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I I’It I'Od u CﬁO n (Ask a Question)

PolarFire® FPGAs support the Serial Peripheral Interface (SPI) Initiator Programming mode for auto update

and In-Application Programming (IAP). In this programming mode, the programming images are stored in an
external SPI Flash memory.

+ Auto update: On power-up, if the version of the update image is different from the current programmed
version, the System Controller reads the update image bitstream from the external SPI Flash memory and
programs the device.

+ IAP: The user application initiates the program action and the System Controller reads the bitstream from
the external SPI Flash memory to program the device.

The System Controller supports fetching programming images from the SPI Flash device based on the index
value or direct addressing. The SPI directory contains the start addresses of the programming images.

The following components of the PolarFire devices are programmable:

+ FPGA fabric
+ Secure non-volatile memory (SNVM)
« User security settings (keys, passcodes, and locks)
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1- OVEI‘ViEW (Ask a Question)
This application note explains how to use the accompanying design to demonstrate the auto update
and IAP features on the PolarFire® Evaluation board.

The on-board 1 GB Micron SPI Flash device is connected to System Controller SPI which is
programmed using the fabric logic or Libero® SoC software.

This application note includes the Mi-V soft processor, which initiates the system service requests
for the device programming and enables the PF_SYSTEM_SERVICES core to access the System
Controller. For more information about the design implementation, and the necessary blocks and IP
cores instantiated in Libero SoC, see Demo Design.

This design is programmed using any of the following options:

+ Using the pre-generated . job file: To program the device using the . 7ob file provided along
with the design, see Appendix 2: Programming the Device and External SPI Flash Using FlashPro
Express.

+ Using Libero SoC: To program the device using Libero SoC, see Libero Design Flow.

Important: This design can be used as a reference to build a fabric design
with programming features.

1 . 1 . P F_SYSTE M_S E RVICES Ove rVieW (Ask a Question)

The System Controller actions are initiated by the fabric logic through the System Service Interface
(SSI) of the System Controller. The fabric logic requires PF_SYSTEM_SERVICES for initiating the
system services. A service request interrupt to the System Controller is triggered when the fabric
user logic writes a 16-bit system service descriptor to the SSI. The lower seven bits of the descriptor
specify the service to be performed. The upper nine bits specify the address offset (0-511) in the

2 KB mailbox RAM. The mailbox address specifies the service-specific data structure used for any
additional inputs or outputs for the service. The fabric logic must write additional parameters to the
mailbox before requesting a system service. The following table lists the system service descriptor
bits.

Table 1-1. System Services Descriptor
15:7 MBOXADDR
6:0 SERVICEID

SSI consists of an asynchronous command-response interface that transfers a system service
command from the fabric initiator to the System Controller and the status from the System
Controller to the fabric initiator. The following figure shows how the PF_SYSTEM_SERVICES Interfaces
with the fabric logic.
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Figure 1-1. PF_SYSTEM_SERVICES IP Interfacing with Fabric User Logic

PolarFire® FPGA

System_Controller

A A
Mailbox

Interface SSI

y y
Core System Services IP

APB Target
A

APB Interface

A
APB Initiator

User Logic (Fabric Master)

FPGA Fabric

1.2. Design Requirements asaquestion)
The following table lists the hardware and software requirements for this design.

Table 1-2. Design Requirements
Hardware Requirements
PolarFire® Evaluation Kit Rev D or later
(MPF300TS-1FCG1152I-EVAL-KIT)
Host PC —

Software Requirements

FlashPro Express See the readme. txt file provided in the design files for all software versions
) ® needed to create this reference design.
Libero™ SoC
SoftConsole
Serial Terminal Emulation Program PUTTY or HyperTerminal
Operating System Windows® 10
Important:

* Any serial terminal emulation program can be used. PuTTY is used in this
application note.

+ Libero SmartDesign and configuration screen shots shown in this application
note are for illustration purpose only. For the latest updates, open the Libero
design.
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1.3.  Prerequisites (askaquestion)
Before you begin, ensure that the following components are in place:

1. For information about the Evaluation kit, see PolarFire Evaluation Kit (MPF300TS-1FCG1152I-
EVAL-KIT).

2. Download the demo design files from PolarFire FPGA Auto Update and In-Application
Programming Design Files.

3. Download and install Libero SoC from the following link: Libero SoC Documentation.

1-4. DemO DESign (Ask a Question)
The following steps describe the data flow in the design:
1. The host PC sends the system service requests to UART in Mi-V ESS through the UART Interface.

2. The Mi-V soft processor initializes the System Controller using the PF_SYSTEM_SERVICES and
sends the requested system service command to the System Controller.

3. The System Controller executes the system service command by reading the bitstream images
from the external SPI Flash and sends the relevant response to the PF_SYSTEM_SERVICES over
the mailbox interface.

4. The Mi-V processor receives the service response and forwards the data to the UART interface.

The following figure shows the block diagram of the PolarFire programming design.

Figure 1-2. PolarFire Programming Design Block Diagram
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To initiate an auto update or IAP system service request, the on-board SPI Flash must be
programmed with programming images. The fabric logic interfaces to the on-board SPI Flash using
the SPI controller and PF_SPI macro. When the System Controller's SPI is enabled and configured as
master, the System Controller hands over the control of the SPI to the fabric on device power-up.
The fabric logic programs the on-board SPI Flash with Flash directory and programming images
using the UART interface. The programming images are transferred from the host PC using SPI Flash
loader (spi_loader.exe).

The on-board SPI Flash is programmed using fabric logic as shown in the following figure. For more
information, see Appendix 1: Programming On-board SPI Flash using the Fabric Logic through the
Host Loader.
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Figure 1-3. Accessing On-board SPI Flash Using Fabric
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The following figure shows the SPI Flash memory with directory and programming images.

Figure 1-4. SPI Flash Memory
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When the System Controller receives programming or authentication system service from fabric
user logic, the System Controller fetches the programming images from the on-board SPI Flash to
execute the service request. In this application note, the following system services are initiated on
user request:
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+ Bitstream authentication
« IAP image authentication
+ Auto update

+ IAP

For more information about the preceding services, see the PolarFire FPGA and PolarFire SoC FPGA
Programming User Guide.

1.4.1. Design Implementation (aska question)
The following figure shows the top-level Libero design of the PolarFire system services design.

Figure 1-5. Top Level Libero Design
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The following table lists the important I/0 signals of the design.

Table 1-3. Input and Output Signals

REF_CLK_0 Input 50 MHz clock from the on-board 50 MHz oscillator
resetn On-board reset push-button for the PolarFire device
UART_RX Input signals received from the serial UART terminal
UART_TX Output signals transmitted to the serial UART terminal
GPIO_OUT[3:0] On-board LED outputs

GPIO_IN[3:0] To interface on-board DIP switches

1.4.1.1. PF_'N'T_MONITOR (Ask a Question)

The PolarFire Initialization Monitor gets the status of device initialization. In PF_INIT_MONITOR
configurator, under Bank Monitor tab, ensure that all the calibration status pins are deselected,
and then select "Enable Bank6 VDDI status pin (BANK_6_VDDI_STATUS)" as shown in the following
figure.
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Figure 1-6. PF_INIT_MONITOR Configuration
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1.4.1.2. PF_CCC_0 Configuration (aska question)

The PolarFire Clock Conditioning Circuitry (CCC) block takes an input clock of 50 MHz from the
on-board oscillator and generates a 83.33 MHz fabric clock to the Mi-V processor subsystem and
other peripherals. The following figures show the input and output clock configurations.
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Figure 1-7. PF_CCC_0 Input Clock Configuration
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Figure 1-8. PF_CCC_0 Output Clock Configuration

Configuration [PLLSinge K
Clck CptonsPlL Osout ods |
For bestresuls, pu te st euerry fisi
B output CockD
¥ zrabled
Reested Frequency g5 e € achslLower 33 e © actiaigrer e 2
Reqested Phase: o Degess C achalLower 0 Degrees © achia Figrer « Degrees
I” Dimanic Przse shiftng I™ Expose Enable 2art
¥ Gobal Cock T Global Cloc (Gated) T HS D dock T Dedeated Ciock PF CCC 0
B output dock 1 Rer_c o oUT)_FaBCLK 0|
Fu1_FOWERDQVIN N 0 PLL_LOCK_of
I zrabled
ReuestedFrequensy [0 e € acusiioner e © acia Higner ez -
Reested Fhase Degess € actslLower Cegess 6 actiz e Degress
T DiranicPrzse Shiftng T Expose Enable 2art
I Gobal Cock- T Giobal Cloc (Gated) T Hs1/o dock T Dedeated Ciock -

1.4.1.3. Mi-V Soft Processor Configuration (aska question)
The Mi-V soft processor default Reset Vector Address value is 0x8000_0000. After the device reset,
the processor executes the application from TCM, which is mapped to 0x8000_0000. Hence, the
Reset Vector Address is set to 0x8000_0000, as shown in the following figure.

TCM is the main memory of the Mi-V processor. It gets initialized with the user application from
SNVM.

In the Mi-V processor memory map, the 0x8000_0000 to 0x8000_FFFF address range is defined
for TCM memory interface and the 0x6000_0000 to Ox6FFF_FFFF address range is defined for APB
interface.
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Figure 1-9. Mi-V Configuration
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Memory depth: This field is set to 16384 words to accommodate an application of up to 64 KB into
TCM. The present application is below 50 KB, so this fits into either SNVM or yPROM. In this design,
sNVM is selected as data storage client, as shown in the following figure.
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Figure 1-10. Mi-V RV32 Configuration
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End Address: Upper 16bits {Hex): |0x8000 Lower 16bits {Hex): |0xffff

TCM Access Support (TAS) Address

Start Address: Upper 18bits (Hex): |0x4000 Lower 16bits (Hex): |0x0

End Address: Upper 16bits (Hex): Lower 16bits (Hex): |0x3ffF

BootROM Address

Lower 16bits (Hex): |0x0

Source Start Address: Upper 16bits (Hex): |0

Source End Address: Upper 16bits (Hex): |0x8000 Lower 16bits {Hex): |0x3ffF
Destination Address: Upper 16bits (Hex): |0x4000 Lower 16bits {Hex): |0x0

1.4.1.4. CoreSPI Configuration (aska question)

The CoreSPl is used to program the external SPI Flash using Mi-V processor. PF_SPI macro interfaces
the fabric logic to the external SPI Flash, which is connected to System Controller.

+ APB Data Width: Select 32 as APB data width in the design. The default value is 8.

+ Mode: Select Motorola Mode (default) as the target SPI target supports Motorola mode. Mode 3
is selected under Motorola Configuration.

« Frame Size: Enter 8. The default value is 4.
* FIFO Depth: Enter 32 to store maximum frames (Tx and Rx) in FIFO. The default value is 4.

+ Clock Rate: Enter 16. The default value is 8.
The SPI clock becomes system clock/ 2*(16+1).

+ Keep SSEL active: Enabled to keep the target peripheral active between back-to-back data
transfers.

The following figure shows the CoreSPI configurator.
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Figure 1-11. CoreSPI Configuration

Configuration l
APB Data Width: © 8 16 = 32
SPI Configuration
Mode: {* Motorola Mode " TI Mode " NSC Mode

Frame Size (4-32): |8

FIFO Depth (1-32): |32

Clock Rate {0-255): |16

Motorola Configuration

Mode: " Mode 0 " Mode 1 " Mode 2 + Mode 3

Keep SSEL active W

TI/NSC Configuration
Transfer Mode: & Normal " Custom
Free running dock r
Jumbao frames r
NSC Spedfic Configuration |S:a':§-': J

Testbench: |User ¥

License: RTL

1.5. Instantiating MiV ESS Core (askaquestion)
To instantiate the MiV ESS core, perform the following steps:
1. From the Catalog, drag the MiV ESS IP core to SmartDesign.
2. Inthe Create Component dialog box, enter MIV_ESS_CO as the component name, and click OK.
3. Inthe MiV ESS Configurator screen, perform the following configurations:

a. Navigate to General tab, and make sure that the configurations are same as shown in the
following figure.

i. Deselect Bootstrap
ii. Selectthe following peripherals: GPIO and UART and deselect all others.

Figure 1-12. General Configurator

Ocencal | @ooosoan | w8 | Bwova | oo puc | s | @rmer | @usar |
Family

FPGA Family: |PolarFire A e
Bootstrap

Bootstrap: r Bootstrap Source: |SPT

Peripherals

uDMa: [ cPIo: v 2c: [0 pLic: I~ spr: ™ Timer: ™ UART: ¥ Watchdog: [~

b. Navigate to APB tab, and make sure that the configurations are same as shown in the
following figure.

i. Select APB Mirrored I/F
ii. External APB Target: Slot 3 and Slot 4
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Figure 1-13. APB Configurator

eGeneraI | OEoomhap APB | OUDMA | GPIO PLIC | SPI | e'ﬁmer | oUARTl

External APB Initiator

APB Mirrored I/F: v
External APB Target
sot3 v sota e | sot1t T set12T skt1z [T set4l” sbtis [

c. Navigate to GPIO tab, and make sure that the configurations are same as shown in the
following figure.

Figure 1-14. GPIO Configurator

Oceeal | Orootstrap | w8 | @uomn o0 | mc | w1 | @rve | @ |

Global Configuration

APE Data Width: 32 - Mumber of 1/0s: |4 hd
Single-bit interrupt port: |Disabled ™ Outputenable: |Internal >

1jobito
Output on Reset: ’E‘ Fixed Config: [+ 1/0 Type: 'm Interrupt Type: ’m
1j0bit1
Output on Reset: 'El Fixed Config: v 1/O Type: ’m Interrupt Type: ’m
1johit2
Output on Reset: IE Fixed Config: ¥ 1/0 Type: m Interrupt Type: ’m
1jobit3
OutputonReset: |0~ Fixed Config: v 1jO Type: ’m Interrupt Type: ’m
1j0 bit 4
Output on Reset: IE Fixed Config: [ 1/O Type: lm Interrupt Type: lm
“TOBT S
OutputonReset: |0~ Fixed Config: I 1/0 Type: lm Interrupt Type: lm
1jObite

Qutput on Reset:

0o - Fixed Config: IjO Type: |Input  * Interrupt Type: |Dizabled 'I

1/0bit7
Outputon Reset: |0~ Fixed Config: IO IO Type: |Input i Interrupt Type: |Disabled 'I
1jobits

d. Navigate to UART tab, and make sure that the configurations are same as shown in the
following figure.
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Figure 1-15. UART Configurator

Ocenesl | Ovootsrap | a8 | Ouoma | o0 puc | s | @Tmer  @uawr |
Core Configuration

TXFIFO: Disable TXFIFO =

RX FIFO: |DEHJ‘ERXFIFO b

Configuration: Programmable  *

Baud Value: |1
Character Size: |?n=f- X

Parity:
RX Legacy Mode: |D|sabied hd
FIFO Implementation: |:r RAM ¥

Status Flags: r i)
Baud Value Predsion
Enable Extra Precision: I

Fractional Part of Baud Value: |+0.0 d

4. To generate the component, click OK.

1.6.  Clocking Structure (asaquestion)

The following figure shows the clocking structure of this design. This design uses a 83.33 MHz
system clock for configuring the APB peripherals.

Figure 1-16. Clocking Structure

Clock Domain

Onboard 50 MHz Oscillator

|
|
|
|
|
|
|
|
|
50 MHz |
|
|
|
|
|
|
|
|
|

83.33 MHz

0 X10gv4 0LNO

MiV ESS

Mi-V CLK
softprocessor PCLK

PF_SYSTEM_SER | €LK PCLK
VICES CoreSPI
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2. Libero Design FIOW (as«a question)
The Libero design flow involves running the following processes in the Libero SoC.

Important:

« Toinitialize the TCM in PolarFire using the System Controller, a local parameter
1 cfg hard tcmO_en,inthemiv_rv32 subsys pkg.v file must be changed
to 1'b1 prior to synthesis. For more information, see the 2.7 TCM section in the
MIV_RV32 Handbook. This user guide can be downloaded from the Libero SoC
Catalog.

+ In case any error is observed related to address space access issue, ensure to
perform this step: Navigate to Project > Project settings > SmartDesign, and
then Enable "Downgrade memory map generation DRC errors to warnings"
as shown in the following figure.

Figure 2-1. Project Settings

@ Project settings

- o X
Device selection
B::{;:if;‘fl““s [ Downgrade memary map generation Design Rule Check(DRC) errors to warnings | s |
?"H‘VIS': °P€'ﬂ:_'"9 Eonditici [ Downgrade bus interface data width mismatch Design Rule Check(DRC) errors to warnings Discard

= Simulation options

[¥ Downgrade bus interface ID width mismatch Design Rule Check(DRC) errors to warnings

Vsim commands
Timescale

= Simulation libraries
PolarFire

Global Include Paths
SmartDesign
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The following figure shows these options in the Design Flow tab.

Figure 2-2. Libero Design Flow Options

= » Implement Design
12 Open Netlist Viewer
S Synthesize
P Verify Post-Synthesized Design
+] Generate Simulation File
B Simulate
+L1 Configure Register Lock Bits
?LQ Place and Route
Edit Post Layout Design
=+ »  Verify Post Layout Implementation
+| Generate Back Annotated Files
B Simulate
& Verify Timing
Ql Cpen SmartTime
El Verify Power
£ Open 55N Analyzer
= » Configure Hardware

Il Programming Connectivity and Interface
a Configure Programmer
an Select Programmer
—+ » Program Design
+L| Generate FPGA Array Data
+L1 Configure Design Initialization Data and Memories
+] Generate Design Initialization Data
i Configure /O States During JTAG Programming
Configure Programming Options
Configure Security
Generate Bitstream
Configure Actions and Procedures
Run PROGRAM Action
Program 5PI Flash Image
i3 Generate SPI Flash Image
i3 Run PROGRAM_SPI_IMAGE Action
= » Debug Design
+[| Generate SmartDebug FPGA Array Data

~SFEF@LE

2.1. SyntheSiS (Ask a Question)
To synthesize the design, perform the following steps:

1. In the Design Flow window, double-click Synthesis.
When the synthesis is successful, a green tick mark appears as shown in Figure 2-2.

2. Toview the synthesis report and log files on the Reports tab, right-click Synthesis and click
View Report.

Important:
+ Set the correct tool profile before you start Synthesis.

* top.srrandthe top compile netlist.log files are recommended to be
viewed for debugging synthesis and compile errors.

2.2. Place and Route (aska question)

The Place and Route process requires the 1/0, the timing, and the floor planner constraints. This
design includes the following constraint files in the Constraint Manager window:

*+ The io constraints.pdc file for the I/0 assignments

* The top derived constaints.sdc file for timing constraints
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2.2.1.

2.3.

2.4.

2.5.

* The timing user constraints.sdc file for creating the JTAG clock with 30 MHz frequency

To Place and Route, perform the following step:

* Inthe Design Flow window, double-click Place and Route.
When place and route is successful, a green tick mark appears next to Place and Route.

Important: The top place and route constraint coverage.xml file is
recommended to be viewed for place and route constraint coverage.

Resource Utilization (Ask a Question)

The resource utilization report is written to the top _layout log.log file in the Reports tab > Top
reports > Place and Route. It lists the resource utilization of the design after place and route. These
values may vary slightly for different Libero runs, settings, and seed values.

Table 2-1. Resource Utilization—Evaluation Board

4LUT 10463 299544 3.49
DFF 3895 299544 1.30
1/0 Register 0 510 0.00
Logic Element 10463 299544 3.49

Verify Timing (Ask a Question)
To verify timing, perform the following steps:
1. In the Design Flow window, double-click Verify Timing.

When the design successfully meets the timing requirements, a green tick mark appears, see
Figure 2-2.

2. Toview the verify timing report and log files on the Reports tab, right-click Verify Timing, and
then click View Report.

Generate FPGA Array Data (Ask a Question)

To generate the FPGA array data, perform the following steps:

1. In the Design Flow window, double-click Generate FPGA Array Data.

2. Agreen tick mark is displayed after the successful generation of the FPGA array data. See Figure
2-2.

Configure Design Initialization Data and Memories (aska question)

The Configure Design Initialization Data and Memories step generates the TCM initialization
client and adds it to SNVM, uPROM, or an external SPI Flash, based on the type of non-volatile
memory selected. In this design, the TCM initialization client is stored in the SNVM.

This process requires the user application executable file (hex file) to initialize the

TCM options on device power-up. The hex file (application.hex)is available in the

DesignFiles Directory\HW\src\softconsole folder. When the hex file is imported, a memory
initialization client is generated for TCM options.

To configure design initialization data and memories, perform the following steps:

1. In the Design Flow window, double-click Configure Design Initialization Data and Memories.
The Design and Memory Initialization window opens, see the following figure.
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Figure 2-3. Design and Memory Initialization

Design Inlhallmuonl uPROM | sNYM I SPL Flashl FabrlcRAMsI

Apply | Discard | Help |

In desian initialization, user design blocks such as LSRAM, pSRAM, transceivers, and PCIe can be initialized as an option using data stored in the non-volatie storage memory.
The initialization data can be stored in LPROM, sNVM, or an external SPI Flash.

Follow the below steps to program the initislization data:

1. Setup your fabric RAMs initizlization data, if any, using the 'Fabric RAMs' tab
2. Define the storage location of the initialization data

3. Generate the initialization dients

4. Generate or export the bitstream

5. Program the device

~Design initizlization specification

First stage (sNVM)
’7 In the first stage, the initialization sequence de-asserts FABRIC_POR_MN.

—Second stage (sHVM)
In the second stage, the initialization sequence initializes the PCle and XCVR blocks present in the design.

Start address for second stage initialization dient: Ox | 00000000

—Third stage (sNYM/uPROM/SPI-Flash)

In the third stage, the initi: ion it the Fabric RAMs present in the design.
To save the initizlization instructions in sNVM/UPROM/SPI-Flash, please use 'Fabric RAMSs' tab to make your selection for each RAM dient.

|l7 Start address for sNVM dients: 0x | 00000000 I sNVM start page: 0

[T Start address for UPROM dients:  Ox | 00000000
[T Start address for SPIFlash dients: 0x |ooo00400

SPI-Flash Binding: SPI-Flash - No-binding Plaintext ;I SPI Clock divider value: |6 hd
Time Out (s): 128 =
Auto Calibration Time Out (ms): 3000

Custom configuration file: I |

2. On the Fabric RAMs tab, click tem_ram client from the list, and then click Edit, see the following
figure.

Figure 2-4. Fabric RAMs Tab
Apply Discard Help

[Isane statistic rCllent

[SRAM Memor———— | © ad design conﬁgural_]l’ Edit... | Inftialize all dients fr |Initialize al Clients from sNVM_¥

Avaiable Memory(By 2437120 I™ Fiter out Inferred RAMs

Used Memorv(Bvtes 81920
Free Memory(Bytes) 2355200 i PORTA PORTB
e enth * Widt| eoth * Widt
ﬂ CORESPI_CD_0/CORESPI_CO_0/USPI/URXF/fifo_mem_g[4] 4x5
2| CORESPI_C0_0/CORESPI_C0_0/USPI/UTXF/fifo_mem_g[4] 45 45

4| MIV_RV32_C0_O/MIN_RV32_C0_0/u_ipcore_0/u_hart 0/u_cxpipe_0/gen_gpr_ram.u_gpr_0/gen gpru_gpr_array G/mem (3101 3232 3R
™1 . 5| MIV_RV32_C0_0/MIV_RV32_CO_0/u_ipcore_0/u_hart_0/u_expipe_0/gen_gpr_ram.u_gpr_0/gen_gpr.u_gpr_array_0/mem_cf_1[31:0] |32x32 3232
L Free snace

6| MIV_RY32_C0_0/MIV_RV32_C0_0/u ipcore 0/u_subsys.interconnect 0/u_subsys_regsfu_req buffer/gen_buff_loop[0}buff_datal6:0] | 2x 26

[SRAM Memar |
Avaiable Memory(By 266112
Used Memory(Bvtes 864
Free Memory(Bytes) 265248

[ | Used snace
u Free snace

«

3. Inthe Edit Fabric RAM Initialization Client dialog box, select the Content from file option,
locate the application.hex file from the DesignFiles directory\HW\src\softconsole
folder, and then click OK, as shown in the following figure.
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Figure 2-5. Edit Fabric RAM Initialization Client

@ Edit Fabric RAM Initialization Client

Clientname:  |MIV_F

_ipcore_0fgen_tcm0.u_subsys_TCM_0/tcm_ram_macro.u_ram_0

Physical Name: | ).u_subsys_TCM

om_ram_macro.u_ram_0fmiv_rv32_ram_singleport_lp_R20

INST_RAM1K20_IP
RAM Initialization Options

 Initislized Content from Synthesis

€ Content Initialized from configurator{using content editor option)

® Content from file: |C:/Design_update [AN45

uto_Update_and_In_application_Programming/TCL script/src/softconsole /application. hex

e Imported Memory file location : C: /Design_update [AN4660_Auto_Update_and_In_application_Programming/TCL script/src/softconsole fapplication.hex
" Content filed with 0s

" Mo content (dient is a placeholder and will not be programmed)

Optimize for: ¢ High Speed & Low power

Storage Type |sNVM -
Help

4. Click Apply, see the following figure.

Close

Figure 2-6. Apply Fabric RAM Content

Reports & % Design and Memory Initization & X ‘ StartPage & % Htop &% i
esian Initaizatic| JPROM| sNVM | sPLFiasi  abric RAM | i
Discard Help
Isane stafistic Chents
SRAM Memor © ad design configuratii  Edit... | Initialize all cients fr [Initialize all Cients from SNVM >
Avaiable Memory(By 2437120
™ Fiter out Inferred RAMs
Used Memory(Bvies 81920
Free Memory(Bytes) 2355200 i PORTA PORTB
Logical Instance Name e et ot v T C
1| CORESPI_CO_0/CORESPI_CO_0/USPI/URKF/fife_mem_ql4] 45 45 No content
2| CORESPI_C_0/CORESPI_CO_0/USPI/UTKF/fifo_mem_q[4] 25 45 No content
3 MIV_RV32_C0_0/MIV_RV32_C0_0/u_ipcore_0/gen_temD.u_subsys_TCM_0/tcm_ram_macro.u_ram_0 16384x32 16384x32 application hex
4| MIV_RV32_C0_0/MIV_RV32_C0_0/u_ipcore_0/u_hart_0/u_expipe_0/gen_gpr_ram.u_gpr_0/gen_gpr.u_gpr_array_0/mem xf[21:0] 3 232 No content
[} tised snace 5| MIV_RV32_C0_0/MIV_RV32_C0_0/u_ipcore_0/u_hart_0/u_expipe_0/gen_gpr_ram.u_gpr_0/gen_gpr.u_gpr_array_0/mem xf_1[31:0] |32x32 3232 No content
[ Free snace
6| MIV_RV32_C0_0/MIV_RV32_C0_0/u_ipcore_0/u_subsys_interconnect 0/u_subsys_regs/u_req_buffer/gen_buff_loop[0].buff_data[6:0] | 2x6 26 Initialized
SRAM Memor
Avaiable Memory(By 266112
Used Memory(Bytes 864
Free Memorv(Bvtes) 265248 .

5. On the Design Initialization tab, click Apply.

. From Libero Design Flow, double-click Generate Design Initialization Data to generate design

initialization data. After successful generation of the Initialization data, a green tick mark appears
next to Generate Initialization Data option. See the Figure 2-2.

The following figure shows the client in the SNVM after Generate Design Initialization Data.

Figure 2-7. Client in the sSNVM Option

Design Flow & X Reports @x  Desgnand Memory Intalzaton 8 x | StrtPage & x | Eltop & x |

Top Module(foot): top 00 ¥ @ esonnitalzatc| 1PROM s\ | 3Pt Fasi | abric RAN]|
Active Synthesis Implementation: synthesis

apply | _Dscard | Hep |
[Tool [ mitaize stvm master key
v @, Verify Timing e statictic Slente
& Open SmartTime Avaiable memory (in p 221
B Verify Power ES"“ '“e"“’"’(”" paqe IZZ Add.. Y _Edt.. | Delete | ad desgn configuraty
o ree memory (in pages
b c t: ODEHHSS': Analyzer Client Name | start Paae[lumber of bvte[:nd Paa(
= » Configure Hardware
B Programming Connectivity and Interface T[INIT.STAGE.1_SNVM_CLIENT | 202 a6 2
& Configure Programmer 2| sTcE_2_3_smum_cLienT o 200 4
& Select Programmer

& ) Program Design

v +£) Generate FPGA Array Data
+€1 Configure Design Initialization Data and Memories
v +C) Generate Design Initialization Data

& Configure 1/0 States During JTAG Programming
4 Configure Programming Options
@ Configure Security

v % Generate Bitstream
% Configure Actions and Procedures
v S Run PROGRAM Action =l

Design Flow | _Design Herarchy | _ Stimulus Heerarchy | Catalog | Fies | Components |«
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2.6.  Configure Programming Options (asa question)

The Design version and user code (Silicon signature) are configured in this step. Double-click
Configure Programming Options to give values, see the following figure.

Figure 2-8. Configure Programming Options

& Configure Programmer 5
8 Select Programmer
= » Program Design
v +[| Generate FPGA Array Data Design name:PROC_SUBSYSTEM
*LI Cenfigure Design Initialization Data &P Design version (number between 0 and 65535): 1
v +[| Generate Design Initialization Data

q Configure I/O States During JTAG Pt Back Level version (number between 0 and 65535): |0

= Configure Programming Options |
Configure Securty Silicon signature (max length is 8 HEX chars):  Ox | 12345678
v % Generate Bitstream

& Run PROGRAM Action
=+ P Program 5Pl Flash Image Help OK | Cancel

v & Generate 5P| Flash Image

2.7. Generate Bitstream (s«a auestion)
To generate the bitstream, perform the following steps:

1. Right-click Generate Bitstream and select Configure Options —Custom security, Fabric, and
SNVM.

Figure 2-9. Generate Bitstream—Configure Bitstream Options

B | Configure Bitstream *
e
™ Custom security
Cancel
[+ Fabric
¥ shVM Help

I Sanitize all sNVM pages in ERASE action

[T Initialize sNVM Master Key

2. Inthe Design Flow window, double-click Generate Bitstream. When the bitstream is
successfully generated, a green tick mark appears, see Figure 2-2.

3. Toview the corresponding log file in the Reports tab, right-click Generate Bitstream, and then
click View Report.

2.8. Generating the SPI programming Images (asa question)
The following programming images are generated and copied to external SPI Flash memory.

Table 2-2. Programming Images

Image Name Version| Silicon Signature/| Image Index in SPI Flash Image Address in SPI Flash
User Code Dlrectory Memory

golden image vO0.spi O 0x00000400
update image v2.spi 2 0x23456789 1 0x00A00000
iap image v5.spi 5 0x56789ABC 2 0x01400000

Important: The golden image does not contain any security or Silicon signature
information.
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Figure 2-10. Generating the .SPI Programming Images

B Export Bitstream X

Design settings .

Programming options set with the Configure Programming Options tool:

Design version - 1 Back Level version - 0

Security options set with the Configure Security tool:
Encrypt bitstream with default key. No user keys or security settings are enabled.

Bitstream file(s)

Mame: |th Location: ldﬂ,l_ibero_Projecth'n'jroject\;\:lesigner\hnp\ﬁxport J
Existing files:
golden_image_v.spi i‘
iap_image_vi.spi
Tlonpdl::z imarne v?2.sni j
Formats:
I~ eeD Support for ISP (JTAG and SPI Slave)
I~ paT Support for Embedded ISP (JTAG and SPI Slave) [ Export separate ASCII HEX file for debugging
I~ sTapL Support for ISP
™ Chain STAPL Support for ISP, Single Microsemi device in a JTAG chain
¥ sp1 Support for Auto Programming, Aute Update, and IAP Services
™ sve Support for ISP

o Export files for Microsemi In House Programming (IHP):  © Yes * Mo

File types:

| Fabric/sNVM

File to program at trusted facility v

Help OK. | Cancel |

Important: The golden image does not contain any security or Silicon signature
information.

The . SPI programming images are generated using Export Bitstream option, see Figure 2-10.
Before generating the . sPI images, modify the Design version and Silicon Signature, see Configure
Programming Options.

2.9. Export FlashPro Express Job (asa question)
To generate . job file, perform the following steps:

+ On the Design Flow tab, double-click Export FlashPro Express Job, and then click Design and
SPI Flash, see the following figure.
Note: The exported job file contains the data contents to be programmed into PolarFire FPGA
and external SPI Flash. This Job file is utilized in FlashPro Express software to program both
Device and external SPI Flash, see Appendix 2: Programming the Device and External SPI Flash
Using FlashPro Express.
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Figure 2-11. Export FlashPro Express Job

B Export FlashPro Express Job X

Design settings
Programming options set with the Configure Programming Options tool:
Design version - 1 Back Level version - 0

Security options set with the Configure Security tool:
Encrypt bitstream with default key. No user keys or security settings are enabled.

FlashPro Express Job file
Configured device chain with bitstream files and programmer settings will be induded in the programming job.

Mame: |th Location: ldﬂ,l_ibero_Projecth'n'jroject\;\:lesigner\hnp\ﬁxport

Existing files:

top.job
top_onlyFPGA.job

Program {JTAG programming interface):
W' Design

¥ SPIFlash

Design bitstream file format: |PPD (*.ppd) ~|

Design bitstream file type:

| Fabric/sNVM |

File to program at trusted facility v

Zeroization actions:
I Like New (Erases all user data; device can be immediately reprogrammed by user)

I Unrecoverable (Erases all data and destroys reprogrammability; device must be scrapped) j

Help OK. | Cancel |

2.10. Programming the Device on the Evaluation Board (s« question)

After generating the bitstream, the PolarFire device must be programmed with the Auto Update and
IAP design.

To program the PolarFire device, perform the following steps:

1. Ensure that the following jumper settings are set on the board.

Table 2-3. Jumper Settings—Evaluation Board

J18,J19,J20, )21, and J22 Close pin 2 and 3 for programming the PolarFire FPGA through FTDI
J28 Close pin 1 and 2 for programming through the on-board FlashPro5
)23 Open pin 1 and 2 for accessing external SPI Flash

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

J12 Close pin 3and 4 for 2.5V

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.
The following figure shows the board setup after these connections are made.
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Figure 2-12. Board Setup—Evaluation Kit

5. On the Libero Design Flow, double-click Run PROGRAM Action.

The device is successfully programmed and the on-board LEDs glow. A green tick mark appears next
to Run PROGRAM Action, see Figure 2-2.
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3. Serial Terminal Emulation Program Setup s auestion)

The user application receives programming commands on the serial terminal through the UART
interface. This section describes how to set up the serial terminal program.

To setup PuUTTY, perform the following steps:

Connect the USB cable from the host PC to the J5 (USB) port on the Evaluation board.
Connect the power supply cable to the J9 connector on the Evaluation board.

Power on the Evaluation board using the SW3.

From the host PC, click Start and open Device Manager to note the second highest COM Port
number and use that in the PUTTY configuration. In this example, COM Port 9 (COM9) is selected,
see the following figure. COM Port-numbers may vary.

AN

Figure 3-1. COM Port Number

v ﬁ Ports (COM & LPT)
ﬁ ECP Printer Port (LPTT1)
ﬁ FlashPro3 Port (COMI0)
ﬁ FlashPro5 Port (COMYT)

é FlashPro5 Port (COME)

5 FlashPro5 Port (COM3] |

5. From the host PC, click Start, and then find and click PuTTY program.
6. Select Serial as the Connection type, see the following figure.

Figure 3-2. Select Serial as the Connection Type

ﬁ PuTTY Configuration ? ot
Category:
2- Sfa-ssiun Basic options for your PuTTY session
& TE"" I..oglging Specify the destination you want to connect to
‘T'“H':Z:boa » Serial line Speed
el  [CETEN |
- Features Connection type:
- Window O sSH O Other: | Telnet v
- Appearance
- Behaviour Load, save or delete a stored session
- Translation Saved Sessions
[+~ Selection |
- Colours
[=)- Connection Default Settings Load
- Data PF_Miv
. Proxy acd660 Save
[+-55H
- Senal Lo
- Telnet
- Rlogin
- SUPDLP Cloze window on exit:

() Mways () Mever (®) Only on clean exit

About Help Cancel

7. Set the Serial line to connect to COM port number as noted in Step 4.
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8. Set the Speed (baud) to 115200, see the following figure.
9. Setthe Flow control to None, and then click Open.

Figure 3-3. PUTTY Configuration

#& PuTTY Configuration ?

*

Categary:

[=1- Session Optionz controlling local senal lines |

i Select a seral line
[=J- Terminal

- Keyboard Serial line to connect to COMG
- Bell

- Features
= Window Speed (baud) 15200
- Appearance .
- Behaviour Siii
- Tranglation Stop bits
[+- Selection .
- Colours = None -

Corfigure the senial ine

Hili

=+ Connection Flow control
- Data

- Rlogin
- SUPDUP

os || o e

PUTTY opens successfully, and this completes the serial terminal emulation program setup. See
Running the Demo.
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4. Running the DemO (Ask a Question)

This section describes how to run the authentication, auto update, and IAP. The following procedure
assumes that the serial terminal is setup, for more information about setting up the serial terminal,
see Serial Terminal Emulation Program Setup.

The on-board 1 GB Micron SPI Flash device is connected to System Controller SPI and can be
programmed using the Libero SoC PolarFire software or fabric logic. For more information about
programming the on-board SPI Flash using Fabric Logic, see Appendix 1: Programming On-board SPI
Flash using the Fabric Logic through the Host Loader.

Before you begin, ensure that the following configurations are in place:

1.

o v kA WD

Ensure that the device is programmed with the progamming appnote only FPGA vl.job file.

See Appendix 2: Programming the Device and External SPI Flash Using FlashPro Express.
Connect the power supply cable to the J9 (Evaluation board) connector on the board.
Connect the USB cable from the host PC to FTDI port J5 (Evaluation board) on the board.
Ensure that on-board SW11 (Evaluation board) DIP 1 is set to OFF.

Open pin 1 and 2 of the J23 jumper.

Power ON the Evaluation board using the SW3.

After power-up, PuTTY displays the options as shown in the following figure. Observe the design
version 01 loaded onto the device.

Figure 4-1. Authentication and Programming Options

EF COMD - PuTTY - O x
Deszign Version(MSB first): 00 01
32bit USERCODE/Silicon Signature (MSB first): 12345678

###%% PplarFire Programming Example #***%
Select option:
**AUTHENTICATICH**
1. Bit-stream authentication
2. IAP image authentication
**DEVICE PROGEAMMING**
3. Auto programming
4, IAP Program by Index
5. IAP Program by address
6. Initiate Auto-Update

At this point, the on-board SPI Flash device is empty. Hence, selecting Option 1 or 2 returns
unsuccessful status codes, as shown in the following figure.

Figure 4-2. Authentication Error

EB COM2 - PuTTY — m] Pd

Bitstream authentication for image at address 0x1400000 is in progress...
puthentication status: 0B
==== PplarFire Programming Example ===
Select option:
#*AUTHENTICATICH**
1. Bit-stream authentication
2. IAP image authentication
#*DEVICE PROGRAMMING**
3. Auto programming
. IAP Program by Index
. IARP Program by address
. Initiate Auto-Update

@ e

Selecting option 4, 5, or 6 does not initiate any program operation as the on-board SPI Flash is
empty.
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4.1. Programming On-board SPI Flash Using Libero (asa auestion)

Libero SoC Design Suite supports the on-board SPI Flash programming using JTAG. For more
information about the SPI Flash programming modes, see PolarFire FPGA and PolarFire SoC FPGA

Programming User Guide.

The external SPI Flash can also be programmed through FlashPro Express software. For more
information, see Appendix 2: Programming the Device and External SPI Flash Using FlashPro

Express.

To optimize the SPI Flash programming time, change the TCK frequency value under Configure

Programmer, as shown in the following figure.

Figure 4-3. Configure Programming Settings

7] @, Verify Timing
G—L Open SmartTime
El Verify Power
" Open 55N Analyzer

B " Programmer Settings

] [ 3 3
Lo el FlashPro ] FlashPro Lite ] FlashPro3 ] FlashPro4 FlashPros

[ Programming Connectivity and In
Configure Programmer |
Select Programmer

= ¥ Program Design

i, ¥ setvpump

" +L| Generate FPGA Array Data
+| Configure Design Initialization Dat
¥ +L| Generate Design Initialization Data TCK Mode: Free Running Clock

E“ﬁ Configure /0O States During JTAG
« Configure Programming Options
@ Configure Security

v ‘% Generate Bitstream IV Force TCK Frequency
v & Run PROGRAM Action l—_l
v =~ » Program SPI Flash Image 4 | MHz L\\)
v i Generate 5P| Flash Image é
v i Run PROGRAM_SPI_IMAGE A 3 Set Defaults
— # Handoff Design for Production
@ Configure Permanent Locks for Pr 3
v 4| Export Bitstream 610
-@ Export FlashPro Express Job Help 3o OK | Cancel |
v -@ Export 5P| Flash Image |

+L| Export Pin Report

P ST

To program the SPI Flash using JTAG, perform the following steps:

1. Ensure that the jumper settings on the board are the same as those listed in Table 2-3 (for

Evaluation board).

2. Inthe Design Flow window, select Program Design, and then double-click Configure Design

Initialization Data and Memories.

Figure 4-4. Configure Design Initialization Data and Memories Option

—I # Program Design

v =L | Generate FPGA Array Data
«[| Configure Design Initialization Data and Memaries
[T «[| Generate Design Initialization Data

3. Inthe Design and Memory Initialization page, click the SPI Flash tab, see Figure 4-5.

In the SPI Flash Clients pane, click Add SPI Bitstream Client to add the required
programming images (. spi images), and click Apply. These images are provided at

\mpf an4660 df\host pc tool pflimages.
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Figure 4-5. SPI Flash Tab

ssian Tnitializatic| IPROM| sNVM 3PT Flasl| abric RAM|

Apply | Discard Help
M Enable Auto Upc
SPI Flash memory s 131.07. 2] KE

Isage statistic PI Flash Client

Available memory 81071 Add... |v Edit... ‘ Delete ‘ ’rogram A\‘ Bypass AII‘
Used memorv (KB)27879
Free memory (KB) 23192 || |rograr

TAGE3 Ini|  Start
Client _|Address
[ |gokten image_vo SP Bistream for Recovery/Golden |0 oxé00

End
Address

Design
Version

User

ypass Back Leve
Protection
0913841 | designertoplexportgoiden_imag... 0 Disabled

W |isp_image_v5 SPIBistream for 4P

Index

Content

0x1400.. | 0x141344f designeritoplexportiap_image_v... |5

5. To get the SPI Flash programmed with the programming images, double-click Generate SPI

Flash Image, and then double-click Run PROGRAM_SPI_IMAGE Action, see the following figure.

Figure 4-6. SPI Flash Programming

v =1- » Program SPl Flash Image
v ]j Generate 5P| Flash lmage
("4 3 Run PROGRAM_SPI_IMAGE Action

At this point, the on-board SPI Flash device is programmed with the images.

4.2. Running Auto Update (asa question)

To run auto update, start the PUTTY and power-cycle the board. The auto update is initiated and
update image (update_image_v2.spi) gets programmed into the device.

The following figure shows the design version 02.

Figure 4-7. Auto Update

E® COMS - PuTTY - O ¥

Design Version (MSE first):

32bit USERCODE/S5ilicon Signature (MSB firsc): 23456789
#%%% PglarFire Programming Example #**%%
Select option:

**AOTHENTICATICH**

1. Bit-stream authentication

2. IAP image authentication

#*DEVICE PROGRAMMING=*

3. Auto programming

IAP Program by Index

IAP Program by address

Initiate Auto-Update

& s

4.3. Running Authentication (asaauestion)
To run bitstream authentication, perform the following steps:

1. Toinitiate the bitstream authentication, press 1.
After successful authentication, PUTTY displays the status code, see the following figure.
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Figure 4-8. Successful Bitstream Authentication

BB COMS - PuTTY - O X

-
Bitstream authentication for image at address 0x1400000 is in progress...
Authentication status: SUCCESS

#%%% PplarFire Programming Example #*#%*%
Select option:
**AOTHENTICATICN**
1. Bit-stream authentication

2. IAP image authentication W

2. Toinitiate the IAP image authentication, press 2.
After successful authentication, PUTTY displays the status code, see the following figure.

Figure 4-9. Successful IAP Image Authentication

E2 COMI - PuTTY - m] X

IAP image authentication for image at index 2 is in progress...
Authentication status: SUCCESS
#%#%% PplarFire Programming Example *#%#%%
Select option:
**AOTHENTICATICN**
1. Bit-stream authentication w

This concludes the bitstream and IAP image authentication.

4.4. Running Auto Programming (asaauestion)
To run Auto programming, perform the following steps:

1. Press 3in PuTTY. The PUTTY notifies to erase the device using FlashPro and power-cycle the
board, see the following figure.

Figure 4-10. Notifying ERASE Action

P COM9 - PuTTY — a x

Erase the PolarFire device using the FlashPro ERASE action.

Next Power cycle the board to initiate AutoProgramming on Blank device.
##%#%% PnlarFire Programming Example ####%

Select option:

*AAOTHENTICATICON**

1. Bit-stream authentication

2. IAP image authentication

**DEVICE PROGRAMMING**

3. Auto programming

4. IAP Program by Index

5. IAP Program by address

6. Initiate Auto-Update

2. Using FlashPro, erase the device and power-cycle the board.
All the LEDs stop glowing for a few seconds, which indicates that the auto programming is in
progress. The highest programming image version is selected from the first two available images
in external SPI Flash for auto programming. In this case, it is version 2 (update image v2.spi).

PUTTY displays the updated design version, see the following figure.
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Figure 4-11. Successful Auto Programming

P COMS - PuTTY - O X

Design Version (MSB first):

32bit USERCODE/Silicon Signature (MSB first): 23456789
#%%% PglarFire Programming Example #*#*%*#%

Select option:

**LUTHENTICATICH~*

1. Bit-stream authentication

2. IAP image authentication

**DEVICE PROGRAMMING**

3. Auto programming

4. IAP Program by Index

5. IAP Program by address

6. Initiate Auto-Update

This concludes running the Auto programming feature.

4.5. Running IAP (Ask a Question)

To run IAP, perform the following steps:

1. Press 4, IAP program by Index. After around 28 seconds, the IAP with image at index 2 is
executed successfully and the design version 05 is displayed, see the following figure.

Figure 4-12. Successful IAP at Index 2

EF COM3 - PuTTY — O x

IAP PROGRAM for image at index 2 i=s in progress...
It takes approximately 28 secondsS
Design Version(M3E first): IOO 05
32kbit USERCCDE/Silicon Signature (MSE first): 56783ABC
#%%% PplarFire Programming Example ##*%%
Select option:
**AUTHENTICATICH**
1. Bit-stream authentication
2. IAP image authentication
**DEVICE PROGRAMMING**
3. Auto programming
4, IAP Program by Index
5. I&AP Program by address W

2. Press 5, IAP program by address. After around 28 seconds, the IAP with the image at address
0x1400000 is executed successfully and the design version 05 is displayed, see the following
figure.

Figure 4-13. Successful IAP by Address

EF COM3 - PuTTY — O X

IAP PROGRAM for image at address 0x1400000 is in progress...
It takes approximately 28 second5§
Design Version(M3B first):
32bit USERCODE/Silicon Signature (MSE first): B5&783ABC
#%%% PplarFire Programming Example #*#*%*#%
Select option:
** AUTHENTICATICH**
1. Bit-stream authentication
2. IAP image authentication
**[DEVICE PROGRAMMING**
3. Auto programming
4. IAP Program by Index L]

This concludes running the IAP feature.

For information about programming the on-board SPI Flash using the fabric logic, see Appendix 1:
Programming On-board SPI Flash using the Fabric Logic through the Host Loader.

@ MICROCHIP


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-54B19D0D-48FD-40F7-A189-45533AF44D39&pub_lang=en-US&pub_ver=4&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-D0C21D0A-8A06-429E-9F24-EAD9BAD3E7CF&cover_title=PolarFire%20FPGA%20Auto%20Update%20and%20In-Application%20Programming%20Application%20Note&tech_support_link=NA&revision_letter=D&source=PDF&title=Running%20IAP&devices=

5. Appendix 1: Programming On-board SPI Flash using the Fabric Logic
through the HOSt Loader(AskaQuestion)
To program the SPI Flash, perform the following steps:

1.

Power off the Evaluation board using the SW3 slide switch. Close the PuTTY and set the on-board
SW11 (Evaluation board) DIP 1 to ON state.

Disconnect and connect the USB cable from the host PC to FTDI port J5 on the Evaluation board.
This ensures clearing off UART buffers.

Power on the Evaluation board using the SW3 slide switch.
Locate the 1oad spi flash.bat batch file from the
DesignFiles Folder\host pc_ tool pf folder.

Open or editthe 1load spi flash.bat batch file and ensure that it matches the COM port
number. For example, COM Port 9 in this instance.

spi_ loader.exe 9 golden image v0.spi update image v2.spi iap image v5.spi

Double-click the 1oad spi flash.bat file to load the programming images as listed in the
following table—into external SPI Flash. The application firmware writes the Flash directory
contents into the external SPI Flash along with programming images.

The command window prompts to press Enter to erase and program the SPI Flash with
programming images.

The LED 4 blinks to indicate that the SPI Flash Erase operation is in progress. The command
prompt displays the status, as shown in the following figure.

Figure 5-1. Erasing SPI Flash

B C\WINDOWS\system32\cmad.exe — [m] x

~
D:\ \host_pc_tool_pf>spi_loader.exe 9 golden_image_v@.spi update_image_v2.spi iap_imag
e_ws.spi

Serial port “\.\COM9 successfully reconfigured.

Ensure the PolarFire Kit is running .

Press 'Enter” to Program the External SPI flash ..

If you want to run programming options, change the DIP switch-1 position to OFF and power cycle the board.

The External SPI flash is erasing...
Handshaking with PolarFire kit is in progress...

The SPI Flash programming operation starts and takes 20-30 minutes to complete. LED 5 blinks
to indicate that the SPI Flash programming operation is in progress.

When the SPI Flash programming operation completes successfully, LED 5 starts to glow.

The Command prompt shows the status and the time taken, as shown in the following figure.
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Figure 5-2. Command Prompt Status

============Begin transaction Ack 'b" is received from the target==s==s=========
Requested address from the target =9527296

Requested returnbytes from the target =1296

bytes read from the file=1296

Remaining bytes =8

Sending the data to the target. ... i il e e
End of one transaction:Ack 'a’' received from target for the data from the host

start time 22:54:23

end time 23:24:28

DOME press ctrl+c to terminate the application.

8. Close the application.

9. Setthe on-board SW11 (Evaluation board) DIP1 to OFF state and open the PuTTY terminal. To
select the programming options, power cycle the board.
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6. Appendix 2: Programming the Device and External SPI Flash Using
FlashPro EXpress saauestion)

This section describes how to program the PolarFire device with the . job programming file using
FlashPro Express. The . job files are available at the following design files folder location:

mpf an4660_ df\Programming Job

progamming appnote FPGA SPI images_ vl contains both PolarFire device contents and SPI
images. When the file is selected for programming, the FlashPro express software programs
the PolarFire FPGA device and the external SPI Flash memory with programming images. The
programming takes nearly 30 minutes to complete.

progamming appnote only FPGA vl contains only PolarFire device contents. When the file is

selected for programming, the FlashPro express software programs the PolarFire FPGA device only.

To program the device and external SPI Flash, perform the following steps:

1. Ensure that the jumper settings on the board are the same as those listed in Table 2-3 (for
Evaluation board).

Important: The power supply switch must be switched off while making the
jumper connections.

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

On the host PC, launch the FlashPro Express software.

o VA WD

To create a new job project, click New or select New Job Project from FlashPro Express Job, as
shown the following figure.

Figure 6-1. FlashPro Express Job Project

[Z3 FlashPro Express E FlashPro Express (operator mode)
Project Edit View Programmer Help iew Tools Help

Job Projects B New Job Project Ctrl+N

" Open Job Project Ctrl+0Q
Hew... o o
pen.... X Close Job Project

Recent Projects Save Job Project Ctrl+Shift+A
Set Log File

Export Log File :—\E—Ep—wﬁm
\final top
L\final top

or

Export Devices Info

Preferences...
Execute Script...
Export Script File...

Recent Projects L4

Exit Ctrl+0Q
s
7. Enter the following in the New Job Project from FlashPro Express Job dialog box:

- Programming job file: Click Browse and navigate to the location where
the . job file is located and select the file. The default location is:
<download folder>\mpf an4660 df\Programming Job.
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- FlashPro Express job project location: Click Browse and navigate to the location where
you want to save the project.

Figure 6-2. New Job Project from FlashPro Express Job

[EF Create New Job Project *

Create a new job project by imparting 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,

I @ Import FlashPro Express job ﬁIeI

J‘upf_an4660_v20 24p1_df\Programming_Job'\programming_appnote_only_FPGA_v1.job Browse...

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: Jprogramming_c'-pnlwte_onl‘r'_FPGA_'-.-'1

I FlashPro Express job project location: IJC:'\an%GD

Help oK ] Cancel |

P

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

9. The FlashPro Express window appears. Confirm that a programmer number appears in the

Programmer field. If it does not, confirm the board connections and click Refresh/Rescan
Programmers.

Figure 6-3. Programming the Device

Project Edit View Programmer Help

| Refresh/Rescan Programmers

Programmer

©®  werzoor

4 ToO TOI 2

j v 2001RuxeY IDLE IDLE

PROGRAM v
RUN IDLE

Log 8 x

(E)Messages €3 Errors 4, Warnings i Info

Embedded FlashPro5 programmer detected. -
programmer 'E2001RUK6Y' : FlashPros

(Created FlashPro Express Job Project. z‘

10. Click RUN. When the device is programmed successfully, a RUN PASSED status is displayed, as
shown in the following figure. To run the demo, see Running the Demao.
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Figure 6-4. FlashPro Express—RUN PASSED

Project Edit View Programmer Help

Refresh/Rescan Programmers

Programmer

@  wr;or G

< 100 oI

[or Eove DN | S

PROGRAM -

RUN

Log

(=] Messages

@ Eros j, Warnings i Info

programmer 'E2001RUXEY" : Scan and Check Chain PASSED.
programmer 'E2001RUKEY' : device 'MPF300T' : Executing action PROGREM
programmer 'E2001RUKEY' : device 'MPF300T' : EXPORT ISC_ENABLE RESULT[32] = 00000000
programmer 'E2001RUKEY' : device 'MEF300T' : EXPORT CRCERR[1] = 0O
programmer 'E2001RUXEY' : device 'MPF300T' : Programming FEGA Array and sNVM...
programmer 'E2001RUKEY' : device 'MPF300T' : EXPORT BITS component bitstream digest[256] = 629346£15£57b0bbS7£2a%a7ba3%asa1126caa067b48735a03d218c2£d0001
programmer 'E2001RUKEY" : device 'MEF300T' : EXPORT Fabric component bitstream digest[256] = 452bf58£3e53ddec93e658b6c765ac04875223b5354Fedaldbedadd1291955a5
programmer 'E200LRUXEY" : device 'MPF300T' : EXPORT sNVM component bitstream digest[256] = 79dfc8£87332b32272151980d92£511338£e8053c53c26cCTE16cdS93CEEASEE
programmer 'E2001RUX6Y' : device 'MPF300T' : EXPORT EOB component bitstream digest[256] = 2abf624bbe66171aabd794cd2686e8260p02ebbdd1591914e7657a6a7527d8a0
programmer 'E2001RUKEY' : device 'MPF300T' :
programmer 'E2001RUKEY' : device 'MEF300T' : EXPORT DSN[128] = 8b7bdd8592cdadc5925026455dc25bes
IE200IRIREYY - 4 IMDEIATY -
programmer 'E2001RUKEY' : device 'MPF300T' : Finished: Fri Feb 01 11:44:56 2019 (Elapsed time 00:01:44)
programmer 'E2001RUKEY' : device 'MEF300T' : Executing action PROGRAM PASSED.
programmer 'E2001RUXEY' : Chain programming BASSED.

Chain Programming Finished: Fri Feb 01 11:44:56 2019 {Elapsed time 00:01:44)

0o-0-0-0-0-0

11. Close FlashPro Express, Project > Exit.
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7. Appendix 3: Running the TCL Script (s auestion)

TCL scripts are provided in the design files folder under directory aw. If required, the design flow can
be reproduced from the Design Implementation before the job file is generated.

To run the TCL, perform the following steps:

Launch the Libero® software.

Select Project > Execute Script....

Click Browse and from the downloaded aw directory, select script.tcl
Click Run.

A wnh o=

After successful execution of TCL script, Libero project is created within Hw directory.
For more information about TCL scripts, see mpf an4660 df/HW/TCL Scripts readme.txt.

For more details on TCL commands, see Tcl Commands Reference Guide. Contact Technical Support
for any queries encountered when running the TCL script.
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8. Appendix 4: References (sa question)

This section lists the documents that provide more information about programming and other IP
cores used.

For more information about PolarFire FPGA programming, see PolarFire FPGA and PolarFire SoC
FPGA Programming User Guide.

For more information about the CoreJTAGDEBUG IP core, see CoreJTAGDebug_HB.pdf. This user
guide can be downloaded from the Libero SoC Catalog.

For more information about the MIV_RV32 IP core, see MIV_RV32 Handbook. This user guide can
be downloaded from the Libero SoC Catalog.

For more information about the CoreUARTapb IP core, see CoreUARTapb_HB.pdf. This user guide
can be downloaded from the Libero SoC Catalog.

For more information about the CoreAPB3 IP core, see CoreAPB3_HB.pdf. This user guide can be
downloaded from the Libero SoC Catalog.

For more information about the CoreGPIO IP core, see CoreGPIO_HB.pdf. This user guide can be
downloaded from the Libero SoC Catalog.

For more information about the PolarFire initialization monitor, see PolarFire Family Power-Up
and Resets User Guide .

For more information about how to build a Mi-V processor subsystem for PolarFire devices, see
AN4997: PolarFire FPGA Building a Mi-V Processor Subsystem.

For more information about the PF_CCC IP core, see PolarFire Family Clocking Resources User
Guide..

For more information about Libero, ModelSim, and Synplify, see Libero SoC Documentation.
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https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/PolarFire_FPGA_Building_MIV_Subsystem_AN4997.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_PolarFire_FPGA_and_PolarFire_SoC_FPGA_Clocking_Resources_User_Guide_VB.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_PolarFire_FPGA_and_PolarFire_SoC_FPGA_Clocking_Resources_User_Guide_VB.pdf
https://www.microchip.com/en-us/products/fpgas-and-plds/fpga-and-soc-design-tools/fpga/libero-software-later-versions#documents

9. Revision History (saauestion)

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

Table 9-1. Revision History

D 05/2025
C 04/2025

B 07/2024

A 08/2022

7.0 —
6.0 —

5.0 —
4.0 —
3.0 —
2.0 =
1.0 —
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Updated the TCL filepath in the Appendix 3: Running the TCL Script section
The following is the list of changes in revision C of the document:

+ Updated the IAP design with the TCK frequency constraint in the SDC file
+ Updated the . job filepath throughout the document

The following is the list of changes in revision B of the document:

+ Updated Figure 1-2 in Demo Design section

+ Updated Figure 1-5 and Table 1-3 in Design Implementation section

+ Updated "100 MHz" to "83.33 MHz" and Figure 1-8 in PF_CCC_0 Configuration section

+ Updated Reset Vector Address values, Figure 1-9, and Figure 1-10 in Mi-V Soft Processor
Configuration section

+  Removed "CoreGPIO_0 Configuration" and "CoreAPB3 Configuration" section

+ Added Instantiating MiV ESS Core section

+ Updated "100 MHz" to "83.33 MHZz" in Figure 1-16 in Clocking Structure section

+ Updated Figure 2-6 and Figure 2-7 in Configure Design Initialization Data and Memories section

+ Updated Figure 3-2 and Figure 3-3 in Serial Terminal Emulation Program Setup section

+ Updated Figure 6-1 in Appendix 2: Programming the Device and External SPI Flash Using FlashPro

Express section

The following is the list of changes in revision A of the document:

+ Migrated the document to the Microchip template

+ Updated the document number to DS00004660A from 51900466

+ Updated the document ID to AN4660 from AC466

* Removed all Splash Board related content from document

* Replaced all Microsemi links with Microchip links

+ Updated hex file location throughout the document

+ Removed "Programming the Device" section

+ Updated . job programming file location in Appendix 2: Programming the Device and External SPI
Flash Using FlashPro Express and Appendix 3: Running the TCL Script

Added Appendix 3: Running the TCL Script.

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

The document was updated for Libero SoC v12.0

Merged Splash kit related content and updated the document for Libero SoC PolarFire v2.3 release
The document was updated for Libero SoC PolarFire v2.2 release

The document was updated for Libero SoC PolarFire v2.1 release

The first publication of this document
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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

Trademarks

The “Microchip” name and logo, the “M” logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

ISBN: 979-8-3371-1231-2

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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Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

* 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 products are 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.
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