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Abbreviations Used

e ¢SoC — Customizable system-on-chip

e MSS - Microcontroller subsystem

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

e CCC - Clock conditioning circuits

¢ MSS CCC - CCC block inside the MSS component

e Fabric CCC — CCC block instantiated inside the FPGA fabric

e DDR - Double data rate memory controller

e MDDR - DDR controller inside the MSS component.

e BFM - Bus functional model
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Accessing External SDRAM through Fabric -
Libero SoC v11.4

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) devices 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:

e Creating a Libero® System-on-Chip (SoC) v114 project using a SmartFusion2 SoC FPGA.

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

e Configuring the various hardware blocks using SmartDesign.

e 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.

e 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 design-signals 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 114

Project Files

The project files associated with this tutorial can be downloaded from Microsemi® website:
http://soc.microsemi.com/download/rsc/?f=sf2_accessing_external_sdram_through_fabric__liberov11p4_tu_df

The project files associated with this tutorial include the following:
e Source

e Solution

o Readme file, which describes the complete directory structure

4 SmartFusion2 - Accessing External SDRAM through Fabric - Libero SoC v11.4 Tutorial
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Design Overview

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.

SmartFusion2 - Accessing External SDRAM through Fabric - Libero SoC v11.4 Tutorial 5
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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 Steps

Design Steps

Creating a Libero SoC Project

1. Launch Libero SoC v114.

2. From the Project menu, select New Project. Enter the information as displayed in Figure 3.
e Name : Access_EXT_SDRAM
e Location: Select an appropriate location (for example, C:/Microsemi_prj)
o Preferred HDL Type: Verilog
e Family: SmartFusion2
¢ Die: M2S050T
o Package: 896 FBGA
e Speed: STD
e Core Voltage (V): 1.2
e Operating Conditions: COM
e PLL Supply Voltage (V): 2.5

3. Select the MSS core in the Design Templates and Creators section of the New Project window. If the
selected MSS core version appears in italics, it means that'the selected MSS Core is not available in
the vault and it needs 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 2, it indicates that the MSS core is
present in vault.

4. Click OK and close the New Project window:
Note: The download process requires internet connection to the machine.

Design Templates and Creators

|Jse Design Tool

Core Version
Use System Builder 1.0
SmartFusion2 Microcontroller Subsvstern  (MSS

Show only latest version

o] (o

Figure 2. MSS Version
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Figure 3 shows the New Project window.

r ™
5] New Project M

Project

[] Enable Block Creation

MName: Access_EXT_SDRAM

Location: CiMicrosemi_prj
Prefered HOL type: @ Verilog ) VHOL

Description:

[o Edit Tool Profiles. ..

l
Device
-
Speed: -1 hd
Core Voltage (V): 1.2 - Ramp Rate:
Operating Conditions:
Range Best Typical Worst
Junction Temperature (C) [COM "l ] 25 85
Core Voltage (V) [COM = l 1 260 1.200 1.140
[7] system Controller Suspend Mode
PLL Supply Voltage (V): 2.5 -
Design Templates and Creators
Use Design Tool
Core Version
Use System Builder 1.0

SmartFusion2 Microcon troller Subsvstem

Select MSS

Show only latest version

o) (o

Figure 3. New Project Window
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Updating IP Catalog

Updating IP Catalog

1. The project is created and the Libero SoC window is displayed as shown in Figure 4. The SmartDesign
window opens and a project Access_EXR_SDRAM is created with the instantiation of the MSS
component.

(@ Libero - CAMicrosemi_prj\Access_EXT_SDRAM\Access_EXT_SDRAM.prix | L - ~— T “S— — = o
Project File Edit View Design Tools SmanDesign Help

DS aoR

el

Catalog 8 X[ startpage & x | [ Access BXT_SDRAM 8 X \ =
@~ [smistonvede v | —
: B o Ml 220 QA E AND
> Arithmetic J=
» BusInterfaces
> Clock & Management
> DSP
> o
> Macro Library
> Memory & Controllers
s Access_EXT_SDRAM_MSS_0
| Sopamper MCCC_CLK_BASE 2C_0_PADSE@ - ===~ -“@EDC 0_PADS
[2C_1_PADSEH@-~--=-=--=- -@EDC 1_PADS
SP_0_PADSH@ - ------- -@ESP0_PADS
SPL1_PADSEH@-~------- -“@ESP_1_PADS
MMUART_1_PADSE RT -
MMUART_0_PADSE RT
MAC_MILFABRICH
USB_ULP_PADSE
MDDR_PADSE
G Ip

No core selected

[esinrlon | Desgn Armehy | Stmikaerardy | cataog | Fies l s .

Log 8 x

(v @ erers o Varins @ oo

The Access_EXT_SDRAM project was created.

Info: PAD pin “Access EXT_SDRAM MSS 0:12C_0_BADS'
Oazo: 0 pin
O1nzo: a0 pin
O1aco: 20 pin -
Oazo: 20 pin
O1nzo: a0 pin
Ounco: 20 pin Access EXT
O1nro: 0 pin Access EXT

£ “hccess EXT_SDRAM MSS 0" is automatically connected to a top-level port

* is autematically connected to a top-level port
* is automatically connected to & top-level port

0" is autematically connected to a top-level port E
0 is automatically connected to a top-level port

0 is automatically connected to a top-level port

2 “Access EXT_SDRAM MSS 0" is suvemetically connected to a top-level port.

coess_EXT_SDRAM MSS_0' is automatically comnected to a top-level port 3

X ¢ Fnd < [ vet [ previous | [ Fndal ] searchin: [ ~] [ Matchcase [ Matchwhole word

Fam: Smartfusion2 | Die: M2S0S0T |Pkg: 896 FBGA |Verilog

Figure 4. Libero Window on Completion of New Project Creation Wizard
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2. Click the Catalog tab, as shown in Figure 5. 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.
© Ubero - Dioseni_praices BXT SDANARES e sora ™ ™ .. o

Project File Edit View Design Tools SmartDesign Help
NEH=2S 900 %
Catalog 8 x| B - ExTs s
[@ v [smuatonvode G ~ =

T B eERe M B AABRX B AND

> o
Access EXT_SDRAM_MSS_0
> MCCC_CLK_BASE 2C 0 PADSEH@--------- -@E2C_0_PADS |
2C_1_PADSH@-----=-=-- -@ERC 1 _PADS | u
SP_0_PADSH@--------- -@EISPL 0 PADS
SP_1_PADSH@--------- -@QESP_1_PADS
MMUART_1_PADSEH@--------= -@HMMUART 1._PADS |
MMUART_0_PADSEH@--------- BEIMMUART 0_FADS |
MAC_MI_FABRCH
USB_ULPl PADSEH@- ~------ HUSB PADS
MDDR_PADSEH@- --===---
No core selected G |P+

i New cores are avaiable [ponnload them now! -
D

[ DesinF.. | Designtierar.. | Stmuus Herar.. || Gotolog || Fies | | L. 0

Log \ ax
@ ros i, Wamings @ Info Catalog tab

. odelSin ME' has been activated; the attributes for this Profile have changed since you last opened this peSjEE

Figure 5. Updating the Catalog
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Configuring MSS Peripherals

Conflgurlng MSS Peripherals

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 6.

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 that is not required, right-click the peripheral block and clear the Disable check
box, as shown in Figure 7, 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 8) or by
right-clicking the peripheral block and selecting the Enable check box (see Figure 7).

MICROCONTROLLER
Cortsxhs
MDDR noR =l
o e

LHE Bus Matrix

I
Lo | Jone]

| ”’ﬂ =

MABBLIART

i

ki

12c o

M33_CCC

m—
#

RESET Controder

7 -1y

PDML

E Q_-CM
interrupt
VATCHDOG
GRID
‘
SECDED ka0
S Fic_8 Fc_1 FiC_2 [Paripheral Inikailza bon)

Sscurty ‘

L .

\ﬁi‘ l ISl

.

Hardwars
Disfgggurstion

Figure 6. MSS in SmartDesign Canvas
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SPIO SPI 1

PADs § PF\DST—l
I i i - -

@' Configure
Disable
¥ Delete

Replace Component for Instance(s)... —

Update Instance(s) with Latest Component...

¥~ Clear User Connections

Replace Instance Version...

DMA
Figure 7. Right-click and Enable PeripheralBlock

An enabled peripheral is shown in Figure 8.

Figure 8. Enabling the Peripheral

2. Disable the following peripherals on the MSS canvas:

MMUART_0 and MMUART _1
SPI_0 and SPI_1

12C_0 and 12C.1

PDMA

WATCHDOG

FIC_0 and FIC_1

USB

Ethernet

12
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Configuring MSS Peripherals

Figure 9 shows the MSS Configuration window (after disabling the above components).

MICROCONTROLLER |
CortsxM3
MDDR nnR cee
e e
HHE Bus Matix
- EFE D TFE_T vj
I use I I Ethernst I MMULRT_0 MMULRT 1

¥
L 3§
L

3P0 3P

v

M33_CCC 2c.1

mmm—
#

RESET Controfier

)

Interrupt

VATCHDOG
GPID

SECDED

!: FIC_0 FC_1 FIC. 2 (Paripheral Inftaiization)
Securty ‘ [ J

e
TK

PDMA

I

Ia |j
o
<1

!

Hardware
oisEggfpurstion

Figure 9. Enabled and Disabled MSS Components
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3. 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.

8] Maode Selection | P [l

Memary Interface Configuration Mode

Double Data Rate @ Soft Memory Contraller

Fabric Interface Settings

@ Use an AXI interface
IUse an AHBLite Interface

Ok ] I Cancel

Figure 10. Mode Selection
4. Double-click the MSS_CCC block and configure as shown inFigure 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).
Leave the default frequency of 100. MHz for M3_CLK.

e 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.

14 SmartFusion2 - Accessing External SDRAM through Fabric - Libero SoC v11.4 Tutorial
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Configuring MSS Peripherals

5| MSS Clock Conditioning Circuitry Configurator

click on DDR_SMC_FIC_CLK

DDR_SMC_FIC_CLK direction

System Clocks | Advanced Options |

SMC A
—

Clock Source

CLK_BASE 100.000 MHz

Menitor FPGA Fabric PLL Lock (CLK_BASE_PLL_LOCK)
Cortex-3 and MSS Main Clock

M3 CLK 100.000

MDDR Clocks Mss_ccc

v MDDR CLK =3 clK= 1 - | 100,000 MHz
o [ DDRSMC FIC CLK |=MDDR_CLK/ | - | 100,000 MHz
MS5 APB_0/1 Sub-busses Clocks

¥  aBock =MIck/ 100,000 MHz
vV osmiak -m3ak/ 100.000 MHz

FPGA Fabric Interface Clocks

FIC 0 Gk =M3_CK/ [1 -

FIC 10K =M3_aK/[1 -

I
Lowest fréguency

CCC/PLL

Fabric

Figure 11. MSS Clock Configurator

5. Double-click the Reset Controller and select the Enable MSS to Fabric Reset and Enable Fabric to
MSS Reset, as shown in Figure 12. 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 ‘@ﬂﬂ
Configuration
Enable FPGA Fabric to MSS Reset (MSS_RESET_N_F2M)
Enable FPGA Fabric to M3 Reset (M3_RESET_N)
. Enable M55 to FPGA Fabric Reset (MSS_RESET_N_M2F)
o) et ]
+H )

Figure 12. MSS RESET Configurator
6. Select File > Save to save Access_EXT_SDRAM_MSS. This completes the configuration of the MSS.

SmartFusion2 - Accessing External SDRAM through Fabric - Libero SoC v11.4 Tutorial 15
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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 13.

s — - 5
c-\ Libero - C:AMicrosemi_prj\Access_EXT_SDRAM\Access_EXT_SDRAM.prjx EM

Project File Edit VYiew Design Tools SmartDesign Help

4

% emb1 L,y QOB ANDO

Access_EXT_SDRAM_MSS_0 -
D MCCC_CLK_BASE 2C_0_FADSEH@---------- 2C10_FADS
2C_1_PADSEH@- === === ---@E[2C 1_PADS
SP_0_PADSE@---------- BISP0_PADS
SP 1 PADSE@---------- @QEHSP1_PADS g
@ Lock Position for Auto Arrange DS _________ WJART 1 FADS
@ Configure DS'--------- W.JART 0 Fp\DS
K Delete lRlC .
Replace Component for Instance(s)... DS .. ......... USB ULH FP\DS
I Update Instance(s) with Latest Compenent... I DS ._ _________ WDR FADS
~#~ Clear User Connections i
Temm———— Iﬂ QuickConnect... Ctrl+K ”

14 Bringto Top
@1 Sendto Back

4| 1 4 L

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

Figure 13. Updating the MSS
The Access_EXT_SDRAM_MSS_0 instance (after successful updating) is shown in Figure 14.

Access EXT SDRAM_MSS 0

MCGC. CLK_BASE MSS_RESET_N_M2F B
MCCC_CLK BASE PLL_LOCK
MSS_RESET N_F2M

#F,

‘MDDR SMC_AX_MASTER

Figure 14. Updated MSS Instance

16 SmartFusion2 - Accessing External SDRAM through Fabric - Libero SoC v11.4 Tutorial
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Configuring Fabric Components

1. Select the CoreAXIl IP from the Bus Interface sub-section of the IP Catalog, as shown in Figure 15, and
drag it onto the Access_EXT_SDRAM SmartDesign tab.

- - — —
(® Libero - C:\Microsemi_prj\Access_EXT_SDRAM\Access_EXT_SDRAM.prix L - — - —
Project File Edit View Design Tools SmartDesign Help

OSW ™0

Catalog 8 %| [ startpage ® x | EH Access EXT_soRAM @ X | BT Access_EXT_SDRAM.MSS & X |
& ~ [ Simulation Made [ = o
= DD | @ Q [&
— = Vereion A 2E i1 "E el el SSURCRICY ClE ANO
> Arithmetic
4 BusInterfaces |.—— Dragthe COREAXI from the catalog
& X " . .
L — Eg:x zﬁ;i to the SmartDesign window
. Access EXT_SDRAM_MSS_0
=3 — —_— —_— -_—
& COREAXI 20103
o CoreAHBLTOAN 1100 MCCC_CLK_BASE MSS_RESET_N_M2F
&= CoreAHBLTOAX 20112 MCCC_CLK_BASE PLL_LOCK
& CoreAHBLite 50100 L MSS_RESET_N_F2M
& CoreAHBLite 40100 I
&= CoreAHBtoAPE3 30100 i
&= CoreAPE3 40100 .
&= CoreAXITOAHBL 21100 '13
& CoreAXTTOAHBL 20415 g
= |
&= CorePCIF 40135 <
&= CorePCIF_AHB 40147 <(‘
CoreTEltoEPCS 21110 %
&= CoreTBloEPCS 20401
. Clock & Management w2
> DSP o
2 fus]
7]
> ];;a(ro Library COREAXI 0 2 %
> Memory & C e — M _. w "’f
ot ; Fr 2 %2
CoreAXT HB.odf (@]
CoreAx1 RN.pdf Catalog tab <
Description: The CoreAXI v3.0 is multi-master multiple-slave AXI3 bus 2 S(:
interconnect. Tt provides 4 AXI MASTER interfaces and up to 16 AXT SLAVE il
interfaces. The number of AXI masters and slaves to be connected is
programmable through parameter configuraton.
The IP core also provides feedthrough mede for single siave and single mastey
configuration only.
Design Flow | Design Herarchy | Stimulus Hierarchy | Catalog || Files il '" S— i

Figure 15. 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 16.

e Leave the Memory Space field as 16, 256 MB slots beginning at address 0x00000000 (which is
default), as shown in Figure 16.

¢ Leave the AXI Data Width field as 64 (which is default), as shown in Figure 16.
¢ Leave the Number of Master slots field as 1.

e Clear the option of SLAVEO for Enable Master Access.

e Select the option of SLAVE10 for Enable Master Access.

¢ Leave the rest as default.

e 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.

SmartFusion2 - Accessing External SDRAM through Fabric - Libero SoC v11.4 Tutorial 17
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r B
[l Configuring COREAXI_0 (COREAXI - 2.1.101) _[-jﬂlﬂ]

Configuration
Memory space
Memory space | 16, 256ME slots beginning at address 0x00000000 -
AXI data width: |84 - |
Enable master access
[
N M0 can access slave sloto [ M0 can access slave slot 1 [
]
i M0 can access slave slot 2 [ M0 can access slave slot 3 [T
| |
N M0 can access slave slot 4 [ M0 can access slave slotb5
| |
i M0 can access slave slots [ M0 can access slave slot 7
| M0 can access slave glotd [ M0 can/@ccess glave slots [
M0 can access slave slot 10 Mycan access slaie slot 11 [
i M0 can access slave slot 12 [ MO can access slave slot 13 [
| |
M0 can access slave slot 14 [ M0 can access slave slot 15 [
| |
Select AXI channel ID widths [4 - ]
Testbench: [L.Iser - ]
License: RTL
o] s
n By S S _a

Figure 16. CoreAXI Configurator

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 17. 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.
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I [, Configuring CORESDR_AXI_0 (CORESDR_AXI - 2.0.116) — EEXT)

Configuration

Core Parameters

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

Number of encoded chip select bits 1

Mumber of bank status modules 4

Memory Width: 16 -
Timing Parameters
Active to precharge timing (# clock cycles) 5 o
Active to read or write delay (# clock cycles) 2 y
]

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 5096
Use bufferred/registered DIMM lNo v]
Auto precharge [No 'l
Testbench: User V]
License:
0 Obfuscated RTL

| o] o ][ ] |

Figure 17. 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 18.

Select the clock source as Oscillators > 25/50 MHz Oscillator, as shown in Figure 19.
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 20.

Click OK to complete the configuration.

Basic || Advanced | FLL Options |
Basic-Options ‘

Figure 18. Advanced Tab of the FAB CCC Configurato '

:E FAB CCC Configurato

| Basic | Advanced | PLL Options |

= PLL phase 0 -

—] PLL phase 0 -

= PLL phase 0 -

Figure 19. Selecting Clock Source
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1| FAB CCC Configurator

Basic I Advanced PLL Options

Current Configuration

Reference Clock Frequency

Source

Feedback Source

External Feedback GL Source GLD

Programmable Delay Ops

Lock Control

Lock window: Phase error window for LOCK assertion as a fraction of the post divided 8000 -
reference dock period pAm

Lack delay: Number of Reference dock cycles to wait before asserting the LOCK signal. 1024 cydes -
While waiting, the PLL is in a locked state oy

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

Freguency
A
VCO:
100,000 MHz
Depth:
0.5 %
MinVCO:
99,500 MHz
Frequency: |4p KHz
0.000
- Time:

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

Miscellaneous
[] Expose dynamic configuration interface (APB slave)

[] Expose PLL_BYPASS_N signal. When asserted, the PLL core is off and the PLL Qutputs will track the reference dodc

Expose PLL_ARST_M and PLL_POWERDOWN_N signals

[ Expose GPD[X]_ARST_M signals for all used GPDs

Figure 20. 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 21:

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).

e 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

o) (ol ]

Figure 21. 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.

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 on the SmartDesign canvas to arrange the various instances,
automatically. There are two ways to make the connections:

e Thedirst 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
22. 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 it and select Disconnect to
disconnect the signals already connected.
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Interconnecting All Components

| OEW 22N 03

2 Libero - C:\Microsemi_prj\Access_EXT_SDRAM\Access_EXT_SDRAM.prjx o o e |
'Q . - -

Project  File Edit View Design Tools SmartDesign Help

| StartPage & X ‘ B access EXT_SDRAM & X | Y Access_EXT_SDRAM_MSS & X ‘

L]

sepale W[ o° 5 A QAR E AN DO

TETE

FCCC_0 H

FLL_ARST_N 6L 2

PLLFOWERDOWN N LoCK pat

ROOSG._25_SOMHZ_COG_IN F
e

CORESDR_AXI_D

P ACLK SDRCLK
p ARESETN OE|

DO[i50]  SA[Z0]
BA[1:0]
C5_N[O]
DaH[1:0]

CHE]|

05C_0

RCOSGC_25_S0MHZ_CGG. OUT
L]

o

Access EXT_SDRAM_MSS_0 COREAXI_0
2 A ]
O MSS_RESET_M_MzFlp

=
MGGG. OLK_BASE g
MCCC_OLK_BASE FLL_LOCK

WSS _FESET_N_Fal

ARESETN

R_SMC_AX| MASTER

@mon
]
=

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

Figure 22. Changing to Connection Mode

3. Connect the following componénts as described below:

Connect ROSC_25_50MHZ_CCC_OUT(M) of the OSC_0 to the ROSC_25_50MHZ_CCC_IN(S) of
the FCCC_0.

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.

Connect LOCK of FCCC_0 to MCCC_CLK_BASE_PLL_LOCK input of the
Access_EXT_SDRAM_MSS_0.

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

Connect M of COREAXI_0 to MDDR_SMC_AXI_MASTER of the Access_EXT_SDRAM_MSS_0.
Connect S10 of COREAXI_0 to AXI_Slave of CORESDR_AXI_O0.

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.

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 23. Save the design by
selecting File > Save.

0SC 0 FCCC 0
RCOSC_25 50MHZ_CCC_OUT PLL_ARST N GLO
Fal) 4B PLL_POWERDOWN_N LOCK
RCOSC_25_S0MHZ_CCC_IN
#F»
Access EXT_SDRAM_MSS 0
7 MCCC_CLK_BASE MSS_RESET_N_M2F
WSS_RESET_N_F2M

— MCCC_CLK_BASE_PLL_LOCK

R_SMC_AX|_MASTER

s

M@l— @D

CORESDR_AXI_0

ACLK SORCLK
ARESETH OE
DQ[15:0)

Figure 23. After Making the Top-Level Connection
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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 24) or select from SmartDesign > Generate Component.

(® Libero - CAMicrosemi_prj\Access_EXT_SDRAM\Access EXT_SDRAM.prjx =

-

Project  File Edit View Design Tools SmartDesign Help
~ iy

NEHa™NOo

Design Flow & x

Access_EXT_SDR...

Teol
¥ 4} Create Design
& System Builder
v 4 Configure MSS
EJ Create SmartDesign
Create HDL
2 Create SmartDesign Testbench
Create HDL Testbench
4 b Verify Pre-Synthesized Design
B simulate
4} Create Constraints
+E /0 Constraints
@ Timing Constraints
B Floorplan Constraints
4 b Implement Design
S Synthesize
4 b Verify Post Synthesis Implementation
B simulate
By Compile
+11 Configure Flash*Freeze
2 Place and Route
4 b Edit Constraints
#E 1/0 Constraints
) Timing Constraints
T Floorplan Constraints
4 b Verify Post Layout Implementation
+1] Generate Back Annotated Files
B simulate
& Verify Timing
[ Verify Power

4 b Edit Design Hardware Configuration

m

DesignFl.. | DesignHerarc.. | Stmulus Hierarc...

Catalog | Files |

StartPage & X | 3 Access EXT SDRAM @ X | 3 Access_EXT_SDRAM_MSS @ X ‘

BEd M RSP oPn QARG B ANDO

\

Generate component

=

CORESDR_AXI_0

E
ROOSC_25_50MHZ_C0C il
Fad

g
~
4

ACLK4
AREETN G

Access EXT_SDRAN_MSS_0

VEs_mEsET N 12F|

e
32
it
i

1 10 0R_SME_A 3| MASTER

Figure 24. 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 25.
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(® Libero - CAMicrosemi_prj\ccess_EXT_SDRAM\Access_EXT_SDRAM.prix

Project File Edit View Design Tools SmartDesign Help
e WX
OEw 2N 0

Design Hierarchy

o

4 il work
B XTLOSC_FAB (osc_comps.v)
[l XTLOSC (osc_comps.y)
B RCOSC_25_50MHZ_FAB (osc_comps.v)
) RCOSC_1MHZ_FAB (osc_comps.v)
[ RCOSC_IMHZ (osc_comps.y)

Access_EXT_SDRAM_MSS
> [B] Access_EXT_SDRAM_COREAXI_0_COREAXI (coreaxiv)
] CORESDR_AXI (coresdr_axiv)
[Bl Access_EXT_SDRAM_FCCC_0_FCCC (Access EXT_SDRAM_FCCC_0_FCCCa)
> B Access EXT_SDRAM_OSC_0_OSC (Access EXT_SDRAM_OSC_0_0SC.v)

gl i

Startpage @ x| G Access EXT_SDRAM & X | E] Access EXT SORAM MSS @ X |

2E b

oo QA E AND

NCOC QLK BASE
NECC QLK BASE PLL_IGEK
WSS RESET N FM

Access_ EXT_SORAU_MS5_0

wes_ses=T o wer|

Design Flow | Design Hierarchy | Stmulus Hierarchy | Catalog | Fies |

‘ L| W00k S ol masTER

Figure 25. Design Hierarchy

4. After generation, you can see the Memory Map for the CORESDR_AXI_0 component. Right-click the
Access_EXT_SDRAM SmartDesign window.and select Modify Memory Map.

Figure 26 shows the resultant memory map. The starting address of the MDDR Space 0 is 0xa0000000
in the Cortex-M3 processor address space.

E Maodify Memaory Map

N

=X

Select Bus to View or i i .
Assign Peripheral(s) Assign peripherals to addresses on bus:
COREAXI O || Address Peripheral
w CORESDR_AXI_0:AXT_SLAVE
| |
)
o] o
S A
Figure 26. CORESDR_AXI_0 Memory Address
26
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Generating Testbench and Adding SDR SDRAM Simulation Model

1. Inthe Design Hierarchy tab, right-click on Access_EXT_SDRAM > Create Testbench > HDL to
generate the testbench.

( Libero - DAMicrosemi_proj\Access EXT_SDRAM\Access EXT SDRAM.prj

Project File Edit View Design Tools Help

NEedax«@o

Files 5 X

Startpage [] | B2 Access ExT_soram (] | EZ] Access exT_soRawM_mss testbench.y (] |
4 [ compenent 25 ;
> [ Actel
4 [ work
4 [ Access_EXT_SDRAM 29 begin
B Access EXT SDRAMy 30 #(SYSCLK_PERIOD * 10 )
B Access_EXT_SDRAM_DataSheet.xml 31 NSYSRESET = 1'bl:
» [ COREAXIO 32 end
B datasheet.xsl 33
» [ FCEC B
35
> [ 05C0 =l
B subsystem.bfm 37
B testbenchav 38 always @ (SYSCLK)
b [ Access EXT_SDRAM_MSS 3 $(SYSCLK_PERIOD / 2.0) SYSCIK <= !SYSCLK:
(1 DESIGN_FIRMWARE N
> [ constraint P
> [ designer 4
> [ firmware 4
[ hdl 45
> [ simulation N Inputs
47 .MSS_RESET_N_F2M(NSYSRESET),
[ smartgen Py
> [ SeftConsole 5 '/ Outputs
[ stimulus 50 VWE_N{ ),
[ synthesis 51 |.caswg), | _Top Level
> [ tooldata = e / Instantiation
53 LCRE( ),
54 LOE( ),
55 .BAS N{ ),
56 ~DOM( ),
57 LGS H( ),
53 LSA( ),
59 .BA( ),
0
61 // Inouts
62 .00 )
65\ A
&4);
65
66 endmodule
57
68 Files Tab to browse
Design Flow | Design Hierarchy | Stimulus Hierarchy | cata\ugh Fies She T Hite

Figure 27. Default Testbench
2. Enter the name as testbench in the popup window and click OK.

3. 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:
“include "mt48leclémléaz.v"

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

lan

wire CAS, N mem;
wite, OF mem;

wire | WE N_mem;
wire/ CS_N_mem;
wire [1:0] BA mem;
wire SDRCLK mem;
wire CKE mem;

wire RAS N mem;
wire [13:0] SA mem;

wire [15:0] DQ mem;

wire [1:0] DQM mem;

// SDR SDRAM interface signals with the CORESDR AXI
wire CAS N mem out;

wire WE N me out;

wire 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;

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:
LIPTT7707 707770777777 7777707777777777777777777777777777771777777777777
// Instantiate Unit Under Test: Access EXT SDRAM

LIPDT7707 707770777777 77777077777777777777777777777777777717777777 8047
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

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 28. The testbench.v file is shown under the
Stimulus folder in the Files tab.
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@ Import Files g u |
()M ). = Microsemi_prj » Access FXT_SDRAM » Back up files = Search Back up files 2| b
} — |PRAM_MSS [ tastbench.v
Organize ~ New folder =- 0 e — =
. FEPTELLILLITEI AP EE T
M Desktop “*  Name Date modified Type Size g :06:37 2012
¢ Downloads — ! . . .
4] mt48Ic16m16a2v 01-Feb-12 6:29PM  V File 47kp [|[g° your design with basic
=» Recent Places design has special
%] testbench.v 13-Mar-12 3:59PM  V File 3 KB nts then you should
63 Libraries SILLIILLEELL R EET 1T ]
L Documents
. Music 3
& Pictures
!, Videos
‘& Computer
& Local Disk (C)
= New Volume (D)
= SudeepS (\Nidm\c ~ ¢ | I | »
File name: testbench.v ¥ |HDL Source Files (*2 LI 2
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Symbols (%1% 2% *3* x gx & 5% & g # Tx % g% £.g4)
— — __ HDL Source Files (*.yhd *.v *.n)

4 Processors

Components (*.cxf)
Hierarchical Companents (*.dpz)

CEKE mem out;

* CoreABC 340 3 wire CAS N mem ogomartGen Cores (“gen) )
Documentation: N 33 W.':I. re WE_N_msm_out E ]- . -25 (*.aCp)
CorePWM RN 41.pdf D 34 wire CS_N_mem out St “l US'IE: L.vind v,
CorePWM HB.pdf 35wire RAS_N_mem_ou EDIF Netlists (x&dn)

CorePWM Handbook
CorePWM Release Notes

[1:0] Ba_mer SDC Files (%&dc)

Design Flow Catalog |

[13:0] S& mePhysical Design Constraint Files (*.pdc)
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Figure 28. File Import to Stimulus Folder

Import the mt48lc16m16a2.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.
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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 arecircled below:

# perform subsystem initialization routine
—

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

wait 100ns

I 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 OxD7D7EIEL ;
readcheck w CORESDR AXI 0 0x0000 0xA1B2C3D4 ;
readcheck w CORESDR AXI 0 0x0004 0x10200401 ;
readcheck w CORESDR AXI 0 0x0008 OxAS5DEF6E7 ;
readcheck w CORESDR AXT 0 0x000C O0xD7D7E1El ;
print "M DDRO_CTRL REGS TEST ENDS";

print wn

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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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 29.

@ Project Settings

Device

Design Flow

4 Simulation Opt...
DO File
Waveforms
Vsim comm...

4 Simulation Libr...
SmartFusion2
COREAXL O...

Device I/O Sett...
Simulation runtime: 158us -
Preferred HDL ... < > Restore Defaults

X
Use automatic DO file

Testbench module name: testbench

Top level instance name:  <top>_0|
[ Generate vcb file
VCD file name: power.vcd

Select Verilog Language Syntax <6 W

[ verilog 2001
|:| System Verilog

Select VHDL Language Syntax &Y O

[ vHDL 2008

User defined DO file: E]

DO command parameters:

Close

Figure 29. 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 -hovopt switch, if ModelSim full version is used.

¢ _A .do file, 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 30.
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@ Project Settings v TR - — — . - @‘—Jﬁ
Device [ [] use automatic DO file ]
Preferred HDL Type
Design Flow Simulation runtime: 1000ns M

4 Simulation Options Testbench module name: |testbench
DO File Top level instance name: |<top>_0
Waveforms o
I Vsim commands Generate VCD file
4 Sjmulation Libraries VCD file name: powerved
l SmartFusion2 —
COREAXI LIB User defined DO file: [Microsemi_prj/SPA/Access_EXT_SDRAM/simulation/run_novopt.do E] ]
CORESDR_AXI_LIB DO command parameters:

% =4 —

Figure 30. Specifying run_novopt.do-for VHDL ModelSim Full Version

2. 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 31.

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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rG‘ Project Settings [ @ &11

Device

Indude DO file I
Device I/O Settings @ Save

Preferred HOL Type wave,do

Design Flow

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

Waveforms

[ Log all signals in the design

Vsim commands
4 Simulation Libraries
SmartFusion2

Figure 31. 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 32. This.option sets the simulation resolution to 1ps.

.
G\ Project Settings - - - D |-
Device ) ) y
X i SDF Timing Delays p—
Device /O Settings Save
Preferred HDL Type () Minimum ) o Restore Defaults
Design Flow _ _ o Disable Pulse Filtering
4 Simulation Options () Typical during SOF based Simulations
DO File (@) Maximum
Waveforms
. Vs|m commar‘lds I Resolution: 1ps {I}
4 Simulation Libranes
SmartFusion? | Additioral options:
1

Figure 32. Simulation Resolution
4. 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.
o Select testbench.v in the Associated Stimulus files and click Remove.

e 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 33.
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|8 | Organize Stimulus files of Access_EXT_SDRAM for Simulate tool ‘ ‘ @Ig

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.

15t of files organiz

) Libero (default list)

1. Change the option from +| ¢
Libero to User

Stimulus files in the proj — ] %ssnuatedstnﬂlsiis 1
2 mistaver SmotDesion CK —
3 AXI_Masterv Access_EXT_SDRAM i
: :;C::T 3. Select the .below highlighted files %:IL> '
above and click on Add
i 6 coresdr_axi_tb.wv M I
| |7 mt48lclémleay Access_EXT_SDRAM =
| '8 mt48lcdml6ay Access_EXT_SDRAM
9 coreparameters.v Access_EXT_SDRAM / 2. Select the testbench.v |
10 testbench.v Access_EXT_SDRAM above and click on Remove i
11 testbenchwv Access EXT_SDRA...
|I%g el mt48lclomlba2.yv
| o
| ] [ oK ] I Cancel
Llli-—- — ~ —

Figure 33. Organizing Stimulus Files

After organizing the stimulus file, the above window looks similar to Figure 34. If the files are not in the
order, as shown in Figure 34, 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 @ ii

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 Emt48|c16m16a2‘v EUser
2 axi_slavev SmartDesign 2 testbench.v User
3 AXI_Masterv Access_EXT_SDRAM I
4 checkerv Access_EXT_SDRAM Al
5 clkgenv Access_EXT_SDRAM I
6 coresdr_axi_tbwv Access_EXT_SDRAM
7  mid8lclémlbal.v Access_EXT_SDRAM
8§ mtd8lcdmlbay Access_EXT_SDRAM
4+ Remove i

9 coreparameters.v
10 testbench.v
11 testbenchwv

12 testbench.v

Access_EXT_SDRAM
Access_EXT_ SDRAM
Access_EXT_SDRAM_...

Access_EXT_ SDRAM

oK l I Cancel

Figure 34. 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 35. ModelSim is invoked.and the design is loaded.
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Viewing Simulation Results

E-\ Libero - C:\Microsemi_prj\Access EXT_SDRAM\Access EXT_SDRAM.prjx & — —
Project  File Edit View Design Tools Help
A Ly
RIS
Design Flow g X | testbench.y & X | Reports @ X testbench.y & X wavedo & X StartPage & X
Access_EXT_SDRAM == v
83
-
el - 24 // Inouts
v 4 b Create Design 85 .DQ (DQ_mem)
& Syster Builder 86
v & Configure MSS 87
B Create SmartDesign g -
Create HDL :z ass?gn i: ;;g_;en'_n:u: = ci(iﬁr;e;:

] . assign #1 N mem out = . H_mem;
ErcatcbmarDesionilEsibench 21 | assign #1 CAS N mem out = CAS N mem;
C'E?tEHDLTESthE"fh - 82 assign #1 WE_N_mem out = WE_N mem;

4 b Verify Pre-Synthesized Design 95 | assign #1 SA mem out = SA_mem;
94 assign #1 C5_N mem out = CS5_N_mem:
4 b Create Const o o5 | assign #1 BA_mem out = BA mem:
+E 1/0 Const Clean and Run All . . L 96 | assign #1 DQM_mem out = DQM_mem;
€ Timing C T r,’-Select open interactively |~ 97 | assign #1 DQ mem out = OE mem ? DR mem:/ €161 Dz}
B Floorplan Clean 33 ign Df = OE 2 {16{1'bz}}: DN
4 b Implement [ assign DQ_mem = _mem ? {1&6{1'bz}}: DQ mem out;
= Syn.thesiz Organize Input Files  # I, Yy DIy
=l ety o Import Files...
B simul 7 Ay 2k d AR RRRNNNNITY,
B Compile View Report
+{1 Configure 105 [] mc43lclémléa? mEd8lclémléa 0 (
B Place and Edit Profile... 106 // Inputs
4 b Edit Cons 107 .Addr (SA_mem out[12:0]),
‘E voc Help 108 -Ba (BR_mem outdw
& Timi L [109 .Clk (SDRCLE mem |,
Timing Constraints 110 .Cke (CKE_melm out ),
Bt Floorplan Constraints Q1o -Cs_n(CS_N|mem out),
4 ¥ Verify Post Layout Implementation 112 .Ras_n(R&5 W mem out ),
+[| Generate Back Annotated Files 113 .Cas_n(CAS_N_mem out ),
B simulate 114 -We n(WE N mem out ),
& Verify Timing 115 £ D (DOM_mem out'),
[y verify Power ﬁs |
T / Inglats
4 b Edi i i i
Edit Design Hardware Configuration Tie D D0 mem ouz )
I Programming Connectivity and Interface 119 - -
:’. Programmer Settings 120
{e# Device /0 States During Programming _ g gin, 4]
4 Configure Security and Programming Options 1322 | emdmedule
4| Configure User Programming Data il 1236
L LBy
Design Flow | Design Hierarchy | Stimulus Hierarchy Catalog I Files | ~ L] |

Figure 35. Invoke ModelSim

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 36.

Figure 36. Dock/Undock Button in Wave Window
2. Click the Zoom Full button to fit all the waveforms in the single view (Figure 37).

1] Wave - Defoult ————————————

0@ & $®BL2I0-H#T]| 84

AN e yup|LEeltird|Fa92)> &|aqaan

TR

\

@

Figure 37. 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 38. Click as needed until complete write and read
transactions to the external SDR SDRAM is seen on the Wave window, as shown in Figure 39.

File Edit View Add Format Tools Window

£&| Wave - Default
fo-dge || oo @B\ mlel B

D@28 i &R

Ja-ags|xig|lacaan| [ o/miE

| &

®)

Figure 38. Zoom In on the Active Cursor

| Wave — - e =T
File Edit View Add Format Tools Bookmarks Window Help

1] Wave -Default = = Hex
8-FEH-8 I RBO2I0 - AE||S2H RN Y ten B wniBEBEe Do A A4 A- 2983k w/ ey @] &Ew R

ERap— o] gt |

|acasan| mims.

Jtesthench/Access_EXT_SORAM_D/CORESDR_AXI_O/AXI_GLOBALS

| NI 3 O N S O ¢ I A S 3 7N S S i} 1
|
|
|

Jtestbench/CAS_N_mem_out
Jtestbench/WE_N_mem_out
Jtestbench/cs_N_mem_out
Jtestbench/BA_mem_out
Jtesthench/CKE
Jtestbench/RAS_N_mem_out
Jtestbench/SA_mem_out
Jtestbench/DQ_mem_out
ltestbench/DQM_mem_out
|— Micron sDR SDRAM
- /testbench/mt48ic16m 16a2_0/Dg
B¢ [testbenchjmtaic16m 16a2_0/Addr
B¢ Jtesthench/mt48lc 16m 1622_0/Ba
£ ftestbenchfntaglc16m 1622 0/Ck
£ frestbench/mt3glct6m 1622 0jcke
B¢ jtestbench/mt4gic 16m 1622 0]
£ testbench/mtésicim 1622 0Ras
£ ftestbenchmt48ic16m 1622 0/Cas_n
2 ftestbenchfntagic16m 1622 0Me n
B¢ ftestbenchjmt4Slci6m 1632_0/Dam o T & TT TON I O A1 W N ) 1 5

E Cursor 1

13477287105

| TR ~ | W L] [ ]
113249660 ps to 116356184 ps | testbench/Access, EXT_SORAM_O/CORESDR_AXI_0/CAS N 4

Figure 39. 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 40.

[ Transcript —— - - —

File Edit View Bookmarks Window Help

# BFM:16410:wait 100 starting at 109626 ns

# BFM:16411:endloop (Next Loop=107)

# BFM:16410:wait 100 starting at 110625 ns

# BFM:16411:endloop (Next Loop=108)

# BFM:16410:wait 100 starting at 111623 ns

# BFM:16411l:endloop (Wext Loop=109)

# BFM:16410:wait 100 starting at 112621 ns

# BFM:16411:endloop (Next Loop=110)

# BFM:16410:wait 100 starting at 113620 ns

# BFM:16411:endlcop (Finished)

# BFM:16413:write w a0000000 alb2c3dd4 at 114618 ns

# BFM:16414:write w 20000004 10100101 at 114628 ns

# BFM:16415:write w a0000008 abdefée7 at 114638 na

F MON K It 4444344584545 00 0000000000000 0000000000000 0aaaaisasassssssssss
# MONAXIl: WCMD ID:0 ADDR:ffffffff BURST:0 LEN:0 SIZE:0 BMW:0 LOCE:0 at 114747.9 na
# BFM: Data Write a0000000 alb2cidd

# BFM:16416:write w a000000c d7d7elel at 114918 ns

# MONAXIL:###iddddddddditiitidd it it id ittt ittt dddddddaddd
# MONAXI1: WCMD ID:0 ADLR: BURST:0 LEN:0 SIZE:0 BMW:0 LOCK:0 at 115027.5 ns
# MONRXI1l: WDATA ID:0 DATA:0000000000000000 5TBS:00000000 LAST:0 at 115147.3 n3
# BFM: Data Write 20000004 10100101

# BFM:16417:readcheck w a0000000 alb2c3id4 at 115177 ns

# BFM: Data Write a0000008 aSdef&e?

# BFM:16418:readcheck w 20000004 10100101 at 115437 ns

# BFM: Data Write a000000c d7d7elel

# BFM:16419:readcheck w a0000008 aSdef&e7 at 115696 ns

# MONAXIL:###iddddddddditiitidd it it id ittt ittt dddddddaddd
#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

MONMRXI1l: RCMD 1 ID:0 SEQ:1 ADDR:fff BURST:0 LEN:0 SIZE:0 LOCK:0 at 115975.9 na
BFM: Data Read a0000000 alb2c3d4 MASK:f ffff at 115995.514000ns
BFM:16420:readcheck w a000000c d7d7elel at 116006 ns
MONRXIL:##d##ddfiddiidid ittt is it d ittt sttt sttt daadddadasd
MONAXI1: RCMD 2 ID:0 SEQ:2 ADDR:ffff f BURST:0 LEN:0 SIZE:0 LOCK:0 at 116285.5 ns
MONRXI1: RDAT Start ID:0 SEQ:1 - matching RCMD:1 ADLDR:
MONAXI1: RDAT ID:0 0000000000000000 at 116285.5 ns
MONAXI1: QUEUED 1 per ID=1 00000000000 0000CHMDS=2004
BFM: Data Read a0000004 10100101 MASK:f
BFM:M DDRO_CTRL REGS TEST ENDS

BFM:

BFM:16425:return

BFM:24:return

MONRXIL: ##d#ddidHiddiidiitid ittt Aaiaaa it e Ra R d o 4444
MONRXI1l: RCMD 3 ID:0 SEQ:3 ADDR:ffif £ BURST:0 LEN:04STZE:0 LOCE:0 at" 116535.0 ns
MONRXI1: RDAT Start ID:0 SEQ:2 - matching RCMD:2 RDDR:EEf
MONAXI1: RDAT ID:0 0000000000000000 at 116595.0 ns
MONAXI1: QUEUED l1 per ID =100 000000000000\ CHMD3=3000

BFM: Data Read a0000008 aSdeffe7 MASK:f atyl116614.922000n3

MONRXIL: ##d#fdidHiddidiii ittt iariraai it TR it T H e 444444
MONAXI1: RCMD 4 ID:0 SEQ:4 ADDR: f BURST:0 LEN:0 SIZE:0 LOCK:0 at 116904.5 ns
MONAXI1: RDAT Start ID:0 SEQ:3 - matching RCMD:3 ADDR:EEEff
MONAXI1: RDAT ID:0 0000000000000000 at 116304.5 ns
MONAXI1: QUEUED 1 per ID =100 000 009 0,0 0 0 0/0 0 CMD3=4 000
BFM: Data Read a000000c d7d7elel MASK:ELf ff at,l16824.426000n3
#iddtddt it A rd AR AR R AT R A A TR A T A A E

BURST:0 LEN:O'STEZE:0 at™ 115875.9 ns

at 116305.418000ns

ff BURSI«0 LEN:0 SIZE:0 at 116285.5 na

£ BURST:0 LEN:0 S5IZE:0 at 116595.0 na

4 BFM Simulaticon Complete - 238 Imstructicns - NO ERRORS

FHEFHFHAHHE T T TR R R R

# MONAXI1: Mo /response actiwity while read data requests gqueued
# MONAXI1: Cutstanding(CMD 4 ID:Q SEQ:4 ADDR:ff ff BURST:0 LEN:0 SIZE:0 at 116904.5 ns

s 2 |

Figure 40. Transcript Window
The following message is displayed in the Transcript window:
# BFM: Data Read a0000000 alb2c3d4 MASK:ffffffff at 115995.914000ns
# BFM: Data Read a0000004 10100101 MASK:ffffffff at 116305.418000ns
# BFM: Data Read a0000008 abdef6e7 MASK:ffffffff at 116614.922000ns
# BFM: Data Read a000000c d7d7elel MASK:ffffffff at 116924.426000ns

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.
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6. Go to File > Quit and quit the ModelSim simulator.

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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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

Visit the Microsemi SoC Products Group Customer Support website for more information and support
(http://www.microsemi.com/soc/support/search/default.aspx). Many answers available on the searchable
web resource include diagrams, illustrations, and links to other resources on website.

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/.

Contacting the 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.
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ITAR Technical 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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Microsemi Corporation (Nasdaq: MSCC) offers a comprehensive portfolio of semiconductor
and system solutions for communications, defense and security, aerospace, and industrial
markets. Products include high-performance and radiation-hardened analog mixed-signal
integrated circuits, FPGAs, SoCs, and ASICs; power management products; timing and
- - synchronization devices and precise time solutions, setting the world's standard for time;
M’crosem’m voice processing devices; RF solutions; discrete components; security technologies and

. . scalable anti-tamper products; Power-over-Ethernet ICs and midspans; as well as custom
g:;r%sn?::;)fs‘;r%r:;ﬁ/:::‘éluggggg USA design capabilities and services. Microsemi is headquartered in Aliso Viejo, Calif. and has

Within the USA: +1 (800) 713-4113 approximately 3,400 employees globally. Learn more at www.microsemi.com.
Outside the USA: +1 (949) 380-6100

Sales: +1 (949) 380-6136
Fax: +1 (949) 215-4996 © 2014 Microsemi Corporation. All rights reserved. Microsemi and the Microsemi logo are trademarks of

E-mail: sales.support@microsemi.com Microsemi Corporation. All other trademarks and service marks are the property of their respective owners.
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