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Companies need to understand their materials

Betko [ iNEMI mmWave materials and rest roadmap:

©
INEMI Panasonic _ _ _ _ _ _
intemational Flechonios ManufocTarng Tniaive. _ “Circuit designers need dielectric property data for materials
— ' intel  AlNgp at millimeter-wave (mmWave) frequencies to optimize device
performance of new hardware and for quality assurance.
1L m However, there are no standard traceable reference
materials or even agreed upon characterization test methods
\ for materials at mmWave frequencies.” /
4 Acceptance testing

Probability

Device designer | standard | Material vendor

Value

Understanding materials means understanding measurements




We did a series of round robins to benchmark this problem
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Round robin 1 — Cyclo-olefin polymer
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Round robin 2 — Crosslinked polystyrene
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Round robin 3 — Fused silica
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Round robin 4 — Fused silica
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There are almost 7,000 points here




Round robin 1
Cyclo-olefin polymer

Round robin 2
Cross-linked polystyrene
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We can compare to the consensus

Round robin 3

Round robin 4
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This outlined material and measurement requirements




Incorporate
industry
feedback

Choose
material

Choose
method

| will quickly highlight a few of the finer points

Use theory
to map to
permittivity

How to make a standard in five(ish) steps

Measure
Scattering
parameters
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Measure
dimensions

y [mm]




Measuring the resonance tells us material properties
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Mode-matching maps the measurements to properties




We can vary the input parameters to analyze uncertainty
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We made a standard for relative permittivity

INEMI

International Electronics Manufacturing Initiative

HOWA
Panasonic ENKO
intel. ANgp
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Industry collaborators helped a ton along the way



We can add cylinders to that same analytical theory

Knowing the substrate properties, we can meadsure a thin film



We can add cylinders to that same analytical theory

45 |

50 |

55 |

65 |

70 |

-75

60 |

Empty
Filled
+ thin film
1 1 1 1
26 26.5 27 27.5 28 28.5

Frequency (GHz)

Knowing the substrate properties, we can meadsure a thin film



We do a similar uncertainty analysis for the thin film case
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Film thickness is a huge source of uncertainty



So, we can measure a whole bunch of films
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But some are still problematic



There is still plenty of work to do

Split-cylinder resonator measurements of

Objective: substrates and thin films

Sl-traceable measurements —» standards
Key idea:
Then, build on those standards

Publishing background work, finishing touches on
standards, refining analysis,...

Next steps:
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So, we can measure a whole bunch of films
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We are typically bounded by film thickness uncertainties
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