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Chapter 1
NET-FMC Development Kit

1-1 Package Contents

The Terasic NET-FMC is a Gigabit Ethernet transceiver with an FMC interface. It offers
network transfers of up to 1 Gbps with the host board using an FMC connector. Also, it
provides a fully integrated Ethernet solution enabling fast implementation design,
shortening development times, and allows you to focus on the core functions of the system
design. Lastly, the NET-FMC can be connected any FMC(HPC) interfaces.

TR TR IR

The NET-FMC package includes:
1. NET-FMC

2. Screw & Copper Pillar Pakage
3. CD Download Guide

Figure 1-1 The NET-FMC package contents

1-2 NET-FMC System CD

The NET-FMC System CD contains all the documents and supporting materials associated
with NET-FMC, including the user manual, reference designs, and device datasheets.
Users can download this system CD from the link: http://net-fmc.terasic.com/cd

1-3 Getting Help

Here are the addresses where you can get help if you encounter any problems:
Terasic Technologies

9F., No0.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070. Taiwan
Email: support@terasic.com

Tel.: +886-3-575-0880

Website: http://www.terasic.com

asic NET-FMC -1- www. terasic.com
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Chapter 2
Introduction of the NET-FMC Card

This chapter describes the architecture and configuration of the NET-FMC Board including

block diagram and components related.
Ethernet PHY

FMC Connector(HPC) 88E1111 X4
al
[ )
Eth
thernet
RJ45
.— == Connector
x4
|
‘I
l
Mode Switch
X4

Figure 2-1 The NET-FMC Board PCB and Component Diagram of top side

INA-LIN

Link Status LEDs Group
X4

Figure 2-2 The NET-FMC Board PCB and Component Diagram of bottom side
The photographs of the NET-FMC are shown in Figure 2-1 and Figure 2-2. They depict
the layout of the board and indicates the location of the connectors and the key
components on the top and bottom side.

The following components are provided on the NET-FMC Board:
asic NET-FMC -2- www. terasic.com
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® Ethernet RJ45 Connector x4.

® Ethernet PHY chip 88E1111 x4.
® FMC Connector(HPC).

® Mode Switch x4.

® Link Status LEDs Group x4.

2-1 Features

The NET-FMC board has many features that allow users to implement a wide range of
design circuits, from simple circuits to various multimedia projects.
The following hardware is provided on the board:
® Package Interface: VITA57.1 FMC, 2.5V I/O-standard.
® Ethernet PHY module:
Chip P/N: 88E1111.
10/100/1000BASE-T IEEE 802.3 compliant.
Support MAC Interface: GMII/MII, RGMII, SGMII.
® Ethernet RJ45 Connector x4:
Use standard Cat 5 UTP cabling.

® Mode Switch :

Support GMII/MII, RGMII, SGMII.
® Four 25-MHz reference clock driven from dedicated oscillator.

2-2 Block Diagram of the NET-FMC Board

Figure 2-3 shows the NET-FMC Block Diagram. Four 25 MHz reference clock driven from
dedicated oscillator are required for Ethernet PHY 88E1111. FMC Connector transmit the
data between host board and Ethernet PHY 88E1111 through MAC interface. Also,
four-port  integrated  10/100/1000 Gigabit Ethernet Transceiver  supported
SGMI/GMII/MII/RGMII MAC interfaces is installed for direct connection to a MAC/Switch
port. There are four group LEDs indicting the link status.

asic NET-FMC -3- www. terasic.com
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Figure 2-3 Block Diagram of NET-FMC Board
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2-3 Connectivity

Terasic NET-FMC is able to connect to any FPGA development kit equipped with
FMC(HPC) connector. The below picture Figure 2-4 shows the connections with TR5
board.

Figure 2-4 Connect the NET-FMC to TRS5 board’s FMCD port

2-4 Mode Switch x 4 Setting

The NET_FMC card provides four Ethernet ports (ETHO ~ETH3) via four Marvell 88E1111
Ethernet PHY chips. Each switch (SW0~SW3) is corresponding to one Ethernet port to
switch Ethernet port work modes from RGMII to GMII/MII or SGMII, SWO is used for ETHO
port, SW1 is used for ETH1 port, SW2 is used for ETH2 port and SW3 is used for ETH3
port. Table 2-1 describes the working mode switch settings for ENETO ~ ENET3 port work

modes.
Table 2-1 Mode Switch x 4 Setting for the Ethernet Mode

Mode Switch Setting Ethernet Port Mode
1-ON,4-ON GMII/MII
2-ON,4-ON RGMII (default)
3-ON,5-ON SGMII
asic NET-FMC -5- www. terasic.com
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The default setting of the Ethernet Port is SGMII mode. Users can change Ethernet mode
by using the Mode Switch x4. Take ETHO as an example.

Set ETHO MODE on the NET_FMC card to RGMII mode (default). The SWO0[6:1] on
NET-FMC should be set to 001010, as shown in Figure 2-5.

—~ONM IO W

. . - -

' '0"l TY LTS SWOASW3

Figure 2-5 SWO setting for ETHO port RGMII mode

Set ETHO MODE on the NET_FMC card to GMII/MII mode. The SW0[6:1] on NET-FMC
should be set to 001001, as shown in Flgure 2-6.

—~NMTIOW ||
i wwd e -........-

O HHHE swonswa

Figure 2-6 SWO setting for ETHO port GMII/MII mode

asic NET-FMC -6- www. terasic.com
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Set ETHO MODE on the NET_FMC card to SGMII mode. The SWO0[6:1] on NET-FMC
should be set to 010100, as shown in Flgure 2-7.

T /i

[T} B8 SWOASW3

Figure 2-7 SWO setting for ETHO port SGMII mode
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Chapter 3
Using the NET-FMC Board

This chapter provides instructions on how to use Ethernet PHY 88E1111 and FMC
connector on the HDMI-FMC board.

3-1 Ethernet PHY 88E1111

Terasic NET-FMC Board equips with four Ethernet PHY named 88E1111, which is an
integrated 10/100/1000 ultra gigabit Ethernet transceiver device for Ethernet 10BASE-T,
100BASE-TX and 1000BASE-T applications. It contains all the active circuitry required to
implement the physical layer functions to transmit and receive data on standard CAT 5
unshielded twisted pair. The 88E1111 device supports the Gigabit Media Independent
Interface (GMII/MII), Reduced GMII (RGMII), and Serial Gigabit Media Independent
Interface (SGMII) for direct connection to a MAC/Switch port.

1000BASE-T link via NETx_LED_LINK1000

NETX_GTX_CLK
NETX_TX_CLK
NETx_TX_EN
NETX_TX_ER
NETx_TX_D[7:0]
NETx_RX_CLK
NETx_RX_DV
NETx_RX_ER
NETx_RX_D[7:0]
NETX_RX_CRS  [ii=iNiN
g DcVice
NETx_RX_COL
NETx_S_CLKp/n
NETx_S_TX_p/n
NETx_S_RX_p/n

NETx_MDI_PO/NO
NETX_MDI_P1/N1
NETx_MDI_P2N2
NETx_MDI_P3/N3

NETx_MDC

NETx_MDIO

ETx_LED_LINK1000

_— = >
NETx_RST_n

Figure 3-1 System Overview with 88E1111 device

asic NET-FMC -8- www. terasic.com
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shows the connections between the FMC (HPC), the 88E1111 Ethernet PHY,
and RJ-45 connector. Ethernet PHY 88E1111 function are controlled by the management
interface via NETx_MDC and NETx_MDIO. There is a LED used to indicate the status of
1000BASE-T link via NETx_LED_LINK1000.
The 88E1111 device incorporates the Marvell Virtual Cable Tester(VCT) feature, which
uses Time Domain Reflectometry(TDR) technology for the remote identification of potential
cable malfunctions, thus reducing equipment returns and service calls. Using VCT, the
88E1111 device detects and reports potential cabling issues such as pair swaps, pair
polarity and excessive pair skew.
The 88E1111 device uses advanced mixed-signal processing to perform equalization, echo
and crosstalk cancellation, data recovery, and error correction at a gigabit per second data
rate. The device achieves robust performance in noisy environments with very low power
dissipation.

3-2 FMC Connector

shows the pin out and pin definitions of NET-FMC board.
Table 3-1 Pin Assignment of NET-FMC FMC interface

: FMC Pin Pin L I/O
Signal Name L Description
Name/Number Direction Standard
NETO GTX _CLK LAO1 P _CC/D8 | Output Ethernet-0 GMII/TBI Transmit Clock 2.5V
Ethernet-0 MIl Transmit Clock, TBI 62.5
NETO _TX CLK | HAl1l P/J12 Input ) 2.5V
MHz Receive Clock 1
Ethernet-0 GMII/MII Transmit Enable,
NETO_TX_EN LAO8_P/G12 Output _ 2.5V
- - - TBI Transmit Data 8
Ethernet-0 GMII/MII Transmit Error, TBI
NETO_TX _ER HA14 P/J15 Output _ 2.5V
- - Transmit Data 9
NETO_TX_DIO] LAO8_N/G13 Output Ethernet-0 GMII/MII/TBI Transmit Data 0 | 2.5V
NETO_TX_DI[1] LAO4_P/H10 Output Ethernet-0 GMII/MII/TBI Transmit Data 1 | 2.5V
NETO _TX D[2] LAO3 _N/G10 Output Ethernet-0 GMII/MII/TBI Transmit Data 2 | 2.5V
NETO _TX DI[3] LA13 P/D17 Output Ethernet-0 GMII/MII/TBI Transmit Data 3 | 2.5V
NETO _TX D[4] HA20 N/E19 Output Ethernet-0 GMII/TBI Transmit Data 4 2.5V
NETO_TX DI[5] HBO3_N/E22 Output Ethernet-0 GMII/TBI Transmit Data 5 2.5V
NETO_TX_DI6] HBO3_P/E21 Output Ethernet-0 GMII/TBI Transmit Data 6 2.5V
NETO_TX_ DI[7] HBO5_P/E24 Output Ethernet-0 GMII/TBI Transmit Data 7 2.5V
Ethernet-0 GMII/MII Receive Clock, TBI
NETO RX_CLK | LA13_N/D18 Input _ 2.5V
62.5 MHz Receive Clock 0
maslc NET-FMC -9- www. terasic.com
www.terasecom  User Manual January 16, 2018


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

[Pasic]

NETO_RX_DV

NETO _RX_ER

NETO_RX_DI[0]
NETO_RX_D[1]
NETO_RX_D[2]
NETO_RX_D[3]
NETO_RX_D[4]
NETO_RX_DI[5]
NETO_RX_DI[6]
NETO_RX_D[7]

NETO_RX_CRS

NETO_RX_COL

NETO_S_CLKp
NETO_S_CLKn
NETO_ S TX_p
NETO_S_TX_n
NETO_S_RX_p
NETO_S_RX_n

NETO_MDC

NETO_MDIO
NETO_INT_n
NETO_LED LIN
K1000

NETO RST n
NET1 _GTX_CLK

NET1 TX_CLK

NETL1 TX_EN

NET1 TX_ER

NET1_TX_D[0]

[asic]
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LAO5_N/D12

HA20_ P/E18

LA0O6_N/C11
LAO5_P/D11
LAO4 N/H11
LAO6_P/C10
HA0O_N_CC/F5
HAO7_P/J9
HAO3_P/J6
HAOO_P_CCIF4
CLK3_BIDIR_P/J
2
CLK3_BIDIR_N/J
3
LAOO_P_CC/G6
LAOO_N_CC/G7
HAO04_P/F7
HAO04 N/F8
HAO5_P/E6
HAO5_N/E7

LAO3_P/G9

LAO2_N/H8
CLKO_M2C_P

HAO02_P/K7

LAO2_P/H7
LAOL_N_CC/D9

HA19 N/F20

LA14_P/C18

HB02_P/F22

LA14_N/C19

NET-FMC
User Manual

Input

Input

Input
Input
Input
Input
Input
Input
Input
Input

Input

Input

Input
Input
Output
Output
Input
Input

Output

Inout
Input

Input

Output
Output

Input

Output

Output

Output

Ethernet-0 GMII/MII Receive Valid, TBI
Transmit Data 8

Ethernet-0 GMII/MII Receive Error, TBI
Transmit Data 9

Ethernet-0 GMII/MII/TBI Receive Data 0
Ethernet-0 GMII/MII/TBI Receive Data 1
Ethernet-0 GMII/MII/TBI Receive Data 2
Ethernet-0 GMII/MII/TBI Receive Data 3
Ethernet-0 GMII/TBI Receive Data 4
Ethernet-0 GMII/TBI Receive Data 5
Ethernet-0 GMII/TBI Receive Data 6
Ethernet-0 GMII/TBI Receive Data 7
Ethernet-0 GMII/MII Carrier Sense, TBI
Valid Comma Detect

Ethernet-0 GMII/MII Collision, TBI Mode
Loopback

Ethernet-0 SGMII 625 MHz Receive
Clock

Ethernet-0 SGMII Transmit Data

Ethernet-0 SGMII Receive Data

Ethernet-0 Management Reference
Clock

Ethernet-0 Management Data
Ethernet-0 Interrupt

Ethernet-0 Parallel LED output for
1000BASE-T link/speed or link indicator
Ethernet-0 Hardware Reset, active low
Ethernet-1 GMII/TBI Transmit Clock
Ethernet-1 MIl Transmit Clock, TBI 62.5
MHz Receive Clock 1

Ethernet-1 GMII/MII Transmit Enable,
TBI Transmit Data 8

Ethernet-1 GMII/MII Transmit Error, TBI
Transmit Data 9

2.5V

2.5V

2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V
2.5V

2.5V

2.5V
2.5V

2.5V

2.5V

2.5V

Ethernet-1 GMII/MII/TBI Transmit Data 0 | 2.5V

-10 - www. terasic.com
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NET1_TX_D[1]
NET1_TX_D[2]
NET1_TX_D[3]
NET1_TX_D[4]
NET1_TX_D[5]
NET1_TX_D[6]
NET1_TX_D[7]

NET1 RX_CLK

NET1 RX_DV

NET1 RX_ER

NET1_RX_D[0]
NET1 RX_D[1]
NET1 RX_D[2]
NET1_RX_D[3]
NET1 RX_D[4]
NET1_RX_D[5]
NET1_RX_DI[6]
NET1_RX_D[7]

NET1 RX_CRS

NET1_RX_COL

NET1_S_CLKp

NET1_S_CLKn

NET1 S TX p
NET1_ S TX_n
NET1_S_RX_p
NET1_S_RX_n

NET1 _MDC

NET1_MDIO
NETL INT_n
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LA17 P_CCI/D20
LA17 N_CC/D21
LA18 P_CCIC22

HBO8_P/F28
HBO7_P/J27
HB08_N/F29
HB11_P/J30

LA12 N/G15

LA11_N/H17

HA22_P/J21

LA12_P/G15
LA1l_P/H16
LAO7_N/H14
LAO7_P/H13
HB04_P/F25
HB13_P/E30
HB04_N/F26
HB09_N/E28

HBO5_N/E25

HB09_P/E27

CLK1_M2C_P/G

CLK1_M2C_N/G
3

HA08_P/F10
HAO08_N/F11
HA09_P/E9
HA09_ N/E10

LA10_N/C15

LAO9 N/D15
LA10_P/C14

NET-FMC
User Manual

Output
Output
Output
Output
Output
Output
Output

Input

Input

Input

Input
Input
Input
Input
Input
Input
Input
Input

Input

Input

Input

Input

Output
Output
Input
Input

Output

Inout
Input

Ethernet-1 GMII/MII/TBI Transmit Data 1 | 2.5V
Ethernet-1 GMII/MII/TBI Transmit Data 2 | 2.5V
Ethernet-1 GMII/MII/TBI Transmit Data 3 | 2.5V
Ethernet-1 GMII/TBI Transmit Data 4 2.5V
Ethernet-1 GMII/TBI Transmit Data 5 2.5V
Ethernet-1 GMII/TBI Transmit Data 6 2.5V
Ethernet-1 GMII/TBI Transmit Data 7 2.5V
Ethernet-1 GMII/MII Receive Clock, TBI 2 6V
62.5 MHz Receive Clock 0
Ethernet-1 GMII/MII Receive Valid, TBI 2 6V
Transmit Data 8
Ethernet-1 GMII/MII Receive Error, TBI 2 BV
Transmit Data 9
Ethernet-1 GMII/MII/TBI Receive Data 0 | 2.5V
Ethernet-1 GMII/MII/TBI Receive Data 1 | 2.5V
Ethernet-1 GMII/MII/TBI Receive Data 2 | 2.5V
Ethernet-1 GMII/MII/TBI Receive Data 3 | 2.5V
Ethernet-1 GMII/TBI Receive Data 4 2.5V
Ethernet-1 GMII/TBI Receive Data 5 2.5V
Ethernet-1 GMII/TBI Receive Data 6 2.5V
Ethernet-1 GMII/TBI Receive Data 7 2.5V
Ethernet-1 GMII/MII Carrier Sense, TBI Y
Valid Comma Detect
Ethernet-1 GMII/MII Collision, TBI Mode ey
Loopback
Ethernet-1 SGMII 625 MHz Receive Y
Clock
Ethernet-1 SGMII Transmit Data 2.5V
Ethernet-1 SGMII Receive Data 2.5V
Ethernet-1 Management Reference ey
Clock
Ethernet-1 Management Data 2.5V
Ethernet-1 Interrupt 2.5V
-11- www. terasic.com
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NET1_LED_LIN
K1000
NET1_RST n
NET2_GTX_CLK

NET2_TX_CLK

NET2_TX_EN

NET2_TX_ER

NET2_TX_D[0]
NET2_TX_D[1]
NET2_TX_D[2]
NET2_TX_DI[3]
NET2_TX_D[4]
NET2_TX_D[5]
NET2_TX_D[6]
NET2_TX_DI[7]

NET2_RX_CLK

NET2_RX_DV

NET2 _RX_ER

NET2_RX_DI[0]
NET2_RX_D[1]
NET2_RX_D[2]
NET2_RX_D[3]
NET2_RX_D[4]
NET2_RX_D[5]
NET2_RX_DI[6]
NET2_RX_D[7]

NET2_RX_CRS

NET2_RX_COL

NET2_S_CLKp
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HA02_N/K8

LAO9_P/D14
LA16_P/G18

HA18_P/J18

LA15_N/H20

HA19_ P/F19

LA16_N/G19
LA15_P/H19
LA20_P/G21
LA20_N/G22
LA19 P/H22
LA19 N/H23
HB02_N/F23
HBO1_P/J24

LA30_P/H34

LA31_P/G33

HB15 P/J33

LA29 N/G31
LA28 N/H32
LA28_P/H31
LA29 P/G30
HB12 P/F31
HB16_P/F34
HB12 N/F32
HB19 N/E34

HB13 N/E31

HB19 P/E33

HAO1 P _CC/E2

NET-FMC
User Manual

Input

Output
Output

Input

Output

Output

Output
Output
Output
Output
Output
Output
Output
Output

Input

Input

Input

Input
Input
Input
Input
Input
Input
Input
Input

Input

Input

Input

Ethernet-1 Parallel LED output for

1000BASE-T link/speed or link indicator 2.5V
Ethernet-1 Hardware Reset, active low | 2.5V
Ethernet-2 GMII/TBI Transmit Clock 2.5V
Ethernet-2 MII Transmit Clock, TBI 62.5 2 5V
MHz Receive Clock 1
Ethernet-2 GMII/MII Transmit Enable, 2 5V
TBI Transmit Data 8
Ethernet-2 GMII/MII Transmit Error, TBI 2 5V
Transmit Data 9
Ethernet-2 GMII/MII/TBI Transmit Data 0 | 2.5V
Ethernet-2 GMII/MII/TBI Transmit Data 1 | 2.5V
Ethernet-2 GMII/MII/TBI Transmit Data 2 | 2.5V
Ethernet-2 GMII/MII/TBI Transmit Data 3 | 2.5V
Ethernet-2 GMII/TBI Transmit Data 4 2.5V
Ethernet-2 GMII/TBI Transmit Data 5 2.5V
Ethernet-2 GMII/TBI Transmit Data 6 2.5V
Ethernet-2 GMII/TBI Transmit Data 7 2.5V
Ethernet-2 GMII/MII Receive Clock, TBI ey
62.5 MHz Receive Clock 0
Ethernet-2 GMII/MII Receive Valid, TBI Y
Transmit Data 8
Ethernet-2 GMII/MII Receive Error, TBI Y
Transmit Data 9
Ethernet-2 GMII/MII/TBI Receive Data 0 | 2.5V
Ethernet-2 GMII/MII/TBI Receive Data 1 | 2.5V
Ethernet-2 GMII/MII/TBI Receive Data 2 | 2.5V
Ethernet-2 GMII/MII/TBI Receive Data 3 | 2.5V
Ethernet-2 GMII/TBI Receive Data 4 2.5V
Ethernet-2 GMII/TBI Receive Data 5 2.5V
Ethernet-2 GMII/TBI Receive Data 6 2.5V
Ethernet-2 GMII/TBI Receive Data 7 2.5V
Ethernet-2 GMII/MII Carrier Sense, TBI ey
Valid Comma Detect
Ethernet-2 GMII/MII Collision, TBI Mode ey
Loopback
Ethernet-2 SGMII 625 MHz Receive 2.5V
-12 - www. terasic.com
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NET2_S_CLKn
NET2_S TX_p
NET2_S_TX_n
NET2_S_RX_p
NET2_S RX_n

NET2_MDC

NET2_MDIO
NET2_INT_n
NET2_LED_LIN
K1000
NET2_RST n

NET3_GTX_CLK

NET3_TX_CLK

NET3_TX_EN

NET3_TX_ER

NET3_TX_D[0]
NET3_TX_D[1]
NET3_TX_D[2]
NET3_TX_DI[3]
NET3_TX_D[4]
NET3_TX_D[5]
NET3_TX_D[6]
NET3_TX_D[7]

NET3_RX_CLK

NET3_RX_DV

NET3_RX_ER

NET3_RX_DI[0]
NET3_RX_D[1]
NET3_RX_D[2]
NET3_RX_D[3]

[asic]

www. terasic.com

HAO1_N_CC/E3
HA12_P/F13
HA12_N/F14
HA13_P/E12
HA13_N/E13

LA21_N/H26

LA22_ N/G25
LA21_P/H25

HA06_P/K10

LA22_P/G24
LA30_N/H35

HB16_N/F35

LA33_P/G36

HB18_P/J36

LA32_P/H37
LA31_N/G34
LA33_N/G37
LA32_N/H38
HA18_N/J19
HBO1_N/J25
HA22_ N/J22
HB11 N/J31

LA18 N_CC/C23

LA23_N/D24

LA23_P/D23

LA27_N/C27
LA27_P/C26
LA26_P/D26
LA26_N/D27

NET-FMC
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Input
Output
Output
Input
Input

Output

Inout
Output

Input

Input
Output

Input

Output

Output

Output
Output
Output
Output
Output
Output
Output
Output

Input

Input

Input

Input
Input
Input
Input

Clock
Ethernet-2 SGMII Transmit Data 2.5V
Ethernet-2 SGMII Receive Data 2.5V
Ethernet-2 Management Reference ey
Clock
Ethernet-2 Management Data 2.5V
Ethernet-2 Interrupt 2.5V
Ethernet-2 Parallel LED output for 2 6V
1000BASE-T link/speed or link indicator
Ethernet-2 Hardware Reset, active low | 2.5V
Ethernet-3 GMII/TBI Transmit Clock 2.5V
Ethernet-3 MII Transmit Clock, TBI 62.5 ey
MHz Receive Clock 1
Ethernet-3 GMII/MII Transmit Enable, ey
TBI Transmit Data 8
Ethernet-3 GMII/MII Transmit Error, TBI 2 BV
Transmit Data 9
Ethernet-3 GMII/MII/TBI Transmit Data 0 | 2.5V
Ethernet-3 GMII/MII/TBI Transmit Data 1 | 2.5V
Ethernet-3 GMII/MII/TBI Transmit Data 2 | 2.5V
Ethernet-3 GMII/MII/TBI Transmit Data 3 | 2.5V
Ethernet-3 GMII/TBI Transmit Data 4 2.5V
Ethernet-3 GMII/TBI Transmit Data 5 2.5V
Ethernet-3 GMII/TBI Transmit Data 6 2.5V
Ethernet-3 GMII/TBI Transmit Data 7 2.5V
Ethernet-3 GMII/MII Receive Clock, TBI 2 BV
62.5 MHz Receive Clock 0
Ethernet-3 GMII/MII Receive Valid, TBI ey
Transmit Data 8
Ethernet-3 GMII/MII Receive Error, TBI ey
Transmit Data 9
Ethernet-3 GMII/MII/TBI Receive Data 0 | 2.5V
Ethernet-3 GMII/MII/TBI Receive Data 1 | 2.5V
Ethernet-3 GMII/MII/TBI Receive Data 2 | 2.5V
Ethernet-3 GMII/MII/TBI Receive Data 3 | 2.5V
-13- www. terasic.com
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NET3 _RX D[4] | HAO07_N/J10 Input Ethernet-3 GMII/TBI Receive Data 4 2.5V
NET3 _RX D[5] | HA14 N/Ji16 Input Ethernet-3 GMII/TBI Receive Data 5 2.5V
NET3 RX D[6] ' HA11l N/J13 Input Ethernet-3 GMII/TBI Receive Data 6 2.5V
NET3_RX_D[7] | HAO3_N/J7 Input Ethernet-3 GMII/TBI Receive Data 7 2.5V
NET3 RX_CRS | HB20_P/F37 Input Ethernet-3 GMII/MII Carrier Sense, TBI 2 5V

Valid Comma Detect
Ethernet-3 GMII/MII Collision, TBI Mode

NET3_RX_COL | HB20_N/F38 Input 2.5V
Loopback
NET3_S_CLKp HB21 P/E36 Input Ethernet-3 SGMII 625 MHz Receive 25V
NET3_S_CLKn HB21 N/E37 Input Clock '
NET3_ S TX p HA15 P/F16 Output ,
Ethernet-3 SGMII Transmit Data 2.5V
NET3_ S TX_n HA15 N/F17 Output
NET3_S RX p | HA16_P/E15 Input ,
Ethernet-3 SGMII Receive Data 2.5V
NET3 S RX_n | HA16 N/E16 Input
Ethernet-3 Management Reference
NET3_MDC LA24 N/H29 Output 2.5V
Clock
NET3_MDIO LA24 P/H28 Inout Ethernet-3 Management Data 2.5V
NET3_INT_n LA25 P/G27 Input Ethernet-3 Interrupt 2.5V
NET3 LED_LIN Ethernet-3 Parallel LED output for
HAO06 N/K11 Input . S 2.5V
K1000 1000BASE-T link/speed or link indicator
NET3 RST n LA25 N/G28 Output Ethernet-3 Hardware Reset, active low | 2.5V
asicC NET-FMC -14 - www. terasic.com
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Chapter 4

Example Codes

This chapter provides Nios based examples for users to get started using the NET-FMC
board.

4-1 Remote Update Portal

A web server is implemented based on the socket’'s application program interface (API)
provided by the NicheStack TCP/IP Stack Nios Il Edition running on a MicroC/OS-Il RTOS
to serve web content from the TR5 development board. Using DHCP protocol, the web
server is able to request a valid IP from the Gateway. The server can process basic
requests to serve HTML, JPEG, GIF, PNG, JS, CSS, SWF, ICO files from a single zip file
stored onto the flash memory on the TR5 board. User can remote update the web server by
rewrting the design files to the flash on the TR5 board.

Figure 4-1 shows the hardware setup of demonstration.

10/100Mbps 10/100Mbps
CAT 5 Cable CAT &5 Cable

Gateway
with DHCP

Eth_e_rqgt

T
> Niosl

Figure 4-1 hardware setup of remote-update portal demonstration

B Function block diagram

Figure 4-2 shows the function block diagram of remote-update portal demonstration.
Altera Triple Speed Ethernet is configured as 10/100/1000Mb Ethernet MAC with
1000BASE-X/SGMII PCS. A Generic Tri-state Controller(Flash Controller) is configured as

a 1Gb Flash controller to connect the off-chip Flash chip. The SGDMA-RX and SGDMA-TX

aslcC NET-FMC -15- www. terasic.com
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are used to transmit data between memory and Ethernet. The QSYS system requires one
50MHz clock resource and the Nios Il program is reseting from Flash.

FPGA (60 0O 00 €0

Qsys

System Interconnect Fabric

Figure 4-2 Function block diagram of remote-update portal demonstration

Design Tools
® Quartus Prime 16.1
® Nios Il Eclipse 16.1

Demonstration Source Code
® Quartus Prime project directory:
TR5 RevC_NET_FMCA_SGMIl_update portal net0 161
® Nios Il Eclipse: TR5_RevC_NET_FMCA_SGMIl_update_portal_net0_161\software

Nios Project Compilation
Before you attempt to compile the reference design under Nios Il Eclipse, make sure the
project is cleaned first by clicking “Clean” from the “Project” menu of Nios Il Eclipse.

Demonstration Batch File

Demo Batch File Folder:

TR5 RevC _NET_FMCA_SGMIl_update _portal _net0_161\demo_batch
The demo batch file includes following files:

asic NET-FMC -16 - www. terasic.com
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® Batch file for USB-Blaster II: test.bat, test.sh
® FPGA configure file: TR5_golden_top.sof

® Nios Il program: web_server.elf

Demonstration Setup

Please follow below procedures to setup the demonstrations.
Generate factory_web_server.pof file
Make sure Quartus Prime and Nios Il are installed on your PC.

Execute the add_path.bat file in factory pof directory to add your file location to
the .cof file. Or you will meet the error that hex files can not open.

Open the TR5 RevC NET_FMCA_SGMIl_update portal net0 161 project with
Quartus software.

Open the Convert Programming Files window.

Click the Open Conversion Setup Data button and choose the flash_web_server.cof

file in factory_pof directory as shown in Figure 4-3.

15 Convert Programming File - Fi/SVIN/net_fmc/test/daisy/TRS_RevC_NET_FMCA_SGMII_update_portal_net0/TR5_golde.. [ = | & |[ &2 |

Search altera.com e

future

use.

Conversion setup files

-

@pen Conversion Setup Data-)

I

Save Conversion Setup...

Advanced...

Input files to convel

Cutput programming file

Programming file type: [Prugrammer Object File (.pof)

Options/Boot info... | Configuration device: |CFI_1Gb

File name: factory_pofffactory_web_server.pof

Passive Parallel x16 - ]

4

A

4

File/Dy
Options
Hex Data
web_server|
Hex Data
TR5_MET_H
SOF Data
TR5_golde

ﬁ Open

Look in: I .F:\SVN\net_fmc\test\daisy\T._.ate_pu-rtal_netﬁ(factury_puf] 'l o O © J

|8, Adrministratc

A My Compute

4 1 2

Filename:  flash_web_server.cof

Files of type: lComrersicm Setup Files [*.cof)

2 (e

|

Figure 4-3 Selecting Conversion Setup Data

® Add Sof and Hex Files. The files are added to the convert programmer defalt when
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the .cof file openned as shown in Figure 4-4.

@ Convert Programming File - F/SVN/net_fmc/test/daisy/TR5_RevC_NET_FMCA_SGMII_update_portal_net0/TR5_golden_to... EI@

File Tools Window Search altera.com e

Options/Boot info... | Configuration device: |CFI_1Gb ¥ | Mode: Passive Parallel x16 '] 0

File name: factory_pofffactory_web_server.pof B

Remote/Local update difference file: NONE

Create Mermory Map File (Generate factory_web_server.map)

Create CvP files (Generate factory_web_server.periph.pof and factory_web_server.core.rbf)

Create config data RPD (Generate factory_web_server_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
ptions O 0003000 Add Sof Page
‘4 Hex Data Absolute addressing 0x063C0000

web_serverhex AR L
4 Hex Data Absolute addressing 0x061C0000 Remove [
TRS_MET_FMC_remote_update_htmlhex
SOF Data Page 0 0x00040000 up
TRS_golden_top.sof SSGXEATNZF45 Down

Properties

’ Generate ” Close ” Help | 8

Figure 4-4 adding sof and hex files

® Press Generate button to generate the new factory web_server.pof in factory pof
directory.

Write the factory_web_server.pof into Flash

® Open Quartus Prime Programmer.

® Connect a Mini USB Cable between the TR5 Board(J6) and the PC.

® Open Hardware Setup window and choose DE5[USB-1] as shown in Figure 4-5.

maslc NET-FMC -18 - www. terasic.com
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D Programmer - E;/SVN/net_fmc/test/daisy/TRS_RevC_NET_FMCA_SGMII_update_portal_net0/TR5_golden_top - TR5... [ = |[ @ |[ &2 |
Search altera.com e
ES [USE-1] Mode: |JTAG 5 Progress: l J
Enable real-time ISP to allqw background prograrnming when available
[7] Enable real D ba d prog g wh labl
W gart 4 Hardware Setup @ pamine
it Stop Hardware Settings | JTAG Settings
Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.
Delete
o Currently selected hardware: [’ DES [USE-1] I ']
- Available hardware items
1]
& Change File... L
Hardware Server Port
b save File DES Local USE-1
* Add Device...
Ty I3
kT Down

Figure 4-5 Hardware Setup on TR5

Press add file and choose the TR5_PFL.sof in factory_pof directory.
Configure the FPGA by pressing Start button.

Press Auto Detect button after the FPGA configured successfully.
You will see a CFl_1Gb Flash detected on the JTAG chain. Press Yes to update the
device list as shown in Figure 4-6.

\_# Quartus Prime @

l _ The auto-detected device chain does not match the Programmer's device list. Do

-

you want to update the Programmer's device list, overwriting any existing
settings?

e

Figure 4-6 Updating the device
® Use the mouse choose the CFIl_1Gb device and press Change File button, browse to
the factory_pof directory and choose factory _web_server.pof file.
® Check all the files Program and Verify option as in Figure 4-7 and press Start button
to write the Flash.

maslc NET-FMC -19 - www. terasic.com

wwmtersseeom  User Manual January 16, 2018


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

Ima siC
A
0y File Device Checksum Usercode 'gr—ogmm} Veri% Blank- Examine
P Start
Y Configure Check
h Stop <none> SSGHEATNZFAS 00000000 00000000
F v il
whutu Detect factory_poffoutput.. CFI_1Gb EF56F5B4 =
Page 0 m
T web_server.hex (&
" add File.. TRS_NET_FMC.. ]
CPTION_BITS =
Fe Change File... —
Il T r
2 save File
* Add Device..
----------
by CFl_1Gb
Yoown ||| 0 wveeweewes
---------
.
.
TOI X
4' :
"
SSGHEATNZF45
TDO
4

Figure 4-7 Program and Verify Options

® Wait about 10 minutes until the pof file written to the flash successfully, then close the

software.

Get the IP address

Power down the TR5 board.

Set ETHO MODE on the NET_FMC card to SGMII mode.The SWOQ[6:1] on NET-FMC
should be set to 010100.

Connect the RJ45 Ethernet cable to the ETHERNET-0 on NET_FMC daughter card.
Make sure the VDDJ for FMCA port on TR5 board is 2.5V. The 7&8 Pin of JP5 on TR5
board should be shorted.

Connect the NET_FMC card on FMCA (J11) port on TR5 mainboard. Please note the
demonstration is in FMCA, not in FMCD.

Set SW4(FACTORY_LOAD) on TR5 mainboard to O.

Repower the board.

Open the nios2-terminal in Nios Il Command Shell as shown in Figure 4-8. The
command shell is located in the Nios Il EDS Installation dircetory, such as
D:intelFPGA\16.1\nios2eds.
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Bl /cygdrive/d/fintelFPGA/16.1/nios2eds

Altera Nios2 Command Shell [GCC 4]

Uersion 16.1,. Build 196

15 nios2—terminal

Figure 4-8 Open nios2 terminal in Nios Il Command Shell
® The first time you open the terminal, the system will request you to type four digital
number to generate the MAC address. You can type any 4 digital numbers as shown in

Mote: You must CYCLE FOWER to the hoard once the new MAC address
iz successfully accepted and written to flash memory.

Pleace enter the last 4 digits of your Mac address...

| —>1234
EMcered characters so far are: 1234

Entry accepted?

lrote new MAC address to flash memory...

Please CYCLE POWER to your board now.

Figure 4-9 type 4 digital numbers
® Repower the Board again and use the nios2-terminal get the IP address as shown in
. We use the ip address 192.168.21.102 for example.

www. terasic.com
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BN /cygdrive/d/fintelFPGA/16.1/nios2eds — O >

TSE NaC at addr

FHY ] 1111 found

PHY [ ati

FHY [

PHY [

5[

Csl
PHY [
PHY [

: PHY[
0, CMD_(

etl

(Prio: 11)
Figure 4-10 get the ip address
® Type the IP address in your web browser as shown in , then you can
access the web content.

192.168.21.102

Nios |l Remote Update Portal Demo for TR5+NET_FMC

This Board Update Portal web page is being served by a design running in the FPGA on your development board. This
page, in coordination with the FPGA design serving it, allows you to virite new FPGA images to the flash on your board Design Resource

and provides links to useful information on the Terasic website. The FPGA design contains a Nios™ || processor and the

Triple Speed Ethernet media access control (MAG) MegaGore® function.. This design is one example of how to remately » Terasic Home F'age
update an FPGA system over Ethernet. Remote update can be accomplished without a web server, and it can also be - TR5 Home Page
used fo update just the firmware of an embedded FPGA system.

Insfructions on preparing your own .sofi.elf files for uploading to flash via the Beard Update Portal are available in the
NET-FMC user manual FMC Daughter Board

- HDMI-FMC

Upload a New Design to Flash

Hardware File Name: Software File Name:

AN A [ upioas |
- NET-FMC

150 g

Terasic TR5 Board
Mouse over the board photo to view features

[y T Y S R e o [DEAHAST

Figure 4-11 access the web content in browser
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Remote update your design

Create your custom Quartus project. If your project contains a nios Il system with a
software, you should add a CFI_Flash device on address map 0x00000000 and set
the nios2 reset vector to the Flash device. The offset should be 0x071c0000.

In Nios Il Command Shell, convert your custom sof and elf file to flash file with the
below commands.

For sof files:

sof2flash --input=xxxx.sof --output=xxx.flash --offset=0x02940000 --pfl --optionbit=0x00030000
--programmingmode=FPP (the sof file name should be changed according to your quartus project name)

For elf file:

elf2flash  --base=0x00000000 --end=0x07FFFFFF --reset=0x071c0000 --input=xxx.elf --output=xxx.flash
--boot=$SOPC_KIT_NIOS2/components/altera_nios2/boot_loader_cfi.srec (the elf fle name should be changed
according to your nios2 software project name)

you can use the batch file in flash_convert directory to convert your sof and elf to flash
In the web page, choose your hardware and software flash files, then press the Upload
button to starting write your design files to the Flash on TR5 board.

The browser will goto the reset_system page when the write process finished.

Set the FACTORY_LOAD switch (SW4) to 1 and the BOOT_PAGE LED(D24) light on.
Press the MAX_RST(BUTTONS), the FPGA will be configured with your design.
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Chapter 5
Appendix

Revision History

V1.0 Initial Version
V1.1 Add Section 2.4 Mode Switch x 4 Setting
Copyright Statement

Copyright © 2017 Terasic Inc. All rights reserved.
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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