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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.
 Introduction


Our team is designing an instrumented football helmet with the purpose of monitoring impacts encountered over the course of a football game.  To achieve this, we are mounting a system to monitor acceleration at several different points of the football helmet and report when a particularly dangerous impact has occurred.  In order to ensure this system works, we have designed it to be able to minimize effect of noise on several levels.  We focused on the design of the PCB for the micro in particular and the design of the power system on all PCBs.  However, first we will discuss design considerations for the system as a whole.
2.0 PCB Layout Design Considerations - Overall


The first aspect of our overall PCB layout that impacted many of our other layout decisions is our use of multiple PCBs.  The choice to use many PCBs is a product of our packaging constraints, which have been discussed at an earlier time.  In terms of breaking the PCB down, we have one PCB for power, one for the microcontroller, one for the Wi-Fi device, one for the SD card reader, and three for accelerometer sets.  An initial break down of these components and proportionally how much space they will take up can be seen in figure 2.1.  



In order to get data around our boards, we are using Ethernet twisted pair cable.  This cable was chosen for several reasons.  The first reason it was chosen was that it is intended to carry data over a long distance without loss.  This is very important to us especially for our accelerometer signals where an error of a couple mille volts can cause our microcontroller to be off by several g’s.  Another reason it was chosen is it has sufficient capacity for carrying our data.  Finally, Ethernet cable is widely available and can be acquired for a very low cost.


Our PCBs are designed primarily with a focus on reducing noise on the lines by paying consideration to the recommendations in [1].  Particularly, on our 2 boards that have both analog and digital components, the Wi-Fi and microcontroller boards, the analog and digital components are placed apart from each other.  This acts to reduce the interference between these two types of components.  Power components were kept off the accelerometer PCBs in particular, in order to reduce the impact on our sensitive accelerometer data.

Routing was also a major consideration in how our traces are laid out for the most critical and sensitive signals, the analog data from the accelerometers.  By keeping the traces as short as possible, the inductance and impedance noise in the trace lines is kept to a minimum.  Additionally, whenever these data lines cross over power or analog lines, they cross at a 90-degree angle, when possible, to keep interference between traces to a minimum.  Finally, routes for the accelerometer data are also kept as close to the same length as possible to ensure that the data arriving at the microcontroller has approximately the same drop in voltage on each of the data lines.  
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In terms of trace sizing, we decided to use a 12 mil trace width.  According to [2] (as seen in table 2.1), 12 mils is sufficient to handle the most amperage that we will see anywhere on our circuit while still being relatively thin and routable.  The only exception to this width is the power lines.  As suggested by [1], we are using a larger trace of 18 mils.  By an increased width trace, the impedance in the power system is reduced, which in turn reduces the noise in the rest of the system.


Several other precautions are taken to reduce the amount of EMI that our PCB will emit and receive.  One of these precautions was to keep the amount of 90 degree turns in our tracing on the board to an absolute minimum.  This will reduce the amount of transmission reflections.  Also the Wi-Fi device will be set to run at as low a clock rate as possible.  This reduces the EMI produced by the Wi-Fi device itself.
3.0 PCB Layout Design Considerations - Microcontroller

When designing the PCB for the microcontroller, our main consideration was the minimization of noise, both caused and received by the microcontroller.  The first aspect to achieving this was placing bypass capacitors as close to the inputs of the microcontroller as possible.  By limiting the length on the traces to the bypass capacitors, the impedance and inductance between the capacitors and the microcontroller was kept to a minimum.  Additionally, the capacitors are on the same side of the PCB as the micro.  This means that the traces from the capacitors to the microcontroller don’t to go through vias, which would introduce additional impedance and inductance.  By ensuring that the microcontroller is well supplied with amperage, the microcontroller will introduce less noise into the other systems of the circuit.


Noise reduction was also implemented at ports of the microcontroller.  One-way noise is lessened at the analog inputs for the accelerometer data, is by placing filter capacitors on the accelerometer data lines, as recommended by the accelerometer datasheets.  These capacitors act to filter our minor fluctuations in voltage introduced by noise.  Also, all ports on the microcontroller that are not in use will be configured to be outputs so that changes in voltage on these pins will not cause noise in the microprocessor.  Noise is also reduced on our microcontroller PCB by running the microcontroller at less than the maximum clock rate.  Our microcontroller, the PIC18F45K20, can run up to 64 MHz, however running at this rate will introduce much noise into the system.  Thus microcontroller will run at a much lower rate, probably somewhere around 8 MHz, which will still be enough to meet our computational needs.
4.0 PCB Layout Design Considerations - Power Supply


In order to ensure that noise is kept to a minimum, bypass capacitors were placed at the power inputs of all IC components, including the Wi-Fi device, the SD reader, and all of the accelerometers.  These capacitors are placed as close the ICs as possible to reduce the noise introduced by the switching of transistors within the ICs.  Additionally, bulk capacitors are located at the edge of all of the PCB’s to reduce the impact of the inductance of the cables between boards.


Power and ground trace routing is also very important in handling noise in our system.  In order to keep noise to a minimum, ground and power routes are as short as possible.  By keeping these paths short, the impedance accumulated through routing is kept to a minimum.  Additionally, on the two PCBs that contain a mix of power and digital parts, the microcontroller and Wi-Fi PCBs, the ground is routed in a single point configuration as suggested by [1].  
5.0 Summary


The system for our instrumented football helmet is broken up into several different PCBs.  The system as a whole is designed to keep noise emissions to a minimum as well as minimize the impact noise within the system.  The power system, the microprocessor interface, and the system as a whole are designed to withstand a reasonable level of noise.  Thus the instrumented football helmet should be able to withstand the tough conditions on the football field. 
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Data Sheet Live Links

https://www.freescale.com/files/sensors/doc/data_sheet/MMA2301D.pdf
https://www.freescale.com/files/sensors/doc/data_sheet/MMA1212D.pdf

IMPORTANT:  Use standard IEEE format for references, and CITE ALL REFERENCES listed in the body of your report.  Provide “live” links to all data sheets utilized.





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.








Be sure to read Motorola Application Note AN1259 (posted on course web site) before you begin your PCB layout.
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Fig. 2.1: Preliminary estimate of PCB Layout





Table 2.1: Feedback from [2] regarding trace width
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