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Adding peripherals to BSB from IP Catalog #3 (XADC)
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Topics covered

Introduction — Embedded Systems
FPGAs, Digilent ZyBo development platform

Embedded System - Firmware development environment (Xilinx Vivado — ,,EDK”
Embedded Development)

Embedded System - Software development environment (Xilinx VITIS —,,SDK”)
Embedded Base System Build (and Board Bring-Up)

Adding Peripherals (from IP database) to BSB

Adding custom (12C IP and XADC) Peripherals to BSB

Development, testing and debugging of software applications — Xilinx VITIS (SDK)

© e N U

Design and Development of Complex IP cores and applications (e.g. camera/video/
audio controllers)



Important notes & Tips

 Make sure that the path of the Vivado/VITIS project to be
created does NOT contain accented letters or "White-space"
characters!

* Have permissions on the drive you are working on:
— If possible, DO NOT work on a network / USB drive!

 The name of the project and source files should NOT start with
a number, but they can contain a number! (due to VHDL)

e Use case-sensitive letters consistently in source file and
project!

* If possible, the name of the project directory, project and
source file(s) should be different and refer to their function for
easier identification of error messages.



VIVADO'

HLx Editions

XILINX VIVADO DESIGN SUITE

Adding IP cores to the Embedded Base System (XADC)
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* Vivado — Block Designer

—Add XADC IP peripheral to the formerly
elaborated block design (Embedded Base System)
from the IP Catalog,

— Parameterize IP blocks, set connections, interfaces,
address, and external ports (if needed),

* VITIS - SDK

— Customize compiler settings,

— Creating a software application (from pre-defined
template)



Main steps to solve the task

* Create a new project based on previous laboratory (slide 05.)
by using the Xilinx Vivado (IPl) embedded system designer,

— LABO2_A project - Save as... > LABO5

e Select and add XADC (Xilinx ADC) peripheral as a System
monitor to the base system

* Parameterize and connect them, make external ports
* Overview of the created project,

— Implementation and Bitstream generation (.BIT) is now necessary,
because PL side will also be configured!

e Create peripheral ,TestXADC” software application(s) running
on ARM by using the Xilinx VITIS environment (~SDK),

* Verify the operation of the completed embedded system and
software application test on Digilent ZyBo.



Further references

XADC - Xilinx Analog-Digital Converter:

https://www.xilinx.com/support/documentation/user guides/ug480 7Series XAD
C.pdf

Vivado — AXI XADC IP manual :
https://www.xilinx.com/products/intellectual-property/axi xadc.html

XADC Wizard (parameters):

https://www.xilinx.com/support/documentation/ip documentation/xadc wiz/v3
3/pg091-xadc-wiz.pdf

XADC Use-cases:

A https://www.xilinx.com/support/documentation/application notes/xapp795-
driving-xadc.pdf

Adam Taylor — MicroZed Chronicles Part #7-8:

Part7: https://forums.xilinx.com/t5/Xcell-Daily-Blog/Getting-the-XADC-Running-on-the-MicroZed-Adam-Taylor-s-MicroZed/ba-

p/380989
Part-8: https://forums.xilinx.com/t5/Xcell-Daily-Blog/MicroZed-XADC-Software-Adam-Taylor-s-MicroZed-Chronicles-Part-8/ba-

p/383861




ADC - Analog/Digital Converters

* Possible methods to process analog input
signals:

— External ADC (outside of FPGA platform):
traditionally this function is on an external
expansion card

e Feasible in all FPGAs
—Internal-integrated ADC (within the FPGA, an
,on-chip” function)

* Only a certain FPGAs, or CPLDs
— PI. Xilinx XADC IP core (insided the Xilinx 7 series)



Traditional vs. Integrated solution
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Traditional solution: ADC card with FPGA

e.g. Digilent PMOD ADCs

« PDMOD AD1: 2-channels Analog
Devices AD7476 12-Bit, 1 MSPS, Low-
Power A/D Converter

« PDMOD AD2: 2 pieces of 4-channels
Analog Devices AD7476 12-Bit,
1 MSPS, Low-Power A/D Converter
(+12C)

« PDMOD ADS5: Analog Devices AD7991
4-channels, 24-Bit ADC, 1IMSPS

11



SPI ADC - Xilinx Spartan3-AN

. https://www.pantechsolutions.net/project-kits/how-to-interface-spi-adc-
with-spartan-3an

SPI interface (slow)

ADC MCP3202 l
us V3

ADC C5
ADC SCH
ADC_DOUT

ADC_DiN

EXT 1/P0

EXT 1/P1

12



Intel/Altera MAX 10 ,,FPGA” Cmax 10

Up to SOK Logic Elements
Packagesas 3 DSP Blocks
smallas
SX3 é RAM Blocks
DDR3 Controller
Flash Memory (NOR) |
e ®
User Flash ' N|Os II
—— ConfigurationFlash 1 14, )
= 32-bitP
—— (onfigurationFlash2 ]‘ 32-Dit Processor
12bitSARADGs - W] & on-chip Osdillator
“ B on-chip loc
Power Regulator i
4PLLs
81/0Banks

e 2 pieces of embedded SAR ADCs — 12 bit, 1 MSPs,

— Max 18 analog input channels

— Temperature sensor 13



& XILINX

ADC - Analog/Digital Converters

4 Temperature Supply veoinT N VREP_0 VREFN_0
Sensor  Sensors Vccaux Cy) ?
ote VCCBRAI\(/I1)
Temperature °C %4- xgg:%;(ﬂ On'1Cgi5Fi/Ref
\§ __Voco por(1) '
§ VP_0 O 12-bit, Coptrol > Stqtus
VN0 O—— Mux 1 MSPS Reqisters Reqgisters
VAUXP[0] 0— E_— ADC A <
VAUXN[0] O
= JJ | 64 x 16 bits 64 x 16 bits
- Read/Write Read Only
External { VAUXP[1210——{ \\
Analog Inputs | VAUXN[12]O Y _ >
VAUXP[13] 0— 12-bit,
VAUXN[13]O— < 1 MSPS
VAUXP[14] 0—— ADC B ~—
VAUXN[14] O—— N
VAUXP[15] 0—— t ‘
f VAUXN[15]O—/
DRP

JTAGt [ FPGAI ]
Interconnect

1 XADC = 2 pieces of embedded SAR ADCs — 12 bit, 1 MSPs (1%),

— Max 17 analog input channels
— Temperature sensor (Artix-7, Kintex-7, Virtex-7, Zynq 7000) 14
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What is an XADC?

 Xilinx Analog to Digital Converter Block

— FPGA / APSoC temperature, voltage level
measurement

— Alarm functions - alarms at adjustable intervals
— AXIl4-Lite / Stream interface v. user interface

— Easy to configure (Wizard ~ GUI)

— Select / use multiple channels

16



XADC - as System Monitor

What does it measure?
"Everything about status of FPGA / APSoC."

 Temperature: On-chip temperature sensor
 VCCint: The internal PL core voltage
* VCCaux: The auxiliary PL voltage

 VCCsram: The PL BRAM voltage

 VCCPint: The PS internal core voltage
* VCCPaux: The PS auxiliary voltage
* VCCbdr: The operating voltage of the DDR RAM connected to the PS

17



Project — Open / Save as...

e Start Vivado

— Start menu - Programs — Xilinx Design Tools - Vivado
2020.1

* Open the previous project! (LAB02_A)
— File = Project = Open... / Open Recent...

— <projectdir>/LAB02_A/<system_name>.xXpr =
Open

* File > Project - Save As... - LABO5
— (This will save the former project LABO2_A as LABO5)

18



Test system to be implemented

AXI - -
AXl4, Interconnect AXi4 XI-BRAM Controller<—>’ BRAM
Block PL
_ AXl4- K
e | XADC l
AXI Al Ggpio T-E»
Lite B =
Axl4. Integlzonl?ect
Lite oc Alfi(tlg- GPIO Pu-Buttons
AXI4- /
PS Lie S Ol Suiches
\_ Yy,
PS side: PL (FPGA)

 ARM hard-processor (Core0)

* Internal OnChip-RAM controller
 UART1 (serial) interface
 External DDR3 memory controller

 LABOS: XADCIP

19



Task - Adding XADC

Vivado:

XADC: integrate and connect it selected from the Vivado IP
catalog to the base system,

XADC IP instance should be named
Base Address: 0x4200_0000 (size: 64 K)
Examine Block Design and Generate Bitstream

VITIS (~SDK):

Create a test application (XADCTest) in the VITIS SDK
environment,

* Test verification of FW-SW plans on the ZyBo platform.

20



Adding XADC to the Base System I.

 Add XADC controller to the Block Diagram (IP Catalog)
— adding PL-side ”XADC Wizard”s IP core

Diagram w  Address Editor inPCatﬂIu-u xl

Cores | Interfaces

Q S F L, F I

M4

1P Catalog - : Add IP (double click)
filter to ,xadc” Search: | Q- xadc @ (2 majehes) %3
Mame A1 Avi4

LY

Vivado Repository
FPGA Features and Design

e XADC

+F XADC Wizard

Axld, Axld-Stream

¢ AddIp

Add IP to Block Design

v

Cancel

s

Select

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

Wizard

21



Adding XADC to the Base System Il.

* The following must be set for the XADC IP
module in Vivado (it can also be manual /
automatic!):

— a.) interface connection between the IP module
and the bus system (AXI Lite),

— b.) Assigning an IP module to an address range
(Base-High Addresses),

22



Block Diagram

Diagram ¥ Address Edifor x
a a2 ||k o Q T + 5 & EF A C | o | = DefaultView v
,* Designer Assistance available. Run Connection Automation
paT_0 aw padph
i |+ 500_Auk
ol g
ARESETH
500 ACLE
o aremeTn B0 oo s
RO ACEE W=l oo a5 o
MO ARESETH .E. AR P - (2 [ ]
RO AR b |- 5 A
TN System Met: rst_ps7_0_1008M_peripheral_aresetn
WOZ ACLE
MOE ARESETN [ ]
A GO
S| Indesrooameel g
vt pa? 0 100M r. - | i
i aipe it b 5 aul_ack GF0 + |||m—Ts feds pn
= 4 Sl SieSem
wE_ meset bos st oS 000] -
aM_fesct i peeriphaonl_ros o 0] : o P
by debiy 3y et Inferconnedt aesen| Q0] L o
dam_ ockal periphaoml_ancsemioo] H L
+ L1
R o B et .
Frroces sod Sysiem Reaed " - 5 al_ack aria 4 "—D bina_jpan
= B 5 ool smscin
wooeamng. system? O !-
b Ax] G
oo +||} s > DOR
FOED 10+ [t 3 > FIXED 1O
e R0+ L W a
A TTCO WAVED OUT = LIl W
b sy ZYN{] TTCO WANVE] CUT = \‘
TTCO WAVED OUT f= \
FICLE CLED
FCLK_RESETO M .
. | f Double-click on XADC and
INMOT Panoeag g Shatem = 2
parameterize it.
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XADC Wizard - parameters

¢ Be-customize IP

XADC Wizard (3.3)

O Documentation IP Location

["] Show disabled ports

in2inte_irpt
user_temp_alarm_out
vecint_alarm_out
wecaux_alarm_out
veepint_alarm_out

s aw_lite | ;
Yocpauy_alarm_ou
I+ vp_vn PaLb_ i
; wecddro_alarm_out
- o aui_aclk

: ot_out
0 c_axi_aresetn
channel_out[4:0]
eac_out
alarm_out
egos_out

husy_out

Compaonent Name xadc wiz_0

[ Basic ADC Setup Alarms ]Chanrsel Sequencer

Interface Options

(® AXldLite () DRP () Mone

Startup Channel Selection

[} Simultaneous Selection
! Independent ADC

.} Single Channel

:ji_: Channel Sequencer

AXI4STREAM Options

[[] Enable Axi4Stream

FIFQ Depth 7

Select Channel
Sequencer

Everithing else as
default..

Summary
Timing Mode
(@) Continuous Mode () Event Mode

DRP Timing Options
DCLK Frequency(MHz) 100
ADC Conversion Rate(KSPS) 1000
Acquisition Time (CLK) 4
Clock divider value = 4
ADC Clock Frequency(MHz) = 25.00

[7 -1020]

OK

] | Cancel ‘
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Connect XADC (autorouter)

Diagram w Address Editor
@  Q Q| Q

# Designer Assistance available.

;T |

I...LE.J

=

4

+

Fun Connection sutomation

Diagram — Run Connection
Automation

o

ps? _0_axi_p=agh pr— 1 T K1
[+] ’ —= 5 i adk 0 A || — =
id - 500 AXI 5 ol ancsam
ACLE
) | FESE TR A GRIO
500 ALK ik
el 500 ARESE™ MW g oy S r
mi_ps7 01008 MO0 ALK IEI wor_ees s B e
i N o MO0 MRESETH gty MOE AKD o [y || b—e 5 @il_adk =0 4 Iw lads_pm
skowesm_syne dk [ - ] BCLE 5l ancsam
ek fomed I s snes resed Cro] 0] SRESETR
ol aui reset in perlphad resc0g MOE ACLE Al GRID
= mh ey W FhENONnecE 3 caehfOr o] — O NRESETH ol
= dom |ocked periphsral arescin{Dd] i
L | Al indemonnac i -1 -
Pracm s Syem Ao dsiah o0 [l s i xadc_wiz_0 —
5 ol anesan =l —1i
- -
o sy o | S_AXI_Lite interface:
. i ite interface:
et | - g Select S_AXI_Lite
soz0_0 +H| o FieED_to — s
W R 0 | e
Thirs : wade wir 0
e Z,‘T,N = TTCO WAVED OUT e —
. = » TICO WAVET OO =
TICO WANES OUT b= ¢ Run Connection Automation
: i) Aut ticall k cti design by checking the b f the interf: t ct. Select an interf: the left to display it
utomatically make connections in your design by checking the boxes of the interfaces to connect. Select an interface on the left to display its
s e configuration options on the right [
LY NOT. Procossing System A4 s i i
+ vpn Q T 2
| ¥ - woodo alamm cul Description
| nc Lt o oud ~ [¥) All Automation (1 out of 1 selected)
2 ol 8 a3kl swsdn = v [ T xade_wiz 0 Connect Slave interface (xadc_wiz_0/s_axi_lite) to a selected Master address space.
> chamal ofd 0] o I—
" 1 5_axi_lite
b e Options
s Lot Clock source for Master interface ng_system7_OIFCLK_CLKD (100 ~
ol
by ok Clock source for Slave interface Auto
bl
A e < bl
2




pleted design

xadc wiz 0

ip2intc_irpt e
user_temp_alarm_out =
vecint_alarm_out =
wocaue glarm out
veepint alarm out

.|| 5 2]_lite
H vecpaux alarm oul
[+ vp_vn
H vocddro_alarm_out =
s ax aclk - -
=7 ot out
) 3 ax| aresetn =
o channel_out[4:0] =
eoc_out =
alarm_out =
805 out =
busy out =
processing_system7 0
XADC Wizard
obR + ||} {> DDR
Ml
FIXED 1O + ||} { > FIXED_IO
M_AKL GPO o | ey ps7 0 axi_periph leds
Y TTCO WAVED OUT =
M_AXLGROACLK 7V/\| R i
Ll : TTCO WAVE! OUT f= {4 s00_Ax S s A
TTCO WAVE2 OUT = ACLK s axi_aclk GPIO |- ||| e ™ [&:dl5_pin
FCLK_CLKD — ARESETN -—* s axi_aresetn
FCLK RESETO N S00_ACLK
— 500 ARESETN AT AR i AXIGPIO
ZYNQT Processing System MOD_ACLK L b APRE LS dip
= XK Mot A
e MO0 ARESETN Wl— " i
t ps7 0 100M MO1_ACLK MOZ_AXE - ;= G4 s AxI
p reLpsi_ = B0 03 Ax) o | it
B MO1_ARESETN - » s_axi_aclk GPIO ||| e ™ 5w _pin
slowest_sync clk mb_reset M02_ACLK b—* s _axi_aresetn
ﬂ ext reset in bus_struct reset0:0] — MOZ ARESETM
aux_reset in peripheral_reset{0:0] MO3_ACLK AXIGPIO
= mb_debug_sys_rst interconnect_aresetn[0:0] -I— M03_ARESETN pb
= dom_locked peripheral_aresetn[0:0] )
L AX Interconnect 4 8 AxI
Processor System Reset s axi_aclk GPIO -+ "_D btns_pin
5_axi_aresetn
AXI GPIO
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XADC - Set memory address

* Block Design - select ,Address Editor” view
* Assign ,,UnMapped’ IP peripherals to the ARM’s address

range:
— a.) automatic - vs. b.) manual address generation
. . ) 0X4000 0000
Diagram « | Address Editor % —
1) because GP0 PS-PL |
Q = |2 1 vl Assigned(4) HPOTXt has been ) I__ a.) Automatic address
configured generation
Mame “1 Intefface Slave _  Range (right click -
> Auto Assign
o Metwork 0 Fioress
w 4F jprocessing_system7_0
w [ Iprocessing_system7_0/Data (32 address bits : 0x40000000[1G])
3 idip = AX] Feg 0x4120 0000 & B4K * 0Ox4120 FFFF
1% jleds = _AX] Reg 0x4122 0000 & 64K * 0x4122 FFFF
¥ /pb S_AX Reg Ox4121_0000 ¢ G4K v 0x4121 FFFF

1§ ixadc wiz 0 s _axi lite Reg (2 Jox4200 0000 64K ~ 0x4200 FFFF

Address ranges must be set to the size of 2*n b.) Base address manual set*
and cannot be overlapped! XADC_wiz_0: 0x4200_0000 (64K) 7



Implementation and Bitstream

jeneration

 Flow Navigator menu - Run Implementation

» Run Implementation

— It can filter out possible wrong assignments / errors,

— Warning messages are allowed (the design can be
implemented),

— Some floating wires are also allowed (e.g. Peripheral Reset,
etc.).

— While Vivado is working you can check out the
synthesis/implementation reports!

Finally, run the Bitstream generation:
* Flow Navigator - Generate Bitstream

I Generate Bitstream

28



Q&A 1.) Reports

* How many resources are occupied on PL-side?
Reports - Report Utilization (or Project Summary 2 1)

e +------ e Fommm e +------- +
| Site Type | Used | Fixed | Available | Util% |

e +------ e Fommm e +------- +

| Slice LUTs | 811 | 0 | 17600 | 4.61 |

| LUT as Logic | 749 | 0 | 17600 | 4.26 |

|  LUT as Memory | 62 | 0 | 6000 | 1.03 |

| LUT as Distributed RAM | @ | o | | | LT e

| LUT as Shift Register | 62 | 0 | | LR

| Slice Registers | 1112 | 0 | 35200 | 3.16 | FFR 3%

| Register as Flip Flop | 1112 | 0 | 35200 | 3.16 | 10— 12%

| Register as Latch | 0 | 0 | 35200 | ©.00 | BUFG| 3%

| F7 Muxes | 0 | o | 8800 | .00 | ——
| F8 Muxes | e | 0 | 4400 | ©.00 | 0 % %0 7s 0l
e +------ e Fommm e +------- +

7. Specific Feature

Hmmmmmmmm—m +mm---- Hmmmmm-- Hmmmmmm Hmmmm - +

| Site Type | Used | Fixed | Available | Util% |

Hmmmmmmmm—m +mm---- Hmmmmm-- Hmmmmmm Hmmmm - +

| XADC | 1 0 | 1 | 100.00 |

e +------ +------- R R +

29



VIVADO Export HW = VITIS (~SDK)

* File - Export - Export Hardware...

¢ Export Hardware Platform X

Export Hardware Platform

VIVADO'

HLx Editions This wizard will guide you through the export of a hardware platform for use in the Vitis or
Petalinux software tools.

To export a hardware platform, you will need to provide a name and location for the exported file
and specify the platform properies.

Platform type

Q@ e

A platform supporting embedded software development only.

i: XILINX, :::::: E}{pﬁz:r:?nﬁlzuppmﬂng acceleration.

Cancel

30



VIVADO Export HW - VITIS (cont.)

Select ,,Include bitstream” option as output:

#  Export Hardware Platform
Output

Setthe platform properties to inform downstream tools of the intend2d use of the target platform’s hardware design. '

() Pre-synthesis
This platform includes a hardware specification for gownstream software tools.

Include bitstream
gl This platform includes the complete hardware implementation. and. bitstream. in-addition to the hardware specification for. ...

software tools. )

31



Export HW - VITIS (cont.)

Set XSA* file name and export directory path:

¢ Export Hardware Platform =

Files

Enter the name of your hardware platform file, and the directory where the X34 file will be '
stored.

XSAfile name: system_wrapper

Export to: |F:Ni'n.|'E|dD_EDED.'1.I'IE|bD5

The XSA will be written to: F\Wivado_2020.1ab0%\system_wrapper.xsa

= Back Mext = Finish Cancel

X

¢ Export Hardware Platform ht

Exporting hardware platform...

*Xilinx® Support Archive: new hw descriptor format since VITIS 2020.x (see the next slide) 32
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VITIS — General steps of application

development

.\/

2. Creating a new application or an application generated from
a C/C ++ template (e.g. XADCApp as system monitor test):

Importing . XSA

b. Generating and compiling an application project containing a
platform and a domain inside (*BSP: Board Support Package),

c. Generating a Linker Script (specifying memory sections, . LD),

d. Writing / generating and compiling the SW application
3. Setup a Serial terminal/Console (USB-serial port),

4. Connecting and setup a JTAG-USB programmer,
—  Configuring the FPGA (.BIT hence PL-side was set)

5. Creating a ‘Debug Configuration’ for hardware debugging

6. Debug (insert breakpoints, stepping, run, etc.)
34



~

Xilinx Vitis 2020.1
From Vivado: Tools menu — Launch VITIS IDE

OR externally

l Start menu — Programs — Xilinx Design Tools — Xilinx VITIS 2020.1 ’

» Set workspace directory properly (1ab05):

— Recommended touse vitis workspace asa
subdirectory in your lab folder. Then Launch...

«J Eclipse Launcher

x
Select a directory as workspace

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

Q; Workspace: | F\Vivado_2020.1\lab053\vitis_workspace

e Browse...

[] Use this as the default and do not ask again
b Restore other Workspace
b Recent Workspaces 2
[ uncn ) [ canee

35




Xilinx VITIS — Create Application

Recall the steps of the former LABO1/LAB02_A!

1. Create a new application project
— File - New - Application Project...

2. Platform — Create a new platform from HW (XSA)

— Browse... for LABO5 system_wrapper.xsa. Open it.
— Do not select the ,,Generate boot components”

3. Application project details
— Type ,XADCApp” as project name
— Type ,TestApp_system” as system project name
— Select ps7_cortexa9_0 astarget ARM core O

4. Domain: leave settings as default (standalone)
36



Example l.) Creating TestApp

application

o) New Application Project

Templates

Select a template to create your project.

Available Templates:
Find:

Hello World

~ SW development templates Let's say 'Hello World' in C.

Dhrystone
g_) Empty Application 1.
Empty Application (C++)
Hello World
lwlP Echo Server 2.

lwlP TCP Perf Client
lwlP TCP Perf Server
lwiP UDP Perf Client
lwlIP UDP Perf Server
Mernory Tests
OpenAMP echo-test
OpenAMP matrix multiplication Demo
OpenAMP RPC Demo
Peripheral Tests

R5A Authentication App
Zyng DRAM tests

Zyng FSBL

2

< Back Mext =

[

Select ,,Empty
Application”. FINISH.

It will takes ~1min time ©

™

Cancel

37




VITIS GUI — Main window

wd vitis_workspace - XADCApp/XADCApPp.prj - Vitis IDE
File Edit Search Xilinx Project Window Help

N EHG &R0 DG EIG D ’) [Quick Access| | [[27 Design | 46 Debug
iﬂXADCAppg[)

sl Explorer E@W = ‘35:;- Py =Ees M XADCApp system =5 5= Outline 32 =]
» systern_wrapper g . u ' . ) . . . ! An outline is not available,
M T —— % Application Project Settings Active build configuration: Debug | &
v @ XADCApp [ domain_ps7_cortexad D] — i
> [ Includes P
» = src Project name: XADCApp View current BSP settings, or configure settings like STDIO peripheral selection, compiler
y B jde 1 flags, 5W intrusive profiling, add/remove libraries, assign drivers to peripherals, change
" 1 % XADCApp.ptj Platform: Systern Wiapper | -« | versions of OS5/ libraries/drivers etc,
\“ & XADCApp_system.sprj Runtime: | cpp | Navilg“ate to BSP Sett'tngs
in: domain_psT_cortexad 0 | | ... i . .
Domain: | i || Standalone is a simple, low-level
cPU: | ps7_cortexad 0 | software layer. It provides access to
|
05 tandal - A
| standalone ! . basic processor features: $
Hardware SpecificationfView processors, memory ranges and peripherals. CaChES, IRQ interrupts and
exceptions
2 == P —1 .
Vs t| BB SR O = «  and basic features of a hosted
» [ XADCApp_system [System] environment, e.g. standard
stern_wrapper [Platform] h .
RS SIS /O, profiling, abort and exit
Y‘
& Console E@“i Prablems Vitis Log @Guidance &4 <“'=='f,| LB BR = -Eul Bl O
Build Conscle [KADCApp_system, Debug]

38



VITIS — HW platform

«J vitis_ workspace - system_wrapper/platform.spr - Vitis IDE == X
File Edit Search Xilinx Project Window Help
o s e lllj_«y-I%_v;:ﬁ;vﬂvf_b-.gmﬁ‘:.-.q:'v.__,v [ Design % Debug
™. Explorer EEW Bi{Eigy ¥ 5 O || 4 XADCApp. system “{ XADCApp !q system_wrapper T@ = 8 | g= Outline &3 =]
ot e 8 A | |An outline i= not available.
. ,_s)r e S Hardware Platform Specification
» [ bitstream
» = export
. g hut} Dresign Information
> (= logs Target FPGA Device:  7z010
5 (= ps7_cortexad 0 Part:  xc7z010cigd00-1
——(Eauce ’\1) Created With:  Vivado 2020.1
Created Oni  Sat Mov 28 01:38:22 2020
v [me| XADCApp_system [ system_wrapper |
» {ét X_‘:D‘DCAPF [ domain_ps7_cortexad 0] Note: To view ip parameters, double-click on the cell containing ip name in any of the below tables,
> it Includes
» = st Address Map for processor ps7_cortexa9[0-1] ’ 4
% XADCApp.pri ! I | e i, o A Shown 4 reoed
& XADCApp_system.sprj Cell Base Address High Address Slave Interface Addr Range Type
———— ps?_ram_0 e DOO0O0D00 O DOO2FFF % Femaory
] Assistant Eﬂ EE&@/ 0% = 0O ps7_ddr 0 000100000 O IFFEFFF < memory 4G Memory address map (PS)
N =5 e £ D41 20fHF ALl register Check axi_iic_0 address!
T ; pb ' 0412710000 Cred1 21FFFF 5 AKX register .
systern_wlapper [Platform] ! _ |
leds (1220000 Ored1 22F5FF 5_AX| register
xadc wiz 0 Ohe42000000 OneA2D0FFFE < axi_lite register
ps7 vart 1 0xe0001000 Coe eDDOTFFF - register 2
< ~
Main | Hardware Specification & ) i i
HW platform from , : 3 List and versions of used _
Vivado’ description of El Consale E@]l'_ Prablems Vitis Log ®Guidance ’ PS/PL per'pherals (beIOW) MB-r%-= 0
elaborated embedded Build Console [{ADCApp_systern, Debug) S
system 4
IP Instance IP Type IP Versicn Fegister
rst_ps7_0_100M proc_sys_res 3.0 -
xadc_wiz_0 xadc_wiz 3.3 -
ps7_0_axi_perigh axi_interconnect 2.1 -
dip axi_gpic 20 Registers
pb axi_gpic 20 Registers
leds axi_gpic 20 Registers 39
ps7_intc_dist 0 ps/_intc_dist 1.00.a -




VITIS — BSP Board Support Package

e Software Platform Settings

— Selected OS: standalone
— Check the supported SW drivers (and its version): ,,sysmon” v.7.6

«/ Board Support Package Settings x
Board Support Package Settings
Control various settings of your Board Support Package.

s Chverview
__standalone |
w drivers

Drivers

ps7_cortexad_0 The table below lists all the components found in your hardware system. You can medify the driver (or its version)
assigned for each component. If you do not want to assign a driver to a compeonent or peripheral, please choose 'none’,

Component Component Type Driver Driver Versi... ™
7 i 7 geEnEric 2.1
7 i 7_ scugic 4.2
7_scutimer_( ns7_scutimer scutimer 2.2
7 i 7 souwdt 2.2
7 _sler_ 7 generic 2.1
T _tte_ 7 ttcps 311
s7_uart_1 os7_uart uartps 3.9
Jadc O gel xade xadcps 2.4
xadec_wiz_( xadc_wiz SYSIMCn 7.6 >
xparameters.h generated. Location: o —

<projectdir>system wrapper\ps7 cortexa9 O\domain ps7
cortexa9 O\bsp\ps7 cortexa8 O\include\xparameters.h I 40




 What is the IP type and IP version of ,xadc_wiz_0"
instance?

— xadc_wiz,
— v3.3
e What is the driver name and version of it?

— Sysmon,
— Vv/.6

e Calculate what size they are?
— Xadc_wiz_0: 0x4200 0000-0x4200 ffff =64 KByte
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Import C/C++ source(s)

Download the archive from lab’s website:
BER lab5 xadc

1. Download and unpack the .zip archive

2. Import all sources to the application project

(=% resources
«J platform.spr
v |£| AADCApp_system [ system_wrapper |
W {E} XADCApp [ domain_ps7_cortexad 0]

L Explorer 53 | 55w = o |[ax
W Ej system_wrapper (Out-of-date)
s [= bitstream =
» = export
= hw 0
> & logs 7 cort
s = psi_cortexad 0 ipport

g ;{ADCI 3 Delete
& XADCapp | Refresh

v it Includes
W [=h SIC .
—w‘\]_) l Right click on application /src.
= i
! = REA B Copy Ctrl+C ‘
=] Xilir
T Paste Ctrl+ ¥
y @£ _ide

Import Sources...

- f o
a Assistant 33 Ll/u -
2

U Source

Muove...

» % XADCApp_sy Rename...
a systerm_wrap

Team

Properties Import Sources..,

\l Import Sources

File system

Import rescurces from the local file system.

From directory: | F\Vivado_2020.1\web\BER_lab3_xadc e Browse...

&4 BER_lab5_xadc

@ lab03_xadc.c

Deatactaauis

Filter Types... Select All

directo
Deselect All l o

Into folder | KADCApp/src

| Browse...

Options

[ ] Create top-level folder

Advanced =>=>

[ ] Overwrite existing rescurces without warning

U I Finish l Cancel
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Analyzing C source code I.

xil printf("-- PL XADC_WIZARD demonstration on ZyBo -- \n\r");
xil printf("XADC configuration started...\n\r");
//XADC initilization
ConfigPtr = XAdcPs_LookupConfig(XPAR_AXI_ XADC © DEVICE_ID);
if (ConfigPtr == NULL) {
return XST_FAILURE;
}

Status_ADC = XAdcPs_CfgInitialize(XADCInstPtr,ConfigPtr,ConfigPtr->BaseAddress);
if(XST_SUCCESS != Status_ADC){
print("ADC INIT FAILED\n\r");

return XST_FAILURE; Functions Declared
} in xadcps.c
//self test and xadcps.h.
Status_ADC = XAdcPs_SelfTest(XADCInstPtr);

if (Status_ADC != XST_SUCCESS) {
return XST_FAILURE;

}

//stop sequencer
XAdcPs_SetSequencerMode (XADCInstPtr,XADCPS_SEQ MODE_SINGCHAN);

//disable alarms
XAdcPs_SetAlarmEnables (XADCInstPtr, 0x0);

//configure sequencer to just sample internal on chip parameters
XAdcPs_SetSeqInputMode (XADCInstPtr, XADCPS_SEQ_MODE_SAFE);

//configure the channel enables we want to monitor

XADC Wizard (3.3)

Basic | ADC Setup | Alarms | Char

Interface Options
@ AXI4ite (OJDRP () None
Startup Channel Selection

() Simultaneous Selection
() Independent ADC

() Single Channel

(@) Channel Sequencer

XAdcPs_SetSeqChEnables (XADCInstPtr,XADCPS_CH_TEMP|XADCPS_CH_VCCINT|XADCPS_CH_VCCAUX|

XADCPS_CH_VBRAM|XADCPS_CH_VCCPINT|
XADCPS_CH_VCCPAUX | XADCPS_CH_VCCPDRO) ;
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Analyzing C source code ll.

while(1){
xil printf("\n\r Next iteration - read out XADC registers ...\n\r");

TempRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH_TEMP);
TempData = XAdcPs_RawToTemperature(TempRawData);
printf("Raw Temp %lu -> Real Temp %f [C°]\n\r", TempRawData, TempData);

VccIntRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH_VCCINT);
VccIntData = XAdcPs_RawToVoltage(VccIntRawData);
printf("Raw VccInt %lu -> Real VccInt %f [V]\n\r", VccIntRawData, VccIntData);

VccAuxRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH_VCCAUX);
VccAuxData = XAdcPs_RawToVoltage(VccAuxRawData);
printf("Raw VccAux %lu -> Real VccAux %f [V]\n\r", VccAuxRawData, VccAuxData);

VBramRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH_VBRAM);
VBramData = XAdcPs_RawToVoltage(VBramRawData);
printf("Raw VccBram %lu -> Real VccBram %f [V]\n\r", VBramRawData, VBramData);

VccPIntRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH_VCCPINT);
VccPIntData = XAdcPs_RawToVoltage(VccPIntRawData);
printf("Raw VccPInt %lu -> Real VccPInt %f [V]\n\r", VccPIntRawData, VccPIntData);

VccPAuxRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH_VCCPAUX);
VccPAuxData = XAdcPs_RawToVoltage(VccPAuxRawData);
printf("Raw VccPAux %lu -> Real VccPAux %f [V]\n\r", VccPAuxRawData, VccPAuxData);

VDDRRawData = XAdcPs_GetAdcData(XADCInstPtr, XADCPS_CH VCCPDRO);
VDDRData = XAdcPs_RawToVoltage(VDDRRawData);
printf("Raw VccDDR %lu -> Real VccDDR %f [V]\n\r", VDDRRawData, VDDRData);
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Build project

* 1. Select Application project (e.g. xADCApp)
e 2. Project menu = Build Project... in two steps:

a) Build BSP (system_wrapper)

b) Build software application (main.c) {c} [s=

g

- -
[l Explorer 532 | E %Sy T % O || & XADCApp system “{ XADCApp
- = hw " L= g
= logs 2 | * lab®5 xadc.c
il petcarmell * Created on: 2018.85.94
= resh - — * Author: developer
& pla Right click on application. x
v [z2] XADCApp_system [ system_wrapper | 7
W {E} KADCApp [ domain_ps7_cortexa® 0] 8
3 ﬁ_ﬁEinaries Plew ?
» [l Includes Mowe To Systern Project..,
Cebu
5 S i . Paste Ctrl+Y
5 | lab05_ xadec.c #  Delete
T Iscript.id @ | Refresh
|= README.txt -
E) Miirc.spec Eig Import Sources...
y (@6 ide iy Export as Archive 2
= XADCApp.prj s ) u
. Build Proj
& XADCApp_system.sprj et I
| Clean Project
4 Assistant 32 ] & : .
Tl Generate Linker Script
= il Y L
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Build project — Result (Console)

'Building target: XADCApp.elf'

"Invoking: ARM v7 gcc linker'

arm-none—-eabi-gcc -mcpu=cortex—a9 -mfpu=vfpv3 -mfloat-abi=hard -Wl, -
build-id=none -specs=Xilinx.spec -Wl,-T -Wl,../src/lscript.ld -
LF:/Vivado_2020.1/1ab05/vitis_workspace/system_wrapper/export/system_
wrapper/sw/system_wrapper/domain_ps7_cortexa9_ 0/bsplib/lib -o
"XADCApp.elf" ./src/lab05_xadc.o -W1l,--start—-group,-1xil, -1lgcc, —
lc, ——end—-group

'"Finished building target: XADCApp.elf'

'"Invoking: ARM v7 Print Size'
arm—none—-eabi-size XADCApp.elf |tee "XADCApp.elf.size"
text data bss dec hex filename
51335 2556 22656 76547 12b03 XADCApp.elf
'"Finished building: XADCApp.elf.size'

Decimal size: 76547 byte ~76 KByte . The entire program can be placed only
in the internal on-chip RAM 0 or the external DDR RAM. (On the PL/ FPGA-
side, however, this amount of BRAM memory should be reserved). Therefore,
the executable .e1f file was also generated successfully.
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 Generate Linker Script to the interanal on-chip PS7

RAMO
— Set the Heap / Stack size to 2KB! &
* Now rebuild the TestApp again. %

Q: What is the size of TestApp.elf binary?

"Invoking: ARM v7 Print Size'

arm-none-eabi-size XADCApp.elf |tee "XADCApp.elf.size"
text data bss dec hex filename
51335 2556 10368 64259 b3 XADCApp.elf

"Finished building: XADCApp.elf.size'
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Embedded system and software test

verification

1. Connect the USB-serial cable (power+programmer functionality). Please
check:

JTAG programming port
(optional, but we don’t
e JP5 jumper = JTAG mode! use it!)

e JP7 jumper = USB power!

JTAG Header
1x6

2. Now Power ON the ZyBo platform

25 TMSJTAG

> o|_TDLITAG
TDO-FX2

3 O—ckatAaG T

4 O —3GrD

5 6

6 o VCC3V3
J5

\: - e R
\ o - - ¥ =T 9" v
/ \ -
- \ > O - 0o .
. - L) g
4 - - A\ o A
\ \ - o
. e \ - oA
‘- A [ v R ,;;."', . N’ y) -
5 ) - 2o o\\\wig
v ~ N et XY be )
<TG ac v ]
X P o - - o
SR\ <7 8O
Vf
\

ZyBo — Xilinx USB programming
cable

VCC3V3 — red VREF (6)
GND - black GND (5)

We use the
USB-serial
connector.

TDO-FX2 - lilac — TDO (3)

TMS-JTAG — green TMS (1)

Check the
DONE led! 48



TestApp — Verification result

« Check debug output on VITIS terminal. What did you experience?

-- PL XADC_WIZARD demonstration on ZyBo --
XADC configuration started...

Next iteration - read out XADC registers ...
Raw Temp 40520 -> Real Temp 38.452148 [C°]

Raw VccInt 21689 -> Real VccInt 0.992844 [V]
Raw VccAux 39154 -> Real VccAux 1.792328 [V]
Raw VccBram 21694 -> Real VccBram 0.993073 [V]
Raw VccPInt 21654 -> Real VccPInt 0.991241 [V]
Raw VccPAux 39142 -> Real VccPAux 1.791779 [V]
Raw VccDDR 32598 -> Real VccDDR 1.492218 [V]

« Analyze the source code! What is the difference between raw data vs.
converted real data?



LABO2_ B and C — Summary

 To the ARM-AXI based system created in the previous (5. —
LABO2_A), here we added new PL-side XADC system monitor
from the Vivado IP catalog.

* Peripheral were properly configured and connected to the
external I/O pins of the FPGA.

 We examined both the Block Diagram and the report files.

* Finally, we verified the completed embedded system
(HW+FW) and the correct operation of a SW application
(XADCApp) in VITIS unified environment.
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