MICROCHIP Libero® SoC v2022.3
PolarFire® SoC MSS Configurator User Guide

Introduction

The PolarFire® SoC Microcontroller Subsystem (MSS) Configurator provides a graphical user interface that allows
embedded software engineers to define the MSS start-up state quickly. It exports an XML file that is consumed by the
embedded software flow that converts the XML into initialization constructs. Additionally, the tool outputs a CXZ file
for inclusion into your Libero® design flow. The CXZ file contains information about metadata and port needed by the
FPGA designer to complete the MSS and FPGA fabric connectivity.

MSS configurator is available as a stand-alone application and as part of the Libero SoC design tool suite. The
information in this user guide applies to both.

Important: Older versions of this documentation uses the terms "Master" and "Slave." The equivalent
Microchip terminology used in this document is "Initiator" and "Target" respectively.
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See the following reference documents for further details:

» Configuration of the MSS clocks.

— For detailed information about the MSS clocking features, see PolarFire FPGA and PolarFire SoC FPGA
Clocking Resources User Guide.

» Configuration of the MSS interfaces to the FPGA fabric.

— For detailed information about the MSS Fabric Interface Controller (FIC) features, see PolarFire SoC FPGA
MSS Technical Reference Manual.

» Selection and assignment of the MSS peripherals to the MSS dedicated 1/0s and/or the FPGA fabric dedicated
peripheral interfaces.

— For detailed information about the MSS Peripherals features, see PolarFire SoC FPGA MSS Technical
Reference Manual.

» Configuration of the MSS Bank voltages and 1/O standards and attributes.

— For detailed information about the MSS Banks and I/Os features, see PolarFire FPGA and PolarFire SoC
FPGA User I/O User Guide.

» Configuration of the MSS DDR memories (DDR3/L, DDR4, LPDDR3, and LPDDRA4).

— For detailed information about the MSS DDR4, DDR3, LPDDR3, and LPDDRA4 features, see PolarFire
FPGA and PolarFire SoC FPGA Memory Controller User Guide.

» Configuration of the MSS debug features.

— For detailed information about the MSS debug features, see PolarFire SoC FPGA MSS Technical
Reference Manual.
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Installing the PolarFire SoC MSS Configurator

The PolarFire SoC MSS Configurator bundled with Libero is available at the following location in the Libero
installation section:

* Windows:
<$Installation Directory>\Microsemil\Libero SoC vX.X\Designer\bin64\pfsoc mss.exe

* Linux: <$Installation Directory>\Microsemil\Libero SoC vX.X\bin64\pfsoc mss
The PolarFire SoC MSS Configurator can also be installed as a stand-alone application.

For information about how to install Libero, see Libero SoC v12.0 and later.

Input and Output Files

The following sections describe the PolarFire SoC MSS Configurator input and output files.

Output Files
The PolarFire SoC MSS Configurator generates the output file formats shown in the following figure.

» XML Configuration File — Contains the MSS memory map, clock, DDR memory controller, and peripheral
configuration. The XML file is used to generate hardware files required for building the firmware project.

* CXZ File — Encapsulates the hardware design of the MSS block and can be imported into Libero SoC project.
Figure 2-1. PolarFire SoC MSS Configurator Block Diagram

XML . .h SoftConsole

(Optionsl) »| PolarFire SoC MSS Configurator

CX7Z .
> Libero SoC

Input files

The PolarFire SoC MSS Configurator can be invoked without any input files. A configuration file (.cfg) from an earlier
MSS configurator session can be optionally provided to the PolarFire SoC MSS Configurator.

Note: A .cfg file and a report file can also be generated from the PolarFire SoC MSS Configurator.
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3. Running the PolarFire SoC MSS Configurator

You can run the PolarFire SoC MSS Configurator in Batch mode or Interactive mode.

3.1 Batch Mode
The PolarFire SoC MSS Configurator application can be executed in the Batch mode for scripted execution as
follows:
+  Windows®:

<Libero SoC or Standalone MSS Configurator installation area>\biné64\pfsoc mss.exe -
GENERATE -CONFIGURATION FILE:<absolute or relative path for configuration file name
(.cfg)> -OUTPUT DIR:<absolute or relative path for output directory> -EXPORT HDL:<true/
false> -LOGFILE:<absolute or relative path for logfile file name>

-EXPORT_HDL and -LOGFILE are optional arguments.
+  Linux®:

<Libero SoC or Standalone MSS Configurator installation area>/bin64/pfsoc mss.exe -
GENERATE -CONFIGURATION FILE:<absolute or relative path for configuration file name
(.cfg)> -OUTPUT DIR:<absolute or relative path for output directory> -EXPORT HDL:<true/
false> -LOGFILE:<absolute or relative path for logfile file name>

-EXPORT_HDL and -LOGFILE are optional arguments.

3.2 Interactive Mode
In the Interactive (GUI) mode, the PolarFire SoC MSS Configurator provides the following high-level options.
Table 3-1. Configurator-Project Menu Options

o =

New Starts configuring a new MSS subsystem.
Open Opens a configuration (. c£fg) file.
Save/Save As Saves the current configuration of the MSS subsystem to

a configuration (. cfg) file.

Generate Generates MSS configuration (. xm1) and component
(. cxz) files after configuring the MSS subsystem.

Close Closes the current configuration (. c£q) file.

PolarFire SoC MSS Configurator can also be invoked in GUI mode for a specific configuration file as below:

¢ Windows:

<Libero SoC or Standalone MSS Configurator installation area>\bin64\pfsoc mss.exe
-CONFIGURATION FILE:<absolute or relative path for configuration file name (.cfg)>
-OUTPUT DIR:<absolute or relative path for output directory>

¢ Linux:

<Libero SoC or Standalone MSS Configurator installation area>/bin64/pfsoc_mss.exe
-CONFIGURATION FILE:<absolute or relative path for configuration file name (.cfg)>
-OUTPUT DIR:<absolute or relative path for output directory>
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Important: -OUTPUT DIR is an optional argument in GUI mode. If specified, the default output directory
location in GUI will always point to the specified location.

3.3 Using the PolarFire SoC MSS Configurator GUI
The PolarFire SoC MSS Configurator GUI has the following tabs.

» Peripherals

+ DDR Memory

* L2 Cache

* Crypto

» MSS to/from Fabric Interface Controllers
* Clocks

* MSS I/O Attributes

* Memory Partition and Protection

* Misc

3.31 Clocks
Use the Clocks tab to configure the MSS PLL clock frequency and clock sources. For more information, see the
PolarFire FPGA and PolarFire SoC FPGA Clocking Resources User Guide.
There are three PLLs inside MSS, which generates the necessary clocks:
+ MSSPLL
« DDRPLL
+ SGMII PLL

Each PLL generates four output clocks from one input reference clock.

The actual output that PLL Solver generates is shown in GUI next to the Actual: label. If the requirement is met, the
color of the label is blue. If it is not met (from you), it is red.
In MSS PLL, you must specify the four output clock requirements.

*  Output 0 (CPU Clock)

*  Output 1 (Crypto Clock)

*  Output 2 (eMMC Clock)

* Output 3 (CAN Clock)
The following conditions pose restrictions on the PLL solver. Solver attempts to solve the fixed requirements first and
then the ones without restriction.

1. When eMMC is enabled, the output clock requirement is fixed at 200 MHz.

2. When the CAN peripheral is enabled, the output clock requirement must be multiple of 8 (max 80 MHz).

3. Crypto can be at most 200 MHz.

4. CPU has the maximum frequency of 625 MHz.

In DDR PLL, enter the required output clock frequency in the DDR tab in Line Edit 'Memory clock frequency'. All four
output clocks are generated by PLL that is the same frequency.

In SGMII PLL, the output frequency requirement is fixed at 625 MHz for all four outputs. You do not have to enter this.
Additionally, the output clocks are phase-shifted by 90° (output O clock has 0° phase shift, output 1 clock has 90°, and
so on).

The following table lists the option provided in the MSS Clocks selection tab.
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Table 3-2. MSS Clock Selection Tab

e

eMMC/SD/SDIO clock source

CAN clock source

MSS PLL Reference Clock Source

MSS PLL required clock frequency

MSS CPU cores clock frequency Divider

MSS AXI clock frequency Divider

MSS AHB/APB clock frequency Divider

DDR Reference Clock Source

RTC/MAC SGMII Reference Clock Input Source
Dedicated 1/0 from Bank5 (REFCLK) frequency

NW PLL (REF_O_PLL_NW) frequency (MHz)/NW
PLL (REF_1_PLL_NW) frequency (MHz)

Crypto clock frequency from MSS (MHz)

MSS CAN clock frequency (MHz)

eMMC/SD/SDIO can be clocked either through MSS PLL or
Fabric 1/0.

CAN can be clocked either through MSS PLL or Fabric 1/O.

MSS can be clocked from dedicated I/O from Bank 5
(REFCLK) or North West PLL output.

» For STD speed, you can set the frequency value of up to
625 MHz.

» For -1 speed, you can set the frequency value of up to
667 MHz.

All MSS clock frequencies are derived from this setting.

The MSS CPU clock frequency is based on the MSS PLL
clock frequency and is set using the divider values /1, /2, /4,
or /8. The frequency must be greater or equal to the MSS
AXI clock, and can have a maximum value of 667 MHz for -1
speed and 625 MHz for STD speed.

The MSS AXI clock frequency is based on the MSS CPU
clock frequency and is set using the divider values of /1, /2, /4,
or /8. The frequency must be greater or equal to MSS
AHB/APB clock, and can have a maximum value of 333.50
MHz for -1 speed and 312.50 MHz for STD speed.

The MSS AHB/APB clock frequency is based on the MSS
CPU clock frequency and is set using the divider values /2, /4,
or /8. The maximum supported frequency is 166.75 MHz for -1
speed and 156.25 MHz for STD speed.

You can select the North West (NW) PLL ports or I/Os from
Bank 5.

You can select the NW PLL ports or I/Os from Bank 5.

This is a dedicated I/0 from Bank 5 to the MSS PLL. It can
either be 100 MHz or 125 MHz.

This option is available when any peripheral is clocked from
NW PLL output. It can be any value between 50 MHz to 125
MHz.

You can set the reference clock frequency for Crypto between
1 MHz to 200 MHz.

The MSS CPU clock frequency is based on the MSS PLL
clock frequency. The supported frequencies in MHz are 8, 16,
24, 32, 40, 48, 56, 64, 72, and 80.

Note: The DDR Reference Clock Input Source option appears only when the DDR memory type is selected from

the DDR Memory tab.

The following figure shows the Clocks tab in the PolarFire SoC MSS Configurator. In this example, the following

configurations are used:

» Dedicated I/Os from Bank 5 (REFCLK) are selected as the reference clock input source for the MSS. The MSS

PLL clock frequency is set to 600 MHz.

» Dedicated I/Os from Bank 5 (REFCLK) are used to source the reference clock input frequency for the DDR

subsystem.
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* The DDR clock source and MSS clock source are set to 125 MHz.
Figure 3-1. Clocks Tab
Peripherals | DDRMemory | L2Cache | Crypto | MSS toffrom Fabric Interface Controlers  Clocks | MSSI1/O Attributes | Memory Partition and Protecton | Misc |

E  eMMC/SD/SDIO and CAN

eMMC/SD/SDIO dodk source  [mMssPiL v

E  MSS PLL and dividers

MSS PLL reference dock source |Ded\caned /O from Bank5 (REFCLK) _:J

MSS PLL required clock frequency (MHz) |SD€|DDG Actual PLL dock frequency: 600,000 MHz
MSS CPU cores dock frequency divider |fl j Actual CPU cores dock frequency: 600.000 MHz
MSS AXI dock frequency divider [ > Actual AXI cores dock frequency: 300,000 MHz
MSS AHBJAPB dock frequency divider [ra ] Actual AHBJAPB cores dock frequency: 150,000 Mz
MSS eMMC/SD/SDIO dock frequency (MHz) ] 0 Actual eMMC/SD/SDIO dock frequency: 200,000 MHz

E DDR
DOR reference dock source |Dedicated 1f0 from Bank5 (REFCLK) ﬂ

E Real Time Clock (RTC) / Gigabit Ethernet MAC

RTC | MAC SGMIT reference dock source  [NW PLL ports OUT2 or OUT3 (REFCLK_1_PLL_NW) ]

B Cock Sources Frequency

The following figure shows the Clocks tab with PLL in the PolarFire SoC MSS Configurator. In this example, the
following configuration is used:

* NW PLL ports OUT2 or OUT3 (REFCLK_0_PLL_NW) are selected as the reference clock input source for the
MSS. The MSS PLL clock frequency is set to 600.000 MHz.

* NW PLL ports OUT2 or OUT3 (REFCLK_1_PLL_NW) are used to source the reference clock input frequency for
the DDR subsystem and Real Time Clock/Gigabit Ethernet MAC.

* The DDR Clock Source and MSS Clock Source are set to 100 MHz.
Figure 3-2. Clocks Tab with PLL

Perphersl | DOfMemery | L2Cshe | Crpin | MSSiofomFabrcnberface Conboders Clode | MESIH Abrbutes | Memory Partition and Brotecton | Misc

2 Mss FLLand dividers |

M55 PLL referemnce dack source WA PLL ports OUT2 or €873 REFELE S PLLNW) =) Pt

M5 PLL raqured clock fraquency (r) 600,000 Achusl PLL cock Eequency: 600,000 Meer

S 5t v ok ey e [ =] scomicoU s dock reqey: sccoms MSS Clock Controller

M55 K] dodk frequency divider I =] Achusl A1 cores dock frequency; 300000 Mz MSS PLL

AXI& L2

MSS AHBIAPE dock feguency dvider 13 =] Achul #8458 coves dock Eequency D000 M £00.000 MHz 300.000 MHz
2 oo

BOR referernce docksoures [ PLL portz OUT2 or OUT3 FEFCLK_LPLL M} = REFCLK_0_PLL_NW.

100 MHz

E  Resl Time Cock (RTC) / Gigabit Ethemnet MAC

ATC {MAC SGNIL reference dodisorce [NV PLL ports OUT2 or OUFS (REFOLE_I L) 7|

5 hock Sources Frequency

REFCLK_1_PLL_NW,
100 MHz

DDR PLL
SGMII PLL

DDRC + Phy
800,000 MHz
SGMI Phy
625.000 MHz

a0 FLL (REFCLK_0_PLa o) frecuemcy ) [100
REFCLK_1_PLL_NW
Y PLL (REFCLK 1714 Frecuency () [100 100 MHz

< J 1]

For more information about configuring the MSS DDR subsystem, see DDR Memory.
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MSS To/From Fabric Interface Controllers

Using the MSS to/from Fabric Interface Controllers tab, any combination of FIC_0, FIC_1, FIC_2, and FIC_3 can
be enabled and configured to support initiator and target interfaces. For more information, see the PolarFire SoC
FPGA MSS Technical Reference Manual.

FIC_0, FIC_1, and FIC_2 support AXI4 interfaces, while FIC_3 supports APB.

For FIC_0 and FIC_1 interfaces, both initiator and target interfaces can be enabled at the same time. FIC_2 interface
can support only target interface, and FIC_3 interface can only support initiator interface (MSS is initiator).

FIC_0 and FIC_1 have both initiator and target interfaces to and from the FPGA fabric, while FIC_2 and FIC_3
support target or initiator interfaces, respectively.

The Jitter Range for the Embedded DLLs can be selected in the Fabric Interface Controller tab. The Embedded
DLL Jitter Range drop down has the following options.

* Low
*  Medium Low
*  Medium High
* High

Important: The default selection is Medium Low.

The following figure shows all FIC options available and enabled. By default, the DLLs of all the FICs are enabled.

Figure 3-3. MSS to/from Fabric Interface Controllers Tab

Project Edit Help
A 3
— W

Peripherals I DDR Memary } L2 Cache MSS to/from Fabric Interface Controllers } Clocks } MSS /O Attributes Memory Partition and Protection ] M‘SCI

B FIC_0 (AXI4)

Use Initiator Interface [ Use Target Interface ™

Use Embedded DLL [v  Embedded DLL Jitter Range Medium Low _~ |
B FC_1 (AXI4)

Use Initiator Interface [ Use Target Interface ™

Use Embedded DLL |[v  Embedded DLL Jitter Range Medium Low v |

B FC_2 (AXI4)

Use Target Interface
Use Embedded DLL [v  Embedded DLL Jitter Range  |Medium Low _ |

B FIC_3 (APB)

Use Initiator Interface |

Use Embedded DLL [  Embedded DLL Jitter Range  |Medium Low _ |
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Important: The FIC interface can operate up to 250 MHz. The FIC clock is independent of the MSS clock.
If the frequency of the FIC block is greater than or equal to 125 MHz, the embedded DLL must be enabled
to remove the clock insertion delay. If the frequency of the FIC block is less than 125 MHz, the embedded

DLL must be bypassed.

When an initiator interface is enabled for a FIC, that initiator interface must be connected to a target in the fabric.
When a target interface is enabled for an FIC, that target interface must be connected to an initiator in the fabric.

There is a clock domain crossing logic in the FIC block to address the asynchronous MSS and Fabric clocks and
therefore, user logic is not required to implement clock domain crossing synchronization for this interface.

Figure 3-4. FIC Interfaces Enabled

BOARD TEST 0

1

FIC_0_ARI4 IMITIATOR
FIC_2_APE_INITIATOR

q

Car 0=
CAM_D_TRBLIS_M2Fm
CAM_D_TH_EBL_MZF
caH_1E
CAN_L_THELISM
CAM_L_TH_EBL_Mpw
CLockE
PLL_CRU_LOCK_M2Fm
PLL_DDR_LOCK_M2Fme
PLL_SGMII_LOCK_MZFm
CoRE
A 0]
CEpe
CKEW
CE_Hm
CEe
D[ 4]
D210
Drs[2 0] @
DS _MH3:0] &
SOT
RESET_Im
EMMZ_SCE]
EMMC_CLE_SD_CLK e
EMMC_CMD_S0_CMD @
EMMC_DaTA7_SO_WOLT_CMD_DIR &
EMMC_DATAE_SD_WVOLT_EM #
EMMC_DATAS_SD_WOLT_SEL#
EMMC_DATAS SO_POW &
EMMC_DATAZ_SD_DATAZ#
EMMC_DATAZ_SD_DATAZ &
EMMC_DATAL_SD_DATALe
EMMC_DATAD_SD_DATAD#
EMMC_RSTH_SDr WP
EMMC_UMUSED S0 AOLT_DIR_1 3w
EMMC_UMUSED SO WOLT_DIR_ 0w

FIC_0_4KI4 TARGET FIc_ 0[]
aFIC_l_AHH_TARGET FIC_0_CLL LOCK_M2F e

FIC 2 414 TARGET FIc_ 1]

ElcAN_1_IH FIC_1 DL LOCK_MzFe
— AR N RXRIS FPM FTo 2=l

L CAN_L_THEUS
L [ oAM_L_TH_EEL_M

L s oa[50]
-k

L ckE

L ok
s
Lo DM[E:0]
L~ Do21:0]
L~ Dgs[0]
L DS 0]
L oDT

L [ RESET_M

L [ EMMC_CLK_SD_CLE

L EMMC_CMD_SD_CMD

L EMMC_DATAT_SD_WOLT_CMD_DIR
L EMMC_DATAE_SD_WOLT_EM

L S EMMC_DATAS SO WOLT_SEL

L EMMC_DATAd_SD_PO

L S EMMC_DATAZ_SD_DATAS

L S EMMC_DATAZ_SD_DATAZ

L S EMMC_DATAl_SD_DATal

L S EMMC_DATAD_SD_DATAD

L [ EMMC_RSTH_SD_ P

L [ EMMC_UMUSED_SD_WOLT_DIR_1_2
L [ EMMC_UMUSED S0 WoOLT_DIR_0

Note: The MSS SmartDesign component is visible only after importing the MSS CXZ file.
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3.3.3 Peripherals
Select the following 1/Os using the Peripherals tab:
* GPIOs from Bank 2 and Bank 4, which are dedicated to the MSS.
« Fabric I/Os, if the dedicated 1/0Os from Bank 2 and Bank 4 are not available.

* GPIOs from Bank 5 are dedicated to SGMII but can be routed to GMII or Ml fabric 1/0Os. GPIO from Bank 5 are
displayed only when Gigabit Ethernet MAC_0 or Gigabit Ethernet MAC_1 is selected.

Important: 1/0Os from the DDR bank are dedicated to the DDR Controller in the MSS.

For more information, see the PolarFire SoC FPGA MSS Technical Reference Manual. The following figure shows
the Peripherals tab on the PolarFire SoC MSS Configurator.

Figure 3-5. Peripherals Tab

Project Edit_Help

N (R

Perpherals | DR Memory | (2 Cache | MSS toffrom Fabric nteface Conralers | Clocks | MSS 10 Atributes |  Memory Partion and rotection | Misc |
EMMC and SO/SDIO B eMMC and SD/SDIO Settings BANK | 103X |2 ml
Gigabit Ethernet MAC 0 eMMCand SD muxing  [Disabled ~]
Gigabit Ethernet MAC_T
asel B eMmmc
SPLO
SPL1 10 Connection ~ [Unused =]
MMUART_0
MMUART_1 Data s [7:4]  [Unused |
MMUART 2
MMUART_3 Speed Mode 4
MMUART 4
12€.0 B sb/spi0
12C 1
CAN_O 10 Connection Unused 3
CAN 1
GPIO_0 (Bank4 1/0s) Speed Mode Default Speed |
GPIO_O0 (Bank4 1/Os) Reset Source
GPIO_1 (Bank2 1/0s) Disable SD_WP and SD_POW ports [~
GPIO_1 (Bank2 1/0s) Reset Source
GPIO_2 (Fabric) VOLT PORTS [ E—
GPIO_2 (Fabric) Reset Source

VOLT_SEL is inverted I

VOLT_EN is inver rted I

VOLT_CMD is inverted I ¥

- of =
g [0 E

By default, all peripherals are marked as Unused. To include peripherals that are required in the design, select the
peripheral from the left-hand side of the window and use the corresponding drop-down to assign MSS 1/Os or fabric
I/Os.

The 1/Os associated with the following peripherals are dedicated and cannot be assigned to fabric I/Os:
» USB peripherals are dedicated in Bank 2.
* eMMC peripherals are dedicated in Bank 4.
* Ports SD_POW and SD_WP can be disabled when not in use and can be used for other interfaces.
» SD/SDIO peripherals are dedicated in Bank 4.

The GPIOs in Bank 2 and Bank 4 have the following options.

* Unused
* MSS I/Os Bank2/4
» Static High

« Static Low

Important:
« Static High and Static Low can only be set when eMMC and SD muxing is enabled.
* GPIO_2 (Fabric) does not support Static High and Static Low options.

According to the options selected, the affected GPIOs are highlighted in green, as shown in the following figure.
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Figure 3-6. GPIO Options
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A s 55
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Can w005 [ ] omae | El voow
GPIOLO (Bankt1/0%) n =
GPIO_D (Bank 1/05) Reset Source = =
GPIO_1 (Bank2 1/05) 1006  [unused ~| [t =] . =
GPIO_1 (Bank? 1/03) Reset Source B2
GPIO2 (Fabric) R
GPIO2 (Fabric) Reset Source. 1007 [umsed =l firess -] P n
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Note: If the I/Os for a peripheral are selected in a bank, you cannot select the same 1/Os for another peripheral from
the same bank. If you try, the tool generates the following error message in the log window:

I/0 placement errors were detected in Peripherals Tab.

Figure 3-7. 1/0 Placement Error Message in Log Window

Log Window g x

E]Messages l@Errors L, Warnings ﬂInfo

@ERROR :

@ERROR
iy

Module Name: test Die: MPFS250T_ES Package: FCVG484

You can choose to enable either eMMC or SD at power-up using the eMMC and SD muxing option. The highlighted
green-colored ports denote which 1/O setting is active, whereas the orange-colored ports indicate which 1/O setting is
inactive.

The following warning message is generated in the log window, when the eMMC or SD setting is enabled.
Embedded software driver and fabric design support is required to allow 'eMMC and SD muxing'.

The eMMC and SD cannot be used simultaneously, as shown in the following figure.
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Figure 3-8. Overlapping 1/0 Warning

Project Edit Help
A La (R
]

Peripherals | 0DR Memory | L2 Cache | MSS toffrom Fabric interface Controlers |  Clocks | MSS /0 Attributes | Memory Partiion and protection | Misc |

eMMC and SD/SDIO B eMMC and SD/SDIO Settings BANK | I0MUX PacagePin | anic vss s e Qs st ADUART nc cax crio —
Uss o e o
Gigabit Ethernet MAC_0 eMMC and SD muxing [ Enabled (eMMC active at Power-Up) ~ | 1 xS
Gigabit Ethernet MAC_1 2 m
QsPl o 2 u
SPLO N x
SPL1 10 Connection  [MSS J0s Banks ] 5| s »
MMUART_0 5 e x
MMUART_1 Data J/Os [7:4]  [Unused =~ e =
MMUART_2 4 s E
MMUART_3 Speed Mode Default Speed <] o =
MMUART_4 0 n
12€.0 © so/sow0 S
12C1 L
CANLO 10 Connection NS5 1/0s Banké ~ ] D =
canT =l @
GPIO_0 (Bank4 1/0s) Speed Mode Default Speed  ~ ] o it
GPIO_O (Bank4 1/Os) Reset Source " oy
GPIO_1 (Bank2 1/0s) Disable SD_WP and SD_POW ports | i
(GPIO_1 (Bank2 I/Os) Reset Source i B
GPIO_2 (Fabric) VOLT PORTS Unused =] o | @
(GPIO_2 (Fabric) Reset Source n s
VOLT_SEL s inverted r 2
e - ==
3
)
VOLT_cMD is inverted r o ! e
3 [ y | m B |

3.34 MSS I/O Attributes

MSS 1/Os are present in Bank2, Bank4, and Bank5. The attributes present for each bank are as explained as shown
in the following.

3.3.41 Bank21/Os
The MSS 1/Os are available across Bank2. The Bank2 1/Os tab allows you to select the electrical characteristics of
the MSS I/Os. Each MSS 1/O along with the settings must be enabled one-by-one.

Figure 3-9. Bank2 1/0Os Tab

Peripherals } DDR Memory I L2 Cache I MSS to/from Fabric Interface Controllers I Clocks MSS 10 Attributes Memory Partition and Protection } Misc ]
6 Use the tabs below to configure the attributes of MSS I/Os used in design - MSS 1fOs are present in Bank 2, Bank 4 and Bank 5.
Bank2 1/Os ] Banké YOs | Bank5 /Os (REFCLK and SGMTT) |

E Bank2 Settings

Bank2 Voltage |VDDI = 3.3V, VDDAUX=3.3 (PCI, LVTTL/LVCMOS33 105TD) ﬂ

Lock Down Bank2 Jos [

MSSIO_14 (GPIO_1_0) - | =3 MSSIO_14 (GPIO_1_0 - INOUT)
MSSI0_15
MSSIO] 6 Resistor Pull up =
MSSIO_17 .
MSSI0_18 GRS -
MSSIO_19

- cl Diod
MS5I0_20 amp Biace [
MSSIO_21

- Output Drive (mA’ 8 hd
MSSIO_22 r e =
MS510_23 Enable Low power mode output buffer [
MSSIO_24
MSsI0_25 Schmitt Trigger for 2.5 and 3.3V (Always ON for 1.2, 1.5and 1.8V) |
MSSIO_26
MSSIO_27 j Enable Low power mode input receiver [

Note: Enable the Lock Down Bank2 1/Os option to lock all the Bank2 MSSIOs.

The following table lists the 1/0 standards and the output drive.
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Important: This is applicable to Bank2 and Bank4 MSSIOs only.

Table 3-3. 1/0 Standard and Output Drive

Speed Mode LVCMOS Standard | Output Current Supported Out Drive Values
Drive

USB 2.0 High 3.3V 8 mA-20 mA 8, 12, 16, and 20 mA
2.5V 6 mA-16 mA 6, 8, 12, and 16 mA
1.8V 6 mA-12 mA 6, 8, 10, and 12 mA
eMMC Default speed 3.3V 3.3V =>2-20 mA 2,4,8,12, 16, and 20 mA
1.8V 1.8V =>2-10 mA 2,4,6,8,and 10 mA
1.2V 1.2V =>2-8 mA 2,4,6,and 8 mA
High speed 3.3V 3.3V =>4-20 mA 4,8,12, 16, and 20 mA
1.8V 1.8V =>4-10 mA 4,6, 8, and 10 mA
1.2V 1.2V =>4-8 mA 4,6, and 8 mA
High speed DDR 3.3V 3.3V =>2-20 mA 2,4,8,12,16, and 20 mA
1.8V 1.8V =>2-10 mA 2,4,6,8,and 10 mA
1.2V 1.2V =>2-8 mA 2,4,6,and 8 mA
HS200 1.8V 1.8V =>6-10 mA 6, 8, and 10 mA
1.2V 1.2V =>4-8 mA 4,6, and 8 mA
HS400 1.8V 1.8V =>4-10 mA 4,6, 8, and 10 mA
1.2V 1.2V =>4-8 mA 4,6, and 8 mA
HS400-ES 1.8V 1.8V =>4-10 mA 4,6, 8, and 10 mA
1.2V 1.2V =>4-8 mA 4,6, and 8 mA
SDIO Low Speed 3.3V 2 mA-20 mA 2,4,8,12, 16, and 20 mA
Full Speed 3.3V 2 mA-20 mA 2,4,8,12, 16, and 20 mA
SD Default speed 3.3V 2 mA-20 mA 2,4,8,12, 16, and 20 mA
High speed 3.3V 4 mA-20 mA 4,8,12, 16, and 20 mA
SDR12 1.8V 2 mA-10 mA 2,4,6,8,and 10 mA
SDR25 1.8V 4 mA-10 mA 4,6, 8,and 10 mA
SDR50 1.8V 4 mA-10 mA 4,6, 8,and 10 mA
DDR50 1.8V 4 mA-10 mA 4,6, 8, and 10 mA
SDR104 1.8V 6 mA-10 mA 6, 8, and 10 mA
CAN — 3.3V 2 mA-20 mA 2,4,8,12, 16, and 20 mA
User Guide DS60001661J-page 14

© 2022 Microchip Technology Inc.
and its subsidiaries



Libero® SoC v2022.3
Running the PolarFire SoC MSS Configurator

........... continued

Speed Mode LVCMOS Standard | Output Current Supported Out Drive Values
Drive

QSPI

SPI

MMUART

12C

Ethernet
MAC(MDIO)

GPIO

When a peripheral supports multiple speed modes, the following must be followed.

Initiator

Target

Standard

Fast

PHY
Management
Interface

3.3V
2.5V
1.8V
1.5V
1.2V
3.3V
2.5V
1.8V
1.5V
1.2V
3.3V
2.5V
1.8V
1.5V
1.2V
3.3V
2.5V
1.8V
3.3V
1.8V
3.3V
1.8V
3.3V
2.5V
1.8V
1.5V
1.2v
3.3V
2.5V
1.8V
1.5V
1.2V

3.3V =>8-20 mA
2.5V =>8-16 mA
1.8V =>8-12 mA
1.5V =>8-10 mA
1.2V =>6-8 mA
3.3V =>8-20 mA
2.5V =>8-16 mA
1.8V =>8-12 mA
1.5V =>8-10 mA
1.2V => 6-8 mA
3.3V =>8-20 mA
2.5V =>8-16 mA
1.8V =>8-12 mA
1.5V =>8-10 mA
1.2V =>6-8 mA
3.3V =>2-20 mA
2.5V =>4-16 mA
1.8V =>4-12 mA
3.3V =>2-20 mA
1.8V =>2-10 mA
3.3V =>2-20 mA
1.8V =>2-10 mA
3.3V =>8-20 mA
2.5V =>8-16 mA
1.8V =>8-12 mA
1.5V =>8-10 mA
1.2V =>6-8 mA
3.3V =>2-20 mA
2.5V =>2-16 mA
1.8V =>2-12 mA
1.5V =>2-8 mA
1.2V =>2-8 mA

8,12, 16, and 20 mA

8, 12, and 16 mA

8,10, and 12 mA

8 mA

6 and 8 mA

8, 12, 16, and 20 mA
8,12, and 16 mA

8, 10, and 12 mA

8 mA

6 and 8 mA

8,12, 16, and 20 mA

8, 12, and 16 mA

8,10, and 12 mA

8 mA

6 and 8 mA

2,4,8,12, 16, and 20 mA
4,6, 8,12, and 16 mA
4,6, 8,10, and 12 mA
2,4,8,12,16, and 20 mA
2,4,6,8,and 10 mA
2,4,12, 16, and 20 mA
2,4,6, 8, and 10 mA
8,12, 16, and 20 mA

8, 12, and 16 mA

8,10 and 12 mA

8 mA

6 and 8 mA

2,4,8,12, 16, and 20 mA
2,4,6,8,12,and 16 mA
2,4,6, 8,10, and 12 mA
2,4,6,and 8 mA
2,4,6,and 8 mA

» 1/O standard check must be specific for the peripheral and the speed mode is selected.
» Support for out drive values depends on the peripheral type, the speed mode, and the 1/0 Standard.

© 2022 Microchip Technology Inc.

and its subsidiaries

User Guide

DS60001661J-page 15



Libero® SoC v2022.3
Running the PolarFire SoC MSS Configurator

3.3.4.2 Bank41/0Os

The MSS 1/Os are available across Bank 4. The Bank4 1/Os tab allows you to select the electrical characteristics of
the MSS I/Os. Each MSS |I/O along with the settings must be enabled one by one.

Figure 3-10. Bank4 1/Os Tab

Peripherals ] DDR Memory ] L2 Cache ] MSS toffrom Fabric Interface Controllers I Clocks M55 1/O Attributes Memory Partition and Protection ] Misc ]
0 Use the tabs below to configure the attributes of MSS I/0s used in design - MSS I/Os are present in Bank 2, Bank 4 and Bank 5.
Bank2 1/0s Bank4 I/0s ] Bank5 I/0s (REFCLK and SGMII) |

E Bank4 Settings

Bank4 Voltage [vpo1 = 3.3v, VDDAUX=3.3 (PCI, IVTTL/LVCMOS33 10STD) _~ |

Lock Down Bank4 /0s |

MSSIO_0 (GPIO_0_0_IN) E MSSI0_0 (GPIO_O_0_IN - INPUT)
MSSIO_1
MSSIC{E Resistor Pull up -
MSSIO_3
MSSIO_4 Persist
MSSIO_5

= a Diod
MSSIO_6 amp e =
MSSIO_7 e

- Output Drive (mA 8
MSSI0_8 ! S =
MSSIO_9 Enable Lows power mode output buffer [~
MSSIO_10
MSSIO_11 Schmitt Trigger for 2.5 and 3.3V (Always ON for 1.2, 1.5 and 1.8v) [
MSSIO_12
MSSIO_13 Enable Low power mode input receiver [

Important: Enable the Lock Down Bank4 1/Os option to lock all the Bank4 MSSIOs.

3.3.4.3 Bank51/0s (REFCLK and SGMII)

Using the Bank5 I/0Os (REFCLK and SGMII) tab, you can select the electrical characteristics of the Bank5 1/Os, as
shown in the following figure. The tool generates a warning in the log window for unsupported selections.

Figure 3-11. Bank5 1/Os (REFCLK and SGMII) Tab with RefClk I/0 Setting Option Selected
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Peripherals } DDR Memory } L2 Cache } MSS to/from Fabric Interface Controllers } Clocks MSS /O Attributes I Memory Partition and Protection ] Misc ]

6 Use the tabs below to configure the attributes of MSS 1/0s used in design - MSS 1/0s are present in Bank 2, Bank 4 and Bank 5.
Bank2 [/Os I Bank4 1/Os Bank5 1/0s (REFCLK and SGMIT) ]
E Bank> Settings

Banks Voltage VDDI= 3.3V + |

Lock Down SGMIT/0s |

Refclk /O Setting Refclk I/ 0 Setting

Gigabit Ethernet MAC_D RX

Gigabit Ethernet MAC_0 TX /0 Standard wpszs -]
Gigabit Ethernet MAC 1 RX

Gigabit Ethernet MAC_1 TX On Die Termination for LVDS25/LVPECL33 /O Standards 100 -]

Thevenin Termination for SSTL /O Standards Off j

Enable Schmitt Trigger for LVTTL/LVCMOS /O Standards |

Enable Pull Up for LVTTL/LVCMOS I/O Standards ’_

Important: Enable the Lock Down SGMII I/Os option to lock all the SGMII I/Os.

PolarFire SoC supports two full-duplex SGMII channels (Channel0 and Channel1). Each channel has one RX and
one TX. There are two input and two output I/Os that must be configured for SGMII, and all I/Os are differential.
SGMII Inputs

MAC_0 (Channel0) RX and MAC_1 (Channel1) RX are inputs and have the following options:

« |/O Standard

Important: The IOSTD must match the bank voltage in the Refclk /O Setting section. For example,
if the bank 5 voltage VDDI is 3.3 V, you cannot set SGMII I/Os to any IOSTD, which is 2.5 V such as
LVDS25, RSDS25, MINILVDS25, SUBLVDS25, PPDS25, and LCMDS25.

* Resistor Pull
*+ VCM Range
* On Die Termination (Ohm)

The following figure shows the SGMII RX.
Figure 3-12. Bank5 I/0Os (REFCLK and SGMII) Tab with Gigabit Ethernet MAC_0 RX Option Selected

© 2022 Microchip Technology Inc. User Guide DS60001661J-page 17

and its subsidiaries



Libero® SoC v2022.3
Running the PolarFire SoC MSS Configurator

Peripherals I DDR Memory ] L2 Cache ] MSS to/from Fabric Interface Controllers } Clocks MSS /O Attributes l Memory Partition and Protection ] Misc I
0 Use the tabs below to configure the attributes of MSS I/Os used in design - MSS I/Os are present in Bank 2, Bank 4 and Bank 5.

Bank2 /Os | Banké JOs  Bank5 /s (REFCLK and SGMI) |

E Bank5 Settings

Banks Voltage VDDI= 3.3V |

Lock Down SGMII/Oos [

Refclk 1/0 Setting Gigabit Ethernet MAC_O RX

Gigabit Ethernet MAC_0 RX

Gigabit Ethernet MAC_0 TX O andaud vpsaz x|

Gigabit Ethernet MAC_1 RX

Gigabit Ethernet MAC_1 TX Resistor Pull None =]
VCM Input Range MID Ra
On Die Termination (Ohm) 100 -]

SGMII RX Register Settings

The following table lists the Channel 0/Channel 1 RX register settings.
Table 3-4. Channel 0/1 RX Register Settings

I/O Standard LVDS33, LVDS25, RSDS33, RSDS25, MINILVDS33,
MINILVDS25, SUBLVDS33, SUBLVDS25, PPDS33, PPDS25,
LCMDS33, LCMDS25

Resistor Pull None, Up, Down
VCM Input Range MID, LOW
On Die Termination (Ohm) OFF, 100

SGMII Outputs
MAC_0 (Channel0) TX and MAC_1 (Channel1) TX are outputs and have the following options:

» /O Standard
* Resistor Pull
* Output Drive
» Source Termination (Ohm)

The following figure shows the SGMII TX.
Figure 3-13. Bank5 I/Os(REFCLK and SGMII) Tab with Gigabit Ethernet MAC_1 TX Option Selected
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Peripherals ] DDR Memory ] L2 Cache ] MSS to/from Fabric Interface Controllers ] Clocks

o Use the tabs below to configure the attributes of MSS J/Os used in design - MSS IfOs are present in Bank 2, Bank 4 and Bank 5.

Bank2 I/Os } Bank4 I/Os BankS 1/0s (REFCLK and SGMII) }

E Bank5 Settings

Banks Voltage vODI=3.3v v |

Lock Down SGMII/Os [

Refclk I/0 Setting

Gigabit Ethernet MAC_0 RX
Gigabit Ethernet MAC_0 TX
Gigabit Ethernet MAC_1 RX
Gigabit Ethernet MAC_1 TX

Gigabit Ethernet MAC_1 TX

1/0 Standard

Resistor Pull

Qutput Drive (mA)

Source Termination (Ohm)

sz -]
None j
6 =1
100 -]

MSS T/0 Attributes l Memory Partition and Protection ] Misc I

SGMII TX Register Settings

The following table lists the Channel 0/Channel 1 TX register settings.

Table 3-5. Channel 0 /1 TX Register Settings

LVDS33, LVDS25, RSDS33, RSDS25, MINILVDS33,
MINILVDS25, SUBLVDS33, SUBLVDS25, PPDS33,
PPDS25, LCMDS33, LCMDS25

I/O Standard

Resistor Pull
Output Drive (mA)

Source Termination (Ohm)

SGMII Output I/0 Standard Settings

Based on the selected I/O standards, you must enforce the following DRC checks:
Table 3-6. SGMII Output DRC Check

II0_TYPE m Legal Output DRIVE Settings (mA)

LvDS33
LVDS25
RSDS33
RSDS25
MINILVDS33
MINILVDS25
SUBLVDS33

Output
Output
Output
Output
Output
Output
Output

None, Up, Down

1.5,2,3,35,4,6

OFF, 100

6,4,3.5,3
6,4,3.5,3
4,3,2,15
4,3,2,15
6,4,3.5,3
6,4,35,3
3,2,1.5,1
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........... continued

Uo.Tvee —Jovecion  Logn Qutput DRVE Sfinge )|
SUBLVDS25 Output 3,2,1.5,1

PPDS33 Output 4,3,2,15

PPDS25 Output 4,3,2,15

LCMDS33 Output 6,4,35,3

LCMDS25 Output 6,4,35,3

1/0 Standard and Supported Output Drive

Voltage selection for Bank 5 must match the I/O Standard selected for TX and RX in both channels.

Example 3-1.
Bank5 Voltage selection -> VDDI = 3.3V -> LVDS33 is legal but not LVDS25

Table 3-7. Legal Values/Settings for I/O_TYPE/Output Drive Combination

I/I0_TYPE Legal Output DRIVE Settings (mA)

LVDS33 6,4,3.5,3
LVDS25 6,4,35,3
RSDS33 4,3,2,15
RSDS25 4,3,2,15
MINILVDS33 6,4,3.5,3
MINILVDS25 6,4,3.5,3
SUBLVDS33 3,2,15,1
SUBLVDS25 3,2,15,1
PPDS33 4,3,2,15
PPDS25 4,3,2,1.5
LCMDS33 6,4,3.5,3
LCMDS25 6,4,35,3

Bank2 and Bank4 I/Os Related to SD and eMMC Muxing

The eMMC and SD peripherals use the same MSS I/Os, so both peripherals cannot be active at the same time.
However, the PolarFire SoC MSS Configurator allows you to configure the electrical characteristics of the MSS

I/Os related to both peripherals when eMMC and SD muxing is enabled in the Peripherals tab, where one of the
peripherals (eMMC or SD) is active at power-up and the other peripheral is not active at power-up. The MSS I/Os
related to a peripheral that is active at power-up is listed in Bank2 1/0s tab and Bank4 1/Os tab. MSS 1/Os related to
a peripheral that is not active at power-up is shown as follows:

In the highlighted tabs, you might be able to select the electrical characteristics of eMMC or SD MSS 1/Os only
(electrical characteristics of MSS 1/Os related to any other peripherals are grayed-out).

+ If eMMC and SD muxing is selected as Enabled (eMMC active at Power-Up) in Peripherals tab, the
highlighted tabs will be shown to the user.
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Important: The eMMC MSS I/Os are listed under Bank2/Bank4 |1/Os tabs, and SD MSS |/Os are
listed in the highlighted tabs.

Figure 3-14. Bank2 and Bank4 SD 1/Os Tabs

Peripherals I DDR Memory ] L2 Cache ] MSS to/ffrom Fabric Interface Controllers } Clocks MSS /O Attributes Memory Partition and Protection I Misc I
o Use the tabs below to configure the attributes of MSS I/Os used in design - MSS 1/Os are present in Bank 2, Bank 4 and Bank 5.

Bank? /Os | Bankd 1/0s | Bank5 [/Os (REFCLK and SGMT) | Bank2 SD/Os  Bank4 SD /Os

ALT_MSSIO_0 (SD_CLK) E ALT_MSSIO_0 (SD_CLK - OUTPUT)
ALT_MSSIO_1 (SD_CMD)
ALT_MSSIO_2 (SD_DATAO)
ALT_MSSIO_3 (SD_DATA1)

ALT_MSSIO_4 (SD_DATA2) Persist -
ALT_MSSIO_S (SD_DATA3) -
ALT_MSSIO_6 (SD_CD)

Resistor Pull up  ~|

Clamp Diode

ALT_MSSIO_7 (SD_WF) Output Drive (mA) 8 -]
ALT_MSSIO_8 (SD_POW)

ALT_MSSIO_9 Enable Low power mode output buffer [~
ALT_MSSIO_10

ALT_MSSIO_11 Schmitt Trigger for 2.5 and 3.3V (Always ON for 1.2, 1.5 and 1.8V) [
ALT_MSSIO_12

ALT_MSSIO_13 Enable Low power mode input receiver [~

» If eMMC and SD muxing is selected as Enabled (SD active at Power-Up) in Peripherals tab, the highlighted
tabs will be shown to the user.

Important: The SD MSS 1/Os are listed under Bank2/Bank4 1/Os tabs, and eMMC MSS 1/Os are
listed in the highlighted tabs.

Figure 3-15. Bank2 and Bank4 eMMC 1/Os Tabs
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Peripherals 1 DDR Memary I L2 Cache 1 MSS to/from Fabric Interface Controllers I Clocks MSS /O Attributes I Memory Partition and Protection I Misc I
o Use the tabs below to configure the attributes of MSS I/Os used in design - MSS I/Os are present in Bank 2, Bank 4 and Bank 5.

Bank? 0s | Bankd 1/0s | Banks /Os (REFCIK and SGMIT) | 8ank? eMMCT/0s  Bankd eMMCY/Os |

ALT_MSSIO 0 (EMMC_CLK) B ALT_MSSIO_0 (EMMC_CLK - OUTPUT)

ALT_MSSIO_1 (EMMC_CMD)

ALT_MSSIO_2 (EMMC_DATAQ) R (L v
ALT_MSSIO_3 (EMMC_DATAT) _

ALT_MSSIO_4 (EMMC_DATA2) persist r
ALT_MSSIO_5 (EMMC_DATA3) Clamp Diode ~
ALT_MSSIO_6 (EMMC_STRB)

ALT_MSSIO_7 (EMMC_RSTN) Output Drive (mA) ) =]
ALT_MSSIO_8

ALT_MSSI0_9 Enable Low power mode output buffer [
ALT_MSSIO_10

ALT_MSSIO_11 Schmitt Trigger for 2.5 and 3.3V (Always ON for 1.2, 1.5and 1.8v) [
ALT_MSSIO_12

ALT_MSSIO_13 Enable Low power mode input receiver -

Important: When eMMC and SD muxing is enabled, the user must ensure that the required
embedded software driver and fabric design support is available to dynamically switch between
eMMC and SD peripherals.

When eMMC and SD muxing is enabled, MSSIO PADs can be configured as Pull-Up or Pull-Down by selecting
GPIOs as Static High or Static Low. When Static High or Static Low is selected for a GPIO in Bank 4 or Bank

2, all the /O attributes of the corresponding MSSIO are greyed out except Output Drive. Resistor Pull is set to Up
when Static High is selected and to Down when Static Low is selected by default for the corresponding MSSIOs in
Bank2 1/0s and Bank4 1/Os tab and vice versa in the Bank2 eMMC(SD) I/0Os and Bank4 eMMC(SD) 1/Os tab.

For example: when Static High is selected for GPIO 0 13 in the Peripherals tab, the MSSIO I/O Attributes tab will
be setup as follows.

» Bank4 I/Os settings are shown in the following figure.
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Figure 3-16. Bank4 I/O Settings

[ PolarFireSoC MSS Configurator - D/balajic_sn/tmp/cap.cfg
Project Edit Help

€ Use the tabs below to configure the attributes of MSS I/Os used in design - MSS 1/Os are present in Bank 2, Bank 4 and Bank 5.

Bank21/0s | Bank41/Os | Bank51/Os (REFCLK and SGMI) | Bank25D1/0s | Bank4SD1/0s |

B Bank4 Settings

Bank4 Voltage [voDI = 3.3v, vDDAUX=3.3 (PCI, LVTTLAVCMOS33105TD) = |

Lock Down Bank41/0s [

MSSI0_0 (EMMC_CLK) B MSSI0_13 (GPIO_0_13_OUT - QUTPUT)
MSSIO T (EMMC_CMD)
MSSI0_2 (EMMC_DATAQ) S =

MSSI0_2 (EMMC_DATAT) ‘ At foo =1 ‘
MSSID 4 (EMMC_DATAZ)
MSSID 5 (EMMC_DATA3) ersist
MSSI0_6 (EMMC_STRB)

MSSIO_7 (EMMC_RSTN)

MSSIO_12 (GPI0_0_12_0UT)
MSSIO 13 (GPIO 0 13 O

Peripherals | DDRMemory | L2Cache | MSS toffrom Fabric Interface Controllers | Clocks | MSSI/O Attributes | Memory Partition and Protection | Misc | Debug |

» Alternate Bank4 1/Os settings are shown in the following figure.
Figure 3-17. Alternate Bank4 I/Os Settings

[ PolarFiresaC MSS Canfigurator - D:/balajic_sn/tmp/cap.cfg
Project Edit Help

Periphersls | DORMemory | L2Cache | MSS toffrom Fabric Interface Controllers | Clocks | MSSI/O Attributes | Memory Partition and Protection | Misc | Debug

€ Use the tabs below to configure the attributes of MS5 1/0s used in desian - MS5 1/0s are presentin Bank 2, Bank 4 and Bank 5.

Bank21/0s | Bank41/0s | Bank51/Os (REFCLKand SGMII) | Bankzspijos | Bank4sD1/0s

ALT_MSSIO_0 (SD_CLK) B ALT_MSSIO_13 (GPIO_0_13_OUT - OUTPUT)
ALT_MSSIO_1 (SD_CMD)
ALT_MSSIO_2 (SD_DATAD)
ALT_MSSIO_3 (SD_DATAT)
ALT_MSSIO_4 (SD_DATA2)
ALT_MSSIO_5 (SD_DATA3)
ALT_MSSIO_6 (SD_CD)
ALT_MSSIO_7 (SD_WP)

Resis

ALT_MSSIO_8 (SD_POW)
ALT_MSSIO 9 =
AT MBS0 10 ‘ Output Drive (mA) 8
ALT_MSSIO_11 )

ALT_MSSIO_12 (GPIO_0_12_0UT)
ALT_MSSIO_13 (GPIO_0_13_0UT)

DDR Memory

Select the required DDR type from the DDR Memory Type pull-down. The DDR configuration options are available
on the DDR Topology, DDR Controller, DDR Memory Initialization, and DDR Memory Timing tabs (see the

following figure).

For more information about the architecture and functional blocks of MSS DDR Controller, see PolarFire SoC FPGA
MSS Technical Reference Manual. This section describes the options available in the MSS Configurator > DDR

Memory tab for configuring MSS DDR Controller.

The DDR Topology tab, in the following figure, controls the physical aspects of the memory, such as data and

address widths, enabling of ECC and DM, and setting the clock frequency.

* For DDR3 and DDR4, the COMPONENT, UDIMM, RDIMM, LRDIMM, and SODIMM memory formats are

supported.
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* For LPDDR3/4, only the COMPONENT memory format is supported.
Figure 3-18. DDR Memory Tab

Peripherals DR Memory | L2 Cache | MSS tojfrom Fabric Interface Controllers | Clocks | MSS /0 Attributes | Memory Partition and Protection | Misc |

DDR Memory Type |[DDR4 v |

Lock Down DDR [/0s [

[ ﬂ DDR Tapology ‘ DOR Controller | DDR Memory Initialization DDR Memory Timing
= 4Gbx8 = e
=- 8Gbx16
= DDR4-1600)_10-10-10 DQ Width 32 ~
DDR4-1600)_10-10-10_8Gbx16_CL-10_CWL-11_tCKmin-1.25
DDR4-1600)_10-10-10_8Gbx16_CL-10_CWL-9_tCKmin-1.25 J T I |
DDR4-1600J_10-10-10_8Gbx16_CL-10_CWL-9_tCKmin-1.5
DDR4-1500)_10-10-10_8Gbx16_CL-11_CWL-11_tCKmin-1.25 — o =
DDR4-1600)_10-10-10 8Gbx16_CL-11_CWL-9 tCKmin-1.25
DDR4-1600)_10-10-10_8Gbx16_CL-12_CWL-11_tCKmin-1.25 BT -
DDR4-1600)_10-10-10_8Gbx16_CL-12_CWL-9_tCKmin-1.25
DDR4-1600J_10-10-10_8Gbx16_CL-9_CWL-9_tCKmin-1.5 Enable ECC -
- DDR4-1600K_11-11-11
- DDR4-1600L_12-12-12 j Bank Group Address Width 1 -]
Apply New preset... Number of Clack Outputs 1 |
Description:
Preset for module using 8Gb x 16 component(s) vith JEDEC DDR4-1600J (10-10-10) timing Memory Format COMPONENT _v |
CAS Latency 11
CAS Wrrite Latency 9 Enable address mirroring on odd ranks [

Min DDR clock frequency 666.666
Max DOR clock frequency 800.0

This preset covers Row Address Width, Column Addres Width, CAS Latency, CAS Write Latency and all Row Address Width 15

Memory Timing parameters

e

Important:
* Enable the Lock Down DDR 1/Os option to lock all the DDR 1/Os.
» Configure the DDR parameters according to the data sheet from the DDR vendor.

The DDR Controller tab controls the DQS Drive, ODT, Precharge look-ahead, and Address Ordering.
Figure 3-19. DDR Controller Tab
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DOR Topology DDR Controller l DDR Memory Initialization I DOR. Memary Timing ‘
E Drive
DQ Drive [ =] Dosorve [48 =]
ADD/CMD Drive [34 ~|  ClockDrive [48  ~|
B obt
DQOoDT |120 =
pQsooT [120 <]
Bl Efficiency

Enable Activate/Precharge look-ahead [

Address Ordering |Chip-Ru:|w-BG-Bank-Col ﬂ
El ODT Activation Settings on Write

Enable Ranko - o070 [ Enable RankD - 0DT1 [

Enable Ranki - o070 [ Enable Rank1-00T1 [

El 0ODT Activation Settings on Read

The DDR Memory Initialization tab controls the DDR mode register configuration according to the JEDEC
specification. In the PolarFire SoC FPGA DDR architecture, these parameters are passed to the start-up code
running on the E51 monitor core, which then performs the DDR initialization sequence and configures the mode
registers.

The following figure shows the memory initialization configuration.
Figure 3-20. DDR Memory Initialization
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DOR Topology I DOR. Controller DDR Memory Initialization ‘ DDR Memory Timing I

E Mode Register 0

L«

Burst Length |Fixed BLB

Read Burst Type |Sequentia| j

Memory CAS Latency | 12

E Mode Register 1

QDT Rtt Nominal Value RZQ/4 hd
Memory Additive CAS Latency |CL-1 hd
Qutput Drive Strength RZQJ7 hd

E Mode Register 2

Low Power Auto Self Refresh |Auh:|matic ﬂ
Memary Write CAS Latency |11 |
Dynamic ODT (Rt WR) Rz |

E Mode Reaister 3

The DDR Memory Timing tab controls the timing parameters, which are translated to the appropriate configuration
values for the DDR subsystem IP.

Figure 3-21. DDR Memory Timing Tab

© 2022 Microchip Technology Inc. User Guide DS60001661J-page 26
and its subsidiaries



Libero® SoC v2022.3
Running the PolarFire SoC MSS Configurator

DDA Topology I DCR Controller \ DDR Memory Initialization DDR Memory Timing I

El Timing parameters dependent on speed bin

tRAS (ns) 35
tRCD (ns) 15
tRP (ns) 15
tRC (ns) 50
HWR (ns) 15
tCCD_L (cydes) |5
tCCD_S (cydes) |4
El Timing parameters dependent on operating condition
REFI {us) |7.8
El Timing parameters dependent on speed bin and page size
RFC (ns) | 160
AW ) [0

3.3.6 Misc
Use the Misc tab to enable the following options:

» Trace functionality

» JTAG (Debug) functionality

* Interrupts to/from MSS

» Configuring GPIO Interrupt Register
» Exposing Boot Status ports

» Exposing feedback ports to fabric
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Figure 3-22. Misc Tab

Peripherals ] DDR Memory I L2 Cache 1 MSS to/ffrom Fabric Interface Controllers Clocks I MSS I/O Attributes Memory Partition and Protection Misc

E Debug Trace

Expose MSS UltraSoC Trace ports to Fabric [~
Expose JTAG Trace/Debug ports to Fabric [~
Expose JTAG Trace/Debug Control via Fabric [

E Interrupt

Expose Interrupt ports to Fabric |

GFIO Interrupt register setting 000000000

E Boot Status

Expose Boot Status ports [

E MSS Feedback and Debug Ports

Expose Feedback ports to Fabric |

For more information, see PolarFire SoC FPGA MSS Technical Reference Manual.

By default, these options are marked as Unused. When any of the options are enabled, the corresponding ports are
exposed on the MSS block (see the following figure).

Boot Status: When Expose Boot Status ports option is selected, the ports BOOT FAIL CLEAR F2M and
BOOT FAIL ERROR M2F are exposed as shown in the following figure.

Figure 3-23. PFSOC_MSS_CO0_0 Jtag Trace Enabled

test

[SICLOCK_IN CLOCK[=]

PREFCLK_ 1 PLL NW PLL_CPU_LOCK _M2Fp |-

p-REFCLK_0_PLL NW PLL SGMII_LOCK_M2Fp |-
[ElGPIO 0 IN GPIO_1[=]

GPIO 0 0_IN —| pGPIC 0.0 IN GPIO 1 04 |- GPIO_1.0

[SIRESET IN RESET[=]

—| pMSS_RESET N_F2M MSS_RESET N_M2Fp |-
[S]SGMII_IN SGMII[=]

SGMII_RX1_N P-SGMIT_RX1_ N SGMIITX1 N |- SGMIT_TX1_N
SGMIT_RX1_P P»SGMIT_RX1 P SGMILTX1 P |- SGMII_TX1_P
[FlsTATUS_IN STATUS[Z]

[5] »EOOT FAIL CLEAR F2M BOOT_FAIL_ERROR_M2fp- [F |

MSS Feedback and Debug Ports: This option is only available for production devices. If selected, a group of
MSS_FEEDBACK_ DEBUG ports are exposed as shown in the following figure.
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Figure 3-24. MSS Module With MSS_FEEDBACK_DEBUG Ports Exposed

e ~\

CLOCKEL

PLL_CPU_LOCK_M2Fp
MSS_FEEDBACK_DEBUG[=]
AHB_APB_CLK_DIVIDER_M2F[1:0]p> |-
AXI_CLK_DIVIDER_M2F[1:0]p |-
AXI_IN_RESET_M2Fp |-
CPU_CLK_DIVIDER_M2F[LO]p> |~
CPU_IN_RESET_M2Fp |-
CPU_SOFT_RESET_OCCURRED_M2Fp |-
DEBUGGER_RESET_OCCURRED_M2Fp |-
FABRIC_RESET_OCCURRED_M2Fp [—
GPIO_RESET_OCCURRED_M2Fp |-
MPU_VIOLATION_FROM_CRYPTO_M2Fp |~
MPU_VIOLATION_FROM_EMMC_SD_M2Fp |
MPU_VIOLATION_FROM_FIC_2_M2Fp |-

[ElcLock_IN MPU_VIOLATION_FROM_FIC_1_M2Fp> |

REFCLK [>—— PREFCLK MPU_VIOLATION_FROM_FIC_0_M2Fp |-
REFCLK_N [>——{ PREFCLK_N MPU_VIOLATION_FROM_MAC_1_M2Fp |-
[FIRESET_IN MPU_VIOLATION_FROM_MAC_0_M2Fp |-

—J P MSS_RESET_N_F2M MPU_VIOLATION_FROM_SCB_M2Fp |-

MPU_VIOLATION_FROM_TRACE_M2Fp |-
MPU_VIOLATION_FROM_USB_M2Fp |~
REBOOT_REQUESTED_M2Fp |-
SCB_BUS_RESET_OCCURRED_M2Fp |
SCB_CPU_RESET_OCCURRED_M2Fp |-
SCB_MSS_RESET_OCCURRED_M2Fp |-
SCB_PERIPH_RESET_OCCURRED_M2Fp |-
WDOG_4_INTERRUPT_M2Fp |-
WDOG_3_INTERRUPT_M2Fp |-
WDOG_2_INTERRUPT_M2Fp |-
WDOG_1_INTERRUPT_M2Fp |-
WDOG_0_INTERRUPT_M2Fp |-
WDOG_RESET_OCCURRED_M2Fp |~

RESETEL

MSS_RESET_N_M2Fp>

mss_module

Important: In a Libero project, when System Controller Suspend Mode is enabled (Project > Project
Settings > Device settings), the PFSOC_sCSM macro must be instantiated in the user design and the
REBOOT REQUESTED M2F pin of MSS must be connected to the SC_WAKE pin of PFSOC_SCSM macro to
wake up the system controller temporarily so it can reboot the MSS during normal operation.

3.3.7 L2 Cache

Level2 memory subsystem has three operating modes — Cache, Loosely-Integrated-Memory (LIM), and Scratchpad.
These modes can be configured in MSS configurator using the options in the L2 Cache tab based on user needs.
The goal is to make the configuration options easier to use and understand for the users.

You can allocate L2 memory for the processor or peripheral using the L2 Cache tab, as shown in the following figure.

© 2022 Microchip Technology Inc. User Guide DS60001661J-page 29
and its subsidiaries



Libero® SoC v2022.3
Running the PolarFire SoC MSS Configurator

Figure 3-25. L2 Cache

berpherss | DORMamory L2 Cache | MEStoffrom Fabrc Inteface Gorolers | Glocks | MES 10 Atiributes | Memory Partion and protection | e |

L2-LIM WAYs (128 KB for sach WAY) |8
Scratchpad WAYs (128 KB for each WAY) |2

Initiators LZSCI:E e WAY0 WAY1 WAY2 ‘WAY3 ‘WAY4 WAYS5 WAY6 WAYT WAY8 WAY9 WAY10 WAY11 WAY12 WAY13 WAY14 ‘WAY15
DMA 768 KE v v v v v ¥
FPGA Port0 768 KB v v v v v v
256 KB 1024
E51D$ 768 KE v v v v v v
US4._1D$ 768 KB v v v v v v
U54_2D$ 768 KB v v v v v v
U54_3D$ 768 KE v v v v v ¥
Us4 4D$ 768 KB v v v v v v

Notet: L7 Cache Size'in each row is the size accessible by that particular Intstor cut of Total Shared L2 Cache Size' (768 KB}

Note2: Initistor cannot evict from cache when WAY is unselected

In the L2 Cache tab:
* There are 16 WAYs. WAYO is always allocated for Cache.

* In the GUI, the default L2-LIM size will be set at 15 (WAY1 — WAY15). This means that 1 WAY (128 Kbytes) is
configured as L2 cache and 1920 Kbytes is configured as LIM. User can increase or decrease the L2-LIM size
to configure the LIM as Cache memory for various processors and peripherals.

* In the GUI, all the WAYs are enabled for Cache by default. The user can disable the selection to allocate it for
Scratchpad.

» Cache size shows the amount of memory available and is shared among all processors and peripherals.

Important:
« All AXI4 front way ports must be identical.

* The core D & | Ways have to be identical and hence ways for port 1, 2, 3, and ways for core | are
disabled for selection.

3.3.8 Crypto

The following table lists the crypto ownership modes.

Table 3-8. Crypto Ownership Modes

N =

MSS The MSS owns the crypto.

Fabric The Fabric owns the crypto and ports are exposed to the
fabric.

Shared MSS This is shared between the MSS and the Fabric. The

MSS is the first owner. There are regular ports and other
ports for handshaking to switch the ownership.

Shared Fabric This is shared between the MSS and the Fabric. The
Fabric is the first owner. There are regular ports and
other ports for handshaking and to switch ownership.

Note: Streaming Interface is not available for Fabric mode.
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Figure 3-26. Crypto Tab

E PolarFireSoC MSS Configurator (Pre-production)
Project Edit Help

>
, o)
Peripherals ] DDR Memory ] L2 Cache Crypto Fabric Inter

E Ownership

Mode |Shared M35 bl

Bl Configuration

Enable 'Busy’ status pin [v
Enable 'DLL Lock' status Pin v
Enable ‘Mesh' Pins [
Enable 'Complete’ interrupt [
Enable 'Alarm’ interrupt [
Enable 'BusError’ interrupt [

Use embedded DLL in fabric interface ¥

Embedded DLL Jitter Range Medium_Low ¥

Enable streaming interface [

In the crypto modes:

« The status pins and interrupt pins are available as configuration options in all the ownership modes except the
MSS ownership mode.

» There are three options that expose the DLL lock, Busy, and Mesh ports. The Busy and DLL Lock are ON by
default, while the Mesh input pin connects to 0 when not used.

» The Use embedded DLL in fabric interface is always provided in all modes and is enabled by default when
the Enable streaming interface option is selected.

3.3.9 Memory Partition and Protection

The Physical Memory Protection (PMP) prevents a process (running on a RISC-V Processor) or an initiator (FPGA
Fabric) from accessing memory that has not been allocated to it. RISC-V system has PMP unit, which provides
control registers for each processor to allow physical memory access privileges (read, write, execute) to be specified
for each physical memory region. Similarly, the AXI Switch has Memory Protection Unit (MPU) block which provides
register control to setup memory access regions for FPGA initiators.

DDR Memory Partition
The DDR Memory Partition tab allows the DDR memory to be allocated to cached and non-cached regions
depending on the amount of DDR memory physically connected.
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Figure 3-27. DDR Memory Partition Tab

Periphersk | DDRMemory | L2Cache | MSSioffrom Fabric Interface Controllers | Clocks | MSS1/O Attributes  Memory Partiion and Protection ] Misc |
a Use Processor PMP and AXI Switch MPU Configurations
DDR Memory Perttion | Processor BMP | AXI Sutch MPU |

¥ Setup Physical DDR Offset Address manuzly

MSS5 Offset Address | Range ‘ MSS High Address | Physical DDR Offset Address Physical DDR High Address
Cached 1GB waoood [ 1 Jee <] UEFFF_FFFF 0x0000_0000 oxe000 0000
Cached 16GB 0x10_0000_0000) 16 ’ﬂ 0x13_FFFF_FFFR 04000 _000D Dxd_4000_00D0|
Non-Cached 256MB woooo [ e me =] CXCFFF_FFF 0x4_4000_0000 034_5000_0000
Mon-Cached 16GB 014 _00D0_0D00) ’711 ,ﬂ 0x15_FFFF_FFFF Osed_5DOD_0D00 0x7_5000_00D0(

Natel: Range sslection for 2ny Cached or Nen-Cached memory region must be 2 muttiple of 16 ME.
Nate2: Memory is not allocsted in DDR when Range i setto 0.

In the DDR Memory Partition:
* The Offset Address (Base Address) for both cached and non-cached regions is fixed.
* High Address is the End Address based on the size.

» Users are expected to enter the Range. Based on the Range selection, High Address and Physical DDR Offset
is updated.

— When Range is set to zero, memory is not allocated in DDR.
— When Range is set to a nonzero value, it must be a multiple of 16 MB.

» Physical DDR Offset is allocation of DDR memory (connected to the FPGA system) based on the nonzero
Range value.

Important: When Setup Physical DDR Address manually option is enabled, the default Physical
DDR Offset Address is set as 0x0000_0000 for all the regions and it is up to the user to change this
address (when the size of the allocated memory region is greater than 0 bytes). When the size of
allocated memory region is zero bytes, the offset and high address are reported as N/A and remains
as a read-only field.

* Range is allocated sequentially starting with 0x0000_0000 in the following order:
— Cached 32-bit
— Cached 64-bit
— Non-Cached 32-bit
— Non-Cached 64-bit

The following figure shows the graphical representation of how the Physical DDR Offset allocation is done based
on the above ranges:
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Figure 3-28. Physical DDR Offset - Graphical Representation
0x7_5000_0000

Non-cached 64-bit 12GB

0x4_5000_0000

Ox4_4FFF_FFFF
Non-cached 32-bit 256MB

Ox4_4000_0000
Ox4_3FFF_FFFF

Cached 64-bit 16GB

0x4000_0000
OX3FFF_FFFF
Cached 32-bit 1GB

0x0000_0000

Processor PMP
The following figure shows the Processor PMP tab.

Figure 3-29. Processor PMP Tab

WSS e Fobrc e orvous | Gocks | MSSi/OMbut amoryPattion aromon | wac |

oy e s
] = | = e o | e [ | o o | om [
] = = - -
,,,,, . e .
. e
- - - 1
’
et [ i
= [ o T e [ | e [ memem Josw] o [ [

Processor Initiators

Four CPU initiators can be enabled in one of the two Asymmetric Multi Processing (AMP) contexts. CPU initiators
can access both CPU and Peripherals.
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Figure 3-30. Processor Initiators

Peripherals ] CDR Memory ] L2 Cache ] MSS to/from Fabric Interfz
¥ Use Processor PMP and AXI Switch MPU Configurations

CDR Memory Partition Processor PMP ] AXI Switch MPU ]

Processor Initiators

AMP Context A | AMP Context B
us4.1 v |
Us4.2 m| W
us4.3 v m|
Us4.4 O v

Processor Initiators in Context A and Context B can access the following selected Peripherals

The AMP Context A is assigned to AHBO bus interface and AMP Context B is assigned to AHB1 bus interface.
Peripherals can be enabled in either Context A or in Context B. The range and base address for the peripherals are
populated in Graphical User Interface and are not editable. The base address will be different for peripherals that are
on dual AHB bus interfaces for Context A and Context B.

Figure 3-31. Processor Initiators in Context A and Context B Accessing the Peripherals

Processor Initiators in AMP Context A and AMP Context B can access the Peripherals selected below

AMP Context A AMP Context B :
Enabled Offset Address Range High Address Enabled Offset Address Range High Address
MMUART_1 v 0w 2010_0000 458 (he2010_OFFF =] O 2810_0000 4.8 Che2810_OFFF
MMUART_2 o 0x2010_2000 KB 0x2010_2FFF v OxZH10_2000 4k Ow2B10_ZFFF
MMUART_3 v 0x2010_4000 4¥B 0x2010_&FFF o 0xZ810_4000 4¥B Ox2B10_&FFF
MMUART_4 o Ox2010_6000 4 K8 0x2010_6FFF v 0x2310_6000 48 Ox2810_6FFF
SPI_0 v O 20 10_5000 418 2010_SFFF =] O Z810_8000 4.8 (2810_8FFF
SPI_1 [=] 0x:2010_9000 4¥8 0x2010_SFFF L OnZ310_9000 4¥B Ox2810_SFFF
120_0 v 0x2010_ADO0 4¥8 Ox2010_AFFF o 0x%2810_a000 4 }8 Ox2810_AFFF
I2C_1 o Ox2010_BOO0 48 Ox2010_BFFF v Ox2310_B000 48 Ox2810_BFFF
CAN_O v 0oc2010_C000 418 T 2010_CFFF o O 2810_C000 418 T 2B10_CFFF
CAN_1 [=] 0%2010_DO00 4¥8 0x2010_DFFF v 0x2810_D000 4¥B 0x2810_DFFF
Gigabit Ethernet MAC_0 v Ox2011_0000 8.8 Ox2011_IFFF o 0x2311_0000 8B Ox2811_IFFF
Gigabit Ethermet MAC_1 o Ow2011_2000 axs 2011_3FFF v On2911_2000 a8 2811_3FFF
GPIO_O (Bankd 1/0s) L 0x2012_0000 4.K8 (x2012_OFFF [=] 0x2812_0000 448 0x2812_OFFF
GPIO_1 (Bank2 If0s) o 0x2012_1000 4¥8 0x2012_IFFF v 0x2312_1000 4¥B Ox2812_IFFF
GPIO_2 (Fabric) v Ox2012_2000 448 0x2012_3FFF =] 0x2512_2000 448 0x2812_FFF -
Processor Initiators can access memory regions created below (DDR/FPGA Fabric memory through FICs)
DDR memory appears at several address ranges depending on whether it is cached, non-cached, or access through
a Write Combine Buffer (WCB). WCB improves performance (by combining multiple writes to the same address into
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a single write) for sequential accesses. Each AMP context needs to specify how much DDR memory of each type
it needs. Some DDR memories may be shared between AMP Context to pass data. User can create protection

for memory region accessed by processors by clicking on the Add Memory Region... button. User can delete any
memory region by selecting the memory region and clicking Delete button. The following figure shows the memory
regions available to Processor Initiators.

Figure 3-32. Memory Regions Available to Processor Initiators

Processor Initiators can access memory regions created below (DOR [ FPGA Fabric memory through FICs)

Add Memory Region... | ¥ Delete

DDR Cached 1GB

Type AMP Context Offsct Address Range High Address Lock PMP Read Write Execute
DDR Cached 16GB
DDR Non-Cached 256MB8 jed_16GB AMP Context_ A ~|| 0x10_0000_0000 ’ 4 Bytes ~| Ox10_0000_0003 a o L a
DDR Non-Cached 16GB =l =
DDR Non-Cached with WCB enabied 256ME | F468 AMP_Context A ~ ’ 0x30_0000_0000 [ 4. 8ytes ~| 0x30_0000_0003 o v o o

DDR Non-Cached with WCB enabled 16GB
FIC_0 Memory 512MB

FIC_0 Memory 64GB

FIC_1 Memory 512MB

FIC_1 Memory 64GB

Loosely Integrated Memory

Scratchpad Memory

The following table lists different types of memory regions that user can create.
Table 3-9. Available Memory Region

Memory Type Address Size Address Range

DDR Cached 512 MB 32-bit 0x80000000 - 0xBFFFFFFF

16 GB 64-bit 0x10_00000000 - 0x13_FFFFFFFF
DDR Non-Cached 256 MB 32-bit 0xC0000000 - OXCFFFFFFF

16 GB 64-bit 0x14_00000000 - 0x17_FFFFFFFF
DDR Non-Cached with 256 MB 32-bit 0xC0000000 - OxCFFFFFFF
WCB enabled 16 GB 64-bit 0x14_00000000 - 0x17_FFFFFFFF
FIC_0 Memory 512 MB 32-bit 0x60000000 - 0x7FFFFFFF

64 GB 64-bit 0x20_00000000 - 0x2F_FFFFFFFF
FIC_1 Memory 512 MB 32-bit 0xE0000000 - OXFFFFFFFF

64 GB 64-bit 0x30_00000000 - 0x3F_FFFFFFFF
Loosely Integrated — — Start Address is 0x0800_0000
Memory
Scratch — — Start Address is 0x0A00_0000

AXI Switch MPU

AXI switch Memory Protection Unit (MPU) provides FPGA (Non-CPU) Initiators read/write/execute access to the
Memory subsystem and Fabric Memory. Users can create protection for memory regions accessed by FPGA
Initiators by clicking any one of the FPGA Initiators and clicking the Add Memory Region... button. User can delete
any memory region by selecting the memory region and clicking Delete button.
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Figure 3-33. AXI Switch MPU Tab

[E3 polarFireSoC MSS Configurator (Pre-production) - [m] X
| Project Edit Help
"‘ e
=l
Peripherals | DORMemory | L2Cache | MSS toffrom Fabric Interface Controbers | Clocks | MSSI/OAttrbutes  Memory Parbion and Protection |  Misc |

¥ Use Processor PMP and AXT Switch MPU Configurations

DOR Memory Partition | Processce PMP AXI SwitcheU |

FIC_0 Fabric Initiator FIC_O Fabric Initiator

FIC_1 Fabr!c In!tu_ator Add Memory Region... |* kit

FIC_2 Fabric Initiator

User Crypto DMA Initiator Name Memory Type Offset Address Range High Address Lock PMP | Read Write Execute
Gigabit Ethernet MAC_0

Gigabit Ethernet MAC_1 FICO_FIC_0_64GB_0 FIC_0_64GB (0x%20_0000_0000 4KB ~ 0x20_0000_0FFF o v o o
USB T =

eMMC FICO_User_Crypto_128KB_1 User_Crypto_128KB | 0x2200_0000 4KB - 0%2200_0FFF o o o o
TRACE |

Module Name: test  Die: MPFS250T ES  Package: FCVG484

The following table lists the different types of memory regions that user can create.

Memory Type Address Size Address Range

DDR Non-Cached 256 MB 32-bit 0xC0000000 - OXCFFFFFFF
16 GB 64-bit 0x14_00000000 -
0x17_FFFFFFFF
FIC_0 Memory 512 MB 32-bit 0x60000000 - Ox7FFFFFFF
64 GB 64-bit 0x20_00000000 -
O0x2F_FFFFFFFF
FIC_1 Memory 512 MB 32-bit 0xE0000000 - OXFFFFFFFF
64 GB 64-bit 0x30_00000000 -
0x3F_FFFFFFFF
FIC_3 Memory 512 MB 32-bit 0x40000000 - Ox5FFFFFFF
User Crypto Memory 128 KB 32-bit 0x22000000 - 0x2201FFFF
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4, Creating a Project and Configuring MSS

To create a project and configure MSS:

1. Launch the PolarFire SoC MSS Configurator (pfsoc_mss) using one of the following ways:

Libero SoC installation directory
Standalone MSS installation area

— Windows Start menu
2. Create a new project using Project > New.
3. Enter a module name (for example, PFSOC MSS CO0), and then select the appropriate die, package, and
speed. The module name you enter appear_s in the following places:
File names of the PolarFire SoC MSS Configurator generated outputs at the specified output/generation

directory
MSS component file (<module name>.cxz)
MSS XML configuration file (<module name> mss cfg.xml)

MSS configuration file corresponding to the current MSS configuration that is generated

(<module name>.cfg)
MSS configuration report file (<module name> Report.html)

Component/module name of the MSS component (cxz) that can be imported to a Libero SoC project

Figure 4-1. MSS - Module Name Dialog Box

& New Project >
Module Mame |test

Die |MPFS250T ES |
Package FCVG4a4 |
Speed |E~_2- J

Export HOL {(Netlist) |+
Use Board Preset  [w*

Preset Selection

t | E-ilcicle kit(Die:MPFS250T ES & Package:FCVG484)

Bare Metal
' Quad Core Linux

Cancel

Presets for Icicle Kit
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When you create a New Project, you can import one of the available presets for Icicle kit. These presets are
staged in data folder and are in ‘CFG’ format. All the parameter/values from the CFG file are loaded, except for
the following four parameters:

¢ Module Name

* Die
» Package
* Speed

User-selected values are used for Module Name, Die, Package, and Speed parameters in the GUI. This is
done to facilitate changing Module Name/Die/Package/Speed (from the Icicle kit preset) to meet users need.

The default speed grade is STD including for the Icicle Kits. If you open a previous release . cfg, which does
not have speed grade (PolarFire SoC MSS Configurator v2021.2 or earlier) in v2021.3, it has STD as the
default speed grade.

The list of presets are shown using a tree widget. By default, the ‘Default Configuration’ preset is selected in
GUI and user must explicitly select one of the presets for Icicle kit to load them. Once a preset is selected,
users cannot edit them using Edit Settings option as the preset tree widget is unavailable in the Edit Settings
dialog box.

The following figure shows the MSS configurator tabs.
Figure 4-2. MSS Configurator Tabs

pupbess | ooremoy | 2o | | oo | | Moy Ption snd o

EMIMC and SD/SDIO
ust

Gigabit Ethernet MAC_0

GPIO2 (Fabric) Reset Source.

4. Configure Clocks, Fabric Interface Controllers, 1/0 Configuration, DDR Memory, and Misc settings.
5. Click the Save option to save the MSS configuration to a . cfg file.
6. From the Save MSS Configuration dialog box:
— Browse to a directory and create a folder. For example, create
C:\Microsemi\PFSOC MSS Configuration.
— Enter a file name (for example, PFSOC_MSS_C0) and click Save.
Note: The file name you enter is for the stand-alone MSS project only and is not used as the component
name.

The MSS Configuration is created and saved to the file specified and the Log window shows the following message:
INFO: Successfully saved MSS configuration in C:/Microsemi/PFSOC_MSS Configuration/

PFSOC_MSS C0.cfg file.
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Generating, Importing, and Exporting the MSS Component

The following sections describe the steps for generating, importing, and exporting the MSS component.

Generating the MSS Component and Report

To generate the MSS component, use the Generate option (see the following figure).
Figure 5-1. Generate Option

B | PolarFireSoC MSS Configurator
Edit Help

B | PolarfireSoC MSS Configurator
™

z, H E@ OR @ Cl.ose Ctrl+X

i save Ctrl+Shift+S
' Generate
SIRCERIN| Eniric I"“”{—L' M Save As..  Ctrl+Shift+A

.@') Generate  Ctri+E

Exit Ctrl+Q

The configuration file (module name.xml) required for the firmware project and the configuration report file
(module name.html) are also generated at this time.

The Log window shows the following messages indicating the generated files:

INFO: Successfully generated MSS configuration report to 'C:/Microsemi/
PFSOC_MSS Configuration\PFSOC MSS CO Report.html'

INFO: Successfully generated MSS component file to 'C:/Microsemi/PFSOC_MSS Configuration/
PFSOC_MSS_CO.cxz'

The report file (nodule name.html) consists of following sections:

» Design Information — This section consists of design parameters like device family name, die, package,
configurator version, and the date the report was generated.

* FPGA Fabric — This section mentions whether FPGA Fabric programming is required or not.
» Fabric Interface Controllers — Consists information about status of the interface controllers.

» Peripherals — Contains information about which peripherals are being used or unused.

+ DDR Memory — Shows the memory type.

» List of Ports — Depicts information about all the ports with direction.

» 1/0 REFCLK Port Settings — Shows all the information about Reference clock ports.

* MSSIO Port Settings — Shows all the information about MSSIO ports.

» DDRIO Port Settings — Shows all the information about DDRIO ports.

*  SGMII I/O Port Settings — Shows all the information about SGMII ports.
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Figure 5-2. Configuration Report for PolarFire SoC MSS Configurator

Design Information

Design Parameter Hame Design Parameter Value

Family PalarFirezaC

Die MPF=250T_ES

Package FCWVGAE4

ersion 2013

Date Wizd Mo 10 11:06:25 2021
FPGA Fabric

FPGA Fabric Programming Required

MSS toifrom Fabric Interface Controllers

Interface Controller Hame | Enabled
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FIC_0 &%14 Initistor Interface  |true
FIC_0 &%14 Target Interface  |true
FIC_1 &% Initistor Interface | false
FIC_1 &% Target Interface  |true
FIC_2 &% Target Interface  |true
FIC_3 &PB Intistar Interface  |true
Peripherals
Peripheral Hame Enabled
ehhiC MSSI0_B4
U=H MSSI0_B2
SOEDIO MSSI0_Bd
Gigabit Ethernet MAC_0 | SGMI_IC_BS
Gigabit Ethernet MAC_1 | SGMI_IC_BS
Q=PRI MESI0_B2
SP_0 FABRIC
SR UMUSED
MMUART_O FABRIC
MMUART 1 FABRIZ
MMUART_2 FABRIZ
MMUART_3 FABRIC
MMUART_4 FABRIC
[2C_0 FABRIC
12C_1 MSSID_B2_B
Can_0 FABRIC
CAN_1 MSSI0_B2_B
GRIO_0_0 UNUSED
GRIO_0_1 UNUSED
GRIC_0_2 UMUSED
GRIC_0_3 UMUSED
GPRIO_0_4 UMUSED
GRID 05 UMUSED
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Importing the MSS CXZ File to Libero SoC
To import the PFSOC_MSS_CO0. cxz file:
1. Use the Import MSS option shown in the following figure.
Figure 5-3. Import MSS to Libero

—|- E__Create Design
!!! Create SmartDesign
Create HDL
i1 Create SmartDesign Testbench

Create HDL Testbench
—=|- ¥ Verify Pre-Synthesized Design

- E  Canctrainds
2. From Design Hierarchy, drag the MSS component to SmartDesign canvas.
3. Build the hierarchy.

Note: Any changes required in the MSS configuration must be performed in the PolarFire SoC MSS Configurator,
and the updated MSs CXxZ file must be re-imported and used in Libero SmartDesign.

Importing the MSS XML File to SoftConsole
Copy the XML file from:

<S$Directory>:/Microsemi/PFSOC_MSS Configuration/PFSOC MSS CO mss_cfg.xml
to:

<$Installation
Directory>:\Microchip\<$SoftConsole Workspace>\Project Name\src\platform\config\xml

Note: This step can also be performed using the Import option from SoftConsole.

Exporting the FPGA Design Hardware Platform Information

When using PolarFire SoC, the overall application runs an embedded software application on the RISC-V cores that
may use the FPGA fabric to expand the number of I/O peripherals, accelerate software functions using FPGA logic,
or control FPGA fabric functions. In these cases, the processor communicates with the FPGA fabric via the MSS
Fabric Interface Controllers (FIC) and interrupt ports. The embedded software application must contain the following
information to establish this communication properly:
« Fabric blocks like LSRAM, DMA Controller, and PCle are connected to the AXI interconnect IP on the Fabric
side. MSS communicates with these fabric blocks via Fabric Interface Controllers, which connects to the
AXI Interconnect IP. The memory addresses of these fabric blocks are specified in the AXI Interconnect IP
Configurator. These memory addresses must be specified in the software application.

* In the Libero SoC design, the user must drive the required MSS interrupt ports and other interrupts can
be grounded. The corresponding Interrupt Request (IRQ) handler routines must be invoked in the software
application for interrupt handling.

Libero SoC tool does not export the FPGA fabric peripheral memory map, interrupt mapping, or peripheral clock
frequencies. Therefore, add this information manually in your embedded software projects. For example, if fabric
blocks such as LSRAM and DMA Controller are used in the design and interfaced with the MSS through a FIC, then
the memory addresses of these fabric blocks must be specified in the user application code for accessing them from
MSS.

© 2022 Microchip Technology Inc. User Guide DS60001661J-page 41
and its subsidiaries



Libero® SoC v2022.3
Simulating an FPGA Design Interacting with M...

Simulating an FPGA Design Interacting with MSS

The MSS simulation model has been designed to verify that the connectivity to the MSS has been properly
established with the FPGA fabric logic.

The MSS simulation model can be used to verify:

» The Fabric—MSS connectivity using the Fabric Interface Controllers (FICs).
» The Fabric—MSS interrupt (M2F and F2M) interface.

For information about how to set up and run the simulation for the PolarFire SoC MSS, see MSS Simulation User
Guide for PolarFire SoC
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Programming the Application Bitstream

To program the application bit stream:

1. Use Libero SoC or FlashProExpress to program the FPGA fabric array, SNVM, eNVM and any security
settings.

2. Use Libero SoC to program any eNVM client.
Note: SoftConsole must be used to program the Boot mode.

Alternatively, you can also perform the following steps:
1. Use SoftConsole to program the eNVM with the First Stage Boot image.
a. Select the project you want programmed to eNVM in SoftConsole’s Project Explorer pane.
b.  Click the PolarFire SoC Boot Mode 1 external tool.

Programming progress messages appear in the Console.

For more information, see PolarFire SoC Software Development and Tool Flow User Guide.
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Sample Project

For PolarFire SoC Icicle Kit reference design and supporting files, see PolarFire SoC Icicle Kit Reference Design
GitHub repository.
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Revision History

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

Revson—Die s

J 12/2022
H 08/2022
G 04/2022
F 12/2021
E 08/2021
D 08/2021
Cc 04/2021

» Updated section 3.3.2. MSS To/From Fabric Interface Controllers.
» Updated section 3.3.3. Peripherals.

» Updated section 3.3.4.1. Bank2 |/Os.

» Updated section 3.3.4.2. Bank4 |/Os.

» Updated section 3.3.4.3. Bank5 I/Os (REFCLK and SGMII).

» Updated section 3.3.4.4. Bank2 and Bank4 1/Os Related to SD and
eMMC Muxing.

* Updated section 3.3.5. DDR Memory.

» Updated section 3.3.6. Misc.

» Updated section 3.3.7. L2 Cache.

* Updated section 3.3.9. Memory Partition and Protection.

+ Updated section 4. Creating a Project and Configuring MSS.

The following list of changes are made in this revision.
+ Updated the 3.1. Batch Mode section.
* Updated the 3.2. Interactive Mode section.
* Updated the 3.3.4.1. Bank2 I/Os section.
» Updated the 5.1. Generating the MSS Component and Report section.

The following list of changes are made in this revision.

» Updated 3.3.1. Clocks with support for -1 speed grade devices.
» Added information related to Feedback ports in 3.3.6. Misc.

The following list of changes are made in this revision.

» Updated 4. Creating a Project and Configuring MSS.
* Removed note from 3.1. Batch Mode.
* Added information related to Locked Down |I/Os in 3.3.6. Misc.

The following list of changes are made in this revision.

* 1. References: Updated the MSS Fabric Interface Controller features
reference.

The following list of changes are made in this revision.

» 3.3.1. Clocks: Updated the Clocks Tab with addition of eMMC/SD/SDIO
and CAN clock sources.
3.3.2. MSS To/From Fabric Interface Controllers: Fabric Interface
Controller tab was renamed to ‘MSS to/from Fabric Interface Controllers’.
» 3.3.3. Peripherals: Added information about eMMC or SD/SDIO setting.

3.3.4. MSS I/O Attributes: MSS REFCLK 1/O, Bank4 and Bank2 |/Os and
SGMII I/Os were moved to MSS |/O Attributes.

* 3.3.6. Misc: Updated the section with Feedback Ports option.

The following list of changes are made in this revision.
» Peripherals: Added note related to the availability of SD pins.
» Crypto: Updated the section with Streaming Interface Option details.
* Memory Partition and Protection: Added this section.
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Roison  Doe s

B 12/2020 Revision B is released in December 2020. Following is a list of changes made
in this revision:

Updated the Using the PolarFire SoC MSS Configurator GUI section.
Updated the Creating a Project and Configuring MSS section.
Updated the Generating the MSS Component and Report section.
Updated the Clocks section.

Added a note in the SGMII section.

A 9/2020 Initial Revision
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Microchip FPGA Support

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

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

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

*  From North America, call 800.262.1060

» From the rest of the world, call 650.318.4460

» Fax, from anywhere in the world, 650.318.8044

Microchip Information

The Microchip Website

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

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

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

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

Product Change Notification Service

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

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

+ Embedded Solutions Engineer (ESE)
» Technical Support

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

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

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:
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* Microchip products meet the specifications contained in their particular Microchip Data Sheet.

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

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

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

Legal Notice

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

and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded

by updates. It is your responsibility to ensure that your application meets with your specifications. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

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

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

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk, and the buyer agrees
to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights
unless otherwise stated.
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ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher,
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