IGLOO 2 DDR Controller and Serial High-Speed Controller :
Initialization Methodology @ MICROCHIP

I I’It I'Od u CﬁO n (Ask a Question)

When designing with an IGLOO® 2 device, it is necessary to initialize the configuration registers of FDDR or
MDDR controllers or serial high-speed controller (SERDESIF) blocks at runtime before they can be used. For
instance, when using a DDR controller, it is important to set the DDR mode (DDR3/DDR2/LPDDR), PHY width,
burst mode, and ECC. Similarly, for the SERDESIF block used as a PCle endpoint, it is essential to set the PCIE
BAR to an AXI or AHB window.

This guide describes how to create Libero® designs that initialize FDDR and MDDR controllers and SERDESIF
blocks automatically at power-up.

Important: To initialize the DDR or SERDESIF blocks in your design, use the IGLOO 2 System
Builder. System Builder addresses the creation of the configuration data for DDR controller and
SERDESIF configuration registers, as well as the creation of the FPGA logic required to transfer the
configuration data to different ASIC configuration registers.

For information about the DDR controller and SERDESIF configuration registers, see the SmartFusion 2 and
IGLOO 2 FPGA High-Speed Serial Interface User Guide and SmartFusion 2 and IGLOO 2 FPGA High-Speed DDR
Interfaces User Guide.

Important: This document uses “Master” and “Slave.” The equivalent Microchip terminology used in
this document is Initiator and Target, respectively.


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-3075C20B-0F98-47CC-A365-A57AB78E21BD&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-78B44516-F2F5-409B-9DDC-7BCDD39E98B4&cover_title=IGLOO%202%20DDR%20Controller%20and%20Serial%20High-Speed%20Controller%20Initialization%20Methodology&tech_support_link=NA&revision_letter=A&source=PDF&title=Introduction
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_SmartFusion2_IGLOO2_High_Speed_Serial_Interfaces_User_Guide_UG0447_V10.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_SmartFusion2_IGLOO2_High_Speed_Serial_Interfaces_User_Guide_UG0447_V10.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/SmartFusion2_IGLOO2_DDR_UG0446_V8.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/SmartFusion2_IGLOO2_DDR_UG0446_V8.pdf

Table of Contents

INEFOAUCTION. ¢ttt et a et s et Rt b et b et bt s b et s b e st e b et er e e en e e s esnenens 1
1. THEOIY Of OPIATION...uiiititetttet ettt sttt ettt b et s b et b et e b et e b et et et ebe st e b et eb et ebe s ebentebenaenes 3
2. CreatiNg @ DESIZN....iiiiiiiiriieietctctctet ettt h s b b h b a e a e n s e ebe s 9
2.1, System Builder DeVICe FEATUIES PAgE.......ccceivieirieirieirieirieisietsietstet sttt et ve st sestesestebestesesbesestenesbenees 9
2.2, System BUilder MEmMOIIES PAZE......ccviririeriiieietetetnesesiesiesiestes e st ssessessestestestessestesensesaesaesessessessessessessens 10
2.3, System Builder Peripherals PAe.......cccoiviririniinininienieieietetetet st steste st st saesseste s e s e s e e ssassessessesees 12
2.4. System Builder CIOCK SEtUNES PAGE.....cccoeueirieirieiriesieienteierteiestete sttt se ettt sttt et be e sbeneas 13
2.5, SERDESIF CONFIGUIAtION....citiiitiiriiieteisieteteteietet ettt sttt ettt se b be s beae s be st enesbenesbesesaenesbenesbenens 14
2.6, Continuing With the DeSIZN FIOW.....ccciviririirieieieieteteteee ettt sttt ettt ettt s s sbesbesbesbene 16
3. Initializing DDR and SERDES_IF BIOCKS......c.coteutriiirieirieerieeseeste ettt sttt ettt ettt sttt b e be b 17
3.1.  Creating the FPGA Design Initialization SUDSYStEML.......cciviriirierieieicictceesese s 17
4, Configuration and SIMUIATION Fil-SET........cireirieirieirieerieerie ettt b et b e sttt be bbb beseenes 29
A1, MDDR_INIEFEE FIlE. ettt ettt ettt st st bbb b e b et e b e b e e ebenaenes 29
A2, FDDR_INIEIEE Filuuiiiitiieteieieetetetert ettt ettt ettt b e bbbt sttt ettt st et s b et b et b et st et ebe e ebeneebens 29
4.3.  SERDESIF_<O/1/2/3>_INIE.r@E Fil.....ceeiiieiciiiririeici ittt st 29
4.4.  SERDESIF_<0/1/2/3>_USEI.DIIM File.uciiiciiiiieicieeirtee ettt ettt 29
s TR = AV AV I o Y 0 =] 0 T ol LRSS 29
4.6. 100t _COMP_NAME>.EFC FIl..iuiiiiriiiieiiiteee ettt ettt st be ettt ettt e saene 30
D REVISION HISTOIY.cuutiiieiieitetesitete ettt ettt ettt st st e b e s st e s et e s e s bt e bt sae et e enbesheenbesatensessaensesasesbesnsesaeensenns 31
MICTOCNIP FPGA SUPP O uiuiitiietiietirtettste sttt ettt ettt sttt s b et st e st et ete st s be st sbe st e be st s b et eb et et et eb et ebentebentebentebestesessenes 32
MICFOCHIP INFOIMATION ..ttt ettt ettt b et h e b e e b e bbb et e b et e b e naebe b ebennenens
The Microchip Website
Product Change NOtifiCatiON SEIVICE......ccuiviiiiiiieireresesese sttt ettt s b s b st s besbe b e bensensensensenees 32
(@B 1S (o]0 g =T gSTUT o] o o] o SO OO PO PP PP PP PPN 32
Microchip Devices COde ProteCtion FEATUIE........ccviriveireeieieietetetetet ettt sttt ettt st ae st b st be e enas 32
LEEAI NOTICE. . euteueeieeeeeieeterteee sttt ettt ettt s h s b s b e s b st s b e s b e b et et et et e st e st e st e st e st e st e st ebesbesbesbesbesbesbenbensensensen 33
TrAARIMAIKS. ..ttt sttt b e b s b e s b et e b b e bt e bt e e s et be e e bt sn st e ne st s renea 33
QUAlIY MaNAZEMENT SYSTEIM..c.ucuiiieirieiiieerieet ettt ettt et ettt sttt sttt sttt et b et s b et s b et eb e e eb e b ebenbebebebebenennas 34
WOrIAWIdE SAlES @GN0 SEIVICE....couiiriiieieieietetetete ettt ettt sttt e b etk etk e sa b b e bt ebe st ebesbebesbenesbenens 35

@ MICROCHIP



1. Theory of Operation «auestion)
The peripheral initialization solution consists of the following major components:

+ The CoreConfigMaster soft IP core is an AHBLite master to the High Performace Memory
Subsystem (HPMS) via FIC_0 (HPMS FIC_0O-Fabric Master Subsystem) and directs the initialization
process.

+ The CoreConfigP soft IP core initializes the peripherals' configuration registers.

* The CoreResetP soft IP core handles the reset sequence of the HPMS, DDR controllers, and
SERDESIF blocks.

+ The peripheral initialization data is stored in the HPMS eNVM by Libero and is fetched by the
CoreConfigMaster in runtime to configure the peripheral configuration registers.

When programming the IGLOO 2 device with an IGLOO 2 design that utilizes either the DDR
controllers or the SERDESIF blocks, Libero programs the reserved pages of the HPMS eNVM

with peripheral initialization data in hexadecimal format. It is necessary to configure or load the
configuration registers of the DDR controllers and SERDESIF blocks with this initialization data stored
in the HPMS eNVM.

The following steps describe the peripheral initialization process:

1. During reset, the CoreResetP output signal MSS_HPMS READY is asserted at the beginning
of the initialization process. This indicates that the HPMS block, except MDDR, is ready to
communicate.
The CoreConfigMaster soft IP core, functioning as an AHBLite master to the HPMS via FIC 0in
the HPMS FIC_ 0 Fabric Master Subsystem, is then activated and commences the initialization
process.

2. The peripheral configuration data stored in the eNVM is fetched by the CoreConfigMaster that is
mastering the HPMS via FIC_0, and is loaded into the configuration registers of the FDDR/MDDR
controllers and SERDESIF via the HPMS FIC 2 APB3 interface. This HPMS FIC 2 interface is
connected to the CoreConfigP soft IP core instantiated in the FPGA fabric.

3. After the registers are configured, the CoreConfigP output signals CONFIG1 DONE and
CONIG2 DONE are asserted.
There are two phases of register configuration, CONFIG1 and CONFIG2, depending on the
peripherals used in the design.

4. If one or both of MDDR/FDDR are used, and none of the SERDESIF blocks is used in the
design, then there is only one register configuration phase. Both the CoreConfigP output signals
CONFIG1 DONE and CONIG2 DONE are asserted, one after the other, without any delay.
If the design includes one or more SERDESIF blocks that are in non-PCle mode, then there is also
only one phase of register configuration. CONFIG1 DONE and CONIG2 DONE are asserted, one
after the other, without any delay.
If one or more SERDESIF blocks in PCle mode are used in the design, then there are two
phases of register configuration. CONFIG1 DONE is asserted after the first phase of register
configuration is complete. SERDESIF system and lane registers are configured in this phase.
If SERDESIF is configured in non-PCle mode, then the CONFIG2 DONE signal is also asserted
immediately.

5. If SERDESIF is configured in PCle mode, then the second phase of register configuration follows.
The following events occur in the second phase:

- CoreResetP de-asserts PHY RESET N and CORE RESET N signals corresponding to each
SERDESIF block used. It also asserts the output signal SDIF RELEASED after all the SERDESIF
blocks are out of reset. This SDIF RELEASED signal indicates to the CoreConfigP that the
SERDESIF core is out of reset and ready for the second phase of register configuration.
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After the SDIF RELEASED signal is asserted, polling for the assertion of PMA READY on
the appropriate SERDESIF lane starts. After the PMA READY is asserted, the second set of
SERDESIF (PCle) registers are configured.

6. After all the PCIE registers are configured, the CoreConfigP control registers are configured to
indicate the completion of the second phase of register configuration. The CoreConfigP output
signal CONIG2 DONE is then asserted.

7. In addition to the above signal assertions or de-assertions, CoreResetP also manages the
initialization of various blocks by performing the following functions:

De-asserting the FDDR core reset
De-asserting the SERDESIF blocks PHY and CORE resets

Monitoring of the FDDR PLL (FPLL) lock signal. The FPLL must have locked to guarantee that
the FDDR AXI/AHBLite data interface and the FPGA fabric can communicate properly.

Monitoring of the SERDESIF block PLL (SPLL) lock signals. The SPLL must have locked to
guarantee that the SERDESIF blocks AXI/AHBLite interface (PCle mode) or XAUl interface can
communicate properly with the FPGA fabric.

Waiting for the external DDR memories to settle and be ready to be accessed by the DDR
controllers.

8. When all peripherals complete their initialization, CoreResetP asserts the INIT DONE signal and
the CoreConfigP internal register INIT DONE is asserted.
If one or both of MDDR/FDDR are used, and the DDR initialization time is reached, CoreResetP
output signal DDR READY is asserted. Assertion of DDR READY signal DDR_READY can be
monitored as an indication that the DDR (MDDR/FDDR) is ready for communication.

If one or more SERDESIF blocks are used, and the second phase of register configuration is
successfully completed, CoreResetP output signal, SDIF READY, is asserted. Assertion of the
SDIF READY signal can be monitored as an indication that all the SERDESIF blocks are ready for
communication.

The following three figures show the initialization steps of FDDR/MDDR, SerDes (non-PCle mode),
and SerDes (PCle mode).
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Figure 1-1. MDDR/FDDR (Without SERDESIF) Initialization Flow Chart
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Figure 1-2. SERDESIF (Non-PCle) Initialization Flow Chart
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Figure 1-3. SERDESIF (PCle) Initialization Flow Chart
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Figure 1-4. Peripheral Initialization Timing Diagram
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2- creating a DESign (Ask a Question)

System Builder allows you to capture system-level requirements and produce a design that
implements those requirements. To achieve this, System Builder creates the peripheral initialization
subsystem automatically.

To create a design that initializes your DDR controllers and SERDESIF blocks at power-up, perform
the following procedure:

1.

In the Device Features page, specify which DDR controllers are used and how many SERDESIF
blocks are used in your design.

You can also select HPMS High Performance DMA (HPDMA) and HPMS eNVM or HPMS eSRAM to
initiate and manage data transfers with the external DDR memory via HPMS MDDR at one end
and eNVM/eSRAM/fabric peripherals at the other end.

In the Memories page, specify the type of DDR (DDR2/DDR3/LPDDR) and the configuration data
for your external DDR memories.

In the Peripherals page, add fabric masters configured as AHBLite/AXI to the Fabric DDR
subsystem, HPMS DDR FIC subsystem, or both (optional).

In the Clock Settings page, specify the clock frequencies for the DDR subsystems.

Complete your design specification and click Finish. This generates the System Builder created
design, including the logic necessary for the initialization solution.

If you use SERDESIF blocks, instantiate the SERDESIF blocks in your design and connect their
initialization ports (bus interface, clock and reset ports) to those of the System Builder generated
block.

2.1 System Builder Device Features Page (asa auestion)

In the System Builder Device Features page, you specify which DDR controllers (MDDR and/or FDDR)
are used and how many SERDESIF blocks are used in your design. You can also select HPMS High
Performance DMA (HPDMA) and HPMS eNVM or HPMS eSRAM.
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Figure 2-1. System Builder Device Features Page
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2.2 System Builder Memories Page (aska auestion)

To configure the HPMS DDR (MDDR) or Fabric DDR (FDDR), select the MDDR or FDDR tab in the
System Builder Memories page.
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Figure 2-2. HPMS External Memory
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The HPMS DDR (MDDR) and Fabric DDR (FDDR) controllers must be configured dynamically at
runtime to match the external DDR memory configuration requirements (DDR mode, PHY width,
burst mode, ECC, and so on). Data entered in the MDDR/FDDR tabs in the System Builder Memories
page is loaded into the DDR controller configuration registers from the eNVM.

The Configurator has the following tabs for entering configuration data:

+ General data, such as DDR mode, data width, clock frequency, Error Correction Code (ECC), fabric
interface, and drive strength

« Memory initialization data, such as burst length, burst order, timing mode, and latency
+ Memory timing data
To enter memory timing data, perform the following steps:

1. Select the DDR type: DDR2, DDR3, or LPDDR.

2. Define the DDR memory settling time. Refer to your external DDR memory specifications to
set the appropriate memory setting time. The DDR memory might fail to initialize correctly if the
memory settling time is not set properly.

3. Either import the DDR register configuration data or set your DDR Memory Parameters. For
more information, see the SmartFusion 2 and IGLOO 2 FPGA High-Speed DDR Interfaces User
Guide.

4. See the specifications of your external DDR memory and configure the DDR controller to
match the requirements of your external DDR memory. For information about DDR controller
configuration registers, see the SmartFusion 2 and IGLOO 2 FPGA High-Speed DDR Interfaces
User Guide.

@ MICROCHIP


https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/SmartFusion2_IGLOO2_DDR_UG0446_V8.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/SmartFusion2_IGLOO2_DDR_UG0446_V8.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/SmartFusion2_IGLOO2_DDR_UG0446_V8.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/SmartFusion2_IGLOO2_DDR_UG0446_V8.pdf

The following figure shows an example of the configuration file syntax. The register names used in
this file are the same as those described in the SmartFusion 2 and IGLOO 2 FPGA High-Speed DDR
Interfaces User Guide.

Figure 2-3. Example of Configuration File Syntax

## PHY_16_DDR2_NO_ECC_BL8_INTER

ddrc_dfi_min_ctrlupd_timing_CR 0x0003
ddrc_dfi_max_ctrlupd_timing_CR 0x0040

ddrc_dyn_soft_reset_CR 0x00 ;
ddrc_dyn_refresh_1 _CR 0x27DE ;
ddrc_dyn_refresh_2_CR 0x030F ;
ddrc_dyn_powerdown_CR 0x02 ;
ddrc_dyn_debug_CR 0x00 ;
ddrc_ecc_data_mask_CR 0x0000 ;
ddrc_addr_map_col1_1_CR 0x3333
ddrc_addr_map_col_3_CR 0x3300 ;
ddrc_init_1_CR 0x0001 ;
ddrc_cke_rstn_cycles_CR1 0x0100 ;
ddrc_cke_rstn_cycles_CR?2 0x0008 ;
ddrc_init_emr2_CR 0x0000 ;
ddrc_init_emr3_CR 0x0000 ;
ddrc_dram_bank_act_timing_CR 0x1947;
ddrc_odt_param_1_CR 0x0010 ;
ddrc_odt_param_2_CR 0x0000 ;
ddrc_debug_CR 0x3300 ;
ddrc_mode_reg_rd_wr_CR 0x0000 ;
ddrc_mode_reg_data_CR 0x0000 ;
ddrc_pwr_save_2_CR 0x0000 ;
ddrc_hpr_queue_param_CR1 0x80F8 ;
ddrc_hpr_queue_param_CR?2 0x0007 ;
ddrc_lpr_queue_param_CR1 0x80F8 ;
ddrc_lpr_queue_param_CR2 0x0007 ;
ddrc_wr_queue_param_CR 0x0200 ;
ddrc_dfi_wr_1vl_control_CRrR1 0x0000 ;
ddrc_dfi_wr_lvl_control_CR2 0x0000 ;
ddrc_dfi_rd_lvl_control_CR1 0x0000 ;
ddrc_dfi_rd_lvl_control_CR2 0x0000 ;
ddrc_dfi_ctrlupd_time_interval _CR 0x0309 ;
ddrc_perf_param_3_CR 0x0000 ;
ddrc_ecc_int_clr_reg 0x0000 ;

2.3 System Builder Peripherals Page (as«a auestion)

In the System Builder Peripherals page, a separate subsystem is created for each DDR controller
(Fabric DDR Subsystem for FDDR and HPMS DDR FIC Subsystem for MDDR). You can add a Fabric
AMBA® Master (configured as AXI/AHBLite) core to each of these subsystems to enable fabric master
access to the DDR controllers. Upon generation, System Builder automatically:

+ Instantiates bus cores, depending on the type of AMBA Master added

+ Exposes the master BIF of the bus core and the clock and reset pins of the corresponding
subsystems (FDDR/MDDR) under appropriate pin groups

Connect the BIFs and clock/reset pins to the appropriate Fabric Master cores that you want to
instantiate.
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Figure 2-4. System Builder Peripherals Page
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System Builder Clock Settings Page (aska question)

In the System Builder Clock Settings page, you specify the clock frequencies related to each DDR
(MDDR and/or FDDR) subsystem.

For MDDR, specify the settings as listed in the following table.

Table 2-1. MDDR Settings

This clock determines the operating frequency of the DDR controller. It should
match the clock frequency at which you want your external DDR memory to run.
The MDDR_CLK must be less than 333 MHz. The MDDR_CLXK is defined as a multiple

MDDR CLK

DDR/SMC_FIC CLK

of the HPMS CLK.

If you chose to access the MDDR from the FPGA fabric, specify the DDR/
SMC_FIC CLK. This clock frequency is defined as ratio of the MDDR_CLK and should
match the frequency, at which the FPGA fabric subsystem that accesses the MDDR

is running.

Figure 2-5. HPMS Main Clock—MDDR Clocks

HPMS Clock

HPMS_CLK = 142,00 MHz 142,000
MDDR Clocks

MDDR_CLK =HPMS_CLK* |1 h 142,000
DDR/SMC_FIC_CLK =MDDR_CLK/ |1 it 142,000

For FDDR, specify the settings as listed in the following table.
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Table 2-2. FDDR Settings

FDDR CLK Determines the operating frequency of the DDR controller. This value should
match the clock frequency at which you want your external DDR memory to run.
The FDDR_CLK must range from 20 MHz and 333 MHz.

FDDR SUBSYSTEM CLK The clock frequency is determined by the FDDR CLK ratio and should be
synchronized with the frequency of the FPGA fabric subsystem that accesses the
FDDR. It is important to note that the FDDR_SUBSYSTEM CLK should not exceed
200 MHz.

Figure 2-6. Fabric DDR Clocks—FDDR Clocks

Fabric DDR Clocks

FODR_CLK = 200 MHz 200

FDDR_SUBSYSTEM_CLE =FDDR_CLK/ |4 7 50.000

SERDESIF Configuration (as«a auestion)

The SERDESIF blocks are not instantiated in the System Builder generated design. However, if
SERDESIF locations are selected in the System Builder Device Features page while creating a design,
then initialization logic for all the SERDESIF locations is built by System Builder. The corresponding
initialization signals are available at the interface of the System Builder block, and can be connected
to the SERDESIF blocks at the next level of hierarchy, as shown in the following figure.

@ MICROCHIP


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-3075C20B-0F98-47CC-A365-A57AB78E21BD&pub_lang=en-US&pub_ver=1&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-AA34AB40-30AB-4C15-B871-D90234D0B795&cover_title=IGLOO%202%20DDR%20Controller%20and%20Serial%20High-Speed%20Controller%20Initialization%20Methodology&tech_support_link=NA&revision_letter=A&source=PDF&title=SERDESIF%20Configuration

Figure 2-7. SERDESIF Peripheral Initialization Connectivity
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Similar to the DDR configuration registers, each SERDESIF block also has configuration registers
that must be loaded at runtime. You can either import these register values or configure the

Ul parameters in the High Speed Serial Interface Configurator (see the following figure) to enter
your PCle or EPCS parameters. The register values are automatically computed for you. For more
information, see the SmartFusion 2 and IGLOO 2 FPGA High-Speed Serial Interface User Guide.
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Figure 2-8. High Speed Serial Interface Configurator

[#7] High Speed Serial Interface Configurator — O *
Identification
(@) seDestF_0 () SerbestF_t () SerDesiF_2 () SerDesF_3 Simulation Level |RTL M

Protocol Configuration

Protocol 1 Protocol 2
Type PCIe ¥ | | Configure PCle ... Type None v
Number of Lanes |x1 - MNumber of Lanes

Lane Configuration

Lane 0 Lane 1 Lane 2 Lane 3
Speed 2.5 Gbps(Gen1) ~
Reference Clock Source REFCLKO (Differential) ~
PHY RefClk Frequency ( MHz ) 100
Data Rate ( Mbps ) N/A
Data Width N/A
FPGA Interface Frequency ( MHz ) N/A
VCO Rate ( MHz ) N/A

PCIe Fabric SPLL Configuration
Register Configuration

Edit Registers ...

| Help - | OK Cancel

2.6 Continuing with the Design FIOW (aska uestion)

After you integrate your user logic with the System Builder block and SERDESIF block, generate your
top-level SmartDesign. This generates all HDL files required to implement and simulate your design.
You can then proceed with the rest of the design flow.
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3.1

3.1.1

Initializing DDR and SERDES_IF Blocks s auestion)

This section describes how the IGLOO 2 System Builder builds an initialization solution for the DDR
and SERDESIF blocks. This section is designed to help you understand what the System Builder tool
generates for you. This section describes how System Builder instantiates and connects the Fabric
Cores required to transfer the configuration data to the DDR controllers and SERDESIF configuration
registers.

To understand the design built by System Builder, right-click the System Builder component
(<design_name>_sb) in the Libero Design Hierarchy window and select Open as SmartDesign. The
System Builder design opens in regular SmartDesign window, showing all cores that System Builder
instantiated, configured, and connected together. For more information about opening a System
Builder block as a SmartDesign, see the topic Opening a System Builder Block as SmartDesign in the
IGLOO2 System Builder User’s Guide

If you open the System Builder block as a SmartDesign, the following sections will help you
understand the initialization subsystem logic built by System Builder.

Creating the FPGA Design Initialization Subsystem (aska question)

To initialize the DDR and SERDESIF blocks, System Builder creates the initialization subsystem in the
FPGA fabric. When the FPGA fabric initialization subsystem resets, it loads peripheral configuration
data from the eNVM into the DDR and SERDESIF configuration registers. It also manages the reset
sequences required for these blocks to become operational and indicates when they are ready to
communicate with the rest of your design.

To create the initialization subsystem, System Builder:

+ Instantiates and configures the CoreConfigMaster core.

+ Configures FIC_2 inside the HPMS.

+ Instantiates and configures the CoreConfigP and CoreResetP cores.

+ Instantiates and configures the Clock Conditioning Circuitry (CCC) block.
+ Instantiates and configures the on-chip 25/50 MHz RC oscillator.

+ Instantiates the System Reset (SYSRESET) macro.

« Connects these components to each peripheral's configuration interfaces, clocks, resets, and PLL
lock ports.

CoreConfigMaster Configuration (aska question)

System Builder instantiates and configures the CoreConfigMaster soft IP core into the

<design name> sb component. System Builder configures the CoreConfigMaster to set the
location of the configuration data in the HPMS eNVM based on the device being used. From this
location in the eNVM, CoreConfigMaster fetches the peripheral configuration data and loads the
configuration registers of the DDR and SERDESIF blocks (see the following figure).
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Figure 3-1. CoreConfigMaster Example

[®7 Configurator — O X

CoreConfigMaster Configurator

ore:CoreConfi 2.1.102

Configuration l

Location of configuration data: | 256000

Help b QK | Cancel |

For the CoreConfigMaster to be able to fetch configuration data from the HPMS eNVM, System
Builder establishes a bus-based subsystem (AMBA AHBLite) to provide access into the HPMS eNVM
space. To establish this subsystem, System Builder:

1.
2.

This data path via CoreAHBLite provides access to the HPMS eNVM space for the CoreConfigMaster,

Configures the <design name> sb HPMS block to enable the Fabric Interface Controller FIC 0.

Configures the FIC 0 to be of type AHBLite, and to use the Slave Interface that exposes the
FIC 0 AHB SLAVE bus interface on the HPMS block.

Instantiates and configures CoreAHBLite soft IP bus core, and configures its address space so
that the CoreConfigMaster mastering the bus core can access the eNVM space in the HPMS.

Connects the master bus interface of the CoreConfigMaster to one of the CoreAHBLite mirrored
master bus interfaces.

Connects the S16 slave bus interface of CoreAHBLite to the FIC 0 AHB SLAVE slave bus
interface of the HPMS block.

so that it can fetch the configuration data of the DDR controllers and the SERDESIF blocks.

The configuration data that the CoreConfigMaster fetches from the HPMS eNVM is directed onto
the HPMS FIC 2 interface via the AHB Bus Matrix (the SWITCH) inside the HPMS block. The HPMS
FIC 2 interface, which is an APB3 master bus interface, directs this configuration data to the DDR
controllers and the SERDESIF blocks via fabric cores such as CoreConfigP and CoreResetP (see the
following figure).
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Figure 3-2. CoreAHBLite Bus Subsystem
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3.1.2 HPMS FIC_2 APB Configuration (ask a question)
Fabric Interface Controller 2 (FIC_2) in the HPMS is an APB Master of the configuration path to the
FDDR and SerDes.
To see the HPMS FIC_2 configuration:
1. Double-click the <design name> sb HPMS block in the SmartDesign window to open the HPMS
Configurator.
Openthe rIC_2 configurator dialog from the HPMS configurator.
Depending on your system, one or both of the following options must be selected by System
Builder to initialize:
- HPMS DDR
- Fabric DDR and/or SerDes Blocks
4. Observe that the FIC 2 ports (FIC 2 APB MASTER, FIC 2 APB M PCLK, and

FIC 2 APB M PRESET N)are exposed at the HPMS interface and are connected to the
CoreConfigP and CoreResetP cores by System Builder.

3.1.3  CoreConfigP Configuration (aska question)
System Builder instantiates and configures the CoreConfigP soft IP core into the
<design name> sb component. To see how System Builder configured the CoreConfigP core,
double-click the core to open its configurator. Observe that:

+ System Builder selects the appropriate check boxes to show which peripherals you use in your
design based on your selection in the System Builder Device Features page.

+ For each SerDes block in your design, System Builder selects the appropriate check boxes to
indicate whether PCle is used or not.

Note: If you use an 090 or 060 device (M2GL0O90 or M2GL060) and your design uses SERDESIF,
System Builder does not select the SDIF0 used for PCle check box. If you use a non-M2GL090/
M2GLO060 device and use one or more SERDESIF blocks, System Builder selects the SDIF<0-3> used
for PCle check box under the appropriate SERDESIF section.
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For information about the options in this configurator, see the CoreConfigP Handbook.

Figure 3-3. CoreConfigP Example

[®7 Configurator - O *

CoreConfigP Configurator

Microsemi:DirectCore:CoreConfigP:7.1.100

Configuration |

—Peripheral Block Usage

MDDR in use [¥ FDDR in use ~
SOIFOinuse ¥ SDIFO used for PCle |
SDIFlinuse | SDIF1 used for PCIe |
SDIF2inuse | SDIF2 used for PCle |

SDIF3inuse | SDIF3 used for PCIe |

—Soft Reset Outputs

Enable soft reset outputs IV_

—Target Device

Target die size is 060 or 090 ¥

Help hd | 0K I Cancel
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Figure 3-4. CoreConfigP Configurator for M2GL090/060 Devices

[®7 Configurator - O x

CoreConfigP Configurator

Microsemi:DirectCore:CoreConfigP:7.1.100

Configuration l

Peripheral Block Usage

MDDR inuse | FODR in use v
SDIFDin use ¥ SDIF0 used for PCIe ¥
SDIFlinuse | SDIF1used for PCle [
SDIFZinuse | SDIF2 used for PCTe [
SDIF3inuse | SDIF3 used for PCIe [

Soft Reset Outputs

Enable soft reset cutputs ¥

Target Device

Target die size is 060 or 050 |—

| Help < oK | Cancel

3.1.4 CoreResetP Configuration (aska question)

System Builder instantiates and configures the CoreResetP soft IP core into the <design name> sb
component. To see how System Builder configured the CoreResetP core, double-click the core to
open its configurator. Observe that:

System Builder specifies the external reset behavior (EXT RESET OUT asserted).

System Builder specifies the Device Voltage. The selected value matches the voltage you selected
in the Libero Project Settings dialog box.

System Builder selects the appropriate check boxes to show which peripherals you use in your
design based on your selection in the System Builder Device Features page.

System Builder specifies the external DDR memory setting time. This is the maximum value for all
DDR memories used in your application (MDDR and FDDR). Refer to the DDR Memory Datasheet
from external vendor to configure this parameter.

Note: This is an important parameter to guarantee a working simulation and a working system
on silicon. Incorrect value for the settling time might result in simulation errors.

Tip: 200 ps is a good default value for DDR2 and DDR3 memories running at 200 MHz.

For each SerDes block in your design, System Builder selects the appropriate boxes to indicate
whether PCle is used, support for PCle Hot Reset is required, and whether support for PCle L2/P2
is required.
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Note: If you use an 090 or 060 device (M2GL090 or M2GL060) and your design uses SERDESIF,
System Builder does not select the Used for PCle, Include PCle HotReset support, and Include
PCle L2/P2 support check boxes. If you use a non-M2GL090/M2GL0O60 device and use one or
more SERDESIF blocks, System Builder selects all four check boxes under the appropriate SERDESIF
section.

For information about the options in this configurator, see the CoreResetP User Guide in the Libero
Catalog.
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Figure 3-5. CoreResetP Configurator Example
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Figure 3-6. CoreResetP Configurator for M2GL060/090 Devices (SERDES_0 Used)
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3.1.5 Clock Conditioning Circuitry (CCC) Instantiation (aska question)

Based on the clock configuration set in the System Builder Clock Settings page, System Builder
instantiates and configures the CCC block in the <design name> sb component automatically to
expose clock globals (GL<0-3>) that match certain subsystem clock frequencies and other required
clocks. System Builder promotes and exposes these clock globals (GL<0-3>) and the LoCK output
signal of the CCC block to the top level under different pin groups on the System Builder block
interface, depending on the system.

Figure 3-7. CCC Instantiation
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3.1.6 50 MHz Oscillator Instantiation (ask a question)

CoreConfigP and CoreResetP are clocked by the on-chip 25/50 MHz RC oscillator. System Builder
instantiates a 25/50 MHz oscillator and connects it to these cores. The following steps describe how
System Builder instantiates and configures the chip oscillators core:

1. Instantiates the Chip Oscillators core into the <design name> sb component. Typically, this is
where the HPMS is instantiated. This core can be found in the Libero Catalog under Clock &
Management.

2. Configures this core such that the oscillator drives the FPGA fabric, as shown in the following
figure.

3. Connects the RCOSC_25 50 MHz O2F output of the oscillator to the Rcosc_25 50 MHz input of
CoreResetP.
Figure 3-8. Chip Oscillators Configurator

[87] Chip Oscillators Configuratar ? *
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E— XTLOSC
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FPGA Fabric

|
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3.1.7 System Reset (SYSRESET) Instantiation (aska question)

The sYSRESET macro provides device-level reset functionality to your design. The
POWER ON RESET N output signal is asserted or de-asserted whenever the chip is powered up or
the external pin DEVRST N is asserted or de-asserted (see the following figure).

System Builder instantiates the SYSRESET macro into the <design name> sb component (typically,
where the HPMS is instantiated). This macro can be found in the Libero Catalog under Macro Library.
No configuration of this macro is necessary. System Builder connects the POWER ON RESET N
output of the SYSRESET macro to the POWER _ON RESET_ N input of CoreResetP and promotes it

to top level, so that you can use it to reset any fabric logic upon power-up.

Figure 3-9. SYSRESET Macro

SYSRESET 0
DEVRST_N POWER_ON_RESET_N

v
e

3.1.8  Overall Connectivity (aska question)

After instantiating and configuring the HPMS, FDDR, OSC, SYSRESET, CoreConfigP, and CoreResetP
cores in your design, System Builder connects them to the peripheral initialization subsystem. For
SERDESIF blocks that you instantiate manually in your SmartDesign, manually connect the pins
corresponding to the peripheral initialization subsystem (bus interface, clock, reset, and other pins)
that System Builder exposes to the SERDESIF blocks. To simplify the connectivity description in this
guide, the APB3-compliant configuration data path connectivity associated with the CoreConfigP and
the CoreResetP related connections is described.

3.1.9 Configuration Data Path Connectivity (aska question)

The following table and figure show how System Builder connects the CoreConfigP to the

HPMS FIC 2 signals and the peripherals' APB3-compliant configuration interfaces. System Builder
connects the signals corresponding to the FDDR and the MDDR; however, you must manually
connect the signals corresponding to the SERDESIF blocks after the SERDESIF blocks are instantiated
in the SmartDesign.

Table 3-1. Configuration Data Path Port/BIF Connections

FROM Port or TO Port or Bus Interface (BIF)/Component
Bus Interface (BIF)/  ['seppEg)F pins FDDR Pins MDDR Pins

Component
APB_S_PRESET_N/ APB_S_PRESET_N/ APB_S_PRESET_N/FDDR MDDR_APB_S_PRES ET_N/
Coreconﬁgp SDIF<0/1/2/3> HPMS
APB_S_PCLK/ APB_S_PCLK/SDIF<0/1/2/3> APB_S_PCLK/FDDR MDDR_APB_S_PCLK/HPMS
CoreConfigP
MDDR_APBmslave/ — — MDDR_APB_SLAVE (BIF)/HPMS
CoreConfigP
SDIF<0/1/2/ APB_SLAVE (BIF)/SDIF<0/1/2/3> — —
3> APBmslave/
CoreConfigP
FDDR_APBmslave/ — APB_SLAVE (BIF)/FDDR —
CoreConfigP
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........... continued
FROM Port or

TO Port or Bus Interface (BIF)/Component

Bus Interface (BIF)/ [ ERpESIF pins FDDR Pins MDDR Pins
Component

FIC_2_APBmmaster — — FIC_2_APB_MASTER/HPMS
/CoreConfigP

Figure 3-10. FIC_2 APB3 Subsystem Connectivity
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3.1.10 Clocks and Resets Connectivity (aska question)
The following figure summarizes clocks and resets connectivity. This figure shows how:

+ System Builder connects the CoreResetP core to the external reset sources and the peripherals'
core reset signals.

+ System Builder connects the CoreResetP to the peripherals' clock synchronization status signals
(PLL lock signals).

+ The CoreConfigP and CoreResetP are connected.
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Figure 3-11. CoreResetP Subsystem Connectivity
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Configuration and Simulation File-set («aquestion

After configuring different registers of the DDR controllers (FDDR/MDDR) in the System Builder
Memories page and generating the design in System Builder, the configuration files with
extension . reg are created in the appropriate component folders in the <project dir>/
component/work/ directory.

For SERDES IF, after configuring different registers in the SERDES IF block and generating the
SmartDesign component in which the SERDES IF block is instantiated, the configuration files with
the extension . reg that correspond to the SERDES_IF n(where,n=0, 1, 2, 3) blocks are created in
the appropriate component folders in the <project dir>/component/work/ directory.

In addition, simulation files corresponding to SerDes PCle BFM simulations are created in the
<project dir>/simulation directory.

The following sections describe the files, where they are generated, their contents, and which tools
use them.

MDDR_init.reg File (Ask a Question)

The MDDR_init.reg fileis generated to the <project dir>/component/work/
<design name> sb HPMS directory after generating the System Builder component.

This file contains the MDDR register configuration data.

This file is used by the Simulation, Programming, and Power tools.

FDDR_init.I'eg File (Ask a Question)

The FDDR_init.reg file is generated to the <project dir>/component/work/
<design name> sb/FABDDR 0 directory after generating the System Builder component
containing the FDDR block.

This file contains the FDDR register configuration data.

This file is used by the Simulation, Programming, and Power tools.

SERDESIF_<0/1/2/3>_init-reg File (Ask a Question)

The SERDESIF <0/1/2/3> init.regfileis generated to the <project dir>/component/work/
<SmartDesign Comp>/SERDESIF n directory (wheren =0, 1, 2, or 3), after generating the SD
component containing the SERDESIF n block.

This file contains the SerDes register configuration data.

This file is used by the Simulation, Programming, and Power tools.

SERDESIF_<O/1/2/3>_user. bfm File (Ask a Question)

The SERDESIF <0/1/2/3> user.bfmfileis generated to the <project dir>/simulation
directory.

This file contains the user commands. Edit this file to enter your BFM commands. Use this file if
you configured SERDESIF n(wheren =0, 1, 2, or 3) block in BFM PCle simulation mode and as an
AXI/AHBLite master. If you configured the SERDESIF n block in RTL simulation mode, you will not
need this file.

Each time you start the simulation, these simulation files are recreated to the <project dir>/
simulation directory with updated contents.

ENVM_init.mem File (Ask a Question)
The ENVM init.men file is generated to the <project dir>/simulation directory.
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4.6

This file contains the register configuration data in binary format corresponding to all the DDR
controllers (FDDR/MDDR) and the SERDES_IF blocks used in your design.

The contents of this file correspond to the contents fetched from the HPMS eNVM and are loaded to
the peripherals' configuration registers during the simulation runtime.

When you run a programming tool (Generate Bitstream or Export Bitstream) in the design flow, this
file is created to the project directory.

rOOt_CO m p_na me>. Efc File (Ask a Question)

The root comp name>.efc file is generated to the <project dir>/designer/
<root comp name> directory.

This file contains the register configuration data in hexadecimal format corresponding to all the DDR
controllers (FDDR/MDDR) and the SERDES IF blocks used in your design.

The contents of this file are loaded to the HPMS eNVM on-board when the device is programmed.

Upon reset, these contents load into the eNVM, where they are fetched and loaded to the
peripherals' configuration registers.

@ MICROCHIP
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5. Revision History (saauestion)

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

A 10/2023 The following is the list of changes in revision A of the document:
* The document was migrated to the Microchip template.

+ The document number was updated from 50200384 to DS50003599.

+ Information about configuration of RCOSC is changed from fabric to CCC drive. See 3.1.6. 50 MHz
Oscillator Instantiation.
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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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