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Accessing External SDRAM through Fabric -
Libero SoC v11.5

Introduction

This tutorial describes how to create a hardware design for accessing an external. SDR SDRAM and
functionally verify the design using simulation. A CoreSDR_AXI IP is used in SmartFusion®2 system-on-chip
(SoC) field programmable gate array (FPGA) device for interfacing the external SDR SDRAM memory with
the ARM® Cortex®-M3 processor.

The CoreSDR_AXI IP has a 64-bit AXI bus interface for communicating to-the Cortex-M3 processor. The
CoreSDR_AXI IP generates the inputs for the SDR SDRAM memory and‘handles the timing parameters for
the input signals of the SDR SDRAM memory.

The tutorial describes the following:

Creating a Libero® System-on-Chip (SoC) project using SmartFusion2 SoC FPGA

Updating the IP catalog by downloading the latest versions of the IP cores

Configuring the various hardware blocks using SmartDesign

Configuring the MDDR and CCC blocks of the microcontroller subsystem (MSS) component
Generating the microcontroller subsystem (MSS) component

Integrating the various hardware blocks in SmartDesign and generating the final top-level component

Performing functional level verification of the design using AMBA AXI bus functional model (BFM)
simulation in Mentor Graphics ModelSim® simulator

Using the ModelSim GUI to see the various designsignals in the Waveform window of ModelSim

Design Requirements

Table 1 - Design Requirements

Design Requirements Description

Hardware Requirements

Host PC or Laptop

Any 64-bit Windows Operating System

Software Requirements

Libero SoC

v11.5

Project Files

The project files associated with this tutorial can be downloaded from Microsemi® website:
http://soc.microsemi.com/download/rsc/?f=m2s_tu0311_liberov11p5_ df

The project files associated with this tutorial include the following:

Source
Solution
Readme file, which describes the complete directory structure

Revision 9 3



http://soc.microsemi.com/download/rsc/?f=m2s_tu0311_liberov11p5_df

& Microsemi

Accessing External SDRAM through Fabric - Libero SoC v11.5

Design Overview

The design demonstrates the read/write access to an external slave SDR SDRAM memory using the
SmartFusion2 SoC FPGA. Inside the SmartFusion2 SoC FPGA, the Cortex-M3 processor acts as the
master and performs the read/write transactions on the external slave memory. A soft SDRAM controller,
CoreSDR_AXI, is implemented inside the FPGA fabric of the SmartFusion2 SoC FPGA. It provides the
interface between the Cortex-M3 processor master and slave SDRAM memory. The CoreSDR_AXI IP has a
64-bit AMBA AXI interface on one side, which communicates with the Cortex-M3 processor through the AXI
interface. The other side of the CoreSDR_AXI IP has the SDRAM memory interface signals, which go as
input to the external SDRAM memory through the FPGA 1/Os of the SmartFusion2 SoC FPGA. The
CoreSDR_AXI IP converts the AXI transactions into the SDRAM memory read/write transactions with
appropriate  timing generation. It also handles the appropriate command generation for
write/read/refresh/precharge operations required for SDRAM memory.

The Cortex-M3 processor resides inside the MSS block of the SmartFusion2 SoC FPGA. The MSS contains
another block called the DDR Bridge. This block is responsible for managing the read/write requests from
the various masters to the DDR controller in the MSS, called the MDDR block, or interfacing with external
bulk memories such as SDR SDRAM via fabric. This fabric interface for the external bulk- memories is called
the SMC_FIC.

Either the MDDR controller or SMC_FIC can be enabled at a given time. The MDDR controller is disabled
when the SMC_FIC path is active. The fabric side of the SMC_FIC can be configured for one or two 32-bit
AHB-Lite interfaces, or an AXI64 interface. The enabling of the SMC_FIC path and its interface towards the
fabric side of the SMC_FIC can be configured through MSS configurator.

In this design, the MDDR block is configured to bring out the 64-bit.AXI interface to the fabric through the
SMC_FIC.

In the SmartFusion2 SoC FPGA device, there are six clock conditioning circuits (CCCs) inside the Fabric
and one CCC block inside the MSS. Each CCC block has an‘associated PLL. The CCC blocks and their
PLLs provide several clock conditioning capabilities-such as clock frequency multiplication, clock division,
phase shifting, and clock-to-output or clock-to-input delay canceling. The CCC blocks inside the fabric can
directly drive the global routing buffers inside the fabric, which provides a very low skew clock routing
network all throughout the FPGA fabric. In this design, the MSS CCC and fabric CCC blocks are configured
to generate the clocks for the various elements inside the MSS and the fabric.

In the SmartFusion2 SoC FPGA device, there are three oscillator sources—an on-chip 25 MHz-50 MHz RC
oscillator, on-chip 1 MHz RC oscillator, and external main crystal oscillator.

In this design, the 25 MHz-50 MHz on-chip Oscillator is configured to provide the clock input for the fabric
CCC block, which inturn drives the clocks to all the design blocks, including the MSS block.
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Figure 1 shows the top-level design.
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Figure 1. Top-Level Design
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Design Creation

Step 1: Creating a Libero SoC Project

1.
2.
3.

Launch Libero SoC v11.5.

From the Project menu, select New Project.

Enter the information in Project Details window as displayed in Figure 2.

e Project Name : Access_ EXT_SDRAM

e Project Location: Select an appropriate location (for example, D:/Microsemi_prj)
o Preferred HDL Type: Verilog

Device Settings
Design Template
Add HDL Sources
Add Constraints

.
Libefo)

Systerm-on-Chip

7 ~
G\ New Project =RECE X
Project Details
Specify Project Details

Project Details

Praject Name: Access_EXT_SDRAM|
. . Project Location: D:Microsemi_prj

Device Selection

Description:

Preferred HOL Type:

[ Enable Block Creation

Figure 2. New Project — Project Details Page

Click Next. Figure 3 shows the Device Selection window, and select the following options from the
drop-down lists under Part Filter:

Family: SmartFusion2
Die: M2S050T
Package: 896 FBGA
Speed: STD

Core Voltage (V): 1.2
Range: COM
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rG\ MNew Project

-

Device Selection

Select a part for your project from the Part Mumber list

Project Details
Device Selection
Device Settings

Design Template

Add Constraints

. gl
Libefo

System-on-Chip

Add HDL Sources

= | B S,
Selected Part: M25050T-FGB96

Part Filter

Family: [SmartFusion2 | Die: [M25050T v| Package: 836 FaGA |

Speed: [STD V] Core Voltage: [1.2 V] Range: [COM V]

'
Search Part:
Part Mumber A4uT = DFF User If0s USRAM 1K LSRAM 18K Math {18x18) PLLs and C
M25050T-FGE9E 56340 56340 377 72 69 72 6
] [T N b
[ < Back ] [ Mext = ] [ Einish ] [ Cancel

Figure 3. New Project = Device Selection Page
Click Next. The Device Settings page is displayed. Do not change the default settings.

Click Next. Figure 4 shows the Design Templates and Creators page and select the Create a
Microcontroller (MSS) based design check box under Design Templates and Creators. If the
selected MSS core version.appears in italics, it means that the selected MSS Core is not available in
the vault and it requires to be downloaded: To download, select the MSS core and click OK. The tool
prompts for downloading the MSS core. Click Yes on the message prompt. The tool downloads the
selected MSS core.

If the selected MSS core appears in normal font, as shown in Figure 4, it indicates that the MSS core is
present in vault.
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(® New Project SRl X

- — | ——

Design Template

Choose a design template Selected Park: M25050T-FGB96

Design Templates and Creators

Project Details §
() Mone

(") Create a System Builder based design

Device Selection (@ iCreate a Microcontroller(MSS) based design |
Version
Device Settings SmartFusion2 Microcontroller St tis0
Design Template Show only latest version
Design Methodology
Add HDL Sources [] Use Standalone Initialization for MDDR,FDDR/SERDES Peripherale

Add Constraints

. gl
Libefo

System-on-Chip

[ < Back ][ Mext = ][ Einish ][ Cancel

Figure 4. New Project = Design Template Page
7. Click Finish.

Step 2: Updating IP Catalog

1. The project is created and the Libero SoC window is displayed as shown in Figure 5. The SmartDesign
window opens and a project Access. EXT_SDRAM is created with the instantiation of the MSS
component.

© Uiero - DAVhcros e praAGEes X, SORANNAGEc KT SDRAMIRS

Project_Fie_Edit_View Design Tools_SmarDesign _Help
- —

NEede2«old |

Catalog & X || B Access EXT_SDRAM & X i

Q- Dmﬁ:::wde 3~ 2E0 B o o> QA [HQE AN\ DO

Ve

Access_EXT_SDRAM_MSS_0
[ MCCC CLK_BASE 2C 0 PADSE@--------- -@EI2C 0_PADS
[2C_1_PADSEH@-======== -@HI2C_1_PADS L
SP_0_PADSEH@--------- -@ESP 0 PADS
SP_1_PADSH@--------- -@QEISP_1_PADS
MMUART_1_PADSE@--------- -@EMMUART 1_PADS |
MMUART_0_PADSEH@- - ~-- ===~ -@ENMMUART 0_PADS |
MAC_MI_FABRICH
USB_ULP_PADSEH@---------
MDDR _PADSE@--======-=
Fmw,

[besn? | Destnfirsr | St rar

i New cores are availsble

Log

([Tveses) @

Catalog tab

Figure 5. Libero Window on Completion of New Project Creation Wizard
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Click the Catalog tab, as shown in Figure 6. If a message is displayed “New cores are available”, click

Download them now!, and download the latest versions of the IP cores.
Note: The download process requires internet connection to the machine.

Catalog 8 =
& ~ [ simulation Mode &~
=
Mame Yersion
» Arithmetic

» Bus Interfaces

» Clock & Management
> DSP

= IO

> Macro Library

> Memaory & Controllers
> Peripherals

» Processors

» SCfMamper

> Tamper

Mo core selected

I Mew cores are available |Download them now! |

Catalog |I Desg—l Deggn Hier... | Stimulus Hie... | Files |

Figure 6. Updating the Catalog
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Step 3: Configuring MSS Peripherals

1.

Double-click Acess_EXT_SDRAM_MSS_0 to configure the MSS. The MSS is displayed in the
SmartDesign canvas in a new tab, as shown in Figure 7.

The enabled MSS blocks are highlighted in blue and can be configured to be included in the hardware.
The disabled peripherals are shown in gray.

To disable a peripheral, right-click the peripheral block and clear the Disable check box, as shown in
Figure 8, or clear the check box in the lower right corner of the peripheral box. The box turns gray to
indicate that the peripheral has been disabled. Disabled peripherals can be enabled by selecting the
check box in the lower right corner of the peripheral box (see Figure 9) or by

right-clicking the peripheral block and selecting the Enable check box (see Figure 8).

LHE Bus Matrix

MICROCONTROLLER |
SHE-FYSTER
Cortexm3
MDOR DNE. L
'l ‘ez

m—
&

MMILART 0

FADS

B

Pl

12c o

M3$3_CCC

TN Y ]
L%#

RESET Controder

)

intsrrupt

CaN
VATCHDOG
GPID

POML

:

g

SECDED

S FIC_8 FC_1 FiC_2 (Paripharal Initaiizs ton}
Securtly ‘ [ J
RTC

\ﬁi‘ l #r

.

.

E Hafdware
DisfgafounEtion

Figure 7. MSS in SmartDesign Canvas
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SPI_0 SPI_1

Configure
Disable
Delete
Replace Component for Instance(s)... —

X DR

Update Instance(s) with Latest Compaonent...

<~ Clear User Connections

Replace Instance Version...

DMA
Figure 8. Right-click and Enable Periphera ck

An enabled peripheral is shown in Figure 9.

SPI_0

Figure
Disable the following perip! on MSS canvas:
¢ MMUART_0 and MM
SPI_0 and SPI_1
12C_0 and 12C
e PDMA
¢ WATCHD
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Figure 10 shows the MSS Configuration window (after disabling the above components).

MICROCONTROLLER |
Cortaxms
Cac
MDDR NNRE.
[J
AHE Bus Matrix
k- EFE_U AFE_T VJ
I usB I Iﬂnernet I MMUART _0 MMUART _1

¥
L 3§
L

3P0 SR

v

M33_CCC 2c.1

mmm—
#

RESET Controfisr

)

e
I

PDMA

Interrupt
VATCHDOG
PO
¥
SECDED
!: FIC_0 FC_1 FIC. 2 (Paripheral Inftaiization)

Sscurly ‘

D
D

Hardware
oisEggfurstion

Figure 10. Enabled and Disabled MSS Components
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Double-click the MDDR block and configure as shown in Figure 10.
e Select Soft Memory Controller as Memory Interface Configuration Mode.
e Select Use an AXI Interface as Fabric Interface Settings.

This selection configures the SMC_FIC interface inside the MDDR as a 64-bit AXI interface for the
FPGA fabric from the DDR Bridge.

¢ Click OK and complete the configuration.

[ 57 Mode Selection R

Memory Interface Configuration Mode

Double Data Rate @ Soft Memory Controller

Fabric Interface Settings

@ Use an AXI interface
Use an AHELite Interface

K ] I Cancel

Figure 11. Mode Selection
Double-click the MSS_CCC block and configure as shown in-Figure 11.
e The clock input is by default selected as CLK_BASE with the input frequency of 100 MHz.
¢ Select the check box for Monitor FPGA Fabric PLL Lock (CLK_BASE_PLL_LOCK).
o Leave the default frequency of 100 MHz for M3_CLK.

o Click DDR_SMC_FIC_ CLK to see the clock direction in the GUI. By default, DDR_SMC_FIC_CLK is
set to the same frequency as that of M3_CLK (M3_CLK divided by 1;i.e. 100 MHz).

Leave the rest as default.

Click OK and complete the clock configuration.

The above selection configures the MSS CCC to receive the input clock from the fabric CCC. The lock
input of the MSS_CCC.is configured to be received from the fabric CCC block.
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5| MSS Clock Conditioning Circuitry Configurator

M3 ClK

v

System Clocks | Advanced Options |

|<lick on DDR_sMc_Fic_cik | |DDR_SMC_FIC_CLK direction |

Clock Source

CLK_BASE

100.000 MHz

Monitor FRGA Fabric PLL Lock (CLK_BASE_PLL_LOCK)

Cortex-M3 and M55 Main Clock

MDDR Clocks

Eak= |1 - | 100.000 MHz

SMC A

MSS_ccc

v
v

"4 I DDR_SMC FIC CLK |= MDDR_CLK [ | = | 100.000 MHz

MSS APE_0/1 Sub-busses Clocks

APB 0 CLK =M3_CK/[ 100.000 MHz
8PB 1K =M3CK/ 100,000 MHz

FPGA Fabric Interface Clocks

I
Towest Trequency

CCC/PLL

Fabric

——— = — — —

Figure 12. MSS Clock Configurator

Double-click the Reset Controller and select the Enable MSS to Fabric Reset and Enable Fabric to
MSS Reset, as shown in Figure 13. This enables the MSS to generate the Reset signal for all the
Fabric blocks. The MSS reset itself comes through a system reset pin on the Fabric I/O.

Click OK.

' Configuring W A@ﬂﬂ

Configuration

Enable FPGA Fabric to MSS Reset (MSS_RESET_N_F2M)

Enable FPGA Fabric to M3 Reset (M3_RESET_N)
' Enable MSS to FPGA Fabric Reset (MSS_RESET_N_M2F)

o ] [om |

Figure 13. MSS RESET Configurator
Select File > Save to save Access_EXT_SDRAM_MSS. This completes the configuration of the MSS.

14
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Step 4: Updating MSS Component Instance

1. Select the Access_EXT_SDRAM tab on the SmartDesign canvas, right-click
Access_EXT_SDRAM_MSS_0 and select Update Instance(s) with Latest Component, as shown in
Figure 14.

# e ~ B
G‘ Libero - C\Microsemi_prj\Access_EXT_SDRAMMAccess_EXT_SDRAM.prix EM

Project File Edit View Design Tools SmartDesign Help

NSN3

| startpage & x | &3 Access ExT soRaM @ x| EX Access_EXT_SDRAM MSS & X |

D eErIe M L0 QAQKGCE ANDO

al

»

Access EXT_SDRAM_MSS_0
D MCCC_CLK_BASE 2C_0_ PADSE@---------- 2C 10 PADS
R2C_1_PADSE@---------- 2C 1_PADS
SP_0_PADSE@---------- EISP_0_PADS
SR 1 PADSE@---------- ESP_1_PADS .
@ Lock Position for Auto Arrange DS _________ I\IMJA ?T 1 FP\ DS
G Configure DSEH@-=---=----=@HMVUART 0_PADS
¥ Delete 'R|C.
Replace Compenent for Instance(s)... DS.— --------- USB ULH PADS |
I Update Instance(s) with Latest Compaonent... I DS ._ _________ WDR FADS ‘
2~ Clear User Connections |
Tems——— lﬂ QuickConnect... Ctrl+K gﬁ

©3 BringtoTop
‘Eb Send to Back

»

] [

Fam: SmartFusion? |Die: M2S050T |Pkg: 896 FBGA | Verilog

Figure 14. Updating the MSS
The Access_EXT_SDRAM.MSS 0.instance (after successful updating) is shown in Figure 15.

Access_EXT SDRAM_MSS 0

MCGCC_CLK BASE MSS_RESET_N_M2F B
MCCC CLK BASE PLL_LOCK
MSS_RESET N _F2M

#F,

‘MDDR SMC_AX_MASTER

Figure 15. Updated MSS Instance
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Step 5: Configuring Fabric Components
1. Select the CoreAXIl IP from the Bus Interface sub-section of the IP Catalog, as shown in Figure 16, and

drag it onto the Access_EXT_SDRAM SmartDesign tab.

(® Libero - CAMicrosemi_prj\Access_EXT_SDRAM\Access EXT_SDRAM.prix 1L P —— —~— T —
Project File Edit View Design Tools SmartDesign Help
~ =, -5
DEW=a™o0
Catalog 8 X | Startpage & X | B3 Access EXT soRAM 8 X | EZ] Access EXT_SCRAM_MSS & % |
[& ~ [ simulation Mode | =
OF ——D D D@ @O &
Name = Version - S5 i (2 'ﬂ 2o o” B A & & @ ANDO
+ Arithmetic
4 BusInterfaces LL_— Drag the COREAXI from the catalog
= 0. T . .
1 = Eggx jgiéi to the SmartDesign window
- o Access EXT_ SDRAM_MSS 0
& COREAXI 20103
MCCC_CLK_BASE MSS_RESET_N_M2F
P o MCCC_CLK_BASE PLL_LOCK -
& CoreAHBLTOAX 20412 LR . FLL_|
& CoreAHBLite 50100 | MSS_RESET_N_F2M
& CoreAHBLite 40100 3
& CoreAHBtoAPB3 30100 x
& CoreAPB3 40100 B
& CoreAXITOAHEL 21100 %
& CoreAXITOAHBL 20115 g
&= |
& CorePCIF 40435 <
& CorePCIF_AHE 10147 <(|
CoreTEItaEPCS 21410 %
& CoreTBItoEPCS 20101
> Clock & Management 2
» DSP x
o
> Vo @ g
» Macro Library =
> Memary & C 2 COREAXI_O - = G 1P|
Documentation: o @' P g = E
CoreAX] HB.pdf Q
CoreAXT_RN.odf Catalog tab < ﬂ
Description: The CoreAXI v3.0 is multi-master multiple-slave AXI3 bus 3 %
interconnect. It provides 4 AXI MASTER interfaces and up to 16 AXI SLAVE '
interfaces. The number of AXI masters and siaves to be connected is
programmable through parameter configuration.
The IP core also provides feedthraugh mode for single siave and single mastey
configuration orly.
Desgn Flow | Design Hierarchy | Stmulus Hierarchy || Catalog || Files o — A

¢ Leave the Memory Space field as 16 slave slots of 256 MB each, which is default, as shown in

Figure 17.

Figure 16. CoreAXI IP from.the Catalog

2. Double-click the COREAXI_0 instance on the SmartDesign pane to open its configuration window.
Configure the core, as shown in Figure 17.

¢ Leave the AXI Data Width field as 64 (which is default), as shown in Figure 17.
¢ Leave the Number of Master slots field as 1.
o Clear the option of SLAVEO for Enable Master Access.

o Select the option of SLAVE10 for Enable Master Access.
e Leave the rest as default.
¢ Click OK'in the configuration window to complete the configuration.

With the above settings, configure the COREAXI_0 instance as a 64-bit AXI interface with Slave 10 slot
enabled for Master0.

16
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-
[, Configuring COREAXI_0 (COREAXI - 3.0.112)

. — o | E )
- - .
I 16 slave slots of 256ME each I i

Address range seen by master connected to remaining 8 slave slot interface: |1 - Huge slave plus 2 slave slots of 25¢

Memory Space:

Select address range for huge (2GE) slot interface;

0x00000000 - 0xFFFFFFFF

AXI Data Width: o4
Mumber of Master Slots: 1 Q y =
FEED THROUGH Made:

Enable Master access

M0 can access slot 0 ] M1 can access slot 0
M0 can access slot 1 [ M1 can access slot 1
M0 can access slot 2 il M1 can access slot 2;
M0 can access slot 3: = M1 can access slot 3: B
M0 can access slot 4 ] M1 can access slot 4
M0 can access slot 5 [ M1 can access slot 5
M0 can access slot & ] M1 can access slot 6
M0 can access slot 7 [ M1 can access slot 7
M0 can access slot &: ] M1 can access slot 3:
M0 can access slot 9 [ M1 can access slot 9
MO can@access slot 10 M1 can access slot 10;

O
1

M0 can access slot 11: M1 can access slot 11:

1| 1] 3
[

Figure 17. CoreAXI Configurator

] [ Cancel
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3. Drag the CoreSDR_AXI IP from the Peripherals sub-section of the IP Catalog. Double-click on the
CORESDR_AXI_0 instance to access its configuration window. Enter the details in the configuration
window, as shown in Figure 18. These details are filled as per the datasheet of the Micron 256 MB
SDRAM simulation model, which is used for functional simulation. The part number of the SDRAM is
MT48LC16M16A2. It is a 4 Meg x 16 x 4 banks SDRAM.

Note: If any other SDRAM simulation model is used, configure CORESDR_AXI according to the
specific SDRAM memory datasheet.

[, Configuring CORESDR_AXI_O (CORESDR_AXI - 2.0.116) — =

Configuration &

Core Parameters

Number of chip selects 1
Number of SDRAM column bits 9
Number of SDRAM row bits 13

Number of encoded chip select bits 1

Number of bank status modules 4
Memory Width: 16 v
Timing Parameters
Active to precharge timing (# clock cycles) 5
Active to read or write delay (# clock cycles) 2
Ll

Active bank a to active bank b (# clock cycles) 2
Precharge command period (# clock cycles) 2
Active to active/auto-refresh command period (# clock cycles) 6
Auto-refresh to active/auto-refresh command period (# clock cycles) 7
Write recovery time 2

load mode register command to active or refresh command (# clock cycles) 2

CAS latency (# clock cycles) 3
Initialization delay (ns) 10000
Refresh Period 50986
|
Use bufferred/registered DIMM No -
Auto precharge Mo -
Testhench: User 'I
License:
@ Obfuscated © RTL

| [ ) o) [ et |

Figure 18. CoreSDR_AXI Configuration Window
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4. Drag the clock conditioning circuitry (CCC) block from the Clock & Management sub-section of the IP
Catalog. Double-click the FCCC_0 instance to open up its configuration window.
Configure the following items on the configuration window:

¢ Select the Advanced tab as shown in Figure 19.

¢ Select the clock source as Oscillators > 25/50 MHz Oscillator, as shown in Figure 20.
e Leave the output frequency as 100 MHz.

¢ Leave the rest as default.

¢ Select the PLL Options tab and select Expose PLL_ARST_N and PLL_POWERDOWN_N check
box, as shown in Figure 21.

¢ Click OK to complete the configuration.

Basic || advanced | PLL Options |
Basic-Options

Figure 19. Advanced Tab of the FAB CCC Configurato '

TH1 FAB CCC Configurate

| Basic | Advanced | PLL Options |

| »

-] PLL phase 0 -

—] PLL phase 0 -

= PLL phase 0 -

Figure 20. Selecting Clock Source
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5| FAB CCC Configurator

Basic | Advanced PLL Options

Current Configuration -
Reference Clock Frequency 50.000 MHz

Source 25/50 MHz Oscillator

Feedback Source CCC Internal

External Feedback GL Source GLO

Programmable Delay Ops

Lock Control

Lock window: Phase error window for LOCK assertion as a fraction of the post divided _
reference dock peried d0000m h
Lock delay: Mumber of Reference dock cycles to wait before asserting the LOCK signal. _
While waiting, the PLL is in a locked state 402 aydes h

Output Resynchronization After Lock

) Held output in reset (output low) after power-up. Released and resynchronized with the PLL reference dock
after the PLL locked.

@ Outputs operate after power-up. Resynchronized with the PLL reference dock after the PLL locked.

() Outputs operate after power-up. No automatic resynchronization.

[ Enable PLL Spread Spectrum Modulation

m

Frequency
A
VCO:
100.000 MHz
Depth:
0.5%
MinVCO:
99.500 MHz
Frequency: |4g KHz
0.000
- Time:

Warning: PLL Feedback Source is forced to PLL Internal when Spread Spectrum Modulation is enabled

Miscellaneous
[T] Expose dynamic configuration interface (APE slave)

[T] Expose PLL_BYPASS_N signal. When asserted, the PLL core is off and the PLL Outputs will track the reference dock

Expose PLL_ARST_M and PLL_POWERDOWN_M signals

["] Expose GPD[X]_ARST_N signals for all used GPDs

Figure 21. Exposing PLL Reset and Power-down Signals

5. Drag the Chip Oscillators IP from the Clock & Management sub-section of the IP Catalog into the
SmartDesign. Double-click the OSC_0 instance to open up its configuration window.
Select the following as shown in Figure 22:

e Select the check box On Chip 25/50 MHz RC Oscillator.
¢ Clear the Drives MSS check box.

e Select the check box for Drives Fabric CCC(s).

¢ Leave the rest as default.

e Click OK to complete the configuration.

With this, the On-chip 50 MHz RC oscillator has been selected to drive the input of the fabric CCC block
instantiated earlier.
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e -
[#"| Chip Oscillators Configurator

Configuration

External Main Crystal Oscillator
O i MSS_CCC

Source Crystal (32KHz-20MHz) -

Frequency 20.00 MHz RCOSC_50MHZ

Drives Fabric CCC(s)

Drives Fabric Logic

On-chip 25/50 MHz RC Oscillator
Drives Fabric CCC(s)
Drives Fabric Logic 0

RCOSC_IMHZ

["] on-chip 1 MHz RC Oscillator

Drives Fabric CCC(s)

Drives Fabric Logic & XTLOSC
H

User Logic

FPGA Fabric

T

Figure 22. Oscillator Configuration

All the IPs for the fabric of the SmartFusion2-SoC FPGA device required in this design are configured.
Arrange the IP as required before connecting them.

Step 6: Interconnecting All Components

1. After re-arranging all the components on the SmartDesign window, connect the pins of all the blocks as
described below.

2. Use Auto Arrange Instances onthe SmartDesign canvas to arrange the various instances,
automatically.. There are two ways to make the connections:

e The first method is by using the Connection Mode option. Change the SmartDesign to connection
mode by clicking the Connection Mode button on the SmartDesign window, as shown in Figure
23. The cursor changes from the normal arrow shape to the connection mode icon shape. Click on
the first pin and drag-drop to the second pin that needs to be connected.

e The second method is by selecting the pins to be connected together and selecting Connect from
the context menu. To select multiple pins to be connected together, hold the CTRL key as you
select the pins. Right-click the input source signal and select Connect to connect all the signals
together. In the same way, select the input source signal, right-click and select Disconnect to
disconnect the signals already connected.
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rs-: — CAMi f ) i &‘
Libero - C:\Microsemi Eﬂ\Access_EXT_SDRAM\A(:ESS_EXT_SDRAM‘prjx_ - e -

Project  File Edit View Design Tools SmartDesign Help
- W E L A
DS a0l
‘ StartPage § X | %) Access_EXT_SDRAM @ X 5] Access EXT_SDRAM_MSS @ X

4l

=
e ] NGO
FoCC_0 <
PLL_ARST N a0 2
PLL_POWERDOWN N LOoK 2
ROGEC_25_S0MHZ_CCC_IN 2
»
@ CORESDR_AXI_O0
P ACLK
b arESETN
[ W 3 DapI5 0]

o

Access EXT_SDRAM_MSS5_0 CDREAXI_C:'
(CCC_CLK_BASE MSS_RESET_N_M2Fp ? E

x

=
CCC_CLK_BASE FLL_LOCK 2
55_RESET_N_FZM

Zzz
ARESETN

QIMDDR_SMC_AX | MASTER

Fam: SmartFusion2 |Die: M25050T | Pkg: 896 FEGA | Verilog

Figure 23. Changing to Connection Mode
3. Connect the following componénts as described below:
e Connect ROSC_25_50MHZ_CCC_OUT(M) of the OSC_0 to the ROSC_25_50MHZ_CCC_IN(S) of
the FCCC_0.

e Connect GLO of the FCCC_0 to MCCC_CLK_BASE of Access_EXT_SDRAM_MSS_0, ACLK of
COREAXI_0, and ACLK of CORESDR_AXI_0. The fabric CCC clock output clocks all the blocks
inside the fabric and-is input source clock for the MSS CCC block.

e Connect LOCK of FCCC_0 to MCCC_CLK_BASE_PLL_LOCK input of the
Access_EXT_SDRAM_MSS_0.

e Connect MSS_RESET_N_M2F of Access_EXT_SDRAM_MSS_0 to ARESETN of COREAXI_0 and
ARESETN of CORESDR_AXI_0.

e Connect M of COREAXI_0 to MDDR_SMC_AXI_MASTER of the Access_EXT_SDRAM_MSS_0.

e Connect S10 of COREAXI_0 to AXI_Slave of CORESDR_AXI_0.

e Connect PLL_POWERDOWN_N inputs of FCCC_0 to logic ‘1’. Select each input signal, right-click
the signal, and select Tie High.

¢ Promote the input signal of MSS_RESET_N_F2M of Access_EXT_SDRAM_MSS_0 to top-level. To
do this, select the input signal, right-click it, and select Promote to Top Level.

e Select the top-level signal of MSS_RESET_N_F2M and the input signal PLL_ARST_N of the
FCCC_0 instance and connect them. This connects the resets of the MSS and Fabric CCC to the top-
level system reset Input.

¢ Promote all the output signals of the CORESDR_AXI_0 to the top level. Hold the CTRL key and
select each of them, right-click and select Promote to Top Level.
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4. Click Auto arrange instances to arrange the instances, as shown in Figure 24. Save the design by
selecting File > Save.

0SC_0 FCCC_0

RCOSC_25 50MHZ_CCC_OUT PLL_ARST_N GLO
il 4 [ PLL_POVWERDOWN_N LOCK —

RCOSC_25 50MHZ_CCC_IN
e

Access EXT_SDRAM MSS 0
] MCCC_CLK_BASE MSS_RESET_N_M2F
MSS BESET N F2W MSS_RESET_N_F2M

— MCCT_CLK_BASE_PLL_LOCK

R_SMC_AXI_MASTER

s

1 @ ———|——@ oD

CORESDR_AXI_0

ACLK SDRCLK
ARESETH OE
Da[15:0]

Figure 24. After Making the Top-Level Connection

Revision 9 23



& Microsemi

Accessing External SDRAM through Fabric - Libero SoC v11.5

Step 7: Generating MSS and Top-Level Design
1. Select Access_EXT_SDRAM tab on the SmartDesign canvas and click Generate Component on the
SmartDesign pane (as shown in Figure 25) or select from SmartDesign > Generate Component.

(3 Libero - C:\Microsemi_prj\Access_EXT_SDRAM\Access_EXT_SDRAM.prix 5 — — -

Project File Edit View Design Tools SmartDesign Help
~ o
NEW ™o

Design Flow B X | StartPage & X | & Access EXT SDRAM @ X | 3 Access EXT_SDRAM_MSS & X ‘

Access_EXT_SDR.

Bemrae M Bt QG E AND

CORESDR_AXI_0

Tool B
¥ 4 b Create Design
& System Builder

v & Configure MSS Generate component

B3 Create SmartDesign
Create HOL

2 Create SmartDesign Testbench

Create HDL Testbench
4 b Verify Pre-Synthesized Design E
B simulate
4 b Create Constraints
#2 /0 Constraints 0sc_0
&) Timing Constraints oo 25 20wz con o]
T Floorplan Constraints
4 b Implement Design
© Synthesize 1
4 b Verify Post-Synthesis Implementation 4 Cmm@”,, =
B Simulate B
By Compile -
+£1 Configure Flash*Frecze
25 Place and Route
4 b Edit Constraints Acoess EXT_SDRAM_MSS_0
+E /0 Constraints - ERaros | o WSS

@ Timing Censtraints (e
B Floorplen Censtraints

4 b Verify Post Layout Implementation
+[] Generate Back Annotated Files

!

g

g
B0 SIS A1 MASTER

B simulate
&, Verify Timing
iy Verify Power )
4 b _Edit Design Hardware Configuration -
DesignFl. | DesignHerarc.. | StmulusHierarc.. | Catalog | Fies |

Figure 25. Generating MSS Component

2. After successful generation of all'the components, the following message is displayed on the log
window:

Info: 'Access_EXT_SDRAM" was successfully generated.
Open datasheet for details

3. After generation, the design hierarchy can be found in the Design Hierarchy pane of the Libero SoC,
as shown in Figure 26.
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(® Libero - C:\Microsemi_prjlAccess EXT_SDRAM\Access EXT SDRAM.prjc ——— - -
Broject FElle Edit View Design Tools SmarDesign Help

NE W20

Desgniierarchy 8 x|[ startpage & x | B Access BT soRam & x ’_QAooess,Exr,snw,Mss 5 x |
o ) B | X, QARG E ANDO
a i) work

[B| XTLOSC_FAB (osc_comps.v)
B XTLOSC (osc_compsv)
[B| RCOSC_25 SOMHZ_FAB (osc_comps.v)

[E RCOSC_IMHZ_FAB (osc_comps.y)

B RCOSC_IMHZ (osc_comps.v)

Access_EXT_SDRAM_MSS
ccess_EXT_SDRAM_COREAXI 0_COREAXI (coreaxi.v)
ORESDR_AXI (coresdr_axi.v)

21 Access_EXT_SDRAM_FCCC_0_FCCC (Access EXT_SDRAM_FCCC_O_FCCCa)
» [B] Access EXT SDRAM 0SC_0_OSC (Access EXT SDRAM OSC_0_0SC.v) osco

CORESDR_AXI_0
ACLK
ARESETN
as 0]

Acocess EXT_SDRAM_MSS_0
- ak sass wss_FESeT M a0
VCGE Gk BAse PULIGEK

[ar = S VS5 RESET N P

< I} '

‘ \—/Iunnlsmu ST

DesignFlow | Design Hierarchy | Stmulus Herarchy | Catalog | Files |

Figure 26. Design Hierarchy

4. After generation, you can see the Memory Map for the' CORESDR_AXI_0 component. Right-click
Access_EXT_SDRAM SmartDesign window.and select Modify Memory Map.
Figure 27 shows the resultant memory map. The starting address of the MDDR Space 0 is 0xa0000000
in the Cortex-M3 processor address space.

r@ Modify Memory Map ( vJ u

Select Bus to View or
Assign Peripheral(s)

Assign peripherals to addresses on bus:

COREAXI O Address Peripheral

M(NI)O CORESDR_AXI_0:AXI_SLAVE

Help [ OK ] l Cancel

Figure 27. CORESDR_AXI_0 Memory Address
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Step 8: Generating Testbench and Adding SDR SDRAM Simulation Model
Right-click Access_EXT_SDRAM > Create Testbench > HDL to generate the testbench in the

1.

(% Libero - DAMicrosemi_proj\Access_EXT_SDRAM\Access_EXT_SDRAM.pri:

Design Hierarchy tab,

Project File Edit View Design Tools Help

NEH2> 90

Files

Startpage || | &2 Access £x7_soram (| | EE] Access exT_soRaM Mss [
25 //

4 [ component
> [ Actel
4[] work
4 [ Access EXT_SDRAM
B Access EXT_SDRAM.v

> [ COREAXLO
B datasheets!
> [ Fccc o
> [1 05C0
B subsystem.bfm
B testbenchw
> [ Access_EXT_SDRAM_MSS
(] DESIGN_FIRMWARE
> [ constraint
b [ designer
b [ firmware
[ hdi
> [ simulation
[ smartgen
> [ SoftConsole
[ stimulus.
[ synthesis
b [ tooldata

B Access EXT_SDRAM_DataSheet.xml

27 //

28 initial

29 begin

30 #(SYSCLE_PERICD * 10 )
31 NSYSRESET = 1'b1;

| —Top Level
Instantiation

= i

a7 .MSS_RESET_N_F2M (NSYSRESET),
4

49 /7 Outputs

50 LWE_N{ ),

51 .CAS N( ),

52 .SDRCLK( ),

] (), /
5 WCE( ),

55 RES (),

56 -DQM( ),

57 .CSH( ),

8 WER( ),

=l WBA( ),

50

61 |/ 1nouts

62 -0g( )

63 J
64 );

65

86 endmodule

67

68 Files Tab to browse
Design Flow | Design Heerarchy | Stmulus Hierarchy | Catalog h Files = e Testbenchfile

ton

Figure 28. Default Testbench

Enter the name as testbench in the popup window and click OK.

In the generated testbench, the external SDR SDRAM simulation model needs to be added and port
mapped with the top-level design SDRAM interface signals. Double-click testbench.v in the Files tab to

open the file. Add the following lines of Verilog code in this testbench.
At the top of the file, include the SDR SDRAM simulation file:
“includes "mt48lclémléaz.v"

Now declare the following signals in the testbench module.
// {CORESDR_AXI, signals

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire

CAS N_mem;
OE " mem;
WE_N_mem;
CS_N_mem;
[1:0] BA mem;
SDRCLK_mem;
CKE_mem;
RAS_N_mem;
[13:0] SA mem;
[15:0] DQ mem;
[1:0] DOM mem;

// SDR SDRAM interface signals with the CORESDR_AXI

wire
wire

wire

CAS N mem out;
WE N me out;

CS_N_mem out;
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wire [1:0] BA mem out;

wire CKE mem out;

wire RAS N mem out;

wire [13:0] SA mem out;
1

wire [15:0

DQ mem out;

wire [1:0] DQM mem out;

Modify the top-level instantiation of the Access_EXT_SDRAM as shown below:

& Microsemi
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L1777 707 7777777 77777777777777777777777777777777777777777777777777777
// Instantiate Unit Under Test: Acce
L1777 707 7777777777 777777777777777777777777777777777777777777777 7047
Access EXT SDRAM Access_ EXT SDRAM 0

// Inputs

. MSS RESET N F2M (NSYSRESET),
// Outputs

.CAS_N(CAS N mem ),

.OE (OE_memnm ),

.WE_N(WE_N _mem ),
.CS_N(CS_N _mem ),

.BA(BA mem ),

.SDRCLK (SDRCLK mem ),
.CKE (CKE_mem ),

.RAS N(RAS N mem ),
.SA(SA mem),

.DOM (DOM mem ),

// Inouts

.DQ (DQ_mem)

)i

ss_EXT SDRAM

SDRAM uses source-synchronous clock. Ensure that the SDRAM signals are received after the rising
edge of the clock. A delay©f 1 ns'is added to the SDR SDRAM interface signals with the
CORESDR_AXI, as shown below:

assign #1 CKE_mem out =(CKE_ mem;

assign #1 RAS N memyout =.RAS N mem;

assign #1 CAS N mem out = CAS_N_mem;

assign #1 WE N.mem out = WE_N_mem;

assign #1 SA mem out’= SA mem;

assign #1 CS N mem out = CS N mem;

assign #1 BA mem out = BA mem;

assign #1 DOM mem out = DQM mem;

assign #1 DQ mem out = OE mem ? DQ mem: {16{1'bz}};

assign DQ mem = OE mem ? {16{1'bz}}: DQ mem out;
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Micron’s “MT48LC16M16A2” SDR SDRAM is instantiated in the testbench as shown below.
NIV,
// Instantiate SDR SDRAM
NIV,

mt48lclémléa2 mt48lcléemleaz 0 (
// Inputs
.Addr (SA mem out[12:0]),
.Ba (BA_mem out ),
.Clk (SDRCLK mem ),
.Cke (CKE_mem out ),
.Cs_n(CS_N_mem_out),
.Ras_n(RAS_N_mem out ),
.Cas_n(CAS_N mem out ),
.We_n(WE_N _mem out ),

.Dgm (DOM_mem out ),

// Inouts
.Dg (DQ _mem_out )
)i
Save the file by selecting File > Save testbench.v
Note: The modified testbench.v file is provided in the following location in the attached compressed
project:
<Project_directory>\ ACCESS_EXT_SDRAM\Source
To use the provided modified testbench.v, import it as a stimulus file by selecting File > Import Files. In
Import Files dialog box, select the file type astHDL Stimulus Files (*.vhd, *.v). Browse to the above

location of testbench.v and import it as shown in Figure 29. The testbench.v file is shown under the
Stimulus folder in the Files tab.

28 Revision 9



& Microsemi

Accessing External SDRAM through Fabric - Libero SoC v11.5

Search Back_up_files L

@ Impeort Files

9 e |« Micsemrj » Access_EXT_SDRAM » Back_up_files v
i

testbench.w [

Organize New folder =~ 0O @
— SALLLSLELSA TSI
M Desktop “*  Name Date modified Type Size J-06:37 2012
l4 Downloads L . . .
. 4] mt48Ic16m16a2.v 01-Feb-126:29PM  V File 47xp |[p° your design with basic
< Recent Places design has special
|%] testbench.v 13-Mar-12 3:59 PM  V File 3KB |ppts then you should
"7 Libraries WAL PLELPTEIT AT 77
AL Documents
i, Music 3
=1 Pictures
g, Videos
& Computer

& Local Disk (C:)

= New Volume (D)

& SudeepS (\idm\c ~  « | 1 | »

File name: testbench.v * |HDL Source Files {*. L. 3

Schematics (*1% *.2% *3% # 4% % 5%  g= & 7= # g+ % g¥)
Symbols (%1% * 2% % 3% * 4k%5% %% * 7% % §% 9%
— HDL Source Files (*vhd *v =h)
Components (*.cxf)
Hierarchical Companents (*.dpz)

4 Processors

3l wire CEE mem out;

& CoreABC 340 33 wire CAS N mem_ouomaricen Cores (\.gemly
Documentation: - 33 W::Lre WE N _mem out, E 0 _ ‘25 (*.ccp)
CorePWM RN _41.pdf D 34 wire C5_N_mem_out St Hl USI-t-— vl W)
CorePWM HB.pdf 35 wire RAS_N mem ouEDIF Netlists (x&dn)

CorePWM Handbook
CorePWM Release Notes l

36 wire [1:0] BA_mexr SDCFiles (*5dc)
3/ wire [13:0] SA_mePhysical Design Constraint Files (*.pdc)

Design Flow | Catalog | VCD Files (fvcd)

Figure 29. File Import to Stimulus Folder
4. Import the mt48ic16m16a2.v file from the location in the attached compressed project

<Project_directory>\ ACCESS_EXT_SDRAM\Source
to the project’'s Stimulus folder location as follow:

Select File > Import File. In the Import Files dialog box, select the file type as
HDL Stimulus Files (*.vhd, *.v). Browse to the above mentioned location of the mt48ic16m16a2.v file
and import it. The mt48ic16m16a2.v file now shows under the Stimulus folder in the Files tab.

After saving the modified testbench file, it can be checked for the syntax errors. On the testbench.v
source window; right-click.and select Check HDL file. It checks the testbench.v for any syntax errors.

Revision 9 29



& Microsemi

Accessing External SDRAM through Fabric - Libero SoC v11.5

Step 9: Adding BFM Commands to Perform Simulation

1.

The user BFM commands are added in to a file named user.bfm, which can be found in the following
location in the project:

<Project_directory>\Access_EXT_SDRAM\simulation

Browse the user.bfm under simulation file in the Files tab in Libero SoC and double-click it to open the
file. Add the following commands to it:

Before the "procedure user_main", add the following command:

memmap CORESDR AXI 0 0xA0000000;

Comment the following line in the user.bfm file using hash (#)

"include "subsystem.bfm""

Under the “procedure user_main” section, add the BFM commands which are circled below:

int i

# perform subsystem initialization routine
—

|#call subsystem init;
print "M _DDRO_CTRI, REGS TEST START"; |
loop i 0 110 1

wait 100ns

Comment this line in the bfm file

endloop

# add your BFM commands below:

write w CORESDR AXI 0 0x0000 OxAl1B2C3D4 ;
write w CORESDR AXI 0 0x0004 0x10100101 ;
write w CORESDR AXI 0 0x0008 OxAS5DEF6E7 ;
write w CORESDR AXI 0 0x000C 0xD7D7EIEL ;
readcheck w CORESDR AXI 0 0x0000 '0xA1B2C3D4 ;
readcheck w CORESDR AXI 0 0x0004 0x10100101 ;
readcheck w CORESDR AXI 0 0x0008 OxAS5DEF6E7 ;
readcheck w CORESDR AXI=0 0x000C 0xD7D7E1El ;
print "M DDRO CTRL REGS TEST ENDS";

print "

Save the user.bfm file after adding the above lines by selecting File > Save.

Refer to the CoreAMBA BFM User’s Guide for more information about the above BFM commands.
www.microsemi.com/soc/ipdocs/CoreAMBA_BFM_UG.pdf

Note: The sample user.bfm file can be found in the following location in the attached compressed
project: <Project_directory>\ ACCESS_EXT_SDRAM\Source
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Step 10: Setting up Simulation and Invoking Simulation Tool
1. The simulation tool must be set up before invoking so that it loads with the desired settings. Select
Project > Project Settings > Simulation Options > Do File. Set Simulation Runtime to 158 us, as

shown in Figure 30.

(® Project Settings o | B e
Device Selection
Use automatic DO file
Device Settings Eaxey
Design Flow I Simulation runtime: 158us| I 7 |Restore Defaults
Analysis Operating Conditions Testbench module name:  testhench
4 Simulation Options
DO File Top level instance name:  <top=_0
Wavefarms [C] Generate vCD file
Wsim commands
4 Simulation Libraries VCD file name: power.vcd
SmartFusion2 Select Verilog Language Syntax —
[7] verilog 2001
[] System Verilog
Select VHDL Language Syntax — —
[] vHDL 2008
User defined DO file: [o]
DO command parameters:
L

Figure 30. Simulation Runtime

Note for VHDL flow:

e Micron SDRAM memory models are only available in Verilog. For VHDL flow, use the ModelSim full
version, for example ModelSim SE, since ModelSim AE does not support mixed-language flow.
Compile with -novopt switch, if ModelSim full version is used.

¢ A .dofile, run_novopt.do that has the switch already set, is provided along with the source files in
the tutorial zip files. To use the provided run_novopt.do file, clear the Use automatic DO file check
box and browse to the location of the provide run_novopt.do file, as shown in Figure 31.
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@ Project Settings .-

T — - -

EDBEIEY PR §  m——

B

Device [ [] Use automatic DO file ]
Preferred HDL Type
i Simulation runtime: 1000ns -
Design Flow Restore Defaults
4 Simulation Options Testbench module name: |testbench
B0 file Top level instance name: |<top>_0
Waveforms
Vsim commands Generate VCD file
4 Sjmulation Libraries VCD file name: powerved

SmartFusion2
COREAXI_LIB
CORESDR_AXI_LIB

User defined DO file:

[Microsemi_prj/SPA/Access_EXT_SDRAM/simulation/run_novo pt.dg E] ]

DO command parameters:

Figure 31. Specifying run_novopt.do-for VHDL ModelSim Full Version

Select the waveforms under Simulation/Options-and select the Include DO File option.

This option allows to specify a custom macro file, which sets up the ModelSim Wave window with the
required signals added to the Wave window. A custom macro file (wave.do) is provided at the following
location in the attached compressed project:

<Project_directory>\ ACCESS_EXT_SDRAM\Source

This DO file adds all the/AXI bus signals and the CORESDR_AXI interface signals with external SDR
SDRAM memory.

Browse wave.dofile from the above specified location, as shown in Figure 32.

Note: To add.your signals in the ModelSim Wave window during simulation, do not select the Include
DO File check box.
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(@ Project Settings = | 5 o)
Device Selection —_—
Indude DO fie

Device Settings B o Save

Design Flow wave.do m
Analysis Operating Conditions

4 Simulation Options Display waveforms for |top_level testbench ']
DO File

Waveforms [7] Log all signals in the design

Wsim commands
4 Simulation Libraries
SmartFusion2

_

Figure 32. Adding Custom DO File for ModelSim Wave Window

3. Select the Vsim Commands option under the Simulation Options, and modify the Resolution to 1ps,
as shown in Figure 33. This option sets the simulation resolution to 1ps.

r@ Project Settings =[5 [ |
g::z: z::lc:gosn SDF Timing Delays =
Design Flow 7 Minimum Disable Pulse Filterin Restore Defaults|
Analysis Operating Conditions - 7] Giring 50F based Simiations [Restore Defaults|

4 Simulation Options _
DO File @ Maximum
1
feosn ] A
4 Simulation Libraries Additonal optiors:
SmartFusion2

Figure 33. Simulation Resolution
Click Save and Close to exit the Project Settings window.

5. In the Design Flow tab on Libero SoC, expand the Verify Pre-Synthesized Design option and select
the Simulate option under it:

e Specify the testbench ModelSim to be used during simulation. To do so, right-click the Simulate
option and select Organize Input Files > Organize Stimulus Files. The Organize Stimulus files
of Access_EXT_SDRAM for Simulate tool window opens.

e Change the Use List of files organized by option from Libero to User.
e Select testbench.v in the Associated Stimulus files and click Remove.

o Select the testbench.v and mt48ic16m16a2.v files under Stimulus files in the project and click
Add to add them to the Associated Stimulus files as shown in Figure 34.
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[m:] Organize Stimulus files of Access_EXT_SDRAM for Simulate tool

Click to select a Stimulus file in the project, and use the Add button to pass the file to the tool.
Use the Remove button to remove Stimulus files.

Use the Up/Down arrow buttons to specify the order of the Stimulus files when they're passed to the tool.

of files organiz

() Libero (default list)
) 1. Change the option from + ¢
Libero to User
Stimulus files in the proj — | Associated Stimulus files I
; ;m:slave_v ;;mart;)t;m;n p < 1 |testbench.v Access_EXT_SDRAM
| 3 AXI_Masterv Access_EXT_SDRAM
: :;C::? 3. Select the below highlighted files %—\-
above and click on Add
6 coresdr_axi_tb.v M
I 7  mid8lclémlbaly Access_EXT_SDRAM =
| '8 mt48lcdmlGay Access_EXT_SDRAM
9 coreparametersv Access_EXT_SDRAM / 2. Select the testbench.v
10 testbenchw Access_EXT_SDRAM above and click on Remove
11 testbench.w Access_EXT_SDRA...
IB®VY midsic16m16a2y L
¢

OK ] ’ Cancel

| x = r— ——

Figure 34. Organizing Stimulus Files

After organizing the stimulus file, the above window looks similar to Figure 35. If the files are not in the
order, as shown in Figure 35, use up and down arrows to move the files in correct order.
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[ [m:] Organize Stimulus files of Access_EXT_SDRAM for Simulate tool M‘
Click to select a Stimulus file in the project, and use the Add button to pass the file to the tool.
Use the Remove button to remove Stimulus files.
Use the Up/Down arrow buttons to specify the order of the Stimulus files when they're passed to the tool.
Use list of files organized by
() Libero (default list)
0 User -
Stimulus files in the project QOrigin Associated Stimulus files QOrigin
1 axi_masterv SmartDesign 1 émt48Ic16m16a2‘v ;User
2 axi_slavewv SmartDesign 2 testbench.v User
3 AXI_Masterv Access_ EXT_SDRAM |
4 checkerv Access_EXT_SDRAM rads
5 clkgenyv Access_ EXT_SDRAM i
6 coresdr_axi_tb.v Access_EXT_SDRAM
7  mid8lclémlbaly Access_ EXT_SDRAM
8 mtdBlcdmlbaly Access_EXT_SDRAM
9 coreparameters.v Access_ EXT_SDRAM & Remove |
10 testbenchwv Access_EXT_SDRAM I
11 testbench.w Access_EXT_SDRAM_...
12 testbenchv Access_EXT_SDRAM
oK l ’ Cancel
= —

Figure 35. Organized Stimulus-Files for the Simulation
Click OK and close the Organize Stimulus files dialog box.

After specifying the testbench stimulus file, expand the Verify Pre-Synthesized Design option, select
the Simulate option under it; right-click and select Open Interactively to invoke ModelSim, as shown in
Figure 36. ModelSim is invoked.and the design is loaded.
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Figure 36. Invoke ModelSim

Step 11: Viewing Simulation Results

1. ModelSim runs the design for about 158 us, as specified in the Project Settings window. Once the
simulation has run completely, undock the Wave window by clicking the Dock/Undock button on the
Wave window, as shown in Figure 37.

Figure 37. Dock/Undock Button in Wave Window
2. Click the Zoom Full button to fit all the waveforms in the single view (Figure 38).

8| Wave - Default

D-sde8 s BB Lo BT

BN oyl | 2L e Fd]|aa93]x gaqesn| T UNiBET S|

N\

@

Figure 38. Zoom Full Button
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3. Place the cursor at 114 us on the Wave window and click the Zoom In on the Active Cursor button to
zoom in at that location, as shown in Figure 39. Click as needed until complete write and read
transactions to the external SDR SDRAM is seen on the Wave window, as shown in Figure 40.

File Edit View Add Format Tools Window

ARBOLIO- AT S

|ssan|| N o yyip||Lseaei |9 993)> 8RR [T UN BT

®)

Figure 39. Zoom In on the Active Cursor

8 Wave —
Ffile Edit View Add Format Tools Bookmarks Window Help
a1 Viave - Default = Hex

FBHC81 R8O 0 ME || STHANK| Bjtes IR E DR L L
6. wE - o | Search ol g, ;3?,,‘

Jtestbench/Access_EXT_SDRAM_O/CORESDR_AXI_D/AXI_GLOBALS
[testbench/Accs SDRAM_0/CORESDR
Jtestbench/acce
[testbench/Acs
Jtestbench/Accs
Jeestbench/acce

BRI ENEL TS
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Figure 40. Write/Read Transactions
4. Analyze the Read and Write transactions on the Wave window by expanding the required signals.
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5. The simulation results can also be seen on the Transcript window of ModelSim, as shown in Figure 41.

I 1 Transcript

# BFM:32807:write w a000000c d7d7elel at 115370 ns

# MONRXIL:#4#fdddddddddddiddsddddiddddddd s ittt dddddddidd a4

# MONRXTI1: WCMD ID:0 ADDR:ffffffff BURST:0 LEN:0 SIZE:0 BMW:0 LOCK:0 at 115480.0 ns

# MONAXT1: WDATZ ID:0 DATA:0000000000000000 STB3:00000000 LAST:0 at 115600.0 ns

# BFM: Data Write a0000004 10100101

# BFM:32809:readcheck w a0000000 alb2c3d4 at 115630 ns

# BFM: Data Write a0000008 aSdef&eT

# BFM:32810:readcheck w 20000004 10100101 at 115590 ns

# BFM: Data Write a000000c d7d7elel

# BFM:32811:readcheck w al000008 aSdefée7 at 116150 ns3

# MONRENTL:## #3434 5453485388434 8 45899888 4888449499588 3 4444404008843 4 44444488

# BURST:0 LEN:0 SIZE:0 LOCE:0 at 116430.0 ns
# BFM: Data Read a0000000 alb2c3idd4 MASE:ffffffff at 116450.010000ms

# BFM:32812:readcheck w al00000c d7d7elel at 116460 n3

# MONREHIL:###fs¢dd4 4484884444444 88 88844444444 485 5054444440488 aa 4444444007

# MONRXTI1: RCMD 2 ID:0 SEQ:2 ADDR:ffffffff BURST:0 LEN:0 SIZE:0 LOCK:0 at 116740.40 na
# MONRXI1: EDAT Start ID:0 SEQ:1 - matching RCMD:1 ADDR:ffffffff BURSTH0 LEN:Q SIZE:0 &t 116430.0 ns
# MONRXTI1: BEDAT ID:0 0000000000000000 at 116740.0 ns

# MONRXT1: QUEUED 1 per ID =1 00 00000 00O00O0O0O0O0O0CHDS= 24040

# BFM: Data Read a0000004 10100101 MASE:ffff£ff£ff at 116760.010000ns

# BFM:M DDRO_CTRL REGS TEST EMNDS

# BFM:

# BFM:32818:return

# BFM:24:return

# MONRENTL:## #3434 5453485858444 8 45899888448 4494aasdadddddsdddnaassaanddddda44a8

# MONAXTI1: RCMD 3 ID:0 SEQ:3 ADDR:ffffffff BURST:0 LEHaOWSIZE:O, LOCESOD at 117050.0 ns
# MONRXTI1: EDAT Start ID:0 SEQ:2 - matching BRCMD:2 ADPR:ffffffff BURST:0 LEN:0 SIZE:0 at 116740.0 mna
# MONRXI1: EDAT ID:0 0000000000000000 at 117050.0 ms

# MONRXT1: QUEUED 1 per ID =1 0 0 00000000000 00LHMDS=3 000

# BFM: Data Bead a0000008 aSdefde7 MASE:ffffffEff at 117040.010000ns

# MONDXIL:#idddiddddddiiititdddddiddiiitdsdinsidiiidsadsdiddtadiri st ddddaddad

# MONRXTI1: RCMD 4 ID:0 SEQ:4 ADDR:fffffffffBORST:0 REN:0 SIZE:0 LOCK:0 at 117360.0 na
# MONRAXTI1: EDAT Start ID:0 SEQ:3 - matching REMD:3 ADDR:ffffffff BURST:0 LEN:0 SIZE:0 at 117050.0 ns
# MONRXT1: EDAT ID:0 0000000000000000 at LIT36060 na

# MONRXT1: QUEUED 1 per ID =1 00000 @000 000O0O0O0CMDS=4 000

# BFM: Data Read a000000c d7d7elel MASK:TEEE£££T at 117350.010000ns

FHiFidd it da st aR AR R R AT AR eSS

#

#]|BFM Simulation Complete & 2358Inatruckicns — N0 ERRORES

#

FHiF it rddd it dddd s tanaidddnaRd i dd A S AR

#

# MONRXT]: Ho response activity while read data requests queued

# MONRXT1: Cutstanding CMD 49ID:0 SEQ:4 ADDE:ffffffff BURST:0 LEN:0 SIZE:0 at 117360.0 ns
VSIM 23

Figure 41. Transcript Window
The following message is displayed in the Transcript window:
# BFM: Data Read a0000000 alb2c3d4 MASK:ffffffff at 116450.010000ns
# BFM: Data Read a0000004 10100101 MASK:ffffffff at 116760.010000ns
# BFM: Data Read a0000008 abdef6e7 MASK:ffffffff at 117070.010000ns
# BFM: Data Read a000000c d7d7elel MASK:ffffffff at 117380.010000ns

In the BFM script provided in the user.bfm file earlier, the readcheck command reads the data from the
AXI bus and verifies whether the data read matches with the value provided along with the readcheck

command. If the value read does not match, the simulation results in an error.
6. Go to File > Quit and quit the ModelSim simulator.
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Conclusion
In this tutorial, a new project is created in Libero SoC, configured the MSS component to access an external
SDR SDRAM memory through the fabric, added and configured the CoreSDR_AXI IP inside the fabric, and
connected the IP to the MSS component. The fabric and MSS CCC blocks are configured to generate the
clocks. The design in ModelSim using AMBA AXI BFM simulation is also verified.
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Abbreviations Used

¢cSoC — Customizable system-on-chip

MSS — Microcontroller subsystem

SDR SDRAM - Single data rate synchronous dynamic Random Access Memory
SMC_FIC — Soft Memory Controller — Fabric Interface Controller

CCC - Clock conditioning circuits

MSS CCC — CCC block inside the MSS component

Fabric CCC — CCC block instantiated inside the FPGA fabric

DDR — Double data rate memory controller

MDDR — DDR controller inside the MSS component

BFM — Bus functional model
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Product Support

Microsemi SoC Products Group backs its products with various support services, including Customer
Service, Customer Technical Support Center, a website, electronic mail, and worldwide sales offices. This
appendix contains information about contacting Microsemi SoC Products Group and using these support
services.

Customer Service

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 408.643.6913

Customer Technical Support Center

Microsemi SoC Products Group staffs its Customer Technical Support Center with highly skilled engineers
who can help answer your hardware, software, and design‘questions about Microsemi SoC Products. The
Customer Technical Support Center spends a great deal of time creating application notes, answers to
common design cycle questions, documentation of known.issues and various FAQs. So, before you contact
us, please visit our online resources. It is very likely we have already answered your questions.

Technical Support

Website

For Microsemi SoC Products Support, visit
http://www.microsemi.com/products/fpga-soc/designsupport/fpga-soc-support

You can browse a variety of technical and non-technical information on the Microsemi SoC Products Group
home page, at http://www.microsemi.com/soc/.

Contactingithe Customer Technical Support Center

Highly-skilled engineers staff the Technical Support Center. The Technical Support Center can be contacted
by email or through the Microsemi SoC Products Group website.

Email

You can communicate your technical questions to our email address and receive answers back by email,
fax, or phone. Also, if you have design problems, you can email your design files to receive assistance. We
constantly monitor the email account throughout the day. When sending your request to us, please be sure
to include your full name, company name, and your contact information for efficient processing of your
request.

The technical support email address is soc_tech@microsemi.com.

My Cases

Microsemi SoC Products Group customers may submit and track technical cases online by going to My
Cases.

42

Revision 9


http://www.microsemi.com/products/fpga-soc/designsupport/fpga-soc-support
http://www.microsemi.com/soc
http://www.microsemi.com/soc/
http://www.microsemi.com/soc/mycases/
http://www.microsemi.com/soc/mycases/

& Microsemi

Product Support

Outside the U.S.

Customers needing assistance outside the US time zones can either contact technical support via email
(soc_tech@microsemi.com) or contact a local sales office. Sales office listings can be found at
www.microsemi.com/soc/company/contact/default.aspx.

ITAR Technical Support

For technical support on RH and RT FPGAs that are regulated by International Traffic in Arms Regulations
(ITAR), contact us via soc_tech_itar@microsemi.com. Alternatively, within My Cases, select Yes in the ITAR
drop-down list. For a complete list of ITAR-regulated Microsemi FPGAs, visit:the ITAR web page.
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