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5G/mmWaveMaterials Assessment & Characterization

Motivation:
A5G Solutions require ultra  -low loss laminate materials and Liconsed  Unlicensed
PCBs/substrates for efficient design of 5G communications equipment e 56 - |
A The existing transmission loss or Df/Dk measurement methodology lacks 1
consistency, especially for higher frequency measurements (such as 30 - 0.1 X
100GHz) £ 001 % %ﬁ
A Many different test methods currently in the industry, require different é‘* oo | O SCR ay ef
fixtures and test methods/sample preparation/data analysis/extraction % . < & BCDR g £
A Industry needs standardized measurement methods and reference £
materials 000008 0 20 Ffe%uencye(c()st) 80 100 120
Objective:
A Develop consistent  Df/Dk measurement methodologies for characterizing
ultralow loss laminate materials in the range of 30 I 100GHz
A Provide guidelines and best practices to the industry
Strategy/Approach:
A Benchmark existing measurement methodologies and reference materials 0O) .
A Develop guideline of standardized method of Dk, Df measurement based \
on round robin testing
A-Propose fistandardo test coupons for industry wide application (
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Industry Collaboration Brought Together biNEMI

Approach for Solving Problem:

A Bring together Cross  -functional team spanning industry Value Chain

A iINEMI Project team members cover wide range of industry, academia and equipment suppliers
Deliverable:

A Develop a guideline/best practice for a standardized measurement and test methodology  that can be
shared with industry and relevant standards organizations

Project Team

A 3M A Georgia Tech A Mosaic Microsystems

A AGC-Nelco A Showa Denko Materials A NIST

A Ajinomoto USA A IBIDEN Co Ltd A Nokia

A AT&S A IBM A Panasonic

A Centro Ricerche FIAT-FCA A Intel A QWED

A Dell A 1sola A Shengyi Technology Company
A Dupont A ITRI (Co -Chair) A Sheldahl

A EMD Electronics (Co -Chair) A Keysight (Co -Chair) A Unimicron Technology Corp
A Flex A MacDermid -Alpha A Zestron
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INEMI5G Project Teang Spanning across Supply Chain
3M Isola
Ajinomoto McDermid Alpha
Intelectual Property Raw Material AGC-Nelco Mosaic Micros
ystems
(IP) Companies Supplies Dupont Panasonic
: EMD Sheldahl
Provide IP cores | Raw wafer, Lead frames Showa Denko

used to build chemicals packaging
advances ICs L _1 material
. J

Zestron

RESEARCH & DESIGN MANUFACTURING

ASSEMBLING, DISTRIBUTION

DEVELOPMENT TESTING & OEM
Provide services /] Kevsi Pravide PACKAGING
i ; ysight Dell

ﬁlaleé’)_ltgla Tech using specialized | QWED equiprment R AT&S Intel
design tools .. and tools - -

ITRI = B Ibiden IBM

CFT g Unimicron Nokia

Electronic Design Equipment E:;ec?ﬁlgl *- SIAT Beyond Borders
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A Gather industry experts to understand needs and address these problems

A Development of traceable material references by standards organizations
A Linkage between end -to-end supply chain: materials suppliers, equipment manufacturers and
end users
Task 1 Task 2 Task 3 Task 4
AL ;B\emhmark - Round Robin Tests Extension to advanced
A Current techniques \ Emer_gbl_:jtg tect:)hnlqudes A Create reference samples bstrate material
A Typical material samples 1(())(S)CSSIHIHGS €yon A Test metrology differences e _ e
A Potential reference z A Study lab to lab variations - Commercial material
materials testing

A Common practices & issues

Report complete \/ Report complete \/” Report complete J Report complete J

Reports can be downloaded from project site, using INEMI login
https://www.inemi.org/5g -mat -assessment

< IEEE

M® MTT-S 8
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Task 1 Report Oct 2021

Benchmarking Available Measurement Methods
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Task 1. Benchmark Current Measurement Techniques

A Each new materiql for mmWave 5G Map of available techniques
applications requires careful vs Frequency
consideration to determine the best Licensed  Unlicensed
measureme_nt methodology,_ fixture, Fmewave 5G - e
sample fabrication and test instrument. 1
A There are dozens of different 0.1
methodologies that could be used, but = o1 £ v
which to choose is often not obvious. 5 g ScR Fabry 38
: - © 0.001 Perot o
- Py £
A iINEMI Report focuses on the following 7 & BCDR 3 E
resonator based measurement — 0.0001 g
techniques: split - post dielectric 0.00001 v
resonator (SPDR), split cylinder 0 20 40 60 80 100 120

- - F GH
resonator (SCR), balanced circular disk requency (GHz)

resonator (BCDR), and Fabry -Perot
open resonator (FPOR).

( : > THEORY &
A ICIETY
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Resonatotbased measurement

Split -post
dielectric
resonator
(SPDR)

Discrete frequency
points from 1 GHz up to
15 GHz

M rT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY

Split cylinder
resonator (SCR)

Discrete frequency
points from 10 GHz up
to 80 GHz

Balanced -type
circular disk
resonator
(BCDR)

Multiple discrete
frequencies from 10
GHz up to 120 GHz

iNEML

SAN DIEGO

Fabry - Perot open
resonator (FPOR,
also called open -
cavity)

Discrete frequencies
between 20 GHz up to
110 GHz
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Resondtased measurement

SPDR SCR

A High measurement precision A High measurement precision

A Easyto use A Can be sensitive to user errors

A Insensitive to many user errors A Typically interpolated to 5@ mWaves

A In-plane component of permittivity (typically) A In-plane component of permittivity (typically)
A Typically extrapolated to 5@mWaves A Typical sample thicknesses around 100 um
A Typical sample thicknesses less than 1 mm A Support temperature sweep measurement
A IEC 61182-721:2015 A IPGTM-650 2.5.5.13

A https://www.qwed.com.pl/resonators_spdr.html A https://www.keysight.com/us/en/assets/7018
A https://www.keysight.com/us/en/assets/701-8 06384/brochures/59928438. pdf

01416/applicationnotes/59895384.pdf
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Resondtased measurement

BCDR FPOR

A High measurement precision A High measurement precision

A Requires full 2ort calibration (mechanical to 110 GHz or A  Can be sensitive to user errors
electrical to 67 GHz) A Uncertainty increases with increasing frequency

A Outof-plane component of permittivity (typically) A In-plane component of permittivity (typically)

A Typical sample thicknesses less than 1 mm A JIS R166Q

A IEC 63185 A https://www.gwed.com.pl/resonators.html#ResonatorFPOR

A https://www.keysight.com/ us/en/assets/?l_zo _ A https://www.keysight.com/main/editorial.jspx?cc=US&lc=en
1214/flyers/IN1501AE1X67-BalancedlypeCircularDisk g&ckey=2276755&nid=null&id=2276755

ResonatoiBCDR.pdf
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Task 2 Report Nov 2021

Benchmarking EMERGING Measurement Methods
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Wafdrevalleasuremamiame Domain Technigues

Microstrip ring resonator (MRR) and coplanar Time domain spectroscopy

waveguide (CPW) methods
Advantest Key Terahertz Technolo 1

s < Mechanical stage
Mechanical Delay Sampling optical defay

Single Laser
« Sensitive optical alignment

*Temperature \

*Mechanical vibration

Copper

Slow Sampling Speed s Sampl
Poor Stability ﬂ’ e 2
Copper \:_ _—L ﬂl L D L :;JJ .__ﬂ-k—
W tseser |l TH: puiwe THz pulse ‘I-" TR fulane
(a) Generation of THz Detection of THz
ADVANTEST I Reference oscillator I
Dual Laser Sampling
» Two Laser (Phase Locked)
2000 +  High Sampling Speed (x1000) " ~ | Electronic control |
High Stability
-40.00 gy { et Moo Sample sinal o
g ‘ @,

] THz wave ’ l | P 4 _L
L L LA ' 1-. A w s i
6000 -: ) 1R oner | E IHzpuise T puce | N Py tawer
; Readout N ]
-
Generation of THz Detection of THz

pulse

Phase control. Slightly different repetition rate

-sow YIvvlvvvv]vrvv]vl""vvv"'lvlv'vv
2000 2500 3000 3500 4000 4500 5000  55¢

Freq[GHz)
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oIMS Task 2 Key Takeaway et

AMultiple different resonatofbased measurement techniques exist

ATechniques are based on complex physics and require careful sample
LINB LI N 0A2Y FTYR GOSyadAaAzy G2 aaadl
not limited to:

A Standard reference material
A Sample Thickness measurement
A Effect of room temperature and humidity

ARecommendation:

A lnterlaboratory comparison of resonattrased measurement techniques (Round Robit
study)g Task 3
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Task 3

Global Interlaboratory Comparison
Round Robin Study 1 and 2

JMTT-S
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A TECHNOLOGY SOCIETY



IMS Round Robin Overview Task 3

Connecting Minds. Exchanging Ideas.

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

A Good mechanical & handling properties

Lab 2
Techniques

Selection for RR1 and 2
A Precision Teflon E
A Cyclo Olefin Polymer

Lab 3
Future additions Techniques
A Rexolite

A Fused Silica

€ IEEE ER3Y:5°
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Survey of commercial resonators and frequency space resulted in choice of two sample sizes to cover
frequency range 10GHz to 100GHz)

Sample Sample Size Reference

Teflon 50um 35 mm x 45 mm DuPont E Tefl onE FEP,
Teflon 125um 35 mm x 45 mm DuPontE Tefl onE FEP,
Teflon 50um 90 mm x 90 mm DuPont E Tefl onE FEP,
Eg?;n 90 mm x 90 mm DuPontE Tefl onE FKEP,
COP 188um 90 mm x 90 mm fggnex Cycloolefin Polymer ZF14-

COP 188um 35 mm x 45 mm fggnex Cycloolefin Polymer ZF14-

JMTT-S
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Brush for Thickness

10 Kits Created removing dust measurement

templates

A Sample sizes 35 mm x 45 mm, 90 mm X 90 M., «ce

containing Intel

A 9 International labs participating measured sample

thicknesses

Techniques included

200 um

A Split Post Dielectric Resonator rcesble g 35 mm x45 mm
A Split Cavity Resonator i
A FabryPerot

A Balanced Circular Disk Resonator

Frequency Span : 10GE200GHz

Goals

High level, how much agreement is there in results
Thicknesg how closely do labs assess thickness

Understand sample quality, handling and sizing / compatibility
Understand practicality of techniques

Look for obvious biases between equipment types

Look for frequency dependency at higher frequencies

Do we need traceable standards?

M rT-S 2
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY

No M~ WNE
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Round Robin Test Labs

il | 3M: USA Keysight: USA
ot o Dupont:USA Nokia: Finland
R Intel: USA NIST: USA
il KWGWI,‘“Q - | ITEQ: Taiwan ShowaDenko: Japan
3 999,4,, i ST 3 m 9 ITRI: Taiwan ShengyElectric: China
i Mgt W QWED: Poland

=X Colombia
= o v o o e o e o e o e o o o o vt 0 40 S 00, PR RR

Brazil

SPDR FPOR

(Split Cavity Resonator) (Split Post Dielectric (Balanced Circular (Fabry-Perot Open
Resonator) Disk Resonator) Resonator)

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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Dielectric Constant

COP Results

540 Each color
' 2
238 ' v’ ; 7 re_:presents a
2.36- L ':’{; ; i: . . v _ different lab
: » % @
2.341 ? h‘; x'i"‘#b‘t' FETEN ] 4 7 & . = 1o %
i 232 R il ‘;‘ : . £
2.30+ ; X % + £
X o
228] + > Each symbol represent
2.26 a different
2.24- R measurement type
20 40 60 80 100
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‘e,
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$ rE z
4 * - 3 ]
2 0.0006 1 :gi \ >0 =
e ; S
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Intel SPDR(i)
Intel SCR(i)
Keysight SCR(L)
Keysight SCR(i)
Keysight SCR85072(i)
Keysight SCR85072(L)

QWED SPDR(i)

QWED SPDR(L)

QWED FabryPerot(i)

QWED FabryPerot(L)

ITRI SCR(L)

ITRI SCR(i)

ITRI SPDR(L)

ITRI SPDR(i)

ITRI SCR85072(L)

ITRI FabryPerot(i)

ITRI FabryPerot(L)

ITEQ SCR(L)

ITEQ SPDR(L)

Nokia BCDR(i)

Nokia BCDR(L)

Shengyi Electric SPDR(i)
Shengyi Electric SPDR(L)
Shengyi Electric FabryPerot(i)
Shengyi Electric FabryPerot(L)
Showa Denko SPDR(i)

Showa Denko SPDR(L)
Showa Denko BCDR(i)
Showa Denko BCDR(L)

NIST SCR(i)

3M SPDR(L)

3M SPDR(i)
Dupont SCR(L)
Dupont SCR(i)
Dupont SPDR(L)
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Dielectric Constant
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A Better than many expected
A Lots of potenti al | ab variations yet res ' |

HVM Exampl
A Evenwithinalab °2% can be challenging for complicated metrologies Hmpe
.. C . . ~30 DPM
A But i for many applications this is not good enough e g
A °2% error could cause  design cycle i customer & supplier could differ by 4% Fail Fail
A Offset mean values can impact HVM distribution tails & DPMs
A Intel example i this would cause noticeable miscorrelation with design
A Real, imperfect samples worse .
2% shift of mean
~220 DPM
A Reproducibility does not ensure accuracy Fail | /pae KPR 22,000 Fails
A Certified standard references still needed
100M Units

A Accuracy is very important; we have no way to assess it today

A Year of effort to do this study. If SRM was available, labs would have been able to
validate measurement tools independently

$IEEE LE&3Y%° 24
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how did we do?

1. Highlevel 7 how much agreement is there in results ?
Best case samples 1 don't expect better than °2%, real samples worse

2. Thickness 1 how closely do labs assess thickness ?
Labs using similar micrometers and averaging yields ~0.2 -0.5% differences in numerical results

3. Understand sample quality, handling and sizing / compatibility
Sample quality, TTV & flatness is a key limiter, equipment compatibility is challenging

4. Understand practicality of techniques
Limited experience / skills & speed I SCR & SPDR, benefits of FPOR, BCDR require more experience

5. Look for obvious biases between equipment types
No obvious biases with given sample sizes, except in industrial materials where anisotropy is visible

6. Look for frequency dependency at higher frequencies
COP & Teflon appear to be very constant at mmWave frequencies, however, without traceability the
confidence in this statement is not clear and we have to rely heavily on BCDR and FPOR results for this claim

7. Do we need traceable standards?
Yes 1 Further progress in this space is difficult without a high confidence, known reference

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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AKit alignment is complicated
A Sample size compatibility vs method vs lab tools
AWant good mix of samplemethodc lab to get good overlap

Round 1: Round 2:

Kit 2 NIST 6 samples measured, 1 methods, max 40GHz Kit 2 ->Keysight

Kit 3 Keysight 12 samples measured, 2 methods, max 80 GHz Kit 3 ->NIST

Kit 4 QWED 12 samples measured, 2 methods (*FP), max 110 Kit 4 ->Showa Denko

Kit 5 ITRI 6 samples measured, 2 methods, max 60GHz Kit 5 ->Nokia

Kit 6 ITEQ 12 samples measured, 2 methods, max 40GHz Kit 6 -> Shengyi Electric
Kit 7 Nokia 2 samples measured, 1 methods (*BCDR), max 46GHz (90x90) Kit 7 ->ITRI

Kit 8 Shengyi Electric 12 samples measured, 1 methods, max 15GHz Kit 8 ->ITEQ

Kit 9 Showa Denko 6 samples measured, 2 methods (*BCDR), max 110GHz (45x35) Kit 9 ->QWED

Selection seems to give a reasonable compromise between all the constraints

&IEEE GRYrs
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A Qualitative ideas we ultimately want to check:
A Average thickness assessment matters but may not be totally dominant in variation
A Lab to lab differences for a specific sample seem less than assuming all samples are the same
A Do we see frequency dependence in these materials above 10GHz
Ad. t AYRE | aasSaaysSyia 2F YIFGOGSNRI €
A ° 2% fore,
A °0.0002 to° 0.0004 forTanD(for these very low loss samplesnay not translate to typical materials)

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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Current Full Data Set (Both Rounds)

All COP Measurements
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¢F-al nY &/ 2YYSNOALFET YFOGSNRAFE GSadAay3Ié
Materials are real, practical substrate materials submitted by industry representatives in
the INEMIgroup. Also included are Reference samples: Fused Silidaexadite

Task 4 Goal:
Seeks to validate the findings of Task 3 by showing that these same measurements are

effective on real materials from multiple sectors of industry.

JMTT-S
IEEE MICROWAVE THEORY &
A TECHNOLOGY SOCIETY



mgIMgS The electronics sample kit looks like B

Electronics sample kit: 34 samples from 7 sources

90 mm x 90mm

A Thicknesses: 60 um i 300 um

Samples (Pairs) —
A Dielectric constants: 2.2 - 5
Ic and anisotropi
ced A Isotropic and anisotropic
D samples
samples
35 mm X 45 mm o _
samples The other kit included some more challenging samples...

I -
THEORY &
CI

ETY
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Automotive sample kit: 17 samples

A Thicknesses: up to 4 mm

A Composites (thin film on substrate)

A Limited measurement options

Bumper
materials

—_—

JMTT-S
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gIMgS Limited Number of Test Labs for e

Efficiency and Schedule

AKeysight . .
Alntel SO N ‘s
ANIST Vg '

AQWED
ANokia

JMTT-S : 2
m IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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Connecting Minds. Exchanging Ideas. TaS k 4 Key t a ke aWa.y S SAN DIEGO

A Two sample sizes sufficient to cover all considered test
methods (35 mm x 45 mm and 90 mm x 90 mm)

A Accuratethickness evaluatiorand low thickness variation are
of high importance

A Results variation of 296%

A Standard reference materials are of high interest




&

anIMS Disclaimers to the Task 4 results Ve

Connecting Minds. Exchanging Ideas. SAN DIEGO

1. Limited sample size
A 5 labs total, 3 labs max on one physical sample
A Compared samples cut from the same material
A Significant overlap in instrumentation

2. We are all measuring the same kit
A Sample -to-sample variation is not as well captured

3. We are all using the same thickness measurements*
A Most direct possible comparison of microwave measurements
A Removes variation coming from different thickness measurement
capabilities between labs

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
©



mgIMgs The electronics samples expanded el
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Real part of permittivity Loss tangent

I Task 3

range

In just the electronics samples, we cover broad range of frequencies and materials

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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o imMSs Summaryc Task 4 =

Connecting Minds. Exchanging Ideas.

A We are able to measure real materials as well as PTFE & COP
A Results variation across labs is on averag@% for real materials

A Thickness measurement challenges
xM dzY SNNEBNJ 2y wmnn dz¥Y alyLi}XsS fSIFRa (2

A No unexpected challenges (handling/set up, shelf life) with thickness (60
um ¢ 300 um) or permittivity (£ 4)

A Only 2 sample geometries needed

A More challenging materials can be measured with specific measurement
setups

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
©



anIMS L Y=
Comesing inc. xctangng s Limitation ¢ Lack of Standards s

3l

A No NIST traceable standards exist

A Previously available standard discontinued Currently Available for Purchase!

Why not redevelop previous SRM?

SRM 2387 SRM 3290
NIST Peanut Butter Dry Cat Food

Standard Reference Materials NlSI'

SRM Online Request System National Institute of Standards and Technology

*** Updated SRM Shipping Information 4/3/2020 *** Login | My Account | View Cart | Checkout

SRM 2870 ' _ =
Permittivity & Loss Tangent -

SRM/RM Number:

Material Details
SRM 3290 - Dry Cat Food

Not Logged In

Material Details [&- Certiicate [} - MSDS |- Table Items in Cart: 0
SRM 2870 - Relative Permittivity and Loss Tangent 1422 Cross-Linked Polystyrene Keywords:

- Certificate  [[]- MsDs [l - Table

Note: This material is not available for purchase.

. Certificate
. [ﬂ Material Safety Data Shest (MSDS)
. Related Materials: 208.2 - Electrical Properties of Dielectrics

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
©



[ )\ = Previous Generation NIST SRM
Connecting Minds. Exchanging Ideas. S R M2 8 7 O

A Too thick for low loss mmWave methods shown below

A Required difficult to source machining to thin sample, ruining traceability
A X-Y dimensions of thinned sample still incompatible with most tools

A Certified only at 10 GHz i too low for mmWave /5&6 G

Today, all permittivity tool vendors are operating without traceable

standards for validating tool sets

SRM 2870
Permittivity & Loss Tangent

$IEEE LE&3Y%°



o IMS %5

Connecting Minds. Exchanging Ideas. SAN DIEGO

Where do we go from here?

A NewiNEMIprojectca p D wWSFSNBYOS al GSNAIf 5
A Project kickoff Jun 16, 2022
A Contact Urmi Ray for further infoymi.ray@inemi.org

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
©
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aniIMmMSs

Connecting Minds. Exchanging Ideas. SAN DIE

Thank you for the attention

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
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Connecting Minds. Exchanging Ideas. SAN DIEGO

Review of the efforts on developing traceable
permittivity standard reference material

Nate Orloff (NIST)

o . o HOWA 7.
INEMI intel ﬂ"‘ﬂ 3M Panasonic DENKO NO<IA

JMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY
©




NIST

National Institute of
Standards and Technology

U.S. Department of Commerce

Complex permittivity
standard reference nmmaterials

Nate Orloff

Lucas Enright, Nick Jungwirth, Bryan Bosworth, Chris Long, Jim
Booth

NIST Semiconductor Series
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laboratory techniques impossible in an industry
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The problem I s thereds no stan

Standard Reference Materials NISI'

SRM Online Request System National Institute of Standards and Technology

Search Results Seuti L i
SRM/RM Number 1 || GO ’
= Keywords: | dielectric | Go |
- Tzbe P
Sear |
No longer available from NIST SRM's Not A
Note: These SRMs are no longer sold by NIST. They have either been replaced (superseded) by a new batch of e
material or discontinued from sale. You can find certificates and other documentation relevant to these products
either on their details page or in the Archived Certificates section of the web site
SRM Description Status
774 Lead-Silica Glass for Dielectric Constant and ac Loss Discontinued
Characteristics V’ Norton

2870 Relative Permittivity and Loss Tangent 1422 Cross-Linked  Discontinued
Polystyrene ABOUT SSL CERTIFICATES




The problem 1 s thereds no stan

Material Measurement Laboratory
Standard Reference Materials NISI'

SRM Online Request System National Institute of Standards and Technology

Search Results

GO

Keywords: | dielectric GO

No longer available from NIST

Note: These SRMs are no longer sold by NIST. They have either been replaced (superseded) by a new batch of
material or discontinued from sale. You can find certificates and other documentation relevant to these products

either on their details page or in the Archived Certificates section of the web site.
SRM Description Status
774 -Sili for Dielectri n Discontinued
Characteristics
2870 i ittivity and Loss Tang Discontinued
Polystyrene

KThese SRMs and no [ ongei



Why are semiconductor standards so important?

Metrology capability analysis (MCA)

George Joe
Paul

Probability

Value
Wit hout a standard industryJds me:



Why are semiconductor standards so important?

Metrology capability analysis (MCA) Acceptance testing (materials, tools)
George
Paul ) Joe 4+ Manufacturer Vendor
[ pBITT T&C] p BT T8C

P P
S S
© o
o Q
S S
O 0

| - 1

Value Value

Wit hout a standard industryJs me:;



What can happen
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10% Is not crazy

3.9
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| NIS Traceapllity gap IS an opportunity
for NIST

Today 2027?

Pal

DonJt worry we are going to break



How can we fill the traceability gap?

Abbreviated for time

A
r N
O o N . N\ N\ E
Toda
4 Use theory
Chose Measure
: Chose to map to :
A materia o Scattering
method permittivi
Traceabil | parameters
v ty
ousnars
N AN AN )

Pal

DondJt worry we are gol

©

Measure
dimensions

ng t

o

2027

A
A

Company test and

All products
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Ve chose SCUR. IT has the shortest traceabllity
path.
P | Output \:’\ - Sample

Chose
method

-

A
. . 5plit .
The dimensions of the cavft)y and sample are the critical

features



vVve chose SCLR. It has the shortest traceanlility
path.

Y

no sample

Chose
method

The dimensions of the cavity and sample are the critical
features
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Want *this is not exactly the theory we want
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Vwve use a hetwork analyzer 1o measure tne
data

JEEl Ee CEC
Ll
w o il

Cable

N
W
AW

Input

Split Cylinder Resonator (SCR)

Output o
We plan on using the SCR to start because it is the

simplest



Here IS whnat the cavity I00KS lIKke witn
sample
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| Ne sample moves the peak 10 the et and
down
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| Ne sample moves the peak 10 the et and
down
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IS best

Measure
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vve think® the pbest way IS red - 11Ighnt
Interferometer

6 150,00
100
g 143,90
i \.\\
\';\:,\‘ { o
.Meas.ure o Froa, 149.80
dimensions e z /
2000 : g %0y
il 149,70
250 %0 %‘b |
i "0,
b A 143,60
We canlJdt assume the 1 ndex and mu

sides



vve thinkK”® that a CIVIIVI IS pest 10r the
cavities

©

Measure
dimensions

We need the dimensions of the cavity to about 1 um at a
few points



vve thinkK”® that a CIVIIVI IS pest 10r the
cavities

©

Measure
dimensions

We need the dimensions of the cavity to about 1 um at a

few points



vve tThinkK™ that a CIVIIVI IS Dest 10r the
cavities
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Measure
dimensions

We need the dimensions of the cavity to about 1 um at a

few points



Here are the aimensions 10r our Zo GHRz

cavity
Offset region
L ST
K 0. 71100. 00Mm
S 6. 89650. 00mMm
" Sample region .._/ L 4. 698%270. 00mMm
R /7. 607838. 00 On2n

We are getting about the 27.771 GHz for the empty cavity
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What specifications do we have to hit?
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What specifications do we have to hit?

., 0.05
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Here Is the first prototype SRM 42

acd
Lucas Enright

#2 of 7 actual prototypes

i 1

Photographs of the prototype SRM

7 — “ K300 G I-DK
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vvnat otner traceapllity chalns can use
this?

Before

S- parameters, RF power, Antennas, Liquids, and more?



Unly Nlbl can 1l the dielectric

Standard Reference Materials NISI'

SRM Online Request System National Institute of Standards and Technology

Search Results Select Language v

SRM/RM Number 1 || GO ’

S Keywords: | dielectric | Go |

K- Table

Currently available from NIST

SRM 42 Ultra high purity fused silica for dielectric constant and loss
tangent from 1 GHz to 1 THz




Summari zing this talk]

Objective:

State - of -

Key idea:

Impact:

Risks:

Metrics:

Develop a standard for dielectric constant and loss

New split cylinder cavities for dielectric

New high purity fused silica with ultra low TTV

Enables metrology capability analysis and acceptance
Dimensional uncertainties are too high; samples are

Dielectric constant and loss tangent to better than

79



Thanks

And thanks to INEMI
Urmi, Mike (s), Say, Malgorzata, Marzena,
Chiawen, Lucas, Bryan, and the whole team!






Do dielectric materials matter to you?

Lucas Enright

You can participate in the new INEMI project making a 5G
SRM



