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ABSTRACT

= Corrugated Wakefield Accelerator (CWA) [1]
— Operating at millimeter wavelengths (180 GHz)
— High power levels (up to 600 W)
— Necessary to extract accelerating mode via fundamental coupler

= mmWave vacuum window
— Chemical Vapor Deposition (CVD) diamond [2,3]

= Miniature waveguides and transitions
= Electromagnetic simulation study
= Fabrication challenges at mm\Wave frequencies
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ELECTROMAGNETIC SIMULATION

= Minimal insertion loss (-0.17 dB) at 180 GHz
— Mostly due to conductive losses in the structure

= Wide bandwidth (7.5 GHz) centered at 180 GHz
— Adjusted window dimensions to avoid resonances within the window

= Very low reflection (< -15 dB)
= Adequate spacing between windows to prevent standing waves

CVD Diamond Vacuum Window Assembly EM
Simulation Results

N e
© wu O

W W
n o

Insertion Loss (dB)
© ® W o hA RN R O K
8 o
Return Loss (dB)

175 177.5 180 182.5 185 187.5 190
Frequency (GHz)

CONCLUSIONS

= CVD diamond window material
- Excellent EM & thermal performance

NEXT STEPS

= Sourcing of parts

= VVacuum and mechanical design

DESIGN

= Chemical Vapor Deposition (CVD) Diamond windows
— Outstanding thermal conductivity (2000 W/m/k)
- Low EM Loss (TanD = 1E-5)

= Circular CVD diamond windows
— Structurally strong
— Easier assembly
- Specify half wavelength (A) (at 180 GHz) thickness
» Relative permittivity (¢) of 5.8

= Double window design for vacuum safety

= Rectangular to circular waveguide transition
— Rectangular waveguides of the fundamental coupler
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FABRICATION ISSUES AT MMWAVE FREQUENCIES

= Surface finish
- Roughness Average (R,) value used
— Skin depth (0) of EM waves
— 155 nm at 180 GHz for Copper
— ldeally R, < 0
* |f not, seen as conductive losses [4]

= Fabrication Tolerances are vital
- +/- 50 um equivalent to +/- 5 GHz in vacuum
— Simulation study of a single window
* Variance of +/- 50 uym
 Largest effect is window thickness (0.35 mm for 180 GHz)
— Equivalent to window’s A/2 at 207 GHz and 177 GHz
— CVD Diamond window is EM qualified before use in the assembly

Window Thickness
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= Simple double window design
— Transition from rectangular to circular
waveguide

= Adequate performance at 180 GHz
— Low insertion loss, minimal reflections

= Fabrication tolerances explored
— Design is achievable with EM qualification
of CVD Windows
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» Electromagnetic testing & qualification at
ANL’'s new mmWave Test Lab
- Individual windows qualification
— Entire assembly

= Assembly and vacuum qualification

» Deployment on ANL's corrugated wakefield
accelerator
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