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Evaluation:

	SCORE
	DESCRIPTION

	10
	Excellent – among the best papers submitted for this assignment. Very few corrections needed for version submitted in Final Report.

	9
	Very good – all requirements aptly met. Minor additions/corrections needed for version submitted in Final Report.

	8
	Good – all requirements considered and addressed.  Several noteworthy additions/corrections needed for version submitted in Final Report.

	7
	Average – all requirements basically met, but some revisions in content should be made for the version submitted in the Final Report.

	6
	Marginal – all requirements met at a nominal level.  Significant revisions in content should be made for the version submitted in the Final Report.

	*
	Below the passing threshold – major revisions required to meet report requirements at a nominal level.  Revise and resubmit.


* Resubmissions are due within one week of the date of return, and will be awarded a score of “6” provided all report requirements have been met at a nominal level.
Comments:

Comments from the grader will be inserted here.
1.0 Introduction

The Hooked on Harmonix system is an educational tool for a MIDI keyboard. By following along with what is displayed on the screen, the user will test their ability to play the keyboard while the system critiques the user’s performance.
The system is controlled by a microprocessor embedded within a Field Programmable Gate Array (FPGA). The microprocessor coordinates the computational functions of the system. The FPGA interprets data stored in external memory, modifies and interprets data stored in the video buffer, and outputs digital video data.
Several other on-board chips interface with the FPGA through general purpose I/O pins. A Digital to Analog Converter (DAC) receives digital video information from the FPGA and converts it to an analog signal for an external VGA-compatible video display device. Two SRAM chips are used for buffering the video output. A Serial Configuration Device is used to reconfigure the FPGA each time the system is turned on, and a MIDI synthesizer chip is used for audio output. 
A variety of other components are needed for the circuit. The design calls for three voltage regulators, two ferrite beads, two crystal oscillators of different frequencies, several headers and test points, and 66 bypass and decoupling capacitors.
2.0 PCB Layout Design Considerations - Overall
Throughout the process of arranging the PCB layout, a “big-picture” understanding of the entire design is essential. The interfacing pins between the various components must be accounted for, and special precautions should be taken to minimize Electromagnetic Interference (EMI).

The peripheral devices must be carefully arranged around the FPGA to simplify data bus routing. Each of the SRAM chips has nineteen address pins and eight data pins, occupying a total of 27 FPGA pins each. These two chips each occupy a separate side of the FPGA. The DAC is also on its own side of the FPGA, and 25 pins from the FPGA go to the DAC. The fourth side of the FPGA has outputs to the MIDI synthesizer chip and a bank of 23 unused general purpose I/O (GPIO) pins. Arranging the chips in this way makes it easier to route the data buses.
Several contributing factors put the system at risk for EMI disruption. Analog signals generate an electromagnetic field that can be coupled into nearby traces. Clock signals from the two oscillators are an EMI liability. The many power and ground pin pairs that power the FPGA processing core and I/O pins are susceptible to interference, and noise is reduced by bulk, decoupling, and bypass capacitors in the power circuit. As recommended by Altera, a 1000 µF capacitor is positioned at the output of each of the voltage regulators. [1] Within three inches of the FPGA, 100 µF capacitors are placed on the Vcc​​​​​​​ input to the FPGA. Finally, there is a .1 µF bypass capacitor for each power and ground pin pair. The 80MHz and 40MHz oscillators are placed near the FPGA and DAC respectively in order to minimize the clock trace lengths. Minimizing these lengths will minimize the affect that clock-generated EMI has on the rest of the circuit. Finally, the analog signals on the board must be isolated and the associated traces should be short. The analog audio output is generated by the MIDI synthesizer and routed directly to the audio output jack. Minimizing the trace length from the synthesizer to the jack and keeping it away from other traces reduces the affects of the EMI caused by the audio signal. Several PCB layout considerations were included in the DAC datasheet. [2] The DAC is kept close to the VGA connector to minimize noise pickup and reflections that could be caused by impedance mismatch. Digital input and analog output signal lines are kept isolated as much as possible, and the oscillator is placed right next to the DAC to minimize noise pickup. Inductive ringing is minimized by minimizing the trace length between groups of VAA and GND pins. Most importantly, the digital power and ground planes should be kept isolated from the analog power and ground planes. The digital and analog planes should only be connected at one point, and they should be connected through a ferrite bead.
3.0 PCB Layout Design Considerations - Microcontroller

Routing traces to the FPGA presents perhaps the most significant challenge of this layout. There are 240 pins on the FPGA and they are grouped in a rather inconvenient way on the chip’s pinout. [3] GPIO pins dominate the chip, and power and ground pins are scattered intermittently throughout with no resemblance of a pattern. Furthermore, the pinout identifies VCCINT and V​CCIO pins separately, but the pins are not separated on the chip. Since VCCINT pins need 1.2 V and VCCIO need 3.3 V, there is some difficulty in arranging the power circuitry for the FPGA. As mentioned above, each power/ground pin pair has a bypass capacitor. Each ground pin is internally associated with either VCCIO or VCCINT. The bypass capacitors should be connected between a power/ground pair of either INT or IO. Connecting a bypass capacitor between pins of opposite association could couple noise from one group into the other instead of filtering out noise in the circuit.  The power and ground traces quickly become difficult to route, and because of the pin arrangement on the Cyclone II FPGA the IO pins have to work around the power traces.
 Clock circuitry is often the biggest generator of wide-band noise in a microcontroller system. [4] If not properly addressed, this noise can compromise the digital signal outputs of the FPGA or render the system clock unreliable. These affects can be minimized by avoiding coupling between the clock-signal and adjacent digital logic pins. Since the 80MHz oscillator is only used by the FPGA, it is placed near the FPGA to minimize lead length.
For system reliability, it is important to have reliable power circuitry. Power trace routing around the FPGA is an essential consideration. This is facilitated by wide traces to power and ground, one hundred mils or greater being preferred. The pins on the FPGA are spaced twenty mils center-to-center. [5] 
The power input to the microprocessor is protected by bypass capacitors on every VCC to GND pin pair. As the digital outputs of the FPGA change, the rapid change in output current creates a voltage spike. Bypass capacitors help regulate this voltage. Altera recommends that a .01 µF - .1 µF capacitor be used on each pin pair. [1] After consulting with professor Mark Johnson, we chose to use a .1 µF capacitor on each VCC / GND pin pair, except in three places where VCCINT and VCCIO pins are adjacent. In these three places, the VCC / GND pairing is uncertain. After attempting to research the pin pairing and contacting Altera, these capacitors have been left out of the design. This should not be a problem because the Altera documentation acknowledges that it may not be possible to put capacitors on every pin pair, and only suggests that as many capacitors as possible be included. [1] It was also noticed that the DE2 board does not have a capacitor for every pin. [6]
4.0 PCB Layout Design Considerations - Power Supply

Due to the arrangement of the power and ground pins on the Cyclone II FPGA and the advice of the course staff, it has been decided that a four layer PCB is preferred. [3] With this implementation, separate layers of the board will be dedicated to power and ground. On each of these layers, separate planes must be kept isolated. The power layer will include a 5V trace to the optical isolator, a 1.2 V plane under the FPGA, and a 3.3 V plane around the outside of the board surrounding the FPGA. These layers must be connected by wide (100 mil minimum) traces to the respective voltage regulators. This necessity has dictated that the power supply and regulators be positioned near the optical isolator. With this arrangement, the regulators are in a corner of the board and a single trace runs to the optical isolator, a track runs diagonally into the center of the board to connect with the 1.2 V layer, and the 3.3 V layer encompasses the rest of the board. The ground layer will be dominated by the GND net, but a small portion under the DAC and video output components will be isolated as an analog ground plane. All digital signals on the board will be connected through a via to GND, and all analog ground signals will connect to the analog ground below the DAC.
With these separate power and ground layers available, power and ground traces on the top and bottom of the PCB are kept short. They are as wide as possible, with a minimum of 100 mils except where the traces connect to the DAC and FPGA pins, which are spaced 50 mils center-to-center. In general, power and ground traces will be brought through vias out of the power and ground layers in close proximity to the chips they connect to.
The power system is protected against voltage spikes by several sizes of capacitors. Small .1 µF capacitors are placed on most of the VCC / GND pin pairs on the FPGA to regulate high frequency current changes that demand fast current sourcing. Three 100 µF capacitors are placed near the FPGA to further regulate the overall power into the FPGA. Included on the output of the 1.2 V and 3.3 V regulators are large 1000 µF capacitors that still have stored charge when the .1 µF and 100 µF capacitors are depleted. This capacitor arrangement is recommended by Altera. [1]
5.0 Summary

The complexity of the system design and the number and size of the chips involved demands careful consideration to be taken before beginning the PCB routing. Trace routing for the 240-pin FPGA large peripheral components amidst various power supply voltages and separate analog and digital ground planes is facilitated by using a four-layer PCB. EMI is reduced in many places by minimizing trace lengths for data busses, clock signals, and analog signals, and including a plethora of capacitors of various capacitance values. The peripheral chips are carefully placed around the FPGA to facilitate bus routing. These considerations facilitate the PCB layout process and bring the project closer to a reliable system design.
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NOTE:  This is the third in a series of four “design component” homework assignments, each of which is to be completed by one team member.  The completed homework will count for 20% of the individual component of the team member’s grade.  The body of the report should be 3-5 pages, not including this cover sheet, references, attachments or appendices.
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