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1 Revision History

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

1.1 Revision 10.0

Added Appendix 2: Running the TCL Script, page 27.

1.2 Revision 9.0

The following is a summary of the changes made in this revision.

*  Updated the document for Libero SoC v12.2.
* Removed the references to Libero version numbers.

1.3 Revision 8.0

Updated the document for Libero® SoC v12.0.

1.4 Revision 7.0

Updated the document for Libero® SoC PolarFire v2.3.

1.5 Revision 6.0

Updated the document for Libero® SoC PolarFire v2.2.

1.6 Revision 5.0

The following is a summary of the changes made in this revision.

*  The document was updated for Libero SoC PolarFire v2.1.
+  Updated Running the Demo, page 19.

1.7 Revision 4.0

The following is a summary of the changes made in this revision.

+  The document was updated for Libero SoC PolarFire v2.0.
*  Updated the GUI screens in Running the Demo, page 19.

1.8 Revision 3.0

The following is a summary of the changes made in this revision.

+  The GUI images were updated.

1.9 Revision 2.0

The following is a summary of the changes made in this revision.

*  The document was updated to include features and enhancements introduced in the Libero SoC
PolarFire v1.1 SP1 release.

110 Revision 1.0

Revision 1.0 was the first publication of this document.
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PolarFire FPGA - DSP FIR Filter Demo

2.1

PolarFire® FPGA devices integrate a fifth-generation flash-based FPGA fabric architecture that includes
embedded MathBlocks 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 how to run the DSP FIR filter demo on a PolarFire Evaluation board. The DSP
FIR filter demo is implemented using two Libero SoC designs. The design files include the following
Libero project folders:

»  CoreFIR: This folder contains the DSP filter design implemented using Microsemi’'s COREFIR_PF
and CoreFFT IP cores.

* FIR_RTL: This folder contains the DSP filter design implemented using the FIR RTL inference and
Microsemi’s CoreFFT IP core.

The demo design consists of:

*  FIRfilter of tap 127 with re-loadable coefficients.

A 256 point FFT on filter output to view spectrum.

A GUI-UART interface from host PC to generate filter coefficients, input signals (Pass-band
frequency and Stop-band frequency). Also plots the input/output waveforms, and the required
spectrum.

These demo designs can be programmed using either of the following options:

* Using the. job file: To program the device using the. job file provided with the design files, see
Appendix 1: Programming the Device Using FlashPro Express, page 24.

+ Using Libero SoC: To program the device using Libero SoC, see Libero Design Flow, page 14. Use
this option when the demo design is modified.

Design Requirements

The following table lists the hardware, software, and the IP requirements for the demo.

Table 1+ Design Requirements

Requirements Version

Operating System Windows 7, 8.1, or 10

Hardware

PolarFire Evaluation Kit (MPF300-EVAL-KIT)  Rev D or later

Software

FlashPro Express Note: Refer to the readme.txt file provided in the
- design files for the software versions used

Libero SoC

with this reference design.

Note: Libero SmartDesign and configuration screen shots shown in this guide are for illustration purpose only.

Open the Libero design to see the latest updates.

Microsemi Proprietary DG0762 Revision 10.0 2
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2.2 Prerequisites

Before you start, download the demo design files from the following location:

1.

2.

For demo design files download link:

http://soc.microsemi.com/download/rsc/?f=mpf_dg0762_df

Download and install Libero SoC (as indicated in the website for this design) on the host PC from the
following location:

https.:.//www.microsemi.com/product-directory/design-resources/1750-libero-soc

The latest versions of ModelSim and Synplify Pro are included in the Libero SoC installation
package.

Note: A Libero Gold license is required to evaluate the designs using the PolarFire Evaluation Kit.

2.3 DSP FIR Design

The PolarFire DSP FIR demo design is developed for demonstrating filtering applications using DSP
blocks such as FIR and FFT IPs. The following steps describe the data flow in the design:

1.

2.

o~

Upon UART handshaking (sending and receiving the known patterns over UART bus to pre-verify
the serial channel before actual usage), GUI 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
and coefficient buffers.

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 into FIR OUT buffer.
CoreFFT real and imaginary outputs are stored into corresponding buffers.

UART IF block reads the data from FIR and FFT output buffers and sends the data to GUI through
UART.

The top-level block diagram of the DSP FIR filter demo design is illustrated in the following figure.

Figure 1+ DSP FIR Filter Demo Design Block Diagram

»!

UART IF | <
Filter Control

M
x 2 T WA

A 4

| : |

Coef Buffer

FIR IN Buffer FIR OUT Buffer FFT Real Buffer FFT Imaginary

A A

CoreFIR >

CoreFFT
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Design Implementation

This section shows the DSP Filter design implemented using the CoreFIR and CoreFFT IP cores in

In the DSP FIR filter demo design, the host interface and the FIR filter are implemented in the fabric for
lowpass, bandpass, and bandstop filtering operations. The testbench provided for this demo uses
pre-generated filter coefficients, input signals (Passband frequency and Stopband frequency), and
passes the values to the demo design. The CoreFIR_PF IP is used to suppress unwanted frequency
components, and the CoreFFT IP is used to generate the output spectrum to verify the filtering operation.

The following figure shows the top-level SmartDesign.

Top-level SmartDesign

PF_COREUART 0 0

RESET_N

PF_init_monitor 0 0

KKK K

DCEVICE_INIT_DO!

reset sync 0 PF_DSP_FLOW_DEMO TOP_0 Hems

p—cic [ Y
o X e he
L_LOCK N ~|ODD_N_EVEW be

Y FaBRIC_RESET_N|—|  rov o En

e Rx_RDY DATA_OUTL7H *earrry_en ~ T
R Sl =
A . . P
reset_sync PF_DSP_FLOW_DEMO_TOP PERTE| DATA_OUTT7:0]—
- \_IN[7:0]
3hf BAUD_VAL_FRACTION[2:0]

PF_init_monitor_0

PF_COREUART_0

Table 2 » 1/0 Signals

Signal Description

Input Signals

REF_CLK_O Reference clock obtained from on-board 50 MHz oscillator.

RESET_N This is the reset signal obtained from the SW push-button switch on the board.
RX This is the UART receive data input.

Output Signals

TX This is the UART transmit data output.

Microsemi Proprietary DG0762 Revision 10.0 4
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The following figure shows the PF_DSP_FLOW_DEMO_TOP_0 SmartDesign.
Figure 3+ DSP FIR Filter SmartDesign
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Note: This design is similar to the design implemented using the FIR RTL inference and the CoreFFT IP core.
The only difference is the use of the FIR RTL inference in the place of CoreFIR_PF.

2.3.2 Design Blocks and IP Configuration
The following IPs need to be configured before simulating and implementing the demo design.

+ PF_TPSRAM IP, page 5
« UART_IF_O, page 6
+ FILTERCONTROL_FSM_O0, page 6
+ PF_COREFIR_0, page 7
« PF_COREFFT_0, page 7
« PF_ccc_0_0, page 8
Note: For more information about IP blocks, see Figure 2, page 4 and Figure 3, page 5.

23.21 PF_TPSRAMIP

Five instances of PF_TPSRAM blocks in the design are described as follows:

» Filter coefficient buffer (PF_COEF_BUF): Stores the coefficients received from GUI before
sending it to the FIR

* Input signal data buffer (PF_FIR_IN_BUF): Stores the input data received from GUI before
sending it to the FIR

*  Output signal buffer (PF_FIR_OUT_BUF): Stores the FIR output data received from FIR IP before
sending it to GUI

+  Output signal FFT real data buffer (PF_FFT_RE_BUF): Stores the output data (real part) received
from FFT IP before sending it to GUI

+  Output signal FFT imaginary data buffer (PF_FFT_IM_BUF): Stores the output data (imaginary
part) received from FFT IP before sending it to GUI

The PF_COEF_BUF, PF_FIR_IN_BUF, PF_FIR_OUT_BUF, PF_FFT_RE_BUF, and PF_FFT_IM_BUF
blocks are configured for RAM size depth and width, as shown in the following figure and table.

Microsemi Proprietary DG0762 Revision 10.0 5
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W7 Configurator

PF Two-Port Large SRAM

Microsemi:SgCore:PF_TPSRAM:1.1.108

Parameter settings | Port settings

General

Optimize for:

Clock signals

Memory Initislization Settings

@ High Speed € Low Power

@ Single readfwrite dock

Read/Write dock (CLK) ~  Rising edge

€ Faling edge

" Independent read/write docks

Optional ports

& Rising edge " Falling edge

I Lock access to SmartDebug

I” Expose ACCESS_BUSY output

Log

(E)Messages € Errors 4, Warnings i} Info

PF_TPSRAM

\_Symbal /

hep - canca

Table 3 « PF_TPSRAM_0 Configuration for Data Buffers
Write Port Read Port

Buffer Depth Width Depth Width
PF_COEF_BUF 128 16 128 16
PF_FIR_IN_BUF 1024 16 1024 16
PF_FIR_OUT_BUF 1024 16 1024 16
PF_FFT_RE_BUF 256 16 256 16
PF_FFT_IM_BUF 256 16 256 16

UART_IF_0

The UART_IF block (UART IF.v) consists of a finite state machine handling control operations between
the UART and fabric logic. Control operations include the loading of filter coefficients, filtering input data
to the corresponding input data buffers and coefficient buffers, and sending and receiving data from the

UART.

FILTERCONTROL_FSM_0

The filter control FSM block (FILTER CONTROL_FSM.v) handles the data flow and controls signals of
FIR filter and FFT. It loads the filtered data to the corresponding output buffer and moves the FFT output

data to the corresponding FFT real and imaginary buffers.

Microsemi Proprietary DG0762 Revision 10.0
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23.24 PF_COREFIR_0

The PF_COREFIR _0 IP is used in reloadable coefficient mode to support lowpass, bandpass, and
bandstop filters.

Figure 5+ Configuring PF_COREFIR_0 IP
[FL Configuring COREFIR_PF_COREFIR_0 {COREFIR_PF 2.0.104) == ﬂ

Configuration | Coefficent Entry I Layout

Filter Type : [Sing\E-Rate Fully Enumerated -

Coefficents

Type: |Reloadable -

Mumber of Taps : 127

Width : [T Unsigned
Number of Sets :
Input Data
Width : [T Unsigned

Implementation

Symmetry : | Symmetric
Max micro RAM | 512

Layout :

— = —
@ @

License : RTL

23.25 PF_COREFFT_0

The PF_COREFFT_0 IP generates the frequency spectrum of the filtered data as shown in the following
figure.

Figure 6 «+ Configuring PF_COREFFT_0 IP
B, Configuring COREFFT_PF_CORE... .= | Bl WS

Configuration
ptecre

Parameters

Type : |Forward

II

Scaling : | Conditional

[
5]
o
4

Transform Size :

Width :

Buffer : |Buffered

II

3
A

Max micro RAM

|| Exponent Calculator

’ OK ] [ Cancel
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2326 PF_ccc 00

The PF_ccc_0_0 IP is configured to take 50 MHz reference clock as input and generate 200 MHz output
clock as shown in the following figures.

The following figure shows input clock configuration.

Figure 7« Configuring PF_ccc_0_0 - Clock Options PLL

|m ' Configurator — m] X

Clock Conditioning Circuitry (CCC)

Microsemi:SgCore:PF_CCC:1.0.115

Configuration |PLL-Single I ]

Clock Options PLL | Output Clocks |

Input Frequency

Input Frequency |50 MHz [ Backup Clock
Bandwidth Medium-Low =]

Lines
[ Enable Delay Line

©  Feedback Clock Delay Delay Steps: |1 ;[1 PF CCC 0

€ Backup Clock Delay

OUTO_FABCLK_0

il PLL_LOCK 0
® Minimize Jitter
© Minimize VCO* PF—CCC

 Minimize Power —

Post-WCO =l

[ Integer Mode
[ 55CG Modulation
[ Enable Dynamic Reconfiguration Interface (DRIL)
[~ Export PowerDown Port ﬂ
< | 2\ symbol

oo+ coc

4

The following figure shows output clock configuration.
Figure 8« Configuring PF_ccc_0_0 - Output Clocks

|m' Cenfigurator

Clock Conditioning Circuitry (CCC)

Microsemi:SgCore:PF_CCC:1.0.115

[»

Configuration IPLL— Single -

Clock Options PLL  Output Clocks |

For best results, put the highest freguency first,

Output Clock 0

[ Enabled
Requested Frequency [200 MHz 7 Actual Lower 200 MHz  ®  Actual Higher 200 MHz
Requested Phase 0 Degress T Actual Lower 0 Degrees ™  Actual Higher 0 Degrees
[ Dynamic Phase Shifting | Expose Enable Port [ Enable Bypass REF_PREDTV -]
" Fabric Clock [ Fabric Clock (Gated) [ HS /O Clock [ Dedicated Clock
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24 Clocking Structure

The demo design has only one clock domain. From the on-board 50 MHz crystal oscillator connected to
the PF_ccc_0_0 block generates 200 MHz clock which drives PF_COREUART_0_0 and
PF_DSP_FLOW_DEMO_TOP_0 blocks. The following figure shows the clocking structure in the demo
design.

Figure 9+ Clocking Structure

Clock Domain 1

On-Board 50 MHz
Crystal Oscillator

OUT_FABCLK_0

| v

PF_COREUART_0_0 PF_DSP_FLOW_DEMO_TOP_0

The following tables describes the clocks used in the demo design.

Table 4 Clocks

Clock Name Source Frequency
OUT_FABCLK_0 PF_CCC_0_0 200 MHz

2.5 Reset Structure

The DEVICE_INIT_DONE, PLL Lock and the Reset_N signal mapped to K22 (evaluation board) initiates
the reset signal (FABRIC_RESET_N) from the res_syn_0 block, which synchronizes with the Fabric
Clock. The following figure shows the reset structure in the demo design.

Figure 10 + Reset Structure

Reset_N

PF_ccc_0_0 PF_init_monitor_0_0

DEVICE_INIT_DONE
PLL_Lock v

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
} reset_sync_0 }
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

FABRIC _REST_N

I ' }

PF_COREUART_0_0 PF_DSP_FLOW_DEMO_TOP_0

Microsemi Proprietary DG0762 Revision 10.0 9



PolarFire FPGA - DSP FIR Filter Demo

& Microsemi

a A8\ MicrocHiP company

2.6 Simulating the Design

Before you begin:

1.
2.

3.

9.

Start Libero SoC, and from the menu bar, select Project -> Tool Profiles....

Under the Tool Profiles window, select Synthesis and Simulation on the Tools panes and select
the latest active installation directory paths for these two tools

In the Project menu, click Open Project. The Open Project dialog box opens

For the design with CoreFIR, use the location: mpf dg0762 df\Libero Project\CoreFIR\
Libero Project.

For the design with the FIR RTL inference, use the location:

mpf dg0762 df\Libero Project\FIR RTL\Libero Project

Go to design files folder at Libero Project\CoreFIR and select the Libero Project.PRJX
file.

Click Open.The PolarFire DSP FLOW project opens in Libero SoC.

Open the Design Hierarchy tab and double-click the TOP component. The SmartDesign page
opens in the right-side pane and displays the high-level design.

Double-click the PF_DSP_FLOW_DEMO_TOP_0 component. Top-level Simulation design internal
modules are displayed.

10. Download the following IP cores from Libero SoC -> Catalog:

+ PF_COREFIR_O

+ PF_COREFFT_O

+ PF_TPSRAM

« PF_ccc 00

« PF_COREUART 0 0

Atestbench is provided to simulate the design. The testbench simulates the filter pattern and waveform
selection. It contains the test selection for the coefficient inputs (lowpass, bandpass, and bandstop) and
data input. It also monitors the UART_IF module status signals, output signals (DATAOUT), and FFT
output status signals (DATA Valid, output ready) for the verification of filter output.

Figure 11 « Testbench and DSP Demo Design Interaction

DSP FIR Filter Reference Design

svscLk PF_DSP_FLOW_DEMO_TOP_0

NSYSRESET
RXRDY
TXRDY

DATA_IN[7:0]

WEN
>

[

»>

DATA_OUT [7:OL
>

VYYVYVY

Testbench
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Table 5 « Simulation Signals

Signals Description

Input Signals

SYSCLK 200 MHz generated clock

NSYSRESET Active low reset signal

RXRDY Receive ready

TXRDY Transmit ready

DATA_IN[7:0] 8-bit input data (Handshake/Coefficient/Data)
Output Signals

WEN Write enable

OEN Output enable

DATA_OUT][7:0] 8-bit output data (Handshake/FIR Output/FFT
Output Data)

11. To simulate the low-pass, high-pass, band-pass, or the band-reject functionality, include the
corresponding DAT file in the testbench.v file as shown in (Figure 12, page 11).
The following DAT files are available for the respective filter functionality.

»  Forlowpass, coe_file_Low_Pass.dat

«  For highpass, coe_file_High_pass.dat

+  For bandpass, coe_file_Band_pass.dat
«  For bandstop, coe_file_Band_reject.dat

Figure 12 « Pre-Synthesized Simulation

g8 //Reading input data file
6 [F]initial begin

data_file = £fopen("data_file.dat", "r"):

[
[}

88 if (data file == "NULL) begin

89 $display("data file handle was MNULL");
30 $finish; B

91 - end

92 Fend

893 | //CCE File reading

94 [F]initial begin

95@ coe_data_file = Efcpe:l("coe_f"_'_e_Low_pass.dat",I":"];
896 [] if (coe_data_file == "NULL} begin

£ fdisplay ("coe file handle was NULL"):
98 $finish; -

99 - end

100 | end

Note: For more information about parameters used to generate coefficient files for all the filters, see
Readme. txt.

12. In the Stimulus Hierarchy tab, right-click testbench, and select Open Interactively from
Simulate Pre-Synth Design, as shown in the following figure.

The ModelSim tool completes the simulation in 3 minutes.

When the simulation is initiated, the ModelSim tool compiles all of the design source files, runs the
simulation, and configures the waveform viewer to show the simulation signals.

When the simulation is successful, the success status is updated in the transcript tab in modelsim.

Microsemi Proprietary DG0762 Revision 10.0 11
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Figure 13 + Simulating the Pre-Synthesis Design

Project File Edit View Design Tools SmartDesign  Help

e BN P | |
NS ™o 1
Stimulus Hierarchy & X Reports & X |

Show: |Components = Show Root Testbenches @ == ’-T—'I im |
4 o@ work -

> F=j_ testbnch (testbnch.v)

. COREFRpFUE  OpenHDLFie
- i} COREFFT_LIB Check HDL File

Simulate Pre-Synth Design  » I Open Interactively

Delete from Project [

Delete from Disk and Project

Copy File Path

Properties

2.6.1 Simulation Flow
The following steps describe the testbench simulation flow:
At the start, the NSYSREST signal resets all of the components.

1. Oninitializing the UART_IF block, coefficient values are sent to the block when the receiver is high.
Note: UART communication channel is initialized by sending data '9' from test bench and checking whether the
expected data 'F' is sent from UART IF block, followed by 'h' and 'a' patterns.

2. Filter input data values are sent to the design on handshaking pattern 'r' received from UART IF
block, when the RX_READY signal is high.

3. When FFT output is ready, the mean value is calculated in the testbench with imaginary and real
outputs.

4. When the FILTER_COMPLETE signal is received, the testbench issues the “Test Completed
successfully” message indicating that the simulation was successful.

Filter coefficients are generated with the following parameters:

»  Filter Type: Low Pass (Low pass/Band pass/Band stop filter)
+  Filter Window: Blackman
*  Low Cut-off Frequency: Disabled for Low pass filter required
+  High Cut-off Frequency: 20 MHz (Band Pass/Reject Low Cut off frequency: 10 MHz, High Cut-off
frequency: 20 MHz)
+  Signal generation Input Frequency 1: 1 MHz
»  Signal generation Input Frequency 1: 50 MHz
*  Filter Taps: 31
Note: For more information about parameters used to generate coefficient files, see Readme. txt.

Figure 14 « CoreFIR Input and Output Signals

— Core FIR Signals
< testbench/PF_DSP_FLOW_DEMO_TOP_0_D/COREFIR_PF_D/CLK

/P 1
nch/PF_DSP_FLOW_DEMO_TOP_0_0/COREFIR_PF_0/COEFI_VALID o
Er Y 10_TOP_0_0/COREFIR_PF_0/COEFI
4 /testbench/PF_DSP_FLOW_DEMO_TOP_0_O/COREFIR_PF_0/COEF_ON ) L
4 /testbench/PF_DSP_FLOW_DEMO_TOP_0_O/COREFIR_PF_0/DATAIVALID )

3 5 /testbench/PF_DsP_FLOW_DEMO_TOP_0_0/COREFIR_PF_O/DATAI

& Jtestbench/PF_DSP_FLOW_DEMO_TOP_0_0/COREFIR_PF_0/FIRO_VALID )

) 9 testbench/PF_DSP_FLOW_DEMO_TOP_0_D/COREFIR_PF_0/FIRO_OUT_29_14 o

3 /testbench/PF_DSP_FLOW_DEMO_TOP_0_O/COREFIR_PF_O/FIRO 0
— FTIputs

4 Jtestbench/PF_DSP_FLOW_DEMO_TOP_0_O/COREFFT_0/CLK. 1

359 /testbench/PF_DSP_FLOW_DEMO_TOP_0_O/COREFFT_O/DATAL_IM 0

o

1

(414 testbendh/PF_DSP_FLOW_DEMO_TOP_0_0/COREFFT_O/DATAL RE
— FFT OutputData
4 /testbench/PF_DSP_FLOW_DEMO_TOP_0_/COREFFT_0/CLK.
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In the preceding figure:

»  COEFFI represents Input coefficients
*  DATAI represents FIR input data
*  FIRO represents FIR output data
Note: Output data is valid when FIRO_VALID is high.

Figure 15+ Low-Pass Filter Output

Lo x
ERESA BB [O-ME || STHAR|| ot es [ wndRBHRS QS| 3L R[22 3|\ /U] LEeA I ES
<9 B | sech BTN I

v |k

|®
|

4

59 fstbench/PF_DSP_FLOW_DEMO_TOP_0_D/COREFIR_PF_OJFIRO_OUT_25_13

5 ftestbenchPF_DSP_FLOW_DEMO_TOP_0_0/COREFIR_PF_OFIRO

— FeTinputs
4 estbench/PE_DSP_FLOW_DEMO_TOP_0_0JCOREFFT_O/CLK '
) testoench PF_DSP_FLOW_DEMO_TOP_0_0/COREFFT_ODATALIM 000 0
1 Resthench/PF_DSP_FLOW_DEMO_TOP_0_0/COREFFT_ODATAL RE x
— FT OutputDeta
4 ftestbench/PF_DSP_FLOW_DEMO_TOP_0_D/COREFFT_0/CLK 1
& Jtestbench/PF_DSP_FLOW_DEMO_TOP_0_0/COREFFT_O/DATAQ_IM o —_— —
) ftestbench/PF_DSP_FLOW_DEMO_TOP_0_0/COREFFT_D/DATAO_RE 5 4r‘r *‘1 "“
< festbench/PE_DSP_FLOW_DEMO_TOP_0_0JCOREFET_ODATAO_VALID 0 1
& Resthench/PF_DS?_FLOW_DEMO_TOP_0_O/COREFFT_0/OUT?_READY 0 L
— Testoenh Mezn Vaue
5 festbenchjnean_val o2 L

In the preceding figure:

« DATAO_IM represents imaginary data output
+ DATAO_RE represents real part of FFT output
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Figure 16

3.1

3.2

The Libero design flow involves the following steps:

*  Synthesize, page 14

+ Place and Route, page 14

«  Verify Timing, page 16

*  Generate FPGA Array Data, page 16
. Generate Bitstream, page 16

. Run PROGRAM Action, page 17

The following figure shows these options in the Design Flow tab.

Libero Design Flow Options

Toaol
> # Create Design
4 b Constraints
_]j Manage Constraints
¢ 4 » Implement Design
?&' Open Netli_st‘u‘iewer

v % Synthesize

4 )} Verify Post-Synthesized Design
+L| Generate Simulation File

B Simulate
I v 9,3 Place and Route
el obegpeetepmpepeeiebry | € 2T LA HO D
| v &, Verify Timing I

(), Open SmartTime

o} Verify Power

% Open 5SM Analyzer
> # Configure Hardware

4_» Program Design

z +[1 Generate FPGA Array Data I

+L| Configure Design Initialization Data and Memories

[ —

! +L| Generate Design Initialization Data I

& Configure /0 States During JTAG Programming
!, Configure Programming Options

@ Configure Security

Configure Permanent Locks (OTP)
‘&3 Generate Bitstream |

v 3 Run PROGRAM Action

Synthesize

To synthesize the design:

1. Double-click Synthesize from the Design Flow tab. When the synthesis is successful, a green tick
mark appears as shown in the preceding figure.
2. Right-click Synthesize and select View Report to view synthesis report and log files in the Reports

tab.

Place and Route

To place and route the design:

From the Design Flow tab, double-click Place and Route. \WWhen place and route is successful, a green
tick mark appears as shown in Figure 16, page 14.

Microsemi Proprietary DG0762 Revision 10.0
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3.21 Resource Utilization

The DSP interface design is implemented on the PolarFire FPGA device (MPF300T_ES-FCG1152
package). The following table shows the resource utilization report after Place and Route process.

Note: The resource utilization may vary slightly based on different runs.

Table 6 * DSP FIR Filter Demo Resource Usage Summary for the design with Core

FIR
Type Used Total Percentage
4LUT 5012 299544 1.67
DFF 6068 299544 2.03
I/O Register 0 1536 0.00
Logic Element 6789 299544 2.27
MSRAM 50 2772 1.66
LSRAM 5 952 0.53
MATH 68 924 7.36

Table 7 « DSP FIR Filter Demo Resource Usage Summary for the design with RTL

Inference
Type Used Total Percentage
4LUT 4942 299544 1.65
DFF 7697 299544 2.57
I/0 Register 0 1536 0.00
Logic Element 8404 299544 2.81
MSRAM 42 2772 1.52
LSRAM 5 952 0.53
MATH 68 924 7.36

The following tables show MathBlock usage summary.

Table 8 « MathBlocks Usage Summary for the design with Core FIR

CoreFIR CoreFFT Total
64 4 68

Table 9 « MathBlocks Usage Summary for the design with RTL Inference

FIR RTL CoreFFT Total
64 4 68
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The following tables show RAM block usage summary.

Table 10 + RAM Blocks Usage Summary for the Design with Core FIR

RAM Type CoreFIR CoreFFT Fabric Buffers Total

MSRAM 4 42 0 46
LSRAM 0 0 5 5
Total 4 42 5 51

Table 11+ RAM Blocks Usage Summary for the Design with RTL Inference

RAM Type FIRRTL CoreFFT Fabric Buffers Total

HSRAM 0 42 0 42
LSRAM 0 0 5 5
Total 0 42 5 47

3.3 Verify Timing

To verify timing:

1. Double-click Verify Timing from the Design Flow tab. When the design successfully meets the
timing requirements, a green tick mark appears as shown in Figure 16, page 14.

2. Right-click Verify Timing and select View Report to view the verify timing report and log files in the
Reports tab.

3.4 Generate FPGA Array Data

To generate FPGA array data:

1. Double-click Generate FPGA Array Data from the Design Flow tab.
2. Agreen tick mark is displayed after the successful generation of the FPGA array data as shown in
Figure 16, page 14.

3.5 Generate Bitstream

To generate the bitstream:

1. Double-click Generate Bitstream from the Design Flow tab. When the bitstream is successfully
generated, a green tick mark appears as shown in Figure 16, page 14.

2. Right-click Generate Bitstream and select View Report to view the corresponding log file in the
Reports tab.

Right-click Generate Bitstream and select View Report to view the corresponding log file in the
Reports tab.
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3.6 Run PROGRAM Action

After generating bitstream, the PolarFire device must be programmed. Follow these steps to program the
PolarFire device:

1. Ensure that the jumper settings on board are the same as those listed in the following table.

Table 12+ Jumper Settings

Jumper Description

J18, J19, J20, J21, and J22 Close pin 2 and 3 for programming the PolarFire FPGA through FTDI
J28 Close pin 2 and 3 for programming through the on-board FlashPro5
J26 Close pin 1 and 2 for programming through the FTDI SPI

Ja27 Close pin 1 and 2 for programming through the FTDI SPI

J4 Close pin 1 and 2 for manual power switching using SW3

J12 Close pin 3 and 4 for2.5V

2. Connect the power supply cable to the J9 connector on the board.
3. Connect the USB cable from the host PC to the J5 (FTDI port) on the board.
4. Power on the board using the SW3 slide switch.

Figure 17 » Board Setup

5. Double-click Run PROGRAM Action from the Libero > Design Flow tab.

6. Right-click Run Program Action and select View Report to view the corresponding log file in the
Reports tab.

When the device is successfully programmed, a green tick mark appears as shown in Figure 16,

page 14. See, Running the Demo, page 19 to run the DSP FIR filter demo.
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The FIR Filter GUI application runs on the host PC connected to the PolarFire Evaluation Kit. UART is
used as the communication protocol between the host PC and the PolarFire Evaluation Kit.

The following figure shows the DSP FIR Filter GUI.

Figure 18 « FIR Filter GUI

Input Parameters | Fiter Input | Fiter Output | Text Viewer |

Filter Generation
Fitter Type |Lowpass

£

Fiter Window |Rectangle |~

High Cut-off Frequnecy (MHz) 20

Fitter Taps | 127

Generate Fitter

Input Signal Genaration
Sampling Frequency(MHz) 200.00

Number of Samples | 1024
Input Frequency 1(MHz) 1

Input Frequency 2(MHz) 1

Generate Signal

Fitter Response . ;Hﬂ |

Amplitude(dB)

T | T e e ST
25E+7  5E+7  T.5E+T7  1E+8 1.25E+8
Time
Filter Coefficient
1_

0.5

0-

-0.5-

Connect

Start

The DSP FIR demo window consists of the following tabs:

* Input Parameters: Configures the filter generation and signal generation
*  Filter Input: Plots the input signal and its frequency spectrum
«  Filter Output: Plots the output signal and its frequency spectrum

. Text Viewer: Shows the coefficients, input signal, output signal, and FFT data values

Microsemi Proprietary DG0762 Revision 10.0
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5 Running the Demo

Running the demo involves the following steps:

1. Installing and Starting the GUI, page 19
2. Generating the Filter Coefficients and Input Signals, page 19
3. Generating the Filter Output, page 21
Note: The steps to run the demo are the same for the CoreFIR IP design and the FIR RTL inference design.
The following sections take the CoreFIR IP design as an example.

5.1 Installing and Starting the GUI

To install and start the GUI, perform the following steps:

1. Double-click the DSP FIR Demo GUI application (setup . exe) from the following design files folder:
mpf dg0762 df\GUI\setup.exe

Follow the installation wizard to install the GUI application.
3. Double-click the FIR_Filter_GUl.exe application from the installation directory to start the GUI
application. The FIR Filter GUI window is displayed as shown in Figure 18, page 18.

5.2 Generating the Filter Coefficients and Input Signals

Follow these steps:

N

1. To generate the filter coefficients, set the following parameters in the GUI and
click Generate Filter, as shown in Figure 19, page 19:
«  Filter Type: Low pass (Lowpass/Highpass/Bandpass/Bandstop filter)
*  Filter Window: Blackman-Harris (Blackman-

Harris/Blackman/Hamming/Hanning/Rectangle/Flat Space/Kaiser window)

*  Low Cut-off Frequency (MHz): 10 (disabled for Low pass filter required)
+ High Cut-off Frequency (MHz): 20
*  Filter Taps: 127 (Fixed)

Figure 19 « Filter Generation

Input Parameters | Fitter Input | Fiter Qutput | Text Viewer |

|F||terW|ndow Rectangle E |

Filter Generation

Low Cut-off Frequnecy (MHz) |10

Amplitude(dB)

I High Cut-off Frequnecy (MHz) 20 I

137 -7 - R o
SEER 25E+7  SE+7  75E+7  1E+8 1.25E+8

L Time
Generate Fiter
Fitte

r Coefficient
Input Signal Generation

1-
Sampling Frequency(MHz) | 200.00
0.5-]

Number of Samples | 1024

0-

Input Frequency 1(MHz) 1

-0.5-

Input Frequency 2(MHz) 1

Generate Signal
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2. After generating the filter coefficients, the Filter Response and the Filter Coefficient plots are
displayed as shown in the following figure.

Figure 20 » The Filter Response and Filter Coefficient Plot

Input Parameters | Fiter Input | Fiker Output | Text Viewer |
Filter Generation

Fiter Type |Lowpass E Fitter Response

Fitter Window | Blackman- E

High Cut-off Frequnecy (MHz) 20

r
Amplitude(dB)

127 e
Fileer Taps 567 AR

] { Time I
Generate Fitter
Fitter Coefficient

Input Signal Generation

Sampling Frequency(MHz) | 200.00
Number of Samples 1024
Input Frequency 1(MHz) |5

Input Freguency 2(MHz) 50

Generate Signal

Connect Start

3. To generate the inputs signals, set the following parameters in the GUI and

click Generate Signal as shown in Figure 21, page 20:

+  Sampling Frequency (MHz): 200 (Fixed)

*  Number of Samples: 1024 (Fixed)

* Input Frequency 1 (MHz): Enter the signal frequency in the passband region. For example, 5
MHz for high cut-off frequency

* Input Frequency 2 (MHz): Enter the signal frequency in the stopband region. The stopband
frequency is generally set to a value less than the half of the sampling frequency. For example,
50 MHz.

Figure 21 » Input Signal Generation

Input Parameters | Filter Input I Fitter Qutput | Text Viewer

Filter Generation

Filter Type |Lowpass E 'FilterResponse 1 :Hﬂ

Fiter Window | Blackman- [ |

o

Ly

Ampltude(dB)

High Cut-off Frequnecy (MHz) 20

127 T ——
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] L Time

Generate Fitter
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Input Signal Generation r

ISampIing Frequency(MHz) 200.00 I
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Connect Start
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The input signals and the frequency spectrum of the specified signals are displayed in the Filter

inputs tab, as shown in the following figure.

Input Signal and Input Signal FFT Plot

Input Parameters | Fiter Tnput  § Filer Qutput | Text Viewer |
Input Signal

Amplitude

' ' ' '
5E+7 6E+7 TE+7 8E+7

Frequency

' ' ' '
1E+7 2E+7 3E+7 4E+7

'
9E+7

Connect Start

Generating the Filter Output

To generate the filter output, perform the following steps:

1. To configure the input frequencies and coefficients, click Connect as shown in following figure. Once
the COM port connection is established, click Start. The GUI prompts to press the onboard SW6 and
click OK in the pop-up window, as shown in Figure 23, page 21.

2. The GUI application sends the input data (1K samples) and the filter coefficients to the PolarFire
device to process the filtering operation.

UART Connection

Input Param r |
HEE o
=
Press SW6 and then click OK to establish commication with board
_— ! —_—

6 AE6 SE6 6E-6

Trying to connect to COM ports Time
TPUT :ngnldl FFT Hﬁlﬂl

1 ! ! !
5E+7 BE+T TE+T 8E+7

Frequency

! ! !
2E+7 3E+7 AE+T

!
1E+7

!
9E+7

‘ Connect ‘
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After completing the filter operation, the GUI displays the “Operation Completed” message and plots the
filtered data and the FFT data on the Filter Output tab as shown in Figure 24, page 22. Since the Low
pass filter option was selected, the high-frequency component is suppressed while the low-frequency
signal is preserved. This can be observed in the frequency spectrum of the output signal.

Figure 24 « Filter Output

Input Parameters | Filter Input  Fifter Output | Text Viewer |

CwEn )

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 885
Samples

Fitered Signal FFT B2l ]

‘ Start ‘

Waveform can be zoomed in or out by using the options provided as shown in the following image.
Figure 25 « Zooming the Filter Output

Input Parameters | Fiter Input ~ Filter Output | Text Viewer

Fittered Signal ( S o ]

] [ | 'R al

gl || | [ | | [ | | | | [ | | | | ||
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3. The filter coefficients, input signal, output signal, and FFT output data values can be viewed in the
Text viewer as shown in the following figure.

Figure 26 » The Text Viewer Tab

Input Parameters | Filter Input | Filter Output
Filter Coefficients Input Signal Filtered Signal Fitered Signal FFT
156 a 0 a -1079.000000 a 793.000000 -
159 9251 = 1330.000000 = -1341.000000 =|
100 2472 3303.000000 -1325.000000 b
0 = 4368 4691.000000 -1375.000000
-103 4702 5521.000000 -1527.000000
-169 13657 6004.000000 -1923.000000
-172 b 6472 6334.000000 -4489.000000
-108 -872 6520.000000 1724.000000
0 7608 6844.000000 267.000000
112 15902 7181.000000 -12.000000
185 8000 7556.000000 -100.000000
189 -98 7782.000000 -116.000000
139 7608 7723.000000 -02.000000
0 15128 7376.000000 -54.000000
-124 6472 6744.000000 -17.000000
-205 -2343 5795.000000 209.000000
-209 4702 4599.000000 79.000000
-132 11632 3340.000000 118.000000
0 2472 2132.000000 146.000000
138 -6749 954.000000 177.000000
229 0 -201.000000 201.000000
234 6749 -1278.000000 197.000000
148 -2472 -2293.000000 187.000000
0 -11632 -3346.000000 183.000000
-156 4702 -4456.000000 145.000000
-259 2343 -5509.000000 41.000000
266 il 6472 il -6418.000000 il -72.000000 il
1An 1170 7107 nannnn 117 Annnnn
Connect Start

4. To save the coefficients, select the text in Filter Coefficients pane, copy and paste in the required
location.
5. Close the GUI.

This concludes the DSP FIR Filter demo.
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Appendix 1: Programming the Device Using
FlashPro Express

Note:

Figure 27

This chapter describes how to program the PolarFire device with the Job programming file using a
FlashPro programmer. The default location of the Job file are located at following location:
mpf dg0762 df\Programming Job\CoreFIR

and
mpf dg0762 df\Programming Job\FIR RTL
To program the PolarFire device using FlashPro Express, complete the following steps:

1. Ensure that the jumper settings on the board are the same as listed in Table 12, page 17.
The power supply switch must be switched off while making the jumper connections.

Connect the power supply cable to the J9 connector on the board.

Connect the USB cable from the Host PC to the J5 (FTDI port) on the board.

Power on the board using the SW3 slide switch.

On the host PC, launch the FlashPro Express software.

Click New or select New Job Project from FlashPro Express Job from Project menu to create a new
job project, as shown in the following figure.

ook wN

FlashPro Express Job Project

@ FlashPro Express

Project Edit View Programmer Help I3 FlashPro Express
= Project | Edit View Programmer Help
Job Projects - -
M| Mew Job Project from FlashPro Express Job Ctrl+N < h
New r“ Open Job Project Ctrl+O
Open... X Close Job Project
I Savelob Project Ctrl+Shift+A
Recent Projects or
Set Log File
Export Log File
Preferences...
Execute Script Ctrl+U
Export Script File...
Recent Projects L4
Exit Ctrl+Q

7. Enter the following in the New Job Project from FlashPro Express Job dialog box:

+  Programming job file: Click Browse, navigate to the location where the .job file is located, and select
the file. The default location is: <download_folder>\mpf_dg0762_df\Programming_Job.

+  FlashPro Express job project location: Click Browse and navigate to the location where you want to
save the project.
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Figure 28 « New Job Project from FlashPro Express Job

@ MNew Job Project from FlashPro Express Job * ‘
Programming job file:
“npl'_dgwbl_liberusoc.lepU_df\Progrdrnrning_Job\Curel—lR\Pl—_L)SP_I—LOW_ TORjob Browse...

FlashPro Express job project name:
@ pr_Dsp_FLOW_TOP |
FlashPro Express job project location:

|me_ng?GE_Iiberosocvlan_dr‘.Prog ramming_lob\CoreFIR Browse...

Help 0K Cancel |

Click OK. The required programming file is selected and ready to be programmed in the device.

9. The FlashPro Express window appears as shown in the following figure. Confirm that a programmer
number appears in the Programmer field. If it does not, confirm the board connections and click
Refresh/Rescan Programmers.

©

Figure 29 « Programming the Device

@ FlashPro Express D:\work_padmakar\v12p0_DF\mpf_dg0762_liberosocv12p0_df\Programming_Job\CoreFIR\PF_DSP_FLOW_TOP\PF_DSP_FLOW_TOP.pro - JTAG Pro... — O x

Project Edit View Programmer Help

RefreshfRescan Programmers.

e MPRT
ram
e o

PROGRAM =

RUN IDLE

Log & x
[E)Messages @ Frrors & Wamings @ Info

Softwars Version: 12.500.0.22

creating folder: D:\work padmakar\vi2p0_DF\mpf_dg0762_liberosccvl2p0_df\Frogramming_Job\CoreFIR\FF_DSF_FLOW_TOP

Created pew project 'D:\work padmakar‘\wl2p0_DE\mpf dg(762_liberosccvi2pd df\Frogramming Job\CoreFIR\FF_DSP_FLOW_TOP\FF_DSF_FLOW_TOF.pro’
STAPL file 'D:\work_padmakar\vl2p0 DE\mpf_dg0762_libsrosocvl2p0_df\Programming_Job\CoreFTR\PF_DSP_FLOW_TOP\PF_DOSP_FLOW_TOP.stp' has been

lcaded successfully.

DESIGN : PF_DSP _FLOW TOP; CHECESUM : 4F3C; ALG VERSION : 1

creating folder: D:\work_padmakar\vlZp0_DF\mpf_dg0762_ liberosccvl2p0_df\Programming_Job\Cor=FIR\PF_DSP_FLOW TOP\projsctData

software version: 12.500.0.22

STAPL file 'D:\work padmakar\vlZp0 DF\mpf dg0762_ libercosocvl2pl di\Frogramming_ Job\CoreFIR\FF_DSP_FLOW_TOF\PF_DSF_FLOW _TOF.stp' has been
loaded successfully.

DESIGN '_DSP_FLOW_TOPF; CHECKSUM : 4F3C; ALG_VERSION : 1

Created FlashPro Express Job Project.
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10. 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 30 » FlashPro Express—RUN PASSED
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11. Close FlashPro Express or in the Project tab, click Exit.
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7 Appendix 2: Running the TCL Script

TCL scripts are provided in the design files folder under directory TCL_Scripts. If required, the design
flow can be reproduced from Design Implementation till generation of job file.

To run the TCL, follow the steps below:

1. Launch the Libero software

2. Select Project > Execute Script....

3. Click Browse and select script.tcl from the downloaded TCL_Scripts directory.
4. Click Run.

After successful execution of TCL script, Libero project is created within TCL_Scripts directory.
For more information about TCL scripts, refer to:

+  mpf_dg0762_df/TCL_Scripts/core_FIR/readme.ixt
+  mpf_dg0762_df/TCL_Scripts/FIR_RTL/readme.ixt

Refer to Libero® SoC TCL Command Reference Guide for more details on TCL commands. Contact
Technical Support for any queries encountered when running the TCL script.
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8 Appendix 3: Coefficient Test File Format

The FIR filter coefficients can be loaded from an ASCII text file (* . txt). Create the coefficient file using
a text editor. The format of the text file must be as shown in the following figure. The coefficient values
are entered as integers. For asymmetric or anti-symmetric filter, only half of the coefficients must be
listed in the file (this applies to the fully enumerated type only). Only one coefficient value per line is
permitted. An empty line must be placed after the last coefficient of the last set.

Figure 31 « Coefficient File Example - 9 Taps, Decimal Values
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9 Appendix 4: References

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 UG0680: PolarFire FPGA Fabric User Guide.

*  For more information about PF_CCC, see UG0684: PolarFire FPGA Clocking Resources User
Guide.

. For more information about CoreFIR, see CoreFIR Handbook.

. For more information about Core FFT, see CoreFFT Handbook.

. For more information about CoreUART, see CoreUART Handbook.

+  For more information about Libero, ModelSim, and Synplify Pro, see the Microsemi Libero SoC
PolarFire webpage.
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