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Purpose

This application note describes how to initialize the IGLOO®? field programmable gate array (FPGA)
embedded static random access memory (SRAM) block with the user data after power-up. This
application note explains the method for initializing the large SRAM (LSRAM) and microSRAM (uSRAM)
blocks in IGLOO2 FPGA using a fabric master logic block. A design example is also provided in this
application note.

Introduction

The IGLOO2 FPGA devices have SRAM blocks in the fabric. There are two types of SRAM blocks in the
IGLOO2 FPGA fabric: LSRAMs and uSRAMs. LSRAMs are large SRAM blocks embedded in the
IGLOO2 FPGA fabric device, and are used for creating big FIFOs or storing large amount of data. The
MSRAMs are small SRAM blocks embedded in the IGLOO2 FPGA device. The LSRAM and uSRAM
blocks are volatile memory types where the stored data disappears when the power goes off. After
powering-up the device, the content of the SRAM is unknown. There are some applications, which
require the SRAM data to be initialized and validated after powering-up the device.
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Figure 2 on page 5 shows a block diagram of the design examples available in this application note. The
SRAM initialization data is stored in eNVM during programming and after powering-up the device. A
fabric master block transfers the data from the eNVM to SRAM blocks. The reference designs use the
SRAM block configured as a two-port memory, but this approach can be used for all the variations of
LSRAM and uSRAM in the IGLOO2 FPGA device. The reference design is simulated and tested using

the IGLOO2 Evaluation Kit.

References

The following list of references is used in this document:

Design Requirements

UG0445: IGLOO2 FPGA and SmartFusion2 SoC FPGA Fabric User Guide
UG0447: SmartFusion2 SoC FPGA and IGLOO2 FPGA High-Speed Serial Interfaces User Guide
TU0530: SmartFusion2 SoC FPGA and IGLOO2 FPGA SmartDebug Hardware Design Debug

Tools Tutorial

UG0478: IGLOO2 Evaluation Kit User Guide

Table 1 lists the design requirements.

Table 1« Design Requirements

Design Requirements

Description

Hardware Requirements

IGLOO2 Evaluation Kit
* 12V Wall-Mounted Power Supply (Included with the kit)

* FlashPro4 programmer (Included with the kit)
+  M2GLO10T-1FGG484 device

Rev C or later

Host PC or Laptop

Any 64-bit Windows Operating System

Software Requirements

Libero® System-on-Chip (SoC)

vi1.7

Embedded SRAM Blocks in IGLOO2 FPGAs

This section describes different fabric SRAM blocks that are available in various IGLOO2 devices and

clarifies their differences.

Table 2 lists different types of fabric SRAM blocks available in various IGLOO2 FPGA devices:

Table 2+ SRAM Blocks in Various IGLOO2 FPGA Devices

Features M2GL005 M2GL010 M2GL025 M2GL050 M2GL090 M2GL150
LSRAM 18K Blocks 10 21 31 69 109 236
uSRAM 1K Blocks 1" 22 34 72 112 240
Total RAM (KBits) 191 400 592 1314 2074 4488
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LSRAM blocks can be configured as a dual-port SRAM or two-port SRAM. The LSRAM that is configured
as the dual-port SRAM provides two independent access ports: Port A and Port B. In dual-port SRAM
mode, data can be written to either or both the ports; also can be read from either or both the ports. Each

port has:
+ Its own address
+ Datain
+ Data out
* Clock

* Clock enable
* Write enable

The LSRAM configured as two-port SRAM has Port A dedicated for read operations, and Port B
dedicated for write operations. The read and write operations in LSRAM are performed in the
Synchronous mode and require a clock edge.

MSRAM has two read ports (Port A and Port B) and one write port (Port C). The read operation can be
performed in both synchronous and asynchronous modes. The write operation can be done only in
synchronous mode. See the UG0445: SmartFusion2 SoC FPGA and IGLOO2 FPGA Fabric User Guide
for more information.

The SRAM blocks support rich variations in size and features of memory blocks for IGLOO2 FPGA
devices; however, these variations require changes when initializing the SRAM blocks for a specific
implementation; these changes do not affect the fundamentals of the reference design. Therefore, the
reference design in this application note uses the LSRAM block configured as two-port memory.
Customizing the reference design for different feature and size of SRAM is discussed in the "Customizing
the Wrapper Interface" section on page 12.

IGLOO2 FPGA eNVM Controller for Data Storage

The design example uses the eNVM array in HPMS as the source of SRAM initialization. The flash
memory block in the eNVM is used to store the SRAM initialization data, and the data is loaded to SRAM
after powering-up the device. The eNVM Controller is an advanced high-performance bus (AHB) slave
that provides access to eNVM. It converts the logical AHB addresses to physical eNVM addresses and
allows commanding the eNVM to perform specific tasks such as read, write, and delete operations. See
the Embedded eNVM Controller section in the UG0448: IGLOO2 FPGA High Performance Memory
Subsystem User Guide for more information.
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In the design examples, a data storage client is created to load the SRAM initialization, which is
configured to be 64 x 8. Figure 1 shows the eNVM Configurator and the data storage client graphical
user interface (GUI) in Libero SoC. To allow the eNVM data storage client for simulation, select the Use
Content for Simulation check box.

(@ System Builder - Memories =] %

> Device Features » > Memories > > Peripherals > > Clocks > >_HPMS Options » 7 SECDED > 2 Security > 2__Memory Map >

Configure your external and embedded memories

ENVM

(® Medify Dats Storage Client . [0 [

Available Client types

Data Storage —|| lientname: sram_data 3
Serialization Client Type - End Initialization Order Lock Ste
e

E Data Stol Content:
© Memory fie:  {AM_it_IGL2_vhdljconstraintjsram_data cientmem | (1w ]

[7] Use absolute addressing (3]

) Content filled with 0s
Add to System. ..
) Mo Content ( Client is a placeholder and will not be programmed )

Usage Statistics

Start address: 0x 300 |
Available Pages:2000
lsedPages 1 Size of word: Bits
FreePages: 1999
Number of Words: 64 (Decimal )
< r - »

[Juseasrom €

Use Content for Simulation

B Used Space
B Free Space

Help ok Cancel
\

Figure 1 « eNVM Configurator GUI

SRAM Initialization Reference Design

The reference design is described and analyzed in the following sections:

+ Fabric Master Design Example—discusses the functionality, architecture, and operation of the
design.

+ Hardware Implementation—discusses the hardware implementations and demonstrates the
functionality of the code by running SmartDebug and looking at the SRAM content on the
IGLOO2 Evaluation Kit board.

+ Customizing the Wrapper Interface—provides guidelines on how to instantiate and how to use
the reference design in the user design.
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Fabric Master Design Example

This section describes the functionality, architecture, and operation of the fabric master design example.
The fabric master acts as an advanced peripheral bus v3 (APB3) master to read data from eNVM after
power-up and load the fabric SRAM block. Figure 2 shows a top-level block diagram of the fabric master
design example.

SystemBuilder Block

| |
| |
l eNVM |
: HPMS [

I
| |
| |
I |
I I
| I
| CoreAHBLite< > |
| i |
I |
I I
| CoreAHBLITETOAPB3 I
| |
| |
I I
I |
| CoreAPB3 > |
L __ { ‘ _________________________________ |

| |
User
SRAMtoAPB3 |1+ | . .
Slave wrapper Muxing Arbiter [ ,t:‘ > RAM
Interface
Fabric master
SRAM block
RAM_with_wrapper

Figure 2 » Top-Level Block Diagram

After the fabric master finishes the SRAM initialization, the APB3 wrapper interface asserts a section
signal (SEL) to the muxing arbiter and switches the SRAM ports as user ports. It also allows you to read
and write to the SRAM blocks. The INIT_DONE output of the reference design indicates the sequence of
initialization done.
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The SRAM block is configured as two-port memory with a depth of 64-bit and width of 8-bit. This design
implements an APB3 slave wrapper interface on port A and port B of the SRAM block, and the APB3
wrapper is connected to HPMS. You can also implement the AHB-lite wrapper instead of APB3 wrapper
on the SRAM block and connect to HPMS. However, the APB3 interface is much simpler than the

AHB-lite interface, and it is easy to create the design interface in the SRAM ports. The APB3 slave
wrapper interface is connected to the HPMS through the CoreAPB3, CoreAHBLITETOAPBS, and
CoreAHBLite and fabric interface controller (FIC_O0) interface as shown in Figure 2 on page 5. FIC_O
enables the connectivity between the fabric and HPMS, which is a part of HPMS. It performs a bridging
functionality between the HPMS and FPGA fabric. It can either be configured in the AHB-lite mode or in
the APB3 mode. In this design example, the FIC_0 is configured in the AHB-lite mode so that the other
AHB-lite blocks in the fabric can be connected to the HPMS through this FIC_0 in real application.

Fabric Master Block

The fabric master block acts as an AHB-lite master logic to read data from eNVM and write to SRAM.
The AHB-lite master drives the address and controls the signals onto the bus after rising the edge of
HCLK. If HREADY is in the low state, the AHB-lite master does not move to the next state. If HREADY is
in the high state, the AHB-lite master goes to the data phase to perform the read or write operation.
During data phase, if HREADY is low (AHB-lite slave wants to extend the data phase), the AHB-lite
master must hold the data throughout extended cycles. The AHB-lite master reads or writes the data only
after HREADY is in the high state.




Figure 3 shows the simplified state diagram of the fabric master.
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Idle

A

No Fabric Access

NVM_fab_ac
(NVM access from
fabric)

NVM_ac_check
(NVM access from
fabric)

Fabric Access

A

NVM_ready_check
(checking NVM status/
ready)

ram_init_done = 0

A

Read_NVM
(Read 4 byte from NVM
client)

A

Write_RAM
(Write each byte to 4
SRAM location)

A

NVM_fab_ac_rem
(Remove NVM access
from fabric)

ram_init_

done =1

Figure 3  Fabric Master State Diagram
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SRAM to APB3 Wrapper

The SRAM to APB3 slave wrapper block allows connecting the SRAM block to the advanced
microcontroller bus architecture (AMBA) APB3 bus system. Figure 4 shows the state diagram for APB3
bus system.
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e Mo Transfer
- |
Ve IDLE :
f: PSELx=0 l,..//
\ PENABLE=0 '
/N /
.I'II —l_
Transfer
PREADY=1 + B
and No ~ T
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L PSELx=1 -
'- PENABLE=0 \
\ \\ /
! ——
\ PREADY=1

and Transfer
Y

\ . ,/ PREADY=0 .|

‘ux /

, ACCESS \
\ PSELx=1 / /
\ PENABLE=1

Figure 4 + APB3 State Diagram

Following are the three states that explain the APB3 specifications
* IDLE—default state for the peripheral bus

SETUP—when a transfer is required, the bus moves to this state where the appropriate select

signal PSELx is asserted. The bus remains in this state for a complete clock cycle and always
moves to the ACCESS state on the next rising edge of the clock

ACCESS—asserts the PENABLE signal. The address, write and select signals must be stabled
during the transition from the SETUP to ACCESS state. The transition from the ACCESS state is
controlled by the PREADY signal from the slave

If PREADY is held low by the slave, the peripheral bus remains in the ACCESS state

If PREADY is held high by the slave, no more transitions are required from the ACCESS state
to the IDLE state. Alternatively, if another transition follows and the bus moves directly to the
SETUP state.

In the above design example, the wrapper logic generates the read and write operations enabled for
SRAM using the PSEL, PWRITE, and PENABLE signals. The PREADY signal is used to insert Wait
state.
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Status Output

The ram_init_done output of the reference design indicates the sequence of initialization done. At
power-up, the ram_init_done is asserted as low to indicate the beginning of initialization process. It
remains low until the fabric master finishes reading the data from eNVM and writing to SRAM. The high
ram_init_done output indicates the ending of initialization process. SRAM interface Port A and Port B are
available for read and write operations.

Interface Description for Fabric Master Design

Table 3 shows the top-level interface signal descriptions.

Table 3 » Top-Level Interface Signal Descriptions

Signal Direction Description
raddr_user[4:0] Input User read address

rclk_user Input User read clock

rd_enable_user Input User read enable

rdata_user[7:0] Output User read data

waddr_user Input User write address

rdata_user[7:0] Output User read data

wclk_user Input User write clock

wdata_user[4:0] Input User write data

wr_enable_user Input User write enable

RESP_err[1:0] Output AHB error response

ram_init_done Output SRAM initialization complete

DEVRST_N Input Active Low reset

SEL Output Selection for RAM muxing logic (for debug only)
INT_OUT OQutput Interrupt for APB transaction (for debug only)
ahb_busy Output Fabric master status
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Hardware Implementation

The SRAM block is configured as two ports memory with a depth of 64-bit and a width of 8-bit in both the
design examples. In addition, the design example uses a 50 MHz RC OSC as a reference clock for the
fabric phase-locked loop (PLL). The fabric PLL then generates a 100 MHz clock that is used as the main
system clock. See "Appendix: Design and Programming Files" section on page 13 to download the

design examples.

Simulating Reference Design

The design file includes the testbench files to run simulation in the Libero SoC software.

The simulation waveform has the following sequence:
1. Wiriting to eNVM Control register to get access.

2. Checking the eNVM status register for NVM ready/busy bit.

3. Reading the eNVM data client.
4. Writing the data to SRAM.
Figure 5 shows the simulation waveform.
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Figure 5 * Fabric Master Design Example Waveform
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Running the Design
The following procedure describes running the fabric master design example in the IGLOO2 Evaluation
Kit board:

1. Open the design example in Libero v11.7 or newer version. Refer to software release notes for
updating the design example.

2. Program the IGLOO2 device in IGLOO2 Evaluation Kit with the provided STAPL file using the
FlashPro4 and power cycle board.

3. Connect the USB to the host PC. See "Appendix: Design and Programming Files" section on
page 13.

4. Open SmartDebug in Libero SoC and look at the SRAM content. The SRAM content must match
with a data file that is loaded in eNVM through data client, as shown in Figure 6.

] Debug FPGA Array ° = | B )
Memory Blocks Selection g X FPGA Array debug data
Memory Blocks: Select | Live Probes Active Probes Memory Blocks | Frobe Insertion |
RAM_with_wrapper_0/SRAM_62x3_0/SRAI Current Memory Blodk:  RAM_with_wrapper_0/SRAM_64x8_0/SRAM_64x8_0/SRAM_64x3_SRAM_64x3_0_TPSRAM_ROCO/INST_RAMIK13_IP
- - - N Data bit Mode: 9

0000 000 001 0oz 003 a4 005 005 Qo7 | 008 009  00A  OOB 0OC 0QOD @ OOE Q0F
0010 010 011 012 | 013 014 | 015 016 017 | 018 019 ([ D1A | 0B | OIC | 0ID | OIE 01F
0020 020 021 022 023 024 | 025 025 027 | 028 029 | 02A 028 02€ 02D 0XE 02F

0030 030 031 032 033 034 | 035 035 037 038 039 | 03A 03B 03C 03D O03€ Q3F

0040 035 028 0AZ 1CE 1IE7 | OIE 0BA 146 094 148 11D 150 1C0 | OF8 | OCF 178

0050 129 134 192 153 0sA  0BE 116 155 058 1F | 090 | 040 | 0AZ | 062 | 040 116

L00S0 145 110 008 02 001 15C 119 | OCA 1F9 0C 023 124 | 021 025 | 082 | 019 |7

Read Block Write Block

Figure 6 * HyperTerminal Showing Design Example

See the TU0530: SmartFusion2 SoC FPGA and IGLOO2 FPGA SmartDebug Hardware Design Debug
Tools Tutorial for more information on running SmartDebug to view the SRAM content.

1"
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Customizing the Wrapper Interface

This section describes how to customize SRAM initialization block. The RAM_with_wrapper block
presented in the design example can be modified based on the user SRAM configuration. In addition, the
fabric master code needs to be modified based on the user SRAM settings. Figure 7 shows the
RAM_with_wrapper block. Following are the three blocks:

*+  SRAM64x8_0: Two-port SRAM block with depth 64-bit and width 8-bit
* mem_apb_wrp_0: Creates APB3 wrapper on SRAM port
* mux_blk_0: Creates the muxing arbiter

mux_blk 0
rd ek Eer rd_enable_(ser rd_e
w1 enabie (ser wr_enable s er wr_s
ok e w Ck_tser wokp—
Tok \ser rok_user ok B—
rd_enable_init rdata_user[7:0] B roeta mao]
wr_enable_nit mem dsts_out_ini[7.0]
wck_nit 1A [5:0]
rok_init waddr[50]
—sel w dste[7.0]
eid = Ol _user[50]
Wedar s ero0l waddr_iser50]
W dsta = e O wdata s er[70]
_init{5.0}
w addr_nif5:0]
mem data_in_nif7:0]
> #
G
mem_apb_wmp_0 SRAM_64x8_0
FOLK FCLK rd_enabh Lgp wien
FRESETN FRESETN wr_s L% rEd
L mem data_outl7:0] wek WCLK
(EF 13— geF 1 rck] RCLK
INT_OUT| WO[F 0]
SEL| WADDRIED] b SEL ]
raddrE0] p—— RADOR[E0]
W BGdI50]
mem data_in[7-0]
#)

Figure 7 « RAM_with_wrapper Block

Depending on the user SRAM block configuration, the SRAM64x8_0 setting needs to be updated. In
addition, the DATA_WIDTH and ADDR_WIDTH parameter in mem_apb_wrp and mux_blk file must be
modified according to the user design requirement and the blocks must be re-connected, if needed.

Note: The wrapper interface that is used in the design example supports up to 8-bit DATA_WIDTH.

Conclusion

IGLOO2 FPGA devices have embedded SRAM blocks, which allow to store and read the data effectively.
The design example shows how the SRAM blocks in IGLOO2 FPGA fabric can be initialized after power-
up. It uses an eNVM block to initialize the SRAM after power-up. The eNVM can also be updated using
programming, flash loader, or by writing to eNVM, if needed. This application note presents an interface
that can be instantiated into the user design, performing the initialization at power-up. The reference
design utilizes a very small portion of the FPGA logic for implementation, and does not affect the
performance of the main design. The design example initializes a 64 x 8 SRAM block, but the SRAM
block can be easily modified to support memory organizations of different width and depth.

12
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Appendix: Design and Programming Files

You can download the design files from Microsemi website:
http.//soc.microsemi.com/download/rsc/?f=m2gl_ac421_sram_initialization_eNVM_liberov11p7_df

The design file consists of both VHDL and Verilog version of Libero project and programming files
(*.stp) for IGLOO2 Evaluation Kit board. See the readme.txt file included in the design file for the
directory structure and description.

13
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List of Changes

The following table shows important changes made in this document for each revision.

Date Changes Page

Revision 6 Updated the document for Libero v11.7 software release (SAR 76442). NA

(February 2016)

Revision 5 Updated the document for Libero v11.5 software release (SAR 64227). NA

(February 2015) Updated Figure 1, Figure 5, and Figure 6. 4,10,

and 11

Revision 4 Removed all instances of and references to M2GL100 device from Table 2 2

(December, 2014) | (SAR 62858).

Revision 3 Updated the design files link under "Appendix: Design and Programming Files" section. 13

(August, 2014)

Revision 2 Added "Purpose" section. 1

(July, 2014) Placed "References" section after Introduction section. 2
Updated "Design Requirements" section for Libero v11.4. 2
Updated the ram_init_done row in Table 3. 9
Updated the "Appendix: Design and Programming Files" section for VHDL and Verilog| 13
version.

Revision 1 .

(April, 2014) First Release. NA
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