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AFE79xx SPI Bringup Guide With Xilinx FPGAs

i3 TEXAS INSTRUMENTS

Thyagaraju Naidu and Dhruvil Solanki
ABSTRACT

This tutorial guides through the process of using Xilinx Vivado and Vitis development environments 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 SPl and GPO in a
AFE79xx system along with a Xilinx FPGA. The hardware in this case refers to a Xilinx Microblaze processor
based block design along with AXI SPI, AXI GPIO and other required peripherals.

The specific step-wise objectives are as follows:

* Instantiate a block design with SPI IP in a Vivado project.

* Map the required signals of block design to FPGA 10s.

* 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 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 5Gbps
AFE EVM AFE79xx EVM
FPGA Board Xilinx ZCU102 EVM
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3 Typical Bare-Metal Design Flow

Vivado Vitis
Environment Environment
{ N\
Create New Proiect R Create New Platform Project
) (Import Hardware and Create BSP)
| J
y y
{ N\
[ Add User HDL, Ips, and Constraints ] Create New C Application
| J
y y
{ 3\
[Create block design with AXI SPI IP] Write the system specific application code
. 7
A A
{ 3\
Interconnect block design with User HDL Include C headers and source files from Tl
and constraints Supplied C-APIs
. 7
4 3\ 4 3\
Initialize AXI Peripherals of
Create HDL Wrapper TI AFE SPI IP
. 7 . 7
4 3\ 4 3\
Generate Output Files Build Application
| J | J
y y
{ N\ { N\
Generate Bit Stream Configure FPGA
| J | J
y y
{ N\ { N\
Export Hardware » Launch or Run on Hardware
| J | J
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. Typical Block Design With Microblaze and AXI Peripherals

The HP port of the Microblaze drives AXI peripherals block design. The clocking of the entire IP is expected from
a 100MHz differential clock source. This example uses a 100MHz 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. Depending on the number of independent SPI buses required in the system, more AXI SPI
IPs can be added to the block design.
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5 Add Microblaze and SPI IP for Use in Vitis for Embedded Development

1. Open an existing Vivado project or create a new one.
2. Under the ‘IP Integrator’ in the left pane, click ‘Create Block Design'.

Eile Edit Flow Tools Reports Window Layou

=, > B & T
Flow Navigator o PROJECT MANAGER -
v PROJECT MANAGER

Sources
£ Settings
Q| = | =

Add Sources

Design Source
T
Language Templates N Sonishaiis

4F IP Catalog v = Simulation So
sim_1
v |PINTEGRATOR > Utility Sources
Create Block Design
Open Block Design

Generate Block Design

vosimuLalioN =00 | Fecemececs i
Hierarchy Librar

Run Simulation

Figure 5-1. Creating Block Design

3. Give a name to the block design and click ‘OK’.

¢ Create Block Design X

Please specify name of block design.

Design name: design_1
Directory: « <Local to Project= v
Specify source set: Design Sources v

o -‘\

Figure 5-2. Name the Block Design

4. In the newly created block design, click ‘+’ to add IP.

This design is empty. Press the + button to add IP

Figure 5-3. Adding IP to Block Design
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5. Search for Microblaze and add ‘Microblaze’ to block design.

Search: - microbla?_e| (3 maiches)

7 MicroBlaze

MicroBlaze Debug Module (MDM)
MicroBlaze MCS

ENTER to select, ESC to cancel, Cirl+Q for IP details
Figure 5-4. Adding Microblaze to Block Design

6. Click ‘Run Block automation’ and then ‘OK’.

Diagram x Address Editor
@ a X B O + & #, C o | = Default View

/* Designer Assistance available. Run Block Automation

microblaze 0

f

|+ NTERRUPT

|||+ oesus ' o= pLve + |||
o MicroBlaze ™ e +ji
Reset
- -
MicroBlaze

Figure 5-5. Run Block Automation for Microblaze

7. Several IP blocks companions to Microblaze are automatically added by Vivado.
8. Click ‘Run Connection automation’.
9. In the Connection Automation pop-up, select ‘CLK _IN1_D’, map it to ‘user_si570_sysclk’ and click ‘OK’.

#' Run Connection Automation X

inyour design by boxes ofthe interfaces to connect. Select an interface on the Ieftto display ts configuration options on
the right

Q = d Description
80 Autoniclion [ bik 1 etecied) Connect Board Part Interface (o IP interface.
v ()% ok _wiz_1
@ 5 CLKINID Interface: iclk_wiz_1/CLK_IN1_D
ls;_::_ev(viz_‘\_‘\DDM o
= ext_resetin Select Board PartInterface | user_si570_sysclk (User Prc ferental clock) v |
@ El Cancel
Figure 5-6. CLKIN for Microblaze
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10. Click ‘Run Connection automation’ again.
11. In the Connection Automation pop-up, select ‘reset’, ‘ext_reset_in’ and map them to ‘reset (FPGA_reset)
and click ‘OK’.

#  Run Connection Automation x

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

Q=2
All Automation (2 out of 2 selected)
~ ()% ik wiz_1

= reset Interface: /rst_clk_wiz_1_100M/ext_resel_in

Description

®

Connect Board Part Interface to IP interface.

rst_clk_wiz_1_100M
) = pd_reset_in|

Options

SelectBoard Part Interface  reset ( FPGA Resal v

[Comes
Figure 5-7. Reset Connection for Microblaze

12. Right click block design and add ‘AXI Quad SPI’ as shown in Figure 5-8 and Figure 5-9.

Q s + B 4, C o |= DefaultView v
microblaze_0_local_mamory
microblaze_0 b
\ |||+ ome
+ INTERRUPT J + ILme
I e l_||
k|| + DEBUG M Bl = o[ + LMB_Cik
x i

c icroBlaze ™ |, we +li vo-mm

Reset 1 Q  search.

L Select All

MicroBlaze W
rst_clk_wiz_1_100M 4+ Adar i+
k. g .
___akwizd AR —— mbred  AddMonule
—f—= ext reset in bus_struct_reset]0l Pinning
user_si570_sysclk [ || + CLK 1D clk out!
R 0 aw_resel_in peripheral_reset{0] 1P Setings.
reset [>—p—————————— < reset locked | g
I Ir4— mb_debug sys st Iterconnect aresetnld) o Design

dom _locked peripheral_aresetn(0)

Clocking Wizard
- Expand/Collapse

Processor System Reset

mdm 1 Create Hierarchy
! Create Comment
MBORBL.0 T‘“ Create Port...
Debug SYS_Rst
Create Interface Port
MicroBlaze Debug Module (MDM) C Regenerate Layout

Save as PDF File

Figure 5-8. Adding IP to Block Design
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R e Q $ + B »C g Default View
Search; - spi (1 match)
p ficioblaze 0 \ ¥ AXI Quad SPI
[I|+ mTERRUPT DUME +- || =
L—|||+ pesus . o ._I:
MicroBlaze Le ol

= Reset

M_AXIDP [0

MicroBlaze

clk_wiz_1

user_SI570_sysclk [C—— | CLK_IN1_D  clk_outt
reset [>— reset locked

Clocking Wizard

mdm_1

MBDEBUG_0 |||

Debug_SYS_Rst s

MicroBlaze Debug Module (MDM)

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

Figure 5-9. Adding ‘AXI QUAD SPI’ IP to Block Design

13. Click ‘Run Connection automation’.

¢ Run Connection Automation

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

the right [
Qi % s Description
> AR Ao oY bl wetea) Make IP Interface External: faxi_quad_spi_0/SPI_0
v W) ¥ axi_quad_spi_0
&) Axi_LITE Options
I BPID
Figure 5-10. Running Connection Automation for ‘AXI_LITE’
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14. Select ‘AXI_LITE’ and click ‘OK’.

Diagram  x Address Editor x
@ Q| ¥H B e Q ¢+ ® &, C o | = Defaultview v

# Designer Assistance available. Run Connection Automation

axi_quad_spi 0

microblaze_0

_H : :Er:::upr . . DM + "__I AX| Quad SPI I
-
i « MicroBlaze™ , ezl
MicroBlaze -
clk_wiz_1
570_sysclk [ JI[+ cLkmi o ex_outt
reset [> resat locked

Clocking Wizard

mdm_1

MBDEBUG_0 + |||
Debug SYS_Rst

MicroBlaze Debug Module (MDM)

Figure 5-11. ‘ext_spi_clk’ Shows No Connection in ‘AXI QUAD SPr

15. Connect ‘s_axi_aclk’ to ‘ext_spi_clk’.

Wiz 1
slowest_sy
D clk_out1 «Q ext_reset i
locked & aux_reset
mb_debug,
1g Wizard dam_locke:
dm_1 F
IDEBUG_0 + |||
sug_SYS_Rst F "
axi_quad_spi_0
»ug Module (MDM) o R e
ext_spi_clk SPILO + ||—|
s_axi_ack ip2intc_impt
—Tsﬁaxlmaresetn
AX| Quad SPI

Figure 5-12. ‘ext_spi_clk’ Connected to ‘s_axi_aclk’

SBAU412A — NOVEMBER 2022 — REVISED MAY 2024 AFE79xx SPI Bringup Guide With Xilinx FPGAs 9
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SBAU412
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAU412A&partnum=AFE7920

Add Microblaze and SPI IP for Use in Vitis for Embedded Development

13 TEXAS
INSTRUMENTS

www.ti.com

16. Double click ‘AXI Quad SPI’ -> select No. of slaves and then click ‘OK’.

AXI Interface Options

[_] Enable XIP Mode

|_) Enable Performance Mode

SPI Options
Mode Standard
Transaction Width 8 ~
Fregquency Ratio 16 R Sk | (1...128)
1 ~
2
[+) Enable Master Mode 3
— 4
[+*] Enable FIFO
5
FIFC Depth [ 16 ~
.| Flash (Memory) access througk 7 ive
a8
’
‘9
10

~

Note:

Please note that the core constraints need to be updated as per your H/W specification.
Please refer PG or commented constraints in the IP generated xdc file ( Jproject_*/project_*.srcsi/sources_1

Figure 5-13. Select Number of SPI Slaves in ‘AXI QUAD SPI’

17. From the Quad SPI IP, map the signals as following:

a.
b.
C.
d.

i00_o’ -> SPI_SDO

‘lo1_i’ <- SPI_SDI

‘sck_o’ -> SPI_SCL

‘ss_o[1:0] -> SPI_SENO, SPI_SEN1

18. The ‘ss_o’ bit width will be based on No. of slaves selected in step:16

Diagram x Address Editor
qQ a H & o/q L S E # C 9 ||=Defaultview v
axi_quad_spi_0
3P0 — ||
io0 i 4 ,
3 microblaze_0_local_memory
-, o0 t b =
4=
pLme + || o[+ AXI_LITE ol o p
rrd - o '
- iLme + ||| ext_spl_clk io1_t b
M_AXI_DP - | e s axi_ack sck | 4
s_axi_areseln >
sck t b
ss_i[1:0] 4 rst_clk_wiz_1_100M
» k
ssth ‘ slowest_sync_clk mb_rese
ip2intc_irpt ext_reset_in bus_struct_reset{0:0
r @ aux_resel_in peripheral_resel{0:0
AX1 Quad SPI mb_debug_sys_rst interconnect_aresetn0:0
| dem_locked peripheral_aresetn[0:0
Processor System Reset
I
I
DM)

Figure 5-14. Highlighting Ports for External Connections in ‘AXI QUAD SPI’
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19. Validate the design to ensure no errors as shown in Figure 5-15.

Diagram  x Address Editor 4
alalil B ol a s + E A C o = Defaultview v
Validate Design (F6)
microblaze 0 local_memory
microblaze 0
) |||+ DLMB
INTERRUPT _|- ILMB
I+ s "_ I_" +
e |||+ DEBUG M Bl - e 4| + LMB_Clk
Clk ICro aze W SYS_Rst
M_AXI_DP +
Reset :
MicroBlaze
rst_clk_wiz_1_100M
clic_wiz_1 slowest_sync_clk mb_reset
ext_reset_in bus_struct_reset[0:0]
user_si570_sysclk [ |l + CLKINT.D ek outt T L
rasok D et Vkiad € aux_reset_in peripheral_reset(0:0]
| —= mb_debug_sys_rst interconnect_aresein[0:0]
Clocking Wizard dem_locked peripheral_aresetn(0:0]
Processor System Reset
mdm_1
MBDEBUG 0 +||J—.
Debug SYS_Rst |_

MicroBlaze Debug Module ;!\IDM;

Figure 5-15. Validating Block Design
20. To add GPIOs, add ‘AXI GPIO’ from catalog and repeat similar steps as above.
6 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 6-1).

&) workspacel - Vitis IDE
File Edit Search Run Xilinx Project Window Help

New Alt+Shift+N > ™ Application Project... FrQ i vith<
Open File... E= Library Project...
Hw Kernel Project...
Close Crl+W | o )
Close Al Ctrl+Shift+W | IR EISHOMM FrOject::
-

e ctiss | O Other... Ctrl+N
Save As...
Save All Ctrl+Shift+5
Move...
Rename... F2

& Refresh F5
Import...
Export...
Properties Alt+Enter

Figure 6-1. New Platform Project
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2. Enter the desired platform name. The name ZCU102ps was used as an example (see Figure 6-2).

+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 te specify options for the kernels, BSPs, as well as settings required for creating new applications. Platferms are currently support

Platferm project name: I ZCU102ps

+ A platform provides hardware infermati

Platform System
Project Project

= A system project contains cne or more i
« A domain provides runtime for applicat

= A workspace can contain unlimited plat

Processor I

XSA

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

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

From existing platform
Load the platform definition from an existing platform. You can choose any platform from the platform repesitory as a base for

Figure 6-2. Naming of Platform Project

3. After the new platform is named, a menu appears (see Figure 6-3). Select the XSA (Xilinx Support Archive)
file.
%) New Platform Project O X

Platform
€3 Please select a platform to create the project

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

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

vck190
. | 2¢702

XSA File: 2706 Browse...

zcu102

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: v

Processon v

Generate boot components

Figure 6-3. Hardware Specification
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4. Browse and select the .XSA file from the FPGA folder shared along with this document (see Figure 6-4).

Platform

. €3 Please select a platform to create the project

- ; Create a new platform from hardware IXSM‘ Select a platform from repository

Hardware Specification

W Create Platform from XSA X
« N = = vle Search ZCU102_BEL
Organize v New folder - @ @
|%] Documents # A Name h Date modified Size
& Pictures A ZCU102_BEL.cache
B This PC ZCU102_BEL hbs
3 30 Objects ZCU102_BELhw
o et ZCU102_BELip_user files
R ZCU102_BEL.runs
B Documents 2CU102 BELsim
4 Downloads ZCU102 B
J' Music | | T1_204c_IP_refxsa 1,563 KB
& Pictures
B Videos
2 . Windows (C)
4 ¥ Network
t
File name: | /| rxsads v

Figure 6-4. 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 6-5). This can take some time to complete the build.

& workspacel - Vitis IDE

File Edit Search Run Xilinx Project Window Help
s | B-Q-i>u®yee.rIiBL
~. Explorer §3 S &y Y= B
ZC706ps
&7 ZC706PS_SPI_system
Zcu102_1
v & zcuozps(r - -t
. ew >
» (= bitstrean
(= export Paste Ctri+V
& :“N 3 Delete
= logs
B> psu_cort! 2 Refresh
L= TESOUrCe ony  Import Sources...
@ tempdsa 7 Export as Archive
» (= Zyngmp_
= Zynqmp. Build Project
«J platform Clean Project
[&=] zcusPi_syst
« Copy referenced files into project
Update Hardware Specification
Team >
Run As >
Debug As >

Figure 6-5. Building the New Project
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7 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 7-1).

«l workspacel - ZCU102ps/platform.spr - Vitis IDE
File Edit Search Run Xilinx Project Window Help

g L B S iRm0 S e Ey D
~. Explorer 52 S S Y © B vq ZCU102ps 33 \
ZC706ps i e
151 ZC706PS_SPI_system type filter text B E & X|| plat
ZCU102.1 ~ B zcu102ps
v B zcuira-- o Name
> New > ™ Project..
& bit s ’ Hardv
= :x; Paste Ctrl+V ©  File Descri
i L‘:’ I:: K Delete 5 Folder
> = pst & pefreh Application Proj
(= 15 vy Import Sources... Hw Kernel Project...
& ter = B ) Samp
= 25 Exportas Archive == Library Project...
& B rlatform Proj BGe
» &' Build Project Iatform Project. f
« pla : -
& zcusi Clean Project ™ Example...
«d Copy referenced files into project L Oter.
if7 Update Hardware Specification
Team >
Run As > pecification [
Deliig & ’ . Problems vitis Log () Guidance
Pronerties 102ncl
Figure 7-1. Creating New Application Project
2. When the New Application Project window appears (see Figure 7-2), click Next.
-« New Application Preject (m] X

Create a New Application Project E

This wizard will guide you through the 4 steps of creating new application projects.

1. Choose 3 platform or create a platform project from Vivado exported XS4
2. Put application project n 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 enviranment 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.
+ A workspace can contain unlimited platforms and unlimited system projects.

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

©) <o e

Figure 7-2. New Application Project
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3. Select the newly created platform ZCU102ps and click Next (see Figure 7-3).

%) New Application Project
Platform
i\, The selected platform has unbuilt changes in the workspace. Please generate the platform to use the latest version.

Select a platform from repository (1 Create a new platform from hardware (XSA)

Find: == Add £} Manage

Name Board Flow Vendor Path
B ZC706ps [custom] 2c706 Embedded SW Dev xilinx C:\Users\imhbdlab\workspace1\ZC706ps\export\ZC706ps\ZCT0¢
zcu102 Embedded SW Dev xilinx C:\Users\imhbdlab\workspace\ZCU102_1\export\ZCU102_1\ZC!
zcu102 Embedded SW Dev xilinx Ci\Users\imhbdlab\workspace\ZCU102ps\export\ZCU102ps\ZC
< >
Platform Info
General Info Acceleration Resources Domain Details

Name: ZCU102ps The selected platform does not have application i Domains

e acceleration capabilities s e Details
kart Reneg-heoi10-2:e standalone_domain | CPU: psu_cortexa33_00
Family: zynquplus

Description:

[zcutozps ]

®

<Back Finish Cancel
Figure 7-3. Selecting the Application Project

4. Type a new application name. ZCU102ps_SP/ was used as an example.

«J New Application Project (m] x
Application Project Details
Specify the application project name and its system project properties

e Y
Application project name{ ZCU102ps_SP1 ) |

System Project
Create 2 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.
Processor Associated applications
ps7_cortexad 0 ZC€U102ps_SPI
Show all processors in the hardware specification [] [ ]
@ < Back Finish Cancel
Figure 7-4. New Application Project Name
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5. Select standalone on microblaze_0 and click Next (see Figure 7-5).

«J New Application Project O 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: 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

standaldne on microblaze 0

o Create new..

standalone_domain

standalone

microblaze 0

Figure 7-5. Application Project Name

6. Select Hello World from the list of templates and click Finish (see Figure 7-6).

+J New Application Project O *

Templates
Select a template to create your project.

Available Templates:

Find: = & Hello World
v SW development templates Let's say 'Hello World' in C.
Dhrystone
Empty Application
Empty Application (C++)

d 3
IwiP Echo Server

IwiP TCP Perf Client

hwiP TCP Perf Server

IwiP UDP Perf Client

IwiP UDP Perf Server

Memory Tests

OpenAMP echo-test

OpenAMP matrix multiplication Demo
OpenAMP RPC Demo

Peripheral Tests

RSA Authentication App
Zynq DRAM tests
Zynq FSBL
-_? < Back Next > Cancel

Figure 7-6. Selecting Template

7. Afresh C project appears on top where the actual application development can start.
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8 Build Application Projects
To build an application project, follow these steps:

1. Right-click the application name and select Build Project (see Figure 8-1).

« workspacel - ZCU102ps_SPI/src/main.c - Vitis IDE
File Edit Search Run Xilinx Project Window Help

Tl LR NS B TEEH-F- S R R RN
<L Explorer £2 S9Ga ¥ = B |[[@ maine 2 l

ZC706ps

&0 ZCT706PS_SPI_system

ZCu102_1

32 #include <stdic.h>

Bandalane an n-cll rortey 33 #include "xparameters.h” /* EDK generated paramet
3%, B New >N )
i) Includes 5 - tiafe_bringup.h>
aste Ctri+V
= Debug = "
=z platform.h
= Include HK  Delete il_printf.h"
v (= src 2 Refresh math.h"
L€l main. .
= w3 Export as Archive tiAafe79_interface.h”
|| platfo
Lej platfo Build Project
th) Flaﬁc Clean Project
Lc) tiafe? latform();
) Iscript intf("SPI Writing for AFE Registers!™);
G4 ide Team L4 p_platform();
K ZCu102g Run As > ket(); //Reset of
(= Debug Debug As y B ommsemsn )
& ZCUu102ps_< 2
T ZCUSPI_syster Properties Problems Vitis Log @ Guidance
TCF Debug Virtual Terminal - Cortex-A53 #3

Figure 8-1. Building Project

2. Ensure that the project builds without any errors.
9 Generate SPI Log for AFE79xx EVM
The SPI log generation is split into three different parts:

1. Use the AFE79xx GUI to generate the LMK SPI Log
2. Use the AFE79xx GUI to generate the AFE SPI Log
3. Convert the generated SPI Logs to the format used in Vitis

9.1 Generating the LMK SPI Log

In the AFE79xx GUI the below lines can be added in order to enable the logging of the LMK SPI writes. These

should be added before AFE.LMK.ImkConfig() line or AFE.deviceBringup().

TmkTogDumpInst=mLogDump.logDump (ASTERIX_DIR+DEVICES_DIR+r"\Afe79xxPgl_LMK.txt")
TmklogDumpInst.logFormat=0x1

Tmk.logClassInst = TmklogDumpInst

Tmk. rawwriteLogEn=1

After running the script in the AFE79xxGUI a file, named “Afe79xxPg1_LMK.txt", containing the registers
writes for the LMK will be generated in the following folder: ‘C:\Users\<UserName>\Documents\Texas
Instruments\Afe79xxLatte\lib’
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9.2 Generating the AFE SPI Log

In the AFE79xx bringup script the parameter below can be updated in order to enable the logging of the AFE SPI
writes in the two formats, Format 1 and Format 5.

* logDumplnst.logFormat to ‘0x21’

After running the script in the AFE79xxGUI a file, named “Afe79xxPg1Format5’.txt", containing the registers
writes for the AFE will be generated in the following folder: ‘C:\Users\<UserName>\Documents\Texas
Instruments\Afe79xxLatte\lib’.

9.3 Converting SPI Logs to Format for Vitis

In the AFE79xx Secure folder you can find a script called ‘SPI_Convert.py’, which is used to convert the
generated SPI logs into the correct format. This script should be opened in the AFE79xx GUI and after running
the script two files called ‘AFEspiwrites.c’ and ‘LMKspiwrites.c’ will be generated.

All the commands in these spiwrites files can be copied and pasted into the tiafe_bringup.h file in the Vitis
project.

1. The contents of the ‘AFEspiwrites.c’ file must be copied into the bringupafe() function. In the figure below the
function that contains the commands is shown.
52 #include <stdio.h>
53 #include <stdint.h>
3 #include "xil_printf.h"
55 #include <tiAfe79_interface.h>

void bringupafe()

58 {

59 int rdval=0;

5 int polllter=0;
61 int pollval=9;
A : I

2. The contents of the ‘LMKspiwrites.c’ file must be copied into the Imk_config() function. In the figure below the
function that contains the commands is shown.
void lmk_config()

After updating the tiafe_bringup.h file in Vitis the application project should be built again, following the steps
outlined in Section 8 Build Application Projects.
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10 AFE79xxEVM Board Modifications
To connect AFE SPI to the FPGA, the modifications below must be made:

1. Remove R266, R267, R268, and R274 (Found on the bottom of the EVM).
2. Install 0Q resistors for R88, R87, R86, and R83 (Found on the top of the EVM).

The LMK SPI has no connection to the FMC connector, so for the FPGA to control the LMK SPI the following
board modifications must be made.

1. Connect LMK_SCK to SPIACLK (Wire from R88 to R248).
2. Connect LMK_SDIO to SPIASDIO (Wire from R87 to R249).
3. Connect LMK_CS to pin D26 of the of the FMC connector.
a. To do this a wire can be connected from R242 to the open pad of R9 that is connected to the FMC.

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 this example, only the first bank is used.

Third argument 0 indicates all GPIO bits are set for outputs.

SBAU412A — NOVEMBER 2022 — REVISED MAY 2024 AFE79xx SPI Bringup Guide With Xilinx FPGAs
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated

19


https://www.ti.com
https://www.ti.com/lit/pdf/SBAU412
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAU412A&partnum=AFE7920

13 TEXAS
INSTRUMENTS
Configure the AXI GPIO www.ti.com

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 this example, 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

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 TI 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).

oo

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:

» IfD23is 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 Set Up and Power on Hardware

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

Dock the AFE EVM to J5 (HPCO) FMC on the ZCU102 board.

Connect a 1.5-GHz signal through a clock source to RFROM EVM at J14.

Connect J2 (JTAG) and J83 (UART) USB connectors from ZCU102 FPGA board to the computer.
Connect the 12-V Xilinx EVM Adapter for the ZCU102 at J52.

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.

14 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 1.8V for the FMC bank of FPGA
(see Figure 14-1).

oo~

4
File Logging Layout Help
Clocks | Vaoltages Power FMC | GTR MUX EEPROM Data GPIO Commands System Moniter About

Set -~ Read | Set Boot Frequency Restore Device Defaults

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

| & Read 5i5328 Frequency Frequency:

i Select the system controller port x

|
| Select the port that system controller is on:
| l_

Advanced >>

|
System Controller

Figure 14-1. ZCU102 Board User Interface

3. Select the Set VADJ to 1.8V check box (see Figure 14-2).

$£5 zcu102 - Board User Interface - m] X

File Logging Layout Help
Clocks Voltages Power FMC | GTR MUX EEPROM Data GPIO Commands System Monitor About
SetVADJ | HPCD | HPC1

Current | Bootup

Set VAD) to 0.0V
Set VADJto 1.2V
SetVADJto 1.5V

SetVADIto 1.8V |

{System Controller]

Figure 14-2. Setting VADJ
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4. Confirm the same by reading the VADJ_FMC voltage. The voltage value must be 1.80V (see Figure 14-3).

£ zcu102 - Board User Interface - O X
File Legging Layout Help
Clocks~ Voltages | Power | FMC | GTR MUX EEPROM Data | GPIO Commands | System Monitor About

Get VCC1V2 Voltage Voltage:

Get VCC3V3 Voltage Voltage:

@e’( VADJ_FMC Voltage Voltage:  1.80 Volts

Get MGTAVCC Voltage Voltage:

Get MGTAVTT Voltage Voltage:

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

Figure 14-3. VADJ_FMC Voltage
15 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 15-1).

«J workspacel - ZCU102ps_SPI/src/main.c - Vitis IDE
File Edit Search Run Xilinx Project Window Help

it~ | ®- &~ § | ZSREOOWMIE-0- P OGS
~. Explorer 57 = ‘;.I; g ¥ = 0 | main.c 52 |
» kall ZCT0Bps init_platform();
&7 ZCT06PS_SPI_system xil_printf("SPI Writing for AFE Registers!");
Zcui02.1 cleanup_platform();
ZCU102ps

SPI_reset(); //Re
dev spi setup():

v [m] ZCu102ps_SPI_system | ZCU102ps

ZCU102ps~™" *
v » o b New > pp(); /
W, Binaries etup();
)l Includes Move To System Project...
(& Debug T P P
& Include osie Sy : //Hardware R AFE
ol 3 Delete Bol) ;
@5 _ide ~ Refresh m’_) F
¥ zcuio2 e :
@ Debug gay Import Sources...
X ZCUI02ps_ ia  Exportas Archive "Done!");
L3 ZCUSPLsyster g project
Clean Project kform();
Tel Generate Linker Script
22 Program FPGA
R Create Boot Image kms [E] vitisLog (§) Guidance
B Program Flash Pl, Debug]
C/C++ Build Settings gntal Build of configuration Debug for project ZCUle2ps_SPI ===*
Team > done for ‘all’.

Rup A > hed (¢ =
Debug As » 1 Launch on Hardware (Single Application Debug)
T*[:, 2 Laund] on Debug)

€ Properties
= £ 3Launch on Hardware (Single Application Debug (GDB))
A 22 i Uﬁ | Debug Configurations...
Figure 15-1. Debugging Application Project
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Execute the Application

2. Connect the Vitis Serial terminal (see Figure 15-2) with baudrate 115200 (this can be used to see SPI write

or read status).

delaySec(8.881) ;
1mk_config() ;
delaySec(@.001) ;
bringupafe() ;

xil_printf("Done!");

© Conscle &y 9399!:5‘ [ Vitis Serial Terminal ,N’ ) Executables [T VitisLog [£] Problems (G Debugger Console

Figure 15-2. Vitis Serial Terminal

16 Execute the Application
To execute an application run, follow these steps:

1. Click the right arrow button as shown in Figure 16-1.

) workspacel - ZCU102ps_SPI/src/main.c - Vitis IDE
File Edit Search Run Xilinx Project Window Help

- \@-&vafn FER IS -1 ey

=R -

[€] main.c &3 {

(45 Debug 5 | %|iv v =10 |

+ ¥;. Debugger ZCU102ps_SPI-Default (Local)

TR

> &8 PSTAP
v & sy 5 #include <tiafe_bringup.h>
& RPU (Reset) #include "platform.h"
v &2 APU #include "xil_printf.h"

v ¢ Cortex-A53 #0 (Breakpoint: mait|| 39 #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)

1 #include “tiAfe79_interface.h”
=int main()
init_platform();
cleanup_platform();

et of PS SPI
SPI Setup

SPI_reset(); //R
dev_spi_setup();
1lmk_spi_setup();

SPI Setup

emio_gpio_setup(); //EMIO GPIO Setup
<
. 5 = uart_setup() ;
. Explorer 53 | ey Assistant 8 rst_Afe78() ; //Hardware Reset of AFE
. [ = delaySec(@.ee1) ;
B S e Y-
= e = 1mk_config() ;
ZC706ps delaySec(@.eel) ;
157 ZCT06PS_SPI_system bringupafe() ;
zeuioz1 o
ZCU102ps RLjprint Doty
v [53] ZCU102ps_SPI_system [ ZCU102ps | Whtleeh) &

cleanup_platform();

v ZCU102ps_SPI [ standalone on psu_col
e

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

33 #include "xparameters.h” /* EDK generated parameters */

Figure 16-1. Executing Application

2. Notice the SPI logs being printed on the UART terminal:

sl xil_printf("Done!™);

Connected to: Serial { COMS57, 11

Connected to COMS7 at 115200

SP1 Writing for AFE Registers!

UART Configured!

Nurnber of iterations of poll in line 385 0x171: 0
Number of iterations of poll in line 501 0xf0 :
Number of iterations of poll in line 514 0xf0 :
Number of iterations of poll in line 570 0xf0 :
Number of iterations of poll in line 583 0xf0 :
Number of iterations of poll in line 719 0xf0 :
Number of iterations of poll in line 732 0xf0 :
Number of iterations of poll in line 2831 0xf0: 0
Number of iterations of poll in line 2848 0xf0: 0
Number of iteratiens of poll in line 4943 (xf0: 0

coococoo

| B) Console =g Progress | £ Vitis Serial Terminal 52 | () Executables Vitis Log [2] Problems [§} Debugger Console
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