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Eagle Harbor Technologies 
 

Eagle Harbor Technologies (EHT) provides innovative solutions to the commercial and 

research markets for technologies relating to pulsed power applications; advanced plasma 

sources for laboratory, industrial, and materials science applications; fusion energy 

technologies; and computationally intensive plasma physics simulations. 

 

EHT has had research and development contracts through the following government 

agencies: Department of Energy, the National Aeronautics and Space Administration, United 

States Air Force, and the United States Navy. 

 

 

 

 

• Company Founded in 2006 

• Strong SBIR History ( > 10 Awards) 

• First Commercial Products Introduced in 2011 

• First delivery of commercial power supply in 2012 (10 kV, 1kA Pulsed Electron Gun) 

 

• Team: 

• 4 Ph.D. Level Scientists, Experimental and Computational 

• 3 Engineers, (BS and MS level) 

• Support staff including administrative and accounting 



EHT Technologies 
 

 

• Integrated IGBT switch Modules 

• Nanosecond Pulser 

• Resonant Power Supplies 

• Custom Pulsed Power Systems 

• Fiber Optic Control and Isolation Equipment (FTB, ILC, …) 

• Control Voltage Isolation Modules 

• Charge/Dump Systems 

• High Stability, Long Pulse Integrators 

• Advanced Numerical Modeling (GPU/MHD) 

• Ultra High Vacuum Design 

• Data Acquisition and Control Systems (NI PXIe FPGA) 

• High Power Plasma Sources 

 



Development Program Motivation  

• Challenge: generate increased power levels for pulsed magnets, arc plasma 

sources, radio frequency heating, and plasma current drive schemes, at 

reasonable cost. 

 

• Tube-based supplies are large, and expensive, and not cost effective when 

only pulsed power is required (Example: RPPL RMF tube-based power 

supply – 15 kV, 1 kA, 100 kHz). 

 

• Off-the-shelf solid-state technologies provide a low-cost and efficient 

alternative to tube-based supplies, especially for pulsed power applications. 

 

• Goal I: Develop the next generation low-cost, IGBT-based, integrated 

switching modules that could be configured in many.  

 

• Goal II: Demonstrate the IGBT module flexibility and readiness for 

commercialization through construction and testing of several reference 

power supply configurations. 



Integrated Power Module 16P Specifications: 

 

• 1000 V, 600 A Continuous (Requires Heat Sinking) 

• 1000 V, 100 A @ 1 MHz Switching (Continuous) 

• 1000 V, 5000 A Pulsed (< 10 ms) 

• 1000 V, 10 kA Pulsed (< 1 ms) 

• Ultra Fast Rise/Fall time < 40 ns 

• Fiber Optic Control/Isolation 

• Requires Only 48 V DC Power Input 

• Very High Voltage Isolation (25 kV) 

• Robustly Demonstrated in Series and Parallel for a 

Wide Range of Applications  

Module Size: 8” x 11” x 2.5” 

2U Rack Mountable 

Integrated Power Module-16P (IPM-16P) 

Individual IGBT-based modules are designed for precision switching, pulsed up to 1 kV 

and 15 kA, with lower currents for continuous wave (CW) operation, where thermal 

management sets duration limit. Modular design allows for integration into many 

applications. The IPM can drive low impedance and reactive loads. The IPM is a robust 

and efficient switching option for high power inverter systems and custom power supplies. 



Integrated Power Module-16P (IPM-16P) 

Modules have been demonstrated to operate in both series and parallel configurations to 

match multiple applications with minimal redesign. The modules utilized all off-the-shelf 

components, which lowers cost and allows for fast replacement/repair. 

Module Front View  

Rear View (High Current Connectors)  



4P-Integrated Power Module Specifications: 

 

• 1000 V, 150 A Continuous (Requires Heat Sinking) 

• 1000 V, 20 A @ 1 MHz Switching (Continuous) 

• 1000 V, 1000 A Pulsed (< 10 ms) 

• 1000 V, 3000 A Pulsed (< 1 ms) 

• Ultra Fast Rise/Fall time < 40 ns 

• Fiber Optic Control/Isolation 

• Fast Over Voltage Fault Detection with Optical Output 

• Requires Only 48 V DC Power Input 

• Robustly Demonstrated in Series and Parallel 

Arrangements. 

• Typical applications include: 

• Precision PWM Controllers 

• Bridge Topologies 

• High Power MOSFET Alternatives  

Module Size: 3.5” x 5” x 1.5” 

Integrated Power Module-4P (IPM-4P) 

Individual IGBT-based modules are designed for precision efficient switching at high 

frequencies.  They provides a turnkey solution for IGBT switching with integrated gate 

control, snubber circuit and fault detection circuitry. System has been tested in a wide 

range of applications including demanding and electrically noisy pulsed power 

applications. 



 12 kV High Power Series Stack (IPM-4P-12S) 

 • Robust series configuration of 12 4P 

IPMs 

 

• 12 kV switching voltage 

 

• > 1000 Amps pulsed (10 ms) 

 

• Maintains < 40 ns rise/fall times 

 

• 1 MHz switching for PWM applications 

 

• Fast fault and over voltage protection 

on each series stage. 

 

• Applications include: 

• Electron guns 

• Modulators 

• Plasma Loads 

• Vacuum Switch Tube Replacement  
 

 



Isolated DC-DC Converter for IPM Control Voltage  

While not required for IPM operation the control voltage unit allows for high efficient 

DC-DC voltage conversion to power the IPM modules.  Provides isolated (> 20 kV) DC 

power.  Isolation allows for series applications for switching voltages greater than 1 kV. 

 

DC-DC converter operates on input voltages 

from 12 to 48 volts and can output from 5 to 

200 V at up to 100 watts with typical 

efficiencies of approximately 90%.   

 

Designed to directly attach to the IPM while 

still providing high voltage isolation.  



Power Supplies Demonstrations Utilizing  

the EHT Integrated Power Module  

1. High Voltage Series Configurations: 

A. 10 kV, 1 kA Electron Gun Driver 

B. 3 kV (pk-pk), 2 MHz H-Bridge Configuration  

C. Series Resonant Half Bridge Configurations 

  

2. High Current Configurations: 

A. 1 kV, 6 kA Pulsed Magnet Driver.  

B. 500 V, 40 kA, Magnet driver (16 Modules in parallel) with 100 kHz 

Pulse Width Modulation (PWM) control.   

 

3. Custom Waveform Generation: 

A. 5 kA Notch Supply Demonstration Unit 

B. 1 MHz PWM High Current Programmable Waveform 

C. Nanosecond Pulse Capability 



Series Configurations: Electron Gun Driver 

Top:  

CH1: Load current measured with a 

(0.05 V/A) current transformer  

CH2: Load voltage measured with 

10 to 1 voltage divider  

 

Bottom: Expanded scale showing 

fast rise time (~ 100 ns) 

Custom supply developed for private 

company. 

 

Electron Gun Driver 

• 12 Module Series Configuration 

• 10 kV, 1 kA, 100 µs pulse 

• Rise time 100 ns (rise times < 20 

ns have been demonstrated in 

other series applications) 



Series Configuration: Full H-Bridge 

Full H-Bridge operated at 2 MHz and 3 kV. DC charge on 1200 V IGBTs was 

1600V. This is not recommended, but demonstrates configuration robustness. 



Series Resonant Configuration RF Power Supply 

 

Installations 

• HIT-SI (UW) – helicon pre-

ionizer 

• Advanced Propulsion Lab 

(UW) – in-space propulsion 

plasma source 

• PrairieView (Texas A&M) – 

RMF plasma source 

• And Others. 

Specifications 

• Half-Bridge Switch 

Configuration 

• Resonant LC circuit 

• 1 MHz Switching 

• 3 kA (pk-pk) in antenna 

• 28 kV (pk-pk) across antenna 

• Ppeak = 21 MW 



High Current Applications 

 

Inductive Load Demonstration 

• Must account for L/R decay of current 

in coil – Use crowbar diodes 

• 500 V, 6 kA, 2 µs pulse 

Applications 

• Pulsed magnet control of B0 magnetic 

field for plasma source at the 

University of Washington.   

• High current pulses >10 kA (short 

pulses). 

Resistive Load Demonstration 

• V and I load have the same profile.  

• 600 V, 6 kA  1 µs pulse 

• Current rise time < 50 ns.   



40 kA, Programmable Magnet Driver 

 

Ch2 (Blue): Voltage (100 V/div) 

Ch3 (Purple): Current, measured by 

droop-free integrator (800 A / div) 

Ch4 (Green): Current calibration signal, 

measured by Pearson (800 A / div) 

Specifications 

• 100 kHz Pulsed Width Modulated 

(PWM)  

• 16 IPM-16P in parallel 

• Total current: 40 kA (2.5 kA/IPM) 

• Operation time: 10 ms.  

• Single modules were tested in excess 

of 5 kA for 10 ms operation. 

• Delivered to prime contractor 



5 kA Notch Supply Demonstration Unit 

 • Developed for Navy R&D program 

• 100 kHz Pulsed Width Modulated (PWM) programmable power supply used for a 

custom magnet waveform for fast magnetic field reduction and reestablishment.  

• Demonstration used one module for the PWM  control and a second for the Notch 

switch.  

• The Notch rise/fall times are independently controlled and can be much faster than 

the PWM control alone as seen below. 

• Current during PWM: 5 kA 

Notch supply demonstration bench test. 

Notch Switch Magnet Coil PWM Switch 

Testing data showing output current profile (Ch1) 



1 MHz PWM High Current Programmable Waveform 

 

Single module demonstration setup. 

• Single pulse demonstration of programmable waveform for fast current stepping. 

• Utilizes 1 MHz PWM for arbitrary waveform programming on fast timescales. 

• Pulse duration and current amplitude are fully controllable. 

• Increased current amplitude and average output power can be obtained with 

additional parallel units. 

Measured current profile demonstrating requested 

waveform with peak current at 10 kA.  



Nanosecond Pulse Capability 

 

Nanosecond pulse test arrangement. 

• Single IPM utilized with custom 20:1 step-up transformer. No saturated magnetics 

used in the circuit. 

• Demonstrated 20 ns (FWHM) 10 kV pulse in 200 Ω load. 

• Pulsed widths from 20 to 400 ns have been demonstrated with current prototype. 

Longer pulse lengths possible with new pulsed transformer. 

• Voltage slew rates in excess of 400 kV/µs. 

• Peak power levels of over 200 MW have been demonstrated. 

• System can obtain high repetition frequencies in excess of several megahertz. 

• Applications include laser drivers, materials processing, environmental, efficient 

combustion, pulsed plasmas, radars. 

 

12.5 kV, 20 ns (FWHM) pulse into 200 Ω load. 



 Nanosecond Pulsing at High Repetition Frequencies 

 
• System can obtain high repetition 

frequencies in excess of several 

megahertz. 

 

• Pulse characteristics, including pulse 

width and duty cycle, are variable 

and controlled even within a burst of 

pulses. 

 

• Allows for novel applications not 

previously possible with magnetic 

reactor-based nanosecond pulsers. 

 

• Shorter pulses width below 20 ns are 

possible by including standard 

magnetic reactor and/or diode pulse 

sharpening techniques. 

 

1 MHz 

100 kHz 

20 kHz 



Questions or Comments  
 

 

Please address questions or comment to  

Dr. Ken Miller 

 

kemiller@eagleharbortech.com 

 

www.eagleharbortech.com 

 

mailto:ziemba@eagleharbortech.com

