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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:

1.0 Introduction

The Hooked on Harmonix game system is an instructional game for an electronic keyboard.  The game system consists of a populated PCB in a plastic enclosure with a MIDI cable.  The Hooked on Harmonix game system will interface with an existing VGA monitor and a MIDI keyboard.  The product will be placed on whatever surface is convenient within reach of both the keyboard and the monitor.  
In examining the reliability of the Hooked on Harmonix system design, there are certain components that are the most critical for the system’s operation.  The main components to be considered in the safety and reliability analysis are the components which use high amounts of power and have high complexity.  The 5V low dropout linear voltage regulator is the main provider of power to the PCB, therefore it will be considered in the reliability analysis.  The Cyclone II FPGA and the high speed SRAM draw significant power and will also be examined in the reliability analysis.  
Safety analysis is an important step in any design process to ensure that the product does not cause any preventable danger.  The error states of the design must be thoroughly examined to make certain that the product fails in a way that does not jeopardize the safety of the user.  Fortunately the Hooked on Harmonix user’s safety is not directly affected by the reliability of the system, but care must be taken to ensure that failure states do not cause an unsafe condition.  The main safety consideration in the design of the system is that the heat generated by the system in normal and error states does not pose a fire hazard.  The following blocks of the Hooked on Harmonix system will be considered in the safety analysis: the power management circuitry, FPGA and configuration device, MIDI input and audio output, video DAC, and SRAM.  Failure states for each block will be analyzed and criticality levels will be assigned. 
2.0 Reliability Analysis

The three components most likely to fail in our design are the LD1117 5V low drop out linear voltage regulator, the Altera Cyclone II EP2C20 FPGA, and the IS61LV5128AL high speed SRAM.  These components were chosen due to their high power consumption and complexity.
The first part analyzed is the LD1117 5V LDO linear voltage regulator.  The reliability calculations were performed with the equations provided in the Military Handbook for Reliability Prediction of Electronic Components [1].  The voltage regulator was assumed to fit the linear MOS device model with less than 100 transistors.  The maximum junction temperature for the device is 150°C [2].   This maximum junction temperature value was used to calculate (T.  This value may be higher than the actual value for the reliability calculations, due to the fact that the device presumably will not be operating at the maximum junction temperature.  This value was used as a worst case scenario estimation because the actual junction temperature is unknown.  Ground benign condition and nonhermetic packaging were also assumed in the calculations.  The reliability calculations for this device can be seen in Table 2.1.  According to the calculations, the voltage regulator will have approximately 18.01 failures/106 hours, which gives a mean time to failure (MTTF) of approximately 6.34 years.  This reliability is relatively low, but considering that the values used in the calculations related to a worse case scenario, this reliability is acceptable.  The reliability could be improved by providing an efficient heat sink to keep the junction temperature of the device low.
	Parameter
	Value
	Justification

	C1
	0.01
	Linear MOS device (assuming < 100 transistors)

	(T
	180
	Linear MOS, w/ maximum junction temperature = +150°C

	C2
	0.0012
	TO220 3-pin (assuming nonhermetic) C2 = 3.6e-4 * (3)1.06

	(E
	0.50
	Assuming GB (ground benign)

	(Q
	10
	Commercial component

	(L
	1.0
	In production for > 2 years

	(P
	18.01
	(P = (C1(T + C2(E) (Q(L Failures/106 Hours

	MTTF
	5.554e4 hrs
6.34 years
	MTTF = 1/(P


Table 2.1 LD1117 LDO Linear Regulator

The second component to be considered in the reliability analysis is the Altera Cyclone II EP2C20 FPGA.  Reliability analysis was performed on this component because the FPGA is the most complex of all of the components used in the design.  The model used for the reliability analysis was a PLA with between 5,001 and 20,000 logic elements.  The parameters for the reliability calculation were obtained by assuming that more than 5,000 logic elements in the FPGA would be used.  (T was calculated by assuming that the junction temperature would be the maximum operational temperature for the device (85°C) [3].  This is a pessimistic assumption that will be reflected slightly in the reliability calculation.  A ground benign condition was also assumed in the reliability calculations.  In Table 2.2, the FPGA can be seen to have an estimated .6623 failures/106 hours and a mean time to failure of 171.6 years.  From these calculations it can be seen that the FPGA is much more reliable than the voltage regulator.  The reliability could be improved even more by using less logic elements in the FPGA configuration, and by having efficient cooling of the device with a heat sink.
	Parameter
	Value
	Justification

	C1
	0.0068
	FPGA with 18,700 logic elements (PLA w/ 5,001 < LE’s < 20,000)

	(T
	.96
	Digital CMOS, w/ maximum operational TJ = +85°C

	C2
	0.12
	240 pin PQFP, C2 = 3.6e-4 * (240)1.06

	(E
	0.50
	 Assuming GB (ground benign)

	(Q
	10
	Commercial component

	(L
	1.0
	In production for > 2 years

	(P
	.6653
	(P = (C1(T + C2(E) (Q(L Failures/106 Hours

	MTTF
	1.50e6 hrs
171.6 years
	MTTF = 1/(P


Table 2.2 Altera Cyclone II EP2C20Q240C8 FPGA


The third and final component analyzed is the IS61LV5128AL high speed SRAM.  SRAM reliability is important because the SRAM draws a significant amount of current and will be operating at a high speed during the Hooked on Harmonix system operation.  In the reliability analysis, the 1Mbit CMOS memory model was used.  The actual size of the SRAM is 4Mbits [4], but due to the dated models in the military handbook, the largest memory model is 1Mbit.  (T was also calculated by assuming that the junction temperature of the device will be the maximum operational temperature of 85°C.  This assumption, like the previous components, represents a worst case temperature scenario.  A ground benign environmental operating condition is also assumed for the calculations.  As seen in Table 2.3, the SRAM will have an estimated 0.6947 failures/106 hours and a mean time to failure of 164.3 years.  This reliability is relatively high, but it could be improved even more by keeping the device cool.
	Parameter
	Value
	Justification

	C1
	0.062
	SRAM (CMOS)  4Mbit (512K x 8)

	(T
	.96
	Digital CMOS, (assuming maximum operational TJ = +85°C)

	C2
	0.0199
	44 pin TSOP, C2 = 3.6e-4 * (240)1.06

	(E
	0.50
	 Assuming GB (ground benign)

	(Q
	10
	Commercial component

	(L
	1.0
	In production for > 2 years

	(P
	0.6947
	(P = (C1(T + C2(E) (Q(L Failures/106 Hours

	MTTF
	1.44e6 hrs
164.3 years
	MTTF = 1/(P


Table 2.3 IS61LV5128AL 512K x 8 High Speed SRAM

The reliability of the FPGA and SRAM is relatively good for this design, while the voltage regulator is only acceptable.  The reliability of the FPGA could be improved even more by using less logic elements, and the reliability of all of the components can be improved by keeping the junction temperature well below the maximum ratings of the part.  The analysis could be refined to give better reliability numbers by using a more accurate junction temperature for each component to be used in the calculations.  The junction temperatures are over estimated, which are reflected in the low reliability numbers for the voltage regulator.
3.0 Failure Mode, Effects, and Criticality Analysis (FMECA) 
The failure modes for any design must be analyzed carefully to ensure that any failure of the device poses a risk to the user.  Determining the effects of failure modes also provides a reference to be used in repairs and troubleshooting of the system.  Each failure mode varies in the criticality of the failure to the system’s operation and the user’s safety.  The following three criticality levels are used in the FMECA of the Hooked on Harmonix game system:
Low Criticality – system still operates, but some functionality is lost

Medium Criticality – Operation Critical, system is inoperational, but undamaged

High Criticality – Design Critical, failure causes damage to system and creates an unsafe condition

An acceptable failure rate for the low criticality condition is ( ( 10-4.  The medium criticality should have a failure rate of ( ( 10-4, and the high criticality failure modes should have a failure rate of ( ( 10-9 to best protect the safety of the system and the users.  The schematic for the Hooked on Harmonix system has been broken down into five functional blocks: the power management circuitry, FPGA and configuration device, MIDI input and audio output, video DAC, and SRAM.    These functional blocks can be seen in Appendix A.  The FEMCA worksheet in Appendix B shows the failure modes for each of these functional blocks as well as the effects, causes, and criticality. 
4.0 Summary

In examining the reliability of the Hooked on Harmonix system design, the main components considered in the safety and reliability analysis were the 5V low dropout linear voltage regulator, the Cyclone II FPGA, and the high speed SRAM.  The reliability of the FPGA and the SRAM was found to be very good, and the reliability of the voltage regulator was found to be acceptable, although steps could be taken to improve the reliability.  The error states of the Hooked on Harmonix design were thoroughly examined to identify the effects of each failure mode and the possible causes.  The failure modes involving the power management block of the system are the most critical, and should be protected against to ensure the safety of the user and the device itself.  
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Appendix A:  Schematic Functional Blocks 
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Figure 1 - Power management (Block A)
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Figure 2 - FPGA and serial configuration device (Block B)
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Figure 3 - MIDI input and MIDI LSI audio output (Block C)
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Figure 4 – Video DAC (Block D)
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Figure 5 – SRAM (Block E)
Appendix B:  FEMCA Worksheet
Table 1 – Power Management (Block A)
	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	A1
	VCC 5V  = 0 V


	5V Linear voltage regulator, 9V wall wart, capacitor short
	VCC 3.3V = 0 V

VCC 1.2V = 0 V

Failure to function
	Observation,

measurement at voltage test points
	High
	Operation critical due to zero functionality.  Shorted wall wart could pose fire hazard.

	A2
	VCC 5V  > 5 V

VCC 3.3V > 3.3 V
	5V Linear voltage regulator, capacitors, 9V wall wart.
	Damage to major components
	Observation, excessive heat
	High
	Higher than expected voltage inputs will cause irreparable damage to system and is design critical.  

	A3
	VCC 5V or VCC 3.3V has excessive ripple voltage
	Linear Voltage regulators, 9V wall wart, capacitors
	FPGA output and software operation will be unpredictable
	Observation
	Medium
	The operation will be unpredictable therefore this failure is operation critical.


Table 2 – FPGA and Serial Configuration Device (Block B)
	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	B1
	FPGA output is incorrect
	Improper configuration loaded, voltage regulators, EPCS, shorted bypass capacitors, software
	Partial or complete loss of functionality, unpredictable output to VGA 
	Observation then measurement at headers
	Medium
	FPGA failure is operation critical and will result in incorrect operation

	B2
	Failure to boot at start-up
	EPCS, FPGA, SRAM, software, improper FPGA configuration loaded
	Start menu not displayed, complete loss of functionality
	Observation
	Medium
	Failure to boot properly from the EPCS device is operation critical


Table 3 - MIDI input and MIDI LSI audio output (Block C)

	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	C1
	No audio output
	MIDI LSI, software, FPGA, capacitors
	Inability to give user audio feedback during gameplay.
	Observation
	Low
	The system can still be used without audio output due to MIDI keyboard built in speakers.

	C2
	Incorrect audio output
	Software, MIDI LSI, capacitors
	Audio does not match expected audio during gameplay
	Observation
	Low
	The system can still be used with incorrect audio output due to MIDI keyboard built in speakers.

	C3
	User input on MIDI keyboard not registered
	Faulty MIDI connection, optoisolator, level translator, FPGA
	Keypresses not registered during gameplay
	Observation
	Medium
	The input from the MIDI keyboard is critical for the game play operation.


Table 4 – Video DAC (Block D)
	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	D3
	Video displayed improperly
	FPGA, improper VGA cable connection, software (sync signals), capacitors
	Output to VGA monitor will be shifted or unpredictable
	Observation
	Medium
	The VGA monitor is the main game interface for the system.  Failure is operation critical.

	D3
	Video not displayed
	FPGA, improper VGA cable connection, software (sync signals), capacitors
	Output to VGA monitor will be blank, no signal message may be displayed
	Observation
	Medium
	The VGA monitor is the main game interface for the system.  Failure is operation critical.


Figure 5 – SRAM (Block E)
	Failure No.
	Failure Mode
	Possible Causes
	Failure Effects
	Method of Detection
	Criticality
	Remarks

	A2
	SRAM giving incorrect data
	Memory corrupted, poor connection, timing error, software, FPGA, SRAM, capacitors
	Program will not load properly, or will have limited functionality
	Memory test program run from FPGA on-chip memory
	Medium
	SRAM failure will prevent program from loading and executing properly.  Failure is operation critical.  

	A3
	SRAM not accessible
	FPGA, improper configuration loaded, software, capacitors
	Program will not load, and will not run.
	Observation
	Medium
	The VGA monitor is the main game interface for the system.  Failure is operation critical.





NOTE:  This is the third in a series of four “professional 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 page, references, attachments or appendices.
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