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2. introduction
For the ECE 323 lab course, you will be creating an USB powered audio amplifier. This audio amplifier is up to you to implement, using the guidelines in this Project Specification Document. The project will require that you interface material from several different courses to achieve your final design. Some of these courses could include: ECE 111, ECE 112, ENGR201, ENGR203, and ECE322.
The system you will be designing is composed of two sections: prototype and product. The prototype is a proof of concept, showing the designed schematic functions as desired.  The product covers improvement(s) on top of the prototype.  This lab structure emulates the 30-week senior design in 10 weeks.
2.1 Customer requirements & product background
Feedbacks from previous year students indicated that the ECE323 course lab component was not correlated with the lecture material.  This lab structure was developed to resolve the said issue.  Also, to better prepare for student’s senior year of study, this lab structure emulates the 30-week senior design within 10 weeks.

The criteria of interest for re-engineering the ECE 323 lab are discussed below:
1. Educational Merit: The project should help students learn new information as efficiently as possible. The metric of educational merit is a somewhat ambiguous term. Educational merit is assigned by a rating of 2, 1, or 0 points. Points are assigned via group deliberations. Factors that are reviewed during group deliberations are:
a. Connection to Lecture: Rather than having a lab in a vacuum, it is best to have the lab material and tasks support the lecture material and vice versa. Students who learn by using multi-sensory approaches and perform tasks by knowledge synthesis are better able to retain and apply that knowledge.
b. Fundamentals: Projects that help to expose more fundamental knowledge rather than specific niche topics give the students a stronger basis for later coursework.
c. Sophistication: Is the project appropriate for the student level? Typical student transcripts are reviewed and project difficulty is matched to student experience. How many different areas of knowledge are required? Is the number of missing topics acceptable? Can a student be expected to learn what is missing?
d. Real World Similarity: Does the project adequately show the real world of engineering? Is the project contrived or to idealized to show the ‘messy’ nature of engineering? Does the project encourage students to connect multiple disciplines inside and outside of electrical engineering?
e. Future Study Preparation:  How does the project better prepare the students for their future courses?
2. Student Time Commitment: This is the expected number of hours per week a student will spend on the project. This time includes scheduled lab time as well as time outside of lab.
3. Instructor Support: If the instructor likes the project, he/she is more likely to involve the project in his/her lecture material. This creates a tighter connection between lecture and lab, and promotes better student understanding.
4. Future Re-usability: Will the project be re-usable by the student either for classes or for some external purpose? Projects that have a clear path for re-use will reward student effort and their monetary investments. This allows for a justification of more sophistication.
5. Cost: This is the actual cost in dollars of the project.
3. Product Space Analysis
In this section you should discuss the research you have done and assert what you plan to do. If over the course of the project this changes, don’t worry. Just change this section to reflect the new understandings that you have.
3.1. Target Feature Set

· Force design specification skills

· Introduce physical prototyping skills

· Help student to understand value of simulation before build

· Motivate proper diligence through student responsibility
Absolute Minimum Requirements:

· Two channels, one left and the other right.  Stereo sound output

· USB powered
· Output at least 92dB (sound)
· Use only discrete components (resistor, capacitor, diode, transistor)

· Total harmonic distortion of less than 30%
· Adjustable Gain 
· System draws no more than 500mA

· Receives audio signal from a computer ‘Line-In’ (100mV peak-to-peak)
· Permanent Assembly (Soldered)
Desired Features

· Printed circuit board finish

· More than 0.75W of power
· FM transmission

· Other innovative improvements
4. Architectural Overview 
4.1 Implementation Approaches
The project will be done with audio amplifier as it more directly relies on the concepts taught in ECE323. The concept of small signal analysis and input/output impedance is strongly emphasized in amplifiers. 

The enforced use of discrete components also causes students to work more with the concepts from the course. While this is an artificial restriction, it should result in better prepared students.

The design must be able to run on specified current and voltage range, as well as specified total harmonic distortion. This restriction will force students to explore input and output impedances to best design their circuits. This approach shows the interconnection of circuits, as no circuit (including power supplies) exists in a vacuum.

Project improvement options will be given to students after the functional prototype.  The design ( simulate ( construct ( improvement lab structure is an emulation of the 30-week senior design course.  
5. Top Level Description 
5.1 Theory of Operation
The wireless remote control for this project could be any number of technologies, but audio was chosen. This 
5.2 Top-level block diagram

6. Functional Unit Descriptions

6.1. Chassis
6.1.1. Interface Definitions
6.1.2. Design Files

6.1.3. Design Validation
7. Testing
7.1. System Tests

For this project items that fall under functional tests are listed below along with recommended testing procedures.
7.1.1. USB Powered
1. The teaching assistant will visually inspect the system while it is operation and producing sound. The only power connection to the system will be the USB connection, unless the project improvement requires more power than USB can supply.

PASS:  System is power by USB.

FAIL:  System is not powered by USB.

7.1.2. Components Used
1. The teaching assistant will visually inspect the system after it is fully assembled. The system should be composed on only passive components, diodes, and transistors. If the project improvement uses more advanced components, these are acceptable for that check off.

PASS:  System is designed using resistors, capacitors, diodes, and transistors only. 

FAIL:  System is designed with parts outside of resistors, capacitors, diodes, and transistors.

7.1.3. Receives audio signal from a computer ‘Line-In’ (100mV peak-to-peak)
1. Configure the function generator to be 100mV peak-to-peak.

2. Connect the USB cable to the system to power it.

3. Connect the function generator to each of the inputs in turn while setting the gain/volume knob to its maximum value.

4. Using an oscope, examine the output signal.

PASS:  The speaker output does not show clipping on either the positive or negative peak.
FAIL:  The speaker output shows clipping on either the positive or negative peak.
7.1.4. Volume Control
1. Configure the function generator to be 100mV peak-to-peak.

2. Connect the USB cable to the system to power it.

3. Connect the function generator to each of the inputs in turn and vary the gain/volume knob 

PASS:  The output audio volume varies.

FAIL:  The output audio volume does not vary.
7.1.5. Two channels, one left and the other right.  Stereo sound output

1. Configure the function generator to be 100mV peak-to-peak.

2. Connect the USB cable to the system to power it.

3. Connect the function generator to each of the inputs in turn while setting the gain/volume knob to its maximum value.

PASS:  When connected, each speaker separately outputs a tone.
FAIL:  When connected, each speaker separately outputs a tone.

7.1.6. Current Consumption
1. Connect a DC current meter in-line with the main USB power.

2. Record the current used while the system is at full volume with a 100mV peak-to-peak input.

PASS:  System draws at most 500mA, unless the project improvement requires more power.
FAIL:  System draws more than 500mA, unless the project improvement requires more power.
7.1.7. System THD

1. Each student will supply their own method of testing THD.
2. The teaching assistant will approve the method

3. If approved, the test will be conducted.

PASS:  System THD is less than 30%. 

FAIL:  System THD is above 30%.

7.1.8. Permanent Assembly (Soldered)
1. The teaching assistant will visually inspect the system after it is fully assembled.
PASS:  System is soldered, with no potentially hazardous components.

FAIL:  System is not soldered and/or with potentially hazardous components.

7.1.9. Output at least 92dB (sound)
1. Configure the function generator to be 100mV peak-to-peak.

2. Connect the USB cable to the system to power it.

3. Connect the function generator to each of the inputs in turn while setting the gain/volume knob to its maximum value.

4. Set each of the speakers in turn on the sound test apparatus.

PASS:  Each speaker produces at least 92dB.

FAIL:  One or more speakers do not produce at least 92dB.

8. Product Improvement
Product improvement description and testing procedure here.  
9. Parts List and Cost Analysis

	Reference
	Qty.
	Common Name
	Manufacturer Number
	Supplier
	Supplier Number
	Unit Price
	Extend Price

	B1
	1
	Protoboard
	
	TekBots
	
	$1.74
	$1.74
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