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Project Objective

• Generate visible plasma arcs corresponding to real-time musical input
• Convert high-frequency electrical resonance into audible sound through plasma modulation
• Serve as a demonstrative platform for advanced electrical engineering principles

Educational and Demonstration Value

• Visualizes electromagnetic resonance and energy transfer
• Demonstrates real-time control of high-power electronics
• Provides intuitive understanding of frequency, modulation, and feedback systems

ECE Areas Involved

• Electronic Devices and Analog Circuits
• Signals and Systems

Use Case
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USE CASE REQUIREMENTS (PERFORMANCE METRICS)

RequirementS 

20HZ - 15KHz Audible frequency range

≥ 0.75 inch Arc Length

<20Ms Max input-to-output latency

≥ 10 minutes Continuous operation time

Distinguishable output tones

Class-E switching behavior with ZVS

Stable arcs and undistorted sound

Control Circuitry Unaffected by 
ElectroMagnetic and RF Interference

No Arcs Reach beyond breakout region

Component Limits never violated

Must be suitably sized for Tabletop 
Operation
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Design Requirements and solution approach
Use Case RequirementS Design Requirements

20HZ - 15KHz Audible frequency range
Distinguishable output tones

Must Utilize a Constant supersonic 
(>20kHZ) carrier frequency for 
amplitude modulationStable arcs and undistorted sound

≥ 0.75 inch Arc Length
No Arcs Reach beyond breakout region

Voltage supplied to primary coil must 
be high enough (>12V) to drive 
sufficiently long arcs but low enough 
(<120V) to keep arcs contained

Make use only of analog components, as 
digital conversion adds large latency

<20Ms Max input-to-output latency
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Design Requirements and solution approach
Use Case RequirementS Design Requirements

≥ 10 minutes Continuous operation time
Component Limits never violated

Low interrupter duty cycle (<40%) to 
reduce heat generation. Shunt TVS 
diodes of 18V on control side and 400V 
on primary side. High voltage 
components such as 1000V Mosfet and 
capacitors. Control Circuitry in 
shielded container.

Control Circuitry Unaffected by 
ElectroMagnetic and RF Interference

Class-E switching behavior with ZVS Use primary coil as A choke inductor, 
with sink capacitor acting as Mosfet 
Shunt. Low Coupling Factor

Must be suitably sized for Tabletop 
Operation

Sized less than 3ft*3Ft*3Ft
Takes 120VAC 60Hz input power
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Broader solution approach

A small SSTC Schmitt Trigger Oscillator AM
• A small tesla Coil powered at relatively low voltage produces 
relatively manageable arcs. Thus danger is minimized.

• Solid State tesla Coils are simpler, easier to power, and easier to 
ensure reliability of

• Single Coil makes Class-E operation much more attainable as 
opposed to dual resonant coils, which would require a second 
circuit to guarantee class-e Operation of

• Use a 555 Timer operating at supersonic frequency to create 
amplitude modulated burst enable signal from audio input

• Use timer output as an enable for schmitt trigger oscillator 
tuned to coil resonant frequencies, which drives MOSFet gate

• plasma arcs will engage/disengage following the envelope 
created in the enable signal

Pre Assembled Power Supplies
• Ensures operability in any location near enough to a wall outlet

• Preassembled supplies are safer (for us to use than developing 
120vAC transformers), Provide verified, reliable power with 
overcurrent protection, and are cheaper considering the need for 
separate power for control and coil circuitry

• 12VDC and 5VDC supplied by an atx power supply for control, 
48VDC supplied by an led power supply

Insulated Box for Control 
Circuitry, possible active cooling

High voltage Circuit Components 
to ensure reliability, most 
Components rated for ≥1000V
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System Specification/Block Diagram

8 major Components
ATX Power supply To supply 12V and 5V 
to Control Circuits

48V LED Power Supply to Power 
Primary Coil

Interrupter

Trigger

Primary Coil Control Circuit

Primary Coil

Secondary Coil

Audio Playback Device



01

02

03

04

05

06

 MODERN STYLE

BEST COMPANY

System Specification/Block Diagram
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Implementation Plan

Things to Buy Things to Assemble Things that have been designed things to design

ATX power supply Interrupter Interrupter Circuit Circuitry Enclosure

LED power Supply Trigger Trigger Circuit Coil mounting system

Circuit Components Coil circuit Coil Circuit

555 Timer IC Primary Coil Primary Coil

Oscillator IC Secondary Coil Secondary Coil

Gate Driver IC Circuitry Enclosure Cooling system (if necessary)

Breadboard for Control Coil Mounting System

Perfboard for coil

Coil Components

120mm Fans and heatsinks

k-type thermistors (testing)
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Testing verification
Thermal Testing
Test Method                                                                                                       
• A K-type thermistor is attached to all major heat limited 
components.                                                                                                       
• The Circuit is operated in standard operation, playing 
musical input through the coil.                                                                                   
•Temperatures are monitored over a minimum testing period 
of 10 minutes

Success Metric                                                                                                 
•  No thermally limited components reach within 10% of 
manufacturer specified thermal maximums                                      
• Component temperature levels out and holds stable for at 
least the last two minutes of testing

Failure Response                                                                                             
•  Reduce duty cycle of interrupter to reduce power draw       • 
attach heatsinks and implement active cooling using 12v Fan

Test Method                                                                                                           
• The Circuit and coil are operated in standard operation, with 
an oscilloscope measuring voltages across the interrupter 
output and trigger output. • assumed assembly conditions are 
utilized, consisting of the coil suspended 1 ft. above the circuit, 
both with and without interference shielding.                                                                            
•  Oscilloscope output is monitored over a testing period of at 
least 10 minutes

Success Metric                                                                                                       
• No Significant interference is detected through oscilloscope 
output                                                                                                                      
• No unintended triggering or arcing is detected

Failure Response                                                                                                      
• More effective EMI/RFI shielding is implemented

Interference Testing
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Testing verification
Specification Testing
Test Method                                                                                                      
•The coil is run in standard operation over a 10 minute 
testing period                                                                                                   
• Measure current draw and voltage difference through all 
limited components using an oscilloscope                                         
•  Measure MOSFET Drain and Gate voltages and Mosfet Drain 
Current using oscilloscope                                          

Success Metric                                                                                          
• Current remains within specified component range        
•  Voltage Transients are properly shunted through shunt 
resistors                                                                                                             
• Mosfet exhibits zero volt switching pattern

Failure Response                                                                                          
• Test to ensure all components are properly functioning        
• Redesign supply points of failed circuit                                             
• Perform evaluation of theoretical design

Test Method                                                                                                           
• The coil is run in normal operation for across multiple 10 
minute testing intervals, with 5 minute idle periods in between

Success Metric                                                                                                       
• all tests succeed at continuous operation for 10 minutes

Reliability Testing

Acoustic Testing
Test Method                                                                                                           
• A Musically simple, well known tune (mary had a little lamb) 
is played through the coil                                                                                                 
• A frequency scan from 20hz-20kHz is played through the coil

Success Metric                                                                                                     
• The tune is recognizable both to us and others                                
• A Frequency analysis app shows at least 20Hz-15kHz present
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Remaining Tasks & division of labor

Caleb’s Remaining Tasks Jack’s Remaining Tasks Jayson’s Remaining Tasks

Order Circuitry Components Order Primary Coil components order secondary coil component

Assemble Circuitry Assemble Primary Coil Assemble Secondary Coil

Perform Thermal Testing Perform Current Testing Perform Interference Testing

Perform Acoustic Testing perform safety testing Design Product Enclosure

Assemble Product Enclosure Perform Reliability Testing Design Enclosure Shielding
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Schedule

Caleb’s Tasks

Jack’s Tasks

Jayson’s Tasks


