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Executive Summary
Due to the expanding use of Ethernet technology, the need for a troubleshooting device is becoming more of a necessity. To fulfill this need, ECE 480 Design Team 7 designed an Ethernet Integrity Analyzer designed around existing TI technologies including the TLK100 Ethernet transceiver. This handheld device has the capabilities of performing a series of cable diagnostics over an Ethernet line. These diagnostics detect and locate faults such as cable damage, water ingress, and manufacturing flaws. All results are displayed on a color-touch screen with a graphical user interface. In addition, the device supports the growing technology, Power-over-Ethernet, which will decrease power consumption and lower cost of operation. The device can be successfully charged with three sources of power including Power-over-Ethernet.
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1. Introduction and Background

1.1 Introduction

Ethernet has become one of the most popular and widely deployed network technologies in the world. In today's increasingly complex internet and client-server environments, the need for Ethernet Analyzers is becoming more essential for network operation and maintenance. ECE 480 Design Team 7’s task was to design and develop a handheld analyzer for Ethernet networks. The Ethernet Integrity Analyzer (EIA) is designed to automatically execute a diagnostic suite, and perform integrity checks when plugged into a standard RJ-45 Ethernet port. The EIA is designed to display the results of the tests on a color touch-screen LCD display and can optionally tag and store the results in a data log to be later uploaded to a host PC for off-line analysis. The EIA is powered from one of three sources: Power-over-Ethernet if detected on the link, a DC input supply or, if neither of the line sources are detected, batteries.           

1.2 Background

Currently, there is a limited number of diagnostic tools for Ethernet Networks. Many of the current tools require significant knowledge of networks and can take a significant amount of time to accurately diagnose. TI has a number of existing technologies that Design Team 7 incorporated to design a new network analyzing tool that is intuitive and handheld.  The most significant TI product that we incorporated is the TLK100 Ethernet PHY, a physical layer device that offers three capabilities: Time Domain Reflectometry (TDR), Active Link Cable Diagnostic (ALCD) and Digital Spectrum Analyzer (DSA) [1].  These tests will give a good idea of the integrity of the Ethernet line. Power-over-Ethernet is a growing technology that we implemented using Texas Instrument's TPS2376 PoE PD Controller [4]. Another highlighted TI hardware technology is the ARM Cortex M3 MCU. The software was developed using StellarisWare which was used to program the microcontroller in C/C++. We also used the IAR embedded workbench which is a development environment for programming ARM-based embedded applications.   

2. Exploring the Solution Space
2.1 Ranking of Conceptual Designs 
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In Table 2.1.1 the team created a Solution Selection Matrix to help us figure out what parts were the most important. Symbol quantities are as follows: ∆=1, o=3, •=9 on a 1-10 scale. We looked at various aspects that would be important in our design solutions, such as: appearance, cost, performance, size, speed, robustness, and usability. After comparing these with our design we came to the conclusions that running the integrity checks and displaying the results were found to be the most important (Shown in Table 2.1.2).
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2.2 Objectives and Design Specifications

We have been asked to design a handheld Ethernet Integrity Analyzer (EIA) for Texas Instruments. This EIA should run tests along an Ethernet line including Time Domain Reflectometry (TDR), Active Link Cable Diagnostic (ALCD) and Digital Spectrum Analyzer (DSA). These tests should be accessible in both active mode—ran in a matter of seconds, or passive mode—left for hours at a time.  Active mode will display results instantaneously, where as the passive mode will store the information for later review. All data will be displayed on a color-touch screen that we serve as the user-interface. The device is to be powered by three different options. Power-over-Ethernet (PoE) will be the primary source if applicable. When no PoE is detected, an AC adapter will be converted to a DC input. Finally, when no source of power is found, a rechargeable back-up battery will supply the power.  Figure 2.2.1 shows is our Fast Track Diagram that details the different function definitions of our project.
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2.3 Proposed Design Solution


Our design will diagnose a RJ-45 Ethernet line to determine its integrity. The Stellaris® DK-LM3S9B96 Development Board (shown in Figure 2.3.1) presents a platform for developing systems around the advanced capabilities of the LM3S9B96 ARM® Cortex™-M3 based microcontroller. The LM3S9B96 is a member of the Stellaris Tempest-Class microcontroller family which contains capabilities such as 80MHz clock speeds, an External Peripheral Interface (EPI) and Audio I2C interfaces. To support these features, the DK-LM3S9B96 includes a rich set of peripherals found on other Stellaris boards. This development kit will lead us to design and test the implementation of our Ethernet Integrity Analyzer. The kit also provides some features such as: Controller Area Network (CAN), 10/100 BaseT Ethernet, 1MB flash memory and LCD monitor. 
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The development board is supplied by 4.75-5.25 V dc voltage from a USB micro-B cable (USBs connected to a PC) or a DC power jack. Power-over-Ethernet (PoE) technology will be used when power is detected by the TPS2376-H PoE PD. The power used from the Ethernet line will be converted to +5V DC in order to be used to power the development board. To have a rechargeable battery system with a wall adapter, the bq24070 Single-Chip LI-ION Charge and Power-Path Mgmt IC will be used. Once this power has been converted to +5V DC, it can be logically combined with the PoE using Option 1 illustrated in Figure 2.3.2. This will allow for switching between the rechargeable battery system with wall adapter and the PoE. The EIA will be designed such that the PoE will be the primary power supply with the batteries and wall adapter as an alternate. The battery will supply power when no other power source is detected. [image: image5.png]RJ-45
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The TLK100 will be used to provide the connection between the Media Independent Interface (MII) and the Media Access Controller (MAC). Mixed-signal processing is used by the TLK100 to equalize, recover data, and to correct error. The TLK100 is able to handle large amounts of interference and noise, creating a robust system. It has the capability to run Time Domain compliance Reflectometry (TDR), Active Link Cable Diagnostic (ALCD), and Digital Spectrum Analyzer (DSA). Time Domain Reflectometry (TDR) will be used for locating errors in the cable as well as measuring the length of the cable. It will also allow us to determine the quality of the cables, connectors, and terminations. By analyzing reflections of a test pulse the TDR will be able to calculate impedances throughout the line and the locations of those impedances. Active Link Cable Diagnostic (ALCD) offers a passive method to estimate the cable length during the active link and is capable of measuring the overall cable length with even higher accuracy than the TDR. The TLK100 offers a unique capability of Digital Spectrum Analyzer (DSA). The DSA will be used to find the magnitude of the frequency response (119.2 Hz Resolution).
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Together these designs and ideas led to our final proposed design which we compiled into a block diagram shown in Figure 2.3.4.
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2.4 Project Management Plan
Table 2.4.1 shows the team’s Gantt Chart that was created in Week 4 of our project. In the Gantt Chart there are many different tasks along with their begin date and their end date. Each task contains information on it such as if it has been completed or not, if it depends on another task in order to be started, and if it is part of the critical path of the project.  The chart was used by our team to try to create a schedule that we tried to follow in order to get our project done on time.
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2.5 Proposed Budget
While TI provided most of the parts needed for this project, it made it so our group has very little control over the cost of the final design, we tried to create a rough estimate of what  the cost of our proposed design might be, which is shown below in Table 3. Our $500 budget was used for various minor tools and parts as they were needed. 
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3. Technical Description
3.1 TLK100
The most important component of our project is the TLK100 Ethernet PHY. We chose this device because it is capable of performing our three primary integrity checks: TDR, ALCD and DSA. To implement this design we used the TLK100 Evaluation Module (TLK100EVM) which consists of the TLK100 circuit with magnetics included as well as direct connections with a RJ-45 Jack and an MII connection. The TLK100 has a number of initial configurations that must be set up for complete operation that are completely defined in the TLK100 data sheet [3]. This device also contains 16 bit internal registers that are defined in Sect. 8 of the TLK100 data sheet. The primary registers for performing the cable diagnostics are the Cable Diagnostics Control Register (CDCR), Cable Diagnostics Status Register (CDSR), and Cable Diagnostics Results Register (CDRR). The CDCR consists of bits that control which test is run, starting the test and selecting which results to display. The CDSR consists of read only bits that turn high when the given integrity check is complete as well as bits for enabling and configuring DSA. The CDRR holds the results of the test as specified by the CDCR. In order access these registers connection to a microcontroller is essential.
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3.2 DK-LM3S9B96
The DK-LM3S9B96 was the development board we selected to create the core of our design. This board was selected because of the wide variety of peripherals that came with it along with containing the processing power we needed to handle issuing instructions to the TLK100 to run its tests,  receiving the results from the TLK100 and interpreting and then displaying them to touch-screen interface. The key feature of this board that set it apart from other, similar boards, was the fact that it came with a Kitronix 3.5” QVGA LCD color touch-screen display, which was essential to our design. The development board also included 1GB MicroSD Card interface for saving test results to, extensive sample code that allowed us easily program basic features, and built in Ethernet MAC and PHY.  

3.2.1 DK-LM3S9B96 Hardware
Our primary purpose for using the DK-LM3S9B96 Development Board is to access the TLK100 Ethernet PHY. We connected the development board with the TLK100EVM using Media Independent Interface or MII. MII is a PHY to MAC layer connection that provides both data and power. Below is a description of the MII pins. 
	Ethernet MII Pin Out

	Pin No.
	Name Signal
	Description

	1
	Power
	+5 Vdc/ 3.3 Vdc

	2
	MDIO
	MII Data Input/Output

	3
	MDC
	MII Data Clock

	4
	RxD 3
	Receive Data 3

	5
	RxD 2
	Receive Data 2

	6
	RxD 1
	Receive Data 1

	7
	RxD 0
	Receive Data 0

	8
	Rx_DV
	Rx Data Valid

	9
	Rx_CLK
	Rx Clock

	10
	Rx_ER
	Rx Error

	11
	Tx_ER
	Tx Error

	12
	Tx_CLK
	Tx Clock

	13
	Tx_EN
	Tx Enable

	14
	TxD 0
	Transmit Data 0

	15
	TxD 1
	Transmit Data 1

	16
	TxD 2
	Transmit Data 2

	17
	TxD 3
	Transmit Data 3

	18
	COL
	Collision

	19
	CRS
	Carrier Sense

	20
	Power
	+5 Vdc/ +3.3 Vdc

	21
	Power
	+5 Vdc/ +3.3 Vdc

	22-39
	GND
	Signal Ground

	40
	Power
	+5 Vdc/ +3.3 Vdc



MII is in the form of a 40-pin Mini-D Ribbon size connection, having both a male and female part (Figure 3.2.1).
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In order to use MII to connect the TLK100 to the LM3S9B96 Development Board, we mapped each of these to appropriate MII ports. In order to connect the MII to the development board we use an MII compatible breakout board which we then connected to the development board’s External Peripheral Interface (EPI). 
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The EPI, as shown below in Figure 3.2.3, is 36 pins that are mapped to the development boards ARM Cortex M3 microcontroller. So with this configuration we had planned to be able to access the TLK100.
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We used the EPI breakout pin adapter in place of the development board’s SDRAM chip. This allowed each port on the microcontroller that had been mapped to the SDRAM to be mapped to its corresponding breakout pin. With this configuration each pin is free to be used by the TLK100. 

The TLK100EVM provides an MII male connector. We used this male connector to plug into the female connector on the breakout board. Once the TLK100EVM was connected to the breakout board via MII connectors this left us up to individually wiring the development board’s EPI to the appropriate MII ports on the breakout board

	MII Pin
	Signal
	Breakout Board Pin
	EPI Pin
	Microcontroller port
	TLK100 Pin*

	1
	Power
	21
	17
	3.3V
	†

	2
	MDIO
	22
	32
	PE0
	33

	3
	MDC
	23
	33
	PE1
	32

	4
	RX_D3
	24
	30
	PH3
	28

	5
	RX_D2
	25
	28
	PH2
	27

	6
	RX_D1
	26
	36
	PH1
	26

	7
	RX_D0
	27
	35
	PH0
	25

	8
	RX_DV
	28
	34
	PH5
	30

	9
	RX_CLK
	29
	31
	PH6
	23

	10
	RX_ER
	30
	3
	PH7
	31

	11
	TX_ER
	31
	15
	PJ4
	Not needed

	12
	TX_CLK
	32
	12
	PJ6
	19

	13
	TX_EN
	33
	14
	PJ5
	18

	14
	TX_D0
	34
	6
	PJ0
	13

	15
	TX_D1
	35
	27
	PJ1
	14

	16
	TX_D2
	36
	22
	PJ2
	15

	17
	TX_D3
	37
	16
	PJ3
	16

	18
	COL
	38
	29
	PH4
	24

	19
	CRS
	39
	5
	PG0
	22

	20
	Power
	40
	17
	3.3V
	†

	21
	Power
	1
	17
	3.3V
	†

	22--39
	GND
	2--19
	1,2
	GND
	38

	40
	Power
	20
	17
	3.3V
	†



Mappings from the breakout board to the development board were connected using a 36-pin ribbon. The ribbon connector fit over the EPI breakouts, while the other end was spliced and attached to the individual breakout board slots. All these mappings and connections were done using our Mapping Table (Figure 3.2.2). We also made sure to short all the power pins together as well as all the GND pins together. 
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The TLK100 has the ability to use 3.3V, or a combination of 3.3V, 1.8V, and 1.1V supplies. We chose to use the 3.3V option because the development board has a 3.3V breakout pin on its EPI. This option was then implemented using the MII connections, which also support a 3.3V power supply. Below is a picture of the wiring that we completed for this task and how it is used to connect the DK-LM3S9B96 Development Board to the TLK100 Evaluation Module.


[image: image16.emf]
3.2.2 DK-LM3S9B96 Software

To develop and debug software for the DK-LM3S9B96 we used the IAR Embedded Workbench IDE by IAR Systems. In order to used the workbench with our board we first had to download the StellarisWare software package from Luminary Micro that included driver libraries, sample code, and application notes for the DK-LM3S9B96. 
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After configuring the workbench for our development board, the first thing created was the Graphical User Interface (GUI) to be displayed on the touch screen. This was created using the Stellaris Graphics Library included in StellarisWare. The graphics library is composed of different graphics objects called widgets. The background, banner, text boxes, and other non-interactive elements were created by using canvas widgets. Pushbutton widgets were used to create interactive buttons to start the integrity checks along with selecting which test results to be shown. 

We created our GUI to have five different pages, the main page along with results pages for each test.  On the main page is the start button that can be pressed to start the tests. Once the test completes it will display “OK” for passing tests of TDR and POE detect. For ALCD and DSA it will display a button that you can select to go to the results page. If any of these tests fail a result button will appear. Each results page contains test specific information like cable length, fault location and fault type. Widgets in the graphics library are organized in a tree structure with widgets being able to have parents, children and siblings. Widgets for each page of our design were grouped together in their own branches which allowed for easy switching between pages. 
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In StellarisWare all button presses and the drawing of different graphical elements are handled by interrupts. This means that the main part of the code does not need explicit calls to each widget; it only needs to be in a loop waiting for an interrupt. This allowed us to keep the main part of our program relatively clean and easy to read.

Programming the TLK100 is dependant on the physical connection with the MCU on the development board. With Every wire from the MII connected to the ports on the MCU the design team attempted to program the TLK100 through these ports. An important aspect of this programming was to edit only the bits that were connected to the MII interface and to be certain that those bits didn’t control a vital function of the development board, such as the touch screen (See Table 3.2.2). For example using bits 6 and 7 on port H for the MII would kill the image on the touch screen because those bits perform operations for the screen. The following code was used to successfully write pin 5 on port C high on the development board: 

int read_value
GPIOPinTypeGPIOOutput(GPIO_PORTC_BASE, GPIO_PIN_5);
GPIOPinWrite(GPIO_PORTC_BASE, GPIO_PIN_5, 0x20);
read_value=GPIOPinRead(GPIO_PORTC_BASE, GPIO_PIN_5);
When applied to the entire block of code this chart shows the initial configuration read on all the ports a before any write operations.
	
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

	Port A
	0
	0
	0
	0
	0
	0
	0
	0

	Port B
	1
	0
	1
	0
	1
	1
	0
	0

	Port C
	1
	1
	1
	1
	1
	0
	0
	0

	Port D
	0
	0
	0
	0
	0
	0
	0
	0

	Port E
	1
	0
	0
	0
	0
	0
	1
	1

	Port F
	0
	0
	1
	1
	0
	0
	0
	0

	Port G
	1
	0
	0
	0
	0
	0
	0
	0

	Port H
	1
	1
	1
	0
	1
	1
	1
	1

	Port J
	0
	1
	1
	1
	1
	1
	1
	1



Although the ports could be programmed, we discovered that using this method would not allow us to be able to read and write to the registers on the TLK100. This had to be done over the MDIO line using 32-bit words synchronized by the MDC. Below is a diagram describing the MDIO read and write operations.
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Connecting the MDIO line to a port is not compatible for performing this operation. Instead the MDIO pin on the MII must be connected to the MDIO line on the MCU. Unfortunately, the LM3S9B96 does not contain the hardware that is capable of handling this type of. Therefore the software can not be written to perform this vital functionality. 

3.3 EK-LM3S9B92
After determining that the LM3S9B96 would not allow us to correctly connect with the MII interface of the TLK100, Texas Instruments sent us a modified version of the EK-LM3S9B92. During Week 13 we received this new development board which is fully equipped with the LM3S9BN6 microcontroller (MCU), one that has the hardware to handle MII communication.

[image: image22.emf]
One fundamental difference between the LM3S9B96 microcontroller that we received in Week 9 and the LM3S9BN6 MCU lies in the Ethernet Controller. The LM3S9B96’s Ethernet Controller has the Media Access Controller (MAC) combined with a built-in PHY. The LM3S9BN6’s Ethernet Controller has an on-board MAC and is configured to be connected to an external PHY. . This difference is illustrated in Figure 3.3.2 and Figure 3.3.3. In our Ethernet Integrity Analyzer the external PHY is the TLK100
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Another important difference is that the LM3S9BN6’s Ethernet Controller is configured to handle MII, the LM3S9B96 is not. The EIA uses the MII to communicate between the microcontroller and the TLK100, specifically using the read and write operations. These operations are performed to access the resisters on the TLK100 using the MDIO and MDC lines. This critical difference is illustrated in Figure 3.3.4 and Figure 3.3.5. In particular, notice that the signals on the right half of the LMS39BN6 board match the MII signals (Figure 3.3.5).
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One problem with the new board, however, is that it lacks a touch screen display.  The board uses the Universal Asynchronous Receiver/Transmitter (UART) technology to display its output. Using an In-Circuit Debug Interface (ICDI) board along with the UART, we are able to output to a computer console terminal screen using USB.

3.3.1 EK-LM3S9B92 Hardware
Upon receiving the modified EK-LM3S9B92 Development Board we realized that this new board put us at an advantage when it came to MII configuration of the board, however a disadvantage in terms of a user interface. Since the EK-LM3S9B92 does not include a color touch-screen like our previous board did, we created our own design to connect a touch-screen to our new board. Our plan was to use a new touch-screen, however the touch-screen was not received on time, therefore to implement our new design we connected the screen on the old board with the new board. This was accomplished by wiring from the port jumpers on the EK-LM3S9B92 (new board) to the LCD jumpers on the DK-LM3S9B96 (old board).  Table 3.3.1 shows the port bits we mapped in order to implement a touch screen onto our board. We purposefully selected this mapping to minimize coding changes while taking into account previously defined ports.
	Pin
	LCD Touch-Screen 

Jumpers
	DK-LM3S9B96

(old board)
	EK-LM3S9B92

(new board)

	1
	X-
	PE2
	PA2

	2
	Y+
	PE7
	PA7

	3
	Y-
	PE3
	PA3

	4
	X+
	PE6
	PA6

	5
	LD4
	PD4
	PJ4

	6
	LD1
	PD1
	PJ1

	7
	LDC
	PH7
	PH7

	8
	LD0
	PD0
	PJ0

	9
	LD3
	PD3
	PJ3

	10
	LD6
	PD6
	PJ6

	11
	LD7
	PD7
	PJ7

	12
	LD2
	PD2
	PJ2

	13
	LD5
	PD5
	PJ5

	14
	LRDn
	PB5
	PB5

	15
	LWRn
	PH6
	PH6

	16
	LRSTn
	PB7
	PB7



3.3.2 EK-LM3S9B92 Software
Switching from the LM3S9B96 microcontroller to the LM3S9BN6 microcontroller from a coding standpoint was simple since both use many of the same libraries. We used the Putty Telenet/SSH Client to create a COM terminal to receive the output from the UART. To get correct output we had to set the speed, or Baud Rate, to 115200 as specified by the sample code included in StellarisWare.


Texas Instruments decided that since the new board did not include a touch screen, implementing a touch screen was downgraded to a secondary objective. Since we already created the GUI for the first board we wanted to try implementing it on the second. Using the jumper wires and ports described earlier in the hardware section the team connected the EK-LM3S9B92 board with the touch screen on the DK-LM3S9B96. We then had to update the touch screen display drivers with our new port mappings along with removing some functions that were specific to the old board. After doing this we were able to display the "Hello" sample program from the LM3S9B96, a very basic program that only displays the text "hello world." There were some problems with this connection, however, since there were noticeable graphical glitches on the display that did not prevent us from reading the display, but showed that the connection was not yet 100% correct.
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After the success with the "Hello" program the next step was to try and implement a more complex program that used the touch capabilities of the screen. By enabling the touch screen interrupt handler we were able to get the screen to display the pushbutton but unfortunately were unable to get the screen to register the touch commands. Time constraints prevented us from developing the screen further. 


In order for the TLK100 to perform the integrity checks it has to be configured to perform cable diagnostics. This was done by writing C code in the IAR workbench and downloading the program to the microcontroller on the development board. Programming the TLK100 involved writing functions that merged logic from two difference sources. The first source is the TLK100 Sample Code [3] that is written for use with SmartBits hardware. The second is the libraries of the EK-LM3S9B92 development board that is part of the IAR workbench. 


When the “Start” button is pressed on the GUI the program enters an interrupt service routine that calls a function to perform the cable diagnostics. This function begins by establishing a connection between the MII on the Microcontroller’s Ethernet Controller and the TLK100. Once the connection is established, the program can reset the registers on the TLK100, make the initial link setup with the connected Ethernet line and perform the initial configurations on the TLK100. Once the configuration is complete the program can run the integrity checks TDR, ALCD and DSA and return the results. Each configuration and test is isolated in its own function for maintainability. 

All the initializations and tests are performed by accessing the TLK100 registers using read and write functions. The read function takes two parameters a physical identification number and a 5-bit register address. The write function takes these same two parameters plus a 16-bit number for the data to be written. Both of these functions accesses the Ethernet Controller’s MAC which contains two serial signals used for the operation Management Data Clock (MDC) and Management Data Input/Output (MDIO). The MDC clock has a maximum frequency of 2.5MHz. Since the Microcontroller operates at 16MHz the clock is divided and programmed into the MDC using the MACMDV register. The physical address is programmed into the Ethernet MAC Address register (MACMADD). For write operations the function stores the data in the Ethernet MAC Management Transmit Data register (MACMTXD). The register address that is passed into the function is programmed into the Ethernet MAC Management Control register (MACMCTL). In the read function the data is read from the Ethernet MAC Management Receive Data register (MACMRXD) and returned. 

 The TDR function first initializes the extended TDR registers. Then it sets the output to be an iteration of TDR (The TLK100 can store up to 5 sets of TDR results) by writing the intended result to bits 8-10 of the Cable Diagnostics Control Register (CDCR). It then sets bit 12 high in order to start the TDR test. While the test is running the program waits until bit 13 on the Cable Diagnostic Status Register (CDSR) is high signifying that the test has completed. The function then reads bit 14 of the CDSR which will be set if the test has failed. If the test completed without failure then the results are read from the CDRR and manipulated to calculate reflections and impedance. The calculated values are returned to the GUI for display. 

The ALCD and DSA function operates in a similar fashion. It first makes the initial configurations for the tests. Then it writes a 6 to bits 8-10 on the CDCR in order to select ALCD length to be stored in the CDRR. Next, the function sets bit 13 of the CDCR high in order to start the ALCD/DSA test. The function then waits for bit 15 to be set high signifying ALCD/DSA is complete. The function then reads the values from the CDRR and returns the data for the GUI to display. 
The problems involving this program involved the interaction between devices at the hardware level. When Using the EthernetReadPHY() and EthernetWritePHY() functions the it appears that the TLK100’s registers are not be accessed. This theory is shown by a test where a given register is read, written too and then read again. Every test involving every plausible combination of Physical IDs and register addresses returned the same value after the write as before the write. One area that could be edited was the physical ID. When this value was programmed as the ETH_BASE (0x4004800) every register read 65535 which is the value when all 16 bits are set high. Another test run was checking all the physical IDs from 0 to 31 because the Microcontroller is capable of being connected to up to 32 physical devices at one time. For this the results starting the counting at the Ethernet base remained the same. Another possible source of this error was the hardware connection. Disconnecting the MDIO had no effect on the reading, therefore the function was not being performed properly.  This has been our most pressing issue as we approach our deadline.
3.4 Power-over-Ethernet

Specifications for this project indicate that the Ethernet Integrity Analyzer (EIA) would be powered from one of three sources: Power-over-Ethernet (PoE) if available on the link; a DC input supply or, if neither is detected, batteries. Thus, one of our EIA integrity tests is to diagnose the Ethernet cable’s power content. When PoE is detected, it will be the EIA’s first option for power. If the Ethernet cable has no PoE capability, a wall adapter will solely supply power to the EIA. Back-up rechargeable batteries are also available to power the EIA if both the PoE and the wall adapter options are absent. 
3.4.1 TPS2376-H: High Power PD Controller
PoE employs Ethernet to obtain the ability of delivering 48 VDC and transmitting data simultaneously over a single copper Ethernet cable. There are two primary elements in order to implement PoE. The first element is the power sourcing equipment (PSE), which can be the LAN switch or via external source power delivered over Ethernet. The second element is the powered device (PD), which is the end device that accepts and uses power from the Ethernet cable for its operation. 

To detect Power-over-Ethernet, Design Team 7 employed Texas Instruments TPS2376-H (IEEE 802.3af PoE HIGH POWER PD CONTROLLER) (See Figure 3.4.1). The Power Sourcing Equipment (PSE) is a device that will inject power in a PoE setup. According to the IEEE 802.3af, the maximum allowed continuous output power per such device is 15.40 Ω. On the other hand, a Powered Device (PD) is a device that is powered by the PSE. Wireless access points, IP cameras, and IP phones are some examples of powered devices. Thus, if an RJ-45 cable is connected to the PSE, the PSE will inject voltage and approximately 15W of power over the Ethernet cable. The RJ-45 cable has eight wires. Four of these wires (1, 2, 3, and 6) are used for data transmitting only. Therefore, voltage will be applied to the other four wires (4, 5, 7, and 8) since they are unused wires on every Ethernet cable. The injected RJ-45 is connected to the PoE PD that will detect power and transmit data to their appropriate destination. (See Figure 3.4.2)  In order for them to be completely operational, both the PSE and the Power-over-Ethernet Power Device (PoE PD) must be interacting constantly. 
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The process for safely providing power over an Ethernet cable when a PD is connected, and then removing power if it is disconnected, is defined in the IEEE 802.3af specification. The process consists of three states: detection, classification, and operation. The PSE periodically probes the cable with low voltage, looking for a 25 kW signature. For safety, if the cable is not properly terminated, it is not powered. During this state, detection, power levels are low so that not to cause damage to devices that do not support PoE technology. If a valid PD signature is present during detection, then the classification state begins. In the classification state, the PSE inquires about the PD’s amount of power. With that power, the PSE will determine if the device is consuming more power than it should. Figure 3.4.3 shows the operational states as a function of PD input voltage range as defined in IEEE 802.3af.

The PD input is typically an RJ-45 connector. It is important to notice that the PD input requirements and the PSE output requirements are different. That is to account for voltage drops in the cable. While The IEEE 802.3af specifies a cable resistance of 20 ( to derive the voltage limits at the PD from the PSE output requirements, CAT-5 infrastructure will meet a 12.5 (. The IEEE 802.3af PSE allows voltage of either polarity between the two spare pairs. Therefore, our team inserted bridge diodes in our design to provide reverse input polarity protection.

[image: image29.emf]
3.4.2 PoE Detection and Classification


The 25 k( PD signature is measured by applying two voltages between 2.7 V to 10.1 V, that are at least 1 V apart, to the PD's PI and measuring the current. Then, the resistance is calculated based on the voltage difference to the current difference. Detection only occurs if the resistance value fall in the range of 23.75 k( to 26.25 k(. Therefore, the team selected three resistors: 1.5 k(, 27 k(, and 560( and they were connected in series. This combination provided an accurate resistance value for the detection phase. The TPS2376-H is in detection mode whenever the supply voltage is below the lower classification threshold. In addition, the TPS2376-H will only be able to detect PoE if, and only if, the parallel combination of RDET and RUVLO equals to 24.9 k(. Thus, we selected RDET to be 25 k( and RUVLO to be 190 k(. The DET pin was pulled to VSS during detection resulting in current flowing through RDET to VSS and producing the detection signature. 

The classification process begins by applying a voltage between 14.5 V and 20.5 V, for about 75 ms, to the input of the PD. Therefore, a fixed current would be drown that is set by RCLASS. An 802.3af PSE measures the PD current to determine which of the five available classes that the PD is signaling. For our design, the team decided on using class 3, as it best would suit the design’s current range. The total current drawn from the PSE during classification is the sum of bias currents and current through RCLASS. The TPS2376-H disconnects RCLASS at voltages above the classification range to avoid excessive power dissipation (Figure 3.4.4).
[image: image30.emf]
3.4.3 PoE Undervoltage Lockout (UVLO)


“The TPS2376-H incorporates an undervoltage lockout (UVLO) circuit that monitors line voltage to determine when to apply power to the downstream load and allow the PD to power up. The IEEE 802.3af specification dictates a maximum PD turn on voltage of 42 V and a minimum turn-off voltage of 30 V (Fig. 4). The UVLO pin provides the flexibility to adjust the turn on and turn off to the IEEE 802.3af limits, or a custom set. Design the turn-on for 39.5 V if a design which uses the IEEE 802.3af limits is desired”. [2]
3.5 Power & Charge Management Controllers: MCP73682, BQ24071
As previously discussed, batteries would be used as a back-up power for the EIA. The battery has the lowest priority and will be providing power if there is no DC input and PoE detected in the link. The team selected Lithium-Ion type batteries for this part because they protect their charge potentials for a long time. Basically, they do not “remember” their first capacitance and this allows them to keep charged for long periods. This is called “Memory Effect”.  

The Design Team 7 initially selected the Texas Instruments Power Management IC, the BQ24071. This chip offers two useful functions; power the system and recharge the battery.
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Figure 3.5.1: Functional Block Diagram of BQ24071 [8]
This IC is designed for single cell Li-Ion/Li-Polymer batteries and focuses on supplying
continuous power to the system when available from the DC input or battery sources. The BQ24071 has two separate outputs. The “OUT” pin provides power for the system while “BAT” pin charges the battery. This feature gives simplicity to design to power and recharge the battery with a single chip only. Despite this IC fits well into the deisgn, this IC could not be used because this IC only comes in QFN (Quad Flat No Leads) type package size and this package size is not available for hand soldering.
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Figure 3.5.2: Package Dimensions for BQ24071 (in mm) [8]
To have this IC mounted on a PCB, Design Team 7 had several communications with some other companies. After these contacts, the fabrication cost was around $300. As a result, this inconvenience was discussed and another appropriate management IC was researches. Finally, Microchip® Charge Management Controller MCP73862 was chosen instead of the BQ24071.  This charge management IC has two different package sizes; QFN and SOIC. In contrast to QFN, the SOIC type of package is easy to solder by hand on a PCB so the team decided on this package.
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Figure 3.5.3: Typical Application Circuit of MCP7386X (Pin numbers are for QFN size package) [9]
A typical application circuit for MCP7386X is shown above (see ref #datasheet#). The circuit includes some external components to set or define charging voltage, cell temperature sensor, timer, etc. The VDD input is the input power supply which is provided from wall adapter. In absence of VDD, the current flow is provided from the battery pack (discharge).


Charge current regulation is scaled by placing a programming resistor from the PROG input to ground. Fast charging regulation can be established by connecting this input directly to ground. This provides 1.2A maximum charge current. The minimum fast charge current can be set as 100mA by leaving this input float. The current regulation also can be calculated by using the Formula 3.5.1.
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In this formula, RPROG has to be chosen in k Ohms and IREG is the desired charge current. 


THREF input is a reference voltage to feed external thermistor for cell temperature monitoring.  A comparison is done at threshold voltages of VTHREF/2 and VTHREF/4.


THERM input operates as cell temperature sensor input. The management IC checks the temperature by comparing the voltage between ground and the THERM input voltage. This voltage can be developed by an external voltage divider. The resistor values in the divider depend on the temperature coefficient of the thermistor. Basically, thermistors are resistors whose resistances depend on the temperature. A thermistor can be either negative temperature coefficient (NTC) or positive temperature coefficient (PTC). These resistors can be calculated using Formulas 3.5.2-3.5.3.5.
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Here, RCOLD and RHOT are the thermistor resistance values at the desired temperature window. In the application circuit above, thermistor is connected between THERM and ground. By keeping the thermistor close to the battery in circuit design, the cell temperature can be checked during the charge. In our design, an NTC type thermistor is selected and calculations are done based on the cell temperature window (Cold Temperature=0°C, Hot Temperature=70°C).


The TIMER input programs the period of safety timers. This is done by placing a timing capacitor between this input and ground. This capacitor (CTIMER) has to be chosen as 0.1 µF electrolytic capacitors. In MCP7386X series, there are three safety timers; preconditioning safety timer, fast charge safety timer and elapsed timer. The preconditioning timer continues till fast charge and elapsed timer starts. The fast charge timer resets when the constant voltage mode becomes active. Finally the elapsed timer will terminate the charge if the sensed current does not decrease below the threshold. These time periods can be calculated using the Formulas 3.5.6-3.5.8. (tTHERM is the time period for elapsed timer).
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STAT inputs provide information on the status of the charge. STAT1 shows the charge status and STAT2 depicts if there is any fault in charge progress. 


In most applications, EN (enable) input is connected to supply voltage. This pin causes the management IC to run in low power mode when VDD falls and reduces the battery drain current. 

3.5.1 Charging Li-ION Batteries


In most cost-sensitive designs and in our design, the battery charging system has low priority. In fact, the charge quality has a significant role in the life and reliability of the battery. Fundamental requirements should be estimated properly to design an efficient charging system for Li-Ion batteries.


The rate of charge and discharge is related to the capacity of the battery. This rate is known as the C-rate and refers to charge and discharge current. This current can be calculated using Formula 3.5.9.
I (A) = M x Cn
In this equation, M is the multiple (or fraction) of C and C is a numerical value of rated capacity expressed in ampere-hour. Here, n is the time in hours. A battery discharging at C-rate of 1 delivers its capacity in 1 hour. For example, a rated capacity of 1000mAh and a discharge rate of 1 C means a discharge current of 1000mA. Generally most manufacturers define the capacity of battery at a 5 hour rate. That means n is equal to 5. 
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Figure3.5.4: Li-Ion Battery Charge Profile (Power Electronics, April 2005)


Typically, there are two types of charging methods; a minimum charge current or a timer. Generally, charging is performed by one of these. However, in some applications, these methods can be applied together. The minimum current method approach controls the charge current during the constant voltage stage and stops the process by the time the charge current decreases in the range of 0.02C to 0.07C. In the timer method, charging continues for an additional two hours then charge process would be terminated. 


For a safe charge, charge is halted when the cell temperature is outside of the specified window. Typically, for a Li-Ion battery, the window range is between 0°C (32°F) and 45°C (113°F). Generally, the cell temperature window is specified by cell manufacturers.
3.6 Power ORing


 In order to combine these power options into a single 3-Source system the team designed an ORing circuit. This circuit made use of diodes to give priority to Power-over-Ethernet then to the adapter power and finally the back-up battery.  Figure 3.5.5 shows a simplified version of the designed circuit.
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3.6 Final Block Diagram
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4. Data Testing and Functional Design

We had the fortunate ability to work with a project that is still in development. The second development board we received from TI was sent immediately after it was created. The board is a modified version of the EK-LM3S9B92. TI replaced the microcontroller with the LM3S9BN6 microcontroller and the Ethernet Port was removed. The board was wired to an MII male connector to be usable to with the TLK100EVM.

This served as a real-life learning experience of when depending on parts that are in development unforeseen issues might arise. Due to supply issues on TI’s end, some of our necessary parts were not yet ready to be sent to us early in the semester. While this set us back in our project development, it taught us what can be done while waiting for parts. This extra time allowed us to develop our ideas and designs, study datasheets and be ready to begin implementing and testing our designs as soon as the parts arrived. 
4.1 TLK100 and Development Board Results


The connection between the first development board and the TLK100 failed because the DK-LM3S9B96 board already contained an Ethernet PHY already built in.  This made it impossible to access the MII interface that we needed to connect to the TLK100.


Using the EthernetPHYread() and EthernetPHYwrite() functions, along with the LM3S9BN6 microcontroller our team had hoped to be able to communicate with the TLK100 using the MII interface. Unfortunately any read of the TLK100 registers returns a value of “0xFFFF” (all bits high).  Below is the code we used along with the output.
test=EthernetPHYRead(ETH_BASE, CDSR);
UARTprintf("CDSR beg = %x \n", test);

test=EthernetPHYRead(ETH_BASE, CDCR);
UARTprintf("CDCR beg = %x \n", test);

EthernetPHYWrite(ETH_BASE, CDCR , 0x2801);
test=EthernetPHYRead(ETH_BASE, CDCR);

UARTprintf("CDCR = %x \n", test);
while((ROM_EthernetPHYRead(ETH_BASE, CDSR) & 0x8000) == 0)
{
}
UARTprintf("result done\n");

test=EthernetPHYRead(ETH_BASE, CDSR);
UARTprintf("CDSR = %x \n", test);
unsigned long results;

results= ROM_EthernetPHYRead(ETH_BASE, CDRR);
UARTprintf("results = %x \n", results);
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We believe this is happening for either one of two reasons. The first is that the LM3S9BN6 might not be correctly setting what the physical address of the TLK100 is. Since it is possible for multiple physical devices to be connected to one MAC, the physical address identifies one PHY from another. Another possibility is that the board got damaged in transit between TI and MSU. Given more time to troubleshoot, the first thing our team would do to try and solve the first problem is get a logic analyzer to watch the output of the LM3S9BN6 to the TLK100. We would be watching to verify that the MDIO signal is in sync with the MDC clock and more importantly, that MDIO is transmitting at all. We tried to obtain one but the ECE shop had unfortunately misplaced the ones they had.  The second issue could be resolved by obtaining a new board and comparing the output. Since the LM3S9BN6 is a new part, it takes awhile to get new chips, making it impossible to get a replacement before Design Day. 
The team encountered an issue with running the old screen with the new microcontroller. When the image appeared on the screen it seemed to have a few glitches in the text. We believe that this is possibly because of mis-use of the port or incompatibility issues. We are in process of reviewing the new microcontroller datasheet to see if we can discover the source of the error.

4.2 Power Testing and Results

When testing the TPS2376-H (IEEE 802.3af PoE HIGH POWER PD CONTROLLER) circuitry, interesting results were observed. Unlike what the data sheet indicates the VDD to RTN voltage was in the range of 46.3V to 46.9V, and not 13V. The team tested all four possible classification cases (see Fig), but VDD to RTN voltage was never equal to 13V. While we expected the RTN pin to have some DC output, its voltage was 3.3mV. The team decided that this pin could serve as a common node when connecting the TPS2376-H and the DC-DC converter. The UVLO pin voltage was 2.8v. This value was calculated precisely when designing the project’s schematic as detection only occurs if the resistance value of RDET fall in the range of 23.75 k( to 26.25 k(. Therefore, the team selected three resistors: 1.5 k(, 27 k(, and 560( and they were connected in series. This combination provided an accurate resistance value for the detection phase. Experimentally, the team found that the TPS2376-H will best be able to detect PoE if, and only if, the parallel combination of RDET and RUVLO equals to 24.71 k( and not 24.9 k(. Thus, we selected another value of RDET which was equal to 28.43 k(. On the other hand RUVLO had to be 190.18 k( to achieve PoE detection. Otherwise, the PSE’LED would be blinking, indicating that no PoE detection.

In this project, the MCP73682 serves as a safe self-rechargeable system which is based on the IEEE standards. After designing its circuitry, the team tested MCP73682 capability to recharge the batteries used in the EIA. Our design functioned properly and the MCP73682 was able to recharge the batteries automatically whenever needed. Furthermore, our device has an efficient self-testing thermal system. Thus, if the device overheats for any reason, it will automatically shut down. This will not result in any data loss, as they are stored instantly, and will protect the work environment from hazards. In addition, our design contained two testing LEDs. The first LED will indicate the charging status of the batteries while the second will indicate if there is any occurrence of faults in the thermal system or if an overheating scenario occurs. The team was able to test the entire powering and charging system when cased in a small package. Monitoring the performance of the system, the team decided that no heat sinks are needed since the design worked perfectly.

The team decided to use the TPS2376-H pin number 5, RTN, as ground to the TL2575HV. This allowed us to easily connect the converter to the rest of the powering section of our project. Our DC-DC converter was tested for all three power sources. The design successfully produced the constant 5 DCV output required to power the EIA’s development board.  
5. Conclusion
We have deemed this project a successful-failure. Even though time did not allow us to perform our integrity checks, we feel we have learned important lessons concerning the development process. When projects depend on parts that are still in development, delays should be anticipated and the issues can be expected. This project has taught us what do with these expected problems. It has taught us how to proceed with design and development, to turn focus to other aspects of the project, and prepare ourselves for the arrival of the parts. 

A success we have accomplished is our fully functional three-source powering system. We have achieved Power-over-Ethernet implementation and have configured it to take priority over other powering options. The adapter can be used when the Power-over-Ethernet is unavailable, and a Li-Ion battery takes over when no other power is supplied.  The powering system converts all three options to a 5 volt output and we have used it to successfully power the development board.
We have also successfully programmed a Graphical User Interface. The GUI includes result pages for tests performed.  We have also learned a great deal about programming for microcontrollers. We believe that the team as a whole feels a lot more comfortable with programming for microcontrollers in general and know what kind of features to look for in the future when developing an embedded system.


We first tried to implement Media Independent Interface (MII) with the DK-LM3S9B96 Development Board. We made all our own mappings and connections in order to achieve MII communication. We began to work on the software necessary to begin integrity testing, but this proved futile. When the DK-LM3S9B96 was deemed incompatible we began working with the EK-LM3S9B96 Development Board, using the LM3S9BN6 microcontroller. This system was designed to be compatible with MII. After working with the software and slowly built our knowledge MII, we found our deadline quickly approaching. 

We believe that the major reason for the incompleteness of the project is due to the time we had for implementation of our design. Given more time we believe that we could have completed the project by using a logic analyzer and manipulating our reading and writing functions.  Since our project did not go exactly as planned, our Gantt chart differed quite a bit from our initial plan. Table 5.1 shows the actual schedule for our group.
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We realize that even though our final prototype isn’t fully functional, time seems to be the only factor in completing the project and no other parts need to be ordered. With this knowledge the team has compiled an approximated cost for the final prototype and is outlined in Table 5.2.

	Part Number
	Part Name
	Price

	TLK100
	Single Port 10/100Mbps Ethernet PHY Transceiver
	$5.00

	TPS2376DDA-H
	PoE High Power PD Controller
	$3.14

	TL2575HV-05IKV
	High Voltage Step Down DC/DC Converter
	$2.48

	EK-LM3S9B92
	LM3S9B92 Evaluation Kit
	$99.00

	MCP73682
	Charge Management Controller IC
	$2.60

	Li-ION Battery
	7.4V 2200 mAh Rechargeable Battery module with PCB
	$17.49


	Total
	$129.71



Appendix 1: Technical Roles

 
Mr. Mark Jones’s main technical role for Design Team 7 was to program for the TLK100 and the LM3S9B96 and LM3S9BN6 microcontrollers. Mr. Jones was responsible for setting up and configuring the IAR Embedded Workbench that was used for programming the microcontrollers. This required installing both the IAR software as well as the StellarisWare software provided by Luminary Micro, creating a new project directory in the software, and configuring the many different options needed to correctly program and debug the microcontrollers. Mr. Jones experience with setting up the workbench allowed him to help other teammates when they had various compiler, debugger, and linker errors.  Mr. Jones was responsible for creating the graphical user interface for the touch screen. He came up with the overall design, such as layout and color scheme. Using the Stellaris Graphics Library, Mr. Jones also created the code necessary to implement the design. Mr. Jones worked with other members to connect the TLK100 to the development boards and was the main force pushing for an alternative to the LM3S9B96. He worked to find a way to access the TLK100’s internal registers from the microcontrollers in order to start the integrity checks and analyzer their results. He identified functions in the StellarisWare libraries that would allow them to communicate with the TLK100 through the MII interface. Once the LM3S9B92 board was received, Mr. Jones was responsible for identifying the difference between the different boards. He recognized the need for Putty in order to read the output of the UART. He was also responsible to converting the touch-screen drivers from the LM3S9B96 to the LM3S9BN6. He identified areas of code that would work both microcontrollers, as well as areas that were causing problems and needed to be changed. He identified these problem areas by understanding the code and also using the debugger built into the IAR workbench to step through the code. Mr. Jones also helped with the initial design of the power component. He helped select components such as the magnetics and the BQ24071 Power Management IC.


 Mr. Christopherson’s technical role was primarily programming the MCU on the development board to perform the integrity checks for the Ethernet Integrity Analyzer. He also had a part in designing the user interface and in connecting the TLK100 to the MCU. Our first iteration was using the LM3S9B92 development board. When this board arrived Mr. Christopherson was involved in making the connection between this and the TLK100 Ethernet Phy. There was no direct way to do this. However, a component was built that wired the MII from the TLK100 to the EPI (External Peripheral Interface). In mapping the wires to the EPI a constraint that had to be followed was not to replace a port on the EPI with a port that controlled a function with another part of the board that we needed such as the touch screen. Once we had the connection, Mr. Christopherson was the primary programmer for the device. He learned how to manipulate data on the ports of the EPI. Once again a constraint here was not touching the ports that had an affect on the touchscreen. Although Mr. Christopherson could manipulate the ports on the board none of the tests he ran were able to read from and write to the ports on the TLK100. This was because the LM3S9B92 did not have the hardware necessary to perform the operation. The next iteration was using the board that arrived with a connection between the MII and a new MCU the LM3S92N6. With this board Mr. Christopherson transferred the knowledge obtained on the old board to the new board in order to program ports and connect to the TLK100. He also revamped the TLK100 sample code that was written for different hardware to configure it to run on the LM3S92N6 hardware. This involved finding what values had to be changed as well as what functions needed to be edited or replaced with functions compatible with the board. Writing the code for the connection between the two devices involved finding code that edited hardware on a device still under development. Mr. Christopherson also added code to test the various aspects of the program to see that each part was receiving and giving correct data. The most significant change was creating read and write functions that properly accessed the registers on the TLK100 and returned the data to the program. 
 
Mr. Schulte’s technical role on the team was the bridge between hardware and software. Our project was very software based, so we decided to have two group members primarily focused on the software, and two group members focused primarily on the hardware. This would leave one group member, Mr. Schulte, to go between and make sure that the two would remain compatible with each other. This consisted of both Physical (PHY) to MAC layer mapping, as well as power implementation. Mr. Schulte needed to make sure that our microcontroller was correctly mapped to TLK100 Ethernet PHY so that communication from a software standpoint would be possible. He also found a way to attach a color-touch screen to our board since it did not have one already implemented on it. Mr. Schulte made sure that our three-source power configuration had all the necessary specifications, so not to damage our evaluation board. He also began to design a method for the power to be connected to our evaluation board, since the device is usually powered by a computer via a USB cable.  

In addition, Mr. Schulte spent countless hours on both power and software sides of the project. He spent time programming and testing the EK-LM3S9B96, as well as reading datasheets and user manuals. He both implemented his own ideas and proposed new ideas to Mr. Jones and Mr. Christopherson.

When the team discovered that the DK-LM3S9B96 Development Board could no longer be used and TI sent the EK-LM3S9B92, the team was set back in terms of the touch screen. The new board did not have a built in touch screen, so Mr. Schulte mapped the port jumpers of the EK-LM3S9B92 to the touch screen from the old board. This involved trying to keep the set up as similar as possible, however at the same time being weary of previously assigned or reserved ports.

Mr. Schulte tested the power implementation and participated in designing the power supply ORing. He also is in the process of encasing a prototype of the power portion. 

 
Mr. Alsinan’s first task was to prepare an engineering design proposal for the project, with his colleagues. The team divided the project’s specifications into two main sections; power management and software. Being an electrical engineering student, Mr. Alsinan was heavily responsible for the powering requirements of the project. In particular, he was tasked to engineer the project’s Power-over-Ethernet (PoE) aspects. He was responsible for finding a way to inject power over an Ethernet cable. He successfully minimized the team’s spending as he decided to use a manufactured Power Sourcing Equipment (PSE), which is a device that will inject power in a Power-over-Ethernet setup. Then, he designed and built the circuitry required for detecting PoE. Furthermore, he extensively tested the design and its capability of delivering and employing the detected power to the system as well as its capability of transmitting data over the Ethernet cable.

Mr. Alsinan’s second major technical duty was to design the power ORing system for the project. He built a logic system that allowed the project to be powered from one of three sources:  the Power-over-Ethernet if detected on the link; a DC input supply or, if neither of these sources were detected, batteries. In addition, he designed and built a circuit that would indicate, using LEDs, which power source is available to the system. Moreover, Mr. Alsinan was responsible for testing the device’s safety aspects. The fact that the device would be capable of performing integrity checks even when the user is not present, adds some complexity to the safety factors. Mr. Alsinan studied these safety factors thoroughly, and applied their solutions to our device. For example, Power consumption when the device is operating in its passive mode and no user is present, becomes more critical. He considered that in the design and the power consumption was minimized. 

In addition, he had to design the layout of the overall system. After all, the device must be small enough and very well organized to be handheld. After successfully achieving all that, his next step was to test the components, by simulating some possible scenarios. Some of these tests particularly targeted running the system for long periods of time and monitoring the outcomes. 

 Mr. Gur was responsible for designing and implementing a multiple powering options and a battery recharge systems. In the beginning of the project, Mr. Gur primarily worked on finding the best converter that is appropriate for the power design. Since the project is multiple powered, all three options have different DC voltages. So the converter input range should be considered based on these voltages. Then, he extensively studied Texas Instruments DC/DC converters. Before we assembled and tested the circuit, we assumed to see 42 through 57 volts at the output of the PoE PD controller circuit. This circuit, basically, communicates with the power source equipment devices (PSE) and starts to draw voltage (if PSE is detected). The other two power options are DC input and battery power. The voltage ratings for them were based on the power management IC, BQ24071 (later in the design, the BQ24071 was replace by the charge management IC, MCP73682, because of some mounting problems). This power management IC has a voltage output of 6V. So our converter input range should be between 6 and 60 volts. After searching DC/DC converters, Mr. Gur selected the TL2575HV-05 converter. The TL2575 has different types with different outputs and input ranges. This type (HV-05) is a high voltage convertor with 5 volts output and 6 to 60 volts input range. 

Mr. Gur’s second major task was to work on battery charging and to participate in designing the PoE PD circuit with Mr. Alsinan and Mr. Schulte. As a team, we want our design reliable so the life of the battery was important for us. Since the quality of battery is significant, the lithium-Ion type batteries are selected. Then, Mr. Gur researched documents online and some engineering magazines to understand fundamentals of battery charging. Then, he worked on battery charge circuit with using the MCP73862. While working on charge management IC, Mr. Gur tremendously worked with Mr. Alsinan to solve many problems faced when building and testing the PoE PD circuit.

After completing power designs, Mr. Gur, along with Mr. Alsinan and Mr. Schulte, worked on the Power ORing design. Since we switched power management IC to a charge management IC, the OR design had to be changed. With BQ24071, we had one fixed output for the battery and the DC input. The charge management IC has only one output that recharges the battery. So, instead of two power inputs we had three power inputs for the converter; DC (adapter) input, Battery, PoE power.  This affected power ORing design but still these inputs stayed in the range of the converter. Then we designed a three input OR design to assign priorities for these multiple options.
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Table 2.1.1: Solution Selection Matrix�∆=1, o=3, •=9





Table 2.1.2: Feasibility Matrix





Figure 2.2.1: Fast Track Diagram








Figure 2.3.1: DK-LM3S9B96 Development Board [1]











Figure 2.3.2: Power-over-Ethernet Schematic [2]





Figure 2.3.3: System Diagram [3] 





Figure 2.3.4: Ethernet Integrity Analyzer Block Diagram





Table 2.4.1: Estimated Price





Table 3.2.1: MII Pin Descriptions [4]





Figure 3.2.1: MII Connectors [5]�40 PIN HI-DENSITY D-SUB FEMALE at the network device (Left).�40 PIN HI-DENSITY D-SUB MALE at the transceiver (Right).








Figure 3.2.2: MII Compatible Breakout [6]





Figure 3.2.3: Development Board’s EPI Breakout Pins [1]





Table 3.2.2: MII Pin Mapping Table�* From TLK100 Datasheet [X]�† Preconfigured on Evaluation Module





Table 2.2.3: This diagram shows the initial readings on all the ports on the MCU. Red indicates that a pin is used by the touch screen. Blue indicates that the pin is connected to the MII.





Table 3.3.1:  LCD Port Mapping





Figure 3.3.5:  LM3S9BN6 Ethernet Controller Block Diagram [7]





Figure 3.3.3: EK-LM3S9BN6 Ethernet Controller [7]





Figure 3.3.2: DK-LM3S9B96 Ethernet Controller [1]





Figure 3.1.1: TLK100EVM





Figure 3.2.6: IAR Embedded Workbench
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Figure 3.4.1: TPS2376-H Typical Application Circuit Referenced from [2]
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Figure 3.4.2: PSE and PoE PD Connections





Figure 3.4.3: IEEE 802.3 PD Voltage Limits [2]








Figure 3.4.4: Thresholds Voltages [2]








Figure 3.3.6: EK-LM3S9B92 connected with touch screen





Figure 3.2.6: GUI�Main Page (Left)�TDR Page (Right)








Figure 3.2.7: Typical MDIO Frame Format [3]





Table 5.1: Gantt Chart (Actual Schedule)








Table 2.4.1: Ideal Project Gantt Chart





Figure 3.2.4: Wired Breakout Board





Figure 3.2.5: Wired Breakout Board attached to DK-LM3S9B96





Figure 3.2.8: Typical MDC/MDIO Read Operation [3]





Figure 3.3.1: EK-LM3S9B92 Development Board





Figure 3.3.4:  LM3S9B96 Ethernet Controller Block Diagram [1]





Formula 3.5.1: Programming Resistance for Charging Current [9]








Formulas 3.5.2:  PTC Thermistors [9]








Formula 3.5.4: NTC Thermistors [9]








Formula 3.5.6: Preconditioning Time [9]








Formula 3.5.3: PTC Thermistors [9]








Formula 3.5.5: NTC Thermistors [9]








Formula 3.5.7: Fast Charge Time [9]








Formula 3.5.8: Termination Period [9]








Formula 3.5.9: Discharge Current [9]








Figure 3.5.5: ORing Circuit 








Figure 4.1.1: TLK100 Read/Write Output 








Table 5.2 Final Prototype Cost
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