Generating an FPGA bit file for the Ultra96

This document describes how to generate a bit file for the Ultra96. Flow Navigator

v PROJECT MANAGER
£ Settings

Add Sources
Language Templates

T P Catalog
> IP INTEGRATOR
> SIMULATION
> RTL ANALYSIS
> SYNTHESIS
> IMPLEMENTATION

. . . v PROGRAM AND DEBUG
In the Flow Navigator click Generate Bitstream
¥ Generate Bitstream

You may see the following popup:

AT A BN

000 \| Save Project

° Save project before generating bitstream?

Data to Save

&) Block Desian - ultra96v2_oob

Click Save [ Don't Save | | Cancel

The following popup will appear:
\ ¢ Synthesis is Out-of .date + X
a Synthesis is out-of-date. 0K to launch synthesis and implementation first? ‘Generate * Bitstream'

will automatically start when synthesis and implementation completes.
[[] Don't show this dialog again

Yyes [ No | I Cancal

Click Yes
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Generating an FPGA bit file for the Ultra96

The following popup will appear:

v Launch Runs

Launch the selectad synthesis or implementation runs

Launch directory: & <Default Launch Dicectory>

Options
Select Launch runs on local host —
® Launch runs on local host: Number of jobs: 32
If you are running on one of the big Launch runs on remote hosts
LRC machines you can set the Launch rung on Cluster

Number of jobs to 32

Generate scripts only

) Dgn't show this dialog again

Click OK [ ox |
The following popup will appear:

Generate Bitstream +

Preparing runs...

Cancel ’

Let the jobs run in the foreground. Recall that the status of the runs is dynamically displayed in

the upper right hand corner of the Vivado workspace:

Running multiple block runs Cancel

== Default Layout

There is also a console window that will show the status of each operation:

Td Console  « Mooy Log  Nepants | Deshgn Fums
Q z 6l G E B

Gereratod Block Design Tel file Mome/prejects /acdoresttivivede 2000/ BASILING (LTRACE LT ra0ev2 0o, arca/scurces 1 /AGNI1£208v2 OB /e hroﬂ' L 1ea0av 2 oot by el
Cararatod Mardvars Defsnition File Mose/Pea|ecta/acdereott vl vads .VO‘M.‘LI‘ LLTIMSEA T 1 by 2 ook sree/ raturees 3 be) wltralde2 nt e !
LG 1P Flow 10-40a0) l:r\ tiched 1Pyt detign for [P ulTeadnv cob wito €5 0. chche-10 o SOMLTSMeHIN:

o I"‘.l v 19-40000 Lning cacted IP mynt .)n a0 for [P M teapdel oob_ u:u)\ 1. cache-10 » SCedciilbediinis
IO, [P Plow 10-4000) u r-q cached IP synthes design for TP oiteafde? € Q. cache-ID » eIk MiSc iRy
N0, [TP Flow 15-4003) Whing cached 1P synthesss design for CP yltralivy oot _wt o_;r L. cache 10 « dechf ik fagcddnld
Iﬁ. IH‘V Ov 10.-%642] Dore vith 1P cacke saport for sultiple 1Py

Tos Doc 39 13122052 00| Lasrched synts |

‘\r autpet Wil be cagtured hare: /hose 5o jects ecde ract /vl ado_20L B/RASELTNE_ULTRAGO/ ! 1 rasty
[Toe Dec 29 12)22'92 20001 Lawrched iepl

Fan outpwt wall Se captured here: Moee/5ro)ects /mcdernct t/vivado_ 201 B/BASELING ILTRAGG L trafiv_ced runs/iapl_L/runes log
Lawnch_rend: Tise (ol cou = €0:00:11 1+ ologsed = 0090121 . Wemary (M8} peak » NS4 660 | gain = %5.727 | free physical = 20508

2000 rumi Syymth_Lirenee 105

free virtual - 338840
<

Pay special attention to errors and critical warnings.
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Generating an FPGA bit file for the Ultra96

Once the bitstream is generated select the View Reports button and click OK

4 Bitstream Generation Completed + X

0 Bitstream Generation successfully completed.

Next
Open Implemented Design
(® View Reports
Open Hardware Manager
Generate Memory Configuration File

() Don't show this dialog again

b

There will be a number of reports that should be looked at if the design does not synthesize,
place or route correctly. The key report to look at is under Design Runs. It will show the final
STA (static timing analysis) runs for the design. The STA section highlighted below indicates that
the design meets setup and hold time constraints:

Design Runs

Q = ¢ : » + %
Name Constral.. Status Incremental WNS TNS WHS THS WBSS TPWS Total Power
v « synth_1 (actve constrs_1  synth_design Complete! Off

 mpl 1 constrs 1 write_bitstream Complete! off $.201 0.00C 0.010 o0.00C 0.000 2.497

. Fle Edt Flow Tocls Reports Window Layout Mew
The next step is Export the hardware: SR

Pro;ec? v | B >, - ‘ 2
i Add Soyrces., . } BLOCK DESIGN - ultradév »
Under File select Export ! Close Project
. Sources Design  « 5§
And then Export Hardware: SR Mok Devign As i LEe

Llose Block Design ultra96v2_oob

Exernal Interfaces
Inmterface Connections

b
> Ports
{ Checkpoint b || 29 Nets
» ¥ @9_gpio_0 (A GPI
P * | > ¥ HIGH SPEED MEZZ
Text Ecitor » > ¥ LOW_SPEED MEZZ
> (¥ ps8_0_ad_periph
Export Export Hardware...
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Generating an FPGA bit file for the Ultra96

The following popup will appear:

‘. Export Hardware Platform + 0

0
X

Export Hardware Platform

VIVADO'

M Editiors

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

v To export a hardware platform, you will need to provide a name and location for the
‘. X"_l NX_ exported file and specify the platform properties.

7

~

Select Next

Select Include Bitstream

Export Hardware Platform

Output

Set the platform properties to Inform downstream tools of the intended use of the target platform's hardware '
dasign.

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

® Include bitstream
This platform Includes the complaete hardware implementation and bitstream, in addition to the hardware
specification for software tools.

| < Back Next > Finis | Cancel

Select Next
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Generating an FPGA bit file for the Ultra96

Export Hardware Platform

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

XSA file name: ultraS6v2_oob_wrapper Q

Export to: /Mhome/projects/courses/spring_23/ea382n4-17685/arch/labs/temp/BASEUNE_PLUS_GPIO_2022.2 E]

The XSA will be written to: /fhome/projects/courses/spring_23/ee382n4-17685/arch/labstemp/BASEUN...

| < Back Next > | Finish I [ Cancel

Change “ultra96v2_oob_wrapper” to “system”

Export Hardware Platform

Files
enter the name of your hardware platform file, and the directory where the XSA file will be stored, '

XSA file name:lsystem l

Export to: /home/projects/courses/spring_23/ee382nd.17685/arch/labs/temp/BASELINE_PLUS_GPIO_2022.2 l-]

The XSA will be written to: /home/projects/courses/spring_23/ee382n4-17685/arch/labsitemp/BASELIN...

Einish ] [ Cancel

You may see this popup:

Module Already Exported

‘ An exported file for this module was found at this location. Do you want to overwnte it?

163 ‘

click Yes
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Generating an FPGA bit file for the Ultra96

The following popup will be displayed:

> éxport Hardware Platform O

Exporting Hardware Platform

VIV/}IE)Q'

0 A new fixed hardware platform named 'system’ will be written as
‘homel/projects/courses/spring_23/ee382n4-17685/arch/labstemp/BASELINE_PLUS GPIO_2
022, 2/system.xsa’

© The platform will include a post-implementation model, including a bitstream description,
describing the hardware for downstream software tools.

t: X"_INX To export the platform, click Finish
? < Back - Cancel

click Finish
The system.xsa file is used by Petalinux to build a new DTB file. More about that later

The generated bit file is located in the following sub-directory:
../ultrag9ev2_oob.runs/impl_1/ultra96v2_oob_wrapper.bit

The bit file can now be loaded into the FPGA using the fpgautil program. The first step is to SFTP
the ultragev2_oob_wrapper.bit file to your Ultra96. This is a two-step process because of the
UT VPN restrictions. 1) SFTP the file to your laptop and 2) SFTP from your laptop to the Ultra96.
To dynamically load the file into the FPGA fabric execute:

fgpautil -b ultra96v2_oob_wrapper.bit

Note: The bit file will remain in the FPGA until the next reboot. At which time the default bit file
will be reloaded during the bootup process.

Follow these procedures to make the new bit file the default file used by the first stage
bootloader (FSBL) Note: this procedure can completely brick the system if you do not follow
these steps correctly.

sudo bash < ----- Enter your password
cd /media/

mkdir <your_user_name>

cd <your_user_name>

mkdir BOOT

mkdir rootfs

1s /dev/mmc*
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Generating an FPGA bit file for the Ultra96

You should see 3 entries: /dev/mmcblk@ /dev/mmcblkOpl /dev/mmcblkop2

partitions on the SDC.

Execute the Isblk command to see the two partitions.

1sblk

NAME MAJ:MIN RM SIZE

mmcb1ke 179:0 @ 29.7G O disk
mmcblkopl 179:1 0 1G 0 part
mmcblkop2 179:2 0 28.7G 0 part

The next thing to do is to mount both partitions:

mount /dev/mmcblkepl BOOT/
mount /dev/mmcblkOp2 rootfs/

RO TYPE MOUNTPOINT

You will now see the following when you execute the 1sblk command

NAME MAJ:MIN RM SIZE
0 29.7G

mmcb1lke 179:0
mmcblkopl 179:1
mmcblkop2 179:2

0

0 28.7G

RO TYPE MOUNTPOINT
0 disk

1G 0 part /media/<your name>/BOOT

0 part /media/<your name>/rootfs

Change directory into the boot partition and list the directory contents.

cd BOOT
11

You will see something like this:

-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root
-rwxr-xr-x 1 root

root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root
root

51744
154648
829680

444
15034880
7177836
141568
5568793
51293
59801
3361363
543216
609544
524288
445
14838336
112440

Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec
Dec

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

15:
15:
15:
15:
15:
15:
15:
15:
15:
15:
15:
15:

15

o1
o1
o1
o1
o1
o1
o1
o1
o1
o1
o1
o1

:01
15:
15:
15:
15:

o1
o1
o1
o1

NOTE: The bit file that UBoot is looking for is: system.bit

Rev 5.5

bl31.bin
bl31.elf
BOOT.BIN
boot.scr

Image

image.ub
pmufw.elf
system.bit <-----
system.dtb
system.dts
System.map.linux
u-boot.bin
u-boot.elf
uboot.env
uEnv.txt

uImage
zyngmp_fsbl.elf
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Generating an FPGA bit file for the Ultra96

You will need copy the ultragev2_oob_wrapper.bit to the boot partition. First though you
need to save the original bit file in case you have a problem
cp /media/<your_user_name>/BO0T/system.bit \

/media/<your_user_name>/B0O0T/system.bit.save
cp ultra96v2_oob_wrapper.bit /media/<your_user_name>/BO0OT/system.bit

If you brick your system, you will need to remove the SDC and repair it on a Linux workstation.
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