();
T8 Iscript intf("“SPI Writing for AFE Registers!");
> (% _ide e > p_platform();
« ZCU102¢ Run As >

et(); //Reset of PS SPI
> (= Debug Debug As y B ~~tumfV. JIAEE €AT Cabiin
& ZCU102ps_¢

» 187 ZCUSPI_systerr Properties

Problems Vitis Log @ Guidance
TCF Debug Virtual Terminal - Cortex-A53 #3

Figure 10-1. Building Project
2. Ensure that the project builds without any errors.
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11 Configure the AXI GPIO
Sequence for AXI GPIO configuration should be:

1. Initialize GPIO module
2. Set Direction
3. Set High or Low for corresponding bits

The above sequence must be completed before initializing AFE and LMK devices.
11.1 Initializing the GPIO

The C syntax for initializing the AXI GPIO is in two steps:

1. XGpio GPOs: Initialize a pointer (GPOs) to the GPIO configuration register.

2. XGpio_lInitialize(&GPOs, XPAR_AXI_GPIO_0_DEVICE_ID): Refer to Xparameters.h to find the correct AXI

GPIO DEVICE ID.
11.2 Setting the Direction
XGpio_SetDataDirection(&GPOs, 1, 0);
First argument &GPOs point to the GPIO instance initialized in previous command.
Second argument 1 indicates the GPIO bank. In TI SPI AFE IP, only the first bank is used.
Third argument 0 indicates all GPIO bits are set for outputs.
11.3 Setting High or Low for Corresponding Bits
XGpio_DiscreteWrite(&GPOs, 1, regval);
First argument &GPOs point to the GPIO instance initialized in previous command.
Second argument 1 indicates the GPIO bank. In TI SPI AFE IP, only the first bank is used.

Table 11-1. Bit Mapping of IP I/Os

BIT DESCRIPTION BIT POSITION
JESD RSTn 4
JESD TXRST 3
RSTn 2
RXTDD 1
TXTDD 0
For Example:

XGpio_DiscreteWrite(&GPOs, 1, 0x14);
This command sets JESD RSTn and RSTn to 1, sets all other bits to 0
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12 Configure the AXI SPI

The AXI SPI instance in TI AFE SPI IP is used in Standard Mode.

Peripherals select 0 and select 1 are used as chip selects for AFE and LMK clocking device, respectively
SCL frequency is hard coded to 10 MHz within Tl IP

Key commands for SPI initialization and usage in Vitis are as explained below:

1. XSpi_Config *ConfigPtr,

Initialize a pointer (ConfigPtr).
2. ConfigPtr = XSpi_LookupConfig(XPAR_AXI_QUAD_SPI_0_DEVICE_ID),

Refer ‘Xparameters.h’ to find the correct AXI QUAD SPI DEVICE ID.
3. XSpi_Cfglnitialize(&Spidev, ConfigPtr, ConfigPtr->BaseAddress);

Initialize a new instance of SPI (Spidev).
4. XSpi_SetOptions(&Spidev, XSP_MASTER_OPTION);

Set the Spidev instance to be in Controller mode.
XSpi_Start(&Spidev);
XSpi_SetSlaveSelect(&Spidev, 1);

Select Peripheral: AFE.
7. XSpi_SetSlaveSelect(&Spidev, 2);

Select Peripheral: LMK.
8. XSpi_Transfer(&Spidev, WrBufdev, RdBufdev, 3);

Second argument WrBufdev is an array with 3 bytes (24-bit data to be transmitted on SPI).

o o

Third argument RdBufdev is an array with 3 bytes, the last byte has the SPI read value.
Fourth argument is number of bytes to be transmitted/received...3 in our case.
The D23 is the MSB bit of the 24-bit data because the D23 indicates whether it is a Read or a Write SPI

operation:

« |fD23is setto 1, then it is a read operation and RdBufdev[2] stores the read back address contents
« If D23 is set to 0, then it is a write operation and RdBufdev[2] has no significance
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13 Create Boot Images to Run on SD Card

This section of steps is applicable only if there is a need to create a bootable SD Card. Skip these steps if not
applicable.

To create a bootable SD Card with the active application, follow these steps:

1. Right-click the application name to open the drop-down menu and select Create Boot Image (see Figure
13-1).

w&J workspace2 - zcu102¢fg1_SPI/src/main.c - Vitis IDE

File Edit Search Xilinx Project Window Help
g R R 5 R Sl el -1l - FR=IRe=1R -
o Explorer £3 2 Gy ¥ = 0O ||edzculoig | [€ main.c &2 ' [ ple

zcu102cfgl
v E] zcu102cfg1_SPI_system [ zcul02¢fgl | T_‘ ) )
v {5} zcul02cfg1_SPI [ AR3= int main()

#include "tiAfe79_interface

¥ Binaries

Sl Includes Move To System Project... leing

(= Debug Paste Ctrl+

& Include 5

v (= sre R Delete
L€) main.c Refresh [
L phittorma.g g2y Import Sources... E
Lg] platform.c .
[ platform.h &4 Export as Archive
; i dwa

ko). tiAfe?9_int Build Project

Iscript.l
/S.Lscr!pl - Clean Project

| -
¢ zcu102cfgl S

& zcul02¢fgl_SPL_: E Generate Linker Script

22 Program FPGA
B Program Flash
C/C++ Build Settings
<

Team ’
"o Assistant 52 Lt fma ’
5B a Debug As > P
Bl e
v @ zcu102cf_g1_§P| [Application] H_j fz"f‘gl“:.:p;?lé‘fform();

Figure 13-1. Creating Boot Image
2. Select Zyng MP from the Architecture menu and select Import from existing BIF file option (see Figure 13-2).

The Output path shows the file location of the BOOT.bin to be generated.

Figure 13-2. Boot Image Input and Output Pathnames
3. After reviewing the locations of the boot elf file, FPGA bit file, and application elf, click Create Image (see
Figure 13-3).
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Boot image partitions

File path Encrypted Authenticated

(bootloader) C:/Users/Au————————— > u102cfg1/export/zcul02cfg1/sw/zcu102cfg1/boot/fsbl.elf none none
R i/ bitstream/TI_204c_P_ref bit none none
T, [ cbug/zcu102cfg1_SPlLelf none none
| 7 Preview BIF Changes ]

—_—

Figure 13-3. Boot Image Partitions

The above step generates the BOOT.bin in the output path as selected in Figure 13-2.
4. Copy BOOT.bin to a FAT16 or FAT32 formatted SD Card.
5. To boot from SD Card, ensure the SW6 switch positions on the ZCU102 is as per Figure 13-4.

Figure 13-4. SW6 Switch Positions
6. With the above setting on SW6 and SD card inserted, ZCU102 can now directly boot with the application.
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14 Set up and Power on Hardware

To set up and power on the hardware, follow these steps:

1. Dock the AFE EVM to J5 (HPCO) FMC on the ZCU102 board.
2. Connect a 1.5-GHz signal through a clock source to RFROM EVM at J14.
3. Connect J2 (JTAG) and J83 (UART) USB connectors from ZCU102 FPGA board to the computer.
4. Connect the 12-V Xilinx EVM Adapter for the ZCU102 at J52.
5. After all the above connections are made, power up the setup. Note that the AFE EVM in this example is
completely powered by the ZCU102 FMC interface.
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15 Set up ZCU102 Board Interface for VADJ_FMC
To set the ZCU102 board interface for VADJ_FMC, follow these steps:

1. Execute the ZCU102-Board User Interface software (available for download from Xilinx.com).

2. Select the appropriate COM Port to enable communication between the onboard MSP430 of the ZCU102
and the PC. This software is required to turn on the FMC_AUX supply of 1.8 V for the FMC bank of FPGA
(see Figure 15-1).

S

Clocks | Voltages Power FMC GTR MUX EEPROM Data GPIO Commands System Moniter Abeut

Set Read | Set Boot Frequency Restore Device Defaults

Read Si570 User Frequency  Frequency:  0.000 MHz
EA | Read Si570 MGT Frequency Frequency:

%] Read 5i5328 Frequency Frequency:

! Select the system controller port x

Select the port that system controller is on:
(==

Advanced >>

|
System Controller

Figure 15-1. ZCU102 Board User Interface
3. Select the Set VADJ to 1.8 V check box (see Figure 15-2).

‘f ZCU102 - Board User Interface
File Logging Layout Help
Clocks | Voltages Power FMC | GTR MUX EEPROM Data GPIO Commands System Monitor About

SetVADJ | HPCD | HPC1

Current | Bootup

Set VADS ta 0.0V
Set VADIto 1.2V

Set VADSto 1.5V

Set VADJ to 1.8V

{System Controfler]

Figure 15-2. Setting VADJ
4. Confirm the same by reading the VADJ_FMC voltage. The voltage value must be 1.80 V (see Figure 15-3).
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£ zcu102 - Board User Interface = |G X
File Logging Layout Help
Clocks~ Voltages | Power | FMC | GTRMUX | EEPROMData | GPIO Commands | System Monitor | About |

Get VCC1V2 Voltage Voltage:
Get VCC3V3 Voltage Voltage:

(% Get VAD)_FMC Voltage Voltage: 1.0 Volts

Get MGTAVCC Voltage Voltage:

Get MGTAVTT Voltage Voltage:

Get UTIL3V3 Voltage Voltage:
M Get UTILSVO Voltage Voltage:
v
System Controller

Figure 15-3. VADJ_FMC Voltage
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16 Debug Application Projects and Set up Vitis Serial Terminal

To debug the application project and set up the Vitis serial terminal. follow these steps:

1. Right-click the project name and go to Debug As from the drop-down menu. Click Launch on Hardware
(Single Application Bug) to run the debug (see Figure 16-1).

«J workspacel - ZCU102ps_SPI/src/main.c - Vitis IDE

DO W %-Ovis~ithoro-

File Edit Search Run Xilinx Project Window Help
£ | B~ &® ~i S R R =
< Explorer i2 BSe Y= 0 2|

B zcro6ps

147 ZCTO6PS_SPI_system

B zcuto21

ZCU102ps
v [5=] ZCU102ps_SPI_system [ 2

v {g} zcutozps ™ | [se
¥ Binaries New
@) Includes Move To System Project...
= Debug ar .
(= Include > C
& src ¥ Delete
@24 _ide Refresh
K zcuie2
= Debug 23 Import Sources...

L ZCU102ps_ i3 Exportas Archive

B ZCUSPI_syster Build Project

Clean Project

T8l Generate Linker Script

22 Program FPGA

2 CresteBoot Image

B Program Flash
C/C++ Build Settings

SPI_reset(); //Rese
dev spi setup();

y up()s //
Etup(!:

init_platform();
xil_printf("SPI Writing for AFE Registers!");
cleanup_platform();

P‘Bi) i

"Danel”);

tform();

bms [F) VitisLog (D) Guidance

P, Debug]
gntal Build of configuration Debug for project ZCU1@2ps_SPI ****

Team done for 'all’.
Rup A ¥ hed (togk
Debug As » 1 Launch on Hardware (Single Application Debug)
| < Properties T*[E, ZLaunW =7 Debua)
. th'a 3 Launch on Hardware (Single Application Debug (GDB))
|qusa;m 52 =0l

Debug Configurations...

— = = * - v —

Figure 16-1. Debugging Application Project
2. Connect the Vitis Serial terminal (see Figure 16-2) with baudrate 115200 (this can be used to see SPI write

or read status).

delaySec(@.eel) ;
Imk_config() ;
delaySec(@.e@1) ;
bringupafe() ;

xil_printf("Done!");

|| B Cansale =g Progeesd] [ Vit Sarial Term

() Executables D Vitisleg [£] Problems G DebuggerCensole

Connect to senal port 1
HNe
sea

Figure 16-2. Vitis Serial Terminal
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17 Execute the Application
To execute an application run, follow these steps:

1. Click the right arrow button as shown in Figure 17-1.

w4 workspace! - ZCU102ps_SPI/src/main.c - Vitis IDE
File Edit Search Run Xilinx Project Window Help

i~k Jn‘av‘ivie’\ @ N3 DR

Hah-d R Rl R

# Debug &3 I x | #= v=nal| [€ mainc 2 |
v {; Debugger ZCU102ps_SPI-Default (Local) #include "xparameters.h” /* EDK generated parameters */
&’ PS TAP
v 5 PsU #include <tiafe_bringup.h>
> 59 R (Reset) #include "platform.h”
v &% APU #include "xil_printf.h"

v @ Cortex-A53 20 (Breakpoint: mait #include "math.h"
= 0x000000000002612¢ main():
= 0x000000000002af6c _startup)

@ Cortex-A53 #1 (Power On Reset)

@ Cortex-A53 #2 (Power On Reset)

@ Cortex-A53 #3 (Power On Reset), :

#include "tiAfe79_interface.h"

= int main()

init_platform();
xil_printf("SPI Writing for AFE Registers!™);
cleanup_platform();

SPI_reset(); //Reset of PS SPI
dev_spi_setup(); ;‘; FE Setup
lmk_spi_setup(); / I Setup
emio_gpio_setup(); //EMIO GPIO Setup

< >

uart_setup() ;

rst_Afe79() ; //Hardware Reset of AFE
delaySec(@.8e1) ;

lmk_config() ;

delaySec(@.801) ;

bringupafe() ;

~. Explorer §3 ldAssistant =]

BBl
ZC706ps
» 157 ZCT06PS_SPI_system
> B Zcut02.1
> B Zcuozps
v [g=] ZCU102ps_SPI_system [ ZCU102ps |
v {c} ZCU“)Zps SPI [ standalone on psu_cot

xil _printf("Done!");
while(1) ;

cleanup_platform();

Figure 17-1. Executing Application
2. Notice the SPI logs being printed on the UART

‘E-& 1 xil_printf("Done!");

B Console =g Progress | B Vitis Serial Terminal £3 | {3 Executables [E] vitis Log [%] Problems G Debugger Console

Connected to: Sena

Connected to COM57 at 115200

SPI Writing for AFE Registers!

UART Configured!

Number of iterations of pollin line 3850x171: 0
Number of iterations of poll in line 501 Oxf0: 0
MNumber of iterations of pollin line 514 0xf0: 0
MNumber of iterations of poll in line 570 Oxf0: 0
Number of iterations of poll in line 583 0xf0: 0
Number of iterations of pollin line 719 0xf0: 0
|Number of iterations of poll in line 732 0xf0: 0
MNumber of iterations of pollin line 2831 0xf0: 0
MNumber of iterations of poll in line 2848 Oxf0: 0
terminal.!' Number of iterations of poll in line 4943 0xf0: 0

SBAU412 — NOVEMBER 2022 AFET79xx SPI Bringup Guide With Xilinx FPGAs 27
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SBAU412
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAU412&partnum=AFE7920

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Table of Contents
	Trademarks
	1 Introduction
	2 Prerequisites
	3 Typical Bare-Metal Design Flow
	4 Background
	5 AFE SPI IP Container Pinout
	6 TI AFE SPI IP Container
	7 Create Block Designs With TI AFE SPI IP
	8 Create New Platforms in Vitis
	9 Create New Application Projects in Vitis
	10 Build Application Projects
	11 Configure the AXI GPIO
	11.1 Initializing the GPIO
	11.2 Setting the Direction
	11.3 Setting High or Low for Corresponding Bits

	12 Configure the AXI SPI
	13 Create Boot Images to Run on SD Card
	14 Set up and Power on Hardware
	15 Set up ZCU102 Board Interface for VADJ_FMC
	16 Debug Application Projects and Set up Vitis Serial Terminal
	17 Execute the Application

