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Agenda

A Motivation and Industry needs
A Gaps & Practical Challenges
A Brief overview of theNEMI5SG/mmWaveMaterials Characterization Initiative

A Introduction to topics in this session
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Motivation & Industry Needs -

A Dielectric constant measurements are key enables for many
different industries & technologies

AWpDQ SEGSYRa 0Se@2yRangfarheBit S3& &
looking wired applications need material data spanning DC to

100+GHz
CPU Clock Speeds High Speed 1/O
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Common to only
think about
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applications

Src Urmi Ray, 5G/High Frequency Materials Characterization Challenges and Opportunities, EMA 2021, S13
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Motivation & Industry Needs

A Traditional methods of microwave design rely on trimming & tuning
ASATTFAOMzZ 0 G2 G2t SNIXYOGS Ay G2RIFIé&Qa SYyOANRYYSy

A Errors in characterization limit accuracy of modeling resulting in time consuming iterations

1-2 Quarters Months
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Motivation & Industry Needs
A Development of new materials requires the ability to New Ultra Low Loss Build Up Mateiral
evaluate the performance of those materials at use
condition

NMB/S

Improvement in
bandwidth

A Errors can be very costly

Cost to switch: ~$2 per CPU substrate

Loss Tangent

X 20M units = $40M

Current Advanced
Material Material
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Motivation & Industry Needs
A Development of new materials requires the ability to New Low Loss Build Up Mateiral
evaluate the performance of those materials at use
condition
A Errors can be very costly *gcjo
g
Cost to switch: ~$2 per CPU substrate S Performance Inversion
@ Use Condition
X 20M units = $40M
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Temperature (C)
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Gaps & Practical Challenges

Few vendors providinpnmWavePermittivity equipment >20 GHz.
A None are traceable vendor to vendor differences up to user
A Challenges for ISO and quality control
A Who to trust
A Reliance on small vendors can be problematic

Useful 5G materials typically very lower loss
A Eliminates many traditional techniques

Increasing frequency
A Severe limitations on sample thicknesses
A Nonuniform requirements between measurement systems
A Incompatible sample dimension requirements
A Higher sensitivity to operator techniques

IPC APEX EXPO 2021
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INEMI¢ International Electronics Manufacturing Initiative
Project: 5GmmWaveMaterials Characterization

A 5G solutions require ultriow loss laminate materials and PCBs/substrates

A No consistent methodology for measuring dielectric propertiesiatWaveFrequencies
A Many different approaches in use, requiring different fixtures, sample requirements
A Consistency in results between approaches is unclear

A iNEMI Project team members cover wide range of industry, academia and equipment suppliers
A All have vested interest iImmWavematerials characterization

AGC-Nelco ITRI
AT&S Keysight
Centro Ricerche FIAT-FCA MacDermid-Alpha
° EMD Performance Materials (Ormet Circuits) Mosaic Microsystems
IN&GMVMIL Flex NIST
Georgia Tech Nokia
ShowaDenko Materials Penn State
IBIDEN Co Ltd QWED
IBM Shengyi Technology Company
Intel Sheldahl
Isola Unimicron Technology Corp
ITEQ Wistron

Zestron
IPC APEX EXPO 2021
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Project Goals

A Gather industry experts to understand needs and try to address these problems
A Encourage development of traceable material references by standards organizations
A Better linkage between equipment manufacturers and end users

Task 1 Task 2 Task 3
Benchmark Benchmark Round Robin Tests
A Current techniques A Emerging techniques A Create reference samples

A Possibilities beyond 100GHz A Test metrology differences

A Typical material samples
A Study lab to lab variations

A Potential reference materials
A Common practices & issues

Report complete\/ Report complete\/ In Progress Round 1=
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Round Robin Overview Task 3

Sample Material Requirements
A Stable, Low loss .
" : Techniques
A Low moisture absorption / temperature dependency
A Isotropic

A Good mechanical & handling properties

Current Selection Technigues
A Precision Teflon E
A CycloOlefin Polymer
Lab 3
Future additions Techniques
A Rexolite
A Fused Silica

9 Laboratory Effort
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Round Robin Overview Task 3

10 Kits Created |
A Sample sizes 35 mm x 45 mm, 90 mm x 90 mm Brush ford t m::suzl:zre::m
A 9 International labs participating removing dus

templates

Memory stick
containing Intel
measured sample

Techniques included

A Split Post Dielectric Resonator thicknesses

A Split Cavity Resonator

A FabryPerot 200 um

A Balanced Circular Disk Resonator traceable gauge B mim x 45 mm
block Sample packets

Frequency Span : 10GEI200GHz 90 mm x 90 mm

Sample packets

Expect results to come in over the next few quarters
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Upcoming Presentations

Task 1

Benchmark

A Current techniques

A Typical material samples

A Potential reference materials
A Common practices & issues

Report complete‘\/

Finding: importance of
cavity resonator techniques

Malgorzata from QWED will
share an overview of these
important techniques

IPC APEX EXPO 2021

Task 2

Benchmark
A Emerging techniques
A Possibilities beyond 100GHz

Report complete‘\/

Highlights: techniques for
the future

Nate from NIST will present

an overview of techniques

on the horizon & potential
paths to traceability
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Commonalities

Higher frequencies
Tighter dimensions
Challenging sensitivities

Best practices for
measurements

Say and Daisuke from Keysight

will wrap up this session with

recommendations for quality
measurements
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Resonator methods considered in INEMI 5G project

Presentation will be illustrated
Why we use resonant methods with full-wave electromagnetic modeling

with QuickWaveéM software by

Howthese resonant methods work m

Why these different methods may produce different results

what isvendor-specifiq
what is method-specifiq
and what other criteria may come into play
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