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1 Revision History

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

1.1 Revision 3.0

The following is a summary of the changes in revision 2.0 of this document.

* Libero SoC version was updated in the software requirements and in the demo design details. For
more information, see Design Requirements, page 2, and Demo Design, page 3, respectively.

1.2 Revision 2.0

The following is a summary of the changes in revision 2.0 of this document.

. Libero SoC, FlashPro, and SoftConsole design requirements were updated. For more information,
see Design Requirements, page 2.

«  Throughout the document, the names of SoftConsole projects used in the demo design and all the
associated figures were updated.

1.3 Revision 1.0

Revision 1.0 was the first publication of this document.
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SmartFusion2 SoC FPGA CoreTSE_AHB
1000 Base-T Loopback Demo

Microsemi Triple-Speed Ethernet MAC, CoreTSE_AHB is a configurable soft intellectual property (IP)
core that complies with the IEEE 802.3 standard.

This demo design provides an Ethernet solution for the SmartFusion®2 SoC FPGA and implements a
CoreTSE_AHB-based 1000 Base-T loopback design on the SmartFusion2 Security Evaluation Kit.
CoreTSE_AHB enables system designers to implement a broad range of Ethernet designs, from low-
cost 10/100 Ethernet to higher-performance 1 gigabit ports. CoreTSE_AHB suits networking equipments
such as switches, routers, and data acquisition systems. CoreTSE is also available in a version that
works with IGLOO®2 FPGA family.

CoreTSE_AHB has the following interfaces:

e 10/100/1000 Mbps Ethernet MAC with a gigabit media independent interface (GMII) and ten bit
interface (TBI) to support serial gigabit media independent interface (SGMII), 1000BASE-T, and
1000BASE-X

«  GMIl or TBI physical layer interface connects to Ethernet PHY

¢ MAC data path interface

«  Advanced peripheral bus (APB) slave interface for MAC configuration registers and status counter
access

CoreTSE_AHB can be configured as GMII or TBI for Ethernet network at 10/100/1000 Mbps data
transfer rates (line speeds).

The CoreTSE IP is available in two different versions:

e« CoreTSE_AHB: Uses AHB interface for both the transmit and receive paths. This IP works for
SmartFusion2 SoC FPGA.

e CoreTSE (Non-AMBA): Uses direct access to the MAC with a streaming packet interface. This IP
works for IGLOO2 FPGA and SmartFusion2 SoC FPGA.

CoreTSE and CoreTSE_AHB are identical to MSS hard Ethernet MAC in SmartFusion2 with respect to

the supported features, register configuration, and register addresses. Multiple instances of the CoreTSE
IP can be used to achieve Ethernet solutions in SmartFusion2 devices. The CoreTSE_AHB IP, along with
MSS Ethernet MAC, can be used to support multiple Ethernet interfaces for SmartFusion2 devices. For
more information about CoreTSE_AHB, see to the CoreTSE_AHB Handbook.

For more information about Ethernet applications, see the AC423: SmartFusion2/IGLOO2 Ethernet
Application Note.

CoreTSE_AHB requires a license for use in the Libero® SoC design suite. For license request, send an
email to soc_marketing@microsemi.com.

Design Requirements

The following table lists the design requirements for running the demo.

Table 1« Design Requirements

Hardware Requirements Description

SmartFusion2 Security Evaluation Kit: ~ Rev D or later
e 12V adapter

e FlashPro4
programmer
Host PC or Laptop (12 GB RAM) Windows 64-bit Operating System

Spirent Test Center (Optional)

DG0637 Demo Guide Revision 3.0 2
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Table 1« Design Requirements (continued)

Software Requirements

Libero SoC 11.8
FlashPro Programming Software 11.8
SoftConsole v4.0

Cat Karat Packet Generator Software Provided with design files

Wireshark Software Provided with design files

IP Requirements

CoreTSE_AHB License provided on request. Send an
email to soc_marketing@microsemi.com.

Demo Design

The demo design files are available for download at:
http://soc.microsemi.com/download/rsc/?f=m2s_dg0637_liberov11p8_df
The demo design files include:

« Libero project

e Programming files
e Source files

¢ Readme.txt file

See the Readme . txt file for the complete directory structure.
The following figure shows the top-level structure of the design files.

Demo Design Files Top-Level Structure
<m2s_dg0637_liberovilp7sp2_df>

L SF2_1000BaseT_loopback_demo_df
— Libero

—— Programming Files

— Source Files

—— Readme.txt

DG0637 Demo Guide Revision 3.0 3
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The following figure shows the demo design block diagram.

Figure 2« SmartFusion2 CoreTSE_AHB 1000 Base-T Loop back Demo Block Diagram
MSS
i RX_data
Logic AHBm
RJ45
oop Bac Connection Ethernet
e TX_data CoreTSE SERDESIF EN;ETEt S;ﬁ:iton
Logic AHBmM X
AHBs
SmartFusion2 CoreTSE_AHB Loopback Demo
In this demo design, CoreTSE_AHB is instantiated in the FPGA fabric and connected to the on-board
Ethernet PHY using high-speed serial interface (SERDES_IF).
In the previous figure, the dotted arrow in red shows the transfer of Ethernet packet from the host PC to
the internal LSRAM and the dotted arrow in blue shows the retransmission of packet from LSRAM to the
host.
2.2.1 Design Features
The demo design performs Ethernet loopback using CoreTSE_AHB in TBI 1000 Base-T on hardware
and also in simulation.
Following are the demo design features:
e Simulation model for CoreTSE_AHB loopback design.
¢« CoreTSE_AHB loopback design on SmartFusion2 Security Evaluation Kit.
The following section explains the initialization and configuration of CoreTSE_AHB, SERDES_IF, and the
loopback mechanism.
2.2.1.1  High-Speed Serial Interface Configuration
During the design process, CoreTSE_AHB was configured to present a Ten Bit Interface (TBI) to the
SERDESIF block, which is configured for External Physical Coding SubLayer (EPCS) operation using
lane 3 to create an SGMII link to the external physical-layer (PHY) device.
2.2.1.2 CoreTSE_AHB IP MAC Initialization
At power-up, firmware running on the Cortex-M3 processor will initialize control registers in
CoreTSE_AHB and the external PHY device to place them in 1000 Base-T mode.
2.2.1.3 Ethernet Packet Loopback Mechanism
The following Ethernet loopback mechanism is used in this demo:
2.2.1.3.1 Ethernet Packet Reception

CoreTSE_AHB receives the Ethernet packet from the on-board Ethernet PHY through high-speed
SERDES_IF.

CoreTSE_AHB receive (RX) path is connected to LSRAM through the AHB interface. The Cortex- M3
processor moves the Ethernet packet data to the LSRAM memory using DMA.

DG0637 Demo Guide Revision 3.0 4
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Ethernet Packet Transmission
To loop back the Ethernet packet, the Cortex-M3processor reads the Ethernet packet data from LSRAM
memory through AHB interface and forwards it to it on the CoreTSE_AHB transmit (TX) path.

CoreTSE_AHB transmits the Ethernet packet to the on-board Ethernet PHY through high-speed
SERDES.

Ethernet Test Solution

There are many ways to evaluate the CoreTSE_AHB 1000 Base-T loopback demo on the SmartFusion2
Security Evaluation board.

Solution 1

e The Cat Karat packet generator software installed on the host PC is used to transmit the Ethernet
packet through RJ45 Ethernet copper cable.

«  The Wireshark packet receiver software installed on the host PC captures the Ethernet packet
(loopback) through RJ45 Ethernet copper cable.

Solution 2

Spirent test center or an equivalent solution can be used to test the CoreTSE_AHB loopback demo. For
more information, see Appendix: Running the Demo Design Using Spirent Test Center, page 14.

Design Description

This demo design is implemented by configuring the CoreTSE_AHB for the TBI mode. The following
figure shows the Libero SoC hardware implementation for this demo design.

Libero SmartDesign

Libero hardware project uses the following resources:

e CoreTSE_AHB

¢ Cortex M3 (microcontroller sub system) to configure CoreTSE_AHB and on-board Ethernet PHY

«  High-speed serial interface (SERDES_IF) configured for EPCS lane 3 mode

« SoftConsole - application for initializing the CoreTSE_AHB and for transferring the Ethernet packet
data to/from LSRAM

¢ Dedicated input pad 0 as the clock source

DG0637 Demo Guide Revision 3.0 5
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Simulating the Design

A test bench design is created for CoreTSE_AHB loopback demo. The test bench transmits the Ethernet
packet to CoreTSE_AHB loopback demo design and receives the loopback Ethernet packet from the
CoreTSE_AHB loopback demo design.

The design uses bus functional model (BFM) simulation for initializing the CoreTSE with the required
configuration. The user .bfm file under the

<LiberoProject>/simulation folder contains the BFM commands for writing the packet to LSRAM
or reading the packet from LSRAM.

The Raw Ethernet Packet frame is:
0102030405060708090a0b0c0d0e5555555555555555555555551b1c1d1e1f202122232425262728292
a2b2c2d2e2f303132333435363738393a3b3c3d3e3f40.

The test bench reads the Ethernet packet from the user.bfm file and puts the Ethernet packet on to the
high-speed SERDES _IF of CoreTSE_AHB loopback design.

The loopback packet is received by the test bench and displayed on the ModelSim transcript window.

The following figure shows the Libero SmartDesign to simulate the CoreTSE_AHB loopback demo
design. The simulation test bench has the following Libero components:

e CoreTSE_AHB

¢ High-speed SERDES_IF

«  Test bench with packet transmit and packet receive logic

The Ethernet packet is generated from the file (packetfile.txt) and transmitted by the test bench module

through the high-speed serial interface. The CoreTSE loopback design receives the packet and transmits
it back to the test bench for comparison and display in the ModelSim transcript window.

Note: Simulation is not supported in the current version of CoreTSE_AHB. It will be supported in future
releases of the IP.
Figure 4« SmartDesign for Simulation
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The Libero SmartDesign top-level module contains the CoreTSE_AHB loopback design and the test
bench module.

Figure 5« Libero SmartDesign Top-Level Module

Test_1000BaseT_0

PHY MDIOA p PHY RST1 |

Y MDC1

RCOSC 25 _50MHZ MRXBY TEVALID[1:0]
POWER_ON_RESET_N1 MRXDAT[31:0]
INT_PCLK_25MHZ PADs_OUTE
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PADs INH@ =-f-t-t--@EMDs_IN
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DEVRST N SDIF_READY SDE_READY
PHY_MDO FAB_CCC_LOCK
CLKO_PAD FAB_CCC GL1
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PADs_OUTE@-- -} --------- EIPADs OUT 0

CHP_0SC ANSE
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2.4 Setting Up the Demo Design
The following steps describe how to setup the demo.

1. Connect the FlashPro4 Programmer to the J5 connector on the SmartFusion2 FPGA Security
Evaluation Board.

2. Connect the jumpers to the SmartFusion2 FPGA Security Evaluation Board as specified in the
following table.

Table 2 « SmartFusion2 Security FPGA Evaluation Kit Jumper Settings

Jumper Pin (from) Pin (to) Comments
J22 1 2 Default
J23 1 2 Default
J24 1 2 Default
J8 1 2 Default
J3 1 2 Default

3. Connect the power supply to the J6 connector.

DG0637 Demo Guide Revision 3.0 7



SmartFusion2 SoC FPGA CoreTSE_AHB 1000 Base-T Loopback Demo

& Microsemi

Power Matters.”

2.4.1  Programming the Design
The following steps describe how to program the demo design.
1. Download the demo design from the following path:
http://soc.microsemi.com/download/rsc/?f=m2s_dg0637_liberov1lp7sp2_df
2. Switch ON the power supply switch, SW7.
3. Launch the FlashPro software.
4. Click New Project.
5. Inthe New Project window, enter the project name as CoreTSE_AHB_Demo.
6. Click Browse, and navigate to the location to save the project.
7. Select Single Device as the programming mode.
8. Click OK to save the project.
Figure 6« FlashPro New Project Creation
2 FlashPro o 'L_e_t =
File Edit View Tools Programmers Configuration Customize Help
DEH|? | a3 E C A NEE G R - R A=
= o “ |
OpenProject (™ %
New Project =
Project Name:
CoreTSE_AHE_Demo
Praject Location: [ |
C:'\Microsemi'Libero_v11.6\CoreTS IE
=T seml
@ Single device L
Chain
[ hep | [ ok |[ cancel
x| FlashPro
2 Version: 11.6.0.34
Release: vil.é
Checking for software updates...
|« [T\ Am § Errors ), wamings ), info ]
ﬁﬂdy No pm.j.e:l loaded
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9. Click Configure Device.
Figure 7+« FlashPro Project Configuration
& FlashPro - [CoreTSE_AHB_Dema] * = & ez |

File Edit View

D@ ? _m

Toals

Programmers

Configuration Customize Help

EIEEIN I T N

Mew Project ;t} Configure Device
Senfiorst Eﬂ

ﬁ:} PROGRANM i

|| Programming file

CoreTSE_M25090.stp

Browse...

< |

a
i
=1
2l
@ |

crzaToR FlashPro Version: vll.6€ 7 Mods: () Basic (@) Advanced
|z| [pEVICE M25050TS - Shan
1| [packace MZ5050T5-£g484 [ 3
'£| [paTE 2015/03/07 |2 [F‘F\DGF\AM - 3
c| |STAPL VERSION JESDT1 i'
%| |IDCODE 0F2071CF 4 I:P
g rocedures..
3| |IoMmsk OFFFEFEF
‘E| |oEsIEN CoreTSE MzS090
(CHECKSUM icrz =

1

Chain Parameter...

ul i

Inspect Device

Lol

: 1c72;

iibero vll.6\CoreTSE AHE Demo\CoreTSE AHE Demo.pro'
n\Libero_designs\CoreTSE_AHB\CoreTSE_M25080_ LSRAM\designer\CoreTSE_M25030\export\CoreISE_M25090.stp' has been loaded successfully. |

co_v11.6\CoreTSE AHE Demo

BLG VERSION : 2

«
1 _T]_—'»_T\AII _Errors A Warnings )\ Inﬂa__/

Ready

10.

11.

D:\Libero_11.6_migration'\Libero_designs\CoreTSE_AHB\CoreTSE_M25090_LSRAMdesigner\CoreTSE_M25030\export\CoreTSE_M25030.stp  SINGLE

Click Browse, navigate to the location where the SF2_1000BaseT_Demo . stp file is located, and
select the file. The default location is:
<download_folder>\SF2_1000BaseT_loopback_demo_df\ProgrammingFile\

Select Advanced as the Mode, and select PROGRAM under Action.
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RUN PASSED.
Figure 8« FlashPro Programming Passed
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‘ ‘ PROGRAM T
x
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x|
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Ready D:\CoreTSE\Loop_TB\igl2\CoreTSE_IF_LSRAM\designer\CoreTSE_1000BaseX\export\CoreTSE_1000BaseXl stp SINGLE
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2.4.2  Connecting SmartFusion2 Security Evaluation Board to Host PC
The following steps describe how to connect the SmartFusion2 Security Evaluation Board to the host PC:

1. After successful programming, switch OFF the SmartFusion2 Security Evaluation Board.
2. Connect the host PC to the J13 connector on the SmartFusion2 Security Evaluation Kit using the
RJ45 cable.

The following figure shows the SmartFusion2 Security Evaluation Kit board setup.

Figure 9« SmartFusion2 Security Evaluation Kit Setup

& Microsemi
FIashPro4 ACTIVITY

FLASH PRO 4
CONNECTOR

SUPPLY
ON/OFF SWITCH k - W rrrrrsrrrrran

POWER SUPPLY

JACK \

RJ45 Cable
Connector

2.4.3  Running the Demo Design with Cat Karat and Wireshark on the

Hardware

1. Switch ON the power supply switch, SW7.
2. Install the Cat Karat packet software and Wireshark software on the host PC from the source files.
(<download folder>\ SF2_1000BaseT_loopback_demo_df \Source Files\)
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3. Onthe host PC, open the Wireshark network analyzer. Select Start as shown in Figure 10, page 12.
Figure 10+ Wireshark Network Analyzer
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4. On the host PC, open the Cat Karat software, as shown in the following figure.
Figure 11 » Cat Karat Packet Generate Window
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[CHANGE
| [EEBEE511 o1d o1 2021222304 250627 2622720 2 2e 230 32330 T T 3R 003 b 3030383740 o0 L [(—
ROREET B s—
END
offset = END of
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[FEFTEcE
WARNING! '
- [
1.RAW IS BETA VERSION "
" offsat = END of D
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fore
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*Behind
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5. Under Protocol View, select the Control tab and enter the value 1 for Packets per Burst, as shown
in the following figure.

Figure 12 « Packet Flow Control

Protocol Yiew

Packet Wiew I Contral | Ethernet | R |

Packet Size [not include FC5) |BD |Fixed J

Packets per Burst |1| [0 for Continuous)

Interpacket gap MDal Sec
DATA Pattern [Starting from offset 0 ] |l]l] J

-

o

Under Packet Flow, select use RAW, as shown in Figure 11, page 12.

7. Under Protocol View, select the RAW tab and copy the Ethernet net packet from the source files
(<download folder>\ SF2_1000BaseT_loopback_demo_df \Source Files\Raw_packet.txt), as shown
in Figure 11, page 12.

Under Interfaces, select the Ethernet connection to the SmartFusion2 Evaluation board.

9. Select Start Transmit from the menu, as shown in Figure 11, page 12, to transmit the packet.

10. In the Wireshark software window, double-click Ethernet-II, as shown in the following figure. The
transmitted and received Ethernet packets are displayed.

©

Figure 13+ Wireshark Software Window

[ Ede Est Yiow Go Copture @nalyze Statitics Telephony  Toohs  |ntemats ~ Help
cofdlma BRI AesDTL Qaap anm% B

Fiker: Start s new e cagture) | expression= Cresr Apply Seve

ol. _tep.local, “oM” guestion PTR 512405ac. _sub._apple-mobdev2. _rep. local,
_tcp. local, "0M™ question PTR 512405ac._sub. _apple-mobdev. _tep. Tocal,
+ Erhermet 11, sre:
Data (50
Data: 5555555555555555555555551b1C1d1e1f20212223242526. ..
[Length: 50]

Broadcast
20 347008500 Dl Broadcast
21 342130000 0.0.0.0 255.255.255. 368 DHCP Request T - Bits),
22 3.421351000.0.0.0 255, 255. 255, 368 DHCP Request s Ethernet II, Src: 07:08:00:0a:00:0c (07: UO 09 0a:0

Broadcast 42 who has 10.61.[) = pata (50 bytes)

sroadcast 61| pata: bleldlelf20212223242526. . .

) \ 224.0.0.251 [Length: 50)

26 3.6961330010.61.10.97 224.0.0.251
27 3.89602600 10. 61.10. 97 224.0.0.251 il m
28 3. 89610100 10. 61.10. 97 224.0.0.251 314 standard querdll oo 3 ’ =
29 3.99700600 10. 61.10. 97 10. 61.255. 255 224 ReQUEST ANNGUI 5 55 5§ 5 55 S5 55 15 1¢ 1d 1% “ .
30 3.99710600 10.61.10.97 10.61.255. 255 224 mequest anncurfl 0020 58 29 2a b 2c 2d 2e

Broadcast 42 who has 10,61 31 32 3 & 33 3a 3b 3¢ 3d de :u It

60 who has 10.61.

33 5.40811100 fe80 168 solicit xID:
34 5.40816200 fe80 £ 168 s0licit XID: 0xaSc30a CID: O00L0001157¢173490b11c958202
35 5.41994900 oel 42 who has 10.61.1.17 7Tell 10.61.10.97
36 5.42001900 De11_95:82:b2 Broadcast 60 who has 10.61.1.17 Tell 10.61.10.97
37 5.44319800 fel 86 standard query Ox7230 A isatap
38 5.44323900 fed0 E 86 standard query Ox7230 a isatap

] v

01 02 03 04 05 06 07 08 9 0a Ob Oc Od De 53 5 U
DOlI'l 55 55 55 55 55 55 55 55 55 55 1b 1c 1d le 1f 20 UUUBLUY UL,
0020 21 22 23 24 25 26 27 28 29 2a 2b 2c 2d 2e 2f 30 TUESNA [ )‘i LJo
0030 31 37 33 34 35 36 37 38 39 3a 3b 3c 3d 3e IF 40 12345678 9:; <-)‘?@

) 7| File: "CA\Users\SRIGAN-1 AT\ AppDataLoca... | Packets: 202 . Displayed: 202 (100.0%) - Dropped: 0 0.0%) Profile: Default
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Appendix: Running the Demo Design Using
Spirent Test Center

Figure 14 »

The following steps describe how to run the CoreTSE_AHB loopback demo using Spirent test center:

1. Connect the SmartFusion2 Security Evaluation Kit to the slot 1 Ethernet port on the Spirent test
equipment using the RJ45 cable.

2. Onthe host PC, open the Spirent test center configurator.

3. Add port (Ethernet) in Spirent test center, as shown in the following figure.

Spirent Test Center Stream Block — General Tab

StrearnBlock Editor - Port /711 StrearnBlockl @
General |Frame I Groups I Rx Part I Preview|
Active Name:  StreamBlockl
Frame size {Bytes){With CRC and signature field)
| @ Fixed Size: 128 | Load mode: Fixed
() Increment Step: |1 (power of 2)
. (@ Percent (%) 10
) Decrement Min: 128
. Frames/sec(fps) 84459
) Random Max: (256
. Inter-Burst Gap (bytes) |1344
() Auto Avg: 192
Inter-Burst Gap (msec) |1344
() iMDX Default Edit...
Inter-Burst Gap (nsec) |1344
bps 100000000
Kbps 100000
Mbps 100
L2 Rate (bps) 100000000
Settings Packet
Scheduling priority: 0 Payload fill constant (hex): 0000
(0 is the highest ) )
Burst size: 1 Payloadfilltype:
Start delay (bytes): 0 [C] Insert FCSerror
Inter-frame gap unit: Gap (bytes) Include Signature Field
Inter-frame gap: 12 High Speed Result Analysis
Navigate streamblocks: |14 | 4 1 | 30 1] ’ QK ] ’ Cancel
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4. Select Traffic Generator under Ports, add packet information in stream block editor, and click Start
Traffic on all ports, as shown in the following figure.

Figure 15+ Spirent Test Center —Traffic Generator

D ConTE hepbahtce - Spreet Teatanter =
B [d% Vew Took Actiom el
thani = || Mdeey | & & B B % [ Techneogier... | Parspective = | ) Saquercar | 5 Paporter | o Wizseds = 3 Summemary..

[T n————

CereTEE bovpbach Resuts | O]

P T ——————————T— Yy RN e Pert Traffc md Comiers > Aagregate Port L TBate_ Change Pt ow - 4 01+ 18

Aggregate Port L1 Tx Rate

Te— —r ges |_CorT S loopback:Rescta 1
Bgphed B abiect chargels) 1o the hirdwart

Ethernet packets are transmitted and received on port 1 through the RJ45 cable.

5. Observe the total TX, RX, RX FCS, and CRC error counts. The following figure shows the total TX,
RX, RX FCS, and CRC error count information in Spirent test center. 0 indicates no loss in the
packet transmission and reception.

Figure 16 = Spirent Test Center Stream Block — Frame Tab

StreamBlack Editor - Port //1/1: StrearBlockl

| General | Frame |Groups | Rx Park | Preview ‘

Preview:

EthernetIl |:| Show AllFields D Allow Invalid Packets

Name Yalue

Frames
(=) Frame

£+ EthernetIl
oo Dipstination MAC 00:00:01:00:00:01

Manage Frame Source MAC 00:10:94:00:00:02

Templates... EtherType fhex) <auto > SOBS

Create new Frame =

Save Frame as
Template...

Actions
AddHeader(s)...

Link Modifiers/VFDs..
InsertVN Tags

Insert Vlans

Delete Ethernetll

Others
Expand All
Collapseall

Hex Editor

15

00 00 01 00 00 01 0010

Navigate streamblods: 14| | f 1 oft [ 0]

6. Click OK to close the StreamBlock Editor.
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