PolarFire SoC FPGA DSP FIR Filter Demo Application Note :
A8\ MicrocHIP

I I’It I'Od u CﬁO n (Ask a Question)

PolarFire® SoC FPGA devices integrate a fifth-generation flash-based FPGA fabric architecture that includes
embedded Math blocks optimized specifically for Digital Signal Processing (DSP) applications such as Finite
Impulse Response (FIR) filters, Infinite Impulse Response (lIR) filters, and Fast Fourier Transform (FFT) functions.

This document describes the DSP FIR filter demo design and how to run the demo on a PolarFire SoC Discovery
Kit. The DSP FIR filter demo is implemented using Libero® SoC. The demo design consists of:

+ A 127 tap FIR filter with re-loadable coefficients.
+ A 256 point FFT on filter output to view spectrum.

* An UART interface to the host PC to load the filter coefficients and input signals (low-pass, high-pass,
band-pass, and band-stop frequencies).

* A Host PC GUI application to generate and interface with the demo design running on the PolarFire SoC
FPGA device. The GUI also plots the input/output waveforms and the required spectrum.
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1. Demo Requirements (s auestion)
The following table lists the hardware and software requirements for the demo.

Table 1-1. Design Requirements
Operating System Windows® 10
Hardware

PolarFire® SoC Discovery Kit (MPFS-DISCO-KIT with REV 2
FPGA: MPFS095T-1FCSG325E)

Software

FlashPro® Express Available with Libero® SoC installation package.

Libero SoC Note: Refer to the readme. txt file provided in the design files for
the software versions used with this design.

GUI The GUI is only supported on Windows 10.

Before you start:

1. Download the demo design files from www.microchip.com/en-us/application-notes/an5165. The
design files folder contains the following sub-folders:

- Programming_Job: Contains the programming . job file. The demo design is programmed
using the . job file, see Programming the Device Using FlashPro Express.

- GUI_Installer: Contains the GUI installation package required to run the demo design.

- TCL_Scripts: Contains the Tcl scripts for creating the demo design. For more information on
creating the demo design using Tcl, see Appendix 1: Running the Tcl Script.

2. Download and install Libero SoC on the host PC. To evaluate the designs using the PolarFire SoC
Discovery Kit, use the free Libero SoC Silver license.
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2. Demo Design Description (saauestin)

The DSP FIR Filter design is developed to showcase the Math block capabilities of PolarFire SoC for
implementing filtering applications.

In the design, the host interface and the FIR filter are implemented in the fabric for low-pass, high-
pass, band-pass, and band-stop filtering operations. The testbench provided for this demo uses
pre-generated filter coefficients and input signals (low-pass, high-pass, band-pass, and band-stop
frequencies) and passes the values to the demo design. The CoreFIR_PF IP suppresses unwanted
frequency components, and the CoreFFT IP generates the output spectrum to verify the filtering
operation.

The following figure shows the top-level block diagram of the DSP FIR filter design.

Figure 2-1. Block Diagram
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The following steps describe the data flow in the design:

1.

Upon UART handshaking (sending and receiving the known patterns over the UART bus to
pre-verify the serial channel before actual usage), the GUI application running on the host PC
sends the filter coefficients followed by filter input data.

UART IF block creates 16-bit packets and stores the data in the corresponding input data buffers
(FFT Imaginary Buffer, FFT Real Buffer, FIR IN buffer, and FIR OUT Buffer) and coefficient buffers
(Coef Buffer).

Filter Control FSM controls the following operations:
- Reading the data from buffers
- Writing the data into CoreFIR IP
Once the CoreFIR generates the output response, the data is stored in the FIR OUT buffer.

The CoreFIR output is sent to CoreFFT. After receiving, the CoreFFT generates the frequency
spectrum of the filtered data and generates the real and imaginary output data. The CoreFFT-
generated real and imaginary outputs are stored in FFT Real and FFT Imaginary buffers.

UART IF block reads the data from FIR and FFT output buffers and sends the data to GUI through
UART. The GUI plots the received data.
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2.1. Design Implementation (as«aauestion)
This section shows the DSP Filter design implemented using the CoreFIR and CoreFFT IP cores in
Libero SoC.
The following figure shows the top-level SmartDesign, which includes the clocking (PF_CCC_C0_0),
Reset (CORERESET_PF_C0_0), the SmartDesign of DSP Flow (PFSOC_DSP_FLOW_TOP), and
COREUART_CO_0.

Figure 2-2. Top-level SmartDesign
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The following figure shows the PFSOC_DSP_FLOW_TOP SmartDesign, which includes FIR filter
(COREFIR_PF_CO0_0), FFT filter (COREFFT_PF_C0_0), buffers, control FSM and UART_IF blocks.

Figure 2-3. DSP FIR Filter SmartDesign
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For more information on creating the demo design using Tcl, see Appendix 1: Running the Tcl Script.

Important: There is a known issue with the CoreFIR IP due to which the FIR
output valid signal (FIRO_VALID) is not used; instead, an initial latency of 128
cycles is used as a workaround. This will be fixed in the next release.

This reference design and the associated GUI are created to support only the
given CoreFIR and CoreFFT IP configurations.

2.2. IP Blocks Used in the Design (askaquestion)
The following table lists the IP blocks used in the FIR filter design.
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Table 2-1. IP Blocks

COREFIR_PF_CO

COREFFT_CO

FILTERCONTROL_FSM_0O

UART_IF

PF_TPSRAM

PF_CCC_CO

2.3.  Clocking Structure (asa question)

The COREFIR_PF_CO IP is used in re-loadable coefficient mode
to support low-pass, high-pass, band-pass, and band-stop
filters.

The COREFFT_CO IP generates the frequency spectrum of the
filtered data.

The filter control FSM block handles the data flow and
controls signals of the FIR filter and FFT. It loads the filtered
data with respect to the corresponding output buffer and
moves the FFT output data to the corresponding FFT real and
imaginary buffers.

The UART_IF block consists of a finite state machine for
handling control operations between UART and the fabric
logic. Control operations include the following:

+ Loading of filter coefficients.

+ Filtering input data with respect to the corresponding
input data buffers and coefficient buffers.

+ Sending and receiving data from UART.

Five instances of PF_TPSRAM blocks are used in the design
to store coefficients, FIR input data, FIR output data, FFT real,
and FFT imaginary output data.

The PF_CCC_CO IP is configured to take a 50 MHz reference
clock as an input and generates 25 MHz and 200 MHz output
clocks.

The following figure shows the clocking structure of the demo design.

Figure 2-4. Clocking Structur
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As shown in the preceding figure, the on-board 50 MHz crystal oscillator provides a reference clock
to the PF_CCC_CO block. PF_CCC_CO generates the following clocks:

+ 200 MHz clock that drives all the blocks of top_0 and PFSOC_DSP_FLOW_TOP
* 25 MHz slow clock is a secondary clock needed by the CoreFFT block which is within the

PFSOC_DSP_FLOW_TOP
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2.4. Reset Structu re (Ask a Question)

The DEVICE_INIT_DONE, PLL Lock, and switch_i signals initiate the reset signal (FABRIC_RESET_N)
from the CORERESET_PF_CO block, which is synchronized with the OUT_FABCLK_0. The switch_i
signal is connected to SW1 on the kit and this acts as external reset input to the design.

The following figure shows the reset structure of the demo design.

Figure 2-5. Reset Structure

switch_i

PF_CCC_CO [ PFSOC_INIT_MONITOR_CO | [ Debounce_0 |
DEVICE_INIT_DONE |

PLL_Lock + v +

| CORERESET_PF_CO |
FABRIC _RESET_N

v

| COREUART co | | PFsoc_psp_FLow_Top

2.5. SimUIating the DeSign (Ask a Question)

A testbench (top.v) is provided to simulate the design. The testbench simulates the filter pattern
and waveform selection. It contains the test selection for the coefficient inputs (low-pass, high-pass,
band-pass, and band-stop) and data input. It also monitors the UART_IF module status signals,
output signals (DATAOUT), and FFT output status signals (DATA Valid and output ready) for the
verification of filter output.

The following figure shows the simulation waveform.

Figure 2-6. CoreFIR Input and Output Signals
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9 Important: To get this waveform, perform the following steps:

1. Change the radix of the input to decimal, right-click DATAI, go to the radix
option, and select decimal.

2. Right-click DATAI, select the format option and select Analog (automatic).

In the preceding figure:

+ COEFFI represents Input coefficients
+ DATAI represents FIR input data
* FIRO represents FIR output data
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The following figure contains the Low-Pass Filter Output waveform, which is highlighted in the
following figure.

Figure 2-7. Low-Pass Filter Output

€3 testbench/PFSOC_DSP_FLOW_TOP_D/COREFFT_CO_D/DATAO_IM
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In the preceding figure:

+ DATAO_IM represents the imaginary part of the FFT output
« DATAO_RE represents the real part of the FFT output

=]
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3- Boa rd Setup (Ask a Question)
The board setup involves the following steps:
Powering Up the Board
Programming the Device Using FlashPro Express

3.1. Powering Up the Board (asa question)

Before powering up the board, ensure that the jumper settings are the same as listed in the
following table.

Table 3-1. Jumper Settings

J45 1and 2 closed To set Bank 1 and Bank 5 voltages (VDDI1_5) to 3.3V for Rpi GPIO and mikroBus operation
J46 1and 2 closed To set the VDDAUX1 voltage to 3.3V

147 1 and 2 closed To receive power from the USB Type-C port (J4) for the board

149 2 and 3 closed To set the 7 Segment display voltage to 5V

To power up the board, connect the Cable C Male to C Male cable from the USB Type-C port (J4) on
the Discovery Kit to the Type C compatible (5V, 3A) port on the Host PC. The power status LEDs 5P0V,
VDD, and 1P8V glow indicating that the board is powered-up.

3.2. Programming the Device Using FlashPro Express (as«aauestion)

This section describes the steps to program the PolarFire SoC device with the programming job file.
The .job file is available at the following location in the provided design files:

mpfs an5165 v2024pl df/Programming Job
To program a PolarFire SoC device using FlashPro Express, perform the following steps:

1. Ensure that all the steps described in Board Setup are completed.
2. On the host PC, launch the FlashPro Express software from the Windows Start menu.
3. Create a new job project by clicking New, as shown in the following figure.
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Figure 3-1. FlashPro Express Job Project

@ FlashPro Express

Project View Tools Help

Job Projects

Recent Projects

4. Enter the following in the Create New Job Project dialog box:

- Inthe Import FlashPro Express job file: Click Browse, navigate to the location where
the . job file is located, and select the file.

- Inthe FlashPro Express job project location: Click Browse and navigate to the location
where you want to save the project.

Figure 3-2. Creating New Job Project

E Create New Job Project x

Create a new job project by importing FlashPro Express job file.
Switch to developer mode if no programmer is connected or to reload programming files and enable additional features.
To switch to developer mode go to Project, Preferences, FlashPro Express Mode.

(¢ Import FlashPro Express job file
LUNI_KIT\PFSOC_FIR_FILTER_df_ﬁnaI\PFSOC_Unwerswty_klt_df\Programmmg_]ob\top.]ub

If there is no FlashPro Express job file available, switch to developer mode
to construct chain automatically and load programming files.
To switch to developer mode go to Project, Preferences, FlashPro Express Mode.

 Construct automatically (developer mode)

Connected programmers: | J Refresh

Programming interface:  JTAG

FlashPro Express job project name: |tcp (i}

FlashPro Express job project location: | PFSOC_UNI_KIT\PFSOC_FIR_FILTER_df_final Browse...

Help oK ‘ Cancel |

5. Click OK. The required programming file is selected and ready to be programmed in the device.
The FlashPro Express window appears.

6. Verify that a programmer number appears in the Programmer box. If it does not show, verify
the board connections, and click Refresh/Rescan Programmers.
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Figure 3-3. Refresh/Rescan Programmers
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7. Click RUN to program the device. When the device is programmed successfully, a RUN PASSED

status is displayed as shown in the following figure.

Figure 3-4. FlashPro Express-RUN PASSED
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. * : device : EXPORT DSN[128] = 748596eda07£51a6b963ch54£334ad80 ]
. 8MLACO' : device :
. 0' : device Finished: Tue Aug 22 14:06:11 2023 (Elapsed time 00:00:43)

: device 'MPFS09ST' : Executing action PROGRAM PASSED.

programmer 'E2008MLACO' : Chain programming PASSED.
Chain Programming Finished: Tue Aug 22 14:06:11 2023 (Elapsed time 00:00:43)

o-o0-0-0-0-0
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4. Running the DemO (Ask a Question)

Before you start, ensure that all the steps described in Board Setup are completed. Once the device
is programmed, perform the following steps to run the demo:

1. Installing and Starting the GUI
2. Generating the Filter Coefficients and Input Signal
3. Generating the Filter Output

4.1. Installing and Starting the GUI (asz auestion)
To install and start the GUI, perform the following steps:

1. Double-click the DSP FIR Demo GUI application (setup.exe) from the following location in the
provided design files:
mpfs an5165 v2024pl df/GUI Installer/Volume

2. Follow the installation wizard to install the GUI application.
4.2. Generating the Filter Coefficients and Input Signal (as«a question)
Follow these steps:

1. Launch the GUI and go to Filter Settings to generate the filter coefficients.

2. Retain the default Filter Generation parameters and select Generate Filter as shown in the
following figure.

Figure 4-1. Filter Generation Parameters

FIR Filter Demo

w3 Filter Generation Filter Graphs
Fiter Setti
- Fiter Type |Lowpass |v Fiter Response B2l
>
20-
Filter Input Fiter Window | Rectangle |v
o $ 2-
BB Hioh Cut-off Frequency (MHz) |20 2
B so-
| Fiter Taps |127 T e
Ietvieres (1,8 -100-, ' ' ' ' ' ' ' ' ' '
I2* Generate Fiter 0 TE+7 2647 3E+7  4E+T  SEe7  GE+7  TE+7  8E+7  OE+7  1E+8
- - Time
Filter Input Signal Generation Fiter Coefficient 2w
1-
Samping Frequency (MHz) |200.00
0s-
Number of Samples | 1024
Input Frequency 1 (MHz) |5
o5
Input Frequency 2 (MHz) |50
|3 Generate Signal
@ None | None | /\ Disconnected

3. After generating the filter coefficients, the Filter Response and the Filter Coefficient plots are
displayed as shown in the following figure.
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Figure 4-2. Filter Response and Filter Coefficient

FIR Filter Demo

i Filter Generation Filter Graphs
- Fiter Type Lowpass | Fiter Response B 2le
. 20-
Einsginpe Fiter Window | Rectangle |v
o-
@
- S 20-
s 2
R Hioh Cut-off Frequency (MHz) |20 2 *
2 -
i Fiter Taps 127 T e
Text Viewer s . 200-, | | | | | I I :
u-l Generate WQIJ 0 1E+7 2E+7 3E+7 4E+T7 SE+7 6E+7 TE+T 8E+7 9E+7 1E+8
Time
Fiter Input Signal Generation Fiter Coefficient -]
3000~
samping Frequency (MHz) |200.00 .
Number of Samples 1024 000~
Input Frequency 1 (MHz) |5 2000-
Input Frequency 2 (MHz) |50 o=
I ) N N I O D R e o
14, Generate Signal L I S I T S A A e
@ None | None | /A Disconnected

4. To generate the input signals, retain the default parameters in the GUI and click Generate

Signal as shown in the following figure.

Figure 4-3. Generate Signal

FIR Filter Demo

73 Filter Generation Filter Graphs
F ing
Fer Type |Lowpass | Fiter Response R
20-
b = Fiter Window |Rectangle |v
o-
@
% 20-
S
L High Cut-off Frequency (MHz) |20 2 %
g -
il Fiter Taps |127 T e
Text Viewer e ) -100-, i | ' ' ] . . ' ' ,
I Geﬂeﬁteﬁmj 0 1E+7 2647 3BT AE«T  SEeT  GET  TE+7  8EeT  9Ee7  1E+8
Time
Filter Input Signal Generation Fiter Coefficent HERel
8000-
sampling Frequency (MHz) |200.00 covo-
Number of Samples 1024 4000~
Input Frequency 1 (MHz) |5 2000~
Input Frequency 2 (MHz) |50 o=
= ~ B N e e
1 Generate Signal ° 10 20 3 4 50 € 70 8 % 100 110 120 126
@ None | None | /\ Disconnected

5. The input signals and the frequency spectrum of the specified signals are displayed in the Filter

Input tab, as shown in the following figure.

@ MICROCHIP




Figure 4-4. Filter Input Tab

FIR Filter Demo

20000-

Ampltude

[ R

H2w

' T T T T T T T T " T T T T T T T T T |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 7 75 80 85 9 95 100
Frequency (MHz)

Q None | None | /A Disconnected

4.3. Generating the Filter Output (asa question)
To generate the filter output, complete the following steps:

1. To configure the input frequencies and coefficients, click the icon to connect as shown in

the following figure.

Figure 4-5. Connect

FIR Filter Demo

Filter Input Signal

20000~
ut 10000~

o-

Ampitude

Filter Output 10000

i [) 05 i s 2 25 3 35 4 45 5 s's
Text Viewer Time(us)

Filter Input Signal FFT

0 5 10 15 22 25 30 35 4 45 50 55 6 6 70 75 8 8 9% 95 100
Frequency (MHz)

@ None | None | /\ Disconnected

2. After clicking the icon, the GUI prompts you to press the SW1 on the board and to click OK

as shown in the following figure.

@ MICROCHIP


https://www.microchip.com/askaquestion?pub_guid=GUID-1DB152E1-00A2-4CF4-9FF8-AB1DB3A94497&pub_lang=en-US&pub_ver=4&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-0D60EE1D-8816-4ADB-80CC-DAD5387D9A6E&cover_title=PolarFire%20SoC%20FPGA%20DSP%20FIR%20Filter%20Demo%20Application%20Note&tech_support_link=NA&revision_letter=C&source=PDF&title=Generating%20the%20Filter%20Output

Figure 4-6. Establish Communication

FIR Filter Demo

' I'MMHII[““‘““I'IIA”MAA'I
= | ' \

0 05 1 1

Press the on-board SW1 and

click OK to establish

communication with the board

B2l
=
oo
§tooo- Trying to connect to COM ports
£ 3500-
£ omo-
1000-

0 5 10 15 220 25 30 35 40 45 S0 55 6 6 70 75 8 8 9 95 100
Frequency (MHz)

None None \ Aulsconnened

3. After clicking OK, click the @ icon to start as shown in the following figure.

Figure 4-7. Start

FIR Filter Demo

0] Filter Input Signal
Fitte Setting HE |
20000~
5
Filter Input 10000~
o
i
2 o
i
Fitter Output = o000~
~20000-, U ' ' i U ] U i U ] U
imi| 0 05 1 15 2 25 3 35 4 45 5 55
Text Viewer Time(us)

Filter Input Signal FFT

B

0 5 10 15 220 25 3 35 4 4 S0 55 6 6 70 75 8 8 % 95 10
Frequency (MHz)

@ com2e | 115200 | () connected

4. After clicking the @ icon, the filter operation completes. The GUI displays the Operation

Completed message and plots the filtered data and the FFT data on the Filter Output tab as
shown in the following figure. As the low-pass filter option was selected, the high-frequency
component is suppressed while the low-frequency signal is preserved. This is observable in the
frequency spectrum of the output signal.
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Figure 4-8. Filter Output Tab

FIR Filter Demo

P Filtered Output Signal

10000~
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2
Text Viewer Time(us)
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078125 107812 207812 307813 407812 s07812 07812 707812 807812 307812 100
Frequency (MHz)

@ com29 | 115200 | () connected

é Important: The accuracy of frequencies represented in the frequency plot
depends on the frequency resolution used (sampling rate and FFT length).

5. Zoome-in or zoom-out the waveform using the options shown in the following figure.

Figure 4-9. Zooming the Filter Output

12000-
10000~

2000-

£000-
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2000~

2000-

o-
0738125 107812 207812 307813 07812 507812 07812 707812 807812 507812 100
Frequency (MHz)

com29 | 115200 | (@) connected

6. The Text Viewer displays the filter coefficients, input signal, output signal, and FFT output data
values, as shown in the following figure.

Figure 4-10. Text Viewer

FIR Filter Demo

o Fiter Coefficients Fiter Input Signal Fitered Output Signal Fitered Output Signal FFT
S 136 < [0 A [ NEG ~
iter Setting
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) 4368 m 1910
-103 a2 7524 3017
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i) 185 8000 -2469 687
Text viewer [IRES -5 1248 550
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) un 6m 25
138 6749 7039 28
229 0 7482 195
24 6749 L) 182
148 -2472 7917 173
0 1632 7840 163
156 4m2 7519 153
259 243 037 i
266 o |- o |eus M) 9
@ com29 | 115200 | (@) Connected
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7. Close the GUI.
This concludes DSP FIR Filter demo.
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5. Appendix 1: Running the Tcl Script (. aueston)

Tcl scripts are provided in the folders of design files under the directory TCL_Scripts. If necessary,
the design flow can be reproduced from Design Implementation (which includes Synthesis, Place
and Route, and Verify Timing) till the generation of the job file.

To run the Tcl, follow these steps:

Launch Libero SoC.

Select Project > Execute Script

Click Browse and select script.tcl from the downloaded TCL Scripts directory.
Click Run.

A wbh =

After successful execution of the Tcl script, a Libero project is created within the TCL, Scripts
directory.

Important: This is a known issue. When designs are executed on longer paths,
they may fail. To prevent this, run the . tcl script (script.tcl) from shorter
paths. It is recommended to download and save the TCL files closer to the root
directory (for example, near the C drive) to ensure a shorter path.

For more information about Tcl scripts, see the readme . txt atmpfs an5165 v2024pl df/
TCL Scripts.

For more details on Tcl commands, see the Tcl Commands Reference Guide. Contact the Technical
Support team for any queries encountered while running the Tcl script.
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6. Appendix 2: References (sa queston)

This section lists documents that provide more information about the DSP filters and IP cores used
in the design.

For more information about PF_TPSRAM, see the PolarFire Family Fabric User Guide.

For more information about PF_CCC, see the PolarFire Family Clocking Resources User Guide.
For more information about CoreFIR, see the CoreFIR page.

For more information about CoreFFT, see the CoreFFT page.

For more information about CoreUART, see the CoreUART page.

For more information about Libero, ModelSim, and Synplify Pro, see the Libero SoC
Documentation.
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7. Revision History (saauestion)

The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

Table 7-1. Revision History

C 10/2024 The following is the list of changes made in Revision C of the document:

Added a Note regarding the TCL script in the Appendix 1: Running the Tcl Script section

B 04/2024 The following is the list of changes made in Revision B of the document:

Updated the document for Libero v2024.1.

Updated the PolarFire SoC Discovery Kit (MPFS-DISCO-KIT) version from Rev 1 to Rev 2 in Table 1-1.

Added a new GUI section in Table 1-1.
Added a note about a known issue in section Design Implementation.

Added the top.v testbench file name in section Simulating the Design.

Removed the note “Output data is valid when FIRO_VALID is high.” in section Simulating the Design.

Updated the folder name from v2023p2 to v2024p1 in section Programming the Device Using
FlashPro Express.

Updated the folder name from v2023p2 to v2024p1 in section Installing and Starting the GUI.
Updated the folder name from v2023p2 to v2024p1 in Appendix 1: Running the Tcl Script.

A 12/2023 Initial release.
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

*  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
« Fax, from anywhere in the world, 650.318.8044

Microchip Information
The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to
make files and information easily available to customers. Some of the content available includes:

+ Product Support - Data sheets and errata, application notes and sample programs, design
resources, user's guides and hardware support documents, latest software releases and archived
software

+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
online discussion groups, Microchip design partner program member listing

+ Business of Microchip - Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.
Customer Support
Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

+ Embedded Solutions Engineer (ESE)
+ Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are
also available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:
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+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.
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