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[bookmark: _Toc260770363]Abstract

The National Science Foundation (NSF) has supplied COSMIAC, an Albuquerque, NM based aerospace and defense company, with funding to design and implement a lightning locating system (LLS).  The project is a three year project in which COSMIAC has recruited electrical engineering students and physics students to design and implement this lightning locating system.
Phase one of the project is coming to an end.  We are electrical engineering students from the University of New Mexico that have been working on the project for one year.  We would like to supply a condensed reference guide for the next individuals that embark on this project.
Our goal of this documentation is to supply you, the reader, with the knowledge of why this project exists, the reasoning for why we have made the design decisions that have been made, as well as where to go from here.
We hope your journey is enlightening—no pun intended!  We wish you the best of luck.
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[bookmark: _Toc260770364]Why a Lightning Locating System (LLS)?

[bookmark: _Toc260770365]Dispersion Measure
A certain phenomenon known as dispersion affects influence the rate that RF reaches us and interferes with the accuracy of certain instruments, i.e. GPS.  Free electrons caused by the ionosphere persuade this phenomenon.  
Our purpose of a lightning detection system is to supply research scientists with the limits of integration in order to help them solve the dispersion measure (DM).  DM is the free electron column density, ne integrated along the path traveled. 
Where,
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[bookmark: _Toc260770367]VLF Receiver

Figure 1 VLF Receiver Schematic

Figure 2 LED Driver schematic

Figure 3
[bookmark: _Toc260770368]Evaluation of an Optimal Design
Phase one of the LLS involved designing different systems, then exhausting the possibilities of each design.  We focused not only on the theory of each design, but the practicality of the implementation.  
The designs we derived and examined were:
Frequency Mixing design
Detecting the entire band (30MHz to 300MHz) with one antenna and multiple ADCs
Detecting the entire band (30MHz to 300MHz) with one antenna and one ADC
[bookmark: _Toc260770369]Pros and Cons of Each Design
[bookmark: _Toc260770370]Initial Design Concept

Figure 4

[bookmark: _Toc260770371]Inter-modulation or Mixing
Inter-modulation or Mixing was first purposed
Mixing of a low and high frequency to bring signal down to baseband
Introduces phase distortion
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Figure 5

Figure 6

Figure 7
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Figure 8


Figure 9 Phase 1 Block Diagram

[bookmark: _Toc260770374]Implementation of Current Design
[bookmark: _Toc260770375]Antenna
The antenna we chose to use is the AB-900 Biconical Antenna made by COM-POWER Corporation.  Per the datasheet, the AB-900 is a linearly polarized broadband Biconical antenna specifically designed for EMC testing. It has a frequency range of 30- 300 MHz.  This antenna can be used for both emissions and
immunity testing.  For immunity testing, the AB-900 antenna has a balun that is capable of accepting up to 50 Watts at its input terminals to generate electromagnetic fields.  These antennas are individually calibrated using procedures described in ANSI 63.4. The calibration data is shipped with the antenna to
maximize measurement accuracy.  The antenna has a mounting base, with a 1/4 inch x 20 threaded hole. It can be mounted on a Com-Power AT-100 tripod or any other antenna tripod with matching threads.

Biconical antennas are used for emissions and immunity testing to meet various EMC standards specified by FCC, CISPR and EN. The broadband characteristics of the biconical antenna make it a good choice for making sweep measurements and for automated measurement systems.  The calibration data provided with each antenna is used to calculate field strength measured for the selected frequency. The antenna factor (dB/m) for the selected frequency is added to the measured output (dBV) displayed by the EMI meter to obtain field strength (dBV/m).
[bookmark: _Toc260770376]Front End Board
Mount the ADS5463 and make pins available
Mounting of necessary components to get a “noise free” signal
3 layer board (top, GND, and bottom)
[bookmark: _Toc260770377]ADC Layout Design

Figure 10
[bookmark: _Toc260770378]Breakout Board Top Silkscreen

Figure 11


Figure 12
Overview
An ADC Breakout board is required to access the pins of the ADC without creating the final board. It is desirable to have a solution which will run the ADC autonomously, taking data in from an antenna and clocking out 12 bit values as quickly as possible. The ADC used was the ADS5463, which has a maximum sampling frequency of 500 MSPS, with a 12 bit parallel output. To handle the speed with which the values are output, the HSCADC-EVALC FPGA based FIFO board was used as an intermediary between the high speed ADC and lower speed microcontroller. To communicate, the 1469169-1 connector was routed to. The components on the board itself include the BNC Connector for the antenna, the amplifier, the clock, the output connector, and the power connector.
Input Stage
Input to the breakout board is prepended by an RF BNC attenuator (about 40dB), which will bring the input voltage to approximately unity. This will allow the amplifier to provide a unity gain, which preserves the frequency characteristics. A basic low pass filter with cutoff frequency 250 MHz is used to both provide current amplification and eliminate components that are above the Nyquist frequency. After amplification, the signal is sent to an RF transformer, the JTX-4-10T-1, which was specifically recommended in the ADS5463 datasheet, in order to make the signal double ended.  The transformer has a turn ratio of 4:1, meaning that the amplifier will have to attenuate the voltage by an additional factor of 4. Although the input voltage to the ADC is limited by the voltage supplies to the amplifier, a voltage limiting diode was still placed in parallel to protect the ADC in the event of a voltage spike, as well as to limit backward spikes from the transformer.
[bookmark: _Toc260770379]ADC
The ADC used was the ADS5463. The output is a 12 bit LVDS parallel format, and the maximum voltage inputs range from 0 to 5 volts. The maximum sampling frequency is 500 MSPS, meaning that input signals must be bandlimited to 0 to 250 MHz to avoid aliasing. A reference voltage is used to control the interpretation of the input signal, and was set to a constant 2.5V, as was suggested in the datasheet. This reference voltage was set using a 2.5V reverse biased Zener diode. Capacitors were attached to pins as recommended in the datasheet. It is clocked by the CVS575, a 500 MHz low jitter oscillator. The clock input is attached to the  COUT pin of the CVS575, and CLK* was tied low because the signal is single ended. The main concern when selecting the clock was, in addition to speed, the fact that it was low jitter. On the clock, the enable and control inputs were set high in order to run constantly, and a bypass capacitor was attached as recommended in the datasheet. The output complement was not required.
Output Connector
THE output connector used was the 1469169-1, a right angle mating connector for the HSCADC-EVALC’s input connector. Because the ADC evaluation board accepts LVDS inputs, both ends of each ADC output bit were connected. In addition, the overflow bit was appended as a 13th bit to be used by the microcontroller in the event that the input signal was too high. The data ready (DRY) signal was used as the data clock. All other pins were either not connected, or defined as ground. One unknown is whether the second clock input is required. It was not connected in the schematic and layout, but may be connected using jumper wires if necessary.
Power
A6 pin Molex connector was used to connect the power supplies to the rest of the board, and a 3 layer board was used to avoid extensive ground ECE-420 PROJECT FOR COSMIAC 2 routes. 3 voltage inputs were required: 3.3V, 5V, and -5V. Since the power supplies are external to the board itself, they will need to be handled when the board is turned on. One possibility is to use one 5V power supply, and then 2 AnyVolt power supplies to provide the other needed voltages.
[image: ]
Figure 13 ADC  BO
[image: ]
Figure 14 ADS5463
[image: ]
Figure 15 Buffer
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Figure 16 Oscillator
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	Item
	Quantity
	Reference
	Part

	1
	1
	C1
	100PF

	2
	4
	C2,C3,C4,C5
	10PF

	3
	1
	D2
	2.5

	4
	1
	J1
	BNC

	5
	1
	MLX1
	Molex Connector

	6
	1
	O1
	CVS575

	7
	1
	R3
	200

	8
	1
	R7
	47K

	9
	1
	U1A
	ads5463ipfp

	10
	1
	U6
	1469169-1 

	11
	1
	U10
	1_5ke56/ON

	12
	1
	U15
	LMH6628_G2

	13
	1
	U16
	JTX-4-10T-1


Table 1 ADC Breakout Board BOM

[bookmark: _Toc260770380]GPS (The Etek EB-85A)
The Etek EB-85A is a 32 channel Navigation GPS receiver with a 5Hz (meaning data can be set to update every 5Hz) update rate. This particular GPS receiver was determined to give us a good start at working with GPS systems and GPS protocols. This particular GPS receiver receives ASCII strings from the GPS satellites. These ASCII strings can be called packets and contain GPS data. The ASCII strings are formatted to NMEA 0183 standards, the ASCII strings or GPS NMEA 0183 packets are comma delimited (meaning data is separated by commas within the ASCII string that is received). This particular GPS receiver uses RS232 protocol for communication to computers/processors or in our case a microcontroller. The Etek EB-85A consistently outputs NMEA packets which contain parameters such as time, longitude, latitude, altitude and many other pieces of information (all comma delimited). Algorithms can be written in C-code to communicate with RS232 and parse the GPS NMEA packets in order to receive whatever the user desires.  The GPS can also be configured through NMEA protocol. So, the user can send NMEA packets to the GPS and tell it what to output and what not to output. Configuration of the GPS is done by sending a special type of NMEA packet called a PMTK packet. PMTK manuals for NMEA protocol can be found on many websites. Also, NMEA packets that are output by the GPS can be found on the Sparkfun.com website as well as many other internet sources. Below are sample GPS packets that are sent to the GPS for configuration and output by the GPS receiver.
A sample NMEA GPS packet that the GPS receiver outputs:
$GPGGA,123519.354,4807.038,N,01131.000,E,1,08,0.9,545.4,M,46.9,M,,*47

A sample NMEA MTK command is:
$PMTK314,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0*2C<CR><LF>
Each packet begins with a $ and 5 to 7 characters which follow and identify the talker code. In the above examples the talker codes are GPGGA and PMTK314. Currently the 2010 senior design team has written C-code in the AVR32 studio that has been downloaded to the EVK1100 Atmel AVR32 microcontroller. The C-code uses USARTS on the EVK1100 microcontroller to do all the RS232 communication (receive and send packets). The C-code currently has been written to identify the GPGGA packet because the characters after the talker ID represent the UTC time coming from the GPS satellites, and time stamping is a need in this project. Steve Suddarth has mentioned that time stamping can be more accurately done using the PPS (Pulse per Second) coming from the GPS receiver. How to do this is up to the next team. A suggestion how to approach this is to get an oscillator that has a really fast frequency that is equivalent to nano seconds. Then use the PPS to determine how many nano seconds equal 1 second, so that you can have a time stamp in terms of microseconds for comparison purposes that was measured off of a signal being sent through the ionosphere (this is just a suggested approach).  Although currently for proof of concept that the Etek GPS receiver can be hooked up to and communicate with the EVK1100 the UTC time has been extracted from the GPGGA NMEA 0183 packet. The following is a sample of a complete code that will be passed along to the next team. It demonstrates how to communicate via RS232 using the AVR32 studio and USART on the EVK1100. 

Figure 17 Code
By examining the above code one can see that the function usart_getchar(Usart_Name) receives a char in integer format, thus meaning that when dealing with this function you return values to an integer variable (this caused a 1 month headache of useless debugging) not a char variable!! The data coming from the GPS is stored in a buffer (a C-array) called GPS. The buffer is dumped into a little algorithm which then process the data within the buffer to look for the beginning of the NMEA string $GPGGA. Once it finds that string it reads the next 10 positions out of the buffer which is the UTC time. Use this approach when working with the GPS receiver. I also encourage anyone who works on this project to output to a HyperTerminal program, this aides in the quick visual confirmation of the data’s fidelity.

One last note about GPS packets, at the end of a GPS packet is a checksum that is identified by a hexadecimal number and followed by <CR><LF>. C-code has been written by the 2010 senior design team to specifically calculate PMTK checksums. Although, it has not been integrated within the main microcontroller code but instead can be used in the future for on the fly adjustments of the GPS receiver. All code and additional files will be given in either appendixes or left on a CD.

Also it is important to mention that the GPS receiver runs off of TTL voltages (~3.3V) not RS232 voltage, thus a conversion to RS232 is needed. This is why a purchase of the GPS receiver Evaluation board was made; it allows a direct serial communication from the GPS Evaluation board to the EVK1100 microcontroller. Below are pictures of the Etek EB-85A GPS Receiver and the GPS Evaluation board. Also the GPS Receiver is default to 38400 bps, not 4800 bps like the datasheet says!

[image: ] [image: ]
Figure 18




 (
Figure 
19
: GPS receiver Evaluation Board
)						
[bookmark: _Toc260770381]Microcontroller
The microcontroller was chosen instead of an FPGA, because Steve Suddarth said that using a microcontroller should be simpler than using an FPGA.  For phase 1 this was an adequate solution.  However, we feel that eventually the design might have to use an FPGA instead of a microcontroller to accomplish the tasks that need to be done.
The EVK1100 is an evaluation kit and development system for the AVR32 ATUC3A0512 32 bit 66MHz MCU. It has two serial connectors (USART0 and USART1), USB 2.0, LCD screen, Ethernet port, Data Flash memory, SD and MMC Card Reader, expansion headers and more. It can be programmed using the AVR32 Studio which is an Integrated Development Environment (IDE), based off of the Eclipse IDE. The MCU itself is programmed via the JTAGICE mkIII. The AVR32 Studio can be downloaded for free at the www.atmel.com, the download is called AVR32 Studio 2.5 for Windows (installer) ~203Mb.
[bookmark: _Toc260770382][bookmark: _Toc260690960]Setup of the EVK1100 
Follow the below steps in order to successfully program the EVK1100 with the JTAG ice mkIII.
Before hooking any hardware up or turning components on, from Atmel install the AVR32 GNU Toolchain 2.4.2 – Windows (Imperative!)
Then install the AVR32 Studio 2.5 (From Atmel’s website for latest version!! Else, no example projects.)
No JTAG ice mkIII drivers are needed as the AVR32 studio handles the JTAG ice mkIII
Connect the JTAG to the EVK1100 and give the EVK1100 either the USB power source or an External Power source
Turn the JTAG mkIII on
Open the AVR32 2.5 Studio
In the bottom right hand window inside the AVR32 studio is a AVR32 Targets tab
The JTAGICE mkIII should now appear, double click on it
On the bottom center of the studio there are 3 tabs, select the properties tab
The JTAGICE properties should display
Within the properties should display a General, Details, Daisy Chain, and Information Tab. Select the Details tab
Set the Debugger/Programmer to the JTAGICE, the device to UC3A0512 and the board to EVK1100
Now run an example project, Go to the File menu -> new -> select AVR32 Example Project
Select the drop down arrow that has UC3A0512
Now select an example project driver, note: the dip204 is the LCD screen
Click Finish
The project explorer should now have the Example project folder
Click the drop down folder of the example project
Go to the src folder
View the source of your choosing and familiarize yourself with the code
To run it first select the example project folder in the project explorer view
Right click on the project and select Build Project
After building is complete, go to run in the file menu area 
Click run, a prompt will come up, select run as AVR32 program
The AVR32 Studio will tell the JTAGICE to program the EVK1100
After programming is complete, look at the EVK1100 and you should see it working accordingly 






This now allows anyone to explore example projects and learn the AVR32 C-defined libraries. Now, the next question at hand one would ask is…How do I mix multiple driver examples together? Such as using the LCD and using the USART for RS232 communication in the same source code. The quick and time efficient answer is to create a blank AVR32 project. Then create example projects which have the example driver code in them which the user wants to use. Then, using the example projects, form a new C file in the src folder of the blank project. Make sure all the proper code for each driver is incorporated into the new source code file. Then select the blank project’s folder in the project explorer. Then in the file menu area to the right is a drop down option called Framework, select it. Then select Select/Drivers/Components/Services option. A wizard pops up, select next. An option to select drivers is now displayed; choose all the drivers that your new source code needs (the LCD driver DIP204, USART drivers etc…) continue clicking and choosing next until you finish out the wizard process. Now you can right click on your project folder in the project explorer window and select Build project. Your project should build. Now you can run your code as an AVR32 program and debug as necessary and watch your code work on the EVK1100. This process  (
Figure 
20
 AVR 32 2.5 Studio
)[image: ]is how the Etek EB-85A was integrated with the EVK1100 and displayed the resultant GPS time data on the LCD screen.

[image: ]
Figure 21 Atmel AVR32 EVK1100

[bookmark: _Toc260770383]FIFO
Xilinx Virtex 4 FPGA
644 MSPS SDR/ 800 MSPS DDR Input
64kb FIFO buffer
Four 18 bit channels
Reconfigurable 
USB 2.0 interface
SPI control interface
C and MATLAB libraries
ADC breakout board connects to two of the channels
Shares ADC clock
Buffers data from the ADC at 500 MSPS to the EVK-1100 Microcontroller running at 66 MHz
EVK-1100 receives data through the USB 
The Analog Devices HSC-ADC-EVALCZ is a FPGA high speed FIFO evaluation board configured around the Xilinx Virtex 4 FPGA.  The FIFO can buffer data from 4 channels at 18 bits with an overall FIFO buffer depth of 64kb at speeds of 644MSPS with SDR memory, or 800MSPS with DDR memory. The FIFO runs off of the ADC evaluation board’s clock so as to be clocked at the same time as the ADC. It can either take in data from serial or parallel ADC evaluation boards. The buffered data can then be sent to a computer through the USB connection on the board which can transfer at speeds of 48 MHz. The FIFO is reconfigurable through the JTAG connector on the board.  The manual for the HSC-ADC-EVALCZ can be found at:
http://www.analog.com/static/imported-files/eval_boards/265181843HSC_ADC_EVALC.pdf. 
This device was chosen as a quick solution to implement a FIFO that could handle the 500 MSPS data that needed to be entering into a laptop or microprocessor. A FIFO providing this high of speed was not available in a commercial packaged chip.
The FIFO is designed to be plugged into a computer through the USB 2.0 port. Analog Devices provides a program called VisualAnalog, to read in data from the FIFO board. This program can compute Fast Fourier Transforms (FFT) of the received data. The FIFO also comes with C libraries that can also access its abilities. These libraries can be loaded into MATLAB graphs and other figure that may be needed. The C libraries and sample MATLAB code can be found at:
ftp://ftp.analog.com/pub/HSSP_SW/FIFOInterface
 Our thinking behind this project is to use the FIFO at first with a laptop that can read in the data and process it into frequency spectral plots and time domain energy plots using MATLAB. From there the EVK-1100’s USB port would be used to collect the data from the FIFO board to be processed on the microcontroller. This will take some knowledge of the USB 2.0 protocols used on both boards. A custom driver will need to be created and ran on the EVK-1100 in order for the EVK-1100 to communicate with the FIFO board. Also a binary file containing the description of the ADC being used will need to created, to load into the FIFO. Since we have created the ADC board we cannot use the already developed binary files that Analog Devices has created. 
[bookmark: _Toc260770384]Project Knowledge
Need to detect 30 – 300 MHz range, but currently the system design can only “handle” up to 250MHz
Speed of sampling rate is limited by ADC chosen, therefore we can currently sample at 500 MSPs
[bookmark: _Toc260770385]Project Unknowns
Memory issues in FIFO – 64kb limit?
Input voltage received at antenna from lighting source- mV? MV?
One unknown is whether the second clock input to the ADC currently being used is required. It was not connected in the schematic and layout, but may be connected using jumper wires if necessary.
[bookmark: _Toc260770386]What Now?
Antenna
Using the Biconial antenna and a high speed oscilloscope that can record on a triggered event to collect a simple reading from the antenna that will show the peak voltage received. This voltage will depend on the distance the lightning strike is from the antenna. A record of the peak voltage of the strike, a relative distance, and possibility the relative location/direction. 
NOTE: This can be harmful to the oscilloscope due to the very high input voltage. A diode shunt is recommended to protect the oscilloscope from overload.
Suggestion:  This should be one of the first things done. In the experience of our team, the antenna CANNOT be thought of last. If time permits, try some other kind of antennas to see how they compare.  
Microcontroller
Look into implementing an existing microprocessor into a FPGA that can be easily changed and is faster than the EVK-1100. This will be beneficial since the user can use only the resources that are needed. The EVK-1100’s “add on’s” use up system resources.
Suggestion: Start on understanding USB 2.0 protocols and the implementation of the HSC-ADC-EVALCZ high speed FIFO board. This should be another firsts on the list of things to do. Also start on the drivers for the microcontroller if the decision is to keep the EVK-1100.
HSC-ADC-EVALCZ High Speed FIFO board
As stated above. Understand how the FIFO is implemented in the FPGA. This understanding will help in the event that one would like to make a more customized implementation of the FIFO.
ADC breakout board
Get the current board design made. www.4PCB.com was suggested as good company to deal with. They can do same day turnaround. The big parts like the ADC and op amp have already been ordered.
Start the search for a 600+ MSPS ADC to read in the full 30-300 MHz range. This will most likely be a Ball Grid Array (BGA) design. Make sure there is a way to mounts this since it requires special equipment to mount. Once selected, start immediately on the layout of the board. NOTE: since we are dealing with signals at 600 MHz, RF effects will need to be designed around.
GPS and Evaluation Board
The GPS purchased is of a cheaper standard than most. If a more expensive GPS is required, order it. 
A possible resign of the Serial shifter may be need later on in the design.


[bookmark: _Toc260770387]Note
Attached to this reference guide you will find a DVD copy of all of the files we think will be important to you in continuation this project.
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