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4 1. The Need & Benefits of Standardization

The generic value adding chain for graphene-based

products:
Device Device System
Process Test Assembly

How to ensure CONSISTENT QUALITY ?

Graphene
Materials

Equipment
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4 1. The Need & Benefits of Standardization

The Performance and reliability is “MADE”, not tested, via
0 Key Control Characteristics KCCs
o Details Specification (DS) & Blank Detail Specification (BDS)

Defects,
Impurities,
others Process DeV|ce Performance
: param eters param eters
Material
DSég(l;S < REVEE Device Tes System
Process Assembly

KCCs
Equipment KCCs
DS & KCCs

Machine Detall (technical)

Detail Specification and
performance parameters KCCs
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4 1. The Need & Benefits of Standardization

Detailed background information in 2 books, and in the
Standard ISO 9001:2015 for Quality Management Systems

Juergen Wittmann, ed

Juergen Wittmann
verge & Werner Bergholz, ed

& Wemer Bergholz

and

Quality Management in Technology
2018

Introduction to Quality Management
in the Semiconductor Industry

Volume I: General

With a chapter on nanomaterials
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4 1. The Need & Benefits of Standardization

Case Study:
Transition 200mm - 300mm wafers Microelectronics

o Previous transitions (e.g. 150mm - 200mm): Disastrous!

o 200mm - 300mm:

= Anticipiative standardization in 1300l consortium
= about 50 SEMI standards created BEFORE the transition was
implemented

o Result:

=  Smooth transition

» First production lot on 300mm had in 200mm a higher yield than
the mature 200mm production

= Cost savings estimated to be > 10 billion $




1. The Need & Benefits of Standardization

Survey by B. Weiss from SEMI showed: Cycle time reduced

SEMI Standards Impact on Cycle Times in the Listed Categories
(Percentage shown is consensus within company size on the effect)

Operations

L 202

Qualification

Installation

Sales

([T 25%;

B
%

Development -40%

-50% -30% -10% 10% 30% 50% 70%

<-- Increase of Time | Decrease of Time -->
| L ess Than $1M S E1M - 500 M 350M - 100M @ 5%100M - 1B H31E +

W. Bergholz, B. Weiss and C. Lee, “Benefits of Standardization in the Microelectronics Industry and its implications
for Nanotechnology and other Innovative Industries”, in “International Standardization as a Strategic Tool”,
Commended Papers from the IEC Centenary Challenge 2006 Publication, p35 - 50
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2. The IEC Standardization Process
amd Blank Detail Specification (BDS)

156

Concept of the “Blank Detail Specification” (BDS) and Key
Control Characteristics (KCCs) developed in IEC TC 113 is
core to the QUALITY MANAGEMENT BASED STRATEGY

o Standardized format for the specification for the KCCs of the material
| equipment/ ...

o BDS: No numbers for KCCs, DS with number, Sectional Detail
Specification with some number

0 Recommendation for standardized characterization methods to
determine the KCCs



2. The IEC Standardization Process

Blank Detail Specification (BDS) — excerpt for Graphene

Table 4 — Format for electrical key control characteristics

KCC crr e Measurement
No KCC Specification method F P D

IEC/TS 62607-06-04
IEC/TS 62607-06-08

41 Sheetresistance Nominal [ ] £ Tolerance[ ] (O/sg v v'2
IEC/TS 62607-06-09
IEC/TS 62607-06-10

42 Sheet conductance Nominal [ ] £+ Tolerance[ ] S/sg IEC/TS 62607-06-04 v v'2

4.3 Conductivity Nominal [ ] £ Tolerance[ ] S/m| I[EC/TS 62607-06-01 v'1

44 Field effectcarrier mobility | Nominal [ ] £ Tolerance[ ] cm2/Vs v

4 5 Hall carrier mobility Nominal [ ] + Tolerance[ ] cm?/Vs v

46 Work function Nominal [ ] + Tolerance | ] meV v

Note

1) Measured on pellets
Z2) Measured on films solidified according to suppliers specification




IEC 2. The IEC Standardization Process
4 BDS standards and KCC measurement standards

>> PT 62565-3-1

SBDS 1 SBDS 2
>> 625651
.......... = L
62565-3-X
>> Nanostandards-
WiKki L

KCC 01 KCC 02 KCC 03 KCC 04 KCC 05 KCC 06

TECHNICAL TECHNICAL TECHNICAL TECHNICAL TECHNICAL

IIIIIIIII

62607-6-X



BDS-Process/62565-03-01 Working_draft_Shenzhen.docx
Ott-62565-03-01_N090_Working_draft/62565-03-01 Working_draft_Ottawa.docx
http://www.nanostandards-wiki.com/nano/index.php?title=PT_62565-03-01#Meetings_and_results
http://www.nanostandards-wiki.com/nano/index.php?title=Nanotechnologies

12@® 2. The IEC Standardization Process
== Moving towards industry oriented standardization

I
|
-

Process

Alidation ¢ 'ndustry

Application

Material
validation

Science Academia

2013 2018 2020 2023

Standardization supports cooperation between the EU-Flagship and other EU projects like “Polygraph (FP7)”, “Gladiator
(FP7)”, “"GRACE” (Euramet EMPIR) as well as national funded projects.


https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjRvqjqkOXSAhWM8RQKHUV9Dv0QjRwIBw&url=https://www.euramet.org/&psig=AFQjCNGV__F5RevpwUqOHBdUM6EkRw1v3w&ust=1490100952010658
https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjRvqjqkOXSAhWM8RQKHUV9Dv0QjRwIBw&url=https://www.euramet.org/&psig=AFQjCNGV__F5RevpwUqOHBdUM6EkRw1v3w&ust=1490100952010658

I=Ze] 2 The IEC Standardization Process
Example: sheet resistance, THz-TDS (IEC/TS 62607-6-10)

Measurement configurations:

THz-TDS

* Transmission: DTU (DK) THz-TDS

Detector

Detector

Beam

+ Reflection: das-Nano (ES) o,
Splitter

Ce

THz-TDS THz-TDS
Source Source
Transmnssnon (b) Reﬂecnon (mS) (C)
005 15225335005 15 2 25 3 35
_::I _::l 3|Device 1 .“IDevice2, .~
| %
g 1 =7
E 3| Device 3 Device 4
: £
v 2 - 8‘/ .
‘e
1 o
0 f‘ 4‘
I 2 mm 0 1 2 3 1 2 3
JReﬂection (mS)

31 Ju é/ 2018

Quality ass SSp

ssment of terahertz time-domain spectroscopy\fvr\'\étwsq Afssion aﬁah}%ﬁléction modes for graphene conductivity mapping 13 13

DAVID M. A. MACKENZIEY", PATRICK R. WHELAN?!, PETER B@GGILD!, PETER UHD JEPSEN?, ALBERT REDO-SANCHEZ3, DAVID ETAY0O3, NORBERT FABRICIUS?, DIRCH HJORTH PETERSEN?



2. The IEC Standardization Process
3 Current status of selected IEC graphene standardization projects

62565- | 62607- | 62607- | 62607- | 62607- | 62607- | 62607- | 62876-
03-05 | 06-06 | 06-08 | 06-09 | 06-10 | 06-11 | 06-12 | 03-01
BDS: KCC: KCC: KCC: KCC: KCC:
Stage

KCC:

strain S

Graphene . . sheet sheet sheet defect number of  Reliability
uniformity

resistance resistance resistance density layers
parameter

powder

Raman,
THz-TDS Raman optical T, AT, RH
reflection

4 point Eddy

Raman
probe current

wi | I N I I O I
NP I BB B
co HE B =
DTS
TS

14



2. The IEC Standardization Process
w== Standardization landscape ,Graphene and other 2D-Materials

Terminology

. ISO/IEC/IWG 1
Consortia with Graphene
relation to IEC/TC 113
IEC/WG 8 ISO/IEC/IWG 2
EU Euramet Measurement,
GRACE Providing Characterization
Consortium Standards
Graphene Flagship IEC/WG 8 work program:
Standardization
Committee * Product performance standards
vaicaton defined by specifications (BDS)
ervice . g
China International which list relevant KCCs
Graphene Industry _
Union  Validated measurement standards

for KCCs
China Innovation o _
Alliance of the « Standards for reliability testing

Graphene Industry

International Graphene . .
Products Certification Note: Environmental, health and safety

Center standards via liaison with ISO



2. The IEC Standardization Process
Standardization landscape ,Graphene and other 2D-Materials"®

If you want to know more details about:
0 Standardization

o Certification of Graphene Products and the manufacturing
process

Standardization and certification seminar

0 Co-organized by IGCC (International Graphene Products
Certificate Center), Phantoms Foundation and ISC (International
Standards Consulting GmbH & Co KG)

o Date: Thursday June 28, 2018 — 15:00 to 19:00
0 Location: Conference room 2 (Conference level



IEC

2. The IEC Standardization Process — Truly international
Project Team Leadership by country (03/2018)

US 13% CA 3%

CN 34%

KR 21%

EU; 29%
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Id® 2. The IEC Standardization Process - Meetings

Update on ISO meeting(s), IEC/TC 113 & ISO/TC 229 work

e Meeting schedule:

« Last: Ottawa, May 2018, joint with ISO/TC 229
* Next: Busan, October 2018, co-located with IEC General Meeting

« Next Meeting with ISO: Sidney, Australia, around May, exact date tbd
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http://www.nanostandards-wiki.com/nano/index.php?title=IEC/TC_113_Meetings
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