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China National Institute of Standardization

Affiliated with the General Administration of Quality Supervision and Inspection and Quarantine
of the People's Republic of China (AQSIQ), China National Institute of Standardization (CNIS) is a
non-profit national research body engaging in standardization research. The main responsibilities of
CNIS are to conduct all-round, strategic, and comprehensive research of standardization during the
development process of economy and society, to research and develop comprehensive fundamental
standards, as well as to provide authoritative standards information services. CNIS is poised to provide
all-round support in standardization for China's economic development and social progress, to support
technical progress, industrial upgrading, and product's quality improvement, and to provide scientific
evidence for government policy-making on standardization.

Since its founding in 1963, CNIS has undertaken many national key scientific and research
projects. Among them, three important projects of the 10th Five-Year Plan (2000-2005) Key Science
and Technology Special Program, namely, Research on Development Strategies for Chinese Technical
Standards, Research on Development of China's National Technical Standards System, and Basic
Research on and Technological Measures for the Safety Standards of Main Foods, have played
important supportive roles for promotion of national standardization. One of our projects,
Development of a National Terminology and Graphic Symbol System, has been awarded the
State-level Second Prize for Advancement of Science and Technology, the highest prize so far in the
field of scientific research on standardization. In addition, many of our projects have been awarded
state-level and ministry-level prizes for advancement of science and technology and prizes for key
scientific research achievements of the 8th (1990-1995), and 9th (1995-2000) Five-Year Plan periods.
Our research has brought about significant influence home and abroad, and has made outstanding
contributions to development of China's economic development and the progress of science and

technology.
Address: No.4 Zhichun Road, Haidian District, Beijing

Post code: 100088

http://www.cnis.gov.cn
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China Academy of Space Technology (CAST)

China Academy of Space Technology (CAST), subordinated to China Aerospace Science and
Technology Corporation (CASC), was established on February 20, 1968. Through 44-year
development, it has become the main development base for space technology and products in China
and the most powerful backbone strength for China’s space endeavor. It is mainly engaged in such
fields as development and manufacturing of spacecraft, external exchange and cooperation in space
technology, satellite applications, etc. CAST also participates in formulating the state space technology
development plans, studies the technological approaches to exploration, exploitation and utilization of
outer space, and develops a variety of spacecraft and ground application equipments.

CAST successfully developed and launched china’s first artificial earth satellite. To date, the
academy has successfully developed and launched 129 satellites of various kinds and nine Shenzhou
spaceships, including scientific and technological test satellites, communications and broadcasting
satellites, meteorological satellites, returnable remote sensing satellites and ocean satellites.

CAST has built in Beijing Space City a new spacecraft development and production base which
combines system design, assembly, integration, checkout and test in one place. CAST has more than
20,000 staff members, including 8 members of Chinese Academy of Sciences and Chinese Academy
of Engineering, 12 national level experts making outstanding contributions, and over 1700 senior
specialists. CAST has been making wide contacts with the astronautical companies and space research
institutes throughout over a dozen countries and regions.

CAST has engaged in electrostatic field of development of spacecraft and ground application
equipments for years, and published series of standards for electrostatic discharge protection
management system. It has established certification committee and Electrostatic Discharge
Certification of the system, and organized the electrostatic certification of units subordinated to CAST

and other co-operation units.
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U.S. Trade and Development Agency

The U.S. Trade and Development Agency (USTDA) helps companies create U.S. jobs through the
export of U.S. goods and services for priority development projects in emerging economies. USTDA
links U.S. businesses to export opportunities by funding project planning activities, pilot projects, and
reverse trade missions while creating sustainable infrastructure and economic growth in partner

countries.
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As the voice of the U.S. standards and conformity assessment system, the American National
Standards Institute (ANSI) empowers its members and constituents to strengthen the U.S. marketplace
position in the global economy while helping to assure the safety and health of consumers and the
protection of the environment.

The Institute oversees the creation, promulgation and use of thousands of norms and guidelines
that directly impact businesses in nearly every sector: from acoustical devices to construction
equipment, from dairy and livestock production to energy distribution, and many more. ANSI is also
actively engaged in accrediting programs that assess conformance to standards — including
globally-recognized cross-sector programs such as the ISO 9000 (quality) and ISO 14000
(environmental) management systems.

ANSI has served in its capacity as administrator and coordinator of the United States private
sector voluntary standardization system for more than 90 years. Founded in 1918 by five engineering
societies and three government agencies, the Institute remains a private, nonprofit membership
organization supported by a diverse constituency of private and public sector organizations.

Throughout its history, ANSI has maintained as its primary goal the enhancement of global
competitiveness of U.S. business and the American quality of life by promoting and facilitating
voluntary consensus standards and conformity assessment systems and promoting their integrity. The
Institute represents the interests of its nearly 1,000 companies, organization, government agency,
institutional and international members through its office in New York City, and its headquarters in

Washington, D.C.
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Electrostatic Discharge Association (ESDA)

Founded in 1982, the ESD Association (ESDA) is a professional voluntary association dedicated
to advancing the theory and practice of electrostatic discharge (ESD) avoidance. From fewer than 100
members, the Association has grown to more than 2,000 members throughout the world. From an
initial emphasis on the effects of ESD on electronic components, the Association has broadened its
horizons to include areas such as textiles, plastics, web processing, clean-rooms, and graphic arts. To
meet the needs of a continually changing environment, the Association is chartered to expand ESD
awareness through standards development, educational programs, local chapters, publications, tutorials,
certification, and symposia.

Although founded and headquartered in the United States, the ESD Association has a strong
international flavor. Its members come from more than 30 countries throughout the world. They serve
on Association Standards Committees, present technical papers at the annual EOS/ESD Symposium,
and provide the communication links with similar organizations in other countries.

The Association has established informal and formal relationships with similar organizations in
various countries. The formal relationships include the Reliability Center of Japan, Productivity
Standards Board (PSB) in Singapore, Electronics Industry Association of Japan (EIAJ), ESD Forum of
Germany, ESREF in Europe, and ABRICEM in Brazil.

The ESD Association has the responsibility of representing the interest of the United States at the
International Electro-technical Commission (IEC) in the area of electrostatics. With the increasing
need for global harmonization in the area of standards, the international focus of the ESD Association

is vitally important.
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Beijing Orient Institute of Measurement & Test (BOIMT)

Founded in 1985, Beijing Orient Institute of Measurement & Test (BOIMT) is a metrological institute,
subordinated to China Academy of Space Technology (CAST).

BOIMT is tasked with establishing, maintaining and improving measurement standards and conducting research
on relevant technologies to achieve more precise measurement. BOIMT plays an important role in every development
process of the spacecraft. Each year, BOIMT calibrates approximately 90 thousands set of equipments for CAST.

The calibration services of the institute mainly relate to electromagnetic calibration, radio calibration, time and
frequency calibration, geometrical calibration, mechanics calibration (including vacuum calibration), etc. Up until
now, BOIMT has established 43 measurement standards, including 14 national-defense primary electrical standards.
BOIMT provides essential guard for the accuracy and reliability of quantity values within national-defense system.
Especially, it has advanced electrical calibration standards, such as Quantum Hall resistor primary standard and
Josephson Voltage primary standard, which have reached the international advanced level.

BOIMT has engaged in electrostatic field for years, and drafted series of standards, for instance, the electrostatic
discharge protection management system (Q/W1300-1303), including electrostatic discharge protection management
system requirements, technical requirements for electrostatic discharge protection, test requirements for electrostatic
discharge protection system and configuration requirements for electrostatic discharge protected area, and the
national standard as well, which is Electrostatic discharge protection requirements for aerospace electronic products

(GBJ/T 32304-2015) .What’s more, BOIMT is the technical unit of electrostatic discharge protection, and
Electrostatic Discharge Certification of CAST, and initiated the establishment of electrostatic discharge protection
management system for such enterprises as China Aerospace Science and Technology Corporation (CASC), China
Aerospace Science & Industry Corporation (CASIC), China Electronics Technology Group Corporation (CETGC),
Chinese Academy of Science (CAS) and the PLA Strategic Force, which have achieved good results.

At the same time, BOIMT takes the initiative in pursuing the ecological development of electrostatic protection
industry, with the systematic solution for electrostatic protection and the ability of technical research, product testing,
material distribution, engineering construction, training, consulting, system certification and product certification and
other basic services.

BOIMT has been authorized as the unit for anti-static products certification and the quality supervision and
inspection center for anti-static products (under-construction) by Certification and Accreditation Administration of
the People’s Republic of China (CNCA). Ministry of Industry and Information Technology (MIIT) has also granted
BOIMT to the quality control and technical evaluation laboratory for ESD products. Furthermore, by establishing
academician workstation and the anti-static research fund along with it, BOIMT has gradually set up a national
research platform to promote the development of electrostatic protection technology and standardization in china.

Warm welcome experts in all fields to join in this workstation and progress together!
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China's Electronic Instrument Industry Association

Anti-static Equipment Branch

Anti-static equipment branch is the anti-static equipment industry engaged in scientific research, production and
management of enterprises and institutions, not affected by departments and regions limit is composed of voluntary
social organizations. Belongs to the Chinese electronic instrument industry association, the association the approval
of the ministry of civil affairs shall be registered according to law, have the corporative qualifications of social group,
more than 280 members of the existing units.

Association's objective is: for the member unit service and maintain the industry member unit and the lawful
rights and interests of the implement state policy laws and regulations, and promote the development of anti-static
equipment industry.

Anti-static equipment branch is the government department of anti-static equipment industry to industry
management assistant and staff. In the government department and the enterprises and institutions between the bridge
and button take effect, to reflect the government enterprises and wishes and requirements, maintain the lawful rights
and interests of the industry, assisting the government do a good job in industry management, in business by state
ministry of industry and information related departments guidance.

Association tasks include:

Assisting the government department to make the industry technology and industry development planning;

Inside and outside the industry organization of the units concerned joint technology research and development of
new products;

Suggestions for the member unit, convey to the government departments, communication circumstance;

An overview of the industry organization investigation, formulate guild regulations HangYao;

Carry out technology research, product development, investment project argumentation, evaluate consulting
services;

Participate in making relevant industry standards work;

To carry out the industry management business training;

Use association website organization antistatic technology and application of the popularization and carry out
market research, assist member unit to expand the market, communication production unit and the connection
between the users;

Development and domestic and foreign related research institutions, enterprises and institutions, industry
association, the information network and magazines, etc contact and cooperation, organization technology, product
and application market exchanges, organize the domestic and international exhibitions, exhibitions and technical
seminars, etc.;

Publishing industry publication national defence in electrostatic magazine, to government departments, the
member unit, the related users provide free;

According to the government commission and member unit requirements, hold other relevant activities;

China's electronic instrument industry association anti-static equipment branch address:

Address: Beijing city wanda plaza CRD ginza B - 1128 room

Zip code: 100040

Telephone: (010) 68647410 51246352 fax: (010) 68647410

Web site: 66 antistatic grid

E-mail: chinaesd@chinaesd.org.cn
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Shanghai Electrostatic Protection Industry Association

Founded in Sep.2004, Shanghai Electrostatic Protection Industry Association (abbr. SEPIA) is a
non-profit organization are voluntarily formed by electrostatic protection enterprises and institutions of
professionals, cross-trades and cross-regions. SEPIA is a Class A legal body corporate of the industry
associations in shanghai and social groups. Members are mainly covered the backbone enterprises of
manufacturing and producing anti-static clothing, floors, packages, consumable goods, equipments, devices or
related designing,etc. in the areas of the Yangtze River Delta. Currently, SEPIA holds 105 member units,
among them 22 are council members.

With the development of the building- of our country’s information system, the industries of computer,
telecommunication, integrate circuit, etc. have been getting into a speedy developing period, but the issue of the
electrostatic hazards has also become prominent to them. Thus, the industries of installation, facility, equipment,
tool, environmental engineering, production line system, etc. for electrostatic protection have become vibrant
new and rising ones of the Hi-Tech manufacturers with assorted supporting services. Because there were nearly
100 classifiable outfits and 2000 varieties of produts, the production and processing in part of the industries
were relatively easy entry at the early stage, the standards of their products’ quality control were weak in some
manufactures and no criterions could be followed. So it seemed the improvement was in an urgent need.

The Association has set: the Standardization Committee and the Committee of Experts, etc. and invested
in establishing a working unit of independent legal personnality “ Shanghai Research and Development Service
Center for Industrial Electrostatic Technology” , responsible for technical consulting, testing, evaluation,
organition, training, project development. SEPIA also has its internal magazing < Shanghai Electrostati
Protection Industry >published quarterly.

Since its founding, the Association has taken the leading role in repeatedly organizing its member units
involved in fomulating the criterions in the fields of electrostatic protection for the country, the industry and the
local; also convening domestic and international conferences and seminars for the related new technologies and
new products and launching and developing trainings of technical know-how, also doing jobs on applying,
assessing, evaluating and filing electrostatic professional titles, etc.

President: Huang-JianHua Chairman&General Manager of Shanghai Chen-Long International Trade
Ltd.,Com.

Address: R306 No0.57, Lane625,Road Noth ChenzZhan, Shanghai Zip:200434

Tel: 021-65367650 Fax: 021-65369757
Net: http://www.esdchina.org.cn E-mail:esd_china@esdchina.org.cn
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Guizhou Normal University

Guizhou normal university (GZNU) is located in Guiyang city of Guizhou province with the reputation of
"the summer capital of China". At present, it has three campuses, Baoshan, Baiyun and Huaxi, with a total land
area of 187 hectares. There are 36,000 full-time students, with 24 colleges and 1 continuing education college
and 1 independent college.

The comprehensive strength of the school discipline ranks second in Guizhou province. It has 4 first-level
discipline doctorate authorization centers, 16 first-level discipline master's degree authorization centers, 5
secondary disciplines master's degree authorization centers, 6 secondary disciplines master's degree
authorization centers of independent setting field, 5 master's major degree authorization centers. Subject majors
include 11 categories such as literature, science, engineering, agriculture, management, and art.

There are 302 professors and 634 associate professors. 519 have doctorate degrees and 996 have master's
degrees. There are 2 academician workstations, 1 national engineering and technology research center, 1
national local joint engineering laboratory and 1 national university park of science and technology. Since 2011,
GZNU has undertaken 1256 scientific research projects in provincial and ministerial level, with a total of nearly
487 million RMB. It has received 252 patents and 280 academic works. More than 4000 academic papers have
been included in SCI, EI, ISTP and ISSHP.

GZNU attaches great importance to intercommunication, and actively conducts academic exchanges with
universities and institutions abroad. It has, so far, established long-term links and cooperation with over 40
universities, colleges, and research institutions including America, Britain, Australia, Portugal, Japan, Korea,
Thailand, to name a few. Exchange programs in training students and teachers have already been carried out
with some universities in Korea, Japan, Thailand and America respectively.

After 76 years of wind and rain, the school has steadily improved its comprehensive strength and made
positive contributions to the development of Guizhou economic and social development, especially the
education. At the new historical starting point, the school will strive to accelerate the development of the
teaching research university of education, a high level teaching and research university with distinctive features
and multi-discipline development.
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China Standardization Press

China Standardization Press is a professional media institution in the field of standardization
jointly established by China National Institute of Standardization (CNIS) and China Standardization
Association (CAS). It is dedicated to be an authoritative media group in China standardization and

make great contributions to its development.

China Standardization Press has five journals:

China Standardization (Chinese)

Started in 1958, it is the most influential professional media in China’s standardization field.

China Standardization (Overseas)

Started in 2004, it reports the China standardization development in an all-round to the
international community, expressing the viewpoints of experts from home and abroad and displaying
the standardization culture with Chinese characteristics. It is the only English journal for exchange
with overseas standardization organizations.

Standard Science

Started in 1964, it is a core journal in science and technology in China focusing on probing and
research of theories of standardization science. It is also a platform for communication of
standardization theory and academic exchanges.

Standard Living

Started in 1964, it is a fashionable magazine for science popularization, using popular and easy
ways to explain standards, plain and simple language to report news of standardization, and adopting
shocking cases to strengthen standards, so as to serve as a standardization guide for common people.

Product Safety and Recall

Started in 1996, it was originally named as Terminology of Standardization and Information
Technology. It is professional periodical for introduction of policies, laws, regulations and standards of
product safety, analysis of current status and development trend of product safety management at home
and abroad, summing up and exchange of experiences in enterprises’ product safety management,

promotion of product safety technologies, and popularization of product safety knowledge.
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Guo Dehua

Guo Dehua, doctoral degree, doctorate, researcher. In September
1987, she graduated from Precision Instrument Major, Department of
Precision instrument of Tianjin University with a bachelor's degree in
engineering. In March 1990, she graduated from Test Measurement
Technology and Instrument Major, Department of Precision instrument

of Tianjin University with a master's degree in engineering. In 2006, she

graduated from Graduate University of Chinese Academy of Sciences
with a doctor's degree in Management Science. She works in Institute of Public Safety Standardization,
China National Institute of Standardization now. She had gone to Sweden to accept the European
standardization knowledge training, and visited and studied in ASTM. She has been engaged in
standardized research for many years and specific areas: standardization management and operation
mechanism, standard intelligence and standard knowledge organization, standardization of personal
protective equipment and standardization of ESD protection. She hosted and participated in more than
30 national and provincial projects and other research and work projects, and edited or participated in
15 publications or translations, formulated more than 10 national standards, published more than 50

articles and obtained three national invention patents.
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China standardization development
promotes the quality of ESD protection products

China National Institute of Standardization
Institute of Public Safety Standardization
GUO Dehua
November 10, 2017

1.Standards support for quality improvement

*Quality Development Plan (2011-2020) G.F. No. [2012]9, the
State Council, February 6th, 2012
*Consumer Product Standard and Quality Improvement
Plan(2016—2020)
G.F. No. [2016] 68, the State Council, September 6th, 2016

Reform standard supply system
Standardization and Quality Improvement Plan of
Equipment Manufacturing Industry
G.Z.J.B.LNo. (2016) 396

Ministry of Quality Control, National Standard

Committee, Ministry of Industry and Information
Technology
August 1st, 2016
Promoting standardization innovation ability of equipment
manufacturing industry

1.Standards support for quality improvement

2017 World Standard Day
« Subject: Standards make cities more intelligent

With the international standards, the intelligent cities will have more smooth
and more integrated development.

<+ Chinese subject: Standardization promotes quality
improvement
Firmly grasp the standard which is the key problem of quality
improvement, and give full play to highlight the prominent role of

standardization in quality improvement.
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} ,Q Standards support for quality improvement

9 China standardization development

9 ESD protection standards

1.Standards support for quality improvement

+ Guiding opinions of the CPC Central Committee and State
Council to carry out quality improvement actions
(September 5th, 2017)

Quality of products, engineering and services

» To speed up the upgrading of standards
To reform standard supply system
» Speed up the construction of national quality infrastructure system
(Metrology, standards, inspection, certification and accreditation)
Setting up the new standard system that the standard formulated by the

government and the standard set up by the market autonomously are in
the coordinated development.

,Q Standards support for quality improvement

} a China standardization development

o ESD protection standards
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2.China standardization development
<+ Reform Plan of Deepening the Standardization Work
G.F.No. (2015) 13, the State Council, March 26, 2015
< National Standardization System Construction and Development Plan (2016-2020)
G.B.F. No. (2015) 89, December 17, 2015
<+ Implementing the Division of Key Tasks of <Deepening the Reform Plan of Standardization Work>
(2017-2018)
< Revision of Standardization Law
» In March 22nd, the Legislative Affairs Office of the State Council publicly solicited opinions
on the People’s Republic of China Standardization Law (Revised Draft).
On the afternoon of April 24th, the twenty-seventh meeting of the12th NPC Standing
Committee
> In the morning of August 28th, the twenty-ninth meeting of the 12th NPC Standing Committee
v The State encourages social organizations such as associations, chambers of Commerce,
federations, industrial technology alliances to coordinate the relevant market bodies to jointly
formulate group standards to meet the needs of the market and innovation. In addition,
enterprises can work together with other enterprises to develop enterprise standards.
¥" The standards include national standards, industry standards, local standards, group standards
and enterprise standards; national standards are divided into mandatory standards,
recommended standards and industry standards; local standards are recommended standards.
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2.China standardization development

Standard system

[ national standard
industrial standard
local standard

uonealjdde jo obues

(national ) group standards enterprises standards (self-declaration)
mandatory voluntary I basic product method safety sanitation environmental management
Standard ‘ [ I | |
s s |
legal nature According to the standardization object and function

Technical standard
Management standard
Work standard
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Code: GB. GB/T. GB/Z. GSB. HG. HG/T

2.China standardization development

% For developing the group standard and bodies of setting standard, social
organizations and industrial technology alliances, such as institute,
associations, chambers of Commerce and federations, should be encouraged to
coordinate with the related market to formulate the standards required by
market and innovation. The standards is for voluntary selection and increasing
the effective supply of standards. In the standard management, there is no
administrative license for the group standards, and the social organizations
and industrial technology alliances independently formulate and release the
fittest through competition in the market.

% In order to decontrol and enliven enterprise standards, enterprises should
make and implement enterprise standards independently according to their
own needs. Enterprises shall be encouraged to develop the competitive
enterprise standards higher than the national standards, industry standards
and local standards. We shall establish the system of self disclosure statement
and supervision for enterprise product and service standards. And the record
management of government to enterprise product standards shall be phased
out, the main responsibility of enterprise standardization shall be
implemented.

2.China standardization development

The basic principles of reform are four, one is to adhere to streamlining administration,
and combing of delegating power and strengthening regulation; two is to keep
international integration and be suitable for national conditions. Three is to insist on
unified management, division of labor. Four is to insist on administration according to law
and make overall plans.

We should open the right area in place, cultivate the development group standard, release
and enliven the enterprise standard, and stimulate the vitality of market subjects; We
manage the matter well, strengthen mandatory standards management, and ensure the
basic supply of public welfare recommended standards.

The new standard system is made up of the government led standards and the standards
set by the market independently, which will change the current standard system of the
government's single supply.

» The government led standards are reduced from 6 types into 4 categories, including:
mandatory national standards (the current mandatory national standards, industry
standards, local standards are integrated to new mandatory national standards),
recommended national standards, recommended industry standards and local standards
recommended;

“ The standards set by the market are divided into group standards and enterprise
standards. Government led standards focus on basic, and market independent standards
focus on improving competitiveness.

2.China standardization development
“»Technical committee TC (500+)
++Sub technical committee SC (700+)
“*Working team WG

sC WG

TC/SC establishment
of evaluation
National standard
project evaluation

WG

2.China standardization development

+ By the end of 2016, the group standards have been booming,
and 378 social organizations have been registered in the
national group standard information platform and set
standards, and 451 group standard information have been
published;

% In 2017, the National Standard Committee put forward that
“cultivating and developing market independent standards,
developing and expanding group standards, and deepening the
reform of enterprise standard management system”.

+» Guiding Opinions on the Cultivation and Development of
Group Standards of AQSIQ and the National Standards
Committee

“» GBJ/T 20004.1 First part of Group standard: Good Behavior
Guide
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Standardization: The process of making, releasing and implementing
standards
+* Integrating and streamlining mandatory standards
++ National key research and development plan:
The common research and key application projects on the national
quality foundation (NQI project)
« Standardization service industry

} Q ESD protection standards Guiding opinions on the cultivation and development (of the Draft)
bl (August 2017)

The first batch of standardized service pilot project (November 28,
2016)

,Q Standards support for quality improvement

a China standardization development

2.China standardization development 3 ESD protection standards

% The work of integrating and streamlining mandatory standards was entirely
completed (beginning in 2016) ' N\
In the 11224 mandatory national, industry and local standards: ©  SINATIONAK STANRABRS
——2178 mandatory standards to be abolished, accounting for 19% of the total; 12
——3657 recommended standards to be transferred, accounting for 33% of the total;
——1196 mandatory standards which may integrate a number of items into one
item, accounting for 11% of the total;
——1464 mandatory standards to be revised, accounting for 13% of the total;
——2729 mandatory standards which remain to be valid, accounting for 24% of the
total;
% Publicity of asking for opinions
% Notice on Issuing the Conclusion of Integrating and Simplifying Mandatory
Standards (January 14, 2017)
-Annex 1- Conclusion list of integrating and streamlining mandatory standards (volume 1)
-Annex 1- Conclusion list of integrating and streamlining mandatory standards (volume 11)
-Annex 2- Mandatory standard plan project integrating and streamlining 4 focal points and 26 TC, textiles, clothing, personal protective
3 equipment, belt pulley and belt

3 ESD protection standards 3 ESD protection standards

Integrating and streamlining national mandatory standards

Istandard No. Istandard name SonclusipRcigincorELig = 5
jand Industry standard distribution and quantity
|68 120142009 Istatic protective clothing Revised 16
Integrated with GB 13348-2009 1
|68 12156-2006 |General guideline for preventing electrostatic accidents into mandatory national
lstandards (2
= inti 10
e p— Sty cod or piring-Saity o Slectroatc Hrsy PN | iy
8
integrated with GB 12158-2006
Y Safey rulesof sati electricity with elaton toliquid petroleum i e92EE WA B2 6
lproducts
[standards 4 ]
[safety regulations for painting operation 2 I I ] I I ] B
|68 14773-2007 [Safety technical conditions of electrostatic spray gun and its auxiliary [Revised I I I I I I I I I I I I I
lovios g [N | ] n [N | anlln
) [safety regulations for painting operation < x ks
[ [Process safety of powder electrostatic spraying H H L =
|o 26539-2011 |Antistatic ceramic tiles (Frarsiats Into recoquuecs N H ] £
Jstandards g ] g H & H
|8 46552003 [safety rutes o satic electricity in the rubber industry ElEgl| £ 52| £8l2s 5|2 H
HEH I HRHHE EEAE] H
|68 505152010 [Design code of conductive (antistatic) ground
[6B 506112010 [Code for design of ESD protection for Electronic Engineering 3 g 2
s [Code for design static explosion prevention in petrochermical POWGers 106 items; 28 industries.
il
¥ [Code for construction and quality acceptance of antistatic
[eB sos2nd lengineering
— [Technical requirements for antistatic footwear and conductive Fearr
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3 ESD protection standards

Integrating and streamlining industrial mandatory standards

T e Conduson of negraing

Pttt [General quidelines for preventing fireworks and firecrackers  |Revisedto mandatory

lfrom static electricity Inational standards
EAISEED Imethods of.pavmg(exnles y e tandards
IHG 2793-1996 ive for industrial use and antistati heets " S S . : Kﬂ‘
b7 107-1905 [Electrostatic safety technique requirement for oil tankers ?:‘Vlfj;’l‘s"‘a':;:fdf‘”y él l!]l- ch:\ "r T®
T 2301995 IRubber belt of electrostatic conductivity ;':;’:f‘::':r:ge‘g o :
Mt e e e [ China National Institute of Standardization

Wrareases  [retmethodof for [Transhti Institute of Public Safety Standardization

[Test method and decision rules of wire rope conveying flame.

ety retardant and antistatic property for coal mines iabolished Guo DEh ua
R [Test method and decision rulesof wire rope core conveying flamel TEI: 010-58811385
Iretardant and antistatic property for coal mines - -
E-mail: guodh@cnis.gov.cn
IMT 520-1995 in coal factory  |Abolished

40



Topic2 Z=JHIH Ji Qizheng

25 B

FRBL @B, BLar A, ER—ZEt R, E KR
FONANVENPPE . B S A A E R R, B K 3 R AR
o, PETENRESER SR, P EGUORBHEE F 2wl e b e 2
AP F LA P ERURBHSER A 7 5% Ut 7T 58— DUt Fe B i
FOl ARG, A 75T E SR R R s R AR L R, ER
FFELBT P ENLE . P ERUR BB A A Ef P SR e
R BHE A 1 A w) 28 T T e i L B 4748 BRAR RV GIE O IV A Z 3B AT AR

KN FEFF PR SE BT, A TEP . N Tl 2 HE P iR, &
HIREH T, REXRRE GB/T 32304-2015 (MUK HLF /= Mk B 2R ). BT R B £
A EIBRHE Q/QIA 118~20-2013 (iR HL T g FE B 17 BRAA R R AIARAED) . b BT R B AR A
A A TibebrdE Q/W 130071303-2010 (FHHLPTHE HAA R RIIBRHE) FERB N, ENTERE
ANHREZE CEFTA BB AR SEH) 1 3, KEFILTE 50 /. FEEFEHEF 10
T, SRER R ERAR S K 1 I, b ERURRH R & m B S5 1 T

ERERIAQIEE “WURET MR E AR, ZARREN K T RS O RINELT.
SOREEE, R T LRI, AT EGTRB R A F] 2014 FEE FEIE UL AR —
A2 2014 A E PIRHE T AP E BEEHT R 5% 5 A JE A E A A AL B

JIAR AR R

¥

SO

41



Topic2 Z=JHIH Ji Qizheng

Ji Qizheng

Mr. Ji Qizheng, born in 1979, is the senior engineer, the supervisor to
master degree candidates, the national first-grade certified metrology engineer,
the certified assessor approved by the national laboratory, the certified

assessor approved by the national defense laboratory, the inspector of national

voluntary products certification, the senior member of Chinese Society for

Measurement, the senior assessor of electrostatic protection management

system of China Aerospace Science and Technology Corporation and the
director of Electrostatic Business Department of No. 514 Research Institute of No. 5 Research
Academy of China Aerospace Science and Technology Corporation, and at the same time, he is also in
charge of the businesses and works of National Quality Supervision and Inspection Center of
Electrostatic Protection Products (being prepared to be established), the national certification authority
of electrostatic protection products, Electrostatic Protection Technical Center of China Aerospace
Science and Technology Corporation and the office of Electrostatic Protection Management System
Certification Center of No. 5 Research Academy of China Aerospace Science and Technology
Corporation.

Mr. Ji Qizheng has been being engaged in the research for the electrostatic protection technology
and management over a long period of time, and takes on the research work in several research
subjects of electrostatic protection detection and testing technology and management of national
defense, army and No. 5 Research Academy, and he is the main person for completion of national
standard GB/T 32304-2015 “Electrostatic protection requirements for aerospace electronic products”,
enterprise standard Q/QJA 118~20-2013 “Series standards of electrostatic protection management
system of aerospace electronic products” of China Aerospace Science and Technology Corporation and
enterprise standard Q/W 1300~1303-2010 “Series standards of electrostatic protection management
system” of No. 5 Research Academy of China Aerospace Science and Technology Corporation. As the
main person for completion, he publishes a book on the special subject: “Electrostatic Protection
Technology and Management in the Electronic Industry” and publishes 50 academic theses, and he

obtains 10 patents for invention of China, and wins a first prize of National Defense Science and
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Technology Progress Award and a first prize of Science and Technology Progress Award of China
Aerospace Science and Technology Corporation.

As the main person for establishment, he establishes the “Electrostatic Protection Management
System of Aerospace Electronic Products”. This system has operated successfully in the aerospace
industry system and achieves observably good results, which has been approved thoroughly by the
leading body at a higher level, and this system wins the first prize of outstanding achievements award
of management innovation in the year of 2014 of China Aerospace Science and Technology
Corporation, the second prize of Enterprise Management Innovation Achievements award of National
Defense Science and Technology Industry in 2014 and the second prize of 21st National Enterprises’

Management Modernization Innovation Achievements Award.
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ESD Protection Technology:
Architecture of China
Analysis and Prospect

Ji Qizhel

November 2017

CONRENTS

Introduction

ESD  protection core technology

architecture

pace electrostatic

Introduction

Authorized qualifications

Names of the qualifications

oNational canter of inspection (under preparation) |

*National ertificate authority of ESD protection products 2 ||==
oLt 0

~Beiing engineering laboratory of ESD p f technology.

e 2 o o ° s Y [
«China Academy of Space Technology ESD protection management system certifcte canter oot —_
~Engingering consiruction Qualficaton Certification of Electrosatc protecive equipments

« Certificate of calibration and tsting laboratory for miltary use L S 2

Granted by
‘» Certificaion and Accreditation Administration of the People’
Republic of China

‘» Ministry of Industry and Information Technology of the People's
Republic of China

‘» Beijing Municipal Commission of Development and Reform

‘» State Administration of Science, Technology and Industry for
National Defense

50

CONRENTS

Introduction

ESD protection core technology architecture

Space electrostatic

Introducti

About us

Founded in 1985, Beijing Oriental Institute of Measurement and Test
(No.514 Institute of the 5th Academy of China Aerospace Science and
Technology Corporation) is a measurement and test research institution
affiliated to China Academy of Space Technology, also a first-grade
electrical metrology station of defense science & technology industry and
an integrated measurement and test research institute specializing in
electromagnetism, radioelectronics, ESD protection, satellite application,
'vacuum, environment test, electromagnetic interference, etc.

Beijing Oriental Institute of Measurement and Test has been devoted to
studying ESD protection technology including conducting basic research
of ESD protection technology and experiment of related products. Now
multiple research results it achieved have been successfully applied in the
ESD protection work in aerospace engineering.

Introduction

Business overview

ESD protection testing .‘ _Energy efficiency and

‘environment protection
inspection

Technical security and

environment testing | Capacity in testin

and experiment Nondestructive testing
Satellite products (navigation)

testing

Environment and reliability test

Vacuumtesting g gﬁﬁware evaluation and testing

At present, the institute has formed a development pattern of multiple testing aspects including ESD protection testing, technical security and
environment testing, energy efficiency and environment protection inspection, nondestructive testing, environment and reliability test,
testing, software evaluati

satellite products d testing, vacuum testing, etc.
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, 3 . ®
Introduction - Introduction )
) . o — . o ESD protection testing business
) Involving three major technologies including high voltage polarization and ionization, Business capacity: Covering more than 30 items approved by the national and defense three-in-one
Electrostatic products adsorption precipitation under electric field and space plasma catalysis, Tianjing No.1 air Lo N N q q
= cleaner realizes an comprehensive treatment of air pollutant such as PM2.5, 0zone and = laboratory accreditation including all EPA ESD facilities, equipment, tools, detection of materials, etc.
Car Air Purifier -
methanal. Main qualifications: Laboratory of quality control and technology assessment of industrial (ESD
Prodctsize 180mm*180mm*40mm

protection) products, China Aerospace Science & Technology corporation ESD protection technology

- 0.8kg -
Tﬂims né?zsv Laser optics-based dustsensor — center of the 5th Academy, ESD protection management system certificate center, research laboratory
Input pover 5w - o Eficlent schoseil st colectoe ' of ESD protection technology and application
s catyst e |
Air speed 1levell2 level &h
— =T Weatrna decompoiion e E5D clothes and hats; ESD shoes (cover):; ESD gloves; ESD wrist traps, etc.
oonfaton ateof e i —— " ‘Conductive flooring; ESD workbench, clapboard and goods shelf, ESD chairs, carts and ladders; ESD
retunal A qual grounding; ESD paint and taps; ESD rodsand bals,etc.
Purification rate of 99.6% indicator light
PM25 ESD packaging bags (static disipation bags, staic shilding bags and compound bags); ESD packaging tube for
’ packaging
Release rate of 5 million pesiom® integrated crui; ESD pss box, e
anion Esptoot £5D wire stripper; ESD soldering iron; ESD heat gun; ESD tweezers and brushes, etc.
PM CADR S5cmivh
U] tonfn, st cssipter, .
. o Utracigh puriicaton efficiency Human resistance test instrument; wriste continuous monitor; confactonfactlss eectrostatic volmeter and
ckcrosatc sorpton 1o consumption and periodic claning  of sbove 12
ot of e over than e g of s coertpant @ Ulracsince and sieep nose uncer instrument st fEDCLE
valonof ol saniard o Gesture indutive sitch eLarge-screen air qualty nspection
© Remote inteligent control led by AP pane L} u

Introduction Introduction

We are devoted to studying ESD protection technology and management and keeping improving o

Ejgn;;;gtecnon SEEptEth ESD protection testing capability and product development ability. Besides, based on the demand Research field: Ell_Cty — Name

= for different models, we keep abreast of international standards to improve the construction and 1 | Defense project Calibration system for ESD testing apparatus

certification of ESD protection management system of the 5th Academy and the corporation. At Research on 2 || Defense project quantity of
present, we have developed our capacity in detection of products and facilities, system construction B ‘Research on calibration method of detector for anti-static
and certification consulting, technical and personnel training, selling of materials and equipment, || BEEERpmE shielding packaging bags
engineering design and construction, aiming to provide customers with optimized solutions in Electrostatic testing and measurement 4 | Defense project Standard unit of contactless electrostatic electric field instrument
terms of ESD pmleclion system. ! analysis meter

5 | Defense project | Calibration device of electrostatic electric ield instrument
Research on ESD protection measurement and testing technology.
system for equipment
Research on ESD protection measurement and testing method for
equipment
Research on on-line measurement technology of electrostatic

* — — Evaluation of electrostatic hazard 8 || Corzeimx potential in spaceflight launchsite
o | 921 pre-research | Researoh on disharge of :mkui;:“ spacecrafts during space
Development of ESD protection
The |nsmule had formulated GB/T 32304 -2015 Electrostatic Dlscharge Prolecllon
equipment i JJF 1517-2015 C: tion for
C i aseries of standards of ESD
protection management system for the corporation Q/QJA 118~123, a series of standards of gy

ESD protection management system for the 5th Academy QAW 1300~1303, etc.

failure ism and

6 | General project
sensitivity test 7

General project

ESD protection core technology architecture

CONRENTS Classification according to
v ESD protection in electronic industry

application fields
— (traditional classification Sensitivity of electron device
Overview Noise immunity of electron device
wa
ESD protection core technology 2 ¥ ESD protection in combustible and explosive areas

rchi r
architecture of initiati ive device

Space electrostatic ¥ ESD protection in special environment
Clean areas, hospitals, bio-pharmaceuticals, desert, space, ships and

Summary submarine
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Classification according to
technology field:
— Discipline orientations of

ESD protection engineering

Driving force:

*  Industrial

ESD protection core technology architecture

¥ Research on electrostatic mechanism

Mechanism of electrostatic electrification and dissipation, and ESD model
v ESD protection engineering technology

ESD protection engineering and process
v ESD protection testing technology

ESD protection testing and instruments

v Electrostatic hazard evaluation technology

« Quality promotion

+  Security assurance

failure analysis
v ESD protection design technology

ESD materials and productsand ESD protection design technology
v ESD protection management

ESD protection management and standards

ESD protection core technology architecture

— ESD protection engineering

-ESD protection engineering

technology

v ESD protection engineering technology

v Based on the istics of i ification and

electrostatic discharge, ESD protection engineering technology is

Discipline orientations of ESD protection engineering

¥ Research on electrostatic mechanism

v ESD protection engineering technology

v ESD protection testing technology

' Electrostatic hazard evaluation technology

v ESD protection design technology

v ESD protection manage

ESD protection engineering
~Electrostatic hazard evaluation

technology

Discipline orientations of ESD
protection engineering

¥ Research on electrostatic
mechanism

VESD protection engineering
technolo

ESD protection testing
technology

v Electrostatic hazard evaluation
technology

ESD protection design
technolo

ESD protection management

developed from two aspects: electrostatic source and ways to cause
damage. The technology mainly depends on special materials and
composite materials that have requirements for the electrical
resistance property to realize ESD protection through dissipation,
shielding and neutralization of electrostatic charge together with

electrification Inhibition.

ESD protection core technology architecture

v Electrostatic hazard evaluation technology

Electrostatic hazard evaluation technology is a basic research work, which needs scientific methods and the

test data to provi 0 d

also the basis of ESD protection technology. flammabl
electrostatic sensitivity. The electrostatic sensitivity is the threshold of electrostatic energy riggering explosion, which can
be expressed by two parameters: electrostatic energy and electrostatic voltage; And electrostatic sensitivity is used to
evaluate the electrostatic hazards of electronic components, which is the lowest electrostatic voliage that leads to the
failure of electronic components, and the same component corresponds to different electrostatc sensitivities of different

models such as HBM and CDM; In the EMC(electromagnetic compatibility) test, the electrostatic immunity is used to

of i ic discharge.
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— ESD

ESD protection core technology architecture

protection engineering

- Research on electrostatic

mechanism
Discipline ~ orientations of  ESI
engineering
¥ Research on electrostatic mechanism

v

v

v

v

v

ESD protection engineering technology

ESD protection testing technology

¥ Research on electrostatic mechanism
Make it clear that the mechanism of electrostatic electrification and

D protection

ion is the foundation of ESD protection. Therefore, it can
improve the further development of electrostatic technology and conduct
further study of the mechanism of electrostatic electrification and
protection of solid, powder, liquid and gas together with their ESD

models (especially new ESD models of cables).

Electrostatic hazard evaluation technology

ESD protection design technology

ESD protection management

ESD protection engineering
~ESD protection testing
technology

Discipline orientations of ESD
protection engineering

¥ Research on electrostatic

mechanism

ESD protection engineering

technol

ESD protection testing

technol

Electrostatic hazard

evaluation technology

ESD protection design

technology

ESD protection management

<

<

<

<

<

ESD protection engineering

~ESD protection design technology

Discipline orientations of ESD
protection engineering
¥'Research on electrostatic
mechanism

ESD protection engineering
technol

VESD protection testing
technology

 Electrostatic hazard evaluation
technol

ESD protection design

technol

VESD protection management

ESD protection core technology architecture

v ESD protection testing technology

The qualification test of ESD protection equipment, facilities and products need measuring
instruments and their calibration methods, so ESD protection testing technology is one of the key
technologies of ESD protection. At present, the measurable parameters include electrostatic charge,
electrostatic voltage, surface resistance, body fesistance, ground resistance, electrostatic decay time,
current waveform of electrostatic discharge, and the energy of electrostatic discharge. Due to the poor
observability and repeatability of the electrostatic phenomenon, the test is greatly affected by the
environment, material, and also the tester, and the existing ESD protection measuring instruments are not

to ESD

subject to static

ESD protection core technology architecture

v ESD protection design technology

ESD protection design of electronic products can be divided into chip level, PCB board level and
integral structure level. The early concept is o continuously improve the electrostatic sensitivity voltage
of single electronic components through series protection resistors, parallel transient suppression diodes,
thickening and widening the intemal structure and other methods. However, this is inconsistent with the
development trend of electronic products requiring miniaturization, high speed and wide band. Instead of
seeking to improve the electrostatic sensitivity voltage of single electronic components, it emphasizes the
production process to meet the requirements of ESD protection. And the ESD protection function is
designed to the overall structure, using mechanical and electrical integration design ideas to solve the

problem of ESD protection design.
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ESD protection engines

ESD protection managy

Discipline orientations of ESD
protection engineering
/Research on electrostatic
mechanism

VESD protection engineering
technology

ESD protection testing
technolo

+ Electrostatic hazard evaluation

ESD protection core technology architecture

v ESD protection management

Management is an important means of ESD protection. The main tools of management are rules and regulations, and
the standardized management system is an advanced management mode. The ESD protection management adopts the
standard mode, which s convenient for the establishment of ESD protection management mode with mutual recognition
between the upstream and downstream enterprises, making the technical standard and management mode to be unified.
product circulation and enhancing confidence in the qualiy of products. For example, through the four links including the
scheme and planning, construction and operation, monitoring and measurement, perfection and improvement, o construct

ESD protection management system based on PDCA model. The ESD protection technology and management

technology

. requirements are implemented in the whole process of procurement, development, production, testing, transportation,
VESD protection design 8 " ! " et o e
technolo maintenance and use of the electrostatic sensitive products, 0 as to ensure the reliable control of the product’s ESD

ESD protection management
protection.

ESD protection core technology architecture

ESD protection engineering
Significance of discipline
construction

v inustial dve
' Providing knowledge system for ESD protection D

engincering > ' Qualityimprovement
 Clear research areas for scholars and experts
Vv Safety uaratee
+ Clear ditection for alent training —

v Creating innovation space

Discipline construction promotes industrial development, product quality improvement and safety guarantee,
while the growing demands for industrial development, product quality improvement and safety guarantee

stimulate the discipline construction in turn.

Space electrostatic @
Space electrostatic—
Important components of ESD protection core technology system
As an important part of ESD protection core technology system architecture and ESD protection engineering, the space electrostatic hazards and its
protection are of of P And the space has o the
groundstatic lectricity problem but has s partcularity at the same time.
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ESD protection core technology architecture

ESD pratection’engineering 5 Charge | Ecictela | Resstane | Capacace | Energy | Alom | Elecran | Energy et
. i Basic
Knowledge hierarchy i T T conception
J !
| T Xy T
! Electosatcs lectromagretic ‘Quantum Solid state i
: ield theory mechanics physics
i Basic subjet

High-pressure
discharge

Electrostatic pplied ESD protection H
engineering engineering Engineering
T discpline

1 i
Ot [ magng [ sorung | perpion | watria | Tste Mirodecronand | Photoiecton | Petrecherc | Prarmaceaica
remot | prning | e | mesuremen emrmsang | micramahiins sy |
focary
T
Telds
T e D o e N
emosring socn
sl merolgy, sundadaaion, i, & emphss s pcsdon g [ — -
feqaing €50 poscton magmen neninerin .
CONRENTS
Overview
ESD protection core technology

architecture
Space electrostatic

Summary

pace electrostatic

/Space environment: N\

+Natural plasma Charge
m ral Chary
I v Atificial plasma Sharge _uausu%n_ dissipation
S - Vllumination Rl Working & |
g E i Structure: condition =T
e “wokig votage !
g i “Groundrg mode Al
8 8 = [ eatnesin | [ (S - 4
g = Mm 1 characteristics: N
a il surfce
73 characteristics: conductivity oLy
<3 “Photoslectronic Touk Mol
H emission conductvity
=] Secondary election rsscitaly
% emission o L
arge:
g ‘Space environmel Char
o a Charge i di sma?ﬁ)n
S 8o tigh-energy electron energl deposition i ST
7
2 5_@ ‘High-energy electron flux - e T T
2 < . Sy Matrisl
2 Sa ‘Shielding
8 22 g curariics | iy
2 = iz Radiation nduced LI
s 8 . decticy
Y £ Veterial + Conductivity Structure
o characteristics: Field induced + Material
Density eecticsl brezkdown
i ¥ Conductivity threshold value
: i .
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Space electrostatic

In different orbits, the charge and discharge effects of spacecraft show different forms due to the different
space charged environments.

Aoy 1. 0-100kev
Auroraclectron Aoz 1% fcw. 5 Dense plasma
High-energy electron Hiheremy cecienengy »

Hey s foc {Surface charging
Dlsurface charging "
lsmaeedy {0, 1030V
IDeep dielectric charging Plasmadensity _f: 30101019t

Plasma energy 1. 0-sokey
Plasma dersi 10ns0tme

y o 11 ontey: Magnetic storm plasma
e Yore/<mt. s Radiation belt high-energy electron

D3 surface charging
£ Deep dielectric charging

Radiation belt high-energy

Deep dielectric oy damnomy 0. 110310
charging amydenf 10%e/c

Space electrostatic

Research on effect of electric
propulsion plasma on spacecraft

surface electrification

Interacti

The artificial plasma and the space plasma overlap
each other, and the charged environment is

complex. 1
=

It is urgent to carry out basic research to recognize
the regularity of artificial plasma charging and
of satellites =

Space electrostatic

Reduction ofsufce potental
by secondary lcton emision

Research on ESD protection ¥ Active control of spacecraft surface electrification
The emission of ion current controls the positive
potential of the whole satellite.

The emission of electron current controls the
negative potential of the whole satellite.

technology for spacecraft

/Charge transfer control of spacecraft rendezvous and|

Indirect discharge through butt resistance

Raduction ofstrctursl
potental by dlectron emision

v Spacecraft potential monitoring

Real-time monitoring of spacecraft suspension potential by
Langmuir probe

Surface potential detector detects abnormal charging conditions on
spacecraft surface
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Schematic diagram of geomagnetic substorm

Surface potential distribution of satellite

Research on security of

electrostatic field of spacecraft

outside space station

=

o=

Space electrostatic

During the geomagnetic substorm, the GEO orbit generates a
high-energy plasma with large flux, charging the satellite surface
to over 10000 volts.

The GEO orbit is located at the edge of the outer earth radiation
belt, and the energetic electron flux is larger, which easily
generate the deep dielectric charging.

Different materials are used on the surface of the
communication satellite. In the high-energy plasma
environment, each part of the satellite will be charged to
different potential. The charging and discharging effect will
seriously affect the satellite’s safety.

Space electrostatic

Interaction between space suit and space plasma during
the extravehicular activity

v'Equipotential bonding mode

v’ Autonomous departure mode

v'Analog computation of PIC plasma

Protect the astronauts and the equipment inside the
space suit and the cabin of spacecraft from discharge
hazards

CONRENTS

Introduction

ESD protection core
technology architecture
Space electrostatic

Summary
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+This paper izes the core technology archi f ESD protection, that s, the discipline of ESD protection

engincering, and discusses its important role in other industries’ development.
+The development of ESD protection core technology and the construction of ESD protection engineering discipline
will continue to promote industrial development, product quality improvement and safety protection. At the same
time, the increasing demand for industrial development, product quality improvement needs and security

i are reacting upon thy of ESD protection core technology and the construction of ESD
protection engineering discipline.
v'Space electrostatic hazards and protection technology are important parts of the core technology architecture of
ESD protection and the subject of ESD protection engineering, and space i has its particulari
+This paper introduces the causes and types of space electrostatic hazards, and briefly introduces the space ESD
protection technology.

L.ooking forward to Fnore =
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Nathaniel (Nate) Peachey

Nathaniel (Nate) Peachey received his Ph.D. in Physical
Chemistry in 1994 from the University of Nebraska—Lincoln
and then was awarded a Director’s Funded Postdoctoral
Fellowship at the Los Alamos National Laboratory (Los Alamos,
NM) where he studied thin-film membranes for gas separation.
In 1996, he joined Atmel Corporation in Colorado Springs as a
thin-films process engineer. Over the next several years Dr.
Peachey held various positions at Atmel including process
engineer, technology development engineer, device engineer,
and circuit design engineer. In 2003, he began focusing
exclusively on ESD protection and 1/O circuit design issues.

In 2005 Dr. Peachey accepted the position of engineering manager for the newly formed ESD design
group at RF Micro Devices. In this capacity, he was responsible for the development of ESD
protection for all the technologies that RFMD designed in including both silicon and GaAs. Besides
on-chip protection he led the development and improvement of the RF antenna ESD protection. In
2015 RFMD and Triquint Semiconductor merged to form Qorvo Inc. and Dr. Peachey continued his
ESD and management responsibilities in the new company. Also in 2015 Dr. Peachey added the
responsibility of Corporate ESD Program Manager to his responsibilities. In this capacity, he is
responsible to guide the ESD control program for Qorvo as well as oversee annual audits of assembly
facilities.

Dr. Peachey has authored and coauthored over 30 technical journal submissions. He has also
submitted 14 patents that have either been granted or are pending. He was also asked to author a
chapter on ESD and EOS failure mechanisms and reliability for the 2015 textbook “Electrostatic
Discharge Protection: Advances and Applications” edited by Professor Juin J. Liou. Dr. Peachey is also
a Senior Member of the IEEE.

In 2009 Dr. Peachey was elected to the Board of Directors for the ESD Association. He has been
involved in various activities within ESDA. In 2011, he was appointed to the position of Manager for
the Standards Business Unit for the ESD Association. In this capacity, he is responsible to oversee the
development and updating of both the device testing and the factory standards documents for the ESD
Association.  During his tenure as Standards Business Unit Manager, Dr. Peachey has helped to drive
the development of joint standards with JEDEC.
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Introduction to Grounding

Gr ding = the fund. i
element of ESD
control

Q Starting with the building and AC
ground, solid connections to ground
must be maintained.

Q Many electronic parts are sensitive to

voltage even small DC voltage
differentials.

0 Standards are important to provide a

scheme.
0 The effective ESD control program can then be i where ESD- itive parts can
be and

ESDA/CNIS Conference 2017 5

Issues in Standards:

Grounding and System Level Testing

Abstract

This presentation will discuss the work that is beginning where the ANSI/ESD S6.1
Gr Jii Jard is being revisited and used as a template to write a new document
that will have broader applicability in Asia. The centrality of grounding to a successful

ESD control program makes this work particularly important.

The second topic that will be discussed is a continuation of the testing standard
discussion. While the HBM and CDM dards are licable to devi and
components, the IEC 61000-4-2 Standard is intended for final electronic products only.
However, there is a tendency to push this testing back onto the component

if: ers. This di ion will cover the proper use of the IEC 61000-4-2
Standard as well as some high level principles about protecting particularly RF ports in
electronic products. The discussion will also address how these design principles are
applicable to cable discharge events at system ports.

‘ ESDA/CNIS Conference 2017 2
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Introduction to Grounding

ESD control in the factory

Device
Surface
resistance
fraund /t;levicle to = ...orincrease resistance
eep voltage low to ground'to discharge
voltage safely

In the factory the primary protection for ESD sensitive parts is:
1. Connectivity to ground so that voltage is minimized (<100V) or

2. Increasing surface resistance so that voltage that does build up can
be safely discharged.

In either case, grounding remains the key to effective ESD protection

I ESDAICNIS Conference 2017 | 6
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Problems in Grounding

What can go wrong...

0 One ground approach that is common is to have 4 ohms of resistance separating
the ESD ground from the AC or equipment ground.

Q There can be transients that couple onto the ground line. If there are resistance
differences between ESD and AC grounds, a voltage potential difference can result
between the grounds.

Q Transients can result from
coupling across power to ground.

Q These can also result from
“noise” on the ground line from
other equipment.

ESDA/CNIS Conference 2017 ‘ 7
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Considerations for Grounding

Beyond ANSI/ESD S6.1

Some changes will be adjustments having to do with figures

For example... _ This figure...

Becomes

‘ ESDA/CNIS Conference 2017 "

Problems in Grounding

Consider an example...

Q Assume that there is a 10V transient on the line voltage.

Q Also assume that there is a 4 Q resist: bet i tand ESD
grounds and 1 Q resistance to earth ground from equipment ground.

.
" Ry +R,

So the voltage on the other side of the resistor is 2V. So
there is 8V difference between the 2 grounds!

An 8V differential with sufficient current can easily damage an
ESD-sensitive device!!

‘ ESDA/CNIS Conference 2017 8

ANSI/ESD S6.1

» This document is, strictly applied, North
America specific.
» However, the principles discussed in the

document are generally universally
applicable to ground in an ESD Protected

Area (EPA). For v Prsection o Elactrostes
Ivcherze Smcopoe T
» In spite of this, what is needed is an ESD Gromniing

grounding document that applies to the EPA
that is more international in nature.

» This may not involve a major revision of the
current grounding document.

» But...the development of a more
internati ppli d t must be A
done carefully. :

I ESDAICNIS Conference 2017 | 10

Considerations for Grounding

Beyond ANSI/ESD S6.1

Common Point Ground to Ground Resistance

Other changes will be more involved + ANSI/ESDS6.1 specifies that resistance
from common point ground (CPG) to AC
ground must be less than 1 ohm.

Isolated ground receptacles
are discussed in Section |
.2

For China, 4 ohms or less is allowed for low

voltage power. This 4 ohm limit is observed

in many factories.

= This, of course, is a figure
that applies only to North
America.

Will need to understand

what the equivalent circuit is
in China.

= Definitions of Terms

= In ANSI/ESD S6.1, the ground that is
connected to AC or earth ground througha
resistance greater than 1 ohm is called an
“auxiliary ground”.

In China this is known as an “independent
ground” or a “special ground”.

ESDAJ/CNIS Conference 2017 12
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Considerations for Grounding

Beyond ANSI/ESD S6.1
Other Changes...

Q Referenced documents will need to include other references than the North
American National Electric Code (ANSI/NFPA 70).

Q Auxiliary Ground (independent or special ground) will need to be defined and
specified in international (Asian) terms and limits. The current $6.1 follows and
calls out the NFPA 70 of the US National Electric Code.

Standard - A Definition

O A Standardis NOT a document intended to “teach the art” of the subject matter being addressed.

Q Rather, a Standard s an official document that specifies limits and describes the requirements for the

subject matter to which it pertains.

Q (For groundin, ining the expertise required to build a grounding system that meets the Standard is
done by accessing literature that is intended to explain how this systemis built.

ESDA/CNIS Conference 2017 13

Asia Grounding Working Group

Current status

O The working group has been established.

O A working group chair in China has been identified.

O There have been a few working group meetings to get the
activities started.

O A work statement has been submitted to the ESD
Association TAS committee.

O Once the work statement has been approved, work on a new
document will begin. This would be a companion document
to ANSI/ESD S6.1 but would be more international,
particularly covering the China situation.

‘ ESDA/CNIS Conference 2017 15
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Asia Grounding Working Group

Development plans

< Since this document is NOT a document that pertains to the
North America situation, it must be more than an ANSI certified
document.

<+ Once the document has been written, reviewed, and released
by the ESD Association, is should be submitted to the IEC
committee.

< The working group along with the ESD Association should then
submit the document to the IEC committee for their review and
release.

ESDA/CNIS Conference 2017 16

IEC 61000-4-2 System Level

System Level vs. Device Level

ESD protection is important for the
devices at all levels...from individual
components to boards to final products...

AND - the Standards that apply to the parts or

E ﬁ BUT: Purpose of ESD control differs at eachlevel
products are different!!

‘ ESDA/CNIS Conference 2017 ‘ 18
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IEC 61000-4-2 System Level
ESD testing Standards

» Device level protection is il
assembly only.
> Device testing is done with the part powered off.

> Devices are tested to the ANSI/ESDA/JEDEC JS-001 (HBM) and
ANSI/ESDA/JEDEC JS-002 (CDM).

to protect during ing and

» Board level protection is required for both assembly and field ESD threats...at
ports that are external.

» Board (system) level testing is done with the part powered up.
» Testing is done using IEC 61000-4-2 contact discharge.

> Entire system level protection is required for the final product.
» System level testing is done with the part powered up.
» Testing is done using 1EC 61000-4-2 contact discharge AND air discharge.

ESDA/CNIS Conference 2017 19

IEC 61000-4-2 System Level

Proper application of device level and system level requirements

Applies to

ANSI/ESDA/JEDEC JS-001 HBM BEY This one |

ANSI/ESDA/JEDEC JS-002 CDM can handle!
Applies to

|IEC 61000-4-2

|EC 61000-4-5 Boarde and Final Products

Other system

level tests

When devices are designed to device level ESD specifications:

» They can be safely assembled into a product in an ANSI/ESD S20.20 compliant

factory.

» It provides the board level desi the ibility to both system level
ESD protection and the tuning capability required for a high performance
product.

I ESDA/CNIS Conference 2017 | 21

Issues in Standards

Outline

I Introduction to ANSI/ESD S6.1 Grounding Standard
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Misuse of IEC 610 2

Imposing system level requirements on device level components

...And | am
expected to fight

O Some OEM’s are beginning to impose
THIS MONSTER?!!

system level requirements onto device
suppliers.

0 The expectation is that this will improve
the quality of the final product.

QO In fact, this can degrade both ESD
robustness and performance of the
product!!

Consequences of System Level Requirements for Devices
> Device size grows unacceptably large. > Protection may actually be worse since the ESD
protection cannot be moved to the most

» Performance may be degraded significantly, effective position on the board

particularly for RF and high speed digital

applications. > Allows no flexibility for the board level designer.

ESDA/CNIS Conference 2017 20

IEC 61000-4-2 System Level

Device and system level ESD co-design

N
N

connecto
L]
connectol

PCB board PCB board

PCB diode O Properly targeting the PCB diode
and the circuit level ESD protection
is necessary for optimal system level
protection.

PCB diode

Y

‘ voltage

hec.puise

hecpu

QO This is done by first characterizing
both the circuit level and board level
ESD protection components.

current
current

voltage Vig Vetam ESDA/CNIS Conference 2017

RF Antenna Protection

Balancing device level and system level requirements

Q Antenna port protection is a good illustration of
the balance between device and system level
requirements.

0 Some OEM’s are beginning to request system
level protection on antenna device components.

In addition to system level ESD protection, the board designer must be
concerned about:

» RFtuning

» Mismatch (resulting in transients)

» Insertion loss

> Linearity

> Andso forth...

If the entire IEC p is inside the devic d
ALL

‘ ESDAJ/CNIS Conference 2017 24
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RF Antenna Protection

Basic antenna RF module components schematic

Antenna
Blocking Cap
= =
Cb

Antenna tuning components
Other RF passive components (filters,
matching, etc.)

0 IEC contact discharge testing will be performed on the antenna. This is expected to
withstand 8kV IEC contact discharge testing.

Q Protection elements must be placed on the antenna line on the PCB board or in the RF
module or both in order to withstand the ESD testing.

ESDA/CNIS Conference 2017 25

RF Antenna Protection

Ideal ESD protection scheme === 2-stage approach

RFMODULE

Antenna

Main ESD
current

TVS
15 STAGE;

Main shunt for the ESD current pulse
Produces a residual voltage pulse, v1(t)
- Clamping voltage, V1< 20V

- Trigger/overshoot voltage, V1,0, <50V
=> TVS (diode, spark-gap, varistor)

2" STAGE:

Further reduces the residual voltage pulse, v2(t)
- Clamping voltage, V2< 10V

- Trigger/overshoot voltage, V2,65, <20V

=> HPF (2" or 3 order)

ESDA/CNIS Conference 2017 27

RF Antenna Protection

Placement of the ESD protection devices on the board

Antenna Antenna

50Q microstrip

(on board) S0 ms

CaseA: CaseB:
TVS after the microstrip (near DUT) TVS before the microstrip (at the Antenna port)

Voltage measured at DUT (2 load)
Il

|
'Il T i
Q NOTE: if the TVS device is inside the RF module, there le‘ !

is no opportunity to “tune” the ESD protection for ERE
optimum performance.

Q The ideal TVS location is at the Antenna external port
=> Lowest levels of residual voltage

Case A

Case B
Q If placed correctly on PCB, a TVS device should be "
able to cover 99% of the ESD energy

Voltage (kV)

ESDA/CNIS Conference 2017 ‘ 29
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RF Antenna Protection

Basic antenna port protection === shuntinductor

RFMODULE
77777777777777777777 '
‘ i ]
] ]
i
w i
Antenna . H
Cb i TX. L8 i
L ' | Antenna PAs.
T I e, 1 | SPOT |TXHB \
L Cs* Residual ESD «a } W !
Wain EsD current ! '
current | !
i ]
! 1
L = Mai heESDourrentoulss. =~ —-----=========-----
*Low value shunt capacitor, Cs, may be added for RF matching.
Produces high residual currentand voltage, v(t) 7his can product internal failures!
> Triggerlovershootvoltage, V1, >100V
L <20nH needed to work as ESD protection. BUT this leads to RF performance issues!
It can add high insertion loss (IL) to the antenna line.
‘ ESDA/CNIS Conference 2017 26

RF Antenna Protection

Matching the IC and board level protection

TVS diodes snap-back region

TLP Data Comparison

TVS YYY

Current (A)
N s e N o
7]

L0 oz do 60 L) 10120 140 The TVS diodes must turn on before the
Voltage (V) internal RF module protection reaches its limit.

Q Without proper matching (co-design) of these
protection levels, failures will result.

ESDA/CNIS Conference 2017 28

Issues in Standards
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Il.  Considerations for Grounding in China
Ill.  The Asian Grounding Working Group

IV. Uses and Misuses of the IEC61000-4-2 Standard
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Cable Discharge Events
Other system level threats

Q Cable discharge events are another system
level threat to electronic products.

Q With the proliferation of devices that are
connected by USB and other cables, this
becomes a larger concern.

Q Hand-held and wireless devices exacerbate the problem
since these are normally not connected to earth ground
when being connected. In these cases, the charge and
ground potential of both the cable and the device are
unknown.

Q Lines of defense to prevent damaging cable discharge are:

1. Ground-first or shield-first connectors
2. Shielding of cables.

Q However, this is NOT the only protection needed to protect

against cable discharge events!

ESDA/CNIS Conference 2017 3

Cable Discharge S

Risk assessment of CDE events
Experiment:

0 USB-3 cable (3 meters) was charged up to 1000V.

0 Cable was discharged by first contacting the
shield.

Q 1 to 2 milliseconds later, the D+ data line was
contacted and discharged.

Q D+ Data line discharges a 2.2A pulse of
approximately 20ns in duration.

Discharge of the shielding

0 1000V of charging is NOT extreme in a normal,
non-ESD safe environment.

Discharge of D+ Data

Wolfgang Stadler, Josef Niemesheim, Andreas Stader, Sebastian Koch, Harald
Gossner, “Risk Assessment of Cable Discharge Events”, Proceedings of the
EOS/ESD Symposium 2016, Tucson AZ.

ESDA/CNIS Conference 2017

Cable Discharge Events

ESD discharges into USB connectors
Q In the second experiment, the same 1.8m USB-2 cables were charge up prior to being connected to a device.
They were then connected to the device and the discharge voltage measured
Q Again the different cables used were:
1. Well-shielded USB cable
2. Poorly shielded USB cable
3. Unshielded USB cable
QO The ESD gun was charged to 8kV and then discharged into the open end of the unconnected USB cable.
0 The voltage was then measured from the D+ data line during the plug-in event.

Vpenk a4 pin at BV
0 RESULT:
1. Shielding is important for reduction of voltage
during a CDE event.
2. Even poor shielding is significantly better than
an unshielded cable to reduce the voltage of the
CDE event.

Shubhankar Marathe, Pengyu Wei, Sun Ze, Li Guan, David Pommerenke, Scenarios of ESD Discharges to USB Connectors”, Proceedings of the EOS/ESD
Symposium 2016, Tucson AZ.
ESDA/CNIS Conference 2017
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Cable Discharge Events

Ground/shielding first connections

Q But, if all lines and shielding are
charged before connection...shielding
and GND will be discharged before the
sensitive data lines.

— Grounded outer metal
4+ connects the device first

Q Data lines are then discharged last.
This creates a transient pulse
i ge from the data lines to the
device to which it has been connected.

GND and supply pins connect
next. This further and
grounds supplies

Q The entire process occurs in a normal,
ESD unprotected area. Thus static
charges of several thousand volts is
not uncommon.

Most sensitive pins connect
to the device last.

ESDA/CNIS Conference 2017 32

Cable Discharge Event

ESD discharges into USB connectors
Q In the first experiment, a 1.8m USB-2 cable was connected to a “device” (PCB ground) on one end and then
pulsed with an ESD gun on the other.
QO Differing cables were used:
1. Well-shielded USB cable
2. Poorlyshielded USB cable
3. Unshielded USB cable
0 The ESD gun was charged to 2kV and then discharged into the open end of the USB cable.
QO Currentwas measured for each experiment to verify comparable pulse energy.
[ —— . .

Wi S i

: £ i o e = T o a = 3 130

Ty Torw s} Tive o3}
‘Shubhankar Marathe, Pengyu Wel, Sun Ze, Li Guan, David Pommerenke, Scenarios of ESD Discharges to USB Connectors”, Proceedings of the EOS/ESD
‘Symposium 2016, Tucson AZ,
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Cable Discharge Events

Lessons Learned

1. Proper and sufficient shielding of cables can reduce the voltage threat of the
CDE threat to electronic products.

2. Even for properly shielded cables, CDE events are a risk for communication
cables that are connected into an electronic device.

3. Proper ESD protection must be supplied on board to withstand the highest level
of ESD threat anticipated to impact the electronic devices.

4. Itis normally expected that if the electronic device passes IEC 61000-4-2 level 4
(8kV contact discharge, 15kV air discharge), then the ports into which cables
are connected should be safe for use in the field.
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Issues in Standards

Summary

ing is i to an EPA where handling ESD sensitive devices
can be done safely. An international grounding standard is needed to specify the
requirements for grounding and grounding systems.

v

Device and system level ESD stressing needs to be understood to design superior final
products. While expecting devices to supply system level ESD protection is not practical,
co-design of device and system level ESD protection can provide more efficient and
robust designs.

» RF antenna port pl ion is a good ple of how to i these
principles. It is also a good model to illustrate the limitations of requiring device
components to incorporate the IEC type of protection.

v

Cable discharge events continue to be a concern particularly for hand-held devices.
Proper shielding of these connecting cables is critical to controlling the voltage of the
CDE transient. Further, protection must be provided on the connectors to mitigate the
risk of CDE events in the field.
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Table1  Correlation coefficients with contact
moving speed for different charge voltages

Correlation coefficients
Velkv] Current peak

Max Rising slope Spark length

0.3 0.029 Ns -0.022 Ns -0.028 Ns

0.5 0.544  ** 0452 ** -0.532  **

0.8 0.668  ** 0.644  ** -0.656  **

1.0 0572 ** 0.511  ** -0.516  **

11 0555  ** 0.557 ** -0.338 *
aox

1.5 0.612 *k 0.522 -0.482 *k

NS -- no significant correlation; % --- p <0.05

SPSS: Statistical Package for Social Science

*% <001
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Property Discussion on Effect o
Multiple Factors in Non-Contact
Discharge and Corresponding
Standard

Ruan Fangming Prof Ph D

Guizhou Normal University

Back Ground
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Electrostatic Discharge (ESD) is serious threat of
various electronic system and instrument in
aerospace and astronomic, industry, and defence.
International Electrotechnical Commission has
made test standards of contact ESD, but till now
no standards made for non-contact ESD which
taken with large amount place in reality situation.

Multiple factors have effect on non-contact
discharge results, included gas pressure, electrode
moving speed, temperature, humidity, material of
electrode.

Effect on ESD Parameters of Electrode
Moving Speed / proposed in 1987*

Distinctive Variation of Parameters
in Human-Metal ESD

Strong Impact on

Serious threat
in vain

Strong Impact on

Discharge Parameters of ESD Gun

(ESD gun)

of/Approachiini
A67=474.

The Correlation ofiRisi]
ESD Tests|C]. Proceedings ofithe 12thiint. Zuri

85

Outline

@®Back Ground

©Effect of Electrode Moving

@Influence of Gas Pressure

@®Influence of Temperature & Humidity

©® New Test System of ESD

@Initial Discussion on Standard of
Non-Contact ESD Test

©® Conclusion

Back Ground

»

* Losses Caused by ESD:
~ USD 500 million / Year

Contact ESD --- Yes
- Non-Contact ESD ?

=== No !

Metal piece for

Simultaneous
Measurement of
Discharge
Parameters and
Electrode Speed

cable

A i ) 50-Q2SMA

Alun’n"inum plate
Digital !
Amplifier __oscilloscope f20m

| Acceleration

hA sensor
50Q ct;xial g /
cable Human
DC power bl:)dy & i pigital
supply oscilloscope

B =

500 coaxial cable

gﬂcm

>

Foam polystyrene



Topic4 Br778] Ruan Fangming

Discharge Current at Different Charge Voltage

and Different Electrode Moving Speed
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Statistic Analysis of Correlation of Discharge
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Spark Length for identical Charge Voltage

The Faster the Electrode Moving Speed, the Shorter the

Effect of Electrode Moving Speed
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Influence of Charge Voltage on Influence of Charge Voltage on
Discharge Parameters Discharge Parameters

BN BOAAL Ty

Fast approach) — Measured
7( pproach) —— Calculated
V=800V,

«1

Voltage Measured an
Calculated i(t)/A
ok N ®

F Vﬁ= 00V
L .

1 1 1 1 1 1 o
01 0 01 02 03 04 05 06 07
I 1] / ns

ZuT v(t)

T Estimated
Calculated]

Ramp-Weizel g % sook v |
Formular g f, /11400
7¥ v (t)=r (t)l(t) é E %,1 6 01 02 03 04 05 06 0.7
r(t)_ ¢ ¢ '% 3 N q 1 (= = Vc_v T jo(t-7
2%]‘ iZ(T)dT =V, _i'[:"[;{zo +ZB(jw)}~i(r)-ejw((4)d1'dw x § 1 ¢ ns |(t) = ;Imjmee ( )drda)
Determination of Channel Resistance and Arc Length |
Electrode Moving Speed Influence on Current Electrode Moving Speed Influence on Arc
Peak Value at Various Voltage Length at Various Voltage
s _ w0
(=
5 ] € 60 * 5f(um) A
3 40 . 2 A BSs(um)
® 37 * - ‘é, 40
o
o 2 ¢ * Ipf(A) 2 2 S
—_ L — ‘
s 1 4 = Ips(A) Z °
'8 O 1 1 1 1 1 . . . . .
e 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Charge voltage (V) Charge voltaage (V)
Electrode Moving Speed Influence on Are Electric Field Influenced by Electrode Moving
Length at Various Voltage Speed and Charge Voltage
160 :_§ 25
—~~ = ? 2 [ ‘ ' '
& 120 =15 *
£ L 4 L 4 o [
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Passage Resistance Affected by
Electrode Moving Speed and Charge Voltage

o 150

~ [ |

g 120

C

3 91 o o ¢

2 60 t s

= *f(Q)
% 30 | | rS(Q)
g

o

0 200 400 600 800 1000 1200
Charge voltage (V)

Correlation and Statistic Analysis between
Discharge Parameters and Electrode Moving Speed

Table 1 Correlation coefficients with contact
moving speed for different charge voltages

V. TKV Correlation coefficients
c [ ] Current peak Max Rising slope Spark length

0.3 0.029 Ns -0.022 NS -0.028 Ns
0.5 0.544 ** 0.452 ** -0.532  **
0.8 0.668  ** 0.644  ** -0.656  **
1.0 0572 ** 0511 ** -0.516  **
11 0.555 ** 0.557 ** -0.338  *
15 0.612 ** 0.522 ** -0.482  **

NS -- no significant correlation; * --- p <0.05 *% - p<001

SPSS: Statistical Package for Social Science

Threshold Phenomenon of Electrode Moving
Speed Effect Change with Charge Voltage

° — —)
# 5-1 NAF ) = 2= 8B M

B EE 1 2 3

HEERC on) <10 20-80 80-100
EAMEC ) =40 300800 =33
FEREV) =70 2000 =150
BEET i =50100 2575 <635
B E&H  FHEW TS

B iR ¥ H EA £
48 72w x # #
SE W x i "
el ve=d EH EEWIH SH

Discharge Parameters Imposed by
Electrode Moving Speed and Charge Voltage

o o
\ g v

® Discharge parameters affected by electrode
moving speed have little change at charge
voltage 0.3kV.

® Electrode moving speed have distinctive effect on
discharge current peak value when charge voltage
is 0.8kV.

@ Influence on discharge parameters by electrode moving
speed, as Ve >1.5kV, larger than that caused by Ve=0.3kV,
and less than that by Ve =0.8kV.

Effect Analysis of Discharge Parameter
Threshold Phenomenon with Charge Voltage

08
0.6
04
0.2

0
0.2
04
0.6
08

—&— Correlation of
Ip with Ve

—&— Correlation of|
(dI/dt)m with
Ve

02 \04 06 08
—&— Correlation of|

d with Ve

Correlation coefficient

Charge voltage Vc [kV]

Correlation Coefficient with Charge Voltage

Threshold Phenomenon of Electrode Moving
Speed Effect Change with Charge Voltage

voltage source
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Effect research of Electrode moving speed Analysis of Short-gap ESD Model

Discovering Phenomenon of Parameters Threshold
Resulted from Charge Voltage Change, and Giving
Theoretic lllustration on the Mechanism, Revised and
Made Performance of Short-gap ESD Model

R 1)

voltage source spark gap

ectrostatic

Threshold Phenomenon Analysis with Threshold Phenomenon of Electrode Moving
-~ Shongae ESD Model L Speed Effect Change with Charge Voltage

The cause Is that surface process transfers to )
avalanche process, shown key point at Vc=800V. Both
surface process and avalanche acted at Ve=800V. For
Ve <800V, ESD event mainly determined by surface
process ; as Ve >800V influence of surface process
decrease and ESD event dominated by avalanche
process. Special threshold phenomenon of electrode
moving effect, hence, produced by comprehensive
action of surface process and avalanche process.

|Short—gap Electrostatic Discharge Model |

[ Sorts of Discharge Current to Various Charge Voltage | ;:?;hgg:r?:;:;:m 5:‘:'9“ e: vo:le l’::;"g

Z

V<800V

Discharge current (A)

0 7, d

felationship of channel resistance R, distributive capacitance
and discharge gap

Time (ns)
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Fluid Mechanics Principles Used to Analyze
Electrode Moving Speed Effect

Air flow motion, as a kind of fluid, follows the
basic theorems, principles and laws in fluid
mechanies. Analysis was given based on principle
of continuity and Bernoulli theorem and
discussion of gas press difference between inner
and outer gap, obtained a new theoretical
description on mechanism of electrode moving
speed on discharge parameters.

Continuity Equation---A Basic Principle

in Fluid Mechan!cs

Sa, Va

Q=SV=const
SaVa=SeVe=const

Gas Pressure Has Strong Influence on
Electrode Moving Speed Effect

lectrode

e B

Qleclrode

target

A

L
Vrsl
L]

i(t)

—

target
i(t) J

Oscilloscope Oscilloscope

() No fluid tube formed

(a) Fluid tube formed
for, PA=PB

when Pa<P

Effect research of Electrode moving speed

o
\ 4 2 4

A Model was proposed to describe effect on
Parameters of Electrode Speed via Gas Pressure

Change
Se, Vs l -
Sh, Vi lectrode
SaVa=SeVe= const @
a -B target
i—ipd —=AeXp|=—| i
i=ie” p XP[E/ i J
2]
Oscilloscope
Townsend Theory of Gas
Discharge

Bernoulli Equation-— Another Basic
Principle in Fluid Mechanics

1
pB_pAZEp(Vi_Vé)+pg(hA_hB)

1 1 5
Ps +pghB+§po = pA+pghA+§/ij

1 >
p+pgy+5pv = const.

Mechanism Analysis of Electrode Moving Speed
Effect on Discharge Parameters

o3
(&)

Pa < Ps
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Electrode Moving Speed Effect Analyzed with Numerous Analysis of Electrode Moving Speed
Fluid Mechanics Principles Effect on Discharge Parameters
Se, Ve l‘ Ve Electron moving speed v, has strong correlation with gas pressure p
S, Va ectrode in short-gap ESD
dV
SAVA=SVe=const @ i(0),, =C - +eN —exp(j a(EV,(£)dE) @2

4 [ s,V )
i(t) ‘ I(t) surf 9 & m, (d v, (t) ] t)2 K[(){(t)]

— = Aexp
scilloscope B
[%J Oscilloscop a:ApeXp(*fpj

E
Townsend Theory of Gas Discharge

target

Gas Pressure Variation Impacting on Electrode Gas Pressure Variation Impacting on Electrode
Moving Speed Effect Moving Speed Effect
@ 1 _ ] < 1o is(t) >
~ 100
E 2 90 \
v.(t)=C-| — " \
€ p 70
< 60
s \
3/2 1/2 g 50 N
cm= ctorr 40
C=33x10°—— w
20
sV 10 ~
0
Discharge current variation situation, based on formulas above 0 010203 040506070809 1 11

P/PO

Discharge current in surface process increase

and parameters relative, can be estimated according to gas

pressure variation, seeing in two figures blow much with gas pressure decreased
Gas Pressure Variation Impacting on Electrode Nurerous Analysis of Electrode Moving
Moving Speed Effect Speed Effect on Discharge Parameters

iav(A) & ®
With consideration gas pressure changed by electrode moving
speed, and electrical field strength varied by capacitance between two

§ poles, the formula below is used to deseribe capacitance between two
g oles
5 P _ S (4.3.14)
Q 47kd
§ And hence deduct , combined (4.3.11), (4.3.12) ,discharge current
.‘Dé formula as following
0 02 04 06 08 1 12 dQ (t) BpS
it =iy exp| (dy —V,t)AP exp| — (4.3.15)
Variation of air pressure rate(p/po ) 0= ’ xp{( o ~Vat) Xp[‘lﬂkQ(t) H

Discharge current in surface process decrease
rapidly with gas pressure increase
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Numerous Analysis of Electrode Numerous Analysis of Electrode
Moving Speed Effect Moving Speed Effect
i L L)) ] (10 -V, )A( 10° -0.65%V;?)- ]
(do —Vi)A Ps —p[l—(] }/hz : dQ _ 5 2y72 -13
27" (100 PR exp[— (10° - 0.65%V,? )B x 0.035x 10
o dQ . 2 Q(t)
i) -2 =i,e0 —{pg -;p[l-(lgoj )thJBS
eexp do =107M v, —0.1m/s,02m/5,05m/s ps =10° Pa,
47kQ(t) s 1 "
p=1293kgIm" s =4x10°m? &=z x107F/m
N N k=8.9x10° Nm?/C?
Numerous Analysis of Electrode Numerous Analysis of Electrode
Moving Speed Effect Moving Speed Effect
e
Electrode Moving Speed IYmﬁacting on Diéucharge Electrode Moving Spe;d Impacting on Discharge
Current (Stainless steel electrode) Current(Cu electrode)
Numerous Analysis of Electrode Design of Temperature Control System for
Moving Speed Effect New ESD Test Platform
A |
378 ""‘Tt:_ ~~~~~ — - l
F 3T I -—_\—-
E . s SN DSISB20 |
§ e s FPGA disl;::yer
. cont| | S
Electrode Moving Spet;d Impacting on Discharge
Current(Al electrode) Block diagram system
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Design of Humidity Control System for
New ESD Test Platform

g5 [EE
New ESD 1 Doer| i
measurement: 3

-
Systel'l'l > l‘lumidity GHD

supplier 2]

1

Modular controlling Connector of humidity
humidity circuit

Experiment Verification of
Electrode Moving Speed Effect

Creativity: (1) Realization of electrode straight line at large speed to the target without
damage;  (2) Full sealed chamber enabling accurate control of different factor
measurement ( Protected by China Patent! )

Experiment Verification of
Electrode Moving Speed Effect

—— £ (motor) =8000liz
—— £ (motor) =1000Hz

Discharge current i(t)/A

Time tins

Figh Comparison of two electrodespeeds in ESD everts

|Eﬁect research of Electrode moving speed |

Invented a New System for Research of Multi Factor
Effect on Discharge Parameters, Providing Solution to
Important T\iuo Difficult Prc,nrblems in ESD Expertise

Comparance: ESD Research Setup by David
Pommerenke Missouri Univ of Sci. & Tech.(1995)
c ®

40 D. Pommerenke|Journal of Electrostatics 36 (1995) 31-54

field sensor

insulating supports

S B

Y current sensor

i N
ATIHRIIIR e Y

Fig. 7. Set-up for the measurement of arc length, speed of approach and discharge current.

Weakness: (1) Large velocity of electrode may lead to damage
of instrurment

(2) Different factors can not be controlled effectively due
o open Surroundings

Experiment Verification of
Electrode Moving Speed Effect

[— Ciaupa, T,
300087

Discharge curtent (/A
Discharge current i()/A

Time tns Time s

Fig7 Discharge current with
comparatively high gas pressure in
ESD

Fig8 Discharge current with
comparatively low gas pressure in
ESD

93



Topic4 Br778] Ruan Fangming

Algorithm Calculating Human
Body Impedance

OUTER

CONDUCTOR

| System Structure of Electromagnetic Wave Radiation

Algorithm Calculating Human
Body Impedance

L
A
ki
A
W

Mirror Reflection of
Electromagnetic Wave

Algorithm Calculating Human
Body Impedance

Wjye-f

Option of input terminals ~ C thod of imped:

Calculating Impedance with Cylindrical
Model of Human Body

94

Algorithm Calculating Human
Body Impedance

~
_ Y
—| k— 2a
2h =
Iy
| Configuration of Correct Antenna |

Algorithm Calculating Human
Body Impedance

4

Equivalent Gircuit of inner Hurnan Body

Algorithm Calculating Human
Body Impedance

(a) HFH (b) g

Calculation Result for Cylindrical Model
Set in TEM Chamber
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Conclusion

L 2

\ g

Test standards of non-contact electrostatic
discharge need to consider effect of multiple

factors. Deep investigation of non-contact Tank You Very MUCh for
ESD may provide benefit theoretical and Your Attention!

technical suggestion to proposal of ESD test
standards.
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Brett Carn

Brett Carn initially joined Intel Corporation in 1999 and is a
principal engineer in the Corporate Quality Network. He has actively
worked in the field of device level ESD at Intel. In that role, Brett chairs
the Intel ESD Council overseeing component level ESD & Latchup
testing across all Intel sites worldwide, defining all internal test
specifications,  reviewing all Intel ESD  design  rules,

overseeing/defining the ESD target levels for all Intel products

worldwide and leading post silicon ESD debug on many products. In
more recent years Brett has also been actively involved with addressing EOS challenges. Prior to
joining Intel, he worked for Lattice Semiconductor for 13 years where he started working on ESD in
the early 1990s. Since 2007, Brett has been a member of the Industry Council on ESD Target Levels
and has helped author several whitepapers as well as been the lead editor on the last four whitepapers.
Brett is an active member of the ESDA and a current member of the ESDA Board of Directors. Brett is
also a member of the ESDA Education Council, overseeing all online training, and is the current chair
of the Technical and Advisory Support Committee (TAS) and a member of several ESDA working

groups. Brett received his BS in electrical engineering from Portland State University in 1986.
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ESD Device Qualification Testing
Challenges

ESDA/CNIS Conference, Guiyang China
Brett Carn
November 10, 2017

Background

Background - Charged Device Model (CDM)

Initial work on CDM start in the 1970's

The first commercial testers were introduced in the late 1980s /
early 1990s

— The systems were the early versions of the non-socketed (field-
induced) CDM systems we have today

Separate standards from both the ESDA and JEDEC followed
around these test systems in the mid/late 1990s

In 2014 the first joint standard for CDM was released by the ESDA
and JEDEC as ANSI/ESDA/JEDEC JS-002

» ]S-002 continues to evolve, focusing on the unique challenges of a
non-socketed CDM test system

A
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ABSTRACT

This presentation will discuss the current human body model (HBM)
ANSI/ESDA/JEDEC JS-001 and charged device model (CDM)
ANSI/ESDA/JEDEC JS-002 test standards. There has long been a
need to align the Industry on HBM and CDM testing standards. JS-
001 and JS-002 have gone a long way to meet that alignment need.
The discussion will review significant changes in the current JS-001
and JS-002 standards and will pursue the challenges within the
Industry with adherence to the present standards. These challenges
can result in significant risk to the assessment of the ESD threshold
of integrated circuit components. This discussion will also review the
current ESD roadmap published by the ESD Association and how this
highlights the ever increasing critical need for correct ESD
qualification testing.
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Background - Human Body Model (HBM)

The oldest of all component ESD testing methods, with work
starting back in the 1960’s

The HBM specification was originally defined by the MIL-STD

The last revision of the MIL-STD was in 1989 at which point the
ESDA and JEDEC both developed Industry standards

— First standards released by JEDEC in 1996 and ESDA in 1998

In 2010 the first joint specification from the ESDA and JEDEC was
released as ANSI/ESDA/JEDEC JS-001

JS-001 continues to evolve as future ESD testing challenges are
identified and incorporated into the document

A
BB, £5D Device Qualification Testing Challenges

Background - Industry Acceptance - JS-001

Previous to the release of JS-001 there were standards from many
organizations (ESDA, JEDEC, AEC, JEITA, IEC)

With the release of ANSI/ESDA/JEDEC JS-001, the Industry has
aligned on JS-001 with adoption by ESDA, JEDEC, JEITA, AEC and
IEC

Aligning on one specification has been critical to ensuring
consistent testing and consistent results across the Industry

Challenges still exist in interpretation of JS-001 - this will be
discussed in more detail

A
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Background - Industry Acceptance - JS-002

Previous to the release of JS5-002 there were standards from many

organizations (ESDA, JEDEC, AEC, JEITA, IEC)
— Some standards bodies aligned with ESDA, others with JEDEC

— While each method provides valuable information - the presence
of multiple standards does not serve the Industry well

alignment has started

— This is vital to alignment of the Industry

With the release of ANSI/ESDA/JEDEC JS-002 in 2014, Industry

— IEC adoption has been completed with AEC adoption expected in

2017, JEITA is still in investigation

JS-002 represents a significant departure from all previous specifications —
understanding is critical to apply the specification correctly

A
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HBM ESD Roadmap

HBM Roadmap (Typical Min — Max)
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HBM ESD Roadmap

100% .
.
0%

2010-2015 By 2020

Copye 0 0150550 Ao,

.

Tagerievel
urment Target rojected Target ®
[ o

HBM target levels have
been steadily dropping
Reduction in levels is a
result of increases in 10
performance

Advanced technology
nodes also driving
reductions in HBM
performance

Though the range may not
significantly change by the
year 2020, it is anticipated
that the distribution of target
levels for integrated circuits
will change

This will drive challenges in
how we handle ESD controls
in manufacturing

This will also drive the need
for ensuring the qualification
testing is done properly

‘ We must supply the correct information to manufacturing
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ESD Roadmaps!?

tInformation in this section can be found at www.esda.org
https: da. i i

1869

HBM ESD Roadmap

HBM Forward Looking Roadmap (Typical Min — Max)
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CDM ESD Roadmap

CDM Roadmap (Typical Min — Max)
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Isolating look at 2010
and beyond

Not anticipating a
significant change in the
range of target levels
looking forward to the
year 2020 and beyond
Note: manufacturing
controls become
challenged below 100V

CDM target levels have
been steadily dropping
What is driving this
reduction?
— Advances in IO
performance
— Larger IC packages as a
result of packing more
functionality into one IC
Advanced technology
nodes also driving
reductions in CDM
performance
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CDM ESD Roadmap

CDM Forward Looking Roadmap (Typical Min — Max)

Isolating look at 2010
and beyond

Expecting a reduction in
the lower target level for
CDM in 2020

Note: manufacturing
controls become
significantly challenged

Gurrent Target
Level

Projected Target
Level
500V ...

COM Control Methods
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250V e s, 520.20(2000)

process specific

125V ereereennnnnanns .+ 4., Measures * (100V)
¥ below 50V
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e
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e S
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Summary - Roadmaps

* Though the range of HBM and CDM target levels may not
dramatically change by the year 2020 it is anticipated the
distribution of target levels for ICs will trend downward

» The need for accurate testing of integrated circuits utilizing J5-001
and JS-002 specifications will be critical

As a standards organization, we must ensure understanding of the
specifications is clear

A
£

A28\, ESD Device Qualification Testing Challenges 15

HBM Test Systems

Relay matrix HBM tester: 2-pin HBM test system (flying probe):

Socket

’ Scope
HV/control I -

Probe station Probes

Holding fixture

A
B

A8, £5D Device Qualification Testing Challenges 17

109

CDM ESD Roadmap

Though the range may not
significantly change by the year
2020, it is anticipated that the
distribution of target levels for
integrated circuits will change
This will drive challenges in how
we handle ESD controls in
manufacturing

The need to ensure compliance
to JS-002 and to adhere to the
requirements of JS-002 will be
critical

100%

0% . I

2010-2015 By 2020

R T ——

We must supply accurate information to manufacturing
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JS-001 Testing Details

Human Body Model Simplified Circuit

» Simplified HBM simulator with loads according to ANSI/ESDA/JEDEC
JS-001 (referred to from this point on as JS-001) (Figure 1)

R,>1MQ Ry~ 1,500 O Terminal A
Dual Charge Test £ =
Polarity Removal | | Fixture 2 2
HV Supply Ci= Circuit Board 0
| 100 pF l l
J_ Terminal B

Current Probes

Remember: Terminal A = pulse/stress, Terminal B = ground

A
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HBM Waveform Verification — Short

+ Parameters according to JS-001: Ips (calculated), Ips .y, tr, td

08 0s
. IpsTax .
ps p -
90 % Ips----af e S
— ““n.u_
=05
2
g 0.4
. 303 40 ns
36.8 % Ips <
02 g 02
Il tr-
“'; i ~d 10%1ps “'; T fimax
tmax'Time {ns) - 100 ns/div Time (ns) - 5 nsfdiv
A
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HBM Waveform Verification — Parameters

+ Parameters defined in JS-001 (Table 1):

ise Time

ecay Time

Voltage Level | Ipeakfor e Timi
short 500Q | forShort | for500Q | forshort 50V level
Ips (A) Ipr (A) tr (ns) trr (ns) td (ns) urrent I (A) introduced to
0027-0040  N/A 20-10 N/A 130-170  15%of Ips prepare for the
0.075-0.092 N/A 2.0-10 N/A 130-170  15%oflps roadmap!
“ 015-0.18 N/A 20-10 N/A 130-170  15%of Ips
“ 030-037 N/A 2.0-10 N/A 130-170  15%oflIps
m 060-073 037-055 20-10  50-25  130-170  15%oflps
m 1.20-1.47 N/A 20-10 N/A 130-170  15%of Ips
240293 150220 20-10 5025  130-170  15%oflps
4.80-5.87 N/A 2.0-10 N/A 130170 15%ofIps
A
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HBM Testing Challenge #2 — Pin Classifications

JS-001 requires all pins to be classified into one of the defined groups:
« No-connect pins:

— A package interconnect (pin, bump or ball) that is not electrically

connected to a die.
+ Supply pins:

— A supply pin is any pin that provides current to a circuit. Supply pins
typically transmit no information.

Remark: For the purpose of ESD testing, power and ground pins are treated
as supply pins.
» Non-supply pins:

— All pins not categorized as supply ﬁins or no connects are non-supply
pins (“signal pins” or “I0 pins”). This includes pins such as input,
output, clocks, controls, address, data ... Most non-supply pins
transmit or receive information.

A
B
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HBM Waveform Verification - 500 Ohm Load

« Parameters according to JS-001: Ipr, trr (added “r” denotes 500 Q

resistor) T
Ipr ]
0.4
90 % Ipr ]
=03 : u:A:n!%:t
= 217 s (PaSS)
=
Loa2 -
=
(=] 1
01 ]
trr ]
10 % Ipr 1
Time (ns) - 5 ns/div
B, £5D Device Qualification Testing Challenges 20

HBM Testing Challenge #1

» Waveform verification

— Most HBM test systems are based on a “relay based” connection
system

— Relay based systems create risks of both pre pulses as well as
trailing pulses

— Failure to understand and check for these issues can result in
incorrectly assigning reduced HBM passing levels to an
integrated circuit

Incorrect levels can potentially result in requiring un-needed
additional ESD controls in manufacturing

£B, 5D Device Qualification Testing Challenges 22

HBM Testing Challenge #2 — Pin Classifications

JS-001 introduces 2 tables to define the pin combinations required
for HBM test

— These tables are identified as Table 2A and Table 2B

Table 2B represents the legacy pin combinations, dating back to
the original MIL-STD test method

Table 2A represents the latest pin combinations for accurate HBM
testing without some of the risks of Table 2A (to be discussed later)

A

BB, £5D Device Qualification Testing Challenges 24

110



Topic5

i - B Brett Carn

HBM Testing JS-001 Table 2B

Combi on
Set Number Pin(s) Connected to Terminal B

Supply Pin Group 1

Connected to Terminal A
ingle Pins, tested one at a time)

Every Supply Pin except pins of
Supply Pin Group 1
Every Non-Supply Pin

Every Supply Pin except pins of
Supply Pin Group 2

Supplies

Non-supply pins,

Supply Pin Group 2
Every Non-Supply Pin

All other
stressed pins

Every Supply Pin except pins of
Supply Pin Group N Supply Pin Group N
Every Non-Supply Pin
Each Non-Supply Pin

All Non-supply Pins, except PUT (as the PUT)

<—"10 test”

>

. ESD Device Qualification Testing Challenges 25

The Mystery of “Association” in Table 2A

» Per JS-001, a non-supply pin (typically an I/O pin) is associated

with a supply pin group if either

— The current from the supply pin group (i.e., VDDIO) is required for the
function of the electrical circuit(s) that connect to that non-supply pin

— A parasitic path exists between non-supply and supply pin group (e.g.,
open-drain type non-supply pin to a VCC supply pin group that
connects to a nearby N-well guard ring).

Each non-supply pin is associated with at least one supply pin

group, typically with two (VDDIO and VSS)

The knowledge of associations in the product design is essential for
testing according to Table 2A correctly!

£B,  EsD Device Qualification Testing Challenges 27

Summary - HBM

+ ]S-001 is a significant step forward in aligning the Industry on HBM
testing

+ However, there are areas within the specification that can cause
confusion to the average user
— Waveform verification
— Pin combinations

This confusion can lead to incorrect HBM threshold level
predictions for IC components

A
B
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HBM Testing JS-001 Table 2A

Pin Combination (s) Connected to Terminal B in Connected to Terminal A
Set Number (Single Pins, tested one at a time)
Every Supply Pin except pins of
Supply Pin Group1 <———Supplies

Every Non-Supply Pin
associated with Supply 1

Supply Pin Group 1
Non-supply pins

Every Supply Pin except pins of
Supply Pin Group N
Supply Pin Group N (7 E
Every Non-Supply Pin
associated with Supply N

One Pin of Each Coupled Non- . oor iy of the Coupled Non-

N+1 Supply Pin Pair, one pair at a w -
time Supply Pin Pair <—"10 test’ DO
A8, £5D Device Qualification Testing Challenges 26

HBM Testing JS-001 Table 2A and Table 2 B - Threshold
Differences

Although ideally HBM testing according to Table 2A and Table 2B
should give the same thresholds, identical or even similar results
cannot always be expected; examples:

— Extreme overstressing in Table 2B could lead to wear-out and
degradation and to unrealistic low thresholds - pin pairs are reduced in
Table 2A and could yield to a higher (more field-relevant) threshold
(intentional)

— IO test of Table 2A is far more critical than in Table 2B and could give
significantly different results (not intended to hide weakness in test
according to Table 2B)

A
D,

A3B,. ESD Device Qualification Testing Challenges 28

JS-002 Testing Details!

Yinformation in this section is also published in:
A. Righter, B. Carn “A Look at the New ANSI/ESDA/JEDEC JS-002 CDM Test Standard”, In
Compliance Sept 2017 Issue
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CDM Background

1 chm effective restitance

Charging
Ressior

Simplified Hardware Schematic Simplified Electrical Schematic

Example test systems
+ Field-induced CDM schematic shown
» A device is charged through a voltage applied to the field plate and
a single pin/ball is discharged as the pogo pin approaches the DUT

A
£5D 3
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CDM Background — Scope BW Dependency
7

sk ) r—‘T# - JESD22-C101 called for waveform
o F A 8 GHz verification at 1 GHz only
. 4F \ + The true waveform is actually faster than
=, what can be captured on a 1 GHz scope and
25k the scope filters the true waveform
@
§ - + The true waveform has a higher Ipeak,
o [T faster Tr and reduced FWHM when
VT U measured with a high BW scope (>6 GHz)
1 g ") + This created variability in calibrating test
K3 V¥ systems based on the BW of the scope [1]
Time (ns} - 1 ns/div when using the old specifications
A key focus of JS-002 is to introduce requirements for checking
waveforms using a high BW (>6 GHz) scope to see the “real” Ipeak
A
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CDM - Waveform Verification Tables

Tk 1. COM Wavetor Charocterstics for a 1 GHz Bandwidth Cacilizscope
1oz W Oncavcrme.

Note focus on Ipeak ranges
Field plate voltage is
adjusted in order to hit the
target Ipeak ranges

Full parameter checks
required at each test
condition e tn
Annex added to JS-002 to
offer 2 options for how to
complete the waveform
verification

p——

Farwana |
bk s

st
A a2

- A EAESE:

A ‘ Understanding the field plate voltage/Ipeak relationship is important
AR, £5D pevice Qualification Testing Challenges 35
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CDM Background - JEDEC JESD22-C101 waveform

Introduction of a ferrite to
meet previous specs to meet
FWHM requirements introduces
significant ringing when viewed
with a high BW scope (not seen
at 1 GHz)

A key focus of the new
ESDA/JEDEC joint CDM
specification ANSI/ESDA/JEDEC
JS-002-2014 (JS-002) is to
remove the ferrite to improve
ringing

0 8GHz .

1GHz

B, £5D Device Qualification Testing Challenges 32

CDM - Waveform Verification Frequency in JS-002

+ Atinitial qualification of the tool or during any periodic requalification
— Requalification should be at a maximum period of 1 yr
« Requalification could also be driven by any service/repair of the system
— Must use the high bandwidth (BW) oscilloscope specifications as shown in
Table 2 and verify that all parameters are met at each of the 5 test conditions
(TCs), using both the large/small verification module at both polarities - make
adjustments as per Annex G

« Verification every quarter
— Using either a 1 GHz or high BW oscilloscope, verify that all parameters in
Table 1 or 2 are met at each of the 5 TCs, using both the large/small
verification module at both polarities - make adjustments as per Annex G
« It is recommended to use a high BW scope here if possible

A key focus of JS-002: clarify when to use high BW/low BW oscilloscope

BB, 5D Device Qualification Testing Challenges 34

CDM - Ipeak Dependence on Package Size

I/0 - Ipeak vs Pkg Size @ +250V

6
s .

~4 .

<

X3 To pass 5A at 2500 mm?

é’ A 500 mm? package must pass:
2 5A/3.5A * 250V =
1 Must pass ~360V on a typical pin
° o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Package Size (mm2)
1/0 Mean Ipeak = 1/0 MAX Ipeak

Dependence graphs are critical for understanding risks in
CDM ESD Roadmap 36

A
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Peak Current Vs Charge Del;
CDM - Fully Charging the Device| . calk Current s harse befey
Problem statement: Large B -
packages may require more than the | %2 -
minimum delay in order to fully E:-: 7
charge s
Procedure added to JS-002 to T T
determine minimum charge delay Time Detay (ms)

Using large verification module or a device (ideal), characterize the
discharge Ipeak at minimum delay and longer delay times

If Ipeak at minimum delay is lower than Ipeak at longer delay times;

a characterization of the appropriate delay is needed such as shown
on the figure on the left

A key focus of JS-002: must ensure component is fully charged

A
£5D

A3, EsD Device Qualification Testing Challenges

Summary - CDM

» ]S-002 represents the first joint CDM test specification
« Critical to this specification are the following changes:
— Hardware without existence of a ferrite (inductance)
— Requirement to verify waveform at high BW (>6GHz) and how
often to check
— Ensure correct charging of the component

— Understand Ipeak and it’s relationship to field plate voltage and
to package size

Without the correct understanding, JS-002 can be
applied incorrectly

A
BB, £5D Device Qualification Testing Challenges

BACKUP

37

39
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CDM - Future of CDM Testing

» Field Induced CDM testing is the dominate test method today
— Spark resistance creates significant error at low voltages
» Reduction in voltage levels will limit the use of field induced testing
« 2 methods being evaluated by the ESDA/JEDEC JWG
— CCDM - Contact CDM
« TR published in 2016 - can be designed to shape of existing discharge
waveform - SP in progress for early 2018 release
« Contact method removes spark variation in waveform
« Possible alternative method for low voltage CDM testing
— cc-TLP - Capacitive coupled transmission line pulse
« Approach has been around for awhile
« May not completely match present discharge waveforms
« Good option as a wafer level characterization technique

The CDM roadmap will drive additional changes /

A improvements in JS-002
A E5D Device Qualification Testing Challenges 38
Summary

ANSI/ESDA/JEDEC JS-001 and 1S-002 represent a significant step
forward in aligning the Industry on component ESD testing

— If a company is not using/following these specifications they are not
positioned to lead within the semiconductor Industry

Anticipated ESD roadmap changes will drive a critical need for
accurate ESD testing

Today, there are companies who are not following the specifications
as intended - not on purpose - but due to a lack of understanding

Training through the ESD Association can help to
ensure alignment to the joint standards

A
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HBM Waveform Verification — Trailing Pulse .

HBM testers may have spurious (“trailing”) current pulses after the
Measurement set-up: 10 kQ shunt et 'Vo.l‘ta”g.e Probe,
and parallel Zener diode ""‘"““’“‘“’:10 M@ impedance
(Zy = 6-15 V) between Terminal A HBM pulse |spec limit
and Terminal B i
Measure voltage across Zener with
1 ms time scale (200 ps/div) \ﬂ
[

| A pA =
140 MV/10 MQ
sy i }

i
|

Trailing pu\.se amplitude h

Positive and negative currents
must be verified

Limit: <4 yA @ 4,000 V

L
| o e

Yo Bl X e o v
A, £5p pevice Qualification Testing Challenges a5

HBM Testing JS-001 Table 2B - Stress Strategy

» Select all N supply pin groups (remember, ground pin groups are
also supply pin groups!), sort the supply pin groups from 1 to N
Select the 1st supply pin group and connect it to Terminal B -
connect all other supply pins and non-supply pins individually to
Terminal A and stress it (no stressing of no-connects!)

Remark: Pins not connected to Terminal A or B are left floating
Continue with 2 to Ath pin group and connect it to Terminal B -
connect all other supply pins and non-supply pins individually to
Terminal A and stress it (no stressing of no-connects!)

Connect each non-supply pin individually to Terminal A and stress
it against all other non-supply pins commonly connected to
Terminal B (“10 test”)

A
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HBM Waveform Verification — Pre-pulse

HBM testers may cause a voltage rise before the actual HBM stress
pulse — pre-pulse — can cause “artificial” fails [2]

Level of pre-pulse voltage

depends on tester
Measurement: measure
current through DUT or
through a Zener diode

(Z, = 8-10V) at 100 ps/div
+ NOTE:

— There is no limit defined - if
pre-pulse determined, product
risk must be assessed!

— The 10 k shunt can reduce the

Zener diode,
Zy=9.4V

500V — 1000%
—2000% == 4000V

HBM pulse

Voltage (V)

pre-pulse. 00 400 300 200 00 D 100 208 300 400
Time (4s)

&3B,. £SD Device Qualification Testing Challenges 44

HBM Pin Grouping - Supply Pin Groups

Supply pins that are connected on chip or on package level by a

metal with a resistance of less than 3 Q, form a “supply pin group”

— "3 Q criterion” must either be verified by reliable device documentation
or must be verified by measurements (however, measurements may
not be easily possible due to parasitic resistances)

— If the resistance cannot be measured or is not known, each pin has to
be treated as separate supply pin group

Supply pins which are not connected to any other supply pin by

metal, form their own supply pin group

Each supply pin must be a member of one and only one supply pin

group

A, Esp pevice Qualification Testing Challenges 46

HBM Testing JS-001 Table 2A - Stress Strategy

Select all N supply pin groups and sort the supply pin groups 1 to N
Select the 1st supply pin group and connect it to Terminal B -
connect all other supply pins and all non-supply pins associated to
Supply 1 individually to Terminal A and stress it

Continue with 2 to Ath pin group and connect it to Terminal B -
connect all other supply pins and all non-supply pins associated to
this supply group individually to Terminal A and stress it

Connect one pin of each coupled non-supply pin pair and connect it
to Terminal B — connect the other pin of the coupled non-supply pin
pair to Terminal A and stress it, one pin pair at a time (“*I/O Test”)

Table 2A defines the minimum set of required pin pair combinations!

A
£5n
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HBM Testing JS-001 Table 2A - Test Strategy

In general, the "minimum required pin combination set” according

to Table 2A can be split into:

— A “matrix test” (supply test)

— An “intra-domain test” (all non-supply pins associated to one supply
are stressed against this supply, the group of non-supply pins + supply
pin could be seen as “domain”) - difference to Table 2B

— 10 test

Recommendation: Use different set of devices for matrix test,

intra-domain test, and IO test

— in case of failures, the possible discharge path and the
mechanism causing the failure can be easily narrowed-down

A
£5D
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The Mystery of “Association” — Examples (1)

Typical schematic of I/0 pad:

Open-drain layout example:

I0 10

VDDcore VDDcore

———

\

el b

Control Control
circuit circuit

R—
[aREEE

(vss)

A
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Guard r\ng@ @ @ st

CDM - Waveform Parameters

I

»
90% I,

FWHM

CURRENT (Amperes)
o W

I P N
0
1
2 T
3 Loz
0 500 1000 1500 2000
TIME (picoseconds)
A
A8, EsD Device Qualification Testing Challenges 53

115

HBM Testing JS-001 Table 2A: Coupled Non-Supply Pin
Pairs

+ Per JS-001: Two pins that have an intended direct current path
(such as a pass gate or resistors)

» Examples for coupled pin pairs (see Annex D of JS-001)
— USB data pins (e.g., D+/D-)
— PCI data pins (e.g., TXN/TXP, RXN, RXP)
— Crystal pin pairs (e.g., XTALOUT, XTALIN)
— Differential amplifier inputs, LNA inputs/outputs

» Note: IO test of Table 2B and Table 2A can be exchanged, e.g., if
— Coupled pin pairs are unknown, IO test of Table 2B has to be used
— Too many coupled pin pairs exist, IO test of Table 2B may be used

A |
A
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The Mystery of “Association” — Examples (2)

VDDcore

\VDDcore

If association is B‘m‘}._
circuit

unclear, better to
test too much l:l

Control
circuit

than too little!

(vss)
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@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect
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@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

Spacecraft Electrostatic Electrification/Discharge Effect can
cause catastrophic fault, posing severe threat to spacecraft in-

Radiation
damage ~ Other

incident electron incidention -

S ] \
| I secondary

Backscattered ) ) |
ottt F L et |
in / conductor ;0 f /'
LY AR A
v YN Ty
Deep dielectricecharg
deep dielectrc charging

. Sunray
!

!
- shielded field

phoelecron

surface i

o

tructure “Ground”

Spacecraft Electrostatic Electrification/
Discharge Effect, also known as spacecraft
surface charging, refers to
electrostatic accumulation and discharge
phenomenon  resulted from interaction
between the spacecraft and  space
environment elements like space plasma,
high-energy electron, solar radiation during

orbit operation. 12% 5.4%

O According to the survey conducted by NASA over 4 rticle
authoritative agencies databases in 2007, among the
registered 326 satellite faults in space environment ,
electrification and discharge effect accounted for 54.2%

O Japan statistics released in 2012 indicated 54% (161/298)
space environment anomalies were contributed by
electrification and discharge effect

traveling in space orbit.

@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

The 5 AARECS-A slar baltery array

bt oo, coming redewrsd pamer b
arelle, s o
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sl s apply catie e
o, e e T

O Cause short-circuitto power supply and distribution
system, damaging energy system of spacecraft

h e wmy
. . e
O Break down compenents, destroying electronic - "

system of spacecraft

O Generate EMP interference, leading to circuit fault;

O Break down functional material, affecting
material performance

O Bring about structural potential drift, affectin!
measurement system; -
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@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

Foreign Dataon
Environment Faults by Type

forms in different

orbits and differed space charging environments.

A
Aurora electron Fihaery s ey
Hihenergy elecion {3y damn
' Surface charging
53 Deep ilectic carging

Radiatonbethigh-enrgy
electron

came up in di

Dense plasme

©Surface charging
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@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

O GEO Electrostatic Electrification/Discharge Effect

During geomagnetic substorm, high-
energy plasma of high flux formed in
GEO, spacecraft surface charged to
over 10,000 volts

Satellite Surface Potential Distribution

@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

Geomagnetic Substorm Diagram

Due to that different materials are used in some new
communications and weather satellites in China, different
parts of the satellites would be charged to varied
potentials, if electrification/discharge effect happens, the

satellite would be in danger.

O LEO Electrostatic Electrification/Discharge Effect

Since LEO charging environment consists of dense
cold plasma, which interacts with high-voltage
solar battery array of spacecraft to lead to
quantities of electrons collected at solar battery,
resulting in structural potential drift, inducing
electrostatic discharge.

@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

Cemw B

!
|

!
p g

[T —

Space Station Chargs

Since the space station in China adopted 100V plus
high-voltage solar battery array, which interacts with
dense plasma to lead to thermal control ecoating
breakdown, solar battery breakdown, and discharge at
RVD, endangering life safety of astronauts at spacewalk.

DOElectrostatic Electrification/Discharge Effect Induced by Plasma from Electric Propulsion

When electric propt is

applied in spacecraft, manmade dense
plasma of low energy is generated from
electric propulsion, in sharp contrast to
underdense space plasma of high energy,
affecting surface charging potential of
spacecraft

China will see many types of satellite using
electric propulsion technology in the future,
with superposition of space plasma and
manmade plasma, the charging environment
of satellite would be more complicated.

Diagram of

batery

Interaction with
spacecrattsutace

7 cragingeffect

pacecraft and Plasma from Electric Prop:
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O MEO Electrostatic Electrification/Discharge Effect

Located at the inside of the outer radiation belt
of the Earth, MEO bears the harshest space
radiation environment, where electron energy
can be up to 10MeV, the flux of high-energy
electron is 10 times of that of GEO, resulting in
severe deep dielectric charging.

El MEO bears 10
E1) times flux
< density of that
¢ of GEO
)
3|
g
3
T2

@ Hazards of Spacecraft Electrostatic Electrification/Discharge Effect

MEO Space Radiation Environment

Most 2" generation navigational satellites of
China travel in MEO, where they frequently run
into severe deep dielectric charging led by high-
energy electron, which is the main censtraint of
satellite R&D and in-orbit networking.

O PEO Electrostatic Electrification/Discharge Effect

In PEO (high-inclined LEO), the satellite runs faster than
ion but much slower than electron, thus an ion “vacuum”
zone is formed at its tail, when runs in pelar region
abundant in high-energy electrons of high flux from
auroral precipitation, due to insufficient ion for
neutralization, high negative potential is formed at the tail
surface of satellite, which is referred to as wake charging.

ubim v

@ Space Equipment Charging Environment Ground Simulation and Measurement Technology

HD earth obs satellite

Future will see more large size components like big

antenna being used in HD earth observation

satellites in China, to this end, the wake charging

which jeopardizes in-orbit safety of satellite
i hall be duly

Study on Spacecraft Electrostatic Electrification/ Discharge
Effect Highlighted in Foreign Countries
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. Charging Research
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je Effect
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@ Space Equipment Charging Environment Ground Simulation and Measurement Technology

O Space Charging Environment Ground Simulator

France SEMIRAMIS  Japan Tokyo City University

In Other Countries

® Space Equipment Charging Environment Ground Simulation and Measurement Technology

2| 7

CAS Space Scienceand
‘Application Research Center

|

1.2 Space Deep Dielectric Charging Simulation Method

@Functione space high-energy ekectron
environment simulation

@Difficultys structuraldesign of
ekectron accekerator

@lndexs electronenergy 0.3~08MeV,
beam intensity 0.1~ 1A, beam spot

®Key: shield design, appearance design, material
selection

@Difficultys _tightnessof container, flange

@ ndex: ImX 15m

lameterz0300mm, ununiformy<20% - ['gjegtron accelerator |

[ Vacuum container + shietd

Space Deep Dielectric
Charging Test System

®Functions

'“ ]

system

Main pump

lsunm -

@Function: space cold and dark environment
simulation

@Difficultys Structural design of heat-sink
systemand liquid-nitrogen system

@index; -160~100T adjustable

® Space Equipment Charging Environment Ground Simulation and Measurement Technology

ns 5p:
@Key vacuum system design and vacuum pump
configuration

@oifficultys stabilty of low vacuity

®index: vacuitys1X104Pa

1.3 Space Surface Electr i ial Test

O Spaceeraft Electrostatic Potential Dynamic Test System

Microcontroller - o o anplificaion - crevel
-

Diagram of Spacecraft Electrostatic Potential
Dynamic Test System

Responsive bandwidth: DC~1
kHz
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@ Space Equipment Charging Environment Ground Simulation and Measurement Technology

1.1 Space Surface Charging
@Functions geomagnetic substormof ow

1 Method

@Key: selection of cathode material and gate: ®Key: shapedesign, material selection
ert

Pprope @Difficulty: tightness of container,
@Difficulty: ensuring uniformity andstability |~ flange

of beam g & ®lndexe 2mX3am

®lndicess ekctronenergy0~Sokevbeam | ETFED

density 1~100nA/cm?, i

diameter#1000mm [ Etectrongun | [ vacuum container |

u ‘ Index measurement device \ g
£
3
@Function: measurementof surface potential, Space E%u pment H s "
discharge pulse, beam density, uniformity, plasma Surface Charging 2 acking pump lain pump
density, vacuity Multiple Sources 8 | ®Functions space vacuum environment simulation
g Integrated Test 5 | @Key: vacuumsystem design and vacuum pump
.S System configuration
— ] 4 | @nifficutys stabily of low vacuity
" == .| UV radiation simulator g ®lndexs vacuity<1 X10°Pa
®Function: space sol [ I
Okeys @Functions space plasma environment
P ° dand dark fation
@indexs >1SC Function: space cold and dark environment

simulation
Difficultys
systemand liquic

@index: -160~100C adjustable

Difficulty: plasma source design
e 3

fom

® Space Equipment Charging Environment Ground Simulation and Measurement Technology

Surface

1.3 Space ic Potential Test

m] Spacecraft Electrostatic Potential Dynamic Test System
# Contact Electrostatic Potential
Dynamic Test Unit

Proposed the dynamic test
principle of “signal simulated
shielding-distributed _parameter
coverage”

d # Non-contact Electrostatic Potential
! Dynamic Test Unit Featured ~ with  vibration
- Clugatoyy ]
! I o capacitive sensor, it enjoys high

performance in terms of accuracy,
stability, anti

Diagram of Spacecraft Electrostatic Potential
Dynamic Test System

interference,

suitable for long-term utilization.

@ Space Equipment Charging Environment Ground Simulation and Measurement Technology

1.4 Space Equipment Surface Charging Numerical Simulation

[Electron r‘—{ - [”"'J

current: @2

lon currents) ‘—{

oxp 25 V<o MﬂiEr:Heahags
=3 9

o] o
[ 1]

y ar
e (=0 Va0
T

330 CPIFT+

0 (E<=v)
Secondary Electron g o
Yield: clexp(—(E+V)/a)=exp(~(E+V)/D)E>-V)

[Photoelectran
|emission current: vV

phov = Jpho exp(—

NTanmade plasia
current

7 influential factors
@ Potential in dynamic change
@ Potential up t0 10,000 V

E<=-V @ Severely unequally charged

0 (
A-Bexp(C(E +V)) E>-~v)

Backscattered Electron () ={
Yields
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® Space Equipment Charging Environment Ground Simulation and Measurement Technology ® Space Equipment Charging Environment Ground Simulation and Measurement Technology

1.4 Space Equipment Surface Charging Numerical Simulation equiveleat cireuit spprosch 1.5 GEO Orhbit Spacecraft Surface Charge Simulation
Analysis
&, Darkarea
e, . ®Severely unequally charged
‘;—vuummu o= 3tts 1+ Juop@to-n s, Insulation material
. . e (central potential at dark side
H §J‘ l |E§ Metalstructure i 268X 10°V, boundary
H i potential 120X 10,
° T s Insulation material potential at sunlit side -
I : — 125X 10°V)
etss space material surface Metalstructure surface potential Spacecrat ambient Potentlal . 10,000V
Metal structure potential up o - charging effect - [V — urtace potential plasma potential © Fotentlal upto 10
17KV, solar battery array maximal ging distribution

distribution © Unevenly  distribution  of
potential up to -18.7KY, extemal assessment

surface of insulation material
maximal potential up to 20kV . In |
actual  observation, take the
observation result of ATS-6 dated et stucture

Oct. 8 1975 for exampk, the  ““has

Spacecraft in Sun Light Simulation
Model (GEO)
g 2-Maxvell Distribution Fitting
H Parameter in Harshest Plasma
- Environment (GEO)
o e ey

spacecraft ambient plasma
potential, high-energy
electron  density, and low-
energy electron density

sl ateryarsy -

= [————

energy of ckctions around the

Tp— . woowow
saelite was around 177KV whie | PRI 1 Tprter High-energy Lowenergy
the madual patential dessured at = b oo electron charge electron charge
the satelite surface was 19KV . B [ - = e a s aewt e density density

distribution distribution

®  Space Equipment Charging Environment Ground Simulation and Measurement and Testing Technology ® Space Equipment Charging Environment Ground Simulation and Measurement Technology

1.6 Space Deep Dielectric Charging Numerical Simulation 1.6 Space Deep Dielectric Charging Numerical Simulation

Deep Dielectric Dynamies Analysis
Charging Dynamic Approach Aa .
Theary - P4 g - rd §§
Highener eecti Higherer
High-energy electron Continuity Equation en” ¥ | deleee gn . orereisy —y | dilecic -]
deposition — | : ) . - |
5, + gound e + gond
 — ' -
s e R R
Charge leakage el Groudsadat L
- J(xy.2.0) =006y, 20K Y. 20+ g, Ly — 22 front — 22
e ey | e | 38 B The temal ketrc ld and potntl Wy — || doesc | 38
P et Poisson Equation_| dearon” |4 when grounded af back are greater than decton” £
e - N4 those when grounded at front, while those iy
Charge transport gond, ‘when double grounded are the lowest owd ;
E(X, Y, 2,t) =—Vu(x, y,2,t) O The material thickness may affect the
— — ,Y,2, Y2, charge deposition quantit, the thicker the
G e | s el el material, the greater the internal charging el el
1 i " L= g e | v s . electric fleld Ny s |3
Internal electric field Condurtivity) - ;g R T B For dbets e, the apprsh of 2 ag
— 5 Highenergy g double grounded or grounded at front Highonergy 3
and surface potential XY 2 =00, (4Y. 20 + o5 (XY, 2) S’ 4 shall be adopted, grounded at back is a decron” ) 4
I y second choice, while the material shall be N
gows = * gont better to be thinner. rog = * o
@ Space Equipment Electrostatic Discharge Protection Technology @ Space Equipment Electrostatic Discharge Protection Technology
2.1 Space Equipment Surface Charging Protection 2.1 Space i Surface Charging i ‘Active potential control prototype
Plasma electrostatic cetrosas based on microwave ECR plasma source
eliminator structure ‘potential dynamic. R phom sowce Moo o r
testsystem —
s
1 [[Basic structure o a spacecraft shall =
| |simulate the Faraday cage so as to
1 |prevent effect on electronic . o
! | equipment and electrical cable. Active
. potential
.Smund design control
H technology
'
' @ shietd design o
' ‘Whole surface of a spacecraftshal be directly grounded or be connected .
H to structure ground by leakage resistance. .
' o
H O Considering the capacity of material in electrostatic leakage while .
i Surface ensuring the  reaizailty of engineering, China has e 4 Mg 2. Contl e, . sl . Cond s . Dol cpler, . oo, T Po
Surface i resistivity requirements on resistivity control for surface material of 10. Lever; 11. Ai load; 12. lesble coaial cable; 13. Three-sub trr: 14, Rubber tbe (rside contining gas. -
chargin: ' fsion y spacecraftas follows: 16, 17, Flange -
rg_ 9 ' Material of low resistivity shall be the first choice , the surface or T prisspra—
protection: 1

resistivity shall be below 10°Q/[], the volume resistivity must Tie vn
not exceed 10" Q-cm .
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® Space Equipment Electrostatic Discharge Protection Technology

For resistivity control of dielectric inside

@ Space Equipment Electrostatic Discharge Protection Technology

the satelite electrical performance shall
be firstly addressed, the resistivity shall
be well under 101102em or 10/Clfor
the most, with charge dissipation
channel being configured.

A

2.2 Space Equipment Deep Dielectric Charging Protection 2.2 Space Equipment Deep Dielectric Charging Protection

Based on theoretical calculation and simulation analysis result, a new approach for deep dielectric charge is propased: deep

GEO: aluminum shield of around 2.8mm thick

is needed to rein in the injected current density

dielectric charging protective coating with adjustable resistivity

'
Space high-anergy |
-eleclmn Dischar
P 1 Samples ovens”
. .Reslstlvny \ MC313C 176%10% | [FR&  board + MC3I13C
conformal coating : i formal a
. duelecmcms:de - ' [FR4 board + MC313C
o i
Radiation satellite Gireut = | Conformal coating | ) 16, 14n i | conformal coating + conformal|
shielding board With 5%PAn ! | coatingwith 596PAR
i

Boasting certain_conductivity, the
prolective coating can _ disipate
accumulated charge to unboad the
electric field.

Isolated conductor connected to structure ground Experiment results showed that the protective coating is

©Ground
design capable of significantly reducing the discharge events of

grounded, ground at front would be the second choice, with

i
i

Best performance will be ensured if dielectric is double '
i circuit board, a solution for deep dielectric charge protection
i

Deep ‘
dielectric ground at back the worst of the three
charging
protection:

of convenience, efficiency, and universality is thus offered

for various circuit boards for spacecraft.

@ Space Equipment Electrostatic Discharge Protection Technology ® Space Equipment Electrostatic Discharge Protection Technology

2.3 Space Equipment High-voltage Solar Battery Array Electrostatic Discharge Protection 2.3 Space Equipment High-voltage Solar Battery Array Electrostatic Discharge Protection

The project team proposed a electric field proactive protection based solar
battery array ESD lunar dust mitigation technology, ie. by changing the
charged particle’s flying course through high electrical field, the energy and
quantity of incident charged particles to solar battery array would be reduced
The point-ended conductors shall be grouped to achieve expanded protection
scope for solar battery array and better protection result

High-voltage solar battery array surface ESD
simulation experiment

. High-voltage solar battery array surface secondary
Experiment  revealed discharge simulation experiment
that the threshold

% voltage inducing E_SD 8 g g

5 on the surface of high- EE &
i o i et S T R T
i T 253 T -
3 protection stood at 28 Solarcel

2 500V, while  the ‘gg 4 ]

3 threshold  voltage 233 [—

generating secondary
discharge was 70V

Kapton base material between sample battery A and
batte was  decomposed into ~ conductible
carbonization zone, short-circuit happened due to PN
junction between battery A and battery B breakdown.

ESD randomly generated on high-voltage solar

battery array sample surface, mainly took
lace at bus bar, interconnected cell and
battery boundary.

Solarbatery
substate

Open circuit voltage comparison between
solar battery array with protection and that

Charged paricle colded
IR TN
effectwas

Diagram of multiple rows of vertical conductors and vokage applied

ek ‘without protection

@ Space Equipment Electrostatic Discharge Protection Technology @ Space Equipment Electrostatic Discharge Protection Technology

2.3 Space Equipment High-voltage Solar Battery Array Electrostatic Discharge Protection 2.3 Space Equipment High-voltage Solar Battery Array Electrostatic Discharge Protection

The project team proposed a latticed ITO film solar battery, . Liticed ITO 1 During solar battery array design, by optimizing the |
which is fabricated through electron beam evaporation and — array circuit layout, to rein in the potential of |
lithography, and optoelectronic properties of cells under 1o tim neighboring batteries well below the threshold voltage of . T o]
different film coverage are tested by spectrophotometer and secondary discharge, thus secondary discharge is | 1
corona spray [ effectively prevented. S ==
Wertical view Lateral view =
Diagram of latticed ITO film |
Single battery series structy battery series sruct

“The fabricated laticed 17O film solar cell
has uansmitance above 80% within
380nm ~ 800nm, bears high wansmitance
of visible light

Lattced ITO filn's ransmittance
of visible light

Under same film coverage, with the rise of
discharge voltage, the  surface potential
increases; under the same discharge voltage,
the surface potential decreases along with
the increase of film coverage.

‘Surface potential under different film
coverage ratios

¥

The research results showed that by plating latticed
ITO film in the surface of solar cell through

and
»n-mmnm efficiency of solar cell are ensured

while charge deposition is prevented on the solar cell
surface thus to lower the surface potential, reduce the
occurrence of electrostatic discharge, so that the solar
cell is well protected.

Potential between nelghburmg batlery series being 50V
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! Total current being 4A
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Current of series being 1.4A
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Conclusion

Recent years see certain achievements made in ground simulation and protection

approach study, however, given that influential factors of space equipment electrostatic

electrification/discharge are diversified with complicated mechanisms, while the research E n d Of th e re po rt, th an kS !

on charging environment ground simulation and electrostatic discharge protection is far

from mature, there is a long way to go before the space equipment electrostatic
electrification/discharge issues would have been completely addressed. Further research
needs be carried out in related foundation theories, simulation methods, and protection

solutions.
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M. ERARRFES R ARG SR EF P HB A HEBET
FoHT RIS RGUor o AT B 7N [ A AR B AT 28 510 R Gt R 2 W (Transducers™2011)
REMAHE TR TR RS FEE,

H AT B RHEB P22 ST T 0L AT, rERB RSN TR RETR,
973 W H ALK, R E M T Ae st . BUREAR D SR FE. S R4 0 2R F1E,
RS RS E ., FRESSRIFEFEK., MRS RAEARS SHSEE, FEBCK
AREAR F 2 B RAE,

ZENFHRBE SUAREHEART T AEABIE AT, SBEREEZRARREEEE . 973,
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Xia Shanhong

Shanhong Xia got her bachelor, master and doctor degree respectively
from Tsinghua University, Chinese academy of sciences and University of
Cambridge, UK in 1983, 1986, and 1994. She was awarded the Royal
Fellowship in 1990 and Berkeley Scholarship in 2002. She once served as
the director of state key laboratory of transducer technology, deputy director

of the institute of electronics, Chinese Academy of Sciences. She was a

member of the MEMS for "10th five-year plan™ national 863 program and
the advanced manufacturing technology experts' group for "11th five-year plan” national 863 program.
She worked for national natural science foundation, information sciences review panel. She directed
electronic circuit and system branch of China electronic institute. She chaired the 16th solid-state
sensor, actuator and Microsystems international conference, and served as the concurrent president of
the international steering committee.

Now she is a researcher at the institute of electronics, Chinese academy of sciences, where she
works as a doctoral tutor, and a member of the academic committee and the academic degrees
committee. Besides, she is a 973 project's chief scientist, director of China electronics missionaries,
deputy director of sensitive technology branch, and circuits and systems branch. Also, she is named as
the director of the institute of instrumentation, deputy director of the Sensors' branch, standing director
of micro-nano devices and systems technology, and the Chinese society of micron nanotechnology.

She has dedicated herself on sensor and microsystem technology for years. As the project leader,
she has undertaken more than 20 national-level research projects, such as national natural science fund,
973, 863, etc. And she has published over three hundred papers and 30 more patents were granted. She
has made great achievements in the field of electric field sensor and microsensor integrated chip

system (SOC), and won the first and third prize of Beijing science and technology award.

131



Topic 7 B FE4L Xia Shanhong

ESD-S P EpenrsnsEniia

B ERIHE R A R R

BEg

SHERZRBFIHATN ERRAEREALNE
SRR R RREE AR

RERN

EFETUEREE R
0 BRTEmMUNE

FHE/FRIE

0 ERNTRER RS
0 LR

K TEMERETIWAM 7 0H R

RETRN

OARE=
PS5 TN
EIF\“ FaiER

l U\—n Etﬁ

NEESR
DE%:&-#&%DEFEEJJ*Z\EE’J%—?—#% -

> Sk
VTR B RS SRR - ﬁ

5

v EEBWE

v KEEZFHR
> EBR

v YL ERBERT

v bR R
> IlL

E?EE:L

HEET VRN
0 PRI E BTN E K SRR,

TFRE

132



Topic 7 H 34 Xia Shanhong

R E RS

0 R

CETR i%E

O 7

(@) ==

NASAHE IR

NEEHA B, FRARET AT
£ DERPIRET P B EH %

MEMSE3A{ERERS

MITKFH Ltd., Uni. of Cambridge, U.K. AIST , Japan
AD Inc. etc.

and Uni. of Manitoba, 2008
2006 Canada, 2008

UC Berkeley ,
2003

IECAS , China

IECAS , China
Jan. 2006 Apr.2006

IECAS , China
Oct. 2006 2010, 2011

IECAS , China

RERN

Q
BES = IF%N
Q
Q

(R PERPMETLZHAN  75'wi v

133

IRENFE ST EFEELT
o fReNEE A AR T A TRV REE /S AR

o RBERETEM
o WiRiEEsAE

Smr. \
ok " "
1 Muzabace o
Surface (§) e ;
T
%_Q 5.12.:... . TREK Model325, £E
§ Hetarence

TR

SIMCO FMX-002 , HZ&  Monroe 282IS, &

e

@ PERFMETIHAM (7 wi 1k

MEMS 137,14 3 2%

D?ﬁiﬁ/b - OIMEMS H 7 44 8 43
R ST ki SO
- KRBT, Bt T

> AR, T YR

....................................

1A PERNPIRETF LA 6 'qu.-gﬁ

TARRE

e LLVELEEVELEEEEE e bbbl
Lepas m?m"r‘T T
- BER T
R ag(n)
I I I iji.lsf)i\’mf;cusu
A A

Photograph of the structure

....................................



Topic 7 B FE4L Xia Shanhong

BREEEIRT
QRS D N BRI EARERITFKTE.

» R
EAR IR
> MR R
RARME
> MHRESLEE
RFHERL
> TR
RARRESY , BRETHE

R
TR
=

TERIEEAR
IREHEBLR

£ PEMPRETPHAM 72w

RERN

Q
a
Rz FRES
Q

(R PERFMBT AN 7 0H v

HEILZ

DAL EREY 7/IMEEE T 2R
e,

il N 2 e we

=
B T RIS SIEER

el

E REGE ez
R PENPREFLEAM 75 mh

S SRR IR AR5 R

v IEEIRENE
v RIEFS T
FEER

v NELER

v ¥&5EPrecision:
F5%

v D7
Resolution: {tF
15V/m

A PEMPRETPHAM 75 Rt

IMRE R TENR S

U RIS R st ) EpEFRE i
Ty "
sy THERFERE
TERSENPD  AREREORE mseziEn
ROERE (7T5) ERSERIEY
SC3eE (CEPRE) (NCTC)

£2 PEMPRETPHAM 75 0H b

134



Topic 7 H 34 Xia Shanhong

MBI HMALI

QREATRER , O RIS IHEREE
| B2
0140605 = -
" s 20000
;_n]:spheri( - | Campbell o Lo o =
eld sensor 5 A 2 £5110 P
Comptel P U S—RL0, LE s
b Q) -
MEMS eifemias Y i {
A i wor Lo *=
e e e e e we e 20140610 (} : i 2 N
n P - | - [
5: Campbell | / CEURESE BF ST Be Be Br e £ Rouks om0 3
. . = e . R U R L
R WA o ” 20130720 20170729 20130719
T | TR WEREIR TIRIET
(3¢ DERP IR T LA B Eu Tk {2 DERP IR T LA Brer

RIAER HEETASERIAY
0 REENAT EEA ST, 0 PEASTEM

\® : ®/ AR

X
»

!
D

REXSHIRIERER
O REXRSTEM

Bt MM

i

WEKER

135



Topic 7 B FE4L Xia Shanhong

HETETA S FBIAIY vz
0 AT EREET 05z
= T

transmission channel,  transmission channel,
Anhui province, China  Zhejiang province,

Near the Yangtze

channel, Jiangsu .
G TERIMETZIRA 5w v (G PEMFMETZWAM 7R

HOEARSEEHY REKXSHIHERER

0 S5 0SS

A AT TR HFMELUTSRE HHNITEERR

1
& . 2017072018 - G
i FRIBT EREREEAG
EETDULAERE IRHRR
B

RERSEBIHIERIER [IF Applications
O Gilait

O S =HERSBIRNERSE

136



Topic 7 B FE4L Xia Shanhong

fimalt ainalt

arat O EFERAE
: B -
7 2T, KRBT ;
v BIER  BiF1%
v BHBHE. HAE;
v MR,

IAURAE (Z)

I ANEFEERERO €«
MEMSIERZ L F AR

A IX01 I A IX02

A

D E AN
»MEMSIEEMA B B R 240 ]
SANBAGK, B, B, F. B WHEHBRN

{F PERPRETPWAM 75y

REXSHIRIERER

0 HEARSREZRN
> NIEMRSAEL

137

AMA

Qg
- SEEMAB DR R NBHR
> SEEMA BB TR

LENC T ranita ﬂmsam
s MS'EJ&PISN%D-

sm m-

prres
[t

o]

IRETEN

Q
Q
g
Q

SR

ICAZ




Topic 7 B 3E 4L Xia Shanhong

RERE

BRSPS ERTRTS
O ATE AT EFMEMSE AR AHERE ; Bl e

O BRI S ;
O BRIESERX. BN, Alat. SRS
m .

Q $E}'EF_\'Z%—.T%ER , G S PR, iﬁ iﬁ

(P PEMFMETPUAN 7 eH vk G PERIMETIUAM  (BoH e

138






Topic 7 B FE4L Xia Shanhong

OUTLINE

[sn_s %@Iﬁ%&@i’—iﬁ&{t@&ﬁﬁﬁ%
U Introduction

U Principle, design and fabrication
U Test and applications

Miniature electric field
sensors and applications

U Summary
Shanhong Xia
@ State Key Laboratory of Transducer Technology, Institute of Electronics,
Chinese Academy of Science, Beijing, China
@ Beijing Tflying Transducer Technology Co., Ltd. Beijing, China
OUTLINE Needs for Electric Field Sensors
U Electric field measurement is important
) Introduction in many applications.
» Aeroacoustic and astronautic fields
Q v Satellite and spacecraft safety launching
» Atmospheric science
d v" Advance warning of lightning
v Research on space charge distribution
a > Power grid

v Detection for defect of insulators

v Non-contact voltage measurement
» Industry

v Electrostatic discharge prevention, et al.
» Researches

v Volcano eruption triggered lightning
¥ Earthquake prediction

High impedance voltmeter Electric field mill
o High impedance voltmeter is commonly used for 0 Field mill is commonly used for atmospheric electric field
measuring voltage by contact. measurement on the ground, or electrostatic charge.

4 WK CPEATENCE WOLTHETER CROUIT
t Carar e

for Kleinwachter EFM-122, P I
Working principle Commercial products y - Germany CS110, USA
Working principle of field mill Commercial field mill products
W DEMPMETZWAM 7N bR (X DERPREFZWAM 7D PH
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Atmospheric Electric Field Sounding

) Induction probe

U Dual-sphere

X " : |
. - = 2 . Developed by National
> — . Space Science Center,
CETP, France New Mexica Tech, ']

CAS, China

[J 3D electric field sensor

U Field mill

Field mill used by NASA for
airborne electric field measurement

Balloon-borne 3D atmospheric electric
field sensor developed by IECAS, China

MEMS-based electric field sensor

UC Berkeley, MIT,KFH Ltd., Uni. of Cambridge, U.K. AIST, Japan

2003 AD Inc. etc. and Uni. of Manitoba, 2008
2006 Canada, 2008

IECAS, China IECAS, China IECAS, China IECAS, China
Jan. 2006 Apr.2006 Oct. 2006 2010, 2011
' GER
OUTLINE

d

U Principle, design and fabrication

d

d

(R PERPMETLZHAN  75'wi v

Electrostatic Meter

0 Electrostatic meter is commonly used for electrostatic

charge/voltage measurement.

TREK Model325, USA

SIMCO FMX-002,Japan Monroe 282IS, USA

Working principle

o PERNFRETZHAM 7R v

Commercial products

Why MEMS?
U Advantages COOMEMS Electric
> Small size, high spatial Field Sensor
resolution, low power » Sensing chip size
consumption, low cost; 5X5X1mm3

» No motor wear parts, good
stability, high reliability;

» Simple to install, easy to
maintain

» Batch fabrication

Working principle
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Photograph of the structure
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Design of sensing structure

[ The coplanar comb-shaped electrodes sensor has the
best reported resolution of MEMS electric field sensors.

» Coplanar electrodes
- higher conversion gain
Fixed sense electrodes . Comb-shaped electrodes
higher sensitivity
» Symmetric structure

- differential comb drives
and sensing electrodes

» Hollow substrate structure

movable shutter

Suspension folded beam

Si substrie Fixed driven electrodes

improving quality factors,
and avoid release stiction

Motion of the coplanar comb-shaped electrodes

OUTLINE

a
a
[ Test and applications
a

£ PERFIRET

Fabrication Process

Ll Established a fabrication process, achieve small
batch manufacturing in IECAS.

W=

REIGS S5IEE SI%ER

i REAE Kz RS REI

Signal Detection Circuit and Measurement results

v Phase-sensitive
demodulation
methods

<

Design of low noise
preprocessing
circuit

¥ Measurement

results

Precision: better

than 5%

¥ Resolution: better
than 15V/m

<

Environmental Adaptability Test

0 Environmental Adaptability Test - Electromagnetic Compatibility Test

%o (TR

VLI T
W R PR B GRSt
TARREE LD ot st o
5553 (CEPREI) (NCTC)

e oEs ol H

¥ TENZMETZHAN  DwR
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Outdoor experiments

0 Atmospheric electric
field sensor on the
ground

June 5, 2014
Sunny

MEMS atmosphericelectric
field sensor

| Campbell CS110

= M b

EEEERe.aid

e e e e June 10, 2014

/ Thunderstorm

e LT

Campbell CS110

Atmospheric electric field
observation site of [IECAS,
Beijing, China

i
!

» o

Applications

0 Application at satellite launch centers

MEMS balloon-borne atmospheric electric
field sensor

U Atmospheric electric
field sounding at
satellite launch centers

Wenchang,

Jiuguan, Hainan Province

Gansu Province

(R PERPMETLZHAN  75'wi v

Taiyuan,
Shanxi Province

Sichuan Province

Outdoor experiments

1 MEMS balloon-borne atmospheric electric field sensor

Cloudy Rainy Thunderstorm
53 : - e
on -2
a0 X -
-
e
o

v ¢ 4 1 d‘ 7438 dm
" wvw
July 20, 2013
Yangjiang, Guangdong

July 29, 2017
Baigi, Inner Mongolia

! ;l.JY,,/*rﬂ"\,.

Yangjiang, éuangdong

o PERNFRETZHAM 7R v

MEMS atmospheric electric field sensor
on the ground

0 Applications at satellite launch centers

Xichang, Sichuan province, China Jiuquan, Gansu province, China

Applications

U Application in power grid

{2 PERFRET A

................ Chiause Acasemy Of Sesences
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MEMS atmospheric electric field sensor
on the ground

[ Applications in power gitd for thunder and lightning warning

Powergridimportant  Power grid important

transmissionchannel, _ transmission channel,
Anhui province, China  Zhejiang province, China

F

Near the Yangtze - o
Gorges important sl et
transmission channel, 7’ - = -
Hubei province, China

Power grid important
transmission channel,
Jiangsu province,
China

MEMS atmospheric electric field sensor
on the ground

1 Applications for meteorological observation

Kunshang meteorological Shengze bureau, Wuzhong
bureau, Suzhou, China meteorological bureau, Suzhou,
China

YYangtze River flood control department,
Zhangjiagang, Suzhou, China

Mashanlongtouzhu sc bot, Wuxi Jiangyin meteorological bureau ,
meteorological bureau, Wuxi, China Wuxi, China

MEMS balloon-borne atmospheric electric
field sensor

U Distributed three-dimensional
atmospheric electric field
detection system

Zhengxiangbaidi,
Inner Mongolia

K TEMERETIWAM 7 0H R

Applications

O Applications in meteorological observation

HM i
ARl

At B

MEMS balloon-borne atmospheric electric
field sensor

1 Applications for meteorological observation

July 20, 2013, cloudy

Yangjiang, . Beijing National Basic

Guangdong Province Meteorological
Observing Cite

Applications

U Applications at petrochemical works
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Applications at petrochemical works

U China Petroleum & Chemical Corporation,
Guangzhou Branch

JAERENE (D TR R AR L

I AL TX01 JURAE X 02

Applications at petrochemical works

U Electrostatic measurements
»Electrostatic measurement gate
»Measuring head, shoulder, arm, hands, legs, feet, etc.

20

itoring software K K
Calibration

Strture

MEMS balloon-borne atmospheric electric
field sensor

[ Airborne atmospheric electric field sounding for weather
maodification application

MEMS electric field sensor

MEMS electric field sensor
on manned aircraft (Y12)

Xi'an, Shanxi Province

K TEMERETIWAM 7 0H R

Applications at petrochemical works

] Electrostatic measurements

Non-contact electrostatic meter
- Advantages:

¥ No exposed wear parts

v' High precision: better than 1% o

v Batch manufactory, low cost

¥' Long measurement distance

Applications at petrochemical works

[ Electrostatic measurements
»Electrostatic measurement&discharge ball
»Non-contact electrostatic charge measurement

B
A BB Rkl J RS AFEGND

FH L

- MEMS B BRI
Ba (V)

EmED
(Bav) )
Diagram

OUTLINE

a
a
a
U Summary
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Summary

[ The innovative MEMS based electric
field sensors have been successfully
developed;

Ll The sensors have demonstrated good
performances;

Ll Applications in several areas have
proven to be successful;

[ New products will be developed for more
applications and for future market.
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Wan Fayu

Dr. Fayu Wan is now a Professor of School of Electronics and
Information Engineering, Nanjing University of Information Science and
Technology, Nanjing, China. He received Ph.D. degree in Department of
Electrical Engineering, University of Rouen, France, in 2011. After that
he worked as a Post doctor at University of Missouri-Rolla, EMC lab

from 2011 to 2013. His current research interests include IC EMC/EMI

design and measurement, ESD and Secondary ESD. Dr. Wan has

r |

published papers in journals including IEEE TEMC, IEEE TED,IEEE
MWCL, IET EL,IET SMT, ASHRAE Transactions, AIP Advance and leading conferences including
IEEE EMC,APEMC, EMC Europe and EMC Compo. He received the Best Student Paper Award of
APEMC in 2010. He is a reviewer for more than ten key journals and conferences in the fields of EMC,
ESD and IC EMC. Dr. Wan is a member of IEEE and a Technical Committee member of IEEE EMC
Society in EMI control . Dr.Wan is a leader of ten projects including two National Natural Science
Fundations of China, one Defense Research Foundation and one Natural Science Foundation of

Jiangsu.

147



Topic 8 /iKY Wan Fayu

BN EFF BT S iR AL B BT &

© 5 LT AN LR R ) 905 £ % ) 0 A L 1 e
A TSR A, (IR R I A P T RO P T B
A OB R A XU, T v P 4 B 42 ol e P A R
FAF, ERSBINGEFE. Rk b T8 i OB IE Bl
T R AR AR 0 XU I K ST TR R A LG R
RAGAHTITH -

® = JiHINA:

® HE AL X
® KT i%
® Tk

i T —
T 5 FH 9 PR TR PR AR PR PR 0 6 A IS A B2 2 (1]
PIAH ELOG R

© TP A 2 U T R T
© TJF T UCTBCRTL IR — TR HRRT H T B 74 KR
© i I — YCBCFR AR P E P 2508

148

RELATVE HUMOTY

FELS & & &

5 (41)

0 5 10 15 20 25 30 35 40 a5
@2 @ 0 e G 07 68 6% () (1Y
DRYBULS TEMPERATURE - "CF) 5 AbMS & bt it by b Mol

4

® SEJE —ANERAE T B A BEATYEY . R IR LRI
B, Fln, Bl 1 AT AR BCA i, #AE T
N TR A R R s (—fe3-BkV) o f#
PET G T H A 22 T e sl AT 48, 222 Jhiain+
BRI, ARATRE S A AR R R S

® U A Y B, TAEN R Refid R i R B 25
B N — N U X, R SR B
bt il RESDEA . X SHMF M EEICE, B
EATE KB NAR S e B .



Topic 8 JiRM Wan Fayu

SR AR AR R

High voltage

RF+DC

Electrode

Trigger

RF+DC

12v

RF

Target

Current

|

SCOPE

Arc length
measurement

DVM

g ¥

E field sensor

H field sensor
Trigger of
arc length

Electrode

Diseharge cumer

Cumern dedvative

Wieh vel tage mepoly

Mangnitude &

450 Wm resitors

Mangritude As

B

Tirne 5

E feld strength

Cabinet

82 825
Tiree 5 T

N T ) TR B A TR VA 3
PN, o [ i e T Y 7R FLS T
R TSR EAT R

Mangnitutis Vim

Mangnitufie A/m

Hfied strength

9

535 84
Tirme,s 3

82 83

Poak curent vs arc length 10k

1. Generationof it slectrn = * TSR0
- From the om vakme (o w . TISRHAD
Statistcal o TiSRHE
time lag - from the cattode < TISRHED
Skt wecton emason) Tm Tul e R0
- H 3 T21RHED
FEIS 5 m| ® e
2 Avance arowth o ° H
o 10 = i
0 - 1 =
10 o
e length
3. Trwstormatintrom
waimzne 1o £10° Rise lime vs arc langth S
Formative 3 H ¥ * TisRrm
tme lag - TI5 R0
TISARE
.2 TS AR
H TR0
B 3 s T21RHE0
¥ &
_*L E g e e
05
Coronadischirael  4-2) Bioakdown (Sowk dicharae
The cavn hat srmame comracts a
barmean e 3 catooe

1
e length um

149

10’
e lengih um



Topic 8 JiRM Wan Fayu

relative arc-length

e
A —
e e R M
® e
> T T
o g Lennd o o TR
3 £ - <
i ~ i 4
I® -, H
o S
0 - - o
g

=g agenes arc jengh

10 ® 102 |II" IUu 10 °
speed of approach [mis]

© [{E R B LIRIE . P MR AL i AN F PR S5 S O R S (7 B AR

%, A B L)

v

=
&

(b)

0 0 W
speed of approach [m/s)

SR ELR AT LB 7

O UNE TR, X RZZ AT K ) 4 BRIEAT 4KV IR B A

ABBIGEI, FHIRELITER, AR RESH

)

OH LN B R E MR, 10V KA 20k i B

ZIG

1

10 10
arc fangh, um

® SKVSCHUE T, BURHRSIKZ X R.
© FEHI RN LB RS T, 32°C 40%RH [T HUR A BRI 2B i, 11726.7°C

T ERAAHRER G, A B AXHE R

5596RH S L HLAARAE W AN, ARV e T CAFEARRI4E0HRBE AR AR, AR FIBAH R &

I PR HLIRLAT K 22 57

“ ® ATE R, TEM I B EIEE EERARHE IR, RIEAERRREAR 5, O RN A AE

A B R — B

14

© R R AR I B AT

o TGN, By, TRk, R,
mgﬁ,m*ﬁ%%%&%ﬁ%ﬁ%*%%M§MM,ﬁﬁ%ﬁﬁﬁmm%ﬁﬁﬁ
k.

SR B S 5 LT B A B A K

© UURAHUHUT T E I BRE R, K AR IR A B 7 A YO, K

B LT I e, R EACR .

16

© SiF & m A LT B EAIE

JRHRLA, WIZBCHR BIATR N %

R FEHL .

© 7 2 A ] 5% FE 2 F) 76 LR )
R R A TR
| FIBE LR

Setup of secondary discharge

150

oSG BHNEI TR, Noiken [KIESDARNS FAHLIH BT
&JBBATHCE, REEKZ)80.5mm.

© — RISk F R I B O FRUAL, B8 I —4N40dBI)
TRV E R P ARG TR A%, N AR B R A R

18



Topic 8 Ji KN Wan Fayu

© — N JiCHE LA T ) — YRR
MEEES, IW{EKL520A
, MAEIEC 61000-4-2b5 4k .

| @ YR H HE A 2T AR AL F
| 33A, EARFLKBCEHR .

© VR HEL YT 06 A B S TR
i S F 38 n B4

o 0 100 [t 200
time ()

OKV I HIE Ty = AN IR R T

19

® Ji A RN SE R NERE R T L B A 2, KSR L R UE S R AT
ST RURI T BRI 2R, 2 B H I S 7 A AR S R
© LI SEAMAT A SR, BRI AR AR, (ELDY Sz — RN, P T R
B, EENTRR, RAIES 0.

21

O /)T 1094 F0 (ORI SE R AR AR BT LR, (R QIR T YO AT R
TR A, ARAEZ B H L0ZK BLR BT LR SE

o THOUINIE LA Seithitk, HAZwiE, B8O, SREmERESE0m, &
AEZHT, BB

N
| ol
b7 e 1 // £
o i N =25 FBEEC=— g fREs
' : et w
” —v
2 -
i
L)
PO e S s S T i i oo s N 7 5 33 ERE S a ST e
e s ) 2 0 - o is P %
Tir g <o Tivaig (0
(@ (b)

OKVALLE ¥, KBTS TUEIIAE (@), TR FIAL R I A T )
ol Eafix, TE6KVHIBHE AL T, Fi%E iR M 10ns |7t 2
30ns, YRR LI A I B 25 A EFFBIS0A, UK E HL I I
I8 50 FEL e S 8 e R P A

o Elb 7, 7EIE G 6KVAIBKVHLE T, i HLU AN AR (IE
)0 o RS TR LA (L S TSR IR JE PR AR 6 B IR PR 2K

M

I e

© N[5 LI T RN SEAE R A A B BT, #S A IEZS 07

OB LRI LT, OB IEFIEAN T ZE A T e, (EARLMER.
%%ﬂﬁ%@ﬁ%ﬁﬂéyﬁﬁﬁ%%ﬁ?%?*ﬁﬁﬁﬁ,W@WE&%
O A A P IS B — AR R RUE R, TR SN TR A, i
o, ZHBIR L TERIN AT -

© Y N S S T 5 T4 L0 1) B AT L P R SIGE B o o T SR 2K [ ok
B, TERIIE AN T LD .

22

s

omputer
— |'.:ma

ESD gerferator

Current probe
FCC-FES

THCH HLIAL AT KA TS P I B

24



Topic 8 JiRM Wan Fayu

12w U T

1 mm homogenous field qeometry, 80, % RH

o 1 mm homogenous field geometry, 10 % RH |
LA w:u‘ ‘:}Immm';. 1 Y vo'“m o 10 10
n t—t; 10%RH, 1mm [AE, BRAEMFEE  80% RH 1mm [FIBE, [TRAEM R b Tk
e exp(—T) JECHLIN ZELaue plot/ F i ZELaue plotFd
0 s
o delay time ¢
25 26

=
W R

TABLI
MEAN VALUE OF THE TIME LAG FOR DIFFERENT APFLIED VOLTAGES, GAP LENGTHS, AND RH LEVELS FOR A R0D TO GROUND
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Voltage [kV] s 3 T s 9 10 e B Jw [

0S5 mm 1% RH | « x [Siw [ H0m | 10w [Bas |90e | 780 | 70s | 13w
Tmm 10 RH |« x v (0B m M 3w 15w [fim | Oms [3m |26m

055 mm 65% RH | 330 ns | 1%0ns | 86ns [#6ns | 13ns [ 9dns |Sins [34ns | 209ns | L7ns | LSns © 34 i 37 = i J B /]
1 mm_65% RH 5% ms | IT0ns | Olps | B4 ms 76 ns 56 ns. 39 ns 28 ns 17ns | lins | 73ms

= Tt g 100 g 1 b easuced 1 .

Bt P

OIRAIIRE, A Al
K, REMBIRHLE 2
 — T, FEEN
10'“ 100 1;0 m %0 300 Eﬁfﬁ( EEETJ—E"
O (LR T, T F R R SE SRR 55 R iR m] ] AR
DASRGEA 31 T, ZESCRITSE, MfERER, KoFos - W ot
ROV R, EORRTIE BB T, B AL
A SRS E R o

© 35 R FE R X T FRL N FE [ R R 5, R TR SR,
10%RH, 8kVZ{}:~0.22ms, 1HE12kV FiEi/NE71ns.

27 28

|16

FR-4, dielectric | homogeneous
spacer air gap

Time lag [ns]

150 200 250
Average E field strength [kViem)

ol L L
% 40 5 6 70 80 9 100 110

Average field strength [KVicrr OEH:PCE&J:%E]Eﬁﬁ (3/:'-'>Jum) g %iﬁﬂfﬁéﬁd\g(mur%) o g@%%&%ﬁﬁ%
Note 1 53k 71 ST, R AE TR ONote 1 fifih 7 4IRS B U TE R 2R, 34950 5 L R B
:Ngi 2 ﬁﬁ?ﬁigiﬁgﬁFiﬁﬁgﬁigéiigm ®Note 2 4151k T 41 T 100KV/emHI o3 I, FiCHIN 4 L4 FE3IELONS . 87 M350 e
ONote 3 ik T LRI AN T, S0 AR T H B LR BT KR H B
29 30

152



Topic 8 JiRM Wan Fayu

°
=

°
=

|
AN
AN

Voltage at the gap [kv]
s
» >

g

0.
“s 0 5 10 15 2
Time [ns]
Fig. 12, Gap voltage for an approximately 0.1 mm graphite coated spark

gap for multiple discharges having a static breakdown voltage of about 860 V,
showing less than & ns time lag for voltages between | and 1.2 kV.
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The 6t Electrostatic Protection and
Standardization International
Conference

Main Contents

® ESD causes may cause reliability issues in civilian
area but also in military area. Low humidity
increases the risk of ESD induced equipment
failures, high humidity helps to control the ESD
events but increases cost of energy consumption.
The correlation between the risk of equipment
failure from ESD and humidity level need to be
studied.

This presentation shows:
® Motivation

® Test methods

® Analysis methods 3

Determine the correlation between the risk of
equipment failure from ESD and humidity levels.

® To evaluate the effect of humidity in discharge severity

® To investigate the secondary discharge mechanism
and the effect of humidity on the time lag of secondary
discharge

0 5 10 15 20 25 30 35 0 a5
@2 (0 (50 (59) (68) m (8) %) (09 (13
DRYBULS TEMPERATURE - 'CIF) 5 AbMS & bt st b b R

® Consider an operator performing maintenance on
equipment. If appropriate safety precautions such as
personnel grounding are not taken before interacting with
equipment, the operator could be charged up to a
significant voltage. If the operator then uses a metal tool
such as a screwdriver to interact with the equipment, there
is likely to be an ESD event as the tool approaches the
equipment.

® When not operating on equipment, personnel could still
trigger ESD events. Consider an individual walking
through an area with sensitive equipment and brushing or
leaning against said equipment. This could trigger an
ESD event. These events should be considered as direct
discharges since they involve direct human contact to the
conducting equipment. 6
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® This threshold approach speed is a function of humidity, surface conditions Eu o * il scharge eharoesenaneiconsiantsbsclite

humidity on left and constant relative humidity on right
and voltage. (Rough cathode shown on left, Smooth cathode shown on b . o

. ® For constant approach speed and absolute humidity, the discharge current has a much larger
”Q_h_t) . " range for a 89.6F (32°C),40%RH environment than for a 80.06F (26.7 C), 55%RH environment.
@ Critical approach speed is much higher for a rough contact. 3 ® For constant approach speed and relative humidity, the discharge current ranges are similar.
14
- e

ESDgun

Grounding
cable

Secondary discharge f:::;#\\ "

Tt P —— —

® Secondary discharge is a parasitic discharge in contact discharge method.

® Sub millimeter gaps are formed between buttons, screws, switches, indicators
,screens and electronics body. If these floating metals could be touched in its
normal use, contact discharge will be chosen.

® |f the applied voltages is higher than a threshold voltage, it will cause a secondary
discharge in the sub millimeter gap, this leads to a very rapid current rise.

® Due to the combined effect of the very rapid voltage collapse and the availability
of charges in close proximity, a very high peak current is reached within 10s of

picoseconds in the secondary ESD.
15 16

®The floating metal and the electronics

device body will form a capacitor, the

primary discharge charges the capacitor.

® The charging time constant of the sub

millimeter gap is determined both by its

capacitance value and by the impedance
| of the ESD source.

(a) (b) =

Gt

Setup of secondary discharge

®Figure shows the 4 kV contact discharge to screws and the ®The experiment setup is shown in Figure, the Noiseken ESD gun(ESS-
lens of a mobile phone, the sensitive phenomenon happens, the S3011) is used to discharge to a floating metal of a mobile phone, the

f P - gap is set to be 0.5mm.
screen is crash and Emknown e_"or |nfo_rmat|0n EDEELE, ® A current probe (Solar 9119-1N, frequency range, 1MHz to 1.2GHz) is
®The repeatability is bad, during ten discharges test, the used to measure the discharge current, it is connected to the Agilent
failure appears two times. oscilloscope (DSO9404A, bandwidth 4GHz, sampling rate 20G Sal/s)

through an 40 dB attenuator which is used to protect the oscilloscope
and the oscilloscope is set in the Faraday cage.
18

156



Topic 8 Ji KN Wan Fayu

| ®The primary discharge current

third

of the three discharge tests are
overlapped, the amplitude is
about 20A which follows the
rule 3.75 A/V of the IEC
61000-4-2 standard.
®The amplitude of the
1 ‘ I | secondary discharge current
’ ’ e ) " ™ varies from 27A to 33A which is
Three discharge current waveforms at 6kV ml_JCh mpre larger than  the
voltage primary discharge current.
®The peak secondary discharge
current increases with time lag.

19

ESennenissiramim 263351399307

@ Principal: All time lags are determined by the availability of seed electrons. These can be
provided by field emission, detachment from Oxygen and water molecules. From many
times measurements, the time lag distribution is found to satisfy probability and statistics
characteristic.

® Time lag distribution: The shortest and longest time lag at 6kV voltage are calculated,
then the time difference is divided equally into ten sections, the frequency of time lag in
each section is calculated, the result is shown in Figure. From the result, though the time lag
varies largely, a quarter times fall into the middle section, less fall in the two ends section,

the intensity distributing is symmetrical and it follows normal distribution.
21

®Less than 10ns time lag is more interesting, but from the current waveform, the
overlap between the secondary discharge and primary discharge stop identifying

the time lag.

®As the time lag has statistic characteristic and influenced by humidity, field
emission, metal surface condition. The secondary discharge current varies largely at
different conditions. &)

157

£
Time lag <ns

(CY
Peak secondary discharge current vs time lag at 6kV(a), at different negative and positive voltages(b)

®The peak of secondary discharge current as a function of time lag is shown in Figure (a). The
peak of secondary discharge current varies from 25A to 50A, and the time lag varies from 10ns to
30ns. The peak secondary discharge current increases linearly with the time lag.
®To evaluate the peak of secondary discharge current as a function of time lag at different
voltages, at each applied voltage(£6kV, £8kV), one hundred times discharge tests are
conducted, the results are shown in Figure (b). The positive voltage and negative voltage results
are symmetrical. The rate of peak of discharge current to time lag in higher voltage is larger than
that at lower voltage.

20

®The time lag probability density at different applied voltage is shown in Figure. They all
follow normal distribution.

®As the applied voltage increases, the mean and the variance decreases, but it is not
decreased linearly.

®The more the applied voltage exceeds the DC breakdown voltage, the more electrons will be
able to initiate a breakdown, then the time lag is shorter.

®But as the applied voltage increases to a even higher value, the time lag decreases to a
constant value which is formative time lag.

®The formative time lag is the time from the initiation of the avalanche until the gap is bridged
by a low impedance arc. For millimeter length gaps, the formative time lag is typically less

than a few nanoseconds. @

 Measurement setup-smalltimelag

USB
Computer AN
e R S IGP‘iB

High voltage supply | I Oscilloscope

Optical
receiver

Grounded
block

100MQ

ESD gerjerator

urrent probe
FCC-F65

Current and spark two paths measurement setup

Patents: Micro gap length time lag measurément
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o delay time ¢
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TABLE |
MEAN VALUE OF THE TIME LAG FOR DIFFERENT AFFLIED VOLTAG
BLOCK DISCHARGE GEC

AP LENGTHS, AND RH LEVELS FOR A ROD TO GROUND

Voltage [kV] s 3 7 5 9 10 il [F) [E D) [
0SS mm 0% RH |« x x Slps | 0ns | 120ns | 73ms |90 ns | 78ns | L7ns | [3ns
Lmm 0% RH x x x 022ms | 9ps | 3dlps | 1Sps [71ns | 17ns |3ns | 26ms

0.55 mm_65% RH 30ms | 1% ns | 86ns | 46ms 13 ns 94 ns S50ns |34ns |29ms | L7ns | L.5ms
Imm_65% RH 590ms [170ns [Olps [®4ns [ 76ns | S6ms [39ns [28ns | 17ns | lins | 73ms
= Tt g 100 g 1 b easuced 1 .

®The strong influence of the applied voltage is visible, For dry air (1 mm, 10% RH)
the time lag was 0.22 ms at 8 kV. But it reduced to 71 ns at 12 kV.

®The effect is less severe in humid air. Simply because the time lag is already
much lower due to the detachment of seed electrons from water molecules

27

1€ -
FR-4, dielectric | homogeneous b
spacer air gap

F R : : .
Yo @ e 70 8 9 100 110
Average field strength [KWiami
®Note 1 illustrates the effect of humidity on the time lag without the dielectric.

®Note 2 emphasizes the effect of the dielectric on the time lag for dry air.
®Note 3 emphasizes the effect of the dielectric interface for a higher humidity.
29

(1 B

10V

1 mm homogenous fiekd geometry, 10 % RH | y nous fleld geometry, 80 % RH
wil L L ) wil. Ml i ;
"0 1w " 10 10 10 10 10
Time delay [ns] Time delay [ns]

Laue plot for the discharge of a rounded Laue plot for the discharge of a rounded
aluminum rod to a plate, 1mm gap distance, aluminum rod to a plate, Imm gap distance,

10% RH. 80% RH.
26
e
"—~

®Average E field=Gap
voltage/gap length

®Large gap size provides
10 i more seed electrons, induces
short the time lag
'
10“ 160 200 300
Average fleld strength [kViem]
Fig. 7. Time log against the field strength with the same humidity and at

different gap lengths.

28

100 150 200 250
Average E field strength [kViem)

®The electric field is strongly non uniform due to the thin metal layer (35 pm) on the
PCB and the tip radius of about 30 pm

®Note 1 shows much longer time lags for the homogeneous field geometry

®Note 2 shows the time lag is already close to 10 ns for 100 kV/cm

30
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Voltage at the gap [kV]

0.
“s 0 5 10 15 2
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Fig. 12, Gap voltage for an approximately 0.1 mm graphite coated spark

gap for multiple discharges having a static breakdown voltage of about 860 V,
showing less than & ns time lag for voltages between | and 1.2 kV.

®The edges of the carbon layers enhance the field emission strongly, reducing the

time delay
®Due to the strongly reduced time lag, the breakdown occurred at voltages above
1200 V always within 7 ns &

® Arc length is correlated to the discharge parameters, short arc
length induce fast rise time and large peak current

® Fast electrode approach speed increases the severity of ESD

® Compared with absolute humidity, relative humidity is more
important.

® With same applied voltage, the large time lag induces larger
secondary discharge current.

® Due to the combined effect of the very rapid voltage collapse and
the availability of charges in close proximity, a very high peak
current is reached within 10s of picoseconds in the secondary ESD

® The secondary discharge current might be the main reason causing
the failure on equipments with small gap
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®The spark gaps had sharp corners and a static breakdown voltage between 2.5 and
3 kV. Even at low humidity, the time lag was short .

®This finding indicates that there were many available seed electrons that are not
provided by the detachment from water molecules.

®|nstead, either the sharp corners or the surface properties of the metals initiated the
breakdown.

32

® The availability of seed electrons determines the statistical
time lag;

® For smooth, clean surfaces, humidity greatly reduces the
average time lag;

® Enhanced electron emissions due to field enhancement at
sharp edges, detachment of electrons from surface
contaminations or at dielectric layers can contribute to the
reduced time lag.
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