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This page describes how to upgrade the imperix IP in an existing sandbox project, whether to restore
compatibility with a newer SDK version or to access recent improvements. It also covers migration from a design
targeting a Gen 3 controller (B-Box 3, B-Box Micro, B-Board PRO, TP18032) to Gen 4 (B-Box 4).

Note on FPGA development for imperix controllers

Customizing the FPGA firmware involves instantiating the imperix firmware IP within AMD/Xilinx Vivado to edit
the surrounding programmable logic, known as the sandbox. For step-by-step instructions on creating the
required FPGA sandbox template, refer to the getting_started guide.

1. Do | need to upgrade?

Upgrading is not always mandatory. Starting with SDK 2024.3, upgrading the SDK no longer requires re-
generating the FPGA bitstream.

An upgrade is only needed if:

e The current firmware IP is incompatible with the target SDK version (see table below)
e Access to new features and improvements is desired (see change logs on the download page)

X L X Minimal Vivado version
SDK Version Compatible imperix IP R
required
3.10Rev. 3 (Gen 3) / 4.0 Rev. 0
2026.1 2023.2
(Gen 4)
2025.1,2025.2, 2026.1 3.10 Rev. 1 2022.1
2024.3,2025.1,2025.2, 3.10 Rev. 0 20221
2026.1 o Re ‘
2024.2 3.9Rev. 5 2022.1
2024.1 3.9Rev. 4 2022.1
3.8.x.x 3.8 Rev. 1 20221
3.7.x.x 3.7Rev. 1 2021.1
3.6.x.x 3.6 Rev. 1 2019.2
3.4.x.x / 3.5.x.x 3.4 Rev. 1 2019.2

2. How to upgrade the imperix firmware IP
The table below indicate which procedure to follow to update the imperix firmware IP to the latest version.

¢ Procedure A - Simple file replacement. The imperix firmware IP is pin-compatible; no block design
changes needed.
¢ Procedure B - Interface changes require reconnecting signals in the block design.
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. . Upgrade
imperix firmware IP . .
. SDK Version required Procedure to follow
version
for SDK 2026.1?
3.10 Rev. 0-2 2024.3 0 No Procedure A
2025.2
3.9Rev. 5 2024.2 Yes Procedure A
3.9 Rev. 4 and older 2&24.1 and Ves FB’rocedure A then Procedure
older

2.1 How to find the current imperix IP version

In Vivado, go to Reports — Report IP Status and look for the IMPERIX_FW IP. The version is shown in the “Current

Version” column. If no revision number is displayed, the revision is 0.

Q ¥ & C ¥ uptodates(7s) l_ Hide Al _‘
Source File IPStatus ™' Recommendation Changelog P Name Current Version Recommended Version  License  Current Part
@ /ix_reg_to_dual_axis 0 Up-to-date Mo changes required ix_reg_to_dual_axis_v1_0 1.0 (Rev. 1) 1.0 (Rev. 1) Included  xczuTev-ffwc1156-2-0
Jfp_32bit 12 Up-to-date Mo changes required More info Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczuTev-fivc1156-2-i
/fp_16bit 6 Up-to-date No changes required More info Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczuTev-ffve1156-2-i
ffp_32bit 0 Up-to-date Mo changes required More info Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczuTev-ffvc1156-2-i
/fp_16bit 3 Up-to-date Mo changes required N Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczuTev-fhve1156-2-i
ffifo_auroral_m Up-to-date Mo changes required More info AXH4-Stream Data FIFO 20 (Rev. 11) 20 (Rev. 11} Included  xczu7ev-fiwc1156-2-i
@ /ix_axis_interface_32bit Up-to-date No changes required ix_axis_interface_24adc32 v1.0 1.0 (Rev. 1) 10 (Rev. 1) Included  xczuev-ffvc1156-2-i
o map Up-to-date Mo changes required IMPERDX_FW 40 40 Included  xczu7ev-fiwc1156-2-i
ffp_16bit 8 Up-to-date No changes required Mo Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczuev-ffwcl156-2-i
/fp_32bit 6 Up-to-date No changes required \ Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczu7ev-fiwc1156-2-i
/pwm_padding Up-to-date No changes required N Constant 1.1 (Rev. 8) 1.1 (Rev. 8) Included  xczulev-ffve1156-2-i
ffp_32bit 4 Up-to-date No changes required Floating-point 7.1 (Rev. 16) 7.1 (Rev. 16) Included  xczulev-ffvc1156-2-i
® /dummy_drp_3 Up-to-date No changes required dummy_drp_v1_0 10 (Rev. 1) 10 (Rev. 1) Included  xczulev-ffwc1156-2-i
/fifo_aurora3_m Up-to-date No changes required More info AX14-Stream Data FIFO 20 (Rev. 11) 20 (Rev. 11) Included  xczuTev-fiwc1156-2-i

In this screenshot the imperix firmware IP version is 4.0 Rev. 0

2.2 Procedure A: Update imperix files

From 3.9 Rev. 4 onwards, the imperix IP is pin-compatible, so no block design changes are needed. The procedure

only consists of updating the source files and clicking “Generate Bitstream.”

Steps:

1. Recommended: back up the entire project before making any changes.

2. Download the FPGA_Sandbox_template_ *.zip for the target SDK version from the Downloads page and
unzip it.

3. Replace IP folders: In <project_dir>/ix_repo/, replace the interfaces and ips folders with those
from the downloaded template.

(J > Documents > My _project » ix_repo >

@ @& W MoSot~ = View~  ees

Mame Date modified Type Size

ips 05,/09/2024 10:33 File folder

interfaces 05/09/2024 10:33 File folder

4. Replace constraints file:
o Copy the new constraints file to <project_dir>/constraints/
o If custom modifications were made (e.g., USR pins), transfer those changes to the new file
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]

»  Documents * My_project * constraints

Bl B W Mo Sotv = View~ e
Mame Date modified Type
D sandbox_pins_3.9revd.xdc 05/00/2024 10:18 XDC File
| D sandbox_pins_3.9revixdc 05/09/2024 10:23 ADC File

5. Update Vivado project:

o Open

the Vivado project

o Remove the old constraints file from Sources
o Add the new constraints file

L

T

by
?

Sources ?

Q = s |+ '. &

—0Oo X

Design Sources (2)

> @ & top wrapper(STRUCTURE) (top_wrappervhd) (1)
@ ix_axis_interface(impl) (AXI5_interface vhd)
Constraints (1)

W constrs_1 (1)

[ sandbox_pins_3.9revd xdc

Simulation Sources (2] Source File Properties. .
Utility Sources =@ OpenFile
Replace File...

Copy File Into Project
Copy All Files Into Project
¥ Remove File from Project...
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Sources ? I
Q=&+ 0
W Design Sources (2]

> @ 5 top_wrapper/STRUCTURE) (top_wrapper.vhi

@ ix_axis_interface(impl) (AXIS_interface vhd)
w Constraints

constrs_1
y Simulation & Constraint Set Properties...
> Utility Source Hierarchy Update

(& Refresh Hierarchy
IP Hierarchy

Copy Constraints Set...
Edit Constraints Sets...
Edit Simulation Sets...

<+ Add SUUSES...

Fepor IP Status

Sources ? 00 X
QT & + :' o
W Cesign Sources (2)

> @ & top_wrapper(STRUCTURE) (top_wrappervhd) (1)

@ ix_axis_interface(impl) (AX|S_interface vhd)

W Constraints (1)

W constrs_1 (1)

I Isandb-ux _pins_3.9rev5 xdc

> Simulation Sources (2)
> tility Sources

6. Upgrade the IP:
o Open the Report IP Status
o Right-click the imperix IP block — Upgrade IP
o Warnings during upgrade are to be expected

Reports Window Layout View

Report |P Status
Compare Ellhk Designs...

=3
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ciConsole | Messages |Log | Reporis | DesignRuns  IP Status ?_00
Q = & C ) Revision Change (1) & Up-to-dates (2) Hide All
Source File =  |P Status 1 Recommendation Change Log  IP Name Current Version Recommended Version License Cument Part
v 2 top (3 v
@ IXP IP revision change Upgrade IP IMPERDC_FW 39 (Rev.4) 3.9 (Rev. 5) Included  xc72030Mbg676-3
@ Jix_axis_interface Up-to-date Mo changes required ix_axis_interface_v1_0 1.0 (Rev. 1) 1.0 (Rev. 1) Included  xc72030Mbg676-3
JUSER_ID Up-to-date Mo changes required More info Constant 1.1 (Rev. 7) 1.1(Rev.7) Included  xc72030fbg676-3
Upgrade Seleded

2.3 Procedure B: Update block design

Versions prior to 3.9 Rev. 4 introduced interface changes that are not pin-compatible. The procedure involves
reconnecting signals in the block design and updating HDL files.

1. Back up the entire project before making any changes.
2. Connect the new BBOX interface to the top-level interface port.

_

FIXED_IO + ||j===={"» FIXED_lO
DDR + |||~ DDR
BBOX + ||jme™) BEOX
USR + |||===[> USR

cLock_ 0 +|||

3. Update the top-level ports for private_in and private_out to match the new sizes.

Apc +|||
private_in[30:0] [y private_in[30:0] [ sBlo_BUS +|||
flf[15:0] [Cr——m fi{15:0] clk 250 mhz =
gpi[15:0] [Cp——m gpi[15:0] IX private_out[35:0) __m private out[35:0]
user_fw_id[15:0] pwm[31:0] pm——» pwm[31:0]
sh_pwm[31:0] gpo[15:0] -—D gpo[15:0]

aune Miles e

4. Regenerate the HDL wrapper:
o Delete top_wrapper.vhd
o Close the project
o Reopen the project
Right-click block design — Create HDL Wrapper

o

5. Update HDL files in <project_dir>/hdl/:
o Replace AXIS_interface.vhd with the new version
o Addsbio_interconnect.vhd and sbio_registers.vhd
6. Add sources in Vivado: Add the new . vhd files to the project sources.

(J > Documents > My project > hdl

@) = Ty Tl Sert = View

Mame B Date modified
i user_cb_pwm.vhd 05,/09/2024 10:18
[ Axis_interface.vhd 05/09/2024 10:23
|er shio_interconnect.vhd 05/09/2024 10:23
|Q‘fr shio_registers.vhd 05/09/2024 10:23

7. If using AXI-Stream interface:
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o Click Refresh Changed Modules in Vivado
o Connect the SBIO_BUS interface between the imperix IP and AXIS_interface

BLOCK DESIGN - top

o Module references are out-of-date. Refresh Changed Modules

Sources » Design Signals ? _00 Diagram

Qa = = + 0 | @ g X x O Q +

v Design Sources (2)
_axie_merace

> @ 5 top_wrapper(STRUCTURE) (fop_wrappe
@ ix_axis_interface(impl) (AXIS_interface.vhd)
b Constraints (1)
w constrs_1 (1)

" sandbox_pins_3.9revs.xdc

. . R |
¥ Simulation Sources (2) :!+ Ll

IXIP

FIXED_IO + ||}

ooR + ||}
seax + ||}

usk +|||

crock o + ||

cLock_1 +||

cLock 2 + |||

crock 3 + |||

ADC 4 || e

] SBID_BUS + |||

clk_250_mhz

privata_oulf3510)
pwml31:0]

gpa[15:0]

sync_pulse ix_axis_interface
ovarsampling_pulse =
sampling_pulsa = M_AXIS ADC_00
ade_done_pulse M_AXIS ADC_01
adc_done_gcpu_pulse = M_AXIS_ADC_02
data_valid_pulse M_AXIS_ADC 03
raading M_AXIS ADC_04
epu_core_stata[1:0] M_AXIS_ADC_05
faull M_AXIS_ADC 08
M_AXIS_ADC_07
M_AXIS_ADC_08
M_AXIS_ADC_08

Atam Amem dA

+ ADC

+ SBIO_BUS

+ S_AXIS_FPGA2CPU_00
+ S_AXIS_FPGAZCPU_01
+ S_AXIS_FPGAZCPU_02

IMPERIX_FW

e

HHIBHIHE ll

8. If using SBI/SBO registers:
o Addthe sbio_registers module to the block diagram
o Connect existing logic to sbio_registers (which now provides the SBI/SBO interfaces)
o Connect SBIO_BUS from the imperix IP to sbio_registers

w Design Sources (4]
> @ 5 top_wrapperSTRUCTURE) (top_wrappervhd) (1)
@ i_axis_interface(impl) (AXI5_interface vhd)
@ sbio_interconnect(impl) (sbio_interconnectvhd)
@ Ishiu_registers{Elehaviural} (sbio_reqisters vhd)
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LXIP

USR
FIXED_IO
DDR
CLOCK_0
CLOCK_1
CLOCK_2
CLOCK_3
SBIO_BUS
ADC 4
BBOX +
clk_50_mhz
clk_250_mhz
data_valid_pulse =

shio_registers_0

sso +|||
SBO _reg 00[15:0] »
SBO_reg_01[15:0] &
SBO_reg 02[15:0] &

|||+ sei
s || + SBIO_BUS RTL
clk_250_mhz

++ 4+ + 4+ + +

fit[15:0]
gpi[15:0]
private_in[30:0]
sb_pwm[31:0]
user_fw_id[15:0]

shio_registers_v1_0

SYNC_pulse =
pwm[31:0]
gpo[15:0]

oversampling_pulse ==

cpu_core_state[1:0]
fault =
private_out[35:0] mm
ade_done_cpu_pulse =
ade_done_pulse =
sampling_pulse =
reading =

IMPERLX_FW

9. If multiple SBIO interfaces are needed
o Add sbio_interconnect to the block diagram
o Connect it to the SBIO_BUS port of the imperix IP
o Use the interconnect’s multiple output ports for the relevant modules
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LKIP

FIXED 10 + =4 5 AXIS FPGAZCPU 03 RTL  M_AXIS CPURFPGA_ M +[
DDR 4 T4 s_AXIS_FPGAZCPU_10 M_AXIS_CPU2FPGA 02 [
BEOX + S 5_AXIS_ FPGAZCPU_11 M_AXIS_CPUZFPGA 03 +[
usR 4 T4 5_AXIS FPGAICPU_12 M_AXIS_CPUZFPGA 04 [
CLOCK 0 + S 5_ANIS FPGAZCPU_13 M_AXIS_CPUZFPGA 05 +[
CLOCK 1 4 T4 s_AXIS FPGAZCPU_14 M_AXIS_CPUZFPGA 06 [
CLOCK 2 + . & S 5_ANIS FPGAZCPU_15 M_AXIS_CPUZFPGA 07 +[
cLock 3 4 st IntErconnigct- 0 o ade done_puiss M_AXIS_CPUZFPGA 08
ADC 4 50_5510_BUS |} - dala_mlid._pu.ne_in u_u_cpmma_ug -
d SBI0_BUS +|||===]|l4 mo_ssi0_BUS ] — - dau_reaamg_m M_AXIS_CPUZFPGA_10 4 =
dlie_250_mhz | cli_250_mhz BT S e ian +| = - sync_puke_in M_AXIS_CPUZFPGA_11 4
Ix privale_ouf35q) G puEe in e i S M_AXIS_CPUZFPGA 12 £
pamf3l:0] e - - M_AXIS_CPUZFPGA_13
ef1sa] m shio_interconnect_v1_0 RATel R e =
EG_pulse (= - G M_AXIS_CPUZFPGA_15
OV ErSAmMEing_pukse e M_AXIE Ts |
armgling puse = nitesel_cld
ade_dane_pulse = fiREs Sy G
ade_dene_cpu_pulse =
data_valdl_pulss = ix_axis_interface_v1_0
reading =
cou_care stale1:0] jm shia_ragisters_0
Bl
I+ s=
IMPERIX_FW | |+ sBIC_BUS RTL sEO ||

i_axis_intarfaca

I+ Aoc

] [[+- 5BI10_BUS

T 5_AxIs_FPGAICPU 00
T+ 5 ANIS_FPGAZCPUOM
T 5_axis_FPGAICPU 02
T+ 5_AXIS_FPGAZCPU 03
T 5_axis_FPGAICPU 04
T+ 5_AXIS_FPGAZCPU 05
T 5_AxIS_FPGAICPU 06
T+ 5_AXIS_FPGAZCPUOT
T 5_axis_FRGAICPU 08

M_AXIS ADC_00 4
M_AXIS_ADC_ 01 4[5
M_AXIS ADC_ 12 [
M_AXIS_ADC_ 03 [
M_AXIS ADC_04 [
M_AXIS_ADC 05 +[
M_AXIS_ADC 08
M_AXIS_ ADC_ 7 [
M_AXIS_ADC 08
M_AXIS_ ADC_ 1 [
M_AXIS_ADC 10 4-F
M_AXIS_ADC_ 11 [
M_AXIS_ADC 12 -
M_AXIS_ADC 13 +[
M_AXIS_ADC 14
M_AXIS_ADC 15+
M_AXIS_CPU2FPGA 00 4

shio_registars_v1_0

shia_registers_1

NI+ s=

| |+ 5EI0_BUS RTL 58O ||

shio_registars_v1_0

3. Upgrading a project from Gen 3 to Gen 4

This guide covers the migration of an existing FPGA sandbox project from Gen 3 (imperix IP 3.10+) to Gen 4
(imperix IP 4.0) hardware.

3.1 Migration Procedure

1. Back up the entire project before making any changes.
2. Change the Target Device
o Open the project in Vivado 2023.2 or later
o Go to Settings — General — Project device
o Change the device from xc7z030fbg676-3 to xczu7ev-ffvcll56-2-i
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fa] Select Device X

Filter, search, and browse parts by their resources. The selection will be applied.

Parts | Boards

Reset All Filters

Category:  All v Package: All v Temperature: = All 4
Eamily: All v Speed: All v Static power:  All v
Search: O xczu7ev-ffuc1156-2-i v (1 match)
Part I/O Pin Count  Available IOBs  LUT Elements  FlipFlops Block RAMs L
|
xczuTev-fivc1156-2-i 1156 360 230400 460800 i g
|
< >

N 3
o |

3. Replace the imperix IP
o Navigate to the project directory: <project_dir>/ix_repo/ips/
o Delete the existing imperix IP folder

o Copy the imperix IP from the Gen 4 template (ix_repo/ips/) into the project
4. Refresh IP Repositories

o In Vivado, open the IP Catalog
o Right-click and select Refresh All Repositories

Diagram * | IP Catalog s

Cores | Interfaces

Q = & |# =@ |

F

Search; -

Name ST A4

w User Repository (c;/Users/perrin/Desktop/FPGA_Sandbox_template_3.10rev:
UserlP Properties... Ctrl+E

W Vivado Reposito IP Settings..

b Alliance Partn Add Repository...

L

Audio C
udio Connet Refresh All Repositories

Automotive &

. AT Add IP to Repository...

y AXIS Infrastru X Remove from project Delete

5 BaselP Refresh Repository
Basic Element Export to Spreadsheet...
> Communication & Networkino

5. Upgrade IPs
o Open the IP Status window (Reports — Report IP Status)
o Click Rerun to refresh the status
o Select all outdated IPs and click Upgrade Selected
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o Warnings during upgrade are to be expected

TelConsole |Messages Log IPStaws » Reports  Design Runs
Q F 8 C  “MajorChange(n) o RevisionChanges (@) ) Past ehange (1) Hide Al
Sousce File IR Status A1 Recommendation Changelog P Name Curent Version  Recommended Version  License  Current Part
op o
@ P IMPERIX_FW 30Men ) 40(Rew.) Included  cT20307og676-3
i asis_ntertace w1 0 10 (Rev. 1) 10 (Rew. 1) Included  %c72030100676-3
Constant 1.1 (Rev. ) 11 (Rev. 8 Included  c72030fog676-3
AXl4-Stream Broadeaster 1.1 (Rev.25) 11 (Rev. 28 Included  cT2030fog676-3
Floating-peint TIRev. 1) TN (Rev.18 Included  %€7203015g676-3

& Jix_aws interface
% /USERID
% /axis_broadeaster

W /11610 single

% /muitiplier Fioating-point TARev.14) 71 (Rev. 16) Included  xc7r030fbgE76-3

Upgrade Selected

6. Replace the Constraints File

o If custom modifications were made to the constraints file, those changes must be manually
transferred to the new file.

o Copy the constraints file from the Gen 4 template (constraints/) to the project’s constraints/
folder, replacing the old file

o InVivado, go to the Sources tab

o Remove the old constraints file from the project

o Add the new constraints file

Sources x Design Signals 2 O
Q| = | s |+ 0 £+
W Design Sources (2)

> @ & top_wrapper(STRUCTURE) (top_wrapper.vhd) (1)
® ix_axis_interface(impl) (AXIS_interface.vhd)

A Constraints (1)

W constrs_1 (1)

" sandbox_pins_4.0rev0.xdc

S

Simulation Sources (2]

St

Utility Sources

Hierarchy |P Sources Libraries Compile Order

7. Update Block Design Ports

The Gen 4 design has different external ports. Several ports from Gen 3 no longer exist or have changed sizes,
and new ports must be created.

Action Signals / Ports

Remove f1t, gpi, gpo, pwm, private_in, private_out
Keep BBOX, DDR, FIXED_IO

Create private_in, din, dout, private_io, private_out

There are two options for this step:
Option A: Automated Script (Recommended)

If no custom use of external ports (such as gpi or pwm) was made, the provided Tcl script can automate the port
changes.
1. Download the migration script:

Download gen3_to_gen4_migration.zip
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2. Unzip it and place it in the scripts/ folder at the root of the project
3. In the Vivado Tcl Console, run:

cd [get_property DIRECTORY [current_project]]
source ../../scripts/gen3_to_gend _migration.tcl

The script will remove obsolete ports, create and connect new external ports, and regenerate the HDL wrapper.
Option B: Manual Update

1. In the block design, delete the obsolete ports listed above
2. On the IXIP block, right-click the private_in, din, dout, private_io, and private_out pins and select Make
External.

IXIP
cLock 0 |||
crock 1 + ||
crock_2 |||
crock3 + ||
USR + ||—_]
5810 BUS + |||
anc +||| o
clk_50_mhz. = ix_axis_inter
- sb_pwm[47:0] . clk_250_mhz
sync_pulse
— User_fw_id[15:0] data_valid_pulse
= : cpu_core_state[1.0] =
fault =
adc_done_pulse [~ Block Pin Properties...
adc_done_cpu_pulse m= Highlight »
sampling_pulse =
reading =
E Copy
IMPERIX_FW
Q. Search..
W Select All
+  Addpe. Ctrl+ ET"
Add Module...
| O Make External Cirl+T |
Pinning »

3. Rename each new port by removing the _0 suffix

4. In the Sources tab, delete the existing top_wrapper.vhd (or .v)

5. Right-click on the block design file and select Create HDL Wrapper
6. Wait for Vivado to finish updating

3.2 Additional considerations

Accessing additional ADC channels with the AXI4-Stream interface

Gen 4 provides 24 ADC channels compared to 16 on Gen 3. To access the additional channels replace
AXIS_interface.vhd with AXIS_interface_24adc.vhd

The original AXIS_interface.vhd remains compatible but only provides access to 16 of the 24 channels.

Updating the PWM port width

The sb_pwm port has been extended from 32-bit to 48-bit. If the design uses this port, update the signal width to
avoid warnings.
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Using SFP port with Aurora IP

If the Gen 3 project uses Aurora for SFP communication, manual work is required to port the design. The Aurora
IP configuration and interfaces have evolved between device families, so parameter settings and connections will
likely need adjustment.

Final verification
After completing the migration, we recommend to:

e Run Validate Design on the block design
¢ Run synthesis and review any warnings
¢ Verify that all custom logic connections are intact

Legacy IPs for older SDKs

For users who need to maintain older projects.

C++ or ACG imperix IP Minimal Vivado version
Download

SDK version required
3.4.x.x .

3.4 Rev. 1 2019.2 sandbox_sources_3.4.zip
3.5.x.x
3.6.xX.x 3.6 Rev. 1 2019.2 sandbox_sources_3.6.zip
3.7.x.x 3.7 Rev. 1 2021.1 sandbox_sources_3.7.zip
3.8.x.x 3.8 Rev. 1 2022.1 sandbox_sources_3.8.zip
internal only 3.9Rev.1t03 20221 internal only
20241 3.9 Rev. 4 2022.1 Sandbox_template_3.9rev4.zip
2024.2 3.9 Rev. 5 2022.1 Sandbox_template_3.9rev5.zip
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