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Supervisor: Jacob A. Abraham 

 

The design, test and implementation of a custom Ethernet card for embedded 

microcontrollers is described. The development of this Ethernet card is an educational 

effort to understand the various intricacies involved in constructing an Ethernet solution 

for embedded microcontrollers. The secondary motivation is to research the areas of the 

design can be ruggedized for high temperature and pressure applications. This report 

covers in detail the overall effort to which Henry Chang contributed. 
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Chapter 1: Introduction 
 

Working with embedded electronics for the past five years I noticed inefficiency 

in how most embedded systems operate. Many embedded systems are composed of two 

separate pieces of software and hardware. Usually there is a piece of custom embedded 

electronic connected to a PC via some sort of communication bus. The developer needs 

to write firmware on the embedded electronic and write an application on the PC to 

communicate with the firmware. One of my motivations behind this project is to simplify 

embedded systems down to one piece of software by moving the application into the 

microcontroller. Imagine if the microcontroller could connect to wireless networks and 

serve up web pages, then any computer with an internet browser could interface with the 

embedded electronics[1]. This concept has not been in practice by industries building 

electronics for high temperature applications partly because limited availability of 

aerospace or military grade Ethernet components. This project embarks on an attempt to 

construct a custom embedded Ethernet solution for high temperature application.     

 

The first section presents the various interfaces in this system. It also illustrates 

and describes the schematic of the test board. For this test board I used many components 

that worked well under high temperature. Some of the components were imported from 

the first piece of high temperature electronic I designed professionally. The next section 

talks about the host microcontroller used to test the Ethernet card. It gives a general 

overview of the microcontroller’s hardware specifications and capabilities. Then it runs 

though how the test firmware configures the microcontroller to interface with the 
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Ethernet card. After, the design of the custom Ethernet Media Access Controller (EMAC) 

is described. This Ethernet controller is built in a FPGA using VHDL. The target 

hardware for the Ethernet controller is Actel ProAsic APA 300[2]. A brief overview of the 

registers and memory map of the EMAC is given. The Ethernet controller is comprised of 

five modules. These modules are review and the simulation of their test bench results are 

illustrated to demonstrate correct functionality. Next an overview of the PHY used for 

this project is presented. The PHY selection process is described along with an overview 

of the PHY hardware. The configuration of the PHY for testing is detailed. The Ethernet 

transmit and receive will be tested at 100 mbps using full duplex mode. The last section 

describes the simple test firmware written to perform transmit and receive using the 

Ethernet card. It focuses on the application portion of the firmware since the portions 

were covered in previous sections. A quick overview of the various test commands and 

how these test commands accomplish their task are presented. The conclusion of paper 

talks about what was learned, what could have been improved, and what else could have 

been done if there was more time.    

 

 

 

 

 

 

 

 

 

 

 



3 

Chapter 2: Interface and Schematic 
 

In order to reduce cost and complexity, both the host microcontroller and the 

Ethernet card were implemented on a single printed circuit board. The host 

microcontroller is connected to the Ethernet card through a 32 bit parallel SRAM 

interface. The Ethernet Media Access Controller logic resides in the FPGA. The EMAC 

communicates with the Ethernet Physical Layer using the MII interface. An off-the-shelf 

Ethernet PHY from SMSC was used for this project. Custom high temperature magnetic 

and termination components were used to isolate the differential transmit and receive 

lines. High temperature automotive grade connector from Delphi were used to connect 

the differential transmit and receive lines to the network. This connector wires directly to 

a Cat-5 crossover cable. This bypasses the traditional RJ54 connector, to improve 

reliability under high temperature[3]. 
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Figure 2.1: Test Board Block Diagram 
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2.1 POWER AND RESET CIRCUIT 

 
The board is powered off a single 5V supply. The processor uses 3.3V for the 

peripherals and 1.8V for the core. U1 is used to regulate 5V to a 3.3V supply and U2 is 

used to regulate the 5V supply to a 1.8V supply. To ensure proper boot up on the 

processor a lower enable voltage was given to U1 so 3.3V supply we come on before 

1.8V. This allows the peripherals to power up before the core preventing latch up on the 

microcontroller. A 2.5V regulator was used to supply the FPGA core. The FPGA uses 

2.5V supply for the core and a 3.3V supply for the I/O. On the FPGA 3.3V is on before 

2.5V supply. The TI microcontroller has on chip analog to digital converter. Although the 

ATD converter is unused, 3.3V analog and 1.8V analog were created from 3.3V digital 

and 1.8V digital to power the analog to digital converter. Lower pass filter and inductive 

isolation were used to convert the digital supply to analog supply. An external 25 Mhz 

clock was used for both the FPGA and the microcontroller. Since the clock needs to drive 

two separate components, an additional buffer was added after the clock output to 

increase the clock’s drive capability. A reset circuit was put in place to hold the 

microcontroller in reset mode for 200ms after power up. This particular reset chip 

(ADM708RAR) is known for its high reliability at high temperature. The reset chip uses 

a 5v supply and outputs an active low reset signal. A 3.3v AND gate was used to level 

translate the 5v reset signal into a 3.3v reset signal for the microcontroller. Connector P1 

is the automotive grade connector used for the board to connect to the network and the 

5V external supply. Unused pins on the P1 connector were left floating. GND and AGND 

test points were scattered throughout the board to provide ease of testing and debugging. 
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Figure 2.2: Power and Reset Schematic
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2.2 HOST MICROCONTROLLER CIRCUIT 

 
Decoupling capacitors were used for all supply pins on the microcontroller to filter 

out noise on the power supply.  Additional noise isolation filters were used for the 1.8VA 

and 3.3VA. Since the onboard analog to digital converter is unused all sixteen ATD 

inputs were tied to ground. Internal ADC is setup to use internal reference voltage. JTAG 

debug pins are tied to P2 connector. This allows an external emulator to be connected to 

processor. The external emulator module allows for programming and real time 

debugging of the microcontroller. Two interrupt inputs “IRQ_TX” and “IRQ_RX” allow 

the processor to be notified when an Ethernet frame is received by the EMAC and when 

the EMAC is ready to transmit the next Ethernet frame. The signal “E_RESETn” is an 

active low signal which allows the processor to reset the EMAC IP on the FPGA. There 

is a pull down resistor which allows the EMAC to go into reset mode automatically 

during power up. Jumper JP5 will be installed to connect the analog ground to the digital 

ground on the processor. Since the analog portion of the microcontroller is not used this 

should not cause an issue. To allow for the processor to be driven by an external clock, 

the “DSP_CLK” signal is connected to the “XCLKIN” of the processor. Also “X1” is 

connected to ground and “X2” is left floating. A test point is connected to the 

“XCLKOUT” pin on the processor. This pin allows the processor to output the system 

clock of the processor after the PLL. During debugging we can use this pin to check if the 

PLL was set correctly. Also, during heat testing this pin can be monitored to determine if 

the processor is functioning correctly. Two chip select signals “XZCS0n” and “XZCS6n” 

are used to control different parts of the FPGA. The first chip select “XZCS0n” will be 

used to select the EMAC to read and write its various registers. These registers are 
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detailed later in this document. The second chip select “XZCS6n” is used to access the 

memory space inside the FPGA which contains the transmit and receive buffers for the 

Ethernet controller. The parallel bus has independent read and write signals (“XRDn and 

“XWE0n”). Also it uses 16 bit lines for addressing and 32 bit lines for data. The pins 

“XA12” to “XA15” also serve as the boot strapping pins for the processor. The table 

below details the various boot configurations available. For this test board, we will use 

MODE 4 to boot from SARAM since the emulator can load the program directly to 

SARAM of the microcontroller. During heat testing when we are running without an 

emulator we will use MODE F to run the program from on chip flash memory. 

Component U8 is an RS-232 driver used to buffer serial port B coming out of the 

processor. This serial port is used to control the processor during testing. 

 

 

Figure 2.3: MCU MODE Table[4] 
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Figure 2.4: Microcontroller Schematic
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2.3 ETHERNET CARD CIRCUIT 

 
On the FPGA, global pins are used for timing critical signals with high fanout. 

Global pins “GLMX1” and “GLMX2” are used for reset and clock of the FPGA 

respectively. Signals “MDC”, “RX_CLK”, “TX_CLK”, and “CLKIN” on the PHY are 

connected to global pins “GL1”, “GL2”, “GL3”, and “GL4” respectively. A pull up 

resistor is attached to the “MDIO” signal on the PHY to hold the signal high during high 

impedance state between transmissions. A six pin header is used to determine the initial 

mode of the PHY after power up. The table below details all the different modes 

available by configuring pins “MODE0” through “MODE2”.   

 

Figure 2.5: EPHY MODE Table[5] 
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The FPGA will provide the external clock necessary to drive the PHY. The 

“CLKIN” signal on the PHY is connected to clock output pin on the FPGA and the 

“XTAL2” signal is left floating. “PHYAD” pins on the PHY functions as the PHY 

hardware address configuration pins at power up and becomes the Ethernet LED signals 

after power up. For this board the PHY address is hard strapped to binary “00000”.  

Programming connector P4 is connected to the FPGA’s flash programming port. 

Decoupling capacitors are connected to the digital supply pins of both the FPGA and 

PHY. The analog supply pins of both the FPGA and PHY have low pass RC filter 

attached. The FPGA is set to have 3.3V I/O by connecting VDDP signals to the 3.3VD 

supply.   
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Figure 2.6: Ethernet Card Schematic
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Chapter 3: Host Microcontroller 

 
Before the microcontroller can be used it is important to understand all the features 

available and how to they can be correctly configured. The microcontroller selected for 

this project is a very complex device with many useful peripherals. The first section gives 

an overview of the hardware. The second section describes how the processor should be 

configured to interact with the Ethernet card. 

 

3.1 HARDWARE DESCRIPTION 

The host processor chosen to test the Ethernet card is TMS320F28335. This 32-bit 

microcontroller has a max operating frequency of 150 MHz, 34K of Single-access RAM 

(SARAM), and 256K of on chip flash memory. The on chip PLL allows for adjusting of 

the core and bus clocks. This allows the microcontroller speed to be stepped down to 

meet temperature specifications. The processor was chosen because of its high 

performance specifications. Also it been proven in an independent study it has excellent 

reliability at high temperature. The large amount of on chip flash memory allows 

convenient real time debugging and storage of the program instructions. 

  

The slew of useful on chip peripherals makes this processor the right choice for this 

project. A 32-bit parallel bus is available to interface with external devices. Three 

integrated chip selects are available for this parallel external interface. These chip selects 

are memory mapped into three separate zones of the addressing space of the processor. 

Some flexibility are built into these zones, the user has control over which address ranges 
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these zones will be in. Different wait states, setup, and hold timings may be programmed 

for each chip select or zone.  

 

 

Figure 3.1: Default Chip Select Zone Addresses[4] 

 

A six channel direct memory access (DMA) module is integrated on chip. Trigger 

sources for the DMA include pulse width modulation, analog to digital converter, serial 

port, interrupts, CPU timers, and software. The data sources or destinations for the DMA 

include SARAM, external interface zones, ADC memory mapped results registers, serial 

transmit and receive buffers, and pulse width modulation registers. Three 32-bit CPU 

timers are available on this microcontroller. Two of these timers are available for the user 

application. These will be useful for creating waits and delays in the test firmware. The 
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third timer is used in TI’s proprietary real time operating system for this microcontroller. 

In the design of the test firmware the operating system for microcontroller will not be 

used. This device contains six pulse width modulation channels. These PWM channels 

will not be used in the test firmware. A 16 channel 12-bit analog to digital converter is 

available on this processor. The input range of the ADC is 0.0v to 3.0v and it has a max 

sampling rate of 12.5 million samples per second. Although not implemented for this 

project, these ADC channels could be used to read sensor levels. Various communication 

interface protocols are supported for this processor. These interfaces include serial, CAN, 

SPI, and I2C. The serial interface is used to communicate and control the test program 

running on the microcontroller.  

 

3.2 SETTINGS AND CONFIGURATION 

 
Upon boot up the first thing that needs to be determined is the operating frequency 

of the processor. To initialize the system the PLL is configured to setup core and system 

bus clock to desired frequency. For this project core speed was set at 100 Mhz. There are 

two system buses on this processor. The high speed system bus is set at 50 Mhz and the 

low speed system bus is set at 25Mhz. A fast driving system clock is unnecessary for 

some low speed peripherals such as serial port and IIC. Thus having a low speed systems 

clock would reduce overall power consumption of the processor. To setup the PLL of the 

processor we first turn off miss clock detect logic by setting bit MCLKOFF in PLLSTS 

register. Next, DIV bits in the PLLCR register is set to binary “1000” to scale the 25 Mhz 

input clock by a factor of eight. Finally, the DIVSEL bits in the PLLSTS register is set to 

2. This divides the 200 Mhz clock after the PLLCR by 2, which gives the final core clock 
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of 100 Mhz. The HSPCLK bits in the HISPCP register is set to binary “001.” This makes 

the high speed system clock 50 Mhz by dividing the core clock by two. The LSPCLK bits 

in the LOSPCP register is set to binary “010.” This divides the core clock by four to 

create the 25 Mhz low speed system clock.  

 

For this processor, each pin needs to be configured to select their dedicated 

functionality. Allowing the designer to move peripheral functionality to different pins 

gives greater flexibility during placement and routing. Thus before using the processor 

the functionality of each pin needs to be determined. The figure below gives a general 

overview of how the pins are configured upon initialization. Pins not mentioned below 

are configured as general purpose inputs (GPI) by default. For the general purpose input 

or output, these signals can be set to asynchronous or synchronous to the system clock. In 

this project they are set to be synchronous to the system clock.  
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Pin Function Pin Function Pin Function 
5 GPI0 115 XD15 153 XA2 

6 GPI1 116 XD14 156 XA3 

7 GPO2 119 XD13 157 XA4 

66 SCITXDB 122 XD12 158 XA5 

67 SCIRXDB 123 XD11 161 XA6 

88 XD31 124 XD10 162 XA7 

89 XD30 127 XD9 163 XA8 

90 XD29 128 XD8 164 XA9 

91 XD28 129 XD7 165 XA10 

94 XD27 130 XD6 168 XA11 

95 XD26 131 XD5 169 XA12 

96 XD25 132 XD4 172 XA13 

97 XD24 133 XD3 173 XA14 

98 XD23 134 XD2 174 XA15 

99 XD22 135 XD1     

100 XD21 136 XD0     

110 XD20 137 XWE0     

111 XD19 141 XZCS6     

112 XD18 145 XZCS0     

113 XD17 151 XA0     

114 XD16 152 XA1     

Figure 3.2: Pin Function Assignments 

Two external interrupts are configured for transmitting and receiving Ethernet 

frames. Pin 6, GPI1 is mapped to external interrupt 1 and pin 5 is mapped to external 

interrupt 2. Mapping pin 6 to external interrupt 1 gives the Ethernet receive frame 

interrupt higher priority than the transmit interrupt. This way transmission will not start 

until reception has completed. All external interrupts are configured to trigger on the 

falling edge of the input signal.  
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The 32 bit external interface to the Ethernet controller must be configured before 

use. By writing to the XINTCNF2 register, various external interface settings are 

modified. The low speed system clock (25 Mhz) is multiplexed to the external interface 

clock. Up to three writes can be buffered. The signal XCLKOUT is enabled and set equal 

to the external interface clock. Monitoring of this signal will be useful during testing to 

detect lockups of the external interface. As pictured in the figure 3.1 above, chip select 

zero is mapped to memory locations 0x00004000 to 0x00005000. Although this is the 

smallest address range available, it will be sufficient for accessing the control and status 

registers of the Ethernet controller. Chip select six will be mapped to memory locations 

0x00100000 to 0x0010FFFF these addresses will serve as the memory locations where 

transmit and receive Ethernet frames will be stored. Read and write access timings may 

be altered by writing to the XTIMING register, but for this project the default settings are 

preserved. 

 

In this project the host processor receives test commands from the serial port. 

Serial port B (SCIB) is enabled on the processor. Serial port B is set to have one stop bit, 

no loopback, no parity, and eight data bits. The baud rate is set to be 38400. The baud 

rate is set relatively low because only single byte test commands will be used.   
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Chapter 4: EMAC IP Design 
 

This Ethernet controller follows the specifications of IEEE 802.3[6]. It supports 

speeds of 100/10 Mbps and allows for full or half duplex operation. In full duplex mode 

flow control is accomplished by automatically generating and processing pause frames. 

This module includes a MII interface. The MII interface is used to configure and 

communicate with an external Ethernet physical layer device (PHY). 

 

As shown in the figure below the five main components of the design are 

receiver, transmitter, flow control, MII management, and host interface. The host 

interface configures the registers to provide control and status over the receiver, 

transmitter, flow control, and MII management blocks. Manipulation of the registers will 

allow for transmitting, receiving, and setting various modes of the Ethernet controller. 

The flow control block acts as a multiplexor that processes all data transmitted and 

received. When flow control is on it will process and generate pause frames and when it 

is off it will relay data directly to the transmitter or receiver. MII management block 

allows user to configure various settings for the external PHY. Multiple PHYs may be 

connected to a single Ethernet controller. This provides efficiency in later board level 

testing because multiple PHYs maybe tested simultaneously.  
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Figure 4.1: Block Diagram 

 

4.1 REGISTERS AND MEMORY MAP 

This section describes in detail all base, control, and status register inside the 

EMAC IP. The Start Address field indicates a register address in hexadecimal. Access 

specifies the valid access types to that register. RW stands for read and write access and 

R stands for read only access.  
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Start 
Address Name Description Access 
0x000 ETCTL Ethernet Control RW 
0x004 TXRXST Transmit and Receive Status RW 
0x008 IMASK Interrupt Mask RW 
0x00C IPG Inter Packet Gap Size RW 
0x010 FRAMSIZE Maximum and Minimum Frame Size RW 
0x014 COLLCTL Collision and Retry Control RW 
0x018 FLOWCTL Flow Control Configuration RW 
0x01C MCFG MII Configuration RW 
0x020 MCMD MII Command RW 
0x024 MADDR MII Address RW 
0x028 MTXDATA MII Transmit Data RW 
0x02C MRXDATA MII Receive Data RW 
0x030 MSTAT MII Status R 
0x034 MACADDR0 MAC Address LSB RW 
0x038 MACADDR1 MAC Address MSB RW 
0x03C MCHASH0 HASH Address LSB RW 
0x040 MCHASH1 HASH Address MSB RW 
0x044 PTIME Pause Timer Value RW 
0x048 TXBUFDES Transmit Buffer Descriptor RW 
0x04C RXBUFDES Receive Buffer Descriptor RW 

 

Figure 4.2:  EMAC Register List 

 

Memory Address Description Access 
0x0000 Reserved Start N/A 
0x004C Reserved End N/A 
0x0050 Transmit Buffer Start RW 
0x0650 Transmit Buffer End RW 
0x1050 Receive Buffer Start R 
0x1650 Receive Buffer End R 
0x1654 Reserved Start N/A 
0xFFFF Reserved End N/A 

Figure 4.3: Buffer Memory Map 
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4.1.1 ETCTL (Ethernet Control Register) 

 

Bit # Access Description 
31-6   Unused 

5 RW 

EMACEN - Ethernet Media Access Controller Enable 
0 = Controller disable 
1 = Controller enable 

4 RW 

PADEN - Padding Enable 
0 = No padding for transmit frames smaller than minimum 
frame length 
1 = Pad transmit frames to meet minimum frame length 

3 RW 

CRCEN - Cyclic Redundancy Check Enable 
0 = 32 bit CRC IS NOT appended to the end of transmit 
frames 
1 = 32 bit CRC IS appended to the end of transmit frames 

2 RW 

FDUPEN - Full Duplex Enable 
0 = Half Duplex Operation 
1 = Full Duplex Operation 

1 RW 

IFGEN - Interframe Gap Enable 
0 = All frames are accepted regardless of interframe gap 
1 = Minimum interframe gap is required between frame 
reception 

0 RW 

LBEN - Loopback Enable 
0 = Normal Operation 
1 = Transmit is looped back to Receive 

Figure 4.4: ETCTL Description 
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4.1.2 TXRXST (Transmit and Receive Status Register) 

 

Bit # Access Description 
31-20   Unused 

19 RW 

RXEN - Receive Enable 
0 = Receive disable 
1 = Receive enable 

18 RW 

PROEN - Promiscuous Mode Enable 
0 = Accept packets if destination address matches current 
address 
1 = Accept packets regardless of destination address 

17 RW 

MULTEN - Multicast Enable 
0 = All Multicast packets are accepted 
1 = Check has table for matching multicast address during 
reception 

16 RW 

BROREJ - Broadcast Address Reject 
0 = Accept all packets with broadcast address as destination 
address 
1 = Reject all packets with broadcast address. (This is 
superceded by PROEN) 

15-3   Unused 

2  RW 

TXEN - Transmit Enable 
0 = Transmit disable 
1 = Transmit enable 

1   

TXSTR - Transmit Start 
0 = Writing a 0 does nothing 
1 = Writing a 1 initiates a frame transmission. This bit toggles 
back to 0 after it has been read by the EMAC transmitter. 

0   

BCKDIS - Backoff Disable 
0 = Normal Operation, exponential backoff is used after an 
collision 
1 = Retransmission starts immediately after an collision 

Figure 4.5: TXRXST Description 
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4.1.3 IMASK (Interrupt Mask Register) 

 

Bit # Access Description 
31-6   Unused 

5 RW 

RXFCM - Receive Flow Control Interrupt Mask 
0 = Event causes an interrupt   
1 = Event does not cause an interrupt 

4 RW 

TXFCM - Transmit Flow Control Interrupt Mask 
0 = Event causes an interrupt   
1 = Event does not cause an interrupt 

3 RW 

RXERM - Receive Error Interrupt Mask 
0 = Event causes an interrupt   
1 = Event does not cause an interrupt 

2 RW 

RXFRM - Receive Frame Interrupt Mask 
0 = Event causes an interrupt   
1 = Event does not cause an interrupt 

1 RW 

TXERM - Transmit Error Interrupt Mask 
0 = Event causes an interrupt   
1 = Event does not cause an interrupt 

0 RW 

TXFCM - Transmit Frame Complete Interrupt Mask 
0 = Event causes an interrupt   
1 = Event does not cause an interrupt 

Figure 4.6: IMASK Description 

4.1.4 IPG (Inter Packet Gap Size Register) 

 

Bit # Access Description 
31-7   Unused 

6-0 RW 

IPG - Inter Packet Gap Size 
Full Duplex: Default value is 0x15 
Half Duplex: Default value is 0x12 
These values gives approximately 1us between packets 
at 100Mbps and 10us between packets at 10Mbps 

Figure 4.7: IPG Description 
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4.1.5 FRAMSIZE (Frame Size Register) 

 
Bit # Access Description 

31-16 RW 

MINFL - Minimum Frame Length 
The default value for the minimum frame length is 64 
bytes. If the user decides to go below the default to 
transmit small frames the PADEN bit in the ECTRL 
register should be asserted.  

15-0 RW 

MAXFL - Maximum Frame Length 
The default value for this field is set at 1536 bytes. This 
field must never go below MINFL 

Figure 4.8: ETCTL Description 

4.1.6 COLLCTL (Collision and Retry Control Register) 

 
Bit # Access Description 
31-20   Unused 

19-16 RW 

MAXRET - Maximum Retry 
This field specifies the maximum of transmission retries 
for a tcp/ip packet before an error is reported. The 
default value is set to 15 which is the IEEE standard. 

15-6   Unused 

5-0 RW 

COLLTIME - Collision Time 
This field allow the user to adjust the collision time 
window. A collision occuring 
later than the specified time is a late collision. If a late 
collision occurs the transmission of the frame is 
terminated. The default value for this field is 64 bytes. 

Figure 4.9: COLLCTL Description 
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4.1.7 FLOWCTL (Flow Control Register) 

 
Bit # Access Description 
31-9   Unused 

3 RW 

FLOWEN - Flow Control Enable 
0 = Delay transmitter activity according to amount of 
time specified in the pause frame 
1 = Ignore all received pause frame 

2 RW 

TXFEN - Transmit Flow Control Enable 
0 = Transmit PAUSE frames are not transmitted and 
ignored 
1 = Transmit PAUSE frames are allowed 

1 RW 

RXFEN - Receive Flow Control Enable 
0 = Received PAUSE frames are ignored 
1 = Receive flow control is enabled, transmission is 
suspended until pause timer wait is complete 

0 RW 

BYPASS - Bypass Flow Control 
0 = Pause frames are directed to the flow control 
module 
1 = Pause frames are treated as an data frame and 
directed to the host processor 

Figure 4.10: FLOWCTL Description 

4.1.8 MCFG (MII Configuration Register) 

 
Bit # Access Description 
31-9   Unused 

8 RW 

MPREOFF - MII Preamble Off 
0 = 32-bit preamble is delivered to the PHY 
1 = Preamble is not sent to the PHY 

7-0 RW 

MCLKDIV - MII Clock Divider 
The main clock of the FPGA may be scaled down by 
this register to create the MII Clock. The default value 
is 100. 

Figure 4.11: MCFG Description 
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4.1.9 MCMD (MII Command Register) 

 
Bit # Access Description 
31-2   Unused 

1 RW 

WCTRLR - Write Control 
Sends a command via MII bus to write commands to the 
external PHY 

0 RW 

RSTATR - Read Status 
Sends a command via MII bus to read status from the 
external PHY 

Figure 4.12: MCMD Description 

4.1.10 MADDR (MII Address Register) 

 
Bit # Access Description 
31-13   Unused 

12-8 RW 

REGAD - Register Address 
Register address within the PHY to be written to or read 
from. 

7-5   Unused 

4-0 RW 

PHYAD - PHY Address 
The address of the PHY to communicate with. This field 
is avaliable to support multiple PHYs for testing. 

Figure 4.13: MADDR Description 

4.1.11 MTXDATA (MII Transmit Data Register) 

 
Bit # Access Description 
31-16   Unused 

15-0 RW 
TXCNTLDATA - Transmit Control Data 
The data to be written to the PHY  

Figure 4.14: MTXDATA Description 
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4.1.12 MRXDATA (MII Receive Data Register) 

 
Bit # Access Description 
31-16   Unused 

15-0 R 
RXSTATDATA - Received Status Data 
Data read from the PHY 

Figure 4.15: MRXDATA Description 

4.1.13 MSTAT (MII Status Register) 

 
Bit # Access Description 
31-2   Unused 

1 R 

BUSY 
0 = MII is ready 
1 = MII is busy 

0 R 

LINK 
0 = The ethernet controller is NOT connected to the PHY 
1 = The ethernet controller is CONNECTED to the PHY 
If the ethernet controller is disconnected from the PHY specified 
by the PHY address register the MII interface will attempt to 
connect to the phy periodically. 

Figure 4.16: MSTAT Description 

4.1.14 MACADDR0 (MAC Address LSB) 

 
Bit # Access Description 
31-16   Unused 
15-8 RW Ethernet MAC Address Byte 0 
7-0 RW Ethernet MAC Address Byte 1 

Figure 4.17: MACADDR0 Description 
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4.1.15 MACADDR1 (MAC Address MSB) 

 
Bit # Access Description 
31-24 RW Ethernet MAC Address Byte 2 
23-16 RW Ethernet MAC Address Byte 3 
15-8 RW Ethernet MAC Address Byte 4 
7-0 RW Ethernet MAC Address Byte 5 

Figure 4.18: MACADDR1 Description 

4.1.16 MCHASH0 (HASH Address LSB) 

 
Bit # Access Description 

31-0 RW MCHASH [31:0] – Multicast Hash Value bits 31 to 0 

Figure 4.19: MCHASH0 Description 

4.1.17 MCHASH1 (HASH Address MSB) 

 
Bit # Access Description 

31-0 RW MCHASH [63:32] – Multicast Hash Value bits 63 to 32 

Figure 4.20: MCHASH1 Description 

4.1.18 PTIME (Pause Timer Value) 

 
Bit # Access Description 
31-16   Unused 

15-0 RW 

PTV - Transmit Pause Timer Value 
Time value sent in a pause frame. This value is in 
increments of bit periods. 

Figure 4.21: PTIME Description 
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4.1.19 TXBUFDES (Transmit Buffer Descriptor) 

 
Bit # Access Description 

31-16 RW 

LEN - Length 
Length of the frame to be transmitted. Host will communicate to 
the transmit block how many bytes will be transmitted through 
this field 

15 RW 

RD - Ready 
0 = Buffer descriptor is not ready to be accessed bits may be 
read but not written 
1 = Buffer descriptor is ready to be accessed bits can be read 
and written 

14-9   Unused 

8 R 

UR - Underrun 
0 = no error 
1 = underrun error occurred during the transmission of this 
frame 

7-4 R 

RTRY - Retry Count 
This field indicates the number of retransmission used to 
successfully transmit the frame 

3 R 

RL - Retransmission Limit Error 
0 = no error 
1 = transmission failed after the number of retransmissions 
passed the retry limit 

2 R 

LC - Late Collision 
0 = no error 
1 = Late Collision occurred during transmission of the frame 

1 R 

DF - Defer Indication 
0 = no error 
1 = Transmit had to wait for Carrier Sense before transmitting. 

0 R 

CS - Carrier Sense Lost 
0 = no error 
1 = Carrier Sense is lost during frame transmission. 
The status of this bit is updated after every frame transmission 

Figure 4.22: TXBUFDES Description 
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4.1.20 RXBUFDES (Receive Buffer Descriptor) 

 

Bit # Access Description 

31-16 RW 
LEN - Length 
Length of the received frame 

15-8 RW Unused 

7 RW 

RD - Ready 
0 = The data in this buffer descriptor is valid and ready to be 
accessed 
1 = Data in the buffer descriptor is invalid, receive block has not 
yet received data or is currently processing a new frame 

6 R 

FT - Frame Type 
0 = Normal data frame received  
1 = Control frame received  

5 R 

OR - Overrun 
0 = No error 
1 = Overrun error occurred during a frame reception 

4 R 

DN - Dribble Nibble 
0 = No error 
1 = The number of nibble received does not divide evenly into 
8. 

3 R 

OF - Overflow 
0 = No error 
1 = The length of the reception frame is longer than the 
maximum frame length 

2 R 

UF - Underflow 
0 = No error 
1 = The frame received is shorterr than the minimum frame 
length 

1 R 

CRCE - CRC Error 
0 = No error 
1 = Received frame contains a CRC error 

0 R 

LC - Late Collision 
0 = No error 
1 = Late collision occurred during frame reception 

Figure 4.23: RXBUFDES Description 
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4.2 HOST INTERFACE 

 

 

Figure 4.24: Host Interface Block Diagram 

 

The Ethernet card is a slave device to the host microcontroller. The Host interface 

is responsible for allowing the master device to alter various settings of the Ethernet 

MAC and Ethernet PHY registers. The host interface also allows the host to pass transmit 

and receive Ethernet data. The host interface is a 32-bit parallel synchronous bus. It has 

32 bidirectional data lines and 16 address lines. The chip select “CS_n” should be pulled 

low to allow reading or writing to occur on the parallel bus. The signals “WE_n” and 

“RD_n” are active low signals which enables write and read operations respectively. The 

“Reset_n” signal sets all internal control, data, and status registers to their default state. 
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“CLK_IN” is the main clock that feeds all logic on the controller. This clock should be 

2.5 Mhz for 10 Mbps operation, and 25 Mhz for 100 Mbps operation. Allowing both the 

controller and the processor to operate off the same clock offers more stability and 

reliability. “E_TX_IRQ_n” is the Ethernet transmit interrupt service request. This signal 

goes low when the last Ethernet frame has been sent out and is ready to send another 

frame. The “E_RX_IRQ_n” signal toggles low to notify the host microprocessor that an 

Ethernet frame has been successfully received by the Ethernet controller. 

   

4.2.1 Host Interface Simulation 

The post synthesis simulation below demonstrates the processor reading and 

writing to the EMAC utilizing the host interface. In the beginning the “Reset_n” signal is 

pulls low for a few cycles to initialize all logic to their default state. Next, when “CS_n” 

and “RD_n” signal are pulled low and address is  presented on the address bus, data is 

latched on to the data bus by the host interface. The “RD_n” signal is held low for 

approximately four cycles. The processor should be configured to have at least 3 wait 

states during a read. When the read is complete the “RD_n” signal returns high and data 

bus returns to a high impedance state. To initiate a write the “WE_n” is pulled low and 

address and data information are presented on the bus. Again the write enable signal 

“WE_n” is held active for four cycles before release. On rising edge of the “WE_n” 

signal the contents of the data bus is latched into the address specified on the address bus. 

To enhance reliability the data is held on the data bus one cycle after the rising edge of 

the write enable signal. Also, consecutive writes must be separated by three clock cycles. 
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Figure 4.25: Host Interface Waveform
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4.2.2 Host Interface to EMAC Integration 

Address and data are latched on the rising edge of “WE_n” and the falling edge of 

“RD_n”. Host logic tracks the number of word writes to the transmit buffer addresses. 

When the amount of transmit data buffered matches the frame size indicated in the 

transmit buffer descriptor, a “TxStartFrm” signal is triggered to begin the frame 

transmission. The “TxDone” Signal is relayed to the “E_TX_IRQ_n” once the 

transmission completes. This interrupts the host to notify the processor that the EMAC is 

ready to transmit another frame. 

 

The host interface monitors the “RxStartFrm”, “RxEndFrm”, “RxValid” and 

“ByteCnt” to buffer the receive frame. Details of these signals can be found in the 

reception block description. When a frame has been received the size is written to the 

receive buffer descriptor and interrupt is generated. The receive interrupt signal 

“E_RX_IRQ_n” is deactivated when “CS_n” is low and the rising edge of “RD_n” 

moves the receive buffer address pointer past the length of the received frame. This 

condition signifies that the final word of the received data frame has been read from the 

receive buffer. 

 

Reading and writing of the transmit and receive buffer space is performed by a 

secondary chip select signal. The details of buffer read and write operations are identical 

to register read and writes described in the previous section. No external memory was 

needed for the buffer implementation because the internal flash memory was used as the 
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buffer space. A large one dimension “std_logic_vector” array was used to emulate 

memory locations. Element number of the array was used as addresses.  

 

4.3 RECIEVER 

 
The receive block is responsible for receiving and processing Ethernet frames 

from the Ethernet PHY via the MII interface. Ethernet frame is transmitted one nibble at 

a time. The “MRxClk”  input is the clock that synchronizes the data reception. This clock 

will be 2.5 MHz if Ethernet PHY is in 10mbps mode and it will be 25 MHz if the PHY is 

in 100Mbps mode. A logic high on “MRxDV” enables reception of data nibbles. When 

“MRxDV ”  is high data nibbles on “MRxD(3:0)” will be clock in on the rising edge of 

“MRxClk ”.  

 

During half duplex mode the receiver is able to prevent reception from starting if 

transmission is occurring. If a transmission occurs in the middle of a reception, the 

reception will be terminated.  

 

Setting “HugEn” to high allows reception of packets larger than defined in 

“MaxFL” register. Setting “DlyCrcEn” allows CRC check to begin 4 bytes after data 

becomes valid. This feature allows the user to skip CRC calculation of the first FCS in 

the reception of appended Ethernet frame. CRC is recalculated each time a new nibble is 

received from the PHY. At the end of the Frame the calculated CRC is compare with the 

received CRC, if the CRC is correct CrcError flag is lowered. User can set “IFG” to high 

to disable inter frame gap, the receiver can receive frames one after another without 



37 

delay. When “IFG” is set to low the receiver must wait until “IFGCounter” reaches 24. 

The “IFGCounter” increments during each “MRxClk” cycle when the receiver is no 

longer receiving data. For example if “MRxClk” is running at 2.5 MHz (which has a 

period of 400ns), then the receiver would delay 400*24 = 9600ns before the reception of 

the next frame.  

 

 Once reception from the PHY has been established the receiver module relays 

data to an internal buffer or host interface. The outputs signals used to relay the received 

data include “RxData (7:0)”, “RxValid”, “RxStartFrm”, RxEndFrm”, “ByteCnt”, 

“CrcError”, and RxAbort”. A high on “RxStartFrm” indicates beginning of a new frame. 

When “RxValid” goes high it means a new byte is available on the “RxData(7:0)” bus. 

“ByteCnt” keeps track of how many bytes have passed through the receiver. The 

“RxEndFrm” goes high when the final byte of data is being relayed to the host. 

 

4.3.1 Address Recognition 

 
The receiver has the ability to process the destination address of a packet. It can 

decide to continue decoding the packet or to abort. The signal “RxAbort” is set high for 

one cycle if the packet is to be filtered out.  
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Figure 4.26: Address Recognition 
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 “r_Pro” signal determines if the receiver is in promiscuous mode. When in promiscuous 

mode all data is accepted regardless of the destination address. If broadcast address is 

received (FF:FF:FF:FF:FF:FF), the module checks if broadcast disable signal (r_Bro) is  

set. Reception is aborted if “r_Bro” is high, else address is valid and reception continues. 

If address is not broadcast, unicast address is checked by comparing destination address 

to the MAC address of the controller. If the address matches, the reception continues else 

it is terminated. If the address is neither broadcast nor unicast, the module checks for a 

multicast address. If the first byte of the destination address is 0x01 then the address 

passes through the hash table algorithm. The hash table algorithm works by first 

generating a 32-bit CRC using the 48-bit address. Then the six most significant bits of the 

32 bit CRC is used to generate a number between 0 and 63. This number corresponds to a 

single bit in the 64 bit hash register. If the corresponding bit in the hash register is a “1” 

then a match is found and reception continues. Else, reception is aborted.  

 

4.3.2 Simulation Results 

 
 The attached pages are the simulation results of the module successfully receiving 

an Ethernet frame, and relaying the data to the host. MRxClk is set to be 2.5MHz, the 

max frame length is set to be 1500. Inter frame gap delay is disabled. The MAC address 

is set to be 00:01:23:45:67:89.   
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Figure 4.27: Receiver Waveform Part 1 
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Figure 4.28: Receiver Waveform Part 2 
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Figure 4.29: Receiver Waveform Part 3
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4.4 TRANSMITTER 

 
The transmit module encapsulates data from the host and transmit the encapsulated 

data to the PHY. During frame transmission the host will provide the source address, 

type/length field, and the data field. The transmitter will generate the preamble, start 

frame sequence, and the frame check sequence to complete the frame. If padding is 

enabled the transmitter will pad the frame in order to meet the minimum frame length 

requirement determined by the control register. 

 

Signals that are used to control the transmitter are as follows. The host interface 

will hold “TxStartFrm” for two clock cycles to initiate the frame transmission. When the 

transmitter is ready to receive a new byte of data “TxUsedData” will go high. The host 

will set “TxEndFrm” high for two cycles when the last data byte has been presented on 

“TxData(7:0)” . A high on “TxDone” signal indicates that the transmitter successfully 

passed the frame to the PHY. In the event of a collision “TxRetry” is set to request the 

host to retransmit the frame. All other errors during transmission will be detected by 

“TxAbort” flag.  

 

Signals which relay the transmit data to the Ethernet PHY are as follows. 

“MTxClk” is an input from the PHY which serves as the main clock for the transmit 

block and is used to synchronize the data transmission. To pass a nibble of data, the 

transmitter has to written to “MTxD(3:0)”, then  rise the “MTxEn” flag. While the 

“MTxEn” flag is high data nibble on “MTxD(3:0)” will be latched into the PHY on every 
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rising edge of “MTxClk”. Then Transmitter will set MTxErr to the PHY when an error 

has occurred during transmission. 

 

If inter frame gap is enable the transmitter waits until the inter frame gap delay 

before transmitting another frame. During half duplex mode the transmitter ensures that 

the bus busy signal is low before transmitting. If a collision occurs a 32-bit jam signal is 

transmitted. This jam signal has a patter of 0x99999999, and it allows all of the members 

of the network to acknowledge the collision. Next, transmitter calculates a random delay 

time to back off from transmission. The random delay ‘d’ is randomly selected from the 

following range of numbers 0 < d < 2^k. Where k is the number of transmission attempts. 

If transmission attempts becomes greater than 10, then k = 10. The retry counter keeps 

track of the number of retries during each frame transmission. Transmission terminates 

and a signal (“MaxCollisionOccured”) is sent, when retry counter equals the max retries 

register.  

Retry 
Count 

Max Random 
Number 

Max Random Delay 
10mbps (secs) 

Max Random Delay 
100mbps (secs) 

0 1 5.12E-05 5.12E-06 
1 2 1.02E-04 1.02E-05 
2 4 2.05E-04 2.05E-05 
3 8 4.10E-04 4.10E-05 
4 16 8.19E-04 8.19E-05 
5 32 1.64E-03 1.64E-04 
6 64 3.28E-03 3.28E-04 
7 128 6.55E-03 6.55E-04 
8 256 1.31E-02 1.31E-03 
9 512 2.62E-02 2.62E-03 
10 1024 5.24E-02 5.24E-03 

Figure 4.30: Sample Back-off Time Table 
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4.4.1 Simulation 

 
For the simulation CRC generation was enabled, minimum frame length is 10 

bytes, maximum frame length is 1500 bytes. Valid collision window is set at 50 cycles. 

Maximum retries is set to be 10. The simulation shows that raw data is sent to the 

transmitter. To start the transmission the transmitter appends the preamble and the start 

frame sequence. Signal “WillTransmit” goes high to allow the receiver to know 

transmission is taking place. Collision reset signal “ResetCollision” goes low once 

transmission begins. When more data is needed from host signal “TxUsedData” goes 

high. After all the data has been transmitted “TxUsedData” falls and the 32-bit frame 

check sequence is sent out to the PHY. When the frame check sequence (FCS) 

transmission complete “TxDone” raises and “WillTransmit” and “ResetCollision” returns 

to their original state.  
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Figure 4.31: Transmitter Waveform Part 1 
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Figure 4.32: Transmitter Waveform Part 2 
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Figure 4.33: Transmitter Waveform Part 3
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4.5 FLOW CONTROL 

 

 

Figure 4.34: Flow Control TX MUX 

 

The flow control block acts like a multiplexor for all signals that travel between 

the host interface and the transmit and receive logic[7]. This multiplexer logic for the 

transmit side is detailed in the figure above. Inside the Flow control logic, the control 

MUX will determine if the control of the transmit logic will be given to the host interface 

or the transmit flow control. On the flip side, the transmit status and response can either 

come from the transmit flow control or the transmit logic. If flow control is turned off all 

interface signals between the host interface and the transmit logic will be directly 
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connected, and transmit flow control will be taken out of the equation. Similar scheme 

can be found between the host interface and the receive logic in the flow control block.  

 

The main responsibility of the control block is to generate and processes pause 

frames. Pause frame and processed and generated when the Ethernet controller is in 

100Mbps full duplex mode. While in full duplex mode the carrier sense multiple access 

and collision detect protocol is no longer used. When the receive node become congested, 

a pause frame with a short wait time value is generated and transmitted. This pause can 

be terminated before or after the wait time ends. If congestion is resolved before wait 

time expires a pause frame with zero wait time is transmitted to ask the sender to resume 

transmission. When a pause frame is received the flow control waits the specified wait 

time before passing data from the transmitter to the Ethernet PHY. If wait time in the 

pause frame is zero, transmission is resumed before wait time expires. Padding and CRC 

is automatically generated for control frames.  

 

Frame Subsection Length Frame Contents 
Preamble 7 bytes 0x55 repeated 

Start Frame Delimiter 1 byte 0x0D 
Destination Address 6 bytes 0x0180C2000001 

Source Address 6 bytes MAC Address 
Type 2 bytes 0x8808 

Op Code 2 bytes 0x0001 
Wait Time 2 bytes 0x0000 to 0xFFFF 

Padding 

Depends on Min 
Frame Length 
Default = 42 

bytes 0x00 repeated 
Frame Check Sequence 4 bytes 32-bit CRC 

Figure 4.35: Pause Frame Structure 
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Aside from the usual preamble and SFD (start frame delimiter), a pause frame has 

a specific multicast destination address 01-80-C2-00-00-01. This is defined in the IEEE 

802.3 standard. A specific destination address could be used here as well, but using the 

multicast address cuts down on the logic and makes implementation easier.  The type 

field is filled by 0x8808 this indicates it is a MAC Control Frame. Next the op code value 

of 0x0001 indicates that this frame is intended for pause operation. The following 16-bits 

represent the pause wait time value. Each unit in this field represents 512 periods of the 

transmit clock. 

   

4.5.1 Simulation 

The simulation of the flow control block is shown in the logic diagrams below. 

The host initiates a pause frame transmission by raising “TPauseRq” high for one clock 

cycle. Signal “WillSendControlFrame” is raise as a response to indicate to the host that 

control frame transmission is in progress. Flow control begins pause frame transmission 

by toggling the “TxStartFrmOut” signal going into the transmit logic. Each time more 

data is needed by the transmit logic the “TxUsedDataIn” is set high. When the last byte 

of the payload has been presented to the transmit logic “TxEndFrmOut” is toggle and 

“WillSendControlFrame” is lowered.  This allows the host to know control frame 

transmission has completed. Also it allows the transmit logic to know when to perform 

end of frame operations such as calculating and appending the 32-bit CRC.  
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The reception of a pause frame starts when “RxStartFrm” is toggled high for two 

clock cycles by the receive logic. During this time the first data byte of the frame is 

presented to the receive control logic. In the second clock cycle “RxValid” is toggled 

high for one clock cycle latching in the first data byte. After receiving the first byte 

“ControlFrmAddressOK” goes high indicating that the destination address of the frame 

currently being received has been correct thus far. If any byte of the destination address 

does not match 01:80:C2:00:00:01 during the control frame reception, this signal will be 

pulled low. Once the pause frame OP code (0x0001) has been presented 

“ReceivedPauseFrm” toggles high for one cycle. “RxEndFrm” pulses high when the last 

byte of the receive frame has been presented. Finally when control frame reception 

completes, “ControlFrmAddressOK” goes low and “SetPauseTimer” pulses high. 

“SetPauseTimer” latches the pause value into the pause timer register and allows transmit 

delay count down to begin. 
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Figure 4.36: Flow Control Waveform Part 1 
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Figure 4.37: Flow Control Waveform Part 2 
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Figure 4.38: Flow Control Waveform Part 3
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4.6 MII  

Media Independent Interface (MII) is a serial communication bus used to interface 

the external PHY. Using this interface, the Ethernet controller can configure the control 

registers and read status registers in the external PHY. The MII interface is composed of 

four signals, MDC, MDI, MDO, and MDO_EN. MDC is the clock signal for this 

communication bus. The MDC signal is generated using an external clock signal from the 

host along with an internal divider register.  MDI, is the serial data input, and MDO is the 

serial data output. MDO_EN determines when the when MDO is enabled. Using 

MDO_EN, MDI and MDO can be merged to create a single bi directional data signal, 

MDIO.  

Frame Subsection Length Frame Contents 
Preamble 32 bits 1 repeated 

Start of Frame 2 bits 01 

Operation Code 2 bits Read = 10; Write = 01 
PHY Address 5 bits PHY Address 

Register Address 5 bits Register Address 
Turnaround 2 bits Read = z0; Write = 10 

Data 16 bits 0x0000 to 0xFFFF 
Idle Condition continuous z (High Impedance) 

Figure 4.39: Example MII Frame 

 
The MII frame begins with the preamble. The preamble allows MDIO signal to be 

high for 32 cycles of MDC.  A start of frame marker follows the preamble. The start of 

frame marker consists of a 01 sequence. Operation code dictates what action is to be 

taken. For a read operation a 10 is used for a write operation a 01 is used.  PHY address is 

a 5 bit field which allows up to 32 PHYs to be attached to the MII bus. Register address 

defines the specific register to be written to or read from. This 5 bit field allows 32 
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registers to be addressed in the PHY. The two turn around bits are used to avoid conflict 

between the PHY and the EMAC on the MDIO bus. During a read the turn around bits 

transfers the write ownership of the bus from the EMAC to the PHY. For first bit of the 

TA both sides are in high impedance.  The PHY pulls MDIO low during the second bit of 

the TA. For a write the EMAC pulls the first bit of the TA high then the second bit low. 

The 16 bit data is transmitted next and the most significant bit of the data is transmitted 

first. Finally, when the transaction completes idle state occurs. 

  

4.6.1 Simulation 

 
 The simulation below demonstrates writing control registers and reading status 

registers on the MII bus. “Divider” is set to be 2 so MDC = CLK/2. “WCtrlData” is 

pulsed high for one “MDC” cycle to initiate the write. “MDO_EN” goes high and the 

train of frame data appears on “MDO”. The OP code is “01” which matches the OP code 

for a write command. Notice the PHY address, register address, and control data matches 

those found in registers “fiad”, “rgad”, and “ctrldata” respectively. Finally “MDO_EN” 

goes low, bus returns to idle state and “busy” signal goes low.  

  

The rise of “rstat” for one “MDC” cycle triggers read status register command. 

First “busy” signal goes high then “MDO_EN” goes high to send out the 32 bit preamble. 

After the start of frame pattern “01” is sent out, the read OP code of “10” is presented on 

“MDO”. Values in “fiad” and “rgad” follows the OP code. After the TA bits, 

“MDO_EN” goes low and data in the status register is presented on “MDI”. Finally status 



58 

register data reception completes, and “busy” signal is lowered. “updatemiirx_datareg” is 

toggled high to allow the received data to be latch into an internal register.  
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Figure 4.40: MII Waveform Part 1 
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Figure 4.41: MII Waveform Part 2 
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Figure 4.42: MII Waveform Part 3
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Chapter 5: PHY 
 
 

Then initial plan was to build a PHY from by attaching analog components such 

as ADC, transformers, and op amps to digital encoder and decoders built in the FPGA. 

An off-the-shelf PHY was used, after realizing the complexity of the PHY and the limited 

time of the project. Heat reliability was the major criteria during the selection. After 

looking through various catalogs and vendor websites, it was determined a high 

temperature PHY was not available. From experience, integrated circuits using transistors 

with larger gate size can tolerate higher temperatures. Also, integrated circuits that can 

tolerate a higher supply or I/O voltage allow for higher temperatures. These guidelines 

were used during the selection of a PHY. Other than environmental specifications, 

technical specifications were considered during the selection of the PHY. At a minimum, 

the PHY needs to have an MII interface to communicate with the controller, support 

speeds up to 100 Mbps, and allow for full duplex communication. 

 

5.1 HARDWARE OVERVIEW 

 
The PHY selected is LAN83C185 manufactured by SMSC[5]. It runs off of a 3.3V 

supply, this coincides with the majority of other components on the test board. The I/Os 

are 3.3V and 5V tolerant. It is built on 0.18 micron technology, which means it might be 

able to withstand high temperature operation. This part is IEEE 802.3/802.3u compliant. 

It supports both 10BASE-T and 100BASE-TX operation. This chip can be controlled 

through a MII interface by an external EMAC. 
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The general architecture of the PHY includes five major blocks. These include 

transmit section, receive section, auto-negotiation, management, and MII logic. The 

transmit section contains a Manchester encoder, scrambler, and wave shaping output 

driver. The receive block contains a Manchester decoder, descrambler, adaptive 

equalizer, and baseline wander correction logic. Auto-negotiation allows the PHY to 

determine the best speed and duplex automatically. The management block contains all 

the control and status register used to configure the PHY. A serial management interface 

(SMI) is used to control this block. The MII logic passes data to and from the PHY via 

the transmit and receive logic. It also communicates via the SMI interface to allow for 

configuration of the management block. The general flow and layout of the architecture is 

illustrated below. 

 

Figure 5.1: Ethernet PHY Block Diagram 
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5.2 SETTINGS AND CONFIGURATION 

When the board is powered and the FPGA comes out of reset, the Ethernet 

controller initializes the PHY through the MII interface automatically. There are 

approximately 32 registers in the PHY, only a handful of these register needs to be 

reconfigured at startup. At power up 0x8000 is written to the Basic Control Register at 

address 0. This resets all configurations inside the PHY to a default state. A after a 1ms 

delay, 0x2100 is written to the Basic Control Register. This selects 100Mbps as the 

Ethernet speed, disables auto-negotiation, and sets the PHY to full duplex mode. The 

PHY Identifier is stored in register address 2 and register address 3. The universal PHY 

ID of 0xFFFFFFFF was written to the PHY Identifier Registers. Register address 18 

holds the PHY address used for the serial management interface. Bits 0 to 4 of this 

register are filled with binary “00000” to ensure the PHY address matches the hardware 

strapping on the PHYAD pins on the schematic.  
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Chapter 6: Test Application 

 
A test application was written for the host microcontroller to validate the 

functionality of the Ethernet card. The test application is command line driven much like 

a console application. Hyper terminal is used to display the application. On power up a 

menu is displayed with a list of test options. These options include initialization, transmit 

frame, and receive frame. The functional details of these three operations are described in 

the sections below. 

 

Figure 6.1: Test Application Main Menu 
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6.1 SYSTEM INITIALIZATION 

During system initialization, the application resets the Ethernet card and 

configures various registers in the EMAC. To perform a reset, the “E_RESETn” signal is 

held low for one millisecond. On the rising edge of “E_RESETn” all registers in the 

EMAC are configured to their default state, and the initialization routine of the PHY 

begins. The details of the PHY configuration were discussed in the previous section. 

Next, the program alters various settings of the configuration registers in section 4.1 

using the 32-bit parallel interface. For the Ethernet Control Register all settings were 

enabled except loop-back mode. Bits 19 and 2 of the Transmit and Receive Status 

Register were set low to disable transmit and receive blocks. All the bits of the Interrupt 

Mask Register were set high to temporarily disable all interrupts. The Flow Control 

Register is configured to allow processing of both transmit and receive pause frames by 

the flow control block. The MII Configuration Register is set to allow 32-bit preamble, 

and no scaling for the MII clock. No scaling is needed because the input clock to the 

PHY is already at 25 Mhz. MII Address Register is cleared since the address of the PHY 

is 0. The MAC Address Register is initialized to the value of 00:01:23:45:67:89. Default 

values are used for the remaining configuration registers in the EMAC.  

 

6.2 FRAME TRANSMISSION 

Once the transmit command has been selected, the test data frame is written to the 

transmit buffer using the host interface. The test data frame consists of a predetermined 

pattern of alternating ones and zeros. Next, the program reads the ready bit in the transmit 

buffer descriptor. When the transmit block is ready, the program writes the length of the 
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frame to the transmit buffer descriptor.  Finally, the transmission is started by activating 

the start transmission and transmit enable bit in the Transmit and Receive Status Register. 

The Interrupt Mask Register is accessed to unmask the transmit interrupt bit so the 

program will be receive an interrupt once the frame transmission is complete. If a 

transmit interrupt is not received within 3 seconds the program will return a “FAIL” on 

the prompt, else a “PASS” will be returned. 

    

6.3 FRAME RECEPTION 

Program actions to perform a frame reception are somewhat simpler than frame 

transmission. First, program activates the ready bit in the receive buffer descriptor. This 

allows the EMAC to know that the microcontroller has already acquired the data from the 

last frame, and is ready for a new frame to populate the receive buffer. Next, the receive 

interrupt bit is unmasked in the Interrupt Mask Register. This will allow the processor to 

be notified once an entire frame has been received successfully. To begin the reception, a 

one is written to the receive enable bit in the Transmit and Receive Status Register. Upon 

a complete frame reception, the EMAC will deactivate the ready bit and populate the 

length field in the receive buffer descriptor. After that a receive interrupt is triggered by 

the EMAC. The test program in the processor reacts to this interrupt by reading the length 

information in the receive buffer descriptor. Finally, it acquires the frame by reading the 

number of bytes described by the length field from the receive buffer. The length of bytes 

received by the processor is printed on to the screen.    
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Chapter 7: Conclusion 

 
This report documents the design and development of a custom embedded 

Ethernet card. Through this exercise I have gain a better perspective into the complexities 

of Ethernet hardware and software. At first it seems such complex protocol would cause 

problems because of the increase in data overhead and processing time. Later, it is 

understood that the many features of the protocol increases speed and reliability. 

  

There was much more to the Ethernet PHY than initially imagined. A limited 

understanding of the PHY was acquired during this project. It would be interesting to 

understand the motivation behind some of the analog circuitry. For example, what kind of 

problems were they trying to avoid while designing the analog backend? Further research 

in the IEEE standards and various papers would be required. 

 

The test application is somewhat limited in this project. The coverage of the test 

application could be enhanced. Currently, approximately about 15 percent of the Ethernet 

card is tested by this software. It is desirable to increase this coverage to about 90%. This 

way all paths and configurations of the target hardware could be debugged. Without a 

comprehensive test application, the electronic was not ready for heat testing. To achieve 

the environmental requirement, many cycles of testing and debugging would be 

necessary.  

 

Most of the work describe in this paper was concentrated on the hardware. If 

more time was given, it would be devoted to software and applications. Creating or 
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porting an open source Ethernet stack would simplify application development. The 

Ethernet stack could be compiled into software library to hide the complexity Ethernet 

protocol. This would make application code simpler and easier to understand. A web 

server application could be written to demonstrate the full potential of the hardware.  

 

Overall, this was a challenging and interesting project. Some of the concepts were 

new and some were an extension of my graduate course work. It was a good experience 

to understand a vital piece of technology many people use daily. I believe there is a 

market for high temperature Ethernet hardware. I hope to continue my efforts in the 

future.  
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