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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, we intend to put Texas Instruments at the forefront of this industry by creating an Ethernet Integrity Analyzer designed around existing TI technologies including the TLK100 Ethernet transceiver. This handheld device will have the capabilities of performing a series of cable diagnostics over an Ethernet line. These diagnostics will detect and locate faults such as cable damage, water ingress, and manufacturing flaws. In addition, the device supports the relatively new technology of Power-over-Ethernet which will decrease power consumption and lower cost of operation.
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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 us 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 1 we 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).
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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.  Below 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 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. 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 XX.
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2.4 Risk Analysis

For this project, receiving parts in a timely manner is one of the biggest issues that we have that could prevent the project from being completed on time. Some core components have long delivery times. A broken part could end up slowing down the development for weeks if there is not a backup on hand. Creating a solution that is small enough to fit in a handheld devices is also a concern, since some components come with unneeded features, increasing their complexity and size. 

2.5 Project Management Plan

Below are pictures of the Gantt Chart that we created in week four 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.

2.6 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

One 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 [see ref ##]. 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. 

---picture of TLK100 EVM

3.1 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.  

3.1.1 DK-LM3S9B96 Hardware

We chose to use the DK-LM3S9B96 Development Board as a means of accessing 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 (Below).
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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). 

[image: image11.png]



The EPI, as shown below in Figure 4, 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 2). We also made sure to short all the power pins together as well as all the GND pins together. 

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.

<INSERT CONNECTED BREAKOUT BOARD PICTURE>
3.1.2 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. 

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. 
All button presses and the drawing of different graphical elements are handled by interrupts which allowed us to keep the main part of our program relatively simple.

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 did control a vital function of the development board for our project such as the touch screen [see fig: INSERT fig of port mapping with MII or refer to figure that brian used] . 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. This code was used to successfully read and write to the ports on the development board: 


----insert code for reading bits 

	
	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. 
Transition
A new development board with the LM3S9BN6 microcontroller was received in week 13 that is equipped with the hardware to handle MII communication. One primary differences between the LM3S9B96 that we received in week 9 and the LM3S9BN6 in respect to the EIA is that the LM3S9B96’s Ethernet Controller has the Media Access Controller (MAC) Combined with a built in Physical Layer Entity (PHY) where as the LM3S9BN6’s Ethernet Controller has a MAC on board the microcontroller and is configured to be connected to an external PHY. In the EIA the external PHY is the TLK100. This difference is illustrated in figure XX.
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Another important difference is that the LM3S9BN6’s Ethernet Controller is configured to handle MII where as the LM3S9B92 is not. The EIA uses the MII to communicate between the Microcontroller and the TLK100. Specifically the read and write operations that are performed to access the resisters on the TLK100 use the MDIO and MDC lines. This critical difference is illustrated in figure XX. In particular notice that the signals on the right half of the LMS39BN6 board match the MII signals.
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3.2 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. This board came with a LM3S9BN6 microcontroller. The advantage of this microcontroller is that it does not include the Ethernet PHY and is built to be used with an external PHY.  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.

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).  Below is a table of 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


3.2 EK-LM3S9B92- Software


Switching between the LM3S9B96 and the LM3S9BN6 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.


Using the TLK100 sample code as a reference … <more about coding for TLK100>


It was decided by TI that since the new board did not include a touch screen, implementing it 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 GPIO pins described earlier in the hardware section

Programming the Integrity checks on the TLK


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 [refXX] 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. These functions are completed listed in appendix XX.   


 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. These functions are completed listed in appendix XX.  
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. A method of solving this problem was setting the MACMADD (referred to on the previous page) before the calls to the read and write commands. Here is the line of code demonstrating this:

HWREG(0x40048028) =0x00000001;   

This command sets the value of the MACMADD (0x40048028) to 1 which is the physical address of the TLK100 as determined by the fact that when writing to this the registers were properly affected as demonstrated by reading the values written after that write. 

3.3.2 Power & Charge Management Controllers: MCP73682, BQ24071


As previously discussed, batteries would be used as a back-up power for the EIA. Since the battery input has the lowest priority, the EIA will be supplied by DC input or PoE. The battery feeds the system if there is no power outlet available and no PoE is detected. For this third power option, a lithium-ion battery set is selected. Li-Ion batteries protect their charge potentials for a long time because they have no memory effect, that is, they do not “remember” their prior capacitance. Therefore, the batteries are not required to be fully drained before recharging. This allows the EIA to be a more reliable device. 


For charging the batteries, Design Team 7 initially selected the Texas Instruments Power Management IC, BQ24071. This chip offers useful functions such as powering the EIA and recharging the batteries. 
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Functional Block Diagram of BQ24071

This IC is designed for single cell Li-Ion/Li-Polymer batteries and has features such as reverse current, short circuit and thermal protection. As seen from the block diagram, the BQ24071 has two different outputs. The “out” pin provides power for the system while “bat” pin recharges the battery. The BQ24071 provides the ability to implement power and charge functions with a single chip. That would also reduce the cost of power design.  Despite having this convenience, this IC was not chosen for the design. This IC comes in QFN (Quad Flat No Leads) type package size. This package size is not available for hand soldering.
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Package Dimensions for BQ24071 (in mm)


Design Team 7 had several connections with some companies to have this IC mounted on a PCB. After these contacts, the fabrication cost was around $300. As a team, we discussed this inconvenience and chose to select another chip. So Microchip® Charge Management Controller MCP73862 is chosen instead of BQ24071.  This charge management IC comes in 2 different package sizes; QFN and SOIC. The SOIC type of package is easy to solder by hand on a PCB so this package type is selected.
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Typical Application Circuit of MCP7386X (Pin numbers are for QFN size package)

A typical application circuit for MCP7386X is shown above. 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 below.
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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 the following formulas.


For PTC thermistors:
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For NTC thermistors:
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Here, RCOLD and RHOT are the thermistor resistance values at the desired temperature window. In this application circuit, 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.


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. For MCP73861, 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 equations below. (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 mode. 


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.
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Figure 1:  Development Board 
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Figure 2: Power-over-Ethernet Schematic
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Figure 3:
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Figure 4: Ethernet Integrity Analyzer Block Diagram





Table 3: Estimated Price





Table 1. MII Pin Descriptions





Figure 2. MII Connectors [4]


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. MII Compatible Breakout [7]





Figure 4. Development Board’s EPI Breakout Pins [6]





Table 2. MII Pin Mapping Table


* Determined from Figure 1


† See Figure 5





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.





LM3S9B92 Ethernet Controller





LM3S9BN6 Ethernet Controller





LM3S9B92 Ethernet Controller Block Diagram





LM3S9BN6 Ethernet Controller Block Diagram
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