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SmartFusion2 Controller Area Network (CAN)

Introduction

SmartFusion®2 system-on-chip (SoC) field programmable gateway arrays (FPGAs) have an integrated
controller area network (CAN) peripheral. The CAN controller is an advanced peripheral bus (APB_1)
slave in the microcontroller subsystem (MSS) AHB bus matrix. Refer to the SmartFusion2 Microcontroller
Subsystem User's Guide for more information. The ARM® Cortex™-M3 processor master or a master in
the FPGA fabric configures the CAN controller using the APB slave interface in the SmartFusion2 SoC
FPGAs.

The CAN controller in the SmartFusion2 device supports the concept of mailboxes. It is compliant to the
CAN standard defined in the ISO 11898-1 standard. The CAN controller contains. 32-bit.receive buffers
and 32-bit transmit buffers. Each buffer has its own message filter with prioritized arbitration scheme for
optimal support of higher-layer protocols (HLP) such as DeviceNet. The message filter also covers the
first two data bytes of the message payload. The transmit and receive message buffers are single error
corrected, double error detected (SECDED) using the integrated-error detection and correction (EDAC)
controller. The functional behavior of the CAN peripheral must/be defined at the application level using
the SmartFusion2 MSS CAN firmware drivers provided by Microsemi®. Refer to the CAN firmware
drivers' user guide in Libero® SoC design software for more-details. Figure 1 shows the CAN controller
block diagram.
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Figure-1 « CAN Controller Block Diagram

This tutorial design focuses on using the ARM® Cortex™-M3 processor as a master that configures the
CAN controller. It uses the firmware driver functions and APIs that Microsemi provides to use different
sets of CAN functions.
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After completing this tutorial, you should be familiar with the following tasks:
1. Creating a Libero® SoC v11.4 project using the SmartFusion2 SoC FPGAs System Builder tools.
2. Configuring and generating various hardware blocks and clocking systems using the MSS.
3. Opening the project in SoftConsole and writing the application code.
4. Validating the application design on the SmartFusion2 Development Kit Board.

Tutorial Requirements

Table 1 lists the design requirements of CAN.
Table -1 « Design Requirements

Design Requirements Description

Hardware Requirements

PCAN-USB Adapter Optionally recommended for evaluating some of the CAN
features, http://gridconnect.com/can-usb.htm!

DB9 female-to-female adapter To connect the PCAN-USB to the SmartFusion2
Development Kit Board

SmartFusion2 Development Kit Rev C or later

Software Requirements

Libero System-on-Chip (SoC) vi1.4

FlashPro programming software vil4

PCAN-View software Download from GridConnect, http:/gridconnect.com/can-
ush.html

SoftConsole v3.4SP1

One of the following serial terminal emulation =
programs:

* HyperTerminal
e TeraTerm
« PUuTTY

Associated Project Files
Extract the
www.microsemi.comy/soc/download/rsc/?f=m2s_can_liberov11p4 tu df

Libero SoC project along with the ReadMe and programming (.stp) file to a folder on the HDD of your PC
(For example, C:\Microsemiprj).
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Design Overview

The CAN controller tutorial design describes the usage of MSS CAN drivers and APlIs to use different
SmartFusion2 CAN features. The design is created using the System Builder with the following
configurations:

* The M3_CLK and the MSS Main clock are configured to generate a 32 MHz clock, which is
generated using the MSS clock conditioning circuit (MSS_CCC). The 32 MHz is used for the
demonstration purposes.

* The CLK_BASE of the MSS_CCC is sourced from the fabric CCC (FCCC). The FCCC is sourced
from the 25/50 MHz RC Oscillator.

+ The MSS is configured to use a UART peripheral instance (MMUART_1). Th
used as an interface for reading and writing the messages from and to the Hype
clocked by APB_1_CLK on the APB bus1 (APB_1). The APB_1_CLK is deri

» The CAN peripheral instance is enabled.
Figure 2 shows the CAN top-level block diagram.

Smart

Microcontroller Subsystem

Figure-2 « CAN Top-Level Block Diagram
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Design Creation

Step 1: Creating a Libero SoC Project

1. Launch Libero SoC.
2. Choose New Project from the Project menu. The New Project window is displayed.

3. Enter the following information in the New Project window. Figure 3 on page 7 shows the new
Project window with data entered.

— Name: CAN_SmartFusion2_Tutorial

— Location: Navigate to an appropriate location to save the new project (for example,
C:/Microsemi_prj)

— Preferred HDL Type: Verilog
— Family: SmartFusion2

— Die: M2S050T

— Package: 896 FBGA

— Speed: -1

— Core Voltage (V): 1.2

— PLL Supply Voltage (V): 2.5
— Operating Conditions: COM
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4. Select Use System Builder under Design Templates and Creators in the New Project window.

rG‘ New Project ﬁ"

-
Project

[ Enable Block Creation

Mame: CAN_SmartFusion2_Tutorial

Location: E:Microsemi_prj
Prefered HOL type: @ werilog () VHDL

Description:

1. Edit Tool Profiles...

Device
Farmily: SmartFusion2 -
Die: M25050T -

Package: 396 FBGA -

m

Speed: -1 -

Core Voltage (V): L2 - Ramp Rate:

Operating Conditions:

Range Best Typical Worst

[
o
oo
o

Junction Temperature (C) [COM - l 0

Core Voltage (V) [COM b l 1260 1200 1.140

[ system Controller Suspend Mode

PLL Supply Yoltage (V): 2.5

A

Design Templates and Creators

Use Design Tool

oK ] [ Cancel

h — —

Figure-3 * New Project Window

5. Click OK. The System Builder window is displayed.
6. Enter CAN_SB as name in the System Builder dialog box as shown in Figure 4.

rﬂ System Builder l D

Enter a name for your system:

CAN_SE|

o) o

b

Figure-4 « Create New System Builder
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7. Click OK.
The System Builder- Device Features window is displayed as shown in Figure 5.

G\ System Builder - Device Features

> Device Features » » Peripherals

§

Memory
[ mss External Memory
@ MODR
Soft Memory Controller (SMC)
[ M35 On-chip Flash Memory ( eMyM )
[ Fabric External DDR Memory ( FODR )

High Speed Serial Interfaces
[ SERDESIF_D
[C] SERDESIF_1

Microcontroller Options
[ watchdog Timer
[ Peripheral DMA
[ real Time Counter

Figure-5 * System Builder - Device Features Window

8. Click Next. The System Builder - Peripherals window is displayed.

8 Revision 1



& Microsemi

SmartFusion2 Controller Area Network (CAN) - Libero SoC v11.4

9. Select the MSS_CAN and MM_UART_1 MSS peripheral check boxes and clear all the other
MSS peripheral check boxes as shown in Figure 6.

(:‘ System Builder - Peripherals

o |

> Device Features > » Peripherals » ; Clocks » > Microcontroller » ) SECDED » > Security ; > Interrupts » > Memory Map >

Select the peripherals and masters for each subsystem

Fabric Slave Cores Subsystems
Core Version @ MSS FIC_0 - MSS Master Subsystermn e
1 CoreAHBLSRAM 20113 drag and drop here to add to subsystem
2 CoreGPIO 3.0120
o 20102 @ MSS FIC_0 - Fabric Master Subsystern
4 CorePWM 41106 drag and drop here to add to subsystem
5 CoresPl 30156 [@  MSSFIC 1 - MSS Master Subsystem |
& CoreTimer 11101 drag and drop here to add to subsystem
7 CoreJARTapb 522 l—
8 Fabric AMBA Slave 0.0102 . Ll AL Fabric Master 5ub5ystem
drag and drop here to add to subsystem
@ MSS Peripherals
Fabric Master Cores Configure Enable Name
Core Version — []_|bihd DARES

1 Fabric AMBA Master 0.0.102 !_! I

L] [msspee

Ol g[mssuce

[ |mssspis

0] |mssspr

[ |mssario

O [pssuse

] |mssptac

&F Mss_can |

You cannot drag and drap anfo M55 Peripherals.
Masters are in bold and blue.

To move 3 perjpheral from one subsystem to another drag it ffom its present location and drop it onto the desired sushsystam.

Figure-6 » System Builder - Peripherals Window

10. Double-click'the settings icon next to MM_UART_1 Peripheral. Figure 6 highlights the
MM_UART_1 and MSS_CAN Peripherals and the settings icon. The Configuring
MM_UART_1_0 window is displayed.
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11. From the MMUART configuration window, select Fabric from the Connect To drop down list
under Configuration and leave the other settings default as shown in Figure 7. The MMUART
signals are routed through the fabric and connected to the R29 and R24 package pins. The R29
and R24 pins are connected to the FTDI or mini-USB interface using the J129 and J133 jumpers.

[, Configuring MM_UART_1_0 (SF2_MSS_UART ... lian oEls e S

Configuration

Transmit-Receive

Duplex Mode Full Duplex -
Transmission Mode

Modem

Use Modem [

ConnectTo IO

Help [ o cE;el

e

Figure-7 « MMUART Configuration - Fabric Connection

12. Click OK.
13. Click Next. The System Builder -~ Clock Settings window is displayed as shown in Figure 8.
14. Select the following options:

— System Clock: set to 50 MHz and select On-chip 25/50 MHz RC Oscillator from the drop
down list. The System Builder automatically instantiates the oscillator and configures it.

— M3_CLK: set to 32 MHz: This«s derived from the System Clock.
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— APB_1_CLK: set to 32 MHz. The CAN clock is the APB_1_CLK, which is derived from

M3_CLK.

r
(® System Builder - Clocks

. o et

> Device Features » » Peripherals »

Clock | FabricCCC | Chip Osdillators |

Clocks » > Microcontroller » » SECDED » » Security ; ? Interrupts ; > Memory Map »

Configure clock requirements

System Clock

50.0 MHz

[On-chip 25/50 MHz RC Oscillator

i
i
|
i
]
|
|
Cortex-M3 and M55 Main Clod i
M3 CLK = 32 MHz 32.000 i
MDDR Clocks i
MDDR. CLK =Mick= [1 - ]
DDR/SMC FIC CLK =MDDR_CLK / [1 - ]
MSS APB_0/1 Clocks i
APB 0 CLK =M3_CLK / 32,000 :
[T ISeT a— R T ) 32.000 i

Fabric Interface Clocks

FIC 0 CLK =M3_CLK [ 1

FIC 1 CLK =M3_CLK/ 1

AHELite Bypass Mode

AHELite Bypass Mode

-

=1 ee——— ey -

Fabric DDR. Clocks
FDDR. CLK = 100

FDDR. SUBSYSTEM CLK  =FDDR_CLK/ |1

MHz

u

Figure-8  System Builder - Clocks Window

Note:

the clock drives are shown:
15. Click Next..The System Builder - Microcontroller Options window is displayed.

Note:

For steps 15 to 18, keep the default settings.

By clicking the blue clock-name (For example, APB_1_CLK), the clock and the different blocks that

16. Click Next. The System Builder - SECDED Options window is displayed.
17. Click Next. The System Builder - Security Options window is displayed.
18. Click Next. The System Builder - Interrupts Options window is displayed.

19..Click Next. The System Builder - Memory Map Options window is displayed.
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20. Click Finish. The System Builder generates the system based on the selected options. The
System Builder block is created and added to the Libero SoC project as shown in Figure 9.

Design Hierarchy & X | StartPage & X &) can_sB_top @ X

4l

Bl RCOSC_LMHZ (osc_comps.y)

N_PADSH

[HCAN PADS

E BEMIP B P AN E A »
~
4 6@ work
B XTLOSC_FAB (osc_comps.y)
E:j_ XTLOSC (osc_comps.v) CAN_SB_0 E
E=ﬂ_ RCOSC_1MHZ_FAB (osc_comps.v) FAB RESET N POWER_OM_RESET N
DEVRST_N — T MSS_READY

- ) CAN_SB_top

“ 1

CAl
FAB_CCC_PINSE!
MMUART_1_FABRICE]
T_PINSE

3

“ m r

| Design Flow ‘ Design Hierarchy | Stimulus Hierarchy I Catalog | Files |

Figure-9 * System Builder Top-Level Block Diagram

21. Connect the pins as follows:

Right-click FAB_RESET_N and select Tie High. This is'an active low reset input that comes
from the user logic to fabric. As this signal is not used in this tutorial, set it High.

Right-click POWER_ON_RESET_N and select Mark Unused.

Right-click MSS_READY and select Mark Unused.

Right-click FAB_CCC_GLO0 > FAB_CCC_PINS and select Mark Unused.
Right-click INIT_DONE > INIT_PINS and select Mark Unused.
Right-click MMUART_1_FABRIC and select Promote to Top Level.

After making all the connections, the System Builder block displays as shown in Figure 10.

CAN_SB_0

4B FAB RESET. N _POWER_ON_RESET NB¥
W‘DEU‘RST_N MSE_REATY %

CAN_PADSEHE-- FCAN PADS
FAB_CCC_PINSE
FAB_CCC_GLO 4
MMUART_1_FABRICEG - TAR EET
INIT_PINSE]
NT_DONE [

&

Figure-10 »System Builder Connections

22. Choose Generate Component from the SmartDesign menu to generate the final system. Or
click @ (Generate Component). The System Builder generates the system based on the
selected options. After successful generation of the system, the message "Info: 'CAN_SB_top'
was successfully generated" is displayed in the log window.

12
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Step 2: Generating the Programming File

1. Click the Design Flow tab and double-click the /O Constraints in the Design Flow window as
shown in Figure 11. The I/O Editor window is displayed when Synthesize and Compile stages are
complete.

,Deﬂmﬁw g x
CAN_SmartFusion2_Tistorial a9 @'
' Teel -]
W 4 » Create Design
&5 System Builder
v &5 Configure MSS

E3 Create SmartDesign
Create HDL
;-H Create SmartDesign Testbench
[l] Create HDL TestBench
&F View/Configure Firmware Cores
4k Verify Pre-Synthesized Design
B simulate
4 | Create Constraints
+= 170 Constraints 1
a Timing Censtraints /]
E’." Floorplan Constraints
4 p Implement Design
S Synthesize
4 ¥ Verify Post-Synthesis Implemedtation
B simulate
Eﬂg Compile
+L Configure Flash*Freeze
5 Place and Route
4 ¥ Edit Constraints

" == 0. Constraints ] I

m

E) wming Constraints
Fl'nnrplan Constraints
L b \arifl Pt Casinat Inolamantation

Dcpmﬁoa_l_numﬂuarm | stmubss rerarchy | catalog | Fies |

Figure-11 « 1/0 Constraints Editor

2. Assign the MMUART pins as shown in Table 2.
Table -2 » Pin Names and Pin Numbers

Pin Names Pin Numbers
MMUART_1_RXD_F2M R29
MMUART_1_TXD_M2F R24
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The I/O Editor - CAN_SmartFusion2_Tutorial is displayed as shown in Figure 12.

Eile Edit View Tools Help

H|H,: CadeE 3 =S
*=—= Commit and Check
Ports | Package Fins | Package Viewer

Port Name t|  Direction | ¥ IO Standard |¥/  Pin Number [* Locked | ™ Macro Cell | ™ Bank Name

CAN_RX Input LVCMOS525 V24 ADLIBINBUF Bank3
CAN_TX Output LVCMOS525 AAZE ADLIB:TRIBUFF Bank3
CAN_TX_EN_N Output LVCMOS525 AA29 ADLIB:TRIBUFF Bank3

LVCMOS25 229 ADLIBINBUF
LVCMOS25 204 ADLIB:OUTBUF

I 3

MMUART_1_RXD_F2M Input

n B w

MMUART_1_TXD_M2F

Output

-~

Figure-12 » Launch 1/0O Constraints Editor

3. Click the Commit and Check icon after updating the I/O editor. The /O PDC constraint file is
generated automatically and used for compile stage. The message "Info: Generated IOPDC file
'E:/Microsemi_prj/CAN_SmartFusion2_Tutorial/constraint/io/CAN_SmartFusion2_Tutorial.io.pdc';
marked as Use for Compile" is displayed in the I/O Editor Log window.

4. Close the I/0 Editor window.

5. Click the Generate Bitstream icon to complete the Place and Route process and generate the
programming file, as shown in Figure 13.

Project File Edit View Design Tools Help
~~ s =
DS M 2

Design Flow

[ Generate Bitstream }

Figure-13 » Generate Programming Data

Step 3: Programming the Device

Before proceeding with. programming the device, ensure that FlashPro4 programmer is properly
connected to the Flash Pro Header J59 connector of the SmartFusion2 Development Kit board. Use the
following to ensure the correct jumper settings:
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Board Jumper Settings

1. Connect the Jumpers on the SmartFusion2 Development Kit Board as described in Table 3.
When connecting the jumper setting, switch OFF the power supply on the board, SW7.

Table -3 « Jumper Settings

Jumper Connection Descriptions

J129 2-3 Connects the MMUART1 RXD to the FTDI Interface
J133 2-3 Connects the MMUART1 TXD to the FTDI Interface
CAN BUS

J114 1-2 CANTXBUS1

J111 1-2 CANRXBUS1

J115 1-2 CANTXEBL1

J36 Use jumper -

Note: Refer to the SmartFusion2 Development Kit User Guide for more information on Board Jumper

Settings.

2. Click the Design Flow tab and double-click the Run PROGRAM Action under Program Design
in the Design Flow window to program the SmartFusion2 SoC device as shown in Figure 14.

Design Flow [
CAN_SmartFusion2_Tutorial 55} o @
Tool

¥ © P Create DeSign
> # Create Constraints
4 ) Implénient Design
S Synthesize
> |\ Vefify Post-Synthesis Implementation
Bz Compile
+ | Canfigure Flash*Freeze
v 5 Place and Route
> W Edit Constraints

P Verify Post Layout Implementation

Edit Design Hardware Configuration
Eonfigure Security and Programming Options
Program Design

v w v

> Handoff Design for Production
> Handoff Design for Firmware Development

< | 1 b

Design... Design Hie... Stimulus Hier.. Catalog | Files |_

Figure-14 « Program the Device

Revision 1
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Step 4: Building the Software Application using SoftConsole

From Libero SoC, configure and export the Firmware cores used in the project.

To export the SoftConsole project,

1. Double-click the Configure Firmware Cores under Handoff Design for Firmware
Development as shown in Figure 15 on page 16. Inspect the design's firmware core versions to
confirm the latest versions of the core drivers are selected.

2. Double-click the Export Firmware under Handoff Design for Firmware Development to export
the Firmware files used in the project as shown in Figure 15

Design Flow

CAN_SmartFusion2_Tutorial

v »

Tool

b R . R . e

Create Design
Create Constraints
Implement Design

Edit Design Hardware Configuration
Configure Security and Programming Options

Program Design
Debug Design

Handoff Design for Production
Handoff Design for Firmware Development

& Configure Firmware Cores
B; Export Firmware

Design... | Design Hie..._l Stimulus Hier... | Catalog | Filesl

Figure-15 » Configure and Export Firmware

3. Select the Create project check box and select SoftConsole3.4 from the drop-down list as
shown in Figure 16. By default, the firmware and SoftConsole project files are created in the
same directory where the Libero project is created.

4. Browse and change the location as required.

-

[®"| Export Firmware

e e S|

Location:

E:\Microsemi_pri\CAN_SmartFusion2_Tutorial| |Browse...

Create project |SoftConsole3.4 -

o ][ conce

|

Figure-16 * Export Firmware

5. Click OK. The Firmware and SoftConsole folders are created at the selected location. The folders
contain the required file sets for SoftConsole IDE. After exporting the Firmware and SoftConsole
successfully, the message "Info:
'E:\Microsemi_prj)\CAN_SmartFusion2_Tutorial\firmware'." is displayed.

Firmware project was successfully exported to

16
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6. Launch the SoftConsole v3.4SP1.

7. Browse and select the Workspace of Softconsole folder where the Libero project is located, as
shown in Figure 17.

rmmmm———

Select a workspace

Microsemi SoftConsole IDE v3.4 stores your projects in a folder called a workspace,
Choose a workspace folder to use for this session.

E:\Microsemi_pri\CAN_SmartFusion2_Tutorial\SoftConsole

Workspace:

- Browse...

[7] Use this as the default and do not ask again

X

Figure-17 » Specify the SoftConsole Workspace Location

8. Click OK.
Note: The specified SoftConsole Workspace should be the path where the SoftConsole folder is created.
9. Choose File > Import in the SoftConsole window as shown in Figure 18. The Import window is

displayed.

SC C/C++ - Welcome to Ev3,

Edit Source Refactor MNavigate Search P
|
| Mew Alt+Shift+MN »
| Open File...
| Close Ctrl+W
l Close All Ctrl+Shift+W
@ Save Ctrl+5
Save As..
| SavEhll Ctrl+Shift+5
Revert
Move...
Rename... F2
Refresh F5
Convert Line Delimiters To k
Print... Ctrl+P
Switch Workspace 3
Restart
giy Import...
iy Export..
Properties Alt+Enter
Exit

Figure-18 « Import Files
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10. Double-click the Existing Projects into Workspace under General folder as shown in Figure 19.

Select

Create new projects from an archive file or directory.

Select an import source:

type filter text

4 [= General

I | Existing Projects into Workspace | I

T FNIE System
E Preferences

o= CIC++

;= CVS

i [ Run/Debua

@

Finish

Figure-19 « Import the Existing Projects

11. Browse to the root directory where SoftConsole is created. The root directory of Libero SoC

project is displayed in Figure 20. The application and hardware platform check boxes (app and
the hw_platform) are automatically.detected and selected under Projects.

e R - ==

Import Projects

Select a directory to search for existing Eclipse projects.

-
(@) Select root directory: E:\I'\-'Eosem i_pTrj\CAN_SmartFu sion2_Tutorial
() Select archive file: | y Browse...
Projects:
AN_SmartFusion2_Tutornal_MS5_CM3_app (E\Microsemi_prj\ CAN_SmartFusion2 | Select All
LAN_SmartFusion2_Tuterial_MS5_CM3_hw_platform (E\Microsemi_pr\CAN_Smar|
Necelect All
Copy projects into workspace
Working sets
Add project to working sets
Working sets: Select...

v

Finish | |

Figure-20 « Import and Select the Existing Projects

12. Click Finish. The SoftConsole window is displayed.

18
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13. Go to the source folder in the downloaded design files folder and copy the code from the
source_main.c file.

14. Click the Project Explorer tab on the left pane and double-click the
CAN_SmartFusion2_Tutorial_MSS_CM3_app folder in SoftConsole.

15. Double-click the main.c file in the left pane. The main. c file is opened on the right pane.

16. Delete the existing code and paste the code from source main.c in the main.c file as shown in
Figure 21.

SC C/C++ - CAN_SmartFusion2_Tutorial_MS5_CM3_app/main.c - Microsemi

File Edit Source Refactor Mavigate Search Project Run Window Help

i ||ﬂ_10 1&& Iy @vﬁﬁvlﬁv@v ﬁv%v %vﬂv%vigiv
B W ¥ ) v ¥ (}:l - -
|.—[\:| Project Explorer &2 = <f;> = =0 Welcome lr@ main.c &4 = @
a = CAN_SmartFusion2_Tutorial_MS55_CM3_app lint maini(} -
> q‘;’;ﬁ' Binaries 29
> [l Includes while( 1 )
> = Debug i
> | le| main.c '
- = —Al_amartrusiond_Tutorial_MS5_CM3_hw_j f}
i Delete this code.

Copy.the code from the
downloaded design file
source_main.c and place
the copied code here

4 2

( Problems (E. Tasks (E Console lrlj Properties ﬁi‘i Debug &2

Figure-21 « Update the main.c with the Provided Code

17. Choose Project > Clean to perform a clean build as shown in Figure 22.

| SC C/C++ gdcogmmi SoftConscle IDE v3.4 - Microsemi SoftConsole IDE \B!

lﬂe Edit Source Refactor Mavigate Search |Project | Run  Window Help
- e | &! P A & - Open Project o3
| L %'g A - - Close Project
: B Project Explorer 52 O & ¥ = O G BuildAl Ctrl+B
S CAN_SmartFusion2_Tuterial_MS5_CM3_app Build Cenfigurations i
I =5 CAN_SmartFusion2_Tutorial_MS5_CM3_hw_ Build Project —
Build Working Set b e
d C
Clean... L)
Build Automatically atel
Make Target 3
Properties lev
||' Give your project a name, and select

Figure-22 « Clean Project Build
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18. Accept the default settings in the Clean window, and click OK as shown in Figure 23.

Clean will discard all build problems and built states. The next time a build cccurs
the projects will be rebuilt from scratch,

@ Clean all projects () Clean projects selected below

(&l =c AMN_SmartFusion2_Tutorial_MS5_CM3_app
El =C AMN_SmartFusion2_Tutorial_MS5_CM3_hw_platform

Start a build immediately
@ Build the entire workspace

() Build only the selected projects

Figure-23 « Clean and Build Window

Note: Ensure that no errors are displayed throughout the design configuration and build flow.

Step 5: Configuring the Serial Terminal Emulation Program
Before running the application program, configure the terminal emulator program (HyperTerminal) in the
system. Follow the below steps to use the SmartFusion2 Development Kit Board:

1. Connect one end of the USB mini-B (FTDI interface) cable to the J24 connector provided on the
SmartFusion2 Development Kit Board.

2. Connect the other end of the USB cable to the host PC.
3. Ensure that the USB to UART bridge drivers are automatically detected.

4. Download and install the drivers from
www.microsemi.com/soc/documents/CDM_2.08.24_WHQL_Certified.zip if the USB to UART
bridge drivers are notinstalled.

5. Start a HyperTerminal with the baud rate set as 57600, 8 data bits, 1 stop bit, no parity, and no
flow control.

Refer to the Configuring Serial Terminal Emulation Programs Tutorial for configuring HyperTerminal, Tera
Term, and PuTTY.
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Step 6: Setting and Using an External CAN Transceiver

An external transceiver is used to generate and receive CAN transactions, and is also used to
demonstrate the sent and received features of the SmartFusion2 CAN controller. The CAN USB Adapter
(PCAN-USB) from GridConnect is a hardware that is used in this tutorial shown in Figure 24. The PCAN-
View software is also used for user interface along with the PCAN-USB hardware.

Refer to the GridConnect site for more information.

Figure-24 « PCAN-USB Adapter

To connect the PCAN USB Adapter,

1. Connect the PCAN-USB adapterto the SmartFusion2 CAN header DB9-CAN1 (J42) on the
SmartFusion2 Developmeént Kit Board using a DB9 female-to-female adapter.

2. Connect the other USB end cable to the host PC.
3. Ensure that the drivers are automatically detected.

4. Download and install the drivers from http://gridconnect.com/pcan/can-adapters/can-usb.html i
PCAN-USB drivers are not installed.

5. Download the PCAN-View software executable from
http://gridconnect.com/media/documentation/peak_system/pcanview.zip
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6. Launch the PCAN-View software. The PCAN-View window is displayed as shown in Figure 25.

File CAM Edit Transmit Miew Trace Help
- e & o A | @ @ o

% Receive / Transmit | =] Trace | & PCAN-USE |

Message Cycle Time  Count
<Empty»

|
v
=
o
3
o
m]

Message CycleTi.. Count  Trigger Comment |
<Empty>

1]
c
T
fist
=

@D Connected to PCAMN-USB (100 kBit/s) @ Owverruns: 0 QXmtFull: 0

Figure-25 « PCAN-View

7. Choose Connect from the CAN menu to connect to.the PCAN-USB adapter. The Connect
window is displayed as shown in Figure 26.

Available CAN hardware:
|8 PCAN,WSB: Device FFh, Firmware 2.8 |

Bit rate: m Bus timing register value (Hex): 432F

Filter settings
@ Standard

From: 000 (Hex) To: JFF (Hex)

[ ok || cancel |[ @ Help |

Figure-26 + Connect to the CAN Hardware
The PCAN-USB device is displayed under Available CAN hardware if PCAN-USB adapter drivers
are installed correctly.

8. Select the Bit rate as 100 kBit/s as shown in Figure 26.
9. Click OK.
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Step 7: Debugging and Running Application Project using
SoftConsole

Follow the steps below to debug and run application project using SoftConsole:
1. Select the CAN_SmartFusion2_Tutorial_MSS_CM3_app in Project Explorer of SoftConsole.

2. Choose Run > Debug Configurations in the SoftConsole window. The Debug Configurations
window is displayed.

3. Double-click the Microsemi Cortex-M3 Target and click
CAN_SmartFusion2_Tutorial_MSS_CM3_app Debug as shown in Figure 27.

. "
SC Debug Configuratiol [t |

Create, manage. and run configurations 'ﬁk

4= -+,
CEX| 53~

Mame: CAN_SmartFusion2_Tutorial_MSS_CM3_app D eEg

type filter text
= Launch Group

Main . %F Debuggeﬂ - ] Commandﬂ 73 Sourcﬂ = Commorﬂ

SC Microsemi CoreB051s Target Project (optional):
S€ Microsemi CoreMP7 Target CAN_SmartFusion2_Tutorial_MSS_CM2_app [ Browse.. |

SC Microsemi Cortex-M1 Target
C/C++ Application:

4 icrosemi Cortex- I3 Target
SC CAN_SmartFusion2_Tutorial MSS_CM3_app Debug I DebughCAM_SmartFusion?_Tutorial_MS5_CM3_app | Search Project...] [ Browse... ]

[] Application console

Filter matched 6 of 9 items

®

Figure-27 « Debug Configurations

4. Ensure that the following information appear in the Main tab of Debug Configurations window:
— Name: CAN_SmartFusion2_Tutorial_MSS_CM3_app Debug
— Project (optional): CAN_SmartFusion2_Tutorial_MSS_CM3_app
— C/C++ Application: CAN_SmartFusion2_Tutorial_ MSS_CM3_app

5. Click Apply if active, and then click Debug.

6. Click Yes, when prompted for Confirm Perspective Switch as shown in Figure 28

This Debug perspective is designed to support application debugging. It
incorporates views for displaying the debug stack, vaniables and breakpoint
management.

Do you want to open this perspective now?

[T Remember my decision

Figure-28 « Confirm Perspective Switch
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The Debug view mode is displayed as shown in Figure 29.

/main.c - Microsemi SoftConsole IDE v3 4
File Edit Source Refactor Mavigate Search Project Run  Window Help
M~EHER i $-0- Q- @F~ i 4 H-F-wora- B B o/c
15 Debug 2 = O |[69= Variables 52 % Breakpoints| 4! Registers| = Modules|
%N«F"Db El--li».@-=%|i=>_‘f;?|@v |6 &R %
SC CAN_SmartFusion2_Tutorial_MS5_CM3_app Debug [Microsemi Cortex-MZ|| pame Value

&@ Embedded GDE (5/23/14 11:30 AM) (Suspended) 00 ret,_status 0

o Thread [1] (Suspended) (9= loop_count 0
= 1 main() e\microsemi_prj\can_smartfusion2_tutorial\softconsc 0
o C\Micresemi\Libero_v11.0\SoftConsole\Sourcery-G++\bin\arm-none

= ni_gvent 0

<

1 m

Welcome A mainc B2 O 5= Outline &2

50int main() PaR N o %
514 R drivers/mss_can/mss_can.h

52 uint t ret status = OxFF; 51 drivers/miss_uart/mss_varth ||
= y _uart.

= Wl stdio.h -

| " Ak, Sr— g
@Task_qg_g Problems} 0 Executableq ﬂ Memorﬂ x % | |:E". 5E| E'._,E |—.E| | | [a ) =2~ rﬁ ~ =0

CAN_SmartFusion2_Tutorial_MS5_CM3_app Debug [Microsemi Cortex-M3 Target] C:\Microsemi\Libera_v11.0\5oftConsole\Sourcery-G+ +\bin\arm-none-eabi- gdb.ex

cont —

Temporary breakpoint 1, main () at ../main.c:52
|52 uintd t ret_status = OxFF: D

< m

E<>

Figure-29 « Debug Perspective

7. Choose Run > Resume to run the application or click Run on the SoftConsole toolbar as shown
in Figure 29.
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The application options are displayed in the terminal program window as shown in Figure 30.

i Tera (= |5 o]
i COM27:57600baud - Tera Term VT =l

File Edit Setup Contrel Window Help

-~

>223>22>2>»>%> SmartFusion2 MSS CAN Tutorial >>22333233333>

System freguency is 32 MH=z

Initializing SmartFusion2 CAN with 188K Baud, 32MHz System fregquency

32 Transmit & 32 receive buffers are enahled for CAN operation

Select one of the following options

SmartFusion2 CAN transmission case
SmartFusion2 CAN Receiving case

. SmartFusion?2 CAN Internal Loop case

1.
2.
3
4

. SmartFuszion?2 CAN User messzage

Figure-30  Greeting Messages

Table 4 summarizes the HyperTerminal options and its usages.

Table -4 » Options and Description

Options Description

1 When selected, the predefined message is sent to.the CAN bus, and the same is reflected in CAN
Analyzer.

2 When selected, the message that is received on the CAN bus is displayed in HyperTerminal. The
message(s) are sent by the CAN Analyzer are displayed in HyperTerminal.

3 When selected, the message that.is sent from CAN controller is looped back internally and reflected in
HyperTerminal. It demonstrates the internal loop feature of the CAN controller.

4 When selected, the user enters the message to send to the CAN bus from HyperTerminal. The message

is sent to the CAN bus, and.the same message is reflected in CAN Analyzer.

Option 1: Transmitting a Message

The MSS CAN driver must be initialized and the mode of the operation must also be selected before
performing the data transfers on the CAN bus.

The following functions are used to transmit the messages:
+ MSS_CAN_init(): initializes the CAN controller and driver
+MSS_CAN_set_mode(): selects the operating mode of CAN
+ MSS_CAN_start(): starts the actual data transfers
+  MSS_CAN_stop(): stops the CAN controller

+ MSS_CAN_set_config_reg(): changes the MSS CAN configuration after initializing the normal
mode operation
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A sample message configuration is displayed below.

/* configure a message */
pMsg.ID=0x120;

pMsg.DATALOW = Ox1A2B3C4D;
pMsg.DATAHIGH = 0xF5E6C7D9;
PMsg.L =((1<<20)] 0x00080000) ;

Refer to the mss_can.h generated file for more information on the CAN message structure.
+ To set the mode of the CAN bus, the MSS_CAN_set_mode() function is used as follows:
— MSS_CAN_set_mode(&g_can0, CANOP_MODE_NORMAL);
» To send a message to the CAN bus, the MSS_CAN_send() function is used as follows:
— MSS_CAN_send_message(&g_can0, &pMsg);

Refer to the SmartFusion2 MSS CAN Driver User Guide for more information, which-can be accessed
from the Libero SoC Firmware Configuration option.

» Enter 1. The message is sent to the CAN bus and the same message is reflected in the
HyperTerminal as shown in Figure 31.

—————
g COM27:57600baud - Tera Term

Eile Edit Setup Contrel Window Help

=% EmartPFusion? CAN transmission case is selected e
Data transmitted from MEE CAM is:
BxFSE6C?D91A2B3C4D
Check data on CAN analyzer. It should he:
BxFSE6C?D91A2B3C4D

Select one of the following options

. SmartFusion2 CAN transmission case
. S8martFusion2 CAN Receiving case
. SmartFusion2 CAN Internal Loop case

. SmartFusion2 CAN User message

Figure-31 « SmartFusion2 CAN Transmission Case Option

The‘same message is also displayed in the PCAN-View window as shown in Figure 32.

FileCAN  Edit / Transmit View Trace Help
E-Elia® A D e & 0
/'3 Receive / Transmit | =] Trace | & PCAN-USB/
| B Y P ails [t Cucle Ti Couot
i 00000120k 8 F5 E6 C7 D2 1AZB3C4D 1103861 13
[l
)
o

Figure-32 « PCAN-View Transmitted Message
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Option 2: Receive a Message
1. Choose Transmit > New Message to enter a new transmit message using the PCAN-View
window as shown in Figure 33. The New Transmit Message window is displayed.

oo T -

| Eile CAN Edit

Transmit | Miew Trace Help

&EH|f s

|@ Mew Message...  Ins |\ | & @

! 5F Receive [ Trans

Message
=Empty=

Edit Message...

Send Space Cycle Time Count

Pause / Resume

<Empty=

|
Q
=
Q
0
o
O Message
=
E
w
g
o)
l_

DLC Data Cycle Ti.. Count Trigger  Comment

@O Connected to PCAN-USB (100 kBit/s) &% Overruns: 0 QXmtFull: 0 [

Figure-33  Transmit New Message

2. Enter the message in ID (Hex), DLC, and Data: (Hex). Figure 34 shows an example message.

Edit Transmit Message

1D (Hex): DLC: Data: (Hex)

000 8 = AANBB CC DD EE FF 12 34

4
Lyde Ti"f Message Type
500 ms Extended Frame

[FlPaused [ Remote Request

Comment:

[ ok || cancel |[[D Help |

Figure-34+ Edit Transmit Message

3. Enter the Cycle Time that specifies the duration of an interval (in Milliseconds) for a periodic
message transmission.

4. Or enter 0 in Cycle Time to transmit the message manually.

5. Click OK.

Revision 1 27



& Microsemi

SmartFusion2 Controller Area Network

6. Enter 2 in the HyperTerminal. The CAN controller receives the sent message, and the same
message is displayed in the HyperTerminal as shown in Figure 35. The message is sent to the
CAN bus periodically as specified in Cycle Time.

File Edit Setup Control Window Help

4. SmartFusion2 CAN User message

»xx SmartPFusion2 CAM Receiving case is selected e

Data sent by CAN Analyzer is reflected into the Hyperterminal window

ata Received as CAN Message from CAN Analyzer is:
aa bbh cc dd ee ff 12 34

Select one of the following options

SmartFusion2 CAN transmission case
SmartFusion2 CAN Receiving case

SmartFusion2 CAN Internal Loop case

R R

SmartFusion2 CAN User message

1]

Figure-35 « Sent Message
Option 3: Internal Loop Case

The CAN controller is configured in one of the available test modes where the CAN controller can
perform. In this configuration, the CAN controller receives the messages, but they are not sent to the
network. Instead, the data is sent internally to ‘the CAN. Refer to the Test Modes Table 11-2 of the
SmartFusion2 Microcontroller Subsystem User Guide for more information on the CAN Test mode
operations.

The internal mode function is set by using the driver as follows:

MSS_CAN_set_mode(&g_can0, CANOP_MODE_INT_LOOPBACK);
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+ Enter 3. The message is displayed in the HyperTerminal itself. The PCAN-View window does not
receive the messages as the messages are looped internally, and they are not sent to the CAN
bus as shown in Figure 36 and Figure 37.

= s e N ==

File Edit Setup Contrel Window Help :

- N

EmartFusion2 CAN transmission wsing Internal Loop back case is selected

Ohserve internal message is reflected back into Hyperterminal window

Looped back message is = £f5 eb c? d2? 1a 2b 3c 4d

Select one of the following options

SmartFusion2 CAN transmission case
SmartFusion2 CAN Receiving case

. SmartFusion2 CAN Internal Loop case

R R

. SmartFusion2 CAN User message

Figure-36 » Looped Back Message

e =
File Q;N Edit Transmit View Trace Help

S-Blsead it 6B &0

* Receive / Transmit | =) Tréce | ¢ PCAN-USB|

Message DLC Data Cycle Time Count
<Empty>

DL Data CycleTi.. Count Trigger  Comment

& . AABBCCDDEEFF12 34 (V] 500 2685 Tirne

1

|
Q
=
Q
0
o
|
=
E
13}
5
=

@D Connected to PCAN-USB (100 kBit/s) Q Overruns: 0 QXmtFull: 0 BUSHEAVY

Figure-37 « PCAN-View

Option 4: User Specified Message

In this selection, enter any messages to send to the CAN bus from HyperTerminal. The message is sent
to the CAN bus and the same message is reflected in the CAN Analyzer.

1. Enter 4 in the HyperTerminal.
2. Enter the message to transmit using CAN controller. (For example, enter aabbccddeeff12).
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3. Press ENTER. The sent message is reflected in the PCAN-View window as shown in Figure 38
and Figure 39.

4l COM27:57600baud - Tera Term

File Edit Setup Control Window Help
4. SmartFusion2 CAN User message

Enter the data to transmit through the CAN Channel:
aabbccddeeff12

Ohzerue the message Received on CAN Analyzer
It should he same as message Transmitted from Hyperterminal

Select one of the following options

. SmartFusion2 CAN transmission case
. SmartFusion2 CAN Receiving case
. SmartFusion2 CAN Internal Loop case

. SmartFuszion2 CAN User message

Figure-38 « Enter Data to Transmit to CAN Bus

File CAMN Edit Transmit Miew Traceé Help

S H4ead s Ol o e

O Message DLC at Cycle Time Count
by |00000120h 8 | /AABBCCDDEEFF1200 1 2|

DLC _Data CycleTi.. Count Trigger  Comment
& AA BB CCDDEE FF 12 34 V] 500 4127 Time

D
g
o
|
=
E
T
=
g

@ 0 Connected to PCAN-USB (100 kBit/s) Q Owerruns: 0 QXmtFull: 0

Figure-39 « PCAN-View Received Data

Conclusion

This tutorial presents a step-by-step instructions on how to create a new CAN project in Libero SoC,
configure and generate various hardware blocks and clocking system using System Builder, open the
project in SoftConsole, and write the application code. The example design describes how to validate the
application design on SmartFusion2 Development Kit Board using SoftConsole, PCAN-Adapter, and the
PCAN-View software.
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A — List of Changes

The following table lists the critical changes that were made in each revision

Date Changes Page
Revision 1 First Release. NA
(October 2014)

The revision number is located in the part number after the hyphen. The part number is displayed at the bottom of
the last page of the document. The digits following the slash indicate the month and year of publication.
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B — 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. lt'is very likely we have already answered
your questions.

Technical Support

Visit the Customer Support website for more information and support. Many answers available on the
searchable web resource include diagrams, illustrations, and links to other resources on the website.

Website

You can browse a variety of technical and non-technical information on the Microsemi SoC home page.

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:

Technical support email address: soc_tech@microsemi.com
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My Cases

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

Outside the U.S.

Customers needing assistance outside the US time zones can either contact technical support via email
at: soc_tech@microsemi.com or contact a local Sales office listing at Sales.Support@Microsemi.com.

ITAR Technical Support

Contact technical support at: soc_tech_itar@microsemi.com for RH and RT FPGAs that are regulated by
International Traffic in Arms Regulations (ITAR). 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; voice

M' - processing devices; RF solutions; discrete components; security technologies and scalable
'croseml@ anti-tamper products; Power-over-Ethernet ICs and midspans; as well as custom design
Microsemi Corporate Headquarters capabilities and services. Microsemi is headquartered in Aliso Viejo, Calif. and has

One Enterprise, Aliso Viejo CA 92656 USA i P H
Within the USA +1 (800) 7134113 approximately 3,400 employees globally. Learn more at www.microsemi.com.
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