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Summary

This lab application note describes combining isolation design flow (IDF) and dynamic function
eXchange (DFX) within a single design. With the help of this application note, designers can
develop a fail-safe single chip solution, using the AMD device IDF combined with the Dynamic
Function eXchange (DFX), which allows modification of an operating FPGA design, by loading a
dynamic configuration file.

This application note follows the rules defined in Isolation Design Flow for UltraScale+ FPGAs and
Zynq UltraScale+ MPSoCs (XAPP1335) and the DFX rules defined in Vivado Design Suite User
Guide: Dynamic Function eXchange (UG909). Refer to Isolation Design Flow for UltraScale+ FPGAs
and Zynq UltraScale+ MPSoCs (XAPP1335) for details on the combined flow of IDF + DFX.

An IDF design example is provided in the Isolation Design Example for Zynq Ultrascale+ MPSoC
Application Note (XAPP1336). For a DFX example on AMD UltraScale+™ devices, refer to the
Vivado Design Suite Tutorial: Dynamic Function eXchange (UG947). The document is written with
the assumption that the reader is familiar with both IDF and DFX methodologies.

Download the reference design files for this application note from the AMD website. For detailed
information about the design files, see the Reference Design section.

Introduction

The AMD device isolation design flow (IDF) is a design methodology that allows for information
assurance, functional safety implementations, or any other application module requiring both
physical and logical isolation. This methodology is backed by significant schematic analysis and
software verification, namely, AMD Vivado™ lIsolation Verifier (VIV), that ensures elimination of
single points of failure. Single Chip Crypto (SCC) is one specific application of IDF allowing the
implementation of a multichip cryptography system, in a single FPGA or a SoC.

Dynamic Function eXchange (DFX) allows for the reconfiguration of modules within an active
design. This flow requires the implementation of multiple configurations, which ultimately results
in full bitstreams for the first configuration, and partial bitstreams for each reconfigurable module
(RM). The number of configurations required varies by the number of modules that need to be
implemented. However, all configurations use the same top-level, or static, placement and
routing results. These static results are exported from the initial configuration, and imported by
all subsequent configurations, using checkpoints.

AMD Adaptive Computing is creating an environment where employees, customers, and partners feel welcome and included. To that end, we're
removing non-inclusive language from our products and related collateral. We've launched an internal initiative to remove language that could
exclude people or reinforce historical biases, including terms embedded in our software and IPs. You may still find examples of non-inclusive
language in our older products as we work to make these changes and align with evolving industry standards. Follow this link for more
information.
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AMD supports the combined flow of Isolation Design Flow (IDF) and Dynamic Function
eXchange (DFX) from Vivado 2020.2 onwards. From Vivado 2021.1 onwards, block design
container (BDC) flow shall be used to create an IDF+DFX design. Refer to Chapter 5 in UltraFast
Design Methodology Guide for FPGAs and SoCs (UG949) for more information about BDC.

Hardware and Software Requirements
The following hardware and software are required for this application note:

e AMD ZCU102 Evaluation Board (revision 1.0 or later, with production silicon)
e AC to DC power adapter (12 VDC)
e USB Type-A to Micro-B USB cable for UART communication
e Secure Digital (SD-MMC) card < 32 GB
e AMD Vivado™ 2021.1 or later
Note: This application note is verified against 2021.1, 2021.2, and 2022.1 versions.

e Integrating AMD LogiCORE™ SEM IP. Refer to Integrating LogiCORE SEM IP in Zynq UltraScale+
Devices (XAPP1298) and the associated reference design files.

e AMD Vitis™ unified software development platform 2021.1 or later.

Note: Future versions of the Vitis unified software platform have not been verified with this application
note.

e Serial communication terminal application (Tera Term or PuTTY)

e Required associated reference design files that can be downloaded from the AMD website.

IDF + DFX

The Isolation Design Flow (IDF) and Dynamic Function eXchange (DFX) are two production
solutions from AMD. They have been available for Zynq UltraScale+ devices from Vivado 2018.3
and later. From Vivado 2020.2 and later, AMD supports the combined flow of IDF and DFX. The
document is written with the assumption that the reader is familiar with both IDF and DFX
methodologies. Refer to Isolation Design Flow for UltraScale+ FPGAs and Zynq UltraScale+ MPSoCs
(XAPP1335), Isolation Design Example for Zynq Ultrascale+ MPSoC Application Note (XAPP1336),
Vivado Isolation Verifier User Guide (UG1291), Vivado Design Suite User Guide: Dynamic Function
eXchange (UG909), Block Design Containers in Chapter 5 of the

Vivado Design Suite User Guide: Designing IP Subsystems using IP Integrator (UG994) and Vivado
Design Suite Tutorial: Dynamic Function eXchange (UG947) for details on these individual
methodologies. With this combined support, the user can create nested isolated modules (IM)
inside of a reconfigurable partition (RP).
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IDF+DFX is enabled by default for all AMD Zyng™ UltraScale+ MPSoC designs, there is no
special param needed to enable combined flow. You need to set a param to enable the
appropriate set of design rule checks for IDF+DFX. To enable IDF+DFX DRCs, set the following
parameter in Vivado:

Isolation Design Flow + Dynamic Function eXchange Example

set_param hd.enableIDFDRC 1

Note: From Vivado 2021.1 onwards, to enable the IDF DRCs there is no need to set hd . enableIDFDRC
param. IDF DRCs are enabled automatically by the tool when the tool detects that HD . ISOLATED
property is set to true.

Implementing the Example Design

This reference design contains two reconfigurable partitions (RP), and under each RP, there is an
isolated module (IM). There is one more isolated module in the static region. The design uses a
simple bare metal application running in PS to load partial bitstreams. The partial bitstreams are
placed into a PS-DDR memory and loaded into the device using an application running on the
Cortex®-A53. The application uses the xilfpga library to load the partial bitstreams through the
Processor Configuration Access Port (PCAP). More information on the xilfpga library can be
found in the Zynq UltraScale+ MPSoC: Software Developers Guide (UG1137).

The design static IM contains a MicroBlaze™ and the ICAP to show isolation capabilities. This lab
uses the RTL files from Lab 7 of Vivado Design Suite Tutorial: Dynamic Function eXchange (UG947).
This lab operates with the assumption that the user is familiar with the DFX design creation,
covered through the labs in Vivado Design Suite Tutorial: Dynamic Function eXchange (UG947).

Figure 1: Design Hierarchy
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To implement this example design first create top level block design, create block design
containers for the instances that needs to be converted to reconfigurable partitions, add
reconfigurable modules, then using DFX wizard define configurations then run synthesis. After
completion of Synthesis, enable IDF for initial config and second configuration RMs. Next step is
to create a floorplan for the initial/first configuration and run VIV DRCs to ensure everything is
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fine and correct the floorplan if any violations are reported by the tool and save the design.
Implement the first configuration and after successful implementation of the first configuration,
run VIV DRCs and verify that no violations are reported. Launch the implementation for the
second configuration and verify that there are no warnings or errors from the DRC report. Run pr
verify and then generate bitstreams. Complete the following steps to implement the example
design.

Step 1: Extract the Tutorial Design Files

1. Download the reference design files files from the AMD website.

2. Extract the zip file contents to any write-accessible location.

Step 2: Create the Vivado Design and Run Through
Synthesis

1. Launch Vivado 2021.1 or a later version from the directory where the lab design scripts are
located.

2. Source the project script from the Vivado Integrated Design Environment (IDE) by running
the following command from the Tcl console.

source ./create_top_bd.tcl

Note: The script create_top_bd. tcl creates a project and constructs the top level block design.
The block design consists of three hierarchical blocks: static_iso_wrapper, rpl and rp2.

static_iso_wrapper

user_si570_sysclk [ |||+ user_si570_syscik

ddr4_sdram_075 +||j=——t—{"> ddr4_sdram_075
= din0 Uart2 pl + |t uart2 pl
GPIO_SWN O din 1 addn_ui_clkout2 -
gs:ggmé g :::-; 5 Intf_0_DATA 1(3:0) m——> count_out[3:0]
e i peripheral aresetn2(0:0] m—
SV ] rp,i_nrf,n,DATAlz-ﬂl §_intf 0_DATA 0{3:0) m——t—{"> shift_out[3:0]
VM _vs_count_rm_reset —
reset D L vsm_vs_shift_m reset =——
M= rp_intf 0_DATAL[3:0] piaia

rpl

o >
rst
¢k data_out[3:0] -~
en
p2
[+ ] F
st
‘count_out(3:0]
clk

3. Create a block design container to create the Reconfigurable Partition for rp1 instance:

GPIO_SW_C [

X26959-081622

a. Right-click the collapsed rp1 instance and select Create Block Design Container.

b. Name the container rp1rm1 and click OK.
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Create Block Design Container ®

Higrarchy rpl will be converted to a
Block Design Container. It can not be
undone.

A new Block Design will be created
from rpl and will ba added to the
container,

New Block Design: Irplrml! I

X26820-062222

c. Open the rplrm1 tab, select the shift_0 and shift_addr_0 modules, then right-click to
create the hierarchy. Name the hierarchy iso_2.

d. Validate and save rp1rmi.

e. Open the mb_dfx_controller tab and click Refresh Changed Modules.

f. Click Refresh IP Catalog if the option appears in the mb_dfx_controller tab.
g. Validate the design.
h. Right-click the collapsed rp2 instance and select Create Block Design Container.

Name the container rp2rmi and click OK.

j. Open the rp2rm1 tab and select the count_0 module of rp2rm1.

k. Right-click to create the hierarchy and name the hierarchy iso_3.

I.  Validate and save rp2rm1.

m. Open the mb_dfx_controller tab and click Refresh Changed Modules.

n. Click Refresh IP Catalog if the option appears in the mb_dfx_controller tab.
o. Validate and save the design.

Enable DFX

The following instructions enable the DFX capabilities within IP integrator and add new
Reconfigurable Modules in the rp1, rp2 block design container.

a. In the mb_dfx_controller diagram, double-click the rp1 instance to edit the block design
container.

b. Under the General tab, check both the Enable Dynamic Function eXchange on this
container and the Freeze the boundary of this container options, then click OK.
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Customize Block Design Container x

Block Design Container Customization

General Addressing

| Freeze the boundary of this container

Enable Dynamic Function eXchange on this container

Synthesis sources

+
Name Location Active
rplrml.bd  swrkixsjhdnobkup6inamrataaftrd_regression.., Ol

|+| Use the same source as Synthesis

Simulation sources

| Name Location Active
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c. Validate and save the design.
d. Repeat previous steps a, b, and c for rp2 to enable DFX for rp2.
5. Add a New Reconfigurable Module.

In the following steps, a new RM is created for the RP that now exists. Follow these
instructions to create RM for each RP:

a. Right-click rp1 and select Create Reconfigurable Module. In the dialog box that opens,
give the RM a name of rp1rm2 and click OK.

Create Reconfigurable Module X

Please specify a name for the new Reconfigurable Module,
A new block design will be created with ports matching the Block Deslgn Container '

Irpl.
This new block design will be added as a source to the Block Daesign Container,

Block Design Container:  rpl

RBeconfigurable Module: {rplrm2 |

“ Cancel

X26822-062222

b. Right-click shift_left in the Design Sources tab under the Sources and click Add Module
to Block Design.
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c. Inthe Sources tab, select Design Sources, then right-click shift_addr, then click Add
Module to Block Design.

d. Connect the pins to create the diagram as shown in following figure.

en [ . shift_0
shift_addr_0
i : i en
clk RTL data_out[3:0] data_out{3:0]

rst 1D St RTL  addr out(11:0] et addr[11:0]
ck [ clk i

h ] \ sh C

shift_addr v1 0 ift_v1.0

e. Select the shift_left_0 and shift_addr_0 modules, right-click to create the hierarchy, and
name the hierarchy iso_2.

f. Validate and save rplrm2.

g. Open the mb_dfx_controller tab and validate and save the design.
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h. Right-click the rp2 instance, select Create Reconfigurable Module. In the dialog box that
opens, and name the RM rp2rm2.

i. Click OK.

j. Inthe Sources tab, select Design Sources, right-click on count_down, then click Add

Module to Block Design.

k. Connect the pins to create the diagram as shown in following figure.

count_down_0

clk [>— —l—D count_out[3:0]
r —g— rst
¥ RTL count out(3:0] |

L= clk

X26825-062222

I.  Open the rp2rm2 tab, select the count_down module, right-click to create the hierarchy,
and name the hierarchy iso_3.

m. Validate and save rp2rm2.
n. Open the mb_dfx_controller tab.
o. Validate and save the design.

Click Generate Block Design, which is under IP INTEGRATOR in the Flow Navigator window.
Ensure the Out of context per IP synthesis option stays selected, and then click Generate.

This step creates all of the IP identified in the block design and launches them through
synthesis. This process can take a while to run. For this design, the block design covers the
vast majority of the static logic representing the design infrastructure. This step does not
launch out-of-context synthesis for the RTL submodules, which includes the shift and count
Reconfigurable Modules. The example design instantiates the Zyng UltraScale+ MPSoC
devices to support partial bitstream loading, via the PCAP.
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static_iso_wrapper
user_si570_sysclk [ ]I+ user_sis70_syscik ddrd_sdram 075 + |} { ddra_sdram_075
GPIO_SW_C [ L—dino vart2_pl + ||ty uvartz_pl
GPIO_SW N D—[ din_1 addn_ul_dkout?
GPIO_SW S D_JJ { din2 5 intf_0_DATA_1(3:0] o count_out{3:0]
GPIO_SW E [D—— wad — din_3 500_ACLK ——
L2 din_4 5_intf_0_DATA_0(3:0) [ shift_out(3:0)
—i = rp_intf_0_DATA[3:0] peripheral_aresetn(0:0]
LE = '?(‘ dats, out13:0) reset wsm_vs_count_rm_reset
|| 4 p_intf_0_DATA1(3:0] vam_vs_shift_m_reset

GPIO_SW W O—
reset Or———— p2

e ik
fFxE  count out[3:0] me———
b——— st W
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Dynamic Function eXchange Wizard is used to define relationships between the different
parts of a DFX design. Within the DFX Wizard, you will define configurations, and
configuration runs. A configuration is a full design image, with one RM per RP. A
configuration run is a pass through the place and route tools to create a routed checkpoint
for that configuration. The DFX Wizard also establishes parent-child relationships between
configuration runs, helping automate required parts of the flow, including static design
locking and pr_verify, and setting up dependencies between runs, so Vivado knows what
steps to rerun when sources are modified. This example project has two configurations and
their runs defined. There are two configurations created for the design, Configl and
Config?2.

Configil contains shift_right and count_up RMs. Config2 contains shift_left and
count_down RMs. Synth_1 is the parent run for the design.

There are two runs in the example design. This first run establishes the static design, and the
first pair of RMs. The second run uses the locked static design, and the second pair of RMs.

The run imp1_1 is the parent run and implements Configi. The child run
child_0_impl_1 implements Config2.

Design Runs
Q = € > » + %
Mame Configuration Constraints Status
- synth_1 {active) constrs_1 Mot started
w impl_1 config_1 constrs_1 Mot started
child 0 impl 1 config 2 constrs 1 Mot started
v Out-of -Context Module Runs

Use Dynamic Function eXchange Wizard to define configurations and run synthesis Within
the DFX Wizard, you will define configurations and configuration runs. The DFX Wizard also
establishes parent-child relationships between configuration runs. To create the configuration
runs, follow the instructions:

a. Open the DFX Wizard by clicking Dynamic Function eXchange Wizard in the Flow
Navigator or by selecting that option under the Tools menu.
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~ PROJECT MANAGER
£} settings
Add Sources
Language Templates
& IP Catalog

Dynamic Function eXchange Wizard
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b. Click Next. In the Edit Reconfigurable Modules step, you will see the Partition Definitions
and their corresponding Reconfigurable Modules.

Dynamic Function eXchange Wizard SRS

Edit Reconfigurable Modules
Create, modify and associate Reconfigurable Modules with Partition Definitions. New design sourees ean be added to Reconfigurable Modiiles in the project. ¢

Module iati ‘with Partition Definitions
.
Reconfigurable Module Partition Defi
rp2rm2_inst_0 mb_dbc_controller_rp2

X26961-081622

c. Click Next. In the Edit Configurations step, click the automatically create configurations
link to generate two configurations.

Dynamic Function eXchange Wizard x |

Edit Configurations f

Create and modify Configurations. Configurations specify the Reconfigurable Module that will be used for each partition In the design. Automatically create a ‘
minimum set of Configurations or manually create them individually.

Configurations

| + ‘
|
Configuration Name mb_dfx_controller_rpl mb_dfx_controller_rp2
mb_dfk_controller_iirpl mb_dfx_controller_iirp2
| config_1 rplrml_inst_0 b Y rp2rm1_inst_0 -
config_2 ¢ [@ rplrm2_inst_0 ~ [@rp2rm2_inst_0 -

|

® [ ek | [awtwrennes W[ cwed Il

X26827-062222

d. Click Next. In the Edit Configuration Runs step, click the automatically create
configuration runs link to create one run per configuration.
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e. Click Next, then click Finish to complete this section.
f.  Once the configuration runs are created, validate and save the design.

g. Click Run Synthesis in the Flow Navigator. This launches the synthesis of the remaining
modules and the entire example design.

Step 3: Enabling IDF

1. After synthesis completion, open Synthesized Design. As shown in the following figure, set
HD.ISOLATED to true for static_iso_wrapper, rpl/iso_2,and rp2/iso_3. Save the
constraints by naming the file top.

SYNTHESIZED DESIGN * - synth_1 | config_1 | xczuSeg-fivbl156-2-

Sources Hetlist < ? 0O
= 4 o
mb_dfx_controller wrapper
» Mets (192)
> Leaf Cells (1]
f dbg_hub (dbg_hub_CW)
« [I] mb_dfx controller | (mb_dfx controller]
> Nets (139]
| rpl {rplrml_inst_0)
» Nets (5]

» Leaf Cells (2}

» (1] iso_2 {rplrml_inst_0 iso_ 2 imp PS3L3)
~ [E] rp2 (rp2rml_inst_0)

» MNets (7]

> Leaf Cells (2]

¢ | igo_3 (rp2rml_inst_0_iso_3 imp_OFBLFC)

» [I] static_iso_wrapper (stat o_wrapper_imp_CQOJP95)
Cell Properties 7?7 00O X
ise_2 - o
Q| = & ‘& + o
CLASS cell iy
DONT_TOUCH o
FILE_MAME Mrkfxsjhdnobkup2fiveeravends
« HD
ISOLATED - ¢
IS_BLACKBOX
IS_BOUMDARY_INST
L= Sl =i =T [l e W= L = wa bl
General Properties Statistics MNets Cell Pin

X26962-081622

This enables IDF for the iso wrapper module in the static region and the two modules in
the Configl RMs.
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2. Toenable IDF in Config2 RM submodules, you must enable HD.ISOLATED on the
synthesis DCPs of the Config2 RMs, and save them. IDF related optimizations take place in
link_design. Therefore, the HD.ISOLATED property must be enabled for RM submodules
before link design for subsequent configurations. To enable HD.ISOLATED on the Config2
RMs, perform the following or this can easily be completed using a post-synth Tcl Hook
script, as mentioned in the Enable HD.ISOLATED on Config2 RMs using Post-Synth Tcl Hook
Script section.

a. Select File = Check Point— Open, then open shift_left synth dcp by selecting:

project_idf_dfx_zculO02/project_idf_dfx_zculO2.runs/
rplrm2_inst_O_synth_1/rplrm2_inst_0.dcp

When asked to close the project, choose No, then click OK and ignore the critical
warning. Set HD.ISOLATED to true for iso_2. Save and close the dcp.

MNetlist 00 X
=" L
rplrm2_inst_0

» = Nets (7]
» 1] iso 2 (rplrm2_inst 0 iso 2 imp 1MDKU3W)

{

Cell Properties ? 00 X
iso_2 &

Q = s 2 + 0o »

FILE_MAME fwrlfusjhdnoblkup2fiveeravenss
~ HD

ISOLATED v ¢
IS_BLACKBOX

IS_BOUNDARY _INST

I5_DEBUGGAELE d
IS_MATCHED

IS_ORIG_CELL d
IS_PRIMITIVE

IS_REUSED

General Properties  Statistics MNets Cell Pir

X26963-081622
b. Open RP2RM2 synth dcp from:

project_idf_dfx_zculO2/project_idf_dfx_zculO2Z.runs/
rp2rm2_inst_O_synth_1/rp2rm2_inst_0.dcp
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Set HD.ISOLATED to True for iso_3. Save and close the dcp.

Enable HD.ISOLATED on Config2 RMs using Post-Synth Tcl
Hook Script

1.

5.

IMPORTANT! These steps can be executed as an alternative to the previous two steps that enabled IDF
on the rp1rm2 and rp2rm2 RMs. This step must be performed before launching the Synthesis in the
previous section.

Create a file with the following contents and name the file
rpl_rm2_post_synth_tcl.tcl.

set_property HD.ISOLATED true [get_cells shift] -quiet write_checkpoint -
force -noxdef rp_shift.dcp

Create one more file with the following contents and name the file
rp2_rm2_post_synth_tcl.tcl.

set_property HD.ISOLATED true [get_cells count] -quiet write_checkpoint -
force -noxdef rp_count.dcp

Add the created files to the project by running the following commands from the Tcl console.

add_files -fileset utils_1 -norecurse ./rpl_rmZ_post_synth_tcl.tcl
add_files -fileset utils_1 -norecurse ./rp2_rmZ2_post_synth_tcl.tcl

Add rpl_rm2_post_synth_tcl.tcland rp2_rm2_post_synth_tcl.tcl filesas
post-synth Tcl Hook scripts for the corresponding synthesis runs by running the
following commands from the Tcl console:

set_property STEPS.SYNTH_DESIGN.TCL.POST [ get_files ./
rpl_rm2_post_synth_tcl.tcl -of [get_fileset utils_1] ] [get_runs
shift_left_synth_1]

set_property STEPS.SYNTH_DESIGN.TCL.POST [ get_files ./
rp2_rm2_post_synth_tcl.tcl -of [get_fileset utils_1] ] [get_runs
count_down_synth_1]

Launch Synthesis.

Step 4: Enabling IDF+DFX DRCs
Prior to AMD Vivado™ 2021.1 IDF+DFX DRCs are disabled by default.

To enable the IDF DRCs, run the following command from the Tcl console:

set_param hd.enableIDFDRC 1

This parameter information is not stored in the database and must be re-enabled for every
Vivado session. The parameter is most easily set in vivado_init . tc1 which automatically sets
the parameter for each of the Vivado sessions. From Vivado 2021.1 onwards, to enable the IDF
DRCs there is no need to set hd . enableIDFDRC param. IDF DRCs are enabled automatically by
the tool when the tool detects that HD . ISOLATED property is set to true.
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Step 5: Floorplanning First Configuration

Open the synth dcp for floorplanning the first configuration (Configl). Ensure that the
HD.ISOLATED is set to True for the following modules: static_iso_wrapper, rplrm1/iso_2,
rp2rm1/iso_3.

1.

Assign package pins and 1/O ports for the design. Run the following command from the Tcl
console to assign package pins and I/O ports.

source ./sources/pins.xdc

Create Pblocks for Reconfigurable Partitions. Create a Pblock for rp1 and assign site ranges
for the Pblock. Run the following command from the Tcl console to create a Pblock for the
rpl:

source ./sources/pb_rp_shift.xdc
Create a Pblock for rp2 by running the following command from the Tcl console:
source ./sources/pb_rp_count.xdc

After running the floorplan, the device looks like the following figure:

X26964-081622

XAPP1361 (v1.2) May 23, 2024 | Send Feedback |

Application Note

14


https://www.xilinx.com/about/feedback/document-feedback.html?docType=Application_Notes&docId=XAPP1361&Title=Isolation%20Design%20Flow%20+%20Dynamic%20Function%20eXchange%20Example&releaseVersion=1.2&docPage=14

AMDA

Isolation Design Flow + Dynamic Function eXchange Example

4. Save the design. Run the DFX DRCs by opening Reports = Report DRC.... Select DFX DRCs,
and click OK to run the DRCs.

Report DRC x> 2 X
Check design against selected rule decks andfor individual design rules. ’
Results name: dre_1
Interactive report file:
Export to file:
W aivers
®) Apply waivers
Display enly waived vielations
lgnore all walvers
Rule Decks Rules {108 of 2550)
Wivado Rule Decks (2] £y Q = | =
< default _ ) —— ~
m| Dynamic Function eXchange (111]
< opt_checks ¢ » [v) Pblock (91)
" placer_checks
placer. > [ NOC (3)
router_checks
- » v Floorplan Analysis (14)
bitstream_checks
- » |v) Abstract shell (3
incr_eco_checks
- SelectlO
eco_checks B
- MGT (10
abs checks v . v

| Open in a new tab
X26966-081622

After running the DFX DRCs, you can see there are no warnings or errors. There are two
advisory messages. You can ignore those messages, as they will resolve after creating the
Pblock for the static region, which isthe static_iso_wrapper.

5. Draw Pblocks for the Isolated Modules.

a. Draw a Pblock for the static Isolated Module which is the static_iso_wrapper. Run
the following command from the Tcl console:

source ./sources/pb_iso_wrapper.xdc

b. Draw a Pblock for the isolated module shift (i so_2) inside the Reconfigurable Partition
rp1. Run the following command from the Tcl console:

source ./sources/pb_shift_right.xdc

c. Draw a Pblock for the Isolated Module count (iso_3) inside of the Reconfigurable
Partitionrp2. Run the following command from the Tcl console:

source ./sources/pb_count_up.xdc

d. Save the constraints by saving the design.

Note: Ignore the constraints order changed warning.
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6. Run VIV DRCs. These are IDF DRCs which are updated for the IDF+DFX flow. Under Report
DRC, select IDF_VIV2-1, IDF_VIV2-2, IDF_VIV2-3, and IDF_VIV2-4. Click OK to run the
DRCs.

Report DRC & X

Check design against selected rule decks and/or individual design rules.

Results name: dre_2
Interactive report file:

Export to file:

Waivers

* Apply walvers
Display only waived viclations
lgnore all waivers

Rule Decks Rules
v | | Wivado Rule Decks Q = &
default ~
> Implementation
opt_checks

~ (W) |solation

> Pblock
» Provenance {IDF_Wv2-1)

placer_checks
router_checks

bitstream_checks

~ |v Constraints

incr_eco_checks 170 bank violation (IDF_Ulv2-2)

eco_checks ~ Package pin violation (IDF_vIv2-3)
abs_checks ~ Floarplan violation (IDF_\iv2-4)
> Implementation
» Physical Configuration v

+ Open in a new tap

i d

, oK Cancel

Note: Do not select IDF_VIV2-5 and IDF_VIV2-6 as the design is not implemented yet. After the DRC
run is completed, you can see many IDF-4 violations, as shown in the following figure.

DRC
Q T 2 o W v @ 297 Emors v @ 6 Advisories Hide 2l
Name Severity ~1 Details
v Ca All Violations
~ [ Isolation
w [a Constraints

v @ IDF_VIv2-4 D -— |

IDF-4: PU adjacency violation: pblock: pblock_count PUSLICE_XS6Y2:
o IDF_VIV2 #1 Error SLICE_X55Y244, SLICE_X55Y243, SLICE X55Y242, SLICE_X55Y241, SLIC

IDF-4: PU adjacency violation: pblock: pblock _count PUSLICE ¥56V2:
© DFVNV2#2  Error LICE_¥55Y244, SUCE_X55Y243, SLICE X55Y242, SUICE X55vZ41, SLIC

dre_1 {2 violations) dre_2 (303 violations)

7. Correct the floorplan violation.

IDF highly recommends taking advantage of the highlighting features of the Vivado tools. The
following Tcl script highlights all the Pblocks in the design:

Set pblocks [get_pblocks *];set ci 1;foreach pblock $pblocks
{highlight_objects -color_index [expr {1 + ($ci % 19)}] [get_pblocks
$pblock]; dincr ci}l
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Shading the Pblocks tells the user what resources are included in it. Although, shading is
visible when the Pblock is selected, highlighting it helps for better visibility. Additionally, it
helps to differentiate between different Pblocks. In a highlighted Pblock, resources that have
color are added to the Pblock, and the regions that are black are not included.

Perform the following to correct the IDF violations.

a. Click the first violation from the DRC report window. This selects the violating
Programmable Units (PU) in the device view. Refer to Isolation Design Flow for UltraScale+
FPGAs and Zynq UltraScale+ MPSoCs (XAPP1335) for details on PU. You can select
multiple violations to see the corresponding violating PUs.

X25385-060121

b. Zoom to the selected PU area. You can see there is no fence between the nested IM
inside of the RP and the static IM in a vertical direction. IPU fence is needed here; the
fence can either be inside of the RP or outside of the RP.

IDF-4 violations
as thereis no
vertical fence

between nested

IM and static IM

Np IDF-4
violations as there
is 1PU horizontal
fence between
nested IM and
static IM

sammamasan
e o

H
-

==
o
[0S oy

No fence needed
between RP and
static IM

X25382-061421
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c. Create a fence inside of the RP. Select the nested IM Pblock, and drag the Pblock edge
towards the right side, so that the 1PU fence is created. Or, you can use the following
resize_pblock command to change the Pblock boundaries.

resize_pblock pblock_count -add {SLICE_X58Y241:SLICE_X75Y298
BUFCE_LEAF_X312Y16:BUFCE_LEAF_X407Y19
BUFCE_ROW_FSR_X77Y4:BUFCE_ROW_FSR_X102Y4
DSP48E2_X12Y98:DSP48E2_X14Y117
HARD_SYNC_X14Y8:HARD_SYNC_X19Y9 RAMB18_X7Y98:RAMB18_X9Y117
RAMB36_X7Y49:RAMB36_X9Y58} -remove {SLICE_X56Y241:SLICE_X75Y298
BUFCE_LEAF_X304Y16:BUFCE_LEAF_X407Y19
BUFCE_ROW_FSR_X76Y4:BUFCE_ROW_FSR_X102Y4
DSP48E2_X12Y98:DSP48E2_X14Y117

HARD_SYNC_X14Y8 :HARD_SYNC_X19Y9 RAMB18_X7Y98:RAMB18_X9Y117
RAMB36_X7Y49:RAMB36_X9Y58} -locs keep_all

After changing the Pblock boundaries, the Pblock loses its coloring. You can rerun the
command to color the Pblocks. After creating the fence, the Pblock boundary will be as
shown in the following figure.

|

No fence needed
between RP and
Static IM

1PU fence
between Nested
IM and

Static IM

LLVEETTTTTL

No fence 1PU fence
needed between RP  between Nested
and Static IM IM and Static IM

X25383-060121

d. Similarly, create an 1PU fence between the static IM Pblock and the nested shift Pblock.
Drag the nested Pblock such that the fence is inside of the RP. For the shift block, create
a horizontal fence and a vertical fence. You can drag the Pblock boundaries to create the
fence or use the following resize_pblock command.

resize_pblock pblock_shift -add {SLICE_X58Y300:SLICE_X75Y358
BUFCE_LEAF_X312Y20:BUFCE_LEAF_X407Y23
BUFCE_ROW_FSR_X77Y5:BUFCE_ROW_FSR_X102Y5
DSP48E2_X12Y120:DSP48E2_X14Y141
HARD_SYNC_X14Y10:HARD_SYNC_X19Y11 RAMB18_X7Y120:RAMB18_X9Y141
RAMB36_X7Y60:RAMB36_X9Y70} -remove {SLICE_X56Y300:SLICE_X75Y359
BUFCE_LEAF_X304Y20:BUFCE_LEAF_X407Y23
BUFCE_ROW_FSR_X76Y5:BUFCE_ROW_FSR_X102Y5
DSP48E2_X12Y120:DSP48E2_X14Y143
HARD_SYNC_X14Y10:HARD_SYNC_X19Y11 RAMB18_X7Y120:RAMB18_X9Y143
RAMB36_X7Y60:RAMB36_X9Y71} -locs keep_all
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The following figure shows the Pblock boundaries after creating the fence.
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e. Re-run the VIV DRCs as mentioned in Step 6.

Note: Advisories are reported as Violations in the report summary of the DRCs. This is common to
all the DRCs and has nothing to do with the VIV DRCs. This is an issue with the way the error
counts are reported and print the advisories without incrementing the error count.

Note: There are no warnings or errors in the DRC report.

8. Save the constraints by saving the design.

Step 6: Set HD.ISOLATED_EXEMPT for Multi-Region/Global
Clock Nets

There are a couple of clock nets which are going to multiple isolated modules. Ensure to make
them exempt for the IDF rules by applying HD.ISOLATED_EXEMPT on those driver cells. Run
the following command from the Tcl console:

source ./sources/iso_exempt.xdc

Save the constraints by saving the design.

Step 7: Implement the First Configuration

1. Launch the implementation of the first configuration. Right-click impl_1 from the Design
Runs tab, and then click Launch Step To — route_design.
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Implementation Run Prop |

impl_1
Mame: impl_1
Part: ExczuSeg-ffubl 156-1
Description: Default settings for |
General FProperties Options
>
Q = 2 > » |2
Mame {
v 4 synth_ 1
v = impl_1 (active) { b
child_0_impl_1 {
v Qut-of-Context Module Runs
+/ count_down_synth_1
~/ count_up_synth_1 =
« shift_left_synth_1 _;_
«/ shift_right_synth_1
P el B e bl
<

2. Click Open Implemented Design after implementation is complete. You can close the

Synthesized design.

3. Run the VIV DRCs for implementation. Open the Report DRC window and select IDF_VIV2-5
and IDF_VIV2-6 from the Isolation group. Click OK to run these DRCs.

Implementation Run Properties...

Change Run Settings...
Set Incremental Implementation...

Set QoR Suggestions...

Launch Runs...

Launch Newt Step: opt_design
Launch Step To

Generate Bitstream
Display Log

Display Reports
Display Messages

Copy Run...
Create Runs..,

Export to Spreadsheet...

opt_design

place_design

route_design

write_bitstream

nplete!
nplete!
nplete!
nplete!

w

(2

Results name:

dre_1

Interactive report file:

Export to file:

Waivers

Apply walvers
Display only waived violations

Ignore all waivers

Rule Decks

Wivado Rule Decks
default
opt_checks
placer_checks
router_checks
bitstream_checks
incr_eco_checks
eco_checks

abs_checks

+| Open in a new tab

Report DRC

Check design against selected rule decks and/or individual design rules,

Rules
qQ = &
= ¥

~ (W |solation

> Pblock
Provenance {IDF_V

- Constraints

10 bank violation (IDF_vIv2-2)
Package pin violation {IDF

Floorplan violation {IDF_Wiv

v v Implementation

| Placement violation {IDF_vIv2-5)
| Routing violation {IDF_vIv2-8)

> Physical Configuration

WZ2-1)

e L, 3

Cancel
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You can see there are no warnings or errors in the DRC report. Advisories are reported as
Violations in the report summary of the DRCs. This is common to all the DRCs and has
nothing to do with the VIV DRCs. This is an issue with the way the error counts are reported
and print the advisories without incrementing the error count.

Inspect the files in the imp1_1 directory under the Project Runs directory. You will see
mb_dfx_controller_wrapper_routed_bb.dcp, which is a blackbox dcp, and RM dcps
mb_dfx_controller_i_rpl_rplrml_inst_O_routed.dcp and
mb_dfx_controller_i_rp2_rp2rml_inst_O_routed.dcp.

Close the implemented design. You can now proceed to the second configuration.

Step 8: Implement the Second Configuration

Child_0_impl_1 is the run for the second configuration (Config2). You should use a pre-opt
Tcl Hook script for floorplanning the second configuration. Run the following commands to
floorplan and implement the second configuration. Before proceeding with the implementation
of the second configuration, ensure that the RMs of the second configuration has HD.ISOLATED
property enabled.

1.

Add the child_0_pre_opt_tcl.tcl scriptto the project by running the following
command from the Tcl console:

add_files -fileset utils_1 -norecurse ./sources/child_O_pre_opt_tcl.tcl

This file has commands to load XDC constraints, which creates RM Pblocks for the second
configuration.

Add the child_0_pre_opt_tcl. tcl scriptas pre-opt Tcl Hook script for the run
child_O_impl_1 by running the following command from the Tcl console:

set_property STEPS.OPT_DESIGN.TCL.PRE [ get_files
child_O_pre_opt_tcl.tcl -of [get_fileset utils_1] ]
child_O0_impl_1]

[get_runs

Launch the implementation of the second configuration. Right-click child_O_impl_1 from the
Design Runs tab, and then select Launch Step To — route_design.

Display name: Zyng UltraScale+ ZCU102 Evaluation Board
Properties .
Implementation Run Properties... [art0:3.4
child_0_impl_1 - X Delete
a | 1020.2_1118_1232finstallsAi
Change Run Settings... lo2
Set Incremental Implementation... 7CU102 Evaluation Board
Set QoR Suggestions...
< . P Launch Runs...
eneral  Propertie Options Log FReports Message kngs
¥  Launch Next Step: opt_design
Design Runs
9 Launch Step To opt_design
Q = = r» 4+ % place_design
Narme Configuration  Constraints i Generate Bitstream route_design TH
v of synth 1 constrs_1 write_bitstreamn
- - Display Log .
w o impl_1 config_1 constrs_1 0.000 0.010 0.000 O.|
ot ol = Display Reports
child_0_impl_1 config_2 constrs_1
- - - - Display Messages
Out-of-Context Module Runs
+/ eount_down_synth_1 count_down
+ count_up_synth_1 count_up + Create Runs...
« shift left synth 1 shift left
Export to Spreadsheet
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4. After the child implementation is complete, click Open Implemented Design, select
child_0_impl_1 from the drop-down menu, and click OK to open the implemented design of
Config2.

Implementation Completed > *

o Implementation successfully completed.

Mext

® Open Implemented Decsign | child_0_impl_1 w

Generate Bitstream
View Reports

Don't show this dialog again

oK Cancel

5. Run the VIV DRCs for implementation. Open the Report DRC window and select IDF_VIV2-5
and select IDF_VIV2-6 from the Isolation group. Click OK to run these DRCs.

Note: There are no warnings or errors from the DRC report.
6. Close the implemented design.

7. Inspect the filesinthe child_0_dimp1_1 directory under the Project Runs directory.
You can seemb_dfx_controller_wrapper_routed.dcp, which is a full design dcp for
the Config2 and RM dcps as follows:

mb_dfx_controller_i_rpl_rplrm2_inst_O_routed.dcp,
mb_dfx_controller_i_rp2_rp2rmZ2_inst_O_routed.dcp

Step 9: Running pr_verify
Run the pr_verify command from the Tcl console:

pr_verif ./project_idf_dfx_zculO2/project_idf_dfx_zculO2.runs/impl_1/
mb_dfx_controller_wrapper_routed.dcp ./project_idf_dfx_zcull02/
project_idf_dfx_zculO2.runs/child_O_impl_1/
mb_dfx_controller_wrapper_routed.dcp

You can see there are no errors with the following commands reported in the Tcl console.

INFO: [Vivado 12-3253] PR_VERIFY: check points
./project_idf_dfx_zculO2/project_idf_dfx_zcul02.runs/impl_1/
mb_dfx_controller_wrapper_routed.dcp

and
./project_idf_dfx_zcul02/project_idf_dfx_zcullO2.runs/child_O_impl_1/
mb_dfx_controller_wrapper_routed.dcp are compatible
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Step 10: Generating Bitstreams

You will now create the bitstreams, including the full bitstream for Configl and partial bitstreams
for both Configl and Config2.

Run the following command from the Tcl console to create the bitstreams:

source ./create_all_bitstreams_zculO02.tcl

This creates a new directory called Bitstreams and generates the bitstreams under it.

Step 11: Creating Vitis Application to Load Partial
Bitstreams

For this particular example design, partial bitstreams are placed into PS-DDR memory and loaded
into the device using a baremetal application, running on the Cortex-A53. This application takes
inputs from the user through a UART to select the RM to load. The application uses the xilfpga
library to load the partial bitstreams through the PCAP. More information on the xilfpga library
can be found in theZynq UltraScale+ MPSoC: Software Developers Guide (UG1137).

Perform the following steps to create the software application.

1. In Vivado, select File - Export — Export Hardware.

2. Click Next in the Export hardware platform window.

3. Leave the output set to Pre-synthesis on the output window, and click Next.
4

Change the XSA file name to top and the Export to as a location of the project directory.
Click Next and then select Finish to build a design image for the Vitis integrated design
environment. This creates the top. xsa file under the project_idf_dfx_zcul02
directory.

Select Tools — Launch Vitis IDE. The Eclipse launcher dialog box appears in Vivado.

6. Ensure the workspace maps to the current project directory (project_idf_dfx_zcul02)
in the Eclipse launcher, and then click Launch to open the main Vitis integrated design
environment GUL.

7. Select File = New — Application Project in the Vitis IDE.
8. Click Next on the welcome screen.

9. Select the Create a new platform from hardware (XSA) tab, and browse to select top.xsa to
import the file that was exported from Vivado.

10. Keep the platform name as t op, select Generate boot components, and select
psu_cortexa53_0.
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New Application Project
Platform

Note: A platform project will be generated automatically in workspace for the selected XSA. It can be customized later,

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

Hardware Specification

XSA File: | pwrkjxsjhdnobkup2jveeraven/idf2/HEAD Tests/dsv/HDPR/HIEDE/dblo_idf/DIABLO_IDFPRHW/idf_dfx_|ab/project_idf

Boot compenents
| Generate boot components

Target processor to create FSBL: (8] psu_cortexaS3_0

psu_cartexrs_0

Platfarm name: | top

11. Click Next.

Cancel

12. Name the project d fx_demo in the Application Project window, and select psu_cortexa53_0

as the target processor. Click Next.

e %
oy &

]

Browse...

New Application Project
Application Project Details

Specify the application project name and its system project properties

Application project name: | dfx_demo

System Project

Create a new system project for the application or select an existing one from the workpsace (i ]

Select a system project

System project details

System project name:  dfx_demo_system

Target processor

Select target processor for the Application project.

Processor Associated applications

hier_mb_microblaze_o

psu_cortexa53_1
psu_cortexa53_2
psu_cortexa53_3
psu_cortexrS_0
psu_cortexr5_1
psu_pmu_0

psu cortexa53 SMP

Show all processors in the hardw

e spacification [+ 9

Cancel

A X
o &

]

13. Keep default values for Domain, and click Next.
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New Application Project o s X
Domain
Select @ domain for your project or create a new domain
Select the domain that the application would link to or create a new domain
Note: New domain created by this wizard will have all the requirements of the application template selected in the next step
Domain details
Name: standalone_psu_cortexaS3_0
Display Name standalone_psu_cortexa53_0
Operating System: | standalone -
Processor psu_cortexa53_0
Architecture; 64-bit -
? < Back Cancel

14. Select Empty Application(C), and click Finish.

15. Expand dfx_demo in the Project Explorer window. Right-click src and select Import Sources.
Browse to the sources/dfx_demo/src directory, and click Open. Finally, check all .c
and .h sources in that folder, and click Finish.

IMPORTANT! If the actual bitstream file size does not match with the size of bit file in dfx_demo . A,
then loading the partial bitlstream on hardware might fail. Check the size of partial bitstream files
(.bin) and update the new bitstream file size in dfx_demo . h. Update the address range in bif file
accordingly.
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Import Sources

e &
File system e
Import resources from the local file system. L .r;‘
From directory:  fwrk/xsjhdnobkup2peeraven/idf2/HEAD Tests/dsv/HDPR/HIEDE/db = = Browse...

' | dfx_demo.h

+ ¢ platform_config.h

' [d platform.c

+ ¢ platform.h

Filter Types... Select All Deselect all

Into folder: | dfx_demoysrc

Browse...
Options

Overwrite existing resources without warning
Create top-level folder

Advanced =>

I/?I Sancel

16. The application uses the xilfpga library to load the partial bitstreams via PCAP. More
information on the xilfpga library can be found in the Zynq UltraScale+ MPSoC: Software
Developers Guide (UG1137). You must enable the xilfpga and dependent libraries in the BSP
settings. Select dfx_demo.prj and click Navigate to BSP settings.

Fle Edit Search Xilinx Project Window Help

o~ B~ HBvQ~- g D50 o ow - G
~. Explorer SKW BES e § = 0 & dix_demo_system ¢ dix_demo R
» [ dfx_demo.c « Application Project Settings
b [n dfx_demo.h
¥ [n platferm_config.h General Options

b |g platform.c

Project name: dfx_demo
¥ [n platform.h

View current BSP settings, or cof
SW intrusive profiling, add/remo

& lscript.d Platform: top os/libraries/drivers etc,
script. —
= README.t ‘ Runtime: cpp Navigate to BSP Settings
b (2% _ide Domain: standalone_psu_cortexa53_0 = .
27 dfx_demo.prj S
% dfx_demo_system.sprj CPL: psu_cartexal3_o
~ P top 0s: standalone
} (= export are Specification: View processors, memory ranges and peripherals,
b e hw
» (= logs

} (= psu_cortexaS3_0

(= resources

b (= zynqmp_fsbl

‘QAssmant ﬁ] B ® Y " i = n ‘
|

17. Select Board Support Package under standalone_psu_cortexa53_0 and then click Modify
BSP Settings.
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& dfx_demo_system

e filter texiBoe]

* B top

¢ dfx_demo

~{} psu_cortexaS3_0
w [*® zyngmp_fsbl

¥

Isolation Design Flow + Dynamic Function eXchange Example

- top 22
Board Support Package

View current BSP settings, or configure settings like STDIO per
profiling, add/fremove librarias, assign drivers to peripherals, cl

Reset BSP Sources

Modify BSP Settings...

" Board Support Package —_—

= [ standalone_psu_cortexaS?

B Board Support Package|

« {} psu_pmu_0

w [® zyngmp_praufw
= Board Support Package

Load BSP settings from file

Operating System

MName: standalone

\ersion: 7.3

A BSP settings file is generated with the user options selected
click the below link, This operation clears any existing modifica
on top of the loaded settings.

Standalone is a simple, low-level software Iz
Description: features such as caches, interrupts and exc
environment, such as standard input and ot

Documentation: standalone v7_3

18. Select xilfpga, xilsecure, and xilskey from the supported libraries list.

19. Select Overview — standalone, then select xilfpga to open configuration for the library.

Change the secure_mode value to false.

v Overview
w standalone
xilskey
xilsecure
w drivers

psu_cortexa53_0

Board Support Package Settings

Control various settings of your Board Support Package.

Configuration for library: xilfpga

secure_mode _ true boolean

Name Value Default Type
base_address 0x80000 0x80000 integer
data_readback_en true true boolean
debug_mode false false boolean
ocrm_address oxfffco000 oxfffcoooo integer
reg_readback_en true true boolean
secure_environment false false boolean

secure_readback false

false

boolean

20. Click OK.

21. Open the dfx_demo_system settings and disable Generate SD card image.

~ [&] dfx_demo_system [ top |

¥ i) Includes
w & sre
» (@ dfx_demo.c
¥ [w dfx_demo.h
» [n platform_config.h
» & platform.c
» [n platform.h

T lscript.ld
= README .txt
» % ide
% dfx_derno.prj

+ B top (Out-of-date)
» = export
P hw

» = logs

v {8} dix_demo [ standalone_psu_co

153

dfx_demo_system.sprj

23 § = O | & dix demo_system 52 | & dfx_demo

4 System Project Settings
30]

Application Projects

Domain Name

standalone_psu_cortexa53_0

General Options
Project name: dfx_demo_system Sysroot:
Platform: top | -

Root FS:
Runtime: cpp

Kernel Image:

Generate SD card image [

Application Project Name

dfx_deme

{

22. Build the d fx_demo project, and generate dfx_demo . elf. To build the project, select the

project from the Explorer drop-down list, and click Project = Build Project.
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File Edit Search Xilinx FProject Window Help

Build Project

<1 Explorer i & dfx_demo_syster
v [==] dfx_demo_system [ top ] 4 System Pro
P ! Includes General
P & sre Project name; dfx
> & _ Platform: top
% dfx_dermo.pr
L dix_demo_system.spr Rurtirme: cpj
w» B top (Out-of-date
b (= export
P (= hw
b (= logs Application Proj
b (= psu_cortexas3_0
= Mesources

23. Create a boot image, which loads partial bitstreams into the PS-DDR and initializes PL with

the Config1 full bitstream. Click Xilinx = Create Boot Image = Zynq and Zynq Ultrascale.
Select Import from existing BIF file option, browse to the directory where you placed the
application note files, and then select and open dfx_demao.bif.

IMPORTANT! Check the load address of the partial bitstreams. The address range should be more
than the actual bitstream file size.
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Create Boot Image

AR x

Create Boot Image

Creates Zynqg MP Boot Image in .bin format from given FSBL elf and partition files in specified output folder. @

Architecture: = Zyng MP -

Create new BIF file (e) Import from existing BIF file
Import BIF file path: | jwrkfxsjhdnobkup2fveeraven/xapp 136 1jvivado/dfx_demo .bif Browse...
Basic Security
Output BIF file path: | prkxsjhdnobkup2jveeraven/xappl136 1vivado/dfx_demo.bif Browse...
UDF data: Browse...
split Output format: | BIN -

Qutput path: parksxsjihdnobkup2fveeraven/xapp1361fvivado/BOOT.bin Browse...

Boot image partitions

(bootloader) fproject_idf_dfx_zcul02ftop/zynqmp_fsbl none none Add

Jproject_idf_dfx_zeculo2ptopfzyngmp_pmufw/pmufw.ell none none

/Bitstreams/rp_u_count_count_down_partial.bin none none Delete

JBitstreamsftop_pb_rp_count_partial bin none none T
Edit

JBitstreams/rp_u_shift_shift_left_partial.bin none none :

JBitstreams/top_pb_rp_shift_partial bin none none Up

J[Bitstreams/top.bit none none

Jproject_idf_dfx_zculo2/dfx_demo/Debug/dfx_demo.e none none St

(_? ) Preview BIF Changes Cancel Create Imags

X26967-081622

24. Click Create Image and then click OK to overwrite the bif file. This creates the BOOT.bin.

Step 12: Running Demo on ZCU102 Board

1. Copy the BOOT.bin to the ZCU102 SD card, that was created in the previous step.

2. Connect the UART cable and power cable to the board. Set the COM port to an appropriate
value for your computer. Set the Baud Rate to 115200. Open a UART terminal to
communicate with the software running on the PS.

3. Configure the board to boot in SD-Boot mode by setting switch SWé to 1-ON, 2-OFF, 3-
OFF, and 4-OFF as shown in the following figure.
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1

4. Load the SD card into the ZCU102 board and power up the board. You can see the boot
image loaded successfully and the LEDs blink.

Shift LEDs

Count LEDs|

In the UART terminal, you can see the software menu to load the partial bitstreams as shown
in the following image..
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5. Enter your inputs to load different partial bitstreams. You can see the LEDs pattern change on
the board after each reconfiguration. The following image shows the UART terminal after
loading shift_left and count_down partials.

the PL suc

the PL suc

Reference Design

This reference design is created using the Vivado Design Suite 2021.1 and the Vitis Unified
Software Development Platform 2021.1. This design is verified against 2021.1, 2021.2, and
2022.1 versions. Download the reference design files for this application note from the AMD
website. The reference design files contains RTL source code for the design, and the C files for
the Vitis application.
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Reference Design Matrix

The following checklist indicates the procedures used for the provided reference design.

Table 1: Reference Design Matrix

Parameter Description

General

Developer name Satya Pitaka

Target devices Zynq UltraScale+ Devices

Source code provided? Yes

Source code format (if provided) C, Tcl, HDL, Verilog

Design uses code or IP from existing reference design, Yes, design reuse (Lab 7) from Vivado Design Suite Tutorial:

application note, third party or Vivado software? If yes, list. | Dynamic Function eXchange (UG947)

Hardware Verification
Hardware verified? Yes
Platform used for verification ZCU102 Evaluation Board
Conclusion

This application note provides a step-by-step example to combine Isolation Design Flow (IDF)

a

nd Dynamic Function eXchange (DFX) on the Zyng UltraScale+ MPSoC devices. This lab

highlights the following:

e Enabling IDF on all configurations

Floorplanning different configurations
Running VIV DRCs and fixing floorplan violations
Implementing and generating Bitstreams for different configurations

Creating a SW application to load partial Bitstreams via PCAP from PS by using the Vitis
unified software platform

Running the demo on ZCU102 and triggering partial reconfiguration using UART console

References

T

N o vk 0N
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Isolation Design Flow for UltraScale+ FPGAs and Zynq UltraScale+ MPSoCs (XAPP1335)
Isolation Design Example for Zynq Ultrascale+ MPSoC Application Note (XAPP1336)
Vivado Design Suite Tcl Command Reference Guide (UG835)

Vivado Design Suite User Guide: Hierarchical Design (UG905)

Vivado Design Suite User Guide: Dynamic Function eXchange (UG909)

Vivado Design Suite Tutorial: Dynamic Function eXchange (UG947)

Vivado Design Suite User Guide: Designing IP Subsystems using IP Integrator (UG994)
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8. Isolation Design Flow available on the AMD website.

9. Vivado Isolation Verifier User Guide (UG1291)

Revision History

The following table shows the revision history for this document.

Section Revision Summary

05/23/2024 Version 1.2

General updates Updated links.

Updated figure titles.
Step 2: Create the Vivado Design and Run Through Clarified and added steps.
Synthesis Updated graphics.
Step 3: Enabling IDF Updated figure reference.

Clarified steps.
Updated code blocks.

Step 5: Floorplanning First Configuration Reordered steps.

Step 7: Implement the First Configuration Changed mb_dfx_controller_wrapper_routed_bb to
mb_dfx_controller_wrapper_routed_bb.dcp.

Step 11: Creating Vitis Application to Load Partial Bitstreams | Added directory name project_idf_dfx_zcu102.
08/31/2022 Version 1.1

Updated throughout document Updated instructions for new Block Design Container (BDC)
flow; updated software version start range for Vivado and
Vitis to 2021.1 for IDF+DFX with BDC, updated software
terms to match latest version.

IDF + DFX Updated Vivado code parameter.

Implementing the Example Design Updated steps and figures to provide latest BDC
instructions in sub-section Step 2: Create the Vivado
Synthesis Design and Run Through Synthesis. Added new
figure to Step 2(2); Moved figure from Step 2(7b) to Step
2(7c) and added new image to Step 2(7b); Replaced figures
in Steps 3(1) and 3(2a); Replaced figure in Steps 5(3) and
5(4); Replaced figure in Step 11(23).

06/30/2021 Version 1.0

Initial release. | N/A

Additional Resources and Legal Notices

Finding Additional Documentation

Technical Information Portal

The AMD Technical Information Portal is an online tool that provides robust search and
navigation for documentation using your web browser. To access the Technical Information
Portal, go to https:/docs.amd.com.
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Documentation Navigator

Documentation Navigator (DocNav) is an installed tool that provides access to AMD Adaptive
Computing documents, videos, and support resources, which you can filter and search to find
information. To open DocNav:

¢ From the AMD Vivado™ IDE, select Help - Documentation and Tutorials.
e On Windows, click the Start button and select Xilinx Design Tools = DocNav.

e At the Linux command prompt, enter docnav.

Note: For more information on DocNav, refer to the Documentation Navigator User Guide (UG968).

Design Hubs

AMD Design Hubs provide links to documentation organized by design tasks and other topics,
which you can use to learn key concepts and address frequently asked questions. To access the
Design Hubs:

¢ In DocNay, click the Design Hubs View tab.
e Go to the Design Hubs web page.

Support Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see Support.

Please Read: Important Legal Notices

The information presented in this document is for informational purposes only and may contain
technical inaccuracies, omissions, and typographical errors. The information contained herein is
subject to change and may be rendered inaccurate for many reasons, including but not limited to
product and roadmap changes, component and motherboard version changes, new model and/or
product releases, product differences between differing manufacturers, software changes, BIOS
flashes, firmware upgrades, or the like. Any computer system has risks of security vulnerabilities
that cannot be completely prevented or mitigated. AMD assumes no obligation to update or
otherwise correct or revise this information. However, AMD reserves the right to revise this
information and to make changes from time to time to the content hereof without obligation of
AMD to notify any person of such revisions or changes. THIS INFORMATION IS PROVIDED "AS
IS AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE
CONTENTS HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES,
ERRORS, OR OMISSIONS THAT MAY APPEAR IN THIS INFORMATION. AMD SPECIFICALLY
DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR
FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY
PERSON FOR ANY RELIANCE, DIRECT, INDIRECT, SPECIAL, OR OTHER CONSEQUENTIAL
DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF
AMD IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
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AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT
WARRANTED FOR USE IN THE DEPLOYMENT OF AIRBAGS OR FOR USE IN APPLICATIONS
THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262
AUTOMOTIVE SAFETY STANDARD ("SAFETY DESIGN"). CUSTOMER SHALL, PRIOR TO USING
OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY TEST
SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION
WITHOUT A SAFETY DESIGN IS FULLY AT THE RISK OF CUSTOMER, SUBJECT ONLY TO
APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

Copyright

© Copyright 2021-2024 Advanced Micro Devices, Inc. AMD, the AMD Arrow logo, UltraScale,
UltraScale+, Vitis, Vivado, Zyng and combinations thereof are trademarks of Advanced Micro
Devices, Inc. AMBA, AMBA Designer, Arm, ARM1176JZ-S, CoreSight, Cortex, PrimeCell, Mali,
and MPCore are trademarks of Arm Limited in the US and/or elsewhere. Other product names
used in this publication are for identification purposes only and may be trademarks of their
respective companies.
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