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IFI GMACII

B High Performance Gigabit Ethernet MAC
— Up to 114 MByte/s UDP Data

B Easily integrated into Nios Il systems using SOPC Builder
B Avalon interface for Nios |l processor

B [ndependent clock domains for Nios Il and GMACII

B Royalty free

B Reference Software shipped with IP

® Verified on Nios Il development boards

B Gigabit Ethernet Phy module available
— (only from www.devboards.de)

B Evaluation version available (OCP Open Core Plus)
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IFI GMACII

B Jumboframe support ( compiletime parameter )
— Receivebuffer 4 (standard),8,16,32,64 or 128 kByte (ringbuffer)
— Transmitbuffer 22 (standard), 24, 2+8, 2+16, 2x32, 2«64 kByte (double buffer)

Transmitbuffer-Readback for easy software debugging
Automatic frameextension to meet the 64Bytes minimum frame length
Multicast support with separate MAC _ID and IP filters
IGMP filter
All filters can be switched off
DMA masteraddress support for no increment
Statusbits receivebuffer overrun, CRC-error
Selectable PHY interface
— GMII/MII, Mil, RGMII, RMII

Automatic SDC file generation for TimeQuest
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Brief Description

m IFI_ GMACII

— This IP combines the advantages of the softwareflexibility
with the high performance of a hardware solution
® Advantages: medium size, software controlled, high performance
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Suitable Applications for GMACII

DATA, GMACI Data Throughput
P
vomuroment | ALTERA  E——>
Systems Device Up to 114 MByte/s
. Data Throughput GMACII DATA,

S — ALTERA for example
GMACII Data Throughput GMACII

Video ALTERA || A TERA Video
Device Up to 114 MByte/s Device
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PC
System

PC
System

—
—

GMACII

ALTERA
Device
as Switch
or HUB

Not Suitable Applications for GMACII

I

PC
System

—
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Block Diagram

Nios®l|
Avalon Interconnect | | Avalon Interconnect
Master Slave
Slave
DMA MAC IFI_PHY_Manager

ARP
ICMP
UDP/IP
TCP/IP

External DPRAM

1

Data
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Management

GMII/ Ml

RGMII

DBGIG1 or user PHY

—

RMII

DBGIG1
100BASE-TX
1000BASE-T
Full duplex

Ethernet
CAT5




IFI GMACII Feature List

B 1000 Base-T m Filter
— Full duplex - MACID
B 100 Base-TX -~ MACIP
— Full duplex B Integrated DMA controller

— uses pipeling on both ends
— generates checksum on the fly
— alignment aware

® [FI_PHY_ Manager included

Standard buffers With buffers for jumbo frames
B Transmitbuffer B Transmitbuffer
— Double buffer — Double buffer with parametrized size
— 2000 Byte each | — 2%2kB, 2%4kB, 2*8kB, 2x16kB, 2x32kB, 2x64kB
— checksum advance logic — checksum advance logic
B Receivebuffer B Receivebuffer
— Ring buffer — Ring buffer with parametrized size
— 4 kByte total — 4kB, 8kB, 16kB, 32kB, 64kB,128kB

© 2010 Ingenieurbtro Fur Ic-Technologie Page 10



IFI GMACII Implementation

B Design Flows supported
— SOPC Builder
— Encrypted VHDL

B Software examples

B Device families supported
— all CYCLONE, STRATIX and ARRIA families

B Device resource utilization
— about 3000 LEs for CYCLONEIII
— RAM: 8 M9K Blocks (standard buffers)
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OpenCore Plus Feature

m Evaluate the IFI GMACII on your board
or the Altera Nios |l development boards

— Stand alone evaluation times out after ~1 hour

— If there is a connection between the device and the Quartus
programmer the evaluation time is unlimited.

o

OpenCore®
OpenCore Plus Status

Click Cancel ko stop uzing OpenCore Fluz [P,

Time remaining: 0059331

Cancel |
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IFI GMACII Reference Design

B Cyclonell 2C35 Development Board Reference Design
—  With GMII Interface
— For the DBGIG1 Gigabit Ethernet Phy Module
® National Semiconductor DP83865 GigPhy
® 100Mb/Gigabit capability
® More information: www.devboards.de

B DBC3C40 Development Board Reference Design
—  With RMII Interface
— For 2 National Semiconductor DP83848 Phyter (100 Mb)
® More information: www.devboards.de

B Cyclonelll 3C120 Development Board Reference Design
—  With RGMII Interface

B Cyclonelll 3C25 NEEK Reference Design
—  With MII Interface

B DBM3CXXX Development Board Reference Design

—  With GMII Interface
® More information: www.devboards.de
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IFI GMACII Reference Design
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IFI_GMAC” wwritedata_from_the_ifi_gmacii_0[31..0] e ke {174 :
LCO_E from_the_led_display [——20iFiT ——="1Z0_F Rt "
LCD_R%_from_the_led_display [——=0 8~ LCD_FS ek .0 ’
LCO_RWY_from_the_lod_display SUTRUT [ LoD FW zyzclk ’
LCO_data_to_and_from_the_led_display[7..0] o D[4 sysclk c
out_port_from_the_led_pio[7..0] _':
1 W =L

bidir_port_to_and_from_the_reconfig_request_pio
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IFI GMACII Reference Design

External DPRAM

ifi_dpram_refdesign
xread xreaddatawvalid
wrtedata3 1. 0] xread sreaccstanalicl KWatraquest
T 6 [ )| wwvritedata(31..0] suvaitreguest readdata[E . o]
e xaddress[17..0] xreaddata[31..0] e
wchipzelect wwerite ywalicd
wbyteenable[3..0] xohipselect
Tyacik shyteenshle[3..0]
zyaclk sysclk
clm clk
clrn
idpramref

B This example is included as source code
B It can be used as starting point for the user data interface
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IFI GMACII Pricing

B Encrypted Netlist node locked: 5000 EURO
B Encrypted Netlist Floating License: 6250 EURO

B Additional node locked (same location)
— License: 1250 EURO

B 1 year maintenance included
B Maintenance: 10 % from the netlist-price / year

M Licensing:
— Unlimited T-Guard License
— Multiproject
— Royalty Free
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IFI GMACII Verification

B Hardware Tested on
— Cyclone/ll/lll Nios Il Development Kits
— Stratixll Nios Il Development Kit
— DBC2C20/DBC3C40 Cyclone Development Boards

B Tested with different PHY's
— National Semiconductor DP83865 GigPhy (100 Mb/Gigabit)
— National Semiconductor DP83847 DsPhyter (100 Mb)
— National Semiconductor DP83848 Phyter (100 Mb)
— National Semiconductor DP83640 Phyter (100 Mb)
— Marvell 88E1111 (100 Mb/Gigabit)
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Contacting Technical Support

B Although we have made every effort to ensure that this SOPC Builder
Ready OpenCore Package works correctly, there might be problems that
we have not encountered.

B For questions about the core's features, functionality, and parameter
settings please contact:

IFI Ingenieurblro Fir Ic-Technologie

P. Riekert & F. Sprenger

Kleiner Weg 3 -- 97877 Wertheim -- Germany
Phone: (+49)9342/96080

E-Mail: ifi@ifi-pld.de

http://www.ifi-pld.de
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Install the IFI GMACII

B Before you can start using Altera IFI GMACII functions, you must install the
IFI GMACII files on your computer. The following instructions describe this
process for the IFI GMACII.

B Close Quartus and IDE.
The installed Quartusll version must be 9.1 or newer

B [nstall the IFI GMACII Files

— The following instructions describe how you install IFI GMACII on computers

running the Windows operating system.
— IF you don’t change the installation path, the SOPC Builder and the Megawizard will find the IP automatically

—  Windows
® Follow these steps to install the IP on a PC running a supported version of the Windows operating system:
® Choose Run (Windows Start menu).
® Type <path name>\<filename>.exe, where <path name> is the location of the downloaded IP function and <filename> is the
filename of the IP function.
® Click OK. The IP Installation dialog box appears. Follow the on-screen instructions to finish installation.

— Solaris & Linux
® Follow these steps to install the IP on a computer running supported versions of the Solaris and Linux operating systems:
® Decompress the package by typing the following command:
® gzip -d<filename>.tar.gz
— where <filename> is the filename of the IFI NIOSII Advanced CAN function.
® Extract the package by typing the following command:
—  tar xvf <filename>.tar
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SOPC Builder Ready OpenCore Package

The SOPC Builder Ready OpenCore Package contains all files required for plug-and-play
integration of this core into Altera's SOPC Builder tool, allowing the user to easily evaluate the
core within his Avalon-based system. (example screenshot from older version)

= [ 90 4—  Quartusll IP Installation Path
= I ip

+ ) alkera
=l | ifi IP Location
= ) ifi_gmacii-+9.0 <4—
) doc q— Documentation
= 10 Library for Q [
ibrary for Quartus
+ ) HAL \
) ine HAL Drivers
I License q—
= | ref_designs OCP License File
= ECSS_DE;IG\
L) 3C25_MIT Reference Designs for NIOSII Development boards

L) FC120_RGMII Software Examples

) DBC3C40_RMII this folder will be automatically copied to
) DBEM_3Cxx_GMII the software templates of the IDE
=l |} software

) ifi_hello_grmacii
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Licensing

B OpenCorePlus License

This package is shipped with a OpenCorePlus license,
<Core installation directory>\license\license_ GMACII_OCP.dat.

When the FEATURE line from this license is appended to the user's Quartus Il license file, the encrypted
VHD file can be read into Quartus Il and place and route can be performed.

The license permit generation of <revision_name>_time_limited.sof files.

The hardware evaluation feature will run during you have an established connection between your board
and the Quartusll programmer (do not close the programmer, else the core stops immediate).

If you remove the connection it will stop working after 1 hour.
(Refer to the messages created by the programmer)

Full License
If you purchased a FULL LICENSE you receive an additional license file,
license_?7?7?.dat.

Use this instead of the license_ GMACII_OCP.dat. When the FEATURE line from this license is appended to
the user's Quartus Il license file, the encrypted VHD file can be read into Quartus Il and place and route can
be performed. The license permlt generation of <revision_name>.pof files and gate-level simulation netlists.

One FEATURE line can span more than one line
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Set Up Licensing

B To install your license, you can either append the license to your license.dat file or you can
specify the IFI GMACII ’s license_ GMACII_ocp.dat file in the Quartus Il software.

— Before you set up licensing for the IFI NIOSII GMACII , you must already have the Quartus Il software
installed on your computer with licensing set up.

B Append the License to Your license.dat File
— To append the license, follow these steps:
— Open the IFI GMACII license file in a text editor.
— Open your Quartus Il license.dat file in a text editor.
— Copy all lines from the license file and paste it into the Quartus Il license file.
— Do not delete any FEATURE lines from the Quartus Il license file.

— Save the Quartus Il license file.

® When using editors such as Microsoft Word or Notepad, ensure that the file does not have extra extensions
appended to it after you save (e.g., license.dat.txt or license.dat.doc). Verify the filename in a DOS box or at a
command prompt. Also, make sure that the file is saved in plain-text format without formatting characters.

B Specify the License File in the Quartus Il Software
— To specify the IFI GMACII license file in Quartus Il, follow these steps:
— Altera recommends that you give the file a unique name, e.g., <core name>_license.dat.
— Run the Quartus Il software.
— Choose License Setup (Tools menu). The Options dialog box opens to the License Setup page.
— Inthe License file box, add a semicolon to the end of the existing license path and filename.

— Type the path and filename of the IFI GMACII function license file after the semicolon.
® Do not include any spaces either around the semicolon or in the path/filename.
— Click OK to save your changes.
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Integrating the Core with your System using SOPC Builder

B This section contains instructions on the following:
— Adding the Core to your System

— Running the Reference Design

B These Instructions assume that the user i1s familiar
with the

— Altera OpenCore evaluation process,
— Altera's Quartus Il development software,

— and the Altera SOPC Builder tool.

B For more information on these prerequisites, please
visit www.altera.com.
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Adding the Core to your System

B This walkthrough involves the following steps:

Create a New Quartus Il Project
Create a New SOPC Builder Design

Launch IP Toolbench
® Step 1: Generate

B Create a New Quartus Il Project

Before you begin, you must create a new Quartus Il project. With the New Project wizard, you specify the working
directory for the project, assign the project name, and designate the name of the top- level design entity. You will also
specify the IFI GMACII user library. To create a new project, follow these steps:

Choose Programs > Altera > Quartus Il <version> (Windows Start menu) to run the Quartus Il software.
Choose New Project Wizard (File menu).

Click Next in the introduction (the introduction will not display if you turned it off previously).

Specify the working directory for your project. This walkthrough uses the directory c:\qdesigns\myproject.
Specify the name of the project. This walkthrough uses myproject.

Click Next.

Click User Libraries..

Type <path>\IP_ CORE DIR-v<version>\lib\ into the Library name box, where <path> is the directory in which you
installed the IFI GMACIT .

Click Add.

Click OK.

Click Next.

Choose the target device family in the Family list.
Click Finish.

You have finished creating your new Quartus Il project.
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Adding the Core to your SOPC System

B Launch SOPC Builder from Quartus Il

'" Altera SOPC Builder - cyclonelll_3c120_dev_niosll_stand (TOO'S men U) .
File Edit Module System Viewe Toolz Niosll Help

System Corterts | System Generation |

73 Component Library
@ Miog | Processor
--Eridges and Adapters

=-IFI
- E-CAN
- =EGMAC

j— —H  Select the core by clicking on the core
--4r|terfan:e F‘rntu:uu:uls name

--Legac':.f Components
--Memnries and Memory Controllers
--Peripherals

#-PLL

#-JSE

---Videu:u and Image Processing

4| |

Mewy. .. Edlit... Add...

— 3 Click "Add" to add the core to your
system.
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" IFI_GMACII ¥9.1 - ifi_gmacii_0

IFI_GMACII v9.1

ifi_gmacii
F. Sprenger

ek Dgram 1 H [nfo + Documentation

ifi_gmacii_0
clock B=gmacll_slave_clock gmacll_master =8 avalon
conduit ™gmacll_slave_export
avalon Bearmacl_slave
interrupt B=gmacll_slave_irg
conduit ™=dpram_slave_export
avalon M=dpram_slave

|~ GMACH Timer Information |
System Clock in MHz: =1

|' Transmitbuffer Read
Transmithutfer Read: OFF w

|~ DPRAM Interface
DRRAM Interface: USED b

= Features

[[[[

Advanced Features: OFF
Select Receive Bulfersize(Ringburters | 4_kByte

B Parameters

N

Select Transmit Buffersize(Doublebuffer) | 2*2_kEyte

|~ Phy Interface |
Select Phy Interface type: Gl

|~ Phy Speed |
Select Phy Speed: 1001000 %

|' Show Phy support Pins |
Shovwy Phy support Pins: OFF %
|* External PHY Timing |

Select the external PHY Timing:: DEFALLT b

|~ Default External PHY Timing |

Setup time in ns: 20
Holdl time in ns: oo
taximum Too time in ns: 5.3
tinimum Teo time in ns: 0s
|' User External PHY Timing
Setup time inns: oo
Hold time in ms: oo
hizimum Teo time in ns: oo
hdimimum Teo time in ns: oo

@ Info: Hfi_gmacii_0: DPRAM irterface enabled. o] . I nfo r m ati O n

@ Info: ifi_gmacii_0: Advanced Features Disabled
@ Info: Hi_gmacii_0: Transmitbuffer Read Disabled
A Infae i S M ChALMAL It ewnsti it
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" IFI_GMACIH 9.1 - ifi_gmacii_0 TSI,
| v9.1 Info

l

IFI_GMACII v9.1
i gmech IFI_GMACII v9.1
P Soroger —| -
|v Block Diagram | Class Name |f|_gma|:||
ifi_gmacii_0 Version 9.1
clock=grmacl_slava_clock  gmacll_master =8 avalon
conduit M=armacll_slave_sxport Author IF1
avalon B=lgmacll_slave
Interrupt =gmacl|_slave_iry Description IFl GMACI w31
conduit M= dprarm_slave_export
avalon M=dpram_slave Group IFIfGMAC
st all U g | Data Sheet file.//D/altera/S1pdfiifi_gmacii-»3.1/docAF|_GMACI_docu pf
System Clock in MHz: 75
[ Teansmifhuffer Read | GMACII Timer Information
Transmitbutfer Read OFF %
[~ DPRAM interface | System Clock in MHz System Clock in WMHZ (used for computing the perfarmance only)
DPRAM Interface: USED e
IR R | Transmithuffer Read
Advanced Festures: QFF %

sglect Recelve Burtersizefngbutien); |4 kEyte Transmitbuffer Read Transmitbuffer-Readhack for easy software debugging

Select Tramzmit Butfersize(Doublebuffer): | 2*2_kByte

|* Phy Interface ]
Select Phy Interface type:: Ghill DPRAM Interrace
[* Phy Speed | DPRAM Interface Use of the Dualport RAM Interface
Select Phy Speed: 1001000 %
[ Show Phy support Pins | Advanced Features
Showy Phy support Pins: QFF %
|~ External PHY Timing | Advanced Features Use of the Advanced Features
Selectine extermal FrY Tining: EZTRI | Select Receive Buffersize(Ringbuffer)  Select the Receive Buffersize(Ringhuffer)
e e — | Select Transmit Buffersize(Doublebuffer) Select Transmit Buffersize(Doublebufer)
Hald fime inms: : oo
aximum Teo time in ns: 55 Phy Interface
Minimum Teo time in ns: 0s
F i D e TG Select Phy Interface type: Selection of the Interface typ (GMIEMIL MIl, RGMIL, RMI)
Setup time in N i}
Hald time i m: © 0.0 Ph s eed
Maximum Tea time inns: oo y p
bl e I iz o Select Phy Speed: Selection of the PHY Speed (10041000, 100, 1000}
@ Into: ifi_gmacii_0: DPRAM interface enabled. A .
@ Into: ifi_gracii_0: Advanced Features Disabled | Show Phy support Plns
@ Info: ifi_gmacii_0: Transmithuffer Read Cizahled =
i (o JL o ] Show Phy support Pins Use of the PHY support pins
meaam — -
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ifi_gmacii

IFI_GMACII v9.1

|~ Block Diagram

ifi_gmacii_0

clock M=gmacll_slave_clock gmacll_master 8 avalon
conduit M= gmacll_slave_expart
avalon M=gmacll_slave
interrupt M ornacl_slave_irg
conduit = dpram_slave_export
avalon B=dpram_slave

/

|~ GMACH Timer Information

K

| Transmitbuffer Read

Tranzmithuffer Read:

OFF %

|~ DPRAM Interface

DPRAM Interface:

v| &

USED

|~ Advanced Features

— 1
|

o
— .

Advance ol Features:

of v| €

| Phy Interface

]

Select Phy Interface type::

oMl v | &—

|~ Phy Speed

Select Phy Speed:

10041000 =

|' Show Phy support Pins

Show Phy support Pins:

OFF » é_

|~ External PHY Timing

Select the external PHY Timing::

DEFALLT

Te—

|' Default External PHY Timing

|* user Defined External PHY Timing

(@ Info: Fi_gmacii_0; DPRAM interface enabled
@ Info: _gmacii_0: Advanced Features Disabled

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

PAL

|/, L)

~

cumatin sunitehine

/

!
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Selected system frequency

Transmit Buffer Readback for easy
software debugging(yes/no)

Dualport RAM Interface(yes/no)
Advanced Features(yes/no)

Receive Buffer Size(Ringbuffer)

Transmit Buffer Size(Doublebuffer)

PHY Interface(GMII/MII, MII, RGMII, RMII)
PHY speed(100/1000, 100, 1000)

Show the PHY support pins (yes/no)

External PHY Timing

Use DEFAULT/USER_DEFINED)
Setup time in ns

Hold time in ns

Maximum Tco in ns

Minimum Tco in ns

P —
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Adding the Core to your System

=1 T =y A et LU L | e L hnibbld AU AL AP AT
L [E onchip_ram On-Chip Memary (RAM or RObM)
e =1 Avwalon Memory Mapped Slave clk 0xz00000000 [Ox0003£££F
2 Avwalon Memory Mapped Slave clk 000000000 |[Ox0O003£££F
E onchip_memory_dpr... (On-Chip Memary (R2AM or ROk)
=1 Avalon Memory Mapped Slave clk 0300043000 |[0:x0004dfff
2 Avalon Memory Mapped Slave clk 0300043000 |[0:x0004dfff
B f_gmacii_0 IF1_GhACl
gmacll_master Avalon Memory Mapped Master clk
< * gmacll_slave Avalon Memory Mapped Slave 000040000 |[0x00043fff >—'E|
L, dpram_zslave Avalon Memary Mapped Slave 000200000 [Ox00ZEf£ff£f
Mesw... Addd. || a| v | x Address Map... | | Fiters. | Fiter: Defaut
@ Info: ext_flash: Flash memary capacity: 64 0 MBytes (67105364 bytes). A
@ Info; enchip_ram: User iz required to pravide memary initialization files for memary .
@ Info; i_gmacii_0: DPRAM interface enabled.
{e}} Info; #i_gmacii_0: Advanced Features Dizabled hd
[ Exit ] [ Help ] | ’ Mext |» ] [ Genetate ]

documentation.
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Specify desired instance name, base address, and IRQ.
Connect your Avalon interfaces as necessary
Add additional components as required by your design.
Complete system generation as described in the Altera SOPC Builder
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Reference Designs

B Running a Reference Design
B Creating a Software Project
B Run a Hardware Configuration
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Running a Reference Design

B Start Quartus Il, version 9.0 or higher.

B Open the Quartus Il project <Core installation directory>\
reference_designs\xxx\IFI_GMACII_Reference_design.gpf

B | aunch SOPC Builder from Quartus Il (Tools menu).

B The Nios CPU has been parameterized and added to the system
for you, as have the program and data memories, JTAG_UART
and the core itself.
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SOPC Connections

™l E cpu

p— instruction_tnaster

r—% data_master

+ jtag_debug_module
[ ext_ram_bus

#—+ avalon_slave

—t tristate_master
ext_flash

ext_ram

sys_clk_timer

jtag_uart

button_pio

led_pio

led_display

high_res_timer

SEVEn_seq_pio

reconfig_request_pio

<

AR RRRRD

E onchip_memory_ DPRAM_4k
=1
=2

¥ El onchip_memory_DPRAM
=1
=2

™ El ifi_gmacii_0

ginacll_master
— gmacll_slave
dpram_zlave
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GMACII_master is master for
— onchip_memory_ DPRAM_64k slave s2
— onchip_memory DPRAM_4k slave s2
— sdram slave
— ext_ram_bus slave
dpram_slave

GMACII _slave is mastered by CPU
data_master

dpram_slave is mastered by
GMACII_master




Running a Reference Design

B Click "Generate" to generate the HDL files.

B Click "Exit" to go back to Quartus and compile the
design.

B Launch the IDE for creation of software projects or
InstructionSetSimulation.
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Creating a Software Project

x
B File > New - Project c/C++ Aoplication -

Click Firish ko create this project with a defaulk swskem library c
— Select C/C++ Application

— CliCk Next Mame: IiFi_heIID_gmacII_El

v Use Default Location

L oakion: IC:'l,Megafunctinns'l,ifi_gmacii-v1.I:Ic'l,reFeren|:e_designs'l,STR.ﬁ.TIXII_ZSEDES_dE\ Brawse, ., |

—3elect Target Hardware

Wm: IC:'I,MegaFunctiu:uns'l,iFi_gmacii-\-'1.Eh:'l,reFerence_designs'l,STRﬂ.TIX ﬂ Browse, .. |
/ CRL: IIZ|:ILI j
Select the PTF of your project

—5Select Project Template

Hello MicroC /0511 _a| ~Description
Hello World This can be a starting paint for high-performance transfers, a
Hello Warld Small

IFI Hello CAR —Details
IFI Hello GMACIT

I / = Ts.ﬁ. answer to ARP-request, answer ta ICMP Ping request, d
Select Pro ject Tem p|ate Memory Test answer ko TFTP (LUDPJIFY, run UDPIIP bursts

Simple Socket Server
Tightly _Coupled_Memories
MicroC}05-11 Message Box
MicroiZ /O5-1T Tukarial

Web Server -
Zip Filing Syskem - J

Click on Finish

< Back | Mext = Finish Cancel
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Syslib Settings

.'Properties for ifi_hello_gmacII_0_syslib ;lglﬂ

| System Library |

—Target Hardware
CJC++ Document ation SOPC Builder System: I C:Meqafunckionsiifi_gmacii-v1.0clreference_designs\STRATIAI_2SA0ES_devboard DEGIG)std_Zs60ES, ptf Brawse, ., |

1C++ File Types
CIC++ Indexer CPL: I Cpu
roject References

‘... System Library —Swskem Library Contents Linker Scripk

RTOS: Innne {single-threaded) j " Custam linker script

AT E Options) ... | Innne Selech, ., |
shdouk: I]’tag_uart j
stderr: Ijtag_uart ﬂ Program memory { bext): Iext_ram
stdin: Ijtag_uart ﬂ Read-onky data memory | rodata): Iext_ram
Systemn clock timer: Isys_clk_timer ﬂ Readfwrite daka memory (. rwdata): Iext_ram
Tirnestarnp tirner: Innne ﬂ Heap memary: Iext ram
Max File descriptors: I 32 Sl EmERE Iext ram
V¥ Clean exit (flush buffers) [ Reduced device drivers
[ small C library [ Link with profiling library .

Exception stack memary: I ﬂ

™ mModelsim only, no hardware support [ Emulate multiply and divide instructions
I™ Run time stack checking Maximum exception stack size (bybes): I

Software Components. .

Help | Restore Defaults | Apply |

oK I Cancel I

B Change the memory settings to any wished RAM
which is big enough and fast enough
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Run a Hardware Configuration

B Select your Project within the C/C++ Projects View
B Run =2 Run.. Creste, manage, and run configurstions
b §

B Select Niosll Hardware «iis o o e S

Ef}ﬂ Mios IT Hardware
i L. Your new HW Configuration

. ‘ I IC k O n N eW N-ic-s 11 Instruckion Set Sirmulakar Main |J,|,|,|L Target Connectian I #ﬁ Debugger I @ Source I :ﬁ COMTan I

- {IE8 Mios 11 ModelSim Help |

----- ﬁ,‘;ﬁ Mios II Multiprocessor Collection

B Click on Run e s |

Mims [T ELF Executable:

I Debugfifi_hello_can_0.elf SEarch,., |

Target Hardware

SORE Builder: System: I Cimegafunctiontestireference_desian Erawse...

CPL; Icpu j

V¥ Build project and dependents (if required) before launching

[v “alidate Mios II system ID before software download

| | &

Mew Delete

Anpy | Reyert

Run Close
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Port description

Portname Direction Usage Description

clk125 input External 125 MHz clock

TX_CLK input External TX Clock from PHY
RX_CRS input External RX_CRS from PHY
RX_COL input External RX_COL from PHY
RX_CLK input External RX Clock from PHY
RX_DV input External RX_DV from PHY

RX_ER input External RX_ER from the PHY
RXD[7..0] input External RXD from the PHY
TX_EN output External TX_EN to the PHY
TX_ER output External TX_ER to the PHY
TXD[7..0] output External TXD to the PHY
PHY_INTRn input External Interrupt input (low active)
DUPLEX bidir External Connect to PHY (optional)
PHYADO bidir External Connect to PHY (optional)
ANEN bidir External Connect to PHY (optional)
MDC output External Connect to PHY

MDIO bidir External Connect to PHY
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Port description

Portname Direction Usage Description
xreaddata[31..0] input External External DPRAM readdata
xreaddatavalid input External External DPRAM readdatavalid
xwaitrequest input External External DPRAM waitrequest
xaddress[17..0] output External External DPRAM address
xbyteenable[3..0] output External External DPRAM byteenable
xchipselect output External External DPRAM chipselect
xread output External External DPRAM read

xwrite output External External DPRAM write
xwritedata[31..0] output External External DPRAM writedata

Tip
B when having no PHY-Board available, you can test the

GMACII transmitter with STP (Signaltap) when
connecting the clk125 also to the RX_CLK port
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I/F/

- Sprehger

Necessary Assignments

B Assumptions



Assumptions

B Depending on the used PHY Interface

B You have to provide a 125MHz Clock

— This 125MHz clock is required in 200Mb and 1Gb mode
— Use a PLL within the device

— The external oscillator has to be better than 100ppm
frequency deviation

— An example of this can be found in the reference designs

B For the RGMII interface you have to provide an
additional 125MHz Clock with a 90° Degrees shift
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Necessary Assignments

B The necessary timing assignments are automatically
written in SDC files for you.

B You have to provide a user SDC file which contains
the clock settings for the system

B You have to activate TimeQuest Timing analysis and
to add your user SDC as the first file and than the
automatically generated ifi_gmacii_xxxxx.sdc files.
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Detailed Information

Address map standard buffers
Address map jumbo buffers
Registers

DMA

Transmitter

Filters

Reference software
Reference software flow

=

F. Sprenger



Address map 1 standard buffers

byte address dword address register name
0x00000000 0x00000000 Receive Count
0x00000004 0x00000001 Receive Buffer
0x00002000 0x00000800 Transmit Buffer
0x00003F70 0x00000FDC TBD checksum
0x00003F74 0x00000FDD TCP/IP checksum
0x00003F78 Ox00000FDE UDP/IP checksum
0x00003F7C Ox00000FDF IP checksum
0x00003F80 O0x00000FEO MAC ID low
0x00003F84 0x00000FE1 MAC ID high
0x00003F88 0x00000FE2 MAC IP
0x00003F8C O0x00000FES3 Command/Status/IFG
0x00003F90 0x00000FE4 Transmit Control
0x00003F94 Ox00000FES5 Transmit Count
0x00003F98 0x00000FE6 Receive Control
0x00003F9C Ox00000FE7 Frame Count
0x00003FA0 Ox00000FES8 Version
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Address map 2 standard buffers

byte address dword address register name
0x00003FCO Ox00000FFO0 DMA Control

0x00003FC4 0x00000FF1 Receive Destination (avalon)
0x00003FC8 0x00000FF2 Receive Source GMACII
0x00003FCC Ox00000FF3 Receive Length
0x00003FDO Ox00000FF4 Receive Checksum
0x00003FD4 0x00000FF5 Transmit Source (avalon)
0x00003FD8 Ox00000FF6 Transmit Destination GMACII
0x00003FDC 0x00000FF7 Transmit Length
Ox00003FEO O0x00000FF8 Transmit Checksum
Ox00003FE4 Ox00000FF9 Timer

Ox00003FF8 Ox00000FFE PHY MANAGER 10
O0x00003FFC Ox00000FFF PHY MANAGER MIO
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Address map 1 Advanced Features ON

byte address dword address register name
0x00000000 0x00000000 Receive Count
0x00000004 0x00000001 Receive Buffer
0x00010000 0x00004000 Transmit Buffer
O0x0001FF70 0x00007FDC TBD checksum
Ox0001FF74 0x00007FDD TCP/IP checksum
Ox0001FF78 0x00007FDE UDP/IP checksum
Ox0001FF7C 0x00007FDF IP checksum
O0x0001FF80 Ox00007FEO MAC ID low
Ox0001FF84 O0x00007FE1 MAC ID high
Ox0001FF88 Ox00007FEZ2 MAC IP
Ox0001FF8C Ox00007FE3 Command/Status/IFG
0x0001FF90 0x00007FE4 Transmit Control
Ox0001FF94 Ox00007FES Transmit Count
0x0001FF98 0x00007FE6 Receive Control
Ox0001FF9C Ox00007FE7 Frame Count
0Ox0001FFAO Ox00007FES8 Version
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Address map 2 Advanced Features ON

byte address

dword address

register name

0x0001FFA4 0x00007FE9 Configuration rd only
Ox0001FFA8 Ox00007FEA Multicast MAC ID low
Ox0001FFAC 0Ox00007FEB Multicast MAC ID high
O0x0001FFBO 0x00007FEC Multicast MAC IP
Ox0001FFB4 0x00007FED reserved
Ox0001FFB8 0x00007FEE reserved
O0x0001FFBC 0x00007FEF reserved
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Address map 3 Advanced Features ON

byte address dword address register name
Ox0001FFCO 0x00007FFO DMA Control

Ox0001FFC4 0x00007FF1 Receive Destination (avalon)
Ox0001FFC8 0x00007FF2 Receive Source GMACII
Ox0001FFCC 0x00007FF3 Receive Length
0x0001FFDO 0x00007FF4 Receive Checksum
0x0001FFD4 0x00007FF5 Transmit Source (avalon)
O0x0001FFD8 O0x00007FF6 Transmit Destination GMACII
0x0001FFDC 0x00007FF7 Transmit Length
Ox0001FFEO 0x00007FF8 Transmit Checksum
Ox0001FFE4 0x00007FF9 Timer

Ox0001FFF8 0x00007FFE PHY MANAGER 10
0x0001FFFC 0x00007FFF PHY MANAGER MIO
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B C:\megafunctions\ifi_smacii-v1. 7\lib\sopc_builder\ifi_gmaciilinc\ifi_smacll_regs.h

=

2: * Copyright (c) of IFI e
3 o "
4: * this file belongs to the IFI_GMACTI ¥
5: % 49t defines the I0o-macros to access the IP-core il
6: " "
o 1 7: ¥ Dpate: January 12 2007 w
| | g“laC“ regS 8: * author: IFL/Sr o
—_ —_ o: ®
11: /% Code accessing the Bits, all listed Bits are Software readable others 0 L
12 . w w
Tl software writeable i
s, W % software write 1 to Set, hardware clears, write 0 no operation "
Habsty L a6 software write 1 to Clear, hardware sets, write 0 no operation "
Far o H hardware updated periodically "
18

19: #include <io.h>
20: #include "system.h”

22: #ifndef _ IFI_GMACII REGS H_
23: #define _ IFI_GMACII REGS H_

26: Jf/ starting with revison 1.7 we have two different addressmaps, to keep the
27: f/ macros identical we need some help
281 A 'ifei_[unhu i5 1 we have the new addressmap
29: #ifnd junbu
30: #define jumbo CCIFI_GMACIT 0 GMACITI_SLAVE_SPAN > 0x4000) ? 1 : 0)
31: #endif
32: ff adders when having jumbo addressing
33: #define ja (jumbo ¥ Ox00007000u)
34: f/ DwW adder for jumbo
35: #define jb  (jumbo * 0x0001cO00U)
36 /fegyte adder for jumbo
#define jt (jumbo ¥ 0Ox00003BO0)
38: J// Dw adder transmit buffer
39: #define jbt (jumbo * 0x0000e000U)
40: ff byte adder transmit buffer

43: Jf the rReceive_buffer
44 : #define IORD_IFI_GMACII_RBUFFER(base, index) IORD(base, ((0x00000001u)+index))

457
46: /% MAC-ID, MAC_IP Register %/
47: #define IORD_IFI_GMACII_MACIDL(base) Io0RD(base, (j a+0x00000Fe0u))

45: #define IOWR_IFI_GMACII_MACIDL (base,data) I0owR(base, (Ja+0x00000Fe0u), data)
49: Sfex: Oxdealab2c3

50: #define IORD_IFI_GMACII_MACIDH(base) IORD(base, (j a+ 000000 e1lu))

51: #define IOWR_IFI_GMACII_MACIDH(base, data) I0owR(base, (Ja+0x00000Felu), data)
52: JSfex: Ox00000007

54: d#define IORD_IFI_GMACII MACIP(base) IOrRD(base, (j a+0x00000Fe2u))
55: d#define IOWR_IFI_GMACII_MACIP(base,data) I0owR(base, (Ja+0x00000fe2u), data)
56: JSlex: Oxc0aB8642¢c Tor 192.168.100.44
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58: /% (MD Control/Status Register */
559: #define IORD_IFI_GMACII_(MD(base)

Defl n e m aC ro S 2 2% #define TOWR_TFI_GMACII_(MD(base,data)

A7 bit
631 AL bix

10rRD(basea, (j a+0x00000Fe3u))
IOwWR_16DIRECT (base, (jb+0x000003f8cu), data)

disable ARP_request frames when 1
disable IMP (PING) request frames when 1

1] 5
1 H
64: A/ bit 2 :w : disable MCF receive frames when 1
65: // bit 3 :w : disable UDP receive frames when 1
66: S/ bit 4 :w : disable TCP receive frames when 1
67: A/ bit 5 :w : acce all types of IP—frames 1 (not tested)
68: A/ bit 6 :w @ (1.7 CRC checking off when set
. . - Bol LB W ¢ GLEED use Multicast ID-IP Tor SRC filter when set
70: 4/ bit 8 :h : Ethernet-speed is 100 Mbit when 1, else Gbit
I I m I I r T1s A A1 B01S e
n 72: f/ bit 9 :w : Tength checking off when set (ARP is without lengthcheck)
— — T ;5 bit 11..10 w00 accept UDP/IP, TCP/IP, ICMP(echo request), ARP
74
it oL accept UDP/IP, TCP/IP, IMP(echo request), ARP
Th: fF accapt IGMP
AT
78: // reserved 10 accept UDP/IP, TCP/IP, IMP(echo request), ARP
7o: ff accept IGMP
80: ff
8l: SF 11 accept frame types
82: Af
83: A/ bit 13..12 w00 accept broadcast IP
B4 : ;; accept DST MAC-IP that match
85
86: Af oL accept broadcast IP
87: Af accept DST MAC-IP that match
B8: ;; accept Multicast MAC_IP that match
8O
an: ff 10 accept broadcast IP
Bk accept DST MAC-IP that match
92: ;5 accept all Multicast MAC_IPs
93
94: ff 11 accept all MAC-IPs
O5: Jff
96; A7 bit 15..14 w00 accept broadcast ID
97 S accept DST MAC-ID that match
og: S/ when IFI_GMACII_(MD_MC_SRC_MSK set
GG ;; accept only when SRC MAC_ID match too
feloH
TLE A oL accept broadcast ID
2 A accept DST MAC-ID that match
03 ;; accept Multicast MAC_ID that match
04
|5 A 10 accept broadcast ID
06: Af accept DST MAC-ID that match
BEs accept all Multicast MAC_IDs
HelzR R
Q9: Af b accept all MAC-IDs
L
11: #define IFI_GMACII_CMD_ARP_MSK (Ox00000001U)
12: #define IFI_GMACII_(CMD_ARP_OFST 0
13: #define IFI_GMACII_(MD_ICMP_MSK COx00000002u)
14: #define IFI_GMACII_CMD_ICMP_OFST €1
15: #define IFI_GMACII_CMD _MCF_MSK COx00000004u)
16: #define IFI_GMACII_(MD_MCF_OFST 2
17: #define IFI_GMACII_CMD_UDP_MSK C0x00000008u)
18: #define IFI_GMACII_(MD UDP_OFST 3
15: #define IFI_GMACII_CMD_TCP_MSK Co0000001L0u)
20: #define IFI_GMACII_(MD_TCP_OFST 4
21: #define IFI_GMACII_(MD_PI_MSK (0x00000020u)
221 #define IFI_GMACII_(MD _PI_OFST 5
23: #define IFI_GMACII_(CMD_CRCOFF_MSK (Ox0000004 0u)
24: #define IFI_GMACII_(MD_CRCOFF_OFST (6)
25: #define IFI_GMACII_(MD MC_SRC_MSK (0x00000080u)
26: #define IFI_GMACII_(MD MC_SRC_OFST
27: #define IFI_GMACII_(MD_I100_MSK (0)(00000100u)
28: #define IFI_GMACII_(MD_I100 OFST (8)
20: #define IFI_GMACII_CMD_LENOFF_MSK (0x00000200u)
30: #define IFI_GMACII_(MD _LENOFF_OFST
31: #define IFI_GMACII_(MD_FTYP_MSK (0x00000c00u)
32: #define IFI_GMACII_(MD_FTYP_OFST
33: #define IFI_GMACII_CMD_FIP_MSK (0x00003000u)
. .. .. . 34: #define IFI_GMACII_CMD_FIP_OFST €12
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36: #define IFI_GMACII_(MD_FID_OFST (14D




130:
140
141:
142
143:
144
145:
l4a:
147:
148:
149:
150:
L5
HH
ke f
154:
155:
156:
LETF
158:
159:
160:
lal:
la2:
165
164 :
165:
1a6;:
L7
1la8:
169:
170:
dLpHEE
Lrds
b
174:
7S
176:
il
178:
170
180:
181:
182:
183:
184 :
185:
186:
187:
188:
189:
1580:
191:
1592:
1593:
1594 :
195:
1596
197:
198:
190
2001
2
202
203:
204 :
205:
206:
207
208:
209:

R

Define macros 3

Ifi_gmacii_regs.h
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/¥ IFG Inter Frame Gap Register */
#define TORD_IFI_GMACII_IFG(base)
#define IOWR_IFI_GMACII_IFG(base,data)
/7 default and minimum is 12 Byte
#define IFI_GMACITI_TFG MSK

#define IFI_GMACII_IFG_OFST

1o0RD(base, (ja+0x00000Fe3u))
IOWR_16DIRECT(base, (jb+0x000003T8eu), data)

(Ox0000060FFu)
0

/1( Transmit Control REg'i ster wﬂwﬂwﬂlﬂvﬁnmrnmrnmrnmrnnvnnvﬁﬁﬁﬁﬁﬁwﬁwﬁwﬁwﬂwﬂwﬂﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ/

#define TORD_IFI_GMACII_TCR({base) IORD(base, (j a+0x00000Fedu))
#Fdefine IOWR_IFI_GMACII_TCR(base,data) IOWR_BDIRECT(base, (jb+0x00003T%0u), data)

A/ bit 0 w : reset transmitter, set this bit to 1 to disable transmit-actions
A/ bit 1 w : enable transmitter interrupt

/7 bit 2 w : disable transmitter start, setting this bit disables the start
v of a new transmit frame

A4 bit 3 ow @ reserved

A/ bit 4 w @ reserved

/7 bit 5 c : transmitter interrupt pending, clear with writing 1

A bit 6 zc : packet transmitted, ac nuw'legge transmitter, clear with writing 1
/7 bit 7 s @ transmit request, running

/7 to start a transmitframe set this bit to 1,

// when transmit is done this bit goes to 0

// when using pre_transmi t_re%]uest (see below)

/7 this bit is set automatically

#define IFI_GMACITI_TCR_TXRES_MSK {Ox00000001u)
#define IFI_GMACII_TCR_TXRES_OFST 4]

#define IFI_GMACITI_TCR_TIENA_MSK COx00000002u)
#define IFI_GMACII_TCR_TIENA_OFST 1

#define IFI_GMACII_TCR_DIST_MSK (OXx00000004W)
#define IFI_GMACII_TCR_DIST_OFST 2

#define IFI_GMACII_TCR_R3_MSK COx00000008U)
#define IFI_GMACII_TCR_R3_OFST 3

#define IFI_GMACII_TCR_R4_MSK (Ox0000001.0u)
#define IFI_GMACII_TCR_RA_OFST 4

#define IFI_GMACII_TCR_TACK_MSK {0x0000002 0w
#define IFI_GMACII_TCR_IACK OFST 5

#Fdefine IFI_GMACII_TCR_TACK_MSK COx0000004 0u)
#define IFI_GMACII_TCR_TACK OFST 5]

#define IFI_GMACII_TCR_TRANS_MSK (0x00000080u)
#define IFI_GMACITI_TCR_TRANS_OFST 7

A4 pre_transmit_ request, request next transmit, even actual is stillrunnin
#define TORD_IFI_GMACII_PRETCR(base) TORD_8DIRECT(bhase, (j b+ 0x 0000311 u))

#define IOWR_IFI_GMACII_PRETCR(base,data) IOWR_BDIRECT(base, (Jb+0x00003f01u), data)
A/ bit 0 :s : pre_transmit_request, request pending when 1

/7 to start transmitframes with minimum gap use this pre_transmit_request

A/ set bit 0 to 1, then wait until this bit is 0,

// this signals the reqguest is accepted and the transmitbuffers are swapped

/7 now the next transmitframe can be put together

#define IFI_GMACITI_TCR_PRETRANS_MSK (Ox00000001u)

#define IFI_GMACII_TCR_PRETRANS_OFST [{1)]

/¥ Transmit Count Register */

#define TORD_IFI_GMACII_TCNT(base) I0RD(base, (ja+0x000001:e5u))
#Fdefine IOWR_IFI_GMACII_TCNT(base,data) IowWR(base, (Jatox00000Ta5u), data)
/7 number of bytes the transmitter has to send (without the CRC)

A/ minimum is 60 e,

A7 (A.7) starting with revision 1.7 the GMACII extends a frame with zeros

// when tont s smaller than 60

A/ because the CRC with 4 bytes is added to this, we get the minimum framelength of 64bytes
/A4 on the wire

A/ the maximum TCNT depends on the transmit buffer size

// for the old addressmap (jumbo ,0) we have a value of

/1904 bytes !

// for the new addressmap (Jumbo = on,1) we have the values
A TAW = 10 => 2048 bytes (2052 on the wire)

A Taw =11 => 4096

A TAW = 12 =» B192

S TAW = 13 => 16384

Jf Thw = 14 => 32768

A TAW =15 =» 65392 !'! (not 65536)




20
211
212
214
214 :
2159
216:
2177
218:
219;
220:
221:%
222
223:
224
225
226
2218
228
229
230:
231
432
233:
234
235:
236:
2373
238:
ER
240:
241:
242
243
244
245
246;
247
248
249;
250:
2511
252
e
254
255
236:
2577
258
239
260:
261 :
262
263:
264 :
265
266
267
268:
269
270:
271
272
273
274
275
276
P
7R
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Define macros 4

Ifi_gmacii_regs.h

#define TORD_IFI_GMACII_RCR(base) IORD(base, (] a+0x00000Fabu))
#define TOWR_IFI_GMACII_RCR(base,data) I0wWR(base, (Jat+ox00000fFe6u), data)

J/ bit 0 :w : reset receiver, set this bit to 1 to disable receive-actions
J/ hit 1 :w : enable receiver 'interrugt

/7 bit 2 w © CRC error ‘interrupt enable (1.7)

/7 bit 3 w : ReceiveBuffer error interrupt enable (1.7)

S/ bit 4 :c : CRC error 1n1:errup1: (a.7)

A it 5 :c : clear receiver 1nter'ruli|t

// bit 6 :c : packet pending, acknowledge receiver

S/ bit 7 :c : ReceiveBuffer interrupt .7)

/7 a Receive buffer error allways implies a crc error !!

#define IFI_GMACII_RCR_RXRES_MSK (000000001 u)
#define IFI_GMACII_RCR_RXRES_OFST [{9)]

#define IFI_GMACII_RCR_RIEMA_MSK 0000000020
#define IFI_GMACII_RCR_RIENA_OFST 1

#define IFI_GMACII_RCR_CRCIEMA_MSK (000000004 )
#define IFI_GMACITI_RCR_CRCIENA_OFST 2

#define IFI_GMACITI_RCR_RBUFIENA_MSK £Ox00000008U)
#define IFI_GMACIT_RCR_RBUFIENA_OFST 3

#define IFI_GMACIT_RCR_CRCERR_MSK 0x0000001.0u)
#define IFI_GMACII_RCR_CRCERROFST &)

// pre 1.7

Srdefine IFI_GMACII_RCR_RZ_MSK (000000004 u)
FAfadefine IFI_GMACTI_RCR_RZ_OFST 2

FAdefine IFI_GMACTI_RCR_R3_MSK (0x00000008u)
SAFdefine IFI_GMACTII_RCR_R3_OFST 3

JS/¥Fdefine IFI_GMACTII_RCR_RA_MSK £0x00000010u)
FAdefine IFI_GMACTI_RCR_R4_OFST 4

#define IFI_GMACII_RCR_TIACK_MSK (Ox00000020u)
#define IFI_GMACII_RCR_IACK_OFST 5

#define IFI_GMACII_RCR_RACK_MSK COx00000040u)
#define IFI_GMACII_RCR_RACK_OFST (6]

#define IFI_GMACII_RCR_RBUFERR_MSK (Ox00000080u)
#define IFI_GMACII_RCR_RBUFERR_OFST 7

/7 working with interrupts is not recommended because of low performance !
Sf after c'Iear"in? the receiver ‘interrupt read the framecounter
1

/4 and process all pending frames, a new interrupt is un;}(
// generated when a new frame is received and not on pending frames !

/% Frame Count Register */

#define IORD_IFI_GMACII_FCNT(base) IORD(base, (ja+0x00000Fe7u))
/7 pending number of frames in receive buffer

/% Receive Count Register %/

#define TORD_IFI_GMACII_RCNT(base) IORD(base, (Ox00000000U))

/4 number of correctly received bytes in first frame

/7 it s necessary to read the receive Count register at least once

/4 before setting the IFI_GMACITI_RCR_RACK MSK in the IOWR_IFI_GMACII_RCR
/4 this keeps the ringbuffer in shape !

/% wersion read only %/

#define TORD_IFI_GMACII_VER(base) IORD(base, (ja+0x00000Fa2BU))
#define IFI_GMACII_VER_VER_MSK COx000000F T 3

#define IFI_GMACII_VER_VER_OFST [{8))]

#define IFI_GMACII_VER_QII_MSK (0x00001‘-F00u)

#define IFI_GMACIT_VER_OQIT_OFST

#define IFI_GMACII_VER_YEAR_MSK (OxOOFFOOOOu)

#define IFI_GMACII_VER_YEAR_OFST

#define IFI_GMACII_VER_MONTH_MSK (Oxﬁ:OOOOOOU)

#define IFI_GMACII_VER_MONTH_OFST 242

A ex: Ox07055010

S ex: Ox04065115 for April, 2006, required QuartusII rev5.1l+, GMACII revl.5s
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1 279: /% configuration read only %/
Defl n e m acros 5 280: #define IORD_IFI_GMACII_CFG({base) IoRD(base, (Jja+rOx00000Ta0u))

281: #define IFI_GMACII_CFG_RAW_MSK C0x0000000Fu

282: #define IFI_GMACII_CFG RAW OFST (1)

283: #define IFI_GMACII_CFG_TAW _MSK COx000000F0u)
. f : 7 h 284 #define IFI_GMACII_CFG_TAW_OFST 4]
ITI_gmacill_regs. 285: #define IFI_GMACIT CFG_TDP_MSK (0X00000100u)

— — 286: #define IFI_GMACII_CFG_TDP_OFST 8
287: #define IFI_GMACITI_CFG_MNEWADR_MSK (OxBO000000U)
288: #define IFI_GMACII_CFG _MNEWADR_OFST 31

288 S/ Raw 10 => 4 kbyte receive ringbuffer (default)

200: JF RAaW 11 => 8 kbyte receive ringbuffer

291: J// rRaw :12 16 kbyte receive ringbuffer

292: J// Raw D13 32 kbyte receive ringbuffer

293: JF RAW 14 64 kbyte receive ringbuffer

294 S RAW 15 = 128 k e receive ringbuffer

205: JF TAw 10 > 2+ 2 kbyte transmit doublebuffer (default)

296: Jf TAaw 11 4+ 4 kbyte transmit doublebuffer

297: S/ TAwW 12 => B+ B kbyte transmit doublebuffer

298: JF TAW 13 =»> 16416 kbyte transmit doublebuffer

295 JF Taw 14 => 32432 kbyte transmit doublebuffer

300: J/ TAwW 15 => 64+64 kbyte transmit doublebuffer

301: S/ TDP @ 0 => transmit buffer write only

302: A/ TDP @ 1 =» transmit buffer readback enabled (only the actual transmitbuffer)
303: S/ NEwWADR : O => we have the old addressmap (total 16 kbyte)
304: S/ NEWADR : 1 => we have the new addressmap (total 128 kBytes)

Il
WYY

1l
b

305
306: % multicast MAC-ID, Multicast MAC_IP Register (1.7) */
307: #define IORD_IFI_GMACII MMACIDL(base) IORD(base, (j a+0x00000feau))

3058: d#define IOWR_IFI_GMACII MMACIDL(base,data) IOwR(base, (Jat+0x00000Teau), data)
300: JSfex: Oxdealab2c3

310: #define IORD_IFI_GMACII MCMACIDH(base) IORD(base, (ja+0)(000001:ehu))

311: #define IOWR_IFI_GMACII_MMACIDH(base,data) I0wR(base, (Jjat+0x00000Tebu), data)
312: Jffex: 0x00000007

313:

314 : #define IORD_IFI_GMACTII_MCMACIP(base) 10rRD(hase, (ja+0x00000Fecu))

315: #define IOWR_IFI_GMACII_MMACIP(base,data) IowR(base, (Ja+0x00000Fecu), data)
316: Sfex: Oxc0aBed42c Tor 192.168.100.44

1

318:

319: f,‘ "lI'I"'-ItE -'Irltu transm-ithu-ﬁ':er LR R R R R R R R R R R R R R R R R R TR R TR R e T
320: J/ index in DWORD

321: #define IOWR_IFI_GMACII_TBUFFER(base, index, data) IOwWR (base, (jt+(0x00000800u)+1'ndex), data)
322: #define IORD_IFI_GMACII_TBUFFER(base, index) ToRD(base, O+ (0x00000B00u)+Tndex )

323: S/ index in BYTE

324: ddefine IOWR_IFI_GMACII_TBUFFER32(base, index, data) IOwWR_32DIRECT(base, (jbt+(0x00002000u)+1'ndex), data)
325: #define IOWR_IFI_GMACII_TBUFFER16(base, ‘index, dara) IOwR_16DIRECT(base, (Jbr+(0x00002000u)+index), data)
326: #define IOWR_IFI_GMACII_TBUFFERS8(base, index, data) IOWR_EBDIRECT(base, (Jbt+(0x00002000u)+index), data)
327

328: ff convert and store checksum into transmitbuffer

320: S/ the written 32bit checksum is converted to 1ebit and

330: d#define IOWR_IFI_GMACII_CSIP(base,data) I0wR(base, (jat+0x00000Fdfu), data)

331: Jf/ stored to the IP-header-checksum place (offset is Byte 24)

332: #define IOWR_IFI_GMACII_CSUDP(base,data) IowR(base, (jat+0x00000Fdeu), data)

333: Jf/ stored to the ubP-data chacksum place (offset is Byte 40)

334: #define IOWR_IFI_GMACII_CSTCP(base,data) 10wk (base, (ja+0x00000Fddu), data)

335: Y stored to the TCP checksum place (offset is Byte 50)

T
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Define macros 6 337

339:
340:
11 i 341
ifi_gmacii_regs.h 333
343
344 -
345:
3da:
347:
348:
345:
350:
351:
352:
353:
354
355
356a:
e T
358:
355:
360:
36l:
362
363
364 :
365
366:
367
368:
380:
370:
371
ENS-
373
374
375
376:
377
378:
379:
380:
381 :

i
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A¥ pestination address on Avalon Bus for received data */

#define TORD_IFI_GMACIT_DMACR(base) IORD(base, (ja+0x00000TF0U))
#define IOWR_IFI_GMACITI_DMACR(base,data) IowR(base, (Jjat+0x00000FF0U), data)
A bit 0 w : reset receiver pMA, set this bit to 1 to disable pMA-actions
Af bit 1 w : enable receiver DMA interrupt

Af bit 2 :s : request DMA receive-part (enable)

A bit 3 th : done DMA receive-part ready

A4 clear bit 3 and set bit 2 to 1 => start the DMA receive-part
Af when pMa has finished it sets bit 3 and clears bit 2

AF so, wait until bit 3 s 1, now DMA is free and can be reloaded
A4 we have only one DMA engine, so receive and transmit at

A4 the same time is not possible

Af bit 4 w : avalonaddress s constant on receive when set (1.7)
#define IFI_GMACII_DMACR_RXRESET_MSK (Ox 00000000 )

#define IFI_GMACII_DMACR_RXRESET_OFST ()]

#define IFI_GMACII_DMACRE_RXTENA_MSEK (Ox000000020u)

#define IFI_GMACII_DMACE_RXIENA_OFST (]

#define IFI_GMACII_DMACE_RXENA_MSK (Ox 00000004 )

#define IFI_GMACII_DMACR_RXENA_OFST (2

#define IFI_GMACII_DMACR_ RXDONE_MSK COx00000008U)

#define IFI_GMACII_DMACR_RXDOME_OFST ED]

#Fdefine IFI_GMACTII_ DMACRE_RXDESTCONST_MSK (Ox0000001.0u)
#define IFI_GMACII_DMACRE_RXDESTCOMST_OFST (47

A bit 16 1w
A bt 17 w

reset transmitter DMA, set this bit to 1 to disable pMA-actions
enable transmitter DMA interrupt

AF bit 18 :s request DMA transmitter-part (enable)

AF bit 19 :h done DMA transmitter—-part ready

A clear bit 19 and set bit 1B to 1 =» start the DMA transmitter-part

A4 when DMA has finished 1t sets bit 19 and clears bit 18

A4 so, walit until bit 18 is 1, now DMA is free and can be reloaded

/¢ we have only one DMA engine, so receive and transmit at

/¢ the same time is not possible

A bt 20 tw : avalonaddress is constant on transmit when set (1.7)
#define IFI_GMACII_DMACE_TXRESET_MSK {00001 0000w
#define IFI_GMACII_DMACR_TXRESET_OFST (1a)

#define IFI_GMACTII_DMACR_TXIENA_MSK (00002 0000
#define IFI_GMACII_DMACRE_TXIENA_OFST (17

#define IFI_GMACII_DMACE_THENA_MSE COx 0004 0000
#define IFT_GMACTII_DMACR_TXENA_OFST {18)

#define IFI_GMACTII_DMACR_TXDONE_MSK (O 0O0BOO00)
#define IFT_GMACTII_DMACR_TXDONE_OFST {19)

#define IFI_GMACII_DMACE_TXSROCONST_MSK COx 0000000
#define IFI_GMACII_DMACR TXSROCONST_OFST (200




aEd

. 383: /% pestination address on Avalon Bus for received data */

Defl ne macros 7 384: #define IORD_IFI_GMACII_RXDEST(base) T0RD(base, (ja+0x00000FF1u))
385: #define IOWR_IFI_GMACIT_RXDEST(base,data) I0wR(base, (Jja+0x00000fF1u), data)
AB6:
387: / source address for GMACII core receivebuffer /

L. .. 3588: #define IORD_IFI_GMACII_RXSRC(base) IoRD(base, (ja+0x00000TF2u})

Ifl gmaC” regS h 389: #define IOWR_IFI_GMACII_RXSRC(base,data) IowR(base, (Jja+0x00000fF2u), data)

. L . 350: S/ ex: Ox00000004 for Receivebuffer-data

391 : #define IFI_GMACII_RXSRC_MSK (o000 U
352: #define IFI_GMACII_RXSRC_OFST ({))]
1=
304 @ ecount to be transfered from receivebuifer to avalon busw/
395: #define IORD_IFI_GMACIT_Rx1L EN(base) ToRD(base, (ja+0x000007F3u}))
355: #define IOWR_IFI_GMACII_RXLEN(base,data) I0wR(base, (Jat+0x00000FF3u), data)
307: #define IFI_GMACIT_RX1 EN_MSK (o000 fu
398: #define IFT_GMACII_RXLEM_OFST ({)]
E1=1=
400: /% Checksum of received data, read only */
401: #define TORD_IFI_GMACII_RXCS(base) 10rRD(base, (ja+0x00000FF4u))
402 #define IFI_GMACTI_RCSII_MSK (o000 Ffu
403: #define IFI_GMACII_RXCSII_OFST {0

404: Jff each DMA transfer generates the checksum of all transported bytes
405: S/ the carry is allready included, so checksum has 16 bit

406:

407: /% source address on Avalon Bus for transmit data */

408: #define TORD_IFI_GMACII_TxSRC(base) I0rRD(base, (ja+0x000001=l=5u))

40%: #define IOWR_IFI_GMACII_TxSRC(base,data) Io0wR (base, (Jja+0x00000fF5u), datal)
410:

411: /% pestination address on GMACII core transmit buffer for transmit data %/

412: #define TORD_IFI_GMACII_TXDEST(base) I0rRD(base, (ja+0x000001=l=6u))

413: #define IOWR_IFI_GMACII_TXDEST(base,data) I0WR(base, (Jat+0x00000fF6u), (Jjbr+(datal)))
414 : S ex: Ox00002000 first byte of transmit buffer

415: #define IFI_GMACII_TXDEST_MSK (o000 U

416: #define IFI_GMACII_T*DEST_OFST o)

417:

418: ,."‘E1E:r¥tecuunt to be transfered from avalon bus to transmitbuffer®/

419: #define IORD_IFI_GMACII_Tx1LEN(base) IoRD(base, (ja+0x00000TF7u})

420: #define TOWR_IFI_GMACII_Tx1LEN(base,data) IowWR (base, (Jat+0x00000FF7u), data)
421: #define IFI_GMACTII_TXLEN_MSK (o000 FHfu

422 #define IFI_GMACII_T*LEM_OFST o)

423

424: /% Checksum of transmitted data, read only */

425: #define IORD_IFI_GMACII_TxCS(base) 10rRD(base, (ja+0x00000FF8U))

426: #define IFI_GMACII_THCS _MSK (a0 000Ffu

427: #define IFI_GMACII_TXCS_OFST (o)

428: S/ each DMA transfter generates the checksum of all transported bytes
4258: /f the carry is allready included, so checksum has 16 bit

430:
431: I*E?Stemtimer in us since reset, read only */
432: #define TIORD_IFT_GMACII_SYSTIME(base) IoRD(base, (Jat+0x00000FToud)

433: /ff attention: rollover after about 71 minutes depending on sys_clk !!
434: S/ @GMACIT parameter sys_clk must be set in S0PC-Builder / Megawizzard
435: /f to the used system clock rate in MHz

436
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438:
436
440:
4471 :

,,(wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwf

,fw IFI PHY MAMNAGER -ins—'ldE thE GMACTTI DMA, par‘t wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwf.’
/% MIO Control Register */
#define IORD_IFI_PHY_MANAGER_MIO(basa)

Define macros 8

IoRD(base, (ja+0x00000TTTU))

447 Ec}ergine IOHR_IFI_PHY_I_-ImHJII:GER_HIO(baSE,data) IowR(base, (Ja+0x00000FFFu), data)
.y . 443 it 0 - w 2 MDC Cloc
|f| gmaC“ I'egSh 444: S/ bit 1 : w : output enable for MDIO 1 => Z, 0 => 0
— — 445: S/ bit 2 : w : Interrupt Enable
446: S/ bit 3 - h : MDIO in, data from P
447: S/ bit 4 : h : Interrupt pin from Phy(not masked)
448: #define IFI_PHY_MANAGER_MIO_MDC_MSK COx00000001 )
445: #define IFI_PHY_MANAGER_MIO_MDC_OFST (1)}
450: #define IFI_PHY_MAMNAGER_MIO_MOE_MSK COx00000002u)
451: #define IFI_PHY_MANAGER_MIO_MOE_OFST 1)
452: ddefine IFI_PHY_MANAGER_MIO_IENA MSK COx 0000000410
453: #define IFI_PHY_MANAGER_MIO_IEMA_OFST 2
454 : #define IFI_PHY_MANAGER_MIO_MDI_MSK COx00000008uU])
455: #define IFI_PHY_MANAGER_MIO_MDI_OFST (ED]
456: #define IFI_PHY_MANAGER_MIO_INT_MSK CO0000001 0u)
457: d#define IFI_PHY_MANAGER_MIO_INT_OFST (4)
458
45%: /% I0 Control Register */
460: #define IORD_IFI_PHY_MANAGER_TIO(base) IoRD(base, (ja+0x00000TTeu))
461 : #define IOHR_IFI_PHY_Mn.Hn.GER_IO(haSE data) IowR(base, (Ja+0x00000FFeu), data)
462 S/ bit 0O : I DUPLEX output enable 0 =»> Z, 1 => DUPLEX output value
463: 7 bit 1 : w : DUPLEX output wvalue
464: S/ bit 2 : w : PHrADO output enable 0 =» Z, 1 => PHYADO output value
465: S/ bit 3 : w © PHYADO output value
466: S/ bit 4 - w © ANEN output enable 0 => Z, 1 => ANEN output avlue
467: S/ bit 5 : w : ANEN output value
468: S/ bit 6 : h = DUPLEX input value
46%: S/ bit 7 @ h : PHrYADO input value
470: A/ bit 8 : h = ANEN input value
471: #define IFI_PHY_MANAGER_IO DOE _MSK COx 00000000 u)
472: #define IFI_PHY_MANAGER_IO_DOE_OFST (1)}
473: #define IFI_PHY_MANAGER_TO_DUP_MSK COx00000002u)
474 #define IFI_PHY_MAMNAGER_IO_DUP_OFST 1)
475: #define IFI_PHY_MANAGER_TIO_POE_MSK COx00000004 )
476: #define IFI_PHY _MANAGER_IO_POE_OFST €22
477: #define IFI_PHY_MANAGER_IO_PHY_MSK COx00000008u)
478: #define IFI_PHY_MANAGER_TO_PHY_OFST (ED]
47%: #define IFI_PHY_MANAGER_TIO_ADE_MSK COx00000010u)
480: #define IFI_PHY_MANAGER_IO_AOE_OFST 47
481: #define IFI_PHY_MANAGER_TIO ANE_MSK COx0000002 0u)
482: #define IFI_PHY_MANAGER_TIO_ANE_OFST 5
483: #define IFI_PHY_MANAGER_TO_DI_MSK COx 0000004 0
484 : #define IFI_PHY_MANAGER_IO_DI_OFST ()]
485: d#define IFI_PHY_MANAGER_TO_PI_MSK CO0000080U)
486: #define IFI_PHY_MANAGER_IO _PI_OFST 7
487: #define IFI_PHY_MANAGER_TO_AT_MSK COx000001.00u])
488: #define IFI_PHY_MANAGER_IO _AI_OFST (8)
489
400: #endif /¥ _ IFI_GMACTI_REGS_H_ */
401 :
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Version

Month7 | Month6 | Month5 | Month4 | Month3 | Month2 | Month 1 Month 0

read Corerev?7 | Corerev6 | Corerev5 | Corerev4 | Corerev3 | Corerev2 | Corerev1 | CorerevO

B month - year - quartus - core revision
— Example: 0x01076117 =» 01.2007 Quartus 6.1 Core 1.7
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Detalls DMA

the GMACII includes an internal DMA controller with special features:

B alignment aware and byte exact

the GMACII-DMA is able to copy an exact number of bytes from the source (byteaddress) to the destination
(byteaddress), with this feature we get the high copy-performance of up to 4 Bytes/clk_cycle even when the
databytes need to be shifted 1,2 or 3 bytes (limitation: we read some bytes more than we need)

B checksum logic

all written bytes are going into the checksum-adder, so after each copying is done the checksum can be
read, there is no overhead, when not used, the checksum-adder is cleared with each new copy request,

the receive part and the transmit part have their own checksum registers.

B pipelinesupport
tﬂe GI\fI1ACII-DI\/IA has pipeline support on both ends, that means we can reach the maximum possible
throughput

B separate register for receiver and transmitter

we have separate registers for the receiver part of the DMA (reading data from the receive-buffer, writing to
the avalon-bus) and the transmitter part of the DMA (reading from the avalon-bus, writing to the transmit-
buffer), this give better performance, and less overhead

the receiver-DMA can only read the receive-buffer !
the transmit-DMA can only write the transmit-buffer !
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Detalls transmitter

| padding
starting with revision 1.7 the GMACII transmitter makes the padding to extend a frame that it meets the
minimum framelength of 64 bytes (for older versions that was business of the software)

example: the TCNT was set to 60 bytes, this tells the transmitter to send 60 bytes from the transmit-
buffer, append the 4 bytes from the automatically generated CRC, and 64bytes are on the line

setting the TCNT to less than 60 Bytes, a frame with TCNT+ 4 Bytes was send !!, but that frame could be
removed from a switch or a networkcard, because of violating the minimum length requirement

With the new feature the transmitter appends X”00” bytes up to byte 60, when the TCNT is shorter than
60, this behavior can not be switched off

| The transmit-buffer can be filled in any order with the exact bytes needed

| We have two possibilities to start the transmission

1. Wait until the IFI_GMACII_TCR_TRANS_MSK is 0, load the TCNT, start the transmission with setting
IFI_GMACII_TCR_TRANS_MSK, the transmit- buffer is switched immediately and is sending, the next transmit-buffer
can be loaded now

2. Load the transmit-buffer, set the IFI_GMACII_TCR_PRETRANS_MSK, that is the prestart for the transmitter, then
wait until this bit is cleared the transmit starts at the earliest possible time (after the interframe gap) to send, and the
buffer is switched, we can now load the next transmit frame, with this pre-start it is possible to reach the minimum
interframe-gap of 12 bytes

- mixing both versions to start transmission is not recommended
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Filter Details MAC-ID

Filtering the MAC-ID, the MAC-IP and IP-Header is implemented to reduce the overhead in
comparing the received frames for the cpu in embedded systems

o MAC-ID filter:
Each device has to have it's own MAC-ID, which has to be loaded into the GMACII-core by software
(MAC ID low - the last 32 bit and MAC ID high - the first 16 bit).
The MAC-ID filter decodes the first 6 bytes of each received frame (called Destination Address) and
compares to that loaded value.

If all 48bit match, the received frame is accepted.

Additionally a Destination Address of "FF FF FF FF FF FF" is accepted as broadcast.

N MCMAC-ID filter for Multicast (Advanced Features ON):

- For receiving multicast frames we have an additional filter set. This filter works:
) In parallel to the MAC-ID filter, so we can receive both kinds of destination IDs

® Or work as SRC Address filter when not used as Multicast

- filtering the SRC address can increase the security level, example:
- after a communication is set up, the local software can load the MCMAC-ID with the SRC address of the partner, and enable that
filter, so only IP communication with that partner gets processed, other partners can not get through

- Additionally a Destination Address of “01 00 5E Oxxxxxxx XX XX" is accepted as multicast-broadcast.
° 01-00-5e-00-00-00 ... 01-00-5e-7f-ff-ff
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Filter Details MAC-IP

m MAC-IP filter:
Each device has to have it's own MAC-IP, which has to be loaded into the GMACII-core by software this IP
can be fixed, or received from a DHCP-server depending on the systems structure.

The MAC-IP filter decodes the Destination IP Address and compares to the loaded value.
If all 32 bit match, the received frame is accepted.
Additionally a Destination Address of "FF FF FF FF" is accepted as broadcast.

B MCMAC-IP filter for Multicast (Advanced Features ON):
For receiving multicast frames we have an additional filter set. This filter works
in parallel to the MAC-IP filter, so we can receive both kinds of destination IPs

Additionally a Destination Address of “Exxxx.XX.XX.XX" is accepted as multicast-broadcast.
224.0.0.0 ... 239.255.255.255
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Filter Details frame types and length

| We have a filter to detect the type of the frame
- ARP

- IP which is divided in
1. ICMP  internet control message protocol
2. IGMP  internet group management protocol
3. UDP/IP user datagram protocol
4. TCP/IP  Transmission control protocol

| For IP we can test if the announced total length is matching the real frame length

with revisions until 1.7 we did this length test also on ARP, this failed on some systems using a special
driver from Intel, that driver did not extend a ARP frame to the minimum of 64 bytes on the wire, it
extended to 108 bytes (or so), and the GMACII rejected that ARP

| All these filters can be combined or disabled, please see the ifi_gmac_regs.h for details,
in the reference software you can find a subroutine which prints the actual setting
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Summary for older GMACII revisions

ARP request filter:
Only valid ARP-requests are accepted (length and type)

ICMP request filter:
Only valid ICMP-requests (ping request) are accepted (length and type, echo request)

IP filter:

Only) UDP/IP frames and TCP/IP frames are accepted, other types are discarded (length and
type

LEN filter:

To minimize the test-overhead for the cpu, the length of ARP-requests (fix), ICMP-requests
and IP-frames is validated, this can not be switched off.

Frames can not use options in the protocols or other header types.

Example: an incorrect IP-frame tells a length of 100 byte but the real received frame has 1300
bytes, this frame is discarded by this filter.

CRC filter:

The crc filter is always running and accepts frames only, when the correct crc is found in the
last 4 bytes of a frame. This filter can not be switched off.
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Reference-software for NIOS Il and IDE

B project template in the IDE
— IFI_hello_GMACII

B Files
— ifi_hello_gmacii.h
® Settings
— ifi_hello_gmacii.c
® Example application
— ifi_phy_manager.c
® Configuration and communication with the PHY Manager
— ifi_tftp_server.c
® TFTP Server routine
— ifi_tftp_client.c
® TFTP client routine
— ifi_udp_burst.c
® UDP burst routine
— ifi_arp_reply.c
® ARP reply routine
— ifi_arp_request.c
® ARP request routine
— ifi_ping_reply.c
® PING reply routine
—  ifi_printfilter.c
® Print the actual filter settings
— ifi_ip_copycheck.c
® Example for checking the checksum, during DMA copy
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B Open ifi_hello_gmacii.h B ielo i, g

A% Default address for our IFI_GHACII core

*
*

1f
w

#define

#define
=P 4 define
#define
#define
#define
#define

® Modify MAC ADDR

B Modify IP address ——s Jioie
#define
#define

#define
#define
#define
#define

#define
#define
#define
#define

1

MACADDE:
IF:
Fateway:

¥ Subnet HMask:

CORGID

J/fdefine SWAPID

##ifdef ORGID

MACADDERO
MACADDERL
MACADDRE
MACADDRS
MACADDERG
MACADDRS

IFADDERO
IFADDERL
IFADDRE
IFADDRS

GWADDRO
GWWADDERL
GWADDRE
GWADDRS

M3EADDERO
M3EADDRL
M3KADDREZ
M3KADDRS

Oo:07:edial:ha2:io3  ALTERA:al:bZ:c3
192,165,100, 34

10.0.0.255

255.255.255.0

44 change the comwent hetwean the both defines

) J/ defaunlt MALCLDDER
7

Oxed

Oxal

Oxkhi

O3

192 Ff default IP address
165
100
44

192
165
100
255

255
255
255
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b ooz x NG 5

A% destination MAC-ID and IP-address for our parther we sSend our hursts il
* MACADDR: O0:0kb:dh:5c:tkhe:ds
* IP: 19Z2.168.100.110
*

#define DMACADDRO O /¢ destination MACADDE

B Burst Destination MAC =——p #define DHACADDRL Oxh

#define DMACADDERZ Oxdhb
#define DMACADDR3I Ox5c
#define DMACADDR4 Oxhe
#define DMACADDRS OxdS

#define DIPADDERO 192 A4 destination IP address _J
B Burst Destination [P~ ———p #define DIPADRL 168

#define DIPADDERE 100

#define DIPALDDES 110

#endif /% ORGID +/

-
1| | b
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B Second set of MAC and IP address
— Change the comments to use this

(B i elo.sinzci. > NG =

fS% SWAP THE IDs when using a sSeochd ALLTERL hoard #/ :J
S MACADDE: 00:07:ed:al:bZ:c3  ALTERA:al:bi:cd
* IP: 192.168.100.45
w
#ifdef ZWAPID
#define MACADDEO O A/ default MACALDDE

#define MACADDERL 7

#define MACADDRZ 0Oxed
#define MACALDDERI Oxal
#define MACADDRE4 OxbZ

M\ #define MACADDRS Oxcd

f#define IPADDEO 192 S default IP address
#define IPLDDEL 168

A% destination MAC-ID and IP-address

* MACADDE: 0O0:07V:edialibzZ:icd Hdefi IPADDERZ 100

* IF: 192.168.100.44 etine

ay #define IPALDDES 45
f#define DMACALDDED O AF destinat

#define GWALDDRO 192
#define GWALDDER1 165
#define GWALDDRZ 100
#define GWALDDRS Z55

##define DMACADDR1 OY

##define DHMACADDRZ Oxed
##define DMACADDRI Oxal
f#idefine DMACADDE4 Oxb2

f#idefine DMACADDRS OxHc3d i
#define M3IEALADDRO =55

define MSKADDR1 255
#define DIPADDRD 192  // destinat Hocrine
#define MSKADDRZ 255

#define DIFLDDR1 168 :
#define DIPADDREZ 100 fderine HSKADDRS O

#define DIPADDRI 44 « | _’|;|
#endif /* SWALPID */

-
4| | LI—I |
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Reference Software Flow

Y

Timer controlled

UDP Burst

USE YVALID
FOR UDP BURST

A 4

Hardware
Trigger
controlled
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Timer controlled

UDP BURST =1

USE YVALID FOR UDP BURST =0 OPEN_UDP_TX

make header
initialize

WRITE_UDP_TX

v

transmit
* IFI_UDP_DATA_SIZE
bytes in frames with
IFI_UDP_MTU
RIS UDP data
from
ON CHIP DPRAM 4k

Yes

Loopcount >0

Looptime
over
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Hardware Trigger controlled

UDP BURST =1
USE YVALID FOR UDP BURST =1

YVALID
changed

OPEN_UDP_TX

Loopcount >0

make header
initialize

WRITE_UDP_TX

v

transmit
IFI_UDP_DATA_SIZE
bytes in frames with
IFI_UDP_MTU
UDP data
from
IFI_DPRAM_REFDESIGN
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Ethernet Background

m Protocol Stack Fundamentals

B UDP
HTCP
B what is theoretical possible

=

F. Sprenger



Protocol Stack Fundamentals

B The layered model
Protocol stacks are made up of layers
OSI 7 layer model of a network is a common representation

Application
Presentation
Session
Transport
AUI
Network ATTACHMENT UNIT INTERFACE
Data Link PMA
PHYSICAL MEDIUM ATTACHMENT
Physical
MDI
MEDIUM DEPENDENT INTERFACE

MEDIUM
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Protocol Stack Fundamentals

B The MAC Frame

LLC
LOGICAL LINK CONTROL

PLS
PHYSICAL SIGNALING

AUI
ATTACHMENT UNIT INTERFACE

PMA
PHYSICAL MEDIUM ATTACHMENT

MAC Data

MDI
MEDIUM DEPENDENT INTERFACE

MEDIUM
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Protocol Stack Fundamentals
W Example: IP for TCP/IP or UDP/IP

— Internet Protocol - IP

7 Byte Clocksynchronisation

Start-Frame-Delimiter

Destination Address
6 Byte MAC ID

Source Address
6 Byte MAC ID

2 Byte IP Header Checksum '

2 Byte Length/Typ

4 Byte CRC

X Byte Data(IP)
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Protocol Stack Fundamentals

B Example: UDP for UDP/IP
— User Datagramm Protocol - UDP

7 Byte Clocksynchronisation

Start-Frame-Delimiter

Destination Address
6 Byte MAC ID

Source Address
6 Byte MAC ID

2 Byte Length / Typ

2 Byte UDP Checksum
A

4 Byte CRC / X Byte Data

/

You have to process all of your data to calculate the checksum
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UDP — User Datagram Protocol

B Simplest IP protocol for applications

B Limited reliability
— No guarantee of delivery

— No Handshake
— No Timeout

B Ports

— Each application uses different port(s)

B Checksums the data

— Optional
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Protocol Stack Fundamentals

B Example: TFTP for UDP/IP
— Trivial File Transfer Protocol - TFTP

7 Byte Clocksynchronisation

Start-Frame-Delimiter

Destination Address
6 Byte MAC ID

Source Address
6 Byte MAC ID

2 Byte Length / Typ

UDP Data

X Byte Data

4 Byte CRC
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Protocol Stack Fundamentals

B Example: TCP for TCP/IP
— Transmission Control Protocol - TCP

7 Byte Clocksynchronisation

Start-Frame-Delimiter

Destination Address
6 Byte MAC ID

Source Address
6 Byte MAC ID

2 Byte Length / Typ

2 Byte TCP Checksum
A

4 Byte CRC / X Byte Data

/

You have to process all of your data to calculate the checksum
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TCP — Transmission Control Protocol

B Reliable

— Guaranteed delivery — using sequence numbers and acknowledgements
— Protocol has to exchange sequence numbers at startup
— Checksums the data

B Flow control

— Stacks advertise their available buffer space
— Algorithms to minimise congestion

B Also provides ports

© 2010 Ingenieurbtro Fur Ic-Technologie Page 80




Other protocols

B DHCP - Dynamic Host Configuration Protocol

— Automatically assign an IP Address

B ARP — Address Resolution Protocol
— Get the MAC address for a known IP Address

B |[CMP — Internet Control Message Protocol

— Echo Request / Echo Reply
— Used by Ping

B |[GMP — Internet Group Management Protocol

— Used to manage multicasting
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What's theoretical possible

H 1000 Million Bit/s on the line

— 119,2 MByte/s gross amount (1 MByte = 1048576 Byte)

— without the minimum Interframe Gap (12 byte)
® For a 1518 Byte Frame the rate drops to - 118 MByte/s

— without the Preamble, Address, Typ, CRC (another 26 byte)
® For a 1518 Byte Frame the rate drops to - 116 MByte/s

— without the IP Header (20 byte)
® For a 1518 Byte Frame the rate drops to - 115 MByte/s

— without the UDP Header (8 byte)

® For a 1518 Byte Frame (1472 byte load)
— the rate drops to - 114 MByte/s UDP-Data

® For a 64 Byte Frame (only 18 byte load)
— the rate is down to = 25 MByte/s

B - Frame size should be as large as possible
— using jumboframes when appropriate (take care for switches ..)
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What's theoretical possible

B On PC-Side

— The networkcard
® Datapath may be limited by PCI Bus (32 Bit 33 MHz - max 132 MByte/s)

® Interruptfilter > Latency
— Depending from your OS switch it off or play with the settings

® Checksum Offloading ...
® Jumboframe support
— Harddrive performance
® Try a ramdisc to see the possible datarates

— The OS may run into performance issues when the taskswitching rate
gets to high
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Revision History

Revisio | Date Description Versioncode

n

1.0 Aug 2005 | Initial release 0x07055010

1.1

1.2 Nov 2005 | Compatible to 5.0

1.3 Feb 2006

1.4 Feb 2006 | Lost data when DMA fifo runs empty 0x02065114
Issue with arp_request fixed

1.5 Apr 2006 | Issue when writing to slow memory fixed 0x03065115

1.6 Aug 2006 | Changes i1n frequeny detection (now we use RX_CLK) 0x08066016
Compatible to 6.0

1.7 Jan 2007 Enhancements like jumboframes, filters .. 0x01076117
Compatible to 6.1

9.0 Apr 2009 | New PHY Interfaces, SDC generation, Compatible to 9.0 0x04099090
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License Agreement

PLEASE CAREFULLY REVIEW THE FOLLOWING TERMS AND CONDITIONS BEFORE USING THE IFI IP-MODULE. BY USING THIS IFI IP-
MODULE AND/OR PAYING A LICENSE FEE, YOU INDICATE YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS, WHICH CONSTITUTE
THE LICENSE AGREEMENT (the "AGREEMENT") BETWEEN YOU AND IFI. IN THE EVENT THAT YOU DO NOT AGREE WITH ANY OF THESE
TERMS AND CONDITIONS, DO NOT USE THE IFI IP-MODULE AND PLEASE PROMPTLY DESTROY ANY COPIES YOU HAVE MADE.

DEFINITIONS:
"Party" means either IFI or YOU.
"Specification” means IFI's technical description for the IFI IP-MODULE covered by this Agreement to the extent such technical description relates to
the operation, performance, and other material attributes of the IFI IP-MODULE.

1. Licenseto the IFI IP-MODULE:

1.1 Subject to the terms and conditions of this Agreement (including but not limited to YOUR payment of the license fee set forth in Paragraph 4.0), IFI grants
to YOU a single-user, non-transferable, non-exclusive, and (except as specified by IFI) perpetual license to use the IFI IP-MODULE as follows. YOU
may:

(a) design with, parameterize, compile, and route the IFI IP-MODULE;

(b) program Altera Devices with the IFI IP-MODULE;

(c) use the IFI IP-MODULE on a single computer only; and

(d) except as otherwise provided in Paragraph 10.2, YOU may use, distribute, sell, and or otherwise market products containing Licensed Products to
any third party in perpetuity. YOU may also sublicense YOUR right to use and distribute products containing Licensed Products as necessary to permit
YOUR distributors to distribute and YOUR customers to use products containing Licensed Products. YOU are expressly prohibited from using the IFI
IP-MODULE to design, develop or program Non-Altera Devices .

1.2 YOU may make only one copy of the IFI IP-MODULE for back-up purposes only. The IFI IP-MODULE may not be copied to, installed on or used with any
other computer, or accessed or otherwise used over any network, without prior written approval from IFI.

1.3 Any copies of the IFI IP-MODULE made by or for YOU shall include all intellectual property notices, including copyright and proprietary rights notices,
appearing on such IFI IP-MODULE. Any copy or portion of the IFI IP-MODULE, including any portion merged into a design and any design or product
that incorporates any portion of the IFI IP-MODULE, will continue to be subject to the terms and conditions of this Agreement.

1.4 The source code of the IFI IP-MODULE, and algorithms, concepts, techniques, methods and processes embodied therein, constitute trade secrets and
confidential and proprietary information of IFI and its licensors and LICENSEE shall not access or use such trade secrets and information in any
manner, except to the extent expressly permitted herein. IFl and its licensors retain all rights with respect to the IFI IP-MODULE, including any
copyright, patent, trade secret and other proprietary rights, not expressly granted herein.
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2. License Restrictions:

YOU MAY NOT USE THE IFI IP-MODULE EXCEPT AS EXPRESSLY PROVIDED FOR IN THIS AGREEMENT OR SUBLICENSE OR TRANSFER THE IFI IP-
MODULE OR RIGHTS WITH RESPECT THERETO. YOU MAY NOT DECOMPILE, DISASSEMBLE, OR OTHERWISE REVERSE ENGINEER THE IFI IP-MODULE
OR ATTEMPT TO ACCESS OR DERIVE THE SOURCE CODE OF THE IFI IP-MODULE OR ANY ALGORITHMS, CONCEPTS, TECHNIQUES, METHODS OR
PROCESSES EMBODIED THEREIN; PROVIDED, HOWEVER, THAT IF YOU ARE LOCATED IN A MEMBER NATION OF THE EUROPEAN UNION OR OTHER
NATION THAT PERMITS LIMITED REVERSE ENGINEERING NOTWITHSTANDING A CONTRACTUAL PROHIBITION TO THE CONTRARY, YOU MAY PERFORM
LIMITED REVERSE ENGINEERING, BUT ONLY AFTER GIVING NOTICE TO IFI AND ONLY TO THE EXTENT PERMITTED BY THE APPLICABLE LAW
IMPLEMENTING THE EU SOFTWARE DIRECTIVE OR OTHER APPLICABLE LAW NOTWITHSTANDING A CONTRACTUAL PROHIBITION TO THE CONTRARY.

3. Term:

This Agreement is effective until terminated. YOU may terminate it at any time by destroying the IFl IP-MODULE together with all copies and portions thereof in any
form (except as provided below). It will also terminate immediately if YOU breach any term of this Agreement and upon conditions set forth elsewhere in this Agreement.
Upon any termination of this Agreement, YOU shall destroy the IFI IP-MODULE, including all copies and portions thereof in any form (whether or not merged into a
design or Licensed Product), and YOUR license and rights under this Agreement shall terminate except that YOU and YOUR customers may continue to sell and use
Licensed Products which have been developed in accordance with this Agreement and shipped prior to the termination. In no event may any portions of the IFI IP-
MODULE be used in development after termination. In the event of termination for any reason, the rights, obligations, and restrictions under Paragraphs 2, 4, 9, and 10
shall survive termination of this Agreement.

4. Payment:

In consideration of the license granted by IFl under Paragraph 1.1 and other rights granted under this Agreement, YOU shall pay the license fee for the IFI IP-MODULE

that has been specified by IFI. Such payment shall, as directed by IFI, be made directly to IFI .YOU shall pay all taxes and duties associated with this Agreement, other
than taxes based on IFI's income.

5. Maintenance and Support:
IFI shall, but only until the date, in the format YYYY.MM, provided in the license file for a IFI IP-MODULE ("Maintenance Expiration Date"):
5.1 use commercially reasonable efforts to provide YOU with fixes to defects in the IFI IP-MODULE that cause the IFI IP-MODULE not to conform substantially to the
Specifications and that are diagnosed as such and replicated by IFI;
5.2 provide YOU with fixes and other updates to the IFI IP-MODULE that IFI chooses to make generally available to its customers without a separate charge; and
5.3 respond by telephone or email to inquiries from YOU.

6. Limited Warranties and Remedies:

6.1 IFI represents and warrants that, until the Maintenance Expiration Date ("Warranty Period"), the IFI IP-MODULE will substantially conform to the Specifications. YOUR
sole remedy, and IFI's sole obligation, for a breach of this warranty shall be (a) for IFI to use commercially reasonable efforts to remedy the nonconformance, or (b) if IFI
is unable substantially to remedy the nonconformance, for YOU to receive a refund of license fees paid during the previous one (1) year for the defective IFI IP-
MODULE. If YOU receive such a refund, YOU agree that YOUR license and rights under this Agreement for the defective IFI IP-MODULE shall immediately terminate
ahnd YOU agree to destroy the defective IFI IP-MODULE, including all copies thereof in any form and any portions thereof merged into a design or product, and to certify
the same to IFI.

6.2 The foregoing warranties apply only to IFI IP-MODULEs delivered by IFI. The warranties are provided only to YOU, and may not be transferred or extended to any third
party, and apply only during the Warranty Period for claims of breach reported (together with evidence thereof) during the Warranty Period. YOU shall provide IFI with
such evidence of alleged non-conformities or defects as IFI may request, and IFI shall have no obligation to remedy any non-conformance or defect it cannot replicate.
The warranties do not extend to any IFI IP-MODULE which have been modified by anyone other than IFI.
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7. Representation:
Each party represents that it has the right to enter into this Agreement and to perform its obligations hereunder.

8. Indemnification:

8.1 Expressly subject to Section 9, IFI shall defend YOU against any proceeding brought by a third party to the extent based on a claim that the IFI IP-
MODULE, as delivered by IFI and as used in accordance with this Agreement, infringes a third party's copyright, trade secret, patent, or any other
intellectual property right ("IP right"), and pay any damages awarded in the proceeding as a result of the claim (or pay any amount agreed to by IFI as
part of a settlement of the claim), provided that IFI shall have no liability hereunder unless YOU notify IFI promptly in writing of any such proceeding or
claim, give IFI sole and complete authority to control the defense and settlement of the proceeding or claim, and provide IFI with any information,
materials, and other assistance requested by IFI.

8.2 In the event of any such claim or proceeding or threat thereof, IFI may (and, in the event any such claim or proceeding results in the issuance of an
injunction by a court of competent jurisdiction prohibiting YOU from using the IFI IP-MODULE, IFI shall), at its option and expense and subject to the
limitations of Paragraph 9, seek a license to permit the continued use of the affected IFI IP-MODULE or use commercially reasonable efforts to replace
or modify the IFI IP-MODULE so that the replacement or modified version is non-infringing or has a reduced likelihood of infringement, provided that the
replacement or modified version has functionality comparable to that of the original. If IFI is unable reasonably to obtain such license or provide such
replacement or modification, IFI may terminate YOUR license and rights with respect to the affected IFI IP-MODULE, in which event YOU shall return to
IFI the affected IFI IP-MODULE, including all copies and portions thereof in any form (including any portions thereof merged into a design or product),
and certify the same to IFI, and IFI shall refund the license fee paid by YOU for the affected IFI IP-MODULE.

8.3 IFI shall have no liability or obligation to YOU hereunder for any infringement or claim based on or resulting from (a) the combination or use of the IFI IP-
MODULE with other products or components; (b) modification of the IFI IP-MODULE by anyone other than IFI, (c) the use of other than the most recent
version of the IFI IP-MODULE if the infringement or claim would have been avoided (or the likelihood thereof reduced) by use of the most recent
version; (d) requirements specified by YOU; (e) use of the IFI IP-MODULE in any way not contemplated under this Agreement; or (f) any use of the IFI
IP-MODULE, to the extent that IFI has indicated in the applicable Specification that third-party licenses 8.3a may be required to use such IFI IP-
MODULE if LICENSEE has not obtained the necessary third-party licenses.

8.4 The provisions of this Paragraph 8 state the entire liability and obligations of IFI, and YOUR sole and exclusive rights and remedies, with respect to any
proceeding or claim relating to infringement of copyright, trade secret, patent, or any other intellectual property right.

LIMITATIONS OF LIABILITY

9.1 In no event shall the aggregate liability of IFI relating to this Agreement or the subject matter hereof under any legal theory (whether in tort, contract or
otherwise), including any liability under Paragraph 8 or for any loss or damages directly or indirectly suffered by YOU relating to the IFI IP-MODULE,
exceed the aggregate amount of the license fees paid by YOU in the previous one (1) year under this Agreement.

9.2 IN NO EVENT SHALL IFI BE LIABLE UNDER ANY LEGAL THEORY, WHETHER IN TORT, CONTRACT OR OTHERWISE (a) FOR ANY LOST
PROFITS, LOST REVENUE OR LOST BUSINESS, (b) FOR ANY LOSS OF OR DAMAGES TO OTHER SOFTWARE OR DATA, OR (c) FOR ANY
INCIDENTAL, INDIRECT, CONSEQUENTIAL OR SPECIAL DAMAGES RELATING TO THIS AGREEMENT OR THE SUBJECT MATTER HEREOF,
INCLUDING BUT NOT LIMITED TO THE DELIVERY, USE, SUPPORT, OPERATION OR FAILURE OF THE MEGACORE LOGIC IFI IP-MODULE,
EVEN IF IFI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH LIABILITY.
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10. General:

10.1

10.2
10.3

10.4

10.5

10.6

10.7

YOU may not sublicense, assign, or transfer this license, or disclose any trade secrets embodied in the IFI IP-MODULE, except as expressly provided
in this Agreement. Any attempt to sublicense, assign, or otherwise transfer without prior written approval of the other party any of the rights, duties, or
obligations hereunder is void.

This Agreement is entered into for the benefit of IFI and its licensors and all rights granted to YOU and all obligations owed to IFI shall be enforceable
by IFI.

If YOU have any questions concerning this Agreement, including software maintenance or warranty service, YOU should contact IFI Ing.Buro Fir Ic-
Technologie, P. Riekert & F. Sprenger, Kleiner Weg 3, 97877 Wertheim, Germany.

YOU agree that the validity and construction of this Agreement, and performance hereunder, shall be governed by the laws of german jurisdictions,
without reference to conflicts of laws principles. YOU agree to submit to the exclusive jurisdiction of the courts in Germany, for the resolution of any
dispute or claim arising out of or relating to this Agreement. The Parties hereby agree that the Party who does not prevail with respect to any dispute,
claim, or controversy relating to this Agreement shall pay the costs actually incurred by the prevailing Party, including any attorneys' fees.

In the event that any provision of this Agreement is held by a court of competent jurisdiction to be legally ineffective or unenforceable, such provision
shall be reformed only to the extent necessary to make it enforceable and the validity of the remaining provisions shall not be affected.

The article headings throughout this Agreement are for reference purposes only and the words contained therein shall not be construed as a
substantial part of this Agreement and shall in no way be held to explain, modify, amplify, or aid in the interpretation, construction or meaning of the
provisions of this Agreement.

BY USING THE IFI IP-MODULE, YOU AND IFI ACKNOWLEDGE THAT YOU AND IFI HAVE READ THIS AGREEMENT, UNDERSTAND IT, AND
AGREE TO BE BOUND BY ITS TERMS AND CONDITIONS. YOU AND IFI FURTHER AGREE THAT IT IS THE COMPLETE AND EXCLUSIVE
STATEMENT OF THE AGREEMENT BETWEEN YOU AND IFI, WHICH SUPERSEDES ANY PROPOSAL OR PRIOR AGREEMENT, ORAL OR
WRITTEN, AND ANY OTHER COMMUNICATIONS BETWEEN YOU AND IFI RELATING TO THE SUBJECT MATTER OF THIS AGREEMENT,
UNLESS YOU HAVE A SEPARATE LICENSE SIGNED BY AN AUTHORIZED IFI REPRESENTATIVE.
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IFI Products and Services

ALTERA MEGAFRCTION PRETNERS PROGRAM

[echnical Training

B Dedicated to Altera since 1985

H [Ps
— GMACII
— CAN2.0B
— USB
— MediaLB
IEEE 1588

[] Tramlng Classes
— IFI - QUARTUS
— |IFI — ALTERA Expert
— IFI — VHDL
— IFI — Nios®ll
B Design services for all ALTERA
devices

B Consulting

INGENIEURBURO FUR IC-TECHNOLOGIE

Peter Riekert & Franz Sprenger
Kleiner Weg 3

97877 Wertheim Germany
Tel.: (+49)9342 / 9608-0

Fax: (+49)9342 / 5381

eMail: ifi @ ifi-pld.de
http://mwww.ifi-pld.de
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