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ABSTRACT FPGA-based solution has become more common in embedded system these days. These system need to com-
municate with external world .Considering high-speed and popularity of Ethernet communication, a reliable 

real-time Ethernet component inside FPGA is of special value. To that this end, this paper presents a new solution for 1 Gigabit Mbps 
FPGA-based Ethernet communications with timing analysis. The solution deals with “Reduced Gigabit Media Independent Interface” 
in its physical layer.UDP are a network protocol which implemented from physical to transport layer. For getting used in real-time ap-
plications, timing analysis is done in the communication system. In order to test the component inside FPGA, two different approaches 
are utilized. Signal measurement in combination with introduced windows based application contributes much in testing and valida-
tion phases. We propose consequences of VHDL coding styles on area utilization and speed. Optimization for maximum speed can be 
achieved by FSM based approach. 

FPGA Implementation of Real Time 
Ethernet Communication Using RGMII 

Interface

1. INTRODUCTION
FPGA (Field Programmable Gate Array)-based systems are play-
ing an increasingly important role in embedded systems. Ever 
since FPGA has vastly used in embedded systems, communica-
tion between FPGA and other parts of system was turned to be 
an important necessity. Depending on amounts of data which 
should be transferred, different types of connections can be 
used. Ethernet communication provides enough bandwidth for 
most of the high demanded applications. This paper is rs ver-
sion of a complete version which will be published later. In this 
paper, in order to solve the communication problem a UDP/IP 
core on 1000Mb Ethernet is introduced. The solution uses ad-
vantages of CBSE (Component-based soft-ware engineering) in 
design and development phases. Using some testing techniques, 
validity of the solution is evaluated after implementation phase. 
Significant of solution is using reduced gigabit media-independ-
ent interface (RGMII) in the physical layer of communication 
protocol. 

In this paper, section 2 provides basic theoretical information 
which is absolutely necessary for implementation of 1000Mb 
Ethernet communication. Then section 3 describes the solution 
and the way it is implemented. Section 4 shows what hardware 
and software tools are used in the implementation and valida-
tion of solution. In section 5 validation of solution is discussed. 
Finally, conclusion is presented in section 6.

2. ETHERNET COMMUNICATION
This section covers OSI (Open System Interconnection) and Pro-
tocols of the layers which are discussed in this paper.

2.1 OSI model

FIGURE 1: OSI REFERENCE MODEL

2.2 PHYSICAL LAYER
The Physical layer indicates how signals can be transmitted on a 
network, gives interfaces for a network and defines the different 
types of physical aspects. In order to have an Ethernet connec-
tion physical layer uses PHY device. For connecting PHY device 
to the FPGA, RGMII interface is used.

2.2.1 RGMII CHARACTERISTICS
The RGMII is intended to be an alternative to the IEEE802.3u 
MII, the IEEE802.3z GMII and the TBI. The principle objective 
is to reduce the number of pins required to interconnect the 
MAC and the PHY from a maximum of 28 pins (TBI) to 12 pins 
in a cost effective and technology independent manner. In order 
to accomplish this objective, the data paths and all associated 
control signals will be reduced and control signals will be multi-
plexed For Gigabit operation, the clocks will operate at 250MHz, 
and for 10/100 operation, the clocks will operate at 2.5MHz or 
25MHz respectively

The RGMII module significantly reduces pin counts between 
the MAC and the physical layer. .In applications where a number 
of Ethernet MAC and PHY interfaces are necessary, savings of 
up to 50% of the pin count are possible. This pin reduction is 
achieved by multiplexing data and control signals on both edges 
of the reference clocks. There are two modes of operation, RG-
MII mode and RTBI mode, with the current mode being selected 
by the tbi input signal. In RGMII mode, the number of data pins 
has been reduced from 8 to 4 for both receive and transmit, with 
a saving of 8 pins in total. This requires the use of both edges of 
the clock in order to maintain the bandwidth. In RTBI mode, the 
ten bit receive and transmit code groups are each split into two 
separate 5 bit groups and driven across the four data pins and 
the control pin, saving 10 pins in total.

FIGURE 2: PORT MAP OF RGMII 

2.2.2 RGMII RECEPTION TIMING
In order to receive packets with RMII Interface, there are some 
points which should be taken into consideration. According to 
figure 3 CRS DV signal means that following bits are valid data, 
but after that preamble can start after undefined number of 
clock cycles. This problem is solved using one state machine 
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which after CRS DV signal waits for 7bytes of preamble followed 
by one byte SFD.

2.2.3 RGMII TRANSMISSION TIMING
In transmission an important point is to change TXEN on rising 
edge and TXD on falling edge

FIGURE3: SYSTEM BLOCK DIAGRAM

2.3 DATA LINK LAYER (MAC)
One of two sub layers of the Data Link layer is the Media Ac-
cess Control Layer (MAC). The MAC sub layer uses Carrier Sense 
Multiple Access protocol which has Collision Detection ability 
(CSMA/CD) to ensure sent signals from different stations over 
the same channel do not collide. Considering that IEEE802.3 
which is one of the world’s most used protocols is of the CSMA/
CD type, importance of CSMA/CD class becomes more obvious. 
The MAC layer is responsible for delivering data packets over a 
shared channel. All MAC fields should be sent by sequence and 
their sizes are fixed except data field which could vary from 46 
to 1500 bytes

	

FIGURE 4: MAC PACKET FORMAT 

FIGURE 5: MAC TRANSMITTER

FIGURE 6: MAC RECEIVER INTERFACE

2.3.1 CRC
CRC (Cyclic Redundancy Check) is a popular and reliable tech-
nique of error detection in data communication systems. Which 
can detect a large number of errors? This method is based on 
polynomial arithmetic. CRC is used in order to distinguish dam-
aged frames from correct ones. CRC-32 is one of common CRC 
standards used for Ethernet which defines polynomial function 
G(x) as a common generator polynomial.

G(x) = x32 +x26 +x23 +x22 +x16 +x12 +x11 +x10 +x8 +x7 + x5 
+ x4 + x2 + x1 + x0.

X represents bit value and superscript of x shows the position of 
bit in a bit stream. CRC should be calculated by both MAC sender 
and receiver and in a case that they do not have equal values 
receiver should discard the packet.

2.4 TRANSPORT LAYER
UDP is such a simple transport protocol that allows applications 
to send datagram and handle translation between ports and 
sockets. UDP has twofold ports: source and destination; Also its 
segments consist of 8-byte header which is shown in figure.

FIGURE 6: THE UDP HEADER

3. PHY MANAGER
Initiating Ethernet PHY is the first step in establishing com-
munication. Based on desired communication type, inner PHY 
registers should be manipulated. PHY Manager Component is 
responsible for initiating Ethernet PHY. It sends I2C (Inter-In-
tegrated Circuit) commands to PHY and prepares it for specific 
speed and duplex mode. MII or RMII is chosen using these I2C 
commands. I2C uses two lines (data and clock) for manipulating 
registers that are inside PHY.

3.1 UDP SENDER
This component uses three synchronized processes to make a 
packet which is sent out by using two lines of data. One process 
is responsible for TXEN output, the other sends bits out and the 
last one is a state machine. Diffeerent layers of network proto-
cols are built using this state machine. Fig-ure 10 shows pream-
ble state that is inside the state machine which generates ap-
propriate MAC preamble. As it is clear in the figure after sending 
preamble, state changes to MAC destination address. This com-
ponent starts working after a pulse load input is high. It sends 
all header data such as MAC header, IP header and UDP header 
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and in the need of sending data field sends out a request and the 
communication layer provides a byte of data for each request. In 
the meantime UDP Sender makes CRC and attaches four bytes 
of CRC to the end of the packet. While UDP Sender sends the 
packet, the output “Is Active” is high to show other components 
that sender is not ready to receive new order for sending packet.

4. EXPERIMENT CONSTRAINTS
The solution is synthesized and transferred into a FPGA by 
Xilinx ISE which is from Xilinx Company. A custom board is used 
for testing purpose. Specifications of the board components are 
described. The FPGA which is used in this project is Xilinx SPAR-
TAN 3E DSP (Digital signal processing). This FPGA, in addition 
to the features of SPARTAN 3E family, is using 90 nm process 
technologies which are consecutive to more bandwidth. Moreo-
ver, in comparison to 3E family, this family of Xilinx FPGA’s are 
using an additional block RAM. This RAM has some additional 
output registers which help it to perform faster

5. TEST AND DEBUG
In order to test the presented solution, two steps have been tak-
en. First, output signals of FPGA are measured using Picoscop. 
Second, communication between FPGA and computer is tested 
by using a windows application.

6. SUMMARY AND CONCLUSIONS
In this work, we introduce a new solution for Ethernet commu-
nication in FPGAs. The solution uses RGMII interface in physical 
layer. Although RGMII interface uses fewer pins for communi-
cating with Ethernet PHY, it has no other advantages and when 
there is no hardware limitation, it may not worth it to develop 
a new component for interfacing RGMII inside FPGA because 
there are already made IP cores for MII and GMII. For real-time 
applications FPGA is a reliable option since timing analysis can 
be done easily. The program is converted to hardware blocks 
which do not require operating system to be run and do not ac-
cept interrupts. Actually FPGA is as flexible as software and as 
reliable as hardware. Some problems such as lack of knowledge 
about synthesizer and hardware connection problems make it 
so difficult to develop components in FPGA.
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