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Modulator Requirements Design Specifications
» Solid-state Technology

» Superior Reliability & Efficiency
» Variable Waveform Shape

Peak Voltage: 35 kV
Peak Current:. 375A

» Modulator sets accelerating gradient Repetitiqn: 15 Hz
» Cavity filling & beam compensation Pulse \_N'dth: 460 ps
» Learning & feedback control Step Size: <1500V
Beam Step: 15 kV/us
Modulator Design Challenges Rise Time: 50-150 ps
* High beam step slew rate (9V/0t) Fall Time: 70-150 ps
» Protect Marx cells against tube sparks Beam Tilt: 5 KkV -
- Limit spark energy delivered to tube Regulation: + 25V L —— 154]153[152151[50|49}148[47 |46 145|441 43, A Filter
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Spark Energy: < 2 Joules
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Operational Results Conclusion
* Gradient Flatness 1 by factor of 2 » Solid-state Marx modulator designed to replace previous hard-tube modulator
« Slew Rate 1 from 2 kV/us to 15 kV/us » Marx topologies can use traditional power electronics due to lower voltage cells
+ Pulse-to-pulse stability < 0.1% and require less overall capacitance than traditional solid-state designs
. Power Efficiency, Uptime, & Tube Life 1 » Solid state Marx Modulator have superior reliability, decreased physical size,

lower component cost, lower operational costs, & increased efficiency
* Modulator simultaneously has high slew rate capabillities, can achieve low flattop
‘ NAPAC \ ripple specifications, all while minimizing energy delivered into a tube spark
» Simultaneously performs waveform learning & real-time feedback TNA A
« Capable of creating any desired arbitrary wave shape \S
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