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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 GPIO Peripherals (from IP database) to BSB

Adding Custom (=own) Peripherals to BSB

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

L 0 N u A

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.

* The directory path should be no longer than 256 characters!
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* Vivado — Block Designer

— Add IP (Intellectual Property) cores to the
formerly elaborated block design (Embedded Base
System) from the IP Catalog,

— Parameterize IP blocks, set connections, interfaces,
address, and external ports (modify .XDC 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 (04.) by
using the Xilinx Vivado (IPl1) embedded system designer,

— LABO01 project - Save as... > LAB02_A
e Select and add GPIO peripherals 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 ,TestApp” 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.
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Test system to be implemented

) No IPs will be added on the PL (FPGA) side yet, so only the
PS side will be configured!
AXI R
AXI4, " |nterconnect M»"XI-BRAM Controller‘<—>’~ BRAM
Block
AXIl4- -
. o LED_IP e (B
AXI4- ,
Cite > Interconnec AXI4- GPIO l
Block Lite N PN
AXi- ) spio zm A)
PS Lite N
L J
PS side: PL (FPGA)
ARM hard-processor (Core0) e (A) LABO2_A: GPIO inputs
° Internal OnChip-RAM controller — PBSs: Push Button (nVOmégomb kEZEla)

— DIPs: Switches (kapcsol6 kezeld)
 (B) LABO2_B: GPIO outputs

] — Custom LED controller
e Global Timer 9

 UART1 (serial) interface
e External DDR3 memory controller



Project — Open / Save as...

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

 Open the previous project! (LABO1)

— File = Project - Open... / Open Recent...
— <projectdir>/LAB01l/<system_name>.xpr = Open

* File > Project - Save As... > LABO2_A
— (This will save former project LABO1 as LABO2_A)
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Modify Zyng PS settings

* Open Design Sources - system.bd blokk design (double click)

— Open Processing_system7_0 v [ Design Sources (1)
~ @ 5. system_wrapper(STRUCTURE) (system_wrapper.vhd)
° PS_PL cO nﬁgu ration: v @ system_i: system (system.bd) (1)
> @ system(STRUCTURR) (system.vhd) (1)

— > General = Enable Clock Resets:

enable FCLK_RESETO_N e S
~ Enable Clock Resets o DGR o "_D' DDR
FCLK_RESETO_N ‘ [ Enables general purpose reset signal O for PL logic [ ZYNO FXER. +"_D FIXED_IG
T ZYNQ7 Processing System
— > AXI Non Secure Enablement: GP Master AXl interface
enable M_AXI_GPO port! GPO GP1
= GP Master AX Interface ﬂ I I
> M AXI GPO interface IZI Enables General purpose AXl master interface 0 32b GP 32b GP
. . AXI AXI
* Clock configuration: Master || Slave

— PL Fabric Clocks: enable FCLK_CLKO ( 100 MHz I0_PLL)

~  PLFabric Clocks
| FCLK_CLKU |IDF'LL ~ 100 100.000000

11



Zyng PS — Block diagram

 Examine, that the previosly enabled ports:
— GPO AXI Master interface,
— FCLK_CLKO PL-side clock,
— FCLK_RESETO N reset port are visible now?

r.: processing_system7_0 -'
DORG | " DDR
FIXED 106k | e ™ FIXED_IO
wfM AX] GPO_ACLK ZYNG‘ /w AX1 GPO R \
_ ?
FOELK CLKOR= .
(.I.i-‘. RESETO Mjm v,
L ZYNO7 Pn System o

— What do you thmk about their functionality?

12



Adding and connecting AXI GPIO

neripherals to the PL-side

* Adding new IP cores — possible ways: 2x
a) Block Diagram View - Add IP |4 OR —

b) Open IP Catalog - Select IP - Double click — Add IP to Block Design <* K g::

Add 2 PL side AXl_GPIO peripherals to the processor system

Change to IP am x| Address Editor x| IPCatalog = w Add IP core (double
Catalog view s | Interfaces cklick)
ol = 2 [# « 1] 4)
@ Search: ©i- gpio (1 match)
Mame AXld4 Status License VLINW

v Vivado Repositary
W Embedded Processing
W AX] Peripheral

e Low Speed Peripheral

— -
@ L  AK] GPIO AXl4 FProduction Included  xilinx.com:ip:axi_gpio:2.0
‘Select AXI_ l —

GPIO IP

o Would you like to add "AX] GPIO" IP to your block design, or customize it and add
itas an RTL module to your project?

5 \
Add IP to Block Design]‘

13




Adding and connecting AXI GPIO

oeripherals to the PL-side (cont.)

* For each IP modul (e.g. AXlI_GPIO) the
following should be set:

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

— b.) mapping IP modul to the PS address space
(Base-High Addresses),

— ¢.) assigning I/O ports of IP modules to external
ports,

— d.) finally, assigning external ports to physical
FPGA pins (.XDC editing) — I/O planning.

14



Adding GPIOs — Block Diagram view

AXI GPIO_0 as DIP switches (DIP) and AXI_GPIO_1 as push
buttons (PB).

Diagram » Address Editor x| IP Catalog *
& a3 e + AP A AR

}" Designer Assistance available. Run Connection Automation

processing_system7_0

DDR +||[=——{"> DDR
FIXED_IO - |||===={"> FIXED_lO
— M_AXI_GPO_ACLK ZYNQ‘ M_;;(;GZEK:-
FCLK_RESETO_N -

ZYNQT Processing System

axi_gpio_ 0 \
Tesm This should be the
F DIP switches (DIP)
AXI GPIO [
axi_gpio_1 \ "
i W This shoud be the
il “push buttons (PB).

s axi aresetn

<€
s axi_aclk GPIO +J||

AXl GPIO [ 15




Set AXI_GPIO peripheral - Dip switches

¢ Re-customize IP X
AXI GPIO (2.0) '
© Documentation IP Location
[) show disabled ports Component Name | axi_gpio_0
1 IP Configuration
Associate IP interface with board interface ~
- IP Interface Board Interface
ot e GPIO | sws 4bit [ ~] \
) SWs 4bits v
s_axi_aclk GPID + " 2
s_axi_aresetn GFIO2 Custom |
btns 4bits
| Clear Board Parameters hdmi hpd
| hdmi out en hd
() Enable Interrupt leds dbits
( sws 4its |
Il oK ﬂ f Cancel |
_{ 4 -
Component Mame axi_gpio_0 I
Board [ IP Configuration
GPIO channel only

GPIO

<€

GPIO Width 4

inputs for dip switches

| (All inputs)

(1291

Default QutputValue  0x00000000

Default Tri State Value 0xFFFFFFFF

[:] Enable Dual Channel

[ ] Enable Interrupt

@ [0x00000000,0xFFFFFFFF]

@ [0x00000000,0xFFFFFFFF]

switches)

‘Board interface:
select ,sws_4bits”

Check GPIO channel width = 4
(because ZyBo has 4 dip

16



Set AXI_GPIO peripheral - Push buttons

#  Re-customize [P *,
AXI GPIO (2.0) P
Q Documentation IP Location
() show disabled ports Component Name | axi_gpio_1

o | Board interface:

Associate IP interface with board interface

1+ s P nerface B _ select ,btns_4bits”.
& eud el GPIo + || GPIO | btns 4bits |~1N%) i
h

s_axi_aresetn GPIOZ2 | custom
| bins 4bits
‘ Clear Board Parameters hdmi hpd
| hdmi out en
("] Enable Interrupt leds 4bits
sws 4bits

Component Mame axi_gpio_1

Board | IP Configuration | 3

GPIO channel only
GPIO inputs for push buttons
| (All inputs)

-

I‘ Check GPIO channel width = 4

GPIO Width " R

Default Output Value  0x00000000 ©! (000000000, 0KFFFFFFFF] (because ZyBo has 4 Push
buttons)

Default Tri State Value |OXFFFFFFFF © | [0x00000000,0XFFFFFFFF]

[:] Enable Dual Channel

17
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Renaming AXI GPIO peripherals

axi_gpio_0

Block Properties

=4 s AXI

T dip

s_axi_aclk GPIO +|||
5_axi_aresetn Mame: dip
T AXIGPIO Parentname. - system Block Properties
axi_gpio_1 — |IP instance
. | R
St s Axi General FProperfies  IP name would be
s_axi_aclk GPIO +||| Block Properties FE— d|p and pb
s axi_aresetn T
2 ™ axi_gpio_1 4= o
AXI GPIO
o ]
Parent name: system
dip General Properies IP
“l4 s axi
s_axi_aclk GPio +|||
s_axi_aresetn
AX] GPIO
r ~
+ s
- 5 ax I 0 +
L -

18




Connecting AXI GPIOs (autorouter)

gl |Diagram—>Run Connection Automation ’
alalx|m/olq +|o% & B2 C 0| D

& Designer Assistance available | Run Connection Automation Q_)

processing_system7_0

<
DDR + |||====["> DDR
FIXED_IO +|||====[Z>» FIXED_IO
% .t -
= M AXI GPO ACLK ZYNO M _AXI GPO i
afc i : i i DIP — enable S_AXI
FCLKE_CLKQ = 5
interface,
FCLK RESETO N ©=
_ PB — enable S_AXI
¢ Run Connection Automation interface
r
Automatically make connections in your design by checking the boxes of the interfaces onnect. Select an inte on the left to display its
configuration options on the right. ‘
a = | =
W E] All Automation (2 out of 4 selected)
N @ T dip nterface (/pb/S_AXI)to a selected Master address space.
[0 GRIg
2 L Pisa
v@ﬁpb . — M
- Master g g AX]_GP
[ 1 cpio - S
@F ) {5 AX Bridge IP Mew AXI Interconnect
4
Clock source for driving Interconnect IP | Auto
Clock source for Master interface Auto
Clock source for Slave interface Auto
W
L4 >
P —
B 5




Block Designh — Analyzis

Diagram ¥ Address Editor x : s 2 :
’ Examine each block and its conenctions. F
a4 g | x| x| e|q S |+ E|#|C || 1
* Designer Assistance available. Run Connection Automation
processing_system7 0
DoR +||} {> DDR
- FIXED_ 10 + ||| { FIXED_IO
M_AXI GFO _ACLK M_AXI GPO § o
- - ZYNQ ”FCL}.( CLK:; i ps7 0 axi_periph
- I B!
FCLK_RESETO M F -
i+ s00_AXI
ZYNQT Processing System ' Ao dip
B ARESETM
S00_ACLK BN . i
#—— SO0 _ARESETN lél ML Al T 2 e
- Bl psi: 0 10EM : - M MOLAXI s axi_aclk crio +||| N
MOO_ACLK EAY T 1 S g
slowest_sync_clk mb_reset — N00 ARESETN ik
ﬂ ext_reset in bus struct_reset[0:0] MO1_ACLK AXI GPIO
aux_reset_in peripheral_reset[0:0] — NO1_ARESETN -
= mb_debug sys_rst interconnect_aresetn|0:0] ; f . B
= dcm locked peripheral_aresetn[0:0] AXI Interconnect =
2 4+ 5 Axl
Processor System Reset Sz anlk Pio +||| ?
5 @xi aresetn
. AXl GPIO
Main components of the extended embedded system:

* Processing_system7: (PS ARM processor system)

» Processing_system7_axi_periph: AXI bus interface

* Rst_processing_system7_100M: PS/PL reset generator
« dip: AXI GPIO for DIP switches (PL side)

« pb: AXI GPIO for PB push buttons (PL side) 20




Analyzis — Processing_system7_axi_periph

Analyze the parameters of AXI peripheral interface:

* How many slave-, and master interfaces does it have?

#  Re-customize [P >
AX| Interconnect (2.1) '
@ Documentation IP Location

Component Mame | ps¥_0_axi_periph

&]) Top Level Settings  Slave Interfaces | Master Interfaces

o
Mumber of Slave Interfaces 1 4
Mumber of Master Interfaces 2 4
Interconnect Optimization Strategy Custom w
Adl Interconnect includes 1P Inted ¢y o0 Settme)Slavelnterfaces Master Interfaces
When the endpoint IPs attz
in widgth, clock or pratocal, | [ gaye Interface Enablé Register Slice Enable Data FIFO
If a converter IP is inserted
configures the convertertg | SO0_AXI Naone T | Mone ¥
To see which conversion I[™ 1
expand hierarc uttons| Top Level Settings ave Interfa aster Interfaces
" d hi hy' butt Top Level Sett Sl Intertf. 3Mt|1rf
MOTE:Addressing information fo| | Master Interface Enable Register Slice Enable Data FIFO
[:I Enable Advanced Configurat| MOO_AXI None ~ | Mone M
MO _AXI Mone > | Mone -

OK Cancel [ 21




Analyzis — Rst_Processing_system?7 (Reset)

Analyze the parameters of AXI reset generator:

 How many low-/and high assertion reset signals does it have?

¢ Re-customize [P s
Processor System Reset (5.0) '

© Documentation IP Location

[_] Show disabled ports Component Name |rst_ps7_0_100M

External Reset

Ext Reset Logic Level (Auto) | 1

Ext Reset Active Width 4 w

Auxillary Reset

slowest _sync_clk mb_reset Aux Reset LogicLevel | 1
ext_reset_in buz_struct reset[d:0]
aux_reset_in peripheral_resat[d:0] Aux Reset Active Width 4 b

—
—| mb_debug_sys_rst| interconnect_aresetn[d:0] :]

—dem_locked l peripheral_aresetn[0:0]
J Active High Reset
Bus Structure | 1 w
Peripherals 1 w
Active Low Reset
Interconnect | 1 w
Peripherals | 1 hd
< > v

0K | | Cancel

22




Set memory addresses — AXI GPIO

* Block Design - select , Address Editor” tab

e Map ,unmapped” GPIO IP peripherals into the
memory address space (automatically or manually)

0X4000 0000
Diagram x[ Address Editor X | IP Catalog *
1 -
Q = 1 “H Assigned (2) %] Unassigned (0)

because GPO

port was
enabled! » | a.)Automatic address
generation

Range Master High Address iright elick -

4L

Mame Interface  Slave Segment Master Base Addfess
Auto Assign
~ B MNetwork 0 Address)
w AF Iprocessing_system7_0
v [ /processing_system7_0/Data (32 address bits : 0x40000000[1G])
— N\
B8 /dip S_AX Reg 0x4120_0000 ’ 64K ~ 0x4120_FFFF
18 /pb S_AXI Reg 0x4121_ 0000 ¢ 64K v 0x4121 FFFF )

2 b.) Base address manual set *
pb: 0x4121 0000 (64K)
dip: 0x4120 0000 (64K)

* Address ranges must be limited to 2 * n in size and
23
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Making external ports — AXI GPIO

The dip and pb GPIO instances must be connected to the physical FPGA pins of the
(dip) switches and (pb) pushbuttons on the ZyBo platform:

1. The data ports of GPIO instances must also be connected to external FPGA pins,
2.  We also define the names of the external ports (e.g. ending in _pin),

3. Inthe <system> .XDC file the proper FPGA pin must be specified.

Rename of external ports for

dip_pin, and pb_pin'!
di ( M. Make Ext I . . 0
| . Q) T (Right click — External interface
=5 Block Interface Properies... Cirl+E .
o S.AXI +
e o | Hionion: , properties (CTRL+E)
B {sﬂm]uaresetn
A GPV : | B copy S dip
; P : - o+ 5 AXI
. QL | Search._ ~irl+F s axi_aclk crio + |||
= tijﬂl Wi Select Al A.00_sreanin
s _ani Aresetn +  AddiP.. Crl+ AX| GPIO

. | Add Module... b
/ AX1 GPIO @ = ] » p ]
% Make External Ctri+T
Run Connection Automation... we|+ 5 AXI J

Right Click — Make Pinning , s_ai_ack m GPIO - ||
5 axi_arese v
IP Settings... _axi_ 4
external ... (CTRL+T) o | vasaate Dosion - 4 o




Block Design — Layout synthesis

* Update the Block Design:
— Regenerate Layout | C
— Validate Design (DRC) | =

— Flow Navigator - Run Synthesis  » Run Synthesis
* Open Synthesized Design, OK

* At the final step, the FPGA 1/0O pins must also be
assigned to the two external ports e
(dip_pin and pb_pin, respectively)!  =re=

== /0 Planning

— Layout menu - 1/0O Planning layout view |- """
== Timing Analysis
Save As MNew Layout...

Reset Layout

25



Block Design — Full view

dip
ps7_0_axi_periph = S,_AXI
= s_axi_aclk GFIO ||| dip_pin
- 2 s axi_aresetn
rst_ps7_0_100M i+ S00_AXI -
s g AXI GPIO
slowest_sync_clk mb_reset gp— ARESETN

———0 ext_reset_in bus_struct_reset[0:0] S00_ACLK .Y. MOO_AXI + PR

0 aux_reset_in peripheral_reset[0:0] g S00_ ARESETN H-——H - o --

» MO1_AXI i =4+ S_AXI
=— mb_debug_sys_rst interconnect_aresetn[0:0] MOO_ACLK —n & Bl Al GFIO + "_D ob pin
= dom_locked peripheral_aresetn[0:0] = MODO_ARESETN - r .
T AL s _axi_aresetn
Processor System Reset MO1_ARESETN 2XI GPIO
processing_system7_0 AXI Interconnect
DDR +||| {— DDR
FIXED_I0 +||} [ FIXED_IO
M_AXI GPO_ACLK ZYNO‘ M_AXI_GPO i
FCLK_CLKD
FCLK RESETO N @=—

ZYNQT Processing System

26



I/O Planning — Pin assi

Automatic pin assignment
can be checked based on
Zybo_master.xdc file or

Zybo schematic.

SYNTHESIZED DESIGN - synth_1 | xc7z010clg400-1 (active)

Sources

Netlist | Device Constraints ? | Bt Package
Qlz|e|=- - @ pralli R

~ Internal VREF

0.6v
0.675Y
075V
o.9v
v [ NONE (2
110 Bank 24
110 Bank 35

Drop 110 banks on voltages or the "WOMNE" folder to setfunset Internal
VREF.

10 Port Properties ¢ Cle

- pu_dip_tri_i[3] e L]

General Froperies Configure

Power
Tl l Repo IIrDPorts . | ? - 0L
Q| |||+ H 9
MName Direction Board PartPin  Board PartInterface  Meg Diff Pair  Package Pin Fixed B 10 Std Veeco Wref Drive Strength Slew Type Pull Type Off-Chip Termi
v 5 GPIO_44577 (4 IN / hd 3.300 NONE ¥ NONE
v B pb_dip tri i(4) IN ;. 3300 NONE ¥ NONE
[# pb_dip_tri_i[3] IN bins_4bits_tr... hd 3.300 NONE ¥ NONE
[ pb_dip_tri_i[2] IN bins_4bits_tr.. LVCMOS33* ~ 3.300 NONE ¥ NONE
[ pb_dip_tri_i[1] IN bins_4bits_tr... LVCMOS33* ~ 3300 NONE ¥ NOMWE
[ pb_dip_tri_i[0] IN bins_4bits_tr... 34 LVCMOS33* ~ 3300 NONE ¥  NONE
Scalar ports (0
v [ GPID_51240 (4 IN (Multiple) LVCMOS33* -~ 3300 NONE ~ NONE
v B dip_pin_tri_i {4) | IN (Multiple} LVCMOS33* =~ 3.300 NONE v  NONE
[ dip_pin_tri_i[3} IN sws_4bits_fr... 34 LVCMOS533* - 3.300 NOMNE w  NONE
[ dip_pin_tri_i[2] IN sws_4bits_fr... 34 LVCMOS33* -~ 3.300 NOME v  NONE
[ dip_pin_tri_i[1] IN sws_d4bits_tr... 34 LVCMOS33* - 3.300 NOMNE »  NONE
[ dip_pin_tri_i[0f IN sws_4bits_1r.. 35 LVCMOS33 ~ 3300 NONE v NONE
Scalar pors (0

27



Implementation and Bitstream

jeneration

 Flow Navigator menu - Run Implementation

» Run Implementation

— It can filters 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



 What is the physical package pin value of the push
buttons (pb)?

— R18 = pb_pin_tri_ 1[0]
— P16 = pb_pin_tri_1i[1]
— V16 = pb_pin_tri_1i[2]
— Y16 = pb_pin_tri_1[3]

e What is the physical package pin value of the dip
switches (dip):
— G15 = dip_pin_tri_ i
— P15 = dip_pin_tri_1
— W13 = dip_pin_tri_1
— Tl6 = dip_pin_tri_1

e What are their directions?
— All ,,IN” as INput direction

29



Layout Editor — Floorplanning

IMPLEMENTED DESIGN - xc7z010clgd00-1 (active)

Device Netlist
Q = & = & X o
+ Internal VREF system_wrapper
0.6V > Mets (146 -
0675V v Leaf Cells (5
075V 2 \ dip_pin_tri_i_IBUF[0]_inst (IBLF)
0.9V dip_pin_tri_i_IBUF[1]_inst (IBLF)
[ NOME (2 dip_pin_tri_i_IBUF[2]_inst (IBUF)
110 Bank 34 dip_pin_tri_i_IBUF[3]_inst (IBUF)
110 Bank 35 pb_dip_tri_i_IBUF[0]_inst (IBUF)
pb_dip_tri_i_IBUF[1]_inst (IBUF)
pb_dip_tri_i_IBUF[2]_inst (IBUF)
pb_dip_tri_i_IBUF[3]_inst (IBUE
> system_i (= m

Drop {0 banks on vaoltages or the "NOME™
folder to setiunset Internal VREF.

Cell Prop

>

dip_pin_tri_i_IBUF[0]_inst -

~
Mame: dip_pin_tri_i_IBL
Reference name: IBUF
Type: 10

BEL: INBUF_EN
Site: v

< >

General  Properties  Mets 0\3)
l Timing l

Q = = 4 Design Timing Summary
»

General Information ~

Timer Seftings Setup Hold Pulse Width

Design Timing Summary | ) IR, | . - \ Wi Wy 107

Clock Summary (1 Worst Megative Slack (WNS)Y 2712 ns Worst Hold Slack (WHS): 0071 ns Worst Pulse Width Slack (WPWS): 4020 ns
» [ Check Timing (8 Total Negative Slack (TNS): 0,000 ns Total Hold Slack (THS): 0,000 ns Total Pulse Width Megative Slack (TPWS): 0,000 ns
> [ Intra-Clock Paths Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 0

Inter-Clock Paths ) ) .

Total Mumber of Endpoints: 1701 Total Number of Endpoints: 1701 Total Mumber of Endpoints: 885

Other Path Groups
User Ignored Paths N [ All user specified timing constraints are met. ] 30
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Analyzing Block Diagram

 Question 1.) (buses, internal signals)

— Which IP peripheral instance(s) are associated with the
clock named processing_system7_O_FCLK_CLKO?

— What is its frequency?

— Which IP peripheral instance(s) are connected to the AXI
Lite bus interface?

e Question 2.) (addresses)

— QOutline a full memory space / map of the system by
specifying instance names!

 Question 3.) (resource utilization)
— How many resources are utilized on the PL/FPGA side?

32



Analyzing Block Diagram (cont.)

 Question 1.) Solution

— Which IP peripheral instance(s) are associated with the clock named
processing_system7_0_FCLK_CLKO ?

* processing_system’/ (feedback)

processing_system?_0

'
° t ystem?
rs processling_sysSte | > por
— — |
- FiXeD 10 +|| [ FIXED_IO
. e M_AXI_GPO_ACLK SO — i
Y dlp ZYNO T B ps7_0_axi_periph
 IGETAENTY +
FCLK_RESETO_N p— .
= = i+ soo_axt
Z¥NQ7 Processing System LK din
PY b ——— ARESETN
p 0_ACLK Lol | . .
t ps7 0_100M b so0 AreseTH .X. e S
rst_p ) = ] > -
PS7 0 MO1_AXI —+ i — aclk GPIO
. . MO0_ACLK .X. LERIGE ::i" ey + =L dip_pin
° p S '7 axi p er lp h donas sl b reset b oo areseTN Lo
—_— — ext_reset in bus_struct_reset(0:0] CLK . BRSO
0 aux_reset in peripheral_reset(c:0] -— RESE
| mb_debug_sys_tst  inlerconnect_ aresstn(0:0] L pb
- cked aresetn(0:0] AXIT )
¥ Jr | w4 s_axi
Processor System Reset —| s-ad_aclk GPio -+ |[f = pb_dip
s_axi_aresetn

AXI GPIO

— Clock processing system7_0_FCLK_CLKO is:
e 100 MHz! (Just check it: ZyngPS — Clock Configuration = PL Fabric Clock)

— Which IP peripheral instance(s) are -

+ S00_AXI
ACLK
ARESETN

S00_ACLK ._X. s
S00 ARESETN M“—H =

X = |Moraxi 45
MOD_ACLK A :

iﬁ

connected to the AXI Lite bus interface?

* processing_system?

RN

e di P MOO_ARESETN
MO1_ACLK
° pb MO1_ARESETN

33

AXI Interconnect



Analyzing Block Diagram (cont.)

 Question 2.) Solution

— memory space: Block Diagram - Address Editor or VITIS .XSA

0x0010_0000-0x1fff ffff

0x2000_0000-0x411f_ffff

PL-side 0x4120_0000-0x4120_FFFF
peripherals

0x4121_0000-0x4121_FFFF

0x4122_0000-0xEO000_OFFF

0xE000_1000 - ...

0xE010_OFFF-0xXFFFF_FFFF

DDR_RAM
512M

Unused

dip

pb

PS-7 side

peripherals
(UART, USB, GPIO, ENET,

SDIO)

ARM-sid
controllers
(TIMER;, DMA,
PMU,SCU, GIC,
WDT ...)

Low memory
addresses

High memory

addresses 34



Analyzing Block Diagram (cont.)

 Question 3.) Solution

— How many resources are utilized on the PL/FPGA side?
« Reports tab = Report Utilization (vagy Project Summary 2. )

T e e oo e +
| Site Type | Used | Fixed | Available | Util% |
fmmmmmmmmmmmemeeemmemee—eaa-- $mmmmn- TR fmmmmmmmeaa- TR +
| Slice LUTs | 566 | o | 17600 | 3.22 |
| LUT as Logic | 504 | 0 | 17600 | 2.86 |
| LUT as Memory | 62 | 0 | 6000 | 1.03 |
| LUT as Distributed RAM | 0 | 0 | | |
| LUT as Shift Register | 62 | 0 | | |
| Slice Registers | 815 | 0 | 35200 | 2.32 |
| Register as Flip Flop | 815 | 0 | 35200 | 2.32 |
| Register as Latch | 0 | 0 | 35200 | ©0.00 |
| F7 Muxes | o | 0 | 8800 | ©.00 |
| F8 Muxes | o | 0 | 4400 | ©.00 |
T e e oo e +
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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
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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. )

{ EaCk E : ’ Dance'
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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 X3A file will be stored. '

1
X34 file name: | system_wrapper \I)

Export ta: F:Vivado_2020.1/1ab02_a

-2

The XSA will be written to: F:\Vivado_2020.11ab02_a\system_wrapperxsa

= Back

*

Einizh Zancel

#  Export Hardware Platform

Exporting hardware platform...

*Xilinx® Support Archive: new hw descriptor format since VITIS 2020.x (see the next slide)
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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. TestApp peripheral 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 if PL-side existing)

5. Creating a ‘Debug Configuration’ for hardware debugging

6. Debug (insert breakpoints, stepping, run, etc.)
40



~

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 (1ab02_a):

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

) Eclipse Launcher

x
Select a directory as workspace

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

k—q Workspace: | F\Vivado_2020. 1\[ELV N RTsl o Tl

o Browse...

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

41




Xilinx VITIS — Create Application

Recall the steps of the former LABO1!

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

2. Platform — Create a new platform from HW (XSA)
— Browse... for LABO2 system_wrapper.xsa. Open it.
— Do not select the ,,Generate boot components”

3. Application project details
— Type ,TestApp” as project name
— Type ,zybo_test_system” as system project name
— Select ps7_cortexa9_0 as target ARM core O

4. Domain: leave settings as default (standalone)
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Create Application (cont)

) MNew Application Project (I *
Application Project Details
Specify the application project name and its system project properties

L

Application project name: || [E3200 |

Systemn Project

Create a new system project for the application or select an existing one from the workpsace ﬂ

1. Type app project name:

Select a systern project System project details @ ,TestApp”
Create new... i
+ System project name: || Zybo_test_system 2. Type system project
name:
Target processor ,,Zybo_test_system"
3. Select ARM CortexA-0
Select target processor for the Application project. core for TestApp
4. NEXT.
Processor @ Asszociated applications : —
| ps7 cortexad 0 Testhpp |

ps7_cortexad 1
ps7_cortexad SMP

showe all processars in the hardware specification o

4
?\\ < Back I Next » l Einish Cancel 43




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
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VITIS GUI — Main window

) vitis_workspace - TestApp/TestApp.prj - Vitis IDE 5 *
File Edit Search Xilinx Project Window Help

R ER SRt A S EIE O~ 2 |Quick Access| | [ Design 45 Debug
| 4 Testipp mu

i~ Explorer E@W =] ‘33‘;. oy Fo2 8 H Zybo test system = m| | 5= Outline 32 =0
3 systern_wrapper : 2 = X n ) ) ] _ i An outline iz not available.
w [E2] Zybo test system [ system_wrapper | % Anplication Brojedt Setlings Adebuid configuistion: Tisea Ieil
Testhpp | do 1_psi_cortexald 0]
v-’E}'_ﬂe- o R General Options
> [ Includes
» B2 5rc Project name: TestApp View current BSP settings, or configure settings like STDIO peripheral selection, compiler
5 B ide 1 flags, SW intrusive profiling, add/remove libraries, assign drivers to peripherals, change
" - Platform: systern wrapper | == i ibrari i \
¢ 1 % Testhpp.pr | versions of OS/libraries/drivers etc
\F & Zyho_test_system.sprj Runtirme: | cpp | Mavigate to BSP Settings
D in: domain_ps7_cortexad 0 . k . .
oman: | i | Standalone is a simple, low-level
cPu: | ps_cortexad 0 | software layer. It provides access to
1
0% tandal o A
| farvhone ! . basic processor features: $
Hardware SpecificationgView processors, memory ranges and peripherals. caChes, IRQ interrupts and
exceptions
Vassent | BHE@R 0% O +  and basic features of a hosted
» % Zybo_test_system [System] environment, e.g. standard
stern_wrapper [Platform = .
PR I/O, profiling, abort and exit
Y'
& Conscle E@]li Problems Vitis Log (j) Guidance 4 "“}::‘"‘,l LB EE = _Eu| = B s 5. S |
Build Console [Zybo_test system, Debug]
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VITIS — HW platform

w vitis_workspace - system_wrapper/platform.spr - Vitis IDE

File Edit Search Xilinx Project Window Help
e T ] T
™l Explorer E@W = *;_3;‘. T P | M Zybo_test system “¢ Testpp |ﬂ system_wrapper @

W g system_wrapper

» (7= bitstream

» = export

3 = hw

» = logs

> (= ps7_cortexad 0

l’ 5O 1
w || Zybo_test_system [ system_wrapper ]
w {c} TestApp [ domain_ps?_corexad 0]
b @] Includes
> = src
- [}_%- _ide
& TestApp.pr]
& Zybo_test_system.sprj

o Assistant z@} ER@K|R O = 0

y Zybo_test system [System]
systern_ykapper [Platform]

"HW platform from

Hardware Platform Specification

Design Information

Target FPGA Device:  7z010
Part:
Created With:

Created On:

xe 7201 0clg400-1
Vivade 2020.1
Fri Aug 21 D0:16:52 2020

= X

Gk Aece] | [FR] 4p Debs

= | g= Qutline &3 =4 )

MNote: To view ip parameters, double-click on the cell containing ip name in any of the below tables,

Address Map for processor ps7_cortexad[0-1]

L R |

’ Base Address

Cell
dip
pb
ps7_uart_1
ps7_iop_bus_config_0
ps7_sler 0
ps7_drma_s
ps7_dma_ns
ps7_ddrc 0
ps7_dev_cfg 0
ps7_xadc 0

P o 11

<

4

High Address

! 29 Loaded

471200000
Ox41210000
Ox 0001000
O e0200000
OxfE0D0000
Oxf8003000
OxFB004000
OxfB00E000
OxfBO07000
OxfFB007100

L Ennnnnnn

Ooed1 20F6FF
D1 27FFfF
CoeeDDOTFFF
Coe e0200FFF
D FBOD0FFE
CxfBO03FH
neFBO0SFE
(e fRODGFT
CxfBO0TOF
xf2007120

N Ennnnece

S_AXI
5 AX|

Slave Interface

- 29 Shown - 2 Selected -

o Tt

register
register

Addr Range Type

A | |An outline is not available.

|
4G Memory address map (PS)

register
register
register
register
register
register
register
register

Check dip and pb addresses!
: 1
List and versions of used
PS peripherals (below)

_P;EEFE Hardware Specification

a—
J'L

Vivado, description of B Console 52 |[8 Pr§ 3 )i vitstog () Guidance e oS BEE-ER BBy 0
elaborated embedded Build Console [Zybo test syetem, Debug] &~ .
system IP Instance IP Type IP Version  Register
dip axi_gpio 2.0 Eegisters
ph axi_gpio 2.0 Eegisters
processing_system?7_0 processing_system? 5.5 -
ps7_0_axi_periph axi_interconnect 2.1 - 46
ps7_afi_0 ps7_afi 1.00.a -




VITIS — BSP Board Support Package

e Software Platform Settings

— Selected OS: standalone vs. freertos 10 (or 3rd Party OS)
— Supported SW libraries (lib)

<) Board Support Package Settings X

Board Support Package Settings

Control various settings of your Board Support Package.

Overi
i e;we:: I F:/Vivado_2020.1/lab02_afvitis workspace/system_wrapper/ps7_cortexad 0/domain_psT_cortexad 0/ hsEsystem.nms
standalone
~ drivers I 05 Type: stondalone ] Standalone is a simple, low-level software layer, It provides access t processor features such as
<7 cortexad O BT o caches, interrupts and exceptions as well as the basic features of a hoj environment, such as standard
P - 05 Version: input and ocutput, profiling, abort and exit.

Target Hardware
Hardware Specification: F:/Vivado_2020.1/1ab02_a/vitis_workspace/system_wrapper/hw/system_wrapperxsa
Proceszorn: ps7_cortexad 0
Supported Libraries

Check the box next to the libraries you want included in your Board Support Package.You can configure the library in the navigator on the left.

Marme Version Description
[ libretal 2.1 Libmetal Library
[ wip211 1.2 Iwip217 library: lwiP (light weight IP) is an open sour...
[] epenamp 16 OpenAmp Library
[ xilffs 4.3 Generic Fat File Systemn Library
[] xilflash 48 Kilinx Flash library for Intel/AMD CFl compliant paral...
[ xilisf 5.15 Kilinx In-system and Serial Flash LibranyWARNING: X...
[ xilloader 11 Kilinx Versal Platform Loader Library
[ xilplmi 1.1 Kilirnxx versal Platform Loader and Manager Interface ...
[ xilprn 31 Platform Management API Library for ZyngMP and ...
[] xilrsa 16 Kilinx RSA Library to access RSA and SHA software al...
[ xilsern 11 Kilinx Versal Soft Error Mitigation Library
[ xilskey 6.9 Kilinx Secure Key Library supports programming efu...

.MSS: Microprocessar Software Specification (system.mss) [k ]| camce | 47




e What is the IP type and IP version of ,dip” and ,,pb”
instances?

— axi_gpio,
— v2.0

 What is the driver name of them?
— gpio

e Calculate what size they are?

— dip: 0x4120 0000-0x4120 ffff =64 KByte
— pb: 0x4121 0000-0x4121 ffff =64 KByte
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Add C/C++ source(s)

* Add/Create new source (1ab2_a.c) to the application

project

Download and unpack the archive from

..-u.. Explorer 3 | [=| Q:;, pag . = |

W system_wrapper
» = bitstream
» = export
v 2= hw
v = logs
v = ps/_cortexad
[ FESOUFCES
#J platform.spr
L IE' Lybo_test system [ system_wrapper ]
w :[E}' TestApp [ domain_ps7_cortexal 0]

v [ srC
R [ New ’
=l i
= : & Copy Ctrl+C
=4
» [ _ide paste S
g Test 3 Delete
& Zybo t # | Refresh /
2 (25 Import ources.. F
d.-‘lss;'stant 3 Source X
» BF Zybo test,  Move.
system_wi Rename...

laboratory website:

BER lab2 a main TestApp.zip

> [ Includes Sy * Right click on application /src.

File system N
Import resources from the local file system. E y
) —
From directory: | F\Vivado_2020.1web v Browse...

[m] (= web (1 [¥ BeR lab2_a_main_TestApp.zip
4 I @ Iah}l_a.cl

l Select source file/dir. l

Filter Types... Select All Deselect All
Into folder: | TestApp/src | Browse...
Opticns

[] Overwrite existing resources without warning

[ Create top-level folder

Advanced »»

5

® 7 Finish Cancel
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TestApp — source code

5 systermuaml |lﬂ'-, system.mss J_ﬂiablc 5.4 = O ;:EE Outline 53 _[_@J Make Target
| @ « lab2.c[] - &1 xparameters.h
21 xgpio.h
#include "xparameters.h" /'.I xutil.h

#inclode "xgpio.h"
#incluode "xutil.h"™

@ mainfvoid] : int

int main {(wvoid){
XGpio dip, push;
int psb check, dip check;
volatile nnsigned int i;

ffoprintf ["-— SBtart of the Labl2 Program —-\r\n"):

f oo
Xil printf{"-- Start of the Lab02 Program —-\r\n");
SAint XEpio Initialize (XGpio *InstancePtr, ulé Dexiceld):

J/volid XGpio SetDatalirection{XGpio *InstancePtr, unsigned Channel, u3Z DirectionMask)}:

AGpio SetDatalDirection(&dip, 1, OxFFFFEFFF);

XGpio Initialize(spush, XPAR PE DEVICE ID);

XGpio SetDatalirection (&push, 1, OxFFFFEFFF); After bUIId|ng a BSP, |f you
_ press F3 either the function() or
while (1} {

'fu32 HGpio DiscreteRead(XGpio #*InstancePtr, unsigned Channel}); on the header ﬁle name,
psb_check = XGpio_DiscreteRead{&push, 1}; otherwise right_click and "Open

¥xil printf ("Push button status: Ixh\r\a", psb check); 5 n.

= = declaration™:
dip check = XGpio DiscreteRead(&dip, 1); ° Descriptions of ||brary

xil printf({"DIP switch status: 3x\r\n", dip check);

functions,. declarations will
for(i = 0; i < 1000000; i++); //delay be available.

1
retorn O; 1

BER lab2 a main TestApp.zip H 50
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VITIS — Project Explorer / Hierarchy

<L Explorer 53 | Hpy Y= O -
[rapper — = system_wrapper as HW platform was
v & bitstream ~ exported from Vivado (.xsa, .bit, etc.)
B’ﬂp‘;’:“—“““”"e“b“ — System_wrapper.bit (FPGA configuration = bitstream)
& hw contains:
vgfglmmgﬁ __— — BSP:(OS routines, device drivers, etc.)

« MSS: Microprocessor software/driver descriptor
(system.mss)

w = domain_psi_cortexad K

W = bsp
w = ps/_cortexad 0

& code * /includes/xparameters.h !!! (all related #define
(= include and address ranges are defined here)
= lib
[= libsrc

| @ Makefile

=l system.mss

[=- resources

«d _platform.spr - -
e e e *= Zybo_test_system as system_project
v:[E]: TestApp [ domain_ps7_cortexald 0] COntalnS
vﬁ_ Binaries
5 TestApp.ef - [arm/le] cc} SW TestApp (SW application)
! Includes € T~ \Binaries (executable load file as .el£ object file)
(= Debug e \Includes (factory default headers)
v E?éclab}l a.c ° \Debug
= Iscript.ld * \Src = collection of .h, .c, .cpp sources (e.g. lab2_a.c)
= README txt * .14 = linker script!
2| Xilinx.spec * Main() entry pointin the helloworld.c file.
@£ _ide
A& TestApp.pr]
= Debug
& Zybo_test_system.sprj 51




Build project

* 1. Select Application project (e.g. TestApp)

e 2. Project menu = Build Project... in two steps: %

— Build BSP (system_wrapper)
— Build software application (1ab2_a.c)

k]) Right click on appllcatlon |
@ Zybo test system [ system_wrapper ] //printf("-- Start of the
'| V{E}' Testﬁkpp[ dumaln ps'.-" cortexad 0] = I
ﬁ Binaries ¥
[t Includes Mowve To System Project...
== Debug o
v & sic Paste Ctrl+V
[ lab2_a.c Delete
E lscript.ld © | Refresh
|=| README.txt I
= il Import Sources... |
=] Xilinx.spec 1
2 _ide Export as Archive 2 - |
R Testhpp.pi Build Project V |
7= Debug .
& Zybo_test_system.sprj Clean Project
L‘]ﬂssistant F’ﬂ E Generate Linker Script
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Build project — Result (Console)

'Building target: TestApp.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_2020.1/1ab02_a/vitis_workspace/system_wrapper/export/syste
m_wrapper/sw/system_wrapper/domain_ps7_cortexa9_ 0/bsplib/lib -o
"TestApp.elf" ./src/lab2_a.o -Wl,--start-group, -1xil, -1lgcc,-1lc, ——
end—-group

'Finished building target: TestApp.elf'

|} ]
'Invoking: ARM v/ Print Size'
arm-none-eabi-size TestApp.elf |tee "TestApp.elf.size"
text data bss dec hex filename
22840 1176 22584 46600 b608 TestApp.elf

'Finished building: TestApp.elf.size'

Decimal size: 46600 byte ~46 KByte . The entire program can be placed both
the internal on-chip RAM 0/1 and 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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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
* 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
TDOFX2

3 O—ckatAaGc T

4 O —GrD

5 o

6 o VCC3V3
J5

\ - \§ = ‘\ L%
| \’ v - ¥ “‘ A o " .
/ \ -
3 \ ’ o .
v . ] >
4 S/ - 2\ 0 A
! \ \ L X
v - o A
. \s ¥ * e A\’ y TDO-FX2
5 3 - g o8 O\ vy -3
v - ~rr ol w e >
- TS SO a® v $ 50
" o - »
S gee\, 2 <7 202
v

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! 54



Creating Debug Configuration

e Select the application (Testapp) in the Project Explorer

| ~| Explorer 33 | By = 8 | [.Eé. Zybao_test system % Testhpp wd system_wrapper [@ lab2 a.c EE]

/ 1 ‘ 3 system_wrapper | 1sye
WL VI 2o test ystem  erern s ' Right click on application.
W -’EI: TestApp [ domain ps? cortexad O ] ri— : -

- 4% Binaries Mew *
» [all Includes Mowve To System Project...
¥ = Debug
v &= src Paste Ctri+V
s [€] lab2:a.c W Delete
E Iscript.ld Y Refresh
| READMEtxt -
2 Hilinx.spec f2g |mport Sources...
y 26 _ide i Export as Archive
% TestApp.prj
Build Project
» = Debug J_ Lab®2 Program --\r\n");
&, Zybo_test_system.sprj Clean Project he Lab82 Program --\r\n"};
bio *InstancePtr;, ul6 Deviceld);
Te]l Generate Linker Script AR_DIP_DEVICE_ID);
tion(XGpic *InstancePtr, unsigned Channel, u32 Directig
25 Program FPGA ip, 1, BXFFFFFFFF);
E Create Boot Image
E Program Flash
C/C++ Build Settings (i) Guidance i4
Team R oo i e, s
pn Debug tor project TesthApp
Run As L3 A
[ Debug As ] @ > £ 1 Launch on Hardware (Single Application Debug)

2 Launch on Emulator (Single Application Debug)

TELF

Properties

£ 3 launch on Hardware (Single Application Debug (GDE])

TOTIOIME T I IE T o e
"Invoking: ARM w7 gcc compiler’

arm-none-eabi-gcc -Wall -08 -g3 - [ Debug Configurations... ]g 3 }

GOE

'Camarbhead a3 T ds oo Fo oo S o o e




Create a new GDB configuration

 Select ,Single Application Debug (GDB)” option &
— New configuration |

w4 Debug Configurations

Create, manage, and run configurations

Debug a program using Application Debugger (GDE).

EI {  Y—
|| Mame: | Debugger_TestApp-GDE &2)

— j =
§7 Miin ] Appliction (@ Target Seup ] % Debuger| (] Common| | ONECK 2l GDB settings. H

|
!
| type filter text
|

| ?:;r Single Application Debug
v 3,;n Single Application Debug (GDB) i
( 1 ) ! -:in:e Debugge:_TestApp—GDB] Hardware Platform: | S{sdxTcfLaunchFilesproject="TestApp:fileType= h| | Search.. | | Browse...
M AslE Bitstream File; | _ide/bitstream,/system_wrapper.bit | | Search.. || Browse.. Generate..,
| [] Use FSEL flow for initialization
Initialization File: | _ide/psinit/ps7_init.tcl | | Search.. | Browse..
Summary:
Reset entire system

'Following ocperations will be performed before launching the debugger.

1. Resets entire system. Clears the FPGA fabric (PL).

|2. Program FPGA fabric (PL).

|3. Runs ps7_init to initialize PS.

4, Runs ps7_post_config. Enables level shifters from PL to PS. (Recommended to use
{this option only after system reset or board power ON).

{5. All processors in the system will be suspended, and Applications will be downloaded

to the following processors as specified in the Applications tab.
1) ps7_cortexad 0

(F\Vivado_2020.1\ab02_a\wvitis_workspacet TestApp\Debugh TestApp.lf)

[ Program FPGA ]
[ 5kip Revision Check
[+ Run ps7_init
Run ps?_post_config

[]Enakle Cross-Triggering

Filter matched 4 of 4 items

Rewvert Apply

g

2

P

3
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Lunching Debugger

@ 35 Debug 2 | i= ¥ = 0 & Fybo_test_system “¢ TestApp wJ system_wrapper (€] 1ab2_a.c E3 2
v £ Debugger_TestApp-GDE [Single Application Debug 2@ * lab2.c] U
v (2 TestApp.elf [1] o i .
v @ Thread 21 1 (ARM Cortex-A9 MPCore #0: Hai| | © Sinclude “xparameters.h
— - 9 #include "xgpic.h
= mEIﬂD atlabE_a.c:'IB'Dx'l'I}DSQD 182/ f#include "wutil.h"
p| arm-none-eabi-gdb (8.3.0.201%0704) o R
2= int main (wvoid){
Xapic dip, push;
int psb_check, dip check;
volatile unsigned int i;
flprintfi™-- Start of the Lab@2 Program --“rin™ls

Debugger step into this
entry point = first instruction
of the source code.

®il printf("-- Start of the Lab@2 Program --%r\n"}; ]

J/int XGpio Initialize(XGpioc *InstancePtr, ule DeviceId);

Xapic Initialize(&dip, XPAR_DIP DEVICE_ID);

f/void XGpic SetDataDirection(XGpioc *InstancePtr, unsigned Channel,
Xapioc SetDataDirection(&dip, 1, @xFFFFFFFF);

9
a8
1
2
n 3
(lab2_a.c) 4 XGpio Initialize(&push, XPAR PE_DEVICE ID);
5 Xapic SetDataDirection(&push, 1, @xFFFFFFFF);
G
7 while(1){
3 f//u32 XGpio_DiscreteRead(XGpic *InstancePtr, unsigned Channel};
9 psb_check = XGpic DiscreteRead(&push, 1);
8 xil printf({"Push button status: ¥x\r\n", psb_check);
1
2 dip _check = XGpic DiscreteRead(&dip, 1);
3 x¥il printf("DIP switch status: ¥x\r\n", dip_check);
4
5 for(i = 8; i < 1@@8888; i++); //delay
< 5 ¥
:: 7 return 8;
L Explorer EE] a Assistant = 8 }
39 (
B Sea |l < 3
[ i . . .
system_wrapper &) Console 2 | B Vitis Serial Termi... | {3 Executables Vitis Log 'ﬁ_ Problems [§} Debugger
v [m=l Zybo test systern [ svstem wrapoer |

- Launching Debugger_Zy...t-GDB: (98%) [N
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E) Console | & Vitis Serial Terminal 53 Executables Vitis Log [®] Problems Debugger Console = B8
2] 99

1k

Click on + button to add a port to the terminal.

Terminal window

2 Iﬂl}'x«'_'_

Set and connect
to the serial port.

Send | | Clear

L

Possible ways to loggin via serial port:

1. VITIS Serial Terminal: integrated or
2. using external program: (HyperTerminal, Putty etc.)

« Terminal: BaudRate / Data bits according
to the settings of PS UART or / AXI_UART IP

modul!

» Port: com[xY] — setting according to WINDOWS
— ,Device Manager” — Ports (COM &LPT)

v g Portok (COM és LPT)
& USE Serial Port (COM18)

-d Connect to serial port

Basic Settings

Port:

Baud Rate: | 113200

* Advance Settings

Data Bits: g
Stop Bits: 1
Parity: MNone

Flow Control: | Mone

Timeout (sec): |

Ok

Cancel
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TestApp — Verification result

Set a brake-
point!

4 XGpioc Initialize(&push, XPAR_PB_DEVICE_ID);

5 X@pio_SetDataDirection{&push, 1, BxFFFFFFFF);

&

7 while(1){

B {/u32 Xapio_DiscreteRead(XGpioc *InstancePtr, unsigned Channel};
9 psb check = XGpic DiscreteRead(&push, 1);

8 ¥il_printf("Push button status: ¥\r\n", psb_check);

1

2 dip check = XGpic DiscreteRead(&dip, 1);

3 #¥il printf("DIP switch status: ¥x\r\n", dip_check);

4

5 for(i = @; i < 1e@@8088; i++); //delay

5}

7 return 8;

5 }
39

< >

ansgie itis nal lermu... ¥xecutables s Lo roolems [V ar Lons...
&) Console || Vitis Serial Termi... 82 | (3 E bl Vitis Log [ Probl Debugger C

Connected to: Serial { COM1E, 115200, 0, &)
-- Start of the Lab02 Program --

Push button status: O

DIP switch status: &

Push button status: O

DIP switch status: 6 What do you experience?
Push button status: LITTLE ENDIAN!
DIP switch status

Push button status: O
DIP switch status: F

Push button statu
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TestApp — Verification result

Q‘) (%)= Variables 77 |9g Breakpoints ¢ Expressions B Modules I Registers = |
SHBE| O v
Mame Type Value
W [ dip XGpio o
()= Basedddr UIMNTPTR Ooed 1200000 (Hex) |
()= IsReady w32 Coc 111711117 (Hex) [
(9= Interruptk int 0 : :
S e - Right click on the
v (# push XGpio ) selected variable(s).
(= Basedddr UIMTPTR Oned 121 i
[ (9= IsReady  u32 o111\ SelectAl Sl
= Interruptf int 0 1= \qopy Variables Ctrl+C

(= |sDu Details Number Format @ 5

()= psb_ch . E
e dipchl i During active debug
69 i \ SR process set in the
e 4) T ey . | Variables window both
e A e : the BaseAddress |/
Default O %% AddWatchpoint (C/C++).. IsReady parameters of
s e i 59 Watch the pb / push variables
Binary: 1600061001000010600000000000009 - to Hexadecimal format.
Octal: 8181162068060 W
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Terminate Debug process

 IMPORTANT! At the end of the HW debug, the running debug configuration
must be Terminate and Removed!

w vitis_workspace - Zybo_test/src/helloworld.c - Vitis IDE
File Edit Run Search  Xilinx Project Window Help

I~ HG B-R~ip-0-iFA~Bin|bmmd .S ai00 MY

Q_) ’t.‘;': Debug % | %|i+ ¥ = 0 | & Zybo test sy.. [@ helloworld.c 3 | [] platf

v i Debugger Zybo_test-GDE [Single Application Debug (GDBE]] [=ae

GOE

Right click on ~ IE ZybotesteR [1] 1

v f® Thread #1 1 (ARM Cortex-A% MPCore

GDB. = main() at helloworld.c:61 0x5k0
I,f_, armn-none-eabi-gdb (8.3.0.20190709)

Copy Stack Ctrl+C
Step) (Susper Find... Ctrl+F

Drop To Frame

Step Into F3
Step Ower Fb
Step Return F7

i Instruction Stepping Mode
Use Step Filters

Resume Without Signal

Resume F&
Suspend :
Terminate Ctrl+F2 StOp runnlng the debug
B, Terminate and Relaunch Conﬁgu ration and
< > I} Disconnect . - =
T S remove it (otherwise it
[ Makefile ~ O Debug New Executable.. would constantly occupy
i |5 systern.mss Remove All Terminated memory!)
(= resources Q. Relaunch |
N o 5 Edit Debugger_Zybo_test-GDB
W IE‘ fybo_test systern [ systern_wrapper | $ BLE _ GIELEYROE 2
w {{t Zybo_test [ domain_ps7_cortexad 0] 'E"i,' Edit Source Lockup...
+ 3 Binaries [m Terminate and Remove ]
> [afll Includes [ Terminate/Disconnect All
> (= Debug
v &= src Froperties
s g helloworld.c w17 61




Compiler settings

e Check compiler settings:
— Right click on TestApp - C/C++ Build Settings

o Properties for TestApp

type filter text

Resource
Builders
w C/C++ Build
Build Variables
Environment

Settings

@ General

2 } @ Symbols

@ Warnings

v B ARM 7 goc assembler

v 83 ARM w7 gce compiler

: 1 Logging
\./i Settings }——
Tocol Chain Editer
C/C++ General
Project Matures
Project References
Fun/Debug Settings
Validation

@

(% Optimization

]

(% Debugging

@ Profiling

@ Directories

@ Miscellaneous

@ Inferred Options
w B ARM T gec linker

@ General

@ Libraries

@ Miscellaneous

(% Linker Script

(% Inferred Options

&3 ARM T Print Size

Optimization Level

Mone (-00) ] w ~

Important: Since our program
alsohasa for () loop, which
is responsible for the delay, and
we do not want the compiler to
"optimize" it, select the
optimization to (-O0) = None.

Apply and Close Cancel
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Linker Script generation (Basic)

e Xilinx menu - Generate Linker Script (1script.1d) - RAMO

" 1) Right click on application.

v E] Zybo_test_systern | system_wrapper ]
W TestApp [ domain_ps7_cortexad 0 ]
ﬁp' Binaries
[ Includes
= Debug
W [ SrC
[£] 1ab2_a.c

Tl Iscript.ld

E README.xt

& Testhpp.prj @
= Debug

& Zybo_test_systerm.sprj

l:‘] Lssistant 5"3]

v

Move To System Project...

Paste
o Delete
2 | Refresh
f2y Import Sources..,
' Exportas Archive
[ Build Project )|

Clean Project

Generate Linker Script

//printf("-- Start of the

e e L

5 L

Ctrl+V

) Generate a linker script

Generate linker script

Control your application's memory map.

Output Settings
Project: Zybo_test
Output Script:

| F\Vivado_2020.1\lab0Tvvitis_workspace\Zybo_test\src\lscript.ld | | Browse

Medify project build settings as follows:

Set generated script on all project build configurations ~
Hardware Memory Map
Memory Base Address Size
ps7_ddr_0 Cc00100000 511 MB
ps7_ram_0 00000000 192 KB
ps7_ram_] Ox FFFFOD0D ~63,5 KB

b Fixed Section Assignments

@

Choose between Internal RAMO/1 vs.
External memory space

- Instructions / Program codes
- Data / Variables

- Heap / Stack sizes X

q
Advanced
Place Code Sections in: | ps7_ram_0 v|
Place Data Sections i | ps7_ram_0 v|
Place Heap and 5tack in: | ps7_ram_0 v|

Heap Size: 1KB AJ (00000400
Stack Size: 1KB :I Q00000400

Place each sections into RAMO
instead of external DDR memory!
Then Generate.




Example Il.) Peripheral Test

1. File > New — Application Project ...
2. Select system_wrapper.xsa as platform

3. Add ,Peripheral_test” as application
project name

 + Create a new system project (leave Peripheral
Test_system by default)

e Selectps7_cortexa9_ 0 ARM core-0

4. Leave domain settings as default
5. Templates: select ,Peripheral Test”. FINISH.
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Example Il.) Build and Debug

Build the built-in Peripheral Test application (.elf)

2. Lunch the proper Debug configuration (GDB) for hardware
debugging

3. Setup the VITIS serial terminal/Console (USB-serial port),

Connecting and setup a JTAG-USB programmer,
—  Configuring the FPGA (.BIT if PL-side existing)

5. Debug procedure (insert breakpoints, stepping, run, etc.)
— Watching variables and examine memory monitor !

6. At the end of debug procedure do not forget to Terminate
and Remove the actual Debug configuration (GDB)!

7. That'sall :D
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Example Il.) Questions & Answers

 What is the size of the Peripheral test application?
— ~82 Kbyte

"Invoking: ARM v7 Print Size'
arm-none-eabi-size Peripheral test.elf |tee
"Peripheral test.elf.size"
text data bss dec hexfilename
46796 1992 33440 82228
14134Peripheral test.elf
"Finished building: Peripheral test.elf.size’

* Generate the linker script to RAM1
(ps7 _ram1) address space! What do vyou
experience?

— Linking ERROR. Why?
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HW debugging steps — Peripheral_test

1.
2.
3.
4.
5.
6.

Create a new Debug Configuration (GDB) for Peripheral_test
Lunch Debugger

Set-up Debug-serial port (VITIS terminal)

HW debug — Peripheral _test

Examine results — serial logs

Terminate and remove debug process!

' Serial log in VITIS terminal.
Connected to COM18 at 115200 ’ [
---Entering main---
Running ScuGicSelfTestExample() for ps7_scugic @...
ScuGicSelfTestExample PASSED
ScuGic Interrupt Setup PASSED

Running GpioInputExample() for dip...
GpioInputExample PASSED. Read data:0xD

Running GpioInputExample() for pb...
GpioInputExample PASSED. Read data:0x4

Running DcfgSelfTestExample() for ps7 dev cfg o...
DcfgSelfTestExample PASSED

---Exiting main--- 67



LABO2 — Summary

* To the ARM-AXI base system created in the previous (4. —
LABO1), we added two PL-side AXI GPIO peripherals from the
Vivado IP catalog.

* Peripherals were properly configured and connected to the
external 1/O pins of the FPGA.

 We examined both the Block Diagram and the report files.

e The DIP switches (4) and PB pushbuttons (4) on the ZyBo card
have been assigned to the pin assignments.

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