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Realization of Ethernet data transmission system on FPGA
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Abstract: In digital signal processing or control circuit based on FPGA, in order to export original
sampling data or intermediate processing result data for analyzing and processing later, from the view
of stabile transmission, easy realization and low cost, a 100 Mbps Embedded Ethernet data transmis-
sion system based on FPGA TSE IP core is designed. First, the paper introduces the hardware design
thought in SOPC with the main processor NiosII CPU, mainly including the Ethernet MAC designing
based on TSE IP core. Uninterrupted data transmission during all transmit time is guaranteed by
Pingpang RAM mechanism and a method of controlling data start and stop transmitting is also de-
signed. Then, using MicroC/OS-II real-time operating system of multi task mode, and based on Niche
stack TCP/IP protocol, the software design of the system is realized. Also, the software program

flow chart which details the software work flow of the system is given. Finally, by transferring desig-
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nated data, a verification method of rate and stability during data transmission is provided. The test

result shows that the system is stable and reliable in data transmission when the rate is up to 51 Mbps.

Key words: embedded Ethernet; data transmission; FPGA

1 7]

nu\‘

FPGA LUFAE FH 5 (8 R 3% JF & R A 24
FATALFRAE Sy S 5, © W2 N T & M RCE
5 A BRI G, AE(F S A 3 s R
B rp TR AN T4 A 0 B0 R AR L B R AL T L A
SRR A PR B T v 09 B 4R A /D SR AR S B Ak
B R b O s AR AR S O A i AR B L LA R 2
K H Matlab %5 T H ik — 20 hb B 53 B7 4 1 L 3 %
s R GtERE Ak B vk 4 W BT B 0T
BRI G0 T i 19 i 4 SR AR B AR K 2 02 1
B R AR AR PR AT R AR AR HR SR L H A5 B 1 157
SHARGES BB A A/D S A RESF
()R FE R L BT LATE 5 22 3 BT AL B, |y TR AR AR
SR AR PR [ L R 0 A Ak S B A B A £
SR, & E 2 5, 3F TR X R g8 M RE Y
AR,

HT FPGA 1 DL K M 85 95 1% il & 45 fig 1% 18
WA FPGA BEUTF 55 A B H B o045 ] v %
£ FPGA Tl 152 1 DL I 55040 1% A B, 1.
FEE SRR B w1 b B 8 SRR L e S A4
5 PC HLAE At J5 2243 B ab 1 P 5k gl i A 1 22
A3 AT AL BRI A5 5 U5 i AS — B0y ) @, [ AL g
FPGA 1 LAK W BUL L L e 98 DLk <7 1 B0f% )
AE LA AR G/ A RR 48 X AR B 1 B R AR
A Y H AR 3 e B R e 4 R DR X B e
HEAT B IBCA% %

AR R Altera A B B Stratix 11 EP2S90
FPGA #1 2% [E National Semiconductor 2\ & Y
10/100Mb/s IR H) #& LA K ™ 4 2 )2 (PHY) ith
DP83848C SL 3T FPGA #x A= H JK LL K K
Bt Rxaixit. N RITME, RGEHH
FPGA 1/ R 48 W i% Fl DP83848C Hi [ 41 ¥
DP83848C 3 ## MII.RMII # [0, 5 Bf fdf 88 ) T
ol 30 o 0 28 70 e 25 T DA L 5 U I 4R A 7
MERAEBETE A 5 Altera 23 B4R AL T %58 59 B
KSR T , W H FBAN e S S )2 WK S
RRARWE T BRAF T S 9 715 2 7 Bt A s AR

K IASE (52 3+ R A5 52 BT O T AR AT PR AR 4
I M BUL SR 45 2R

2 ARG AR
DL B 1 2 G0 B 1 s R R P 1R

R, EEH FPGA B E DL NiosII &b 325 5 4% 0> 11
SOPC £ 4: .PHY i 7 Fl W 28 7458 [T 4% 4H i,

MIl PHY PMD Pulse
TSEMAC || le—>! >
DP83848 HX2019NLT

JETFNioslLhER 2 A
Tl I e
FPGA 25 MHz LED RI45

gz REHER

Bl RUR A RS

Fig. 1 Block diagram of Ethernet data

transmission system
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Fig.3 SOPC system diagram
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NiosIl/s,NiosII/f = NiosIl % 4 F &%, th T
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Tab.1 NiosIl/f core parameter configuration

NiosII/f CPU il & 13 AV ACE S8
Hardware Multiply DSP Block

Reset Vector epes_flash_controller(offset=0x0)

Exception Vector sram (offset=0x20)

Istructon Cache 4 Kbytes

Data Cache 2 Kbytes
Data Cache Line Size 32 Bytes
Debugging level Level 1
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Tab.2 Each IP core’s frequency and major function

1P # i35 % / M Hz FEIIRE
Nios/f CPU 120 AL PR 25
sysid 120 4 1D trilh ik
sys_timer 120 N A )
Tl IR AT A7k 2 100 SGDMA Hii 3 5 174k %
sgdma 100 T Es i & 1 SGDMA
tse_mac 100 LR MAC
pio 120 B R T A A5 1k 4 L E 10
FLAR 120 FATF i1k FPGA i Ja A7 £k L e 462 18 45 4
EPCS ¥ il # 100 HMES EPCS s F 72 il #%
jtag uart 120 i B0 JTAG 55 2%
=& 120 e He SRAM # 4 & 19 =545
SRAM ¥ il 4% 120 F 4k SRAM 5 il 2%
B RAM 100 R G
fif o 58 AR E N 100 MHz - M3 120 MHz DG it A 2R b S [l B 4 45 A Sh s

NiosII CPU,TSE MAC,SGDMA Hl# i £F
FE it el ) 2k 3% 42 7 R an Il 4 Bi7R , i1 Niosll
CPU & &80 1% i 46 4, T4 B dls 19 I st 1k L H
(i ik . SGDMA WL E 15 B S AR FF 45
K BRI L sgdma_tx SHUCH R 7 7 6% 2% 3R B R
S 15 B0HE Ve iy R b b R U SR S A SR AT
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Fig.4 TSE MAC and SGDMA connecting diagram

fE. 16 SOPC &Gt . i TAHZ A E &7 LU
T 152 5 4 ) i U [ 8 3 A A A RS L TR A T A
LR R MRIAL AR 5 I 5 B X AR AT IR 1k
FPGA WJB AR, 5 4G PRs

Module Name: Description

B sgdma_tx Scatter-Gather DMA Controller
csr \Avalon Memory Mapped Slave
descriptor_read \Avalon Memory Mapped Master
descriptor_write \Avalon Memory Mapped Master
m_read \Avalon Memory Mapped Master
out \Avalon Streaming Source

( B tse_mac Triple-Speed Ethernet

transmit \Avalon Streaming Sink
receive \Avalon Streaming Source
control_port \Avalon Memory Mapped Slave

B sgdma_rx 'Scatter-Gather DMA Controller
csr |Avalon Memory Mapped Slave
descriptor_read |Avalon Memory Mapped Master
descriptor_write |Avalon Memory Mapped Master

— m_write |Avalon Memory Mapped Master

in |Avalon Streaming Sink

B descriptor_memory 1On-Chip Memory (RAM or ROM)
s1 \Avalon Memory Mapped Slave

© descriptor_offset_bridge |Avalon-MM Pipeline Bridge

Avalon Memory Mapped Slave

K 5 TSE MAC Hl SGDMA ) ik £k % # Kl
Fig.5 TSE MAC and SGDMA bus connecting dia-

gram
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Fig.6 Block diagram of transmission logic control
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50 I 4 5K AT AL 4E 55 B (Simple socket
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Fig.7 Software flow chart of the system
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logic f P I H8 V5 P8 5 A = & RAM, Jf th
FPGA UL KW M & i% & & A7 ALK 07 77 . dat
A

# Quartus 11 9.0SP1 #&k {4 4= pl 19 Bic & S 4
il it Programmer T.H T # 3] FPGA #H.2Z 51z
17 Nios IDE 9.0SP1 {4 # ¥ . 7£ Nios IED %k {4
M3 BoR % 12 BoR P15 Bk 8 ir
78 s INH AT DAAS B 40 A5 B BLOK #7347
Ui, N4 W T 100 Mbps, ¥ M 2 8 A K
DP83848C,IP Hifik &y 192.168.1.88, MAC Hb ik
00:07:ed:ff:ed: 14, M4SN 058 30; # &
PLEAE R B P DL FPGA IR 55 %% &l i a7
HEARTEOR AT B A . R R WORE O
WA L R G838 47 I MicroC/OS-11 #:4E & 48
(85 A 55 SR e gt .

Problems CNGIESEI AN Properties

sinple_socket_server Nios II MV configuration [Nios II Hardware] Nios I Terminal Window (15-12-24 F44:18)
niosZ-terminal: directory for more information.

niosz-terminal: (Use the IDE stop button or Ctrl-C to terminate)

|=============== Software License Reminder =p==============

This softvare project uses an unlicensed version of the NicheStack TCP/IP
Network Stack - Nios II Edition. If you want to ship resulting ohject
code in your product, you must purchase a license for this software from
Altera. For information go to: "http://www.altera.com/nichestack”

InterNiche Portable TCP/IP, v3.1

Copyright 1996-2008 by InterNiche Technologies. All rights reserved.
prep_tse_mac 0

Your Ethernet MAC address is 00:07:ed:ff:cd:14

Static IP Address is 192.168.1.88

iprepped 1 interface, initializing...

(tse_mac_init]

INFO : TSE MAC 0 found at address 0x08042400

INFO : PHY National DP83848C found at PHY address 0x01 of MAC Group(0]
INFO : PHY[0.0] - Automatically mapped to tse_wac_device (0]

INFO : PHY[0.0] - Restart Auto-Negotiation, checking PHY link...

INFO : PHY[0.0] - Auto-Negotiation PASSED

INFO : PHY[0.0] - Checking link...

INFO : PHY[0.0] - Link established

INFO : PHY[0.0] - Speed = 100, Duplex = Full

OK, x=3, CHMD_CONFIG=0x00000000

MAC post-initialization: CMD_CONFIG=0x04000203
[tse_sgdma_read_init] RX descriptor chain desc (1 depth) created
ctest init called

IP address of etl : 192.168.1.88

Created "Inet wain” task (Prio: 2)

Created "clock tick” task (Prio: 3)

[sss_task] Simple Socket Server listening on port 30

Created "simple socket server” task (Prio: 4)

Created "simple socket server transwit” task (Prio: 7)

&l 8 Nios IED iz 17 Wn @ 1

Fig.8 Nios IED software running console
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Bl 9 Windows 1145 & P 2% -1 % I g
Fig.9 Network show on Windows
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Fig.10 Wave shape of .dat file by Matlab
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