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U.S.-China Standards and Conformity Assessment Cooperation Program (SCACP)

The United States Trade and Development Agency (USTDA)

The 5th Electrostatic Protection and Standardization International Conference

Date/Venue:

Sponsors:

Agenda

November 17, 2016

Xi'an TianYu Field International Hotel-XI'AN

No.239, 3rd Shenzhou Rd, Aerospace Economic and Technological Development Zone,
Xi'an.

China National Institute of Standardization (CNIS)

China Academy of Space Technology (CAST)

National Key Laboratory for Electromagnetic Environmental Effects
The United States Trade and Development Agency (USTDA)
American National Standards Institute (ANSI)

Electrostatic Discharge Association (ESDA)

Co-organizers:

Organizers:

China's Electronic Instrument Industry Association Anti-static Equipment Branch
Shanghai Electrostatic Protective Industrial Association

Beijing Electronic Instrument Industry Association

Primary Standard of Laboratory of Explosives and Powders, COSTIND

Sichuan Aerospace Institute of Measurement and Test

Shandong Diandun Science and Technology Holdings Co., Ltd

Shanghai POUSTO Electronic Engineering Co.,Ltd

YIYUAN Electronic Technology Co, Ltd

Beijing ProMax Technologies, Inc

Shandong Zhongdian Ceramics Co., Ltd

Beijing Orient Institute of Measurement and Test
China Standardization Press
Academy of Space Electronic Information Technology
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November 17, 2016

08:00 - 09:00 Registration
09:00 - 09:30 Welcome Address
09:30 - 10:00 Topic 1: The Hazard and Protection of Electrostatic
Speaker: Liu Shanghe, Academician of Chinese Academy of Engineering
National Key Laboratory for Electromagnetic Environmental Effects
10:00 - 10:25 Topic 2: Re-recognition of Standardization Effect
Speaker: Tang Wanjin, Researcher, Vice Director
China National Institute of Standardization
10:25 - 10:45 Coffee break
10:45 - 11:15 Topic 3: Process Assessment
Speaker: John T. Kinnear Jr., BoD of Directors, Professioanl Certifcation Chair
IBM
11:15 - 11:40 Topic 4: ESD Protection in Nanometer CMOS Process
Speaker: Dong Shurong, Professor
Microelectronics and Nano-electronics Institute of Zhejiang University

11:40 - 12:05 Topic 5: Plant-level ESD Standards in China's Electronics Manufacturing

Industry
Speaker: Lai Ping, Researcher
The 5™ Electronics Research Institute of Ministry of Industry and Information Technology

12:05 -12:20 Interactive Communication
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12:20 - 13:30

13:30 - 13:55

13:55 - 14:25

14:25 - 14:50

14:50 - 15:10

15:10 - 15:30

15:30 - 16:00

16:00 - 16:25

Lunch

Topic 6: Interpretation and Application about National Standard GB/T 32304
Electrostatic discharge protection requirements for aerospace

electronic products

Speaker: Liu Min, Researcher, Chief Engineer

Beijing Orient Institute of Measurement and Test, CAST

Beijing Electronic Instrument Industry Association

Topic 7: Facing the Challenge of Electrostatic Protection of Ultra-Sensitive

Devices

Speaker: Terry L. Welsher , President Emeritus

Dangelmayer Associates, LLC

Topic 8: Investigation of Electrode Moving Speed Effect in Electrostatic

Discharge Involved in Standard on Non-Contact ESD

Speaker: Ruan Fangming, Professor

Guizhou Normal University

Interactive Communication

Coffee break

Topic 9: What CDM stress does a device see in an automated production line

Speaker: Reinhold Gaertner, BoD of Dirctors, Manufacturing Sympoium Busioness Unit

Manager

Infineon Technologies

Topic 10: Electrostatic Risk and Protection of Petrochemical Enterprise

Speaker: Li Yipeng, Senior Engineer

Sinopec Safety Engineering Institute
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16:25 - 16:50 Topic 11: Interpretation of T/ESD001-2016 Static Control Garment for Electronic

Industry - General Technical Regulations

Speaker: Huang Jianhua, Chairman

Shanghai Electrostatic Protective Industrial Association

16:50 - 17:10 Interactive Communication

The End
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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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American National Standards Institute (ANSI)

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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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, SEPTA 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.
Legal Representative: Huang-JianHua
Secretary-general: Luo-HongChang ( sick leave since Feb. 2010)
Deputy secretary-general: Sun JunTong General Manager of Shanghai Jun-Jiang science and technology
Ltd.,Com. Vice-President of the association
Executive Vice- secretary-general: Xiong-YanYuan
Address: R306 No.57, Lane625,Road Noth ChenZhan, 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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Beijing Electronic Instrument Industry Association

Beijing Electronic Instrument Industry Association is the independent legal entity social
organization officially registered in Beijing Municipal Civil Affairs Bureau and was incorporated in
April 1988. Its members consist of legal entity of electronic instrument production, sale, measurement
test, colleges and universities as well as media, etc.

Electronic instrument industry is the basic industry with high technology, high benefit, many
categories, wide application and rapid development, and the high-tech investment industry with dense
knowledge, technology and capital. With the wide application of electronic instrument, the electronic
measuring instrument is applied in computer, communication, aerospace, machine manufacturing,
automobile, petroleum, chemical industry, metallurgy, medicine, electricity and each scientific research
field.

In 2016, the association applied and gained the qualification to formulate and revise the group
standard in response to the government call in order to formulate and issue the group standard with
innovation in the aspects of electronic instrument and measurement test. The association established
the static protection working team, and carried out the group standard establishment of static
protection by relying on the member units with the static protection management system certification
and product certification ability. In order to improve the static protection level in the electronic
instrument industry, the association plans to carry out the product quality supervision of static
protection instrument, static protection articles, equipment and facilities, static protection talent
training, static protection management system certification and other businesses. The association also
proactively participates in the static protection industry alliance to jointly establish the alliance
standard for static protection.

Office location of association: Room 1116, Space Star Building, Yard 82, Zhichun Road, Haidian
District, Beijing Postal code: 100086 Contact No. (fax): 13366855901 010-68744667 010-68378158

E-mail: liumin@cast514.com
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Sichuan Aerospace Measurement and Test Research Institute

Sichuan Aerospace Measurement and Test Research Institute (7140 Metrology Station of China
Aerospace Science and Technology Corporation, 5111 Level II Metrology Station ), affiliated with
Sichuan Academy of Aerospace Technology , located in Longquanyi district, the national economic
and technological development zone, Chengdu.

The institute has established 54 highest metrology standards related to seven main subjects
involving geometrical quantity, thermology, mechanics, electromagnetism, radio electronics, and has
calibration and testing capability covering 257 items accredited by China National Laboratory and
Science, Technology and Industry for National Defense Laboratory. There are the first SMN grade 1l
standard dynamometer, 3000kg grade IV high-precision balance in China and more than 500 sets of
precise, large, valuable, unusual and crucial measuring equipment. The metrological verification and
calibration capability of the institute takes the leading position in Southwest China.

The institute has passed China National Testing and Calibration Laboratory Accreditation, China
National Defense Testing and Calibration Laboratory Accreditation, the Secondary Secrecy
Qualification of Scientific Research and Production of Weapon and Equipment, GJB90018-2009
Quality System Certification, Work Safety Standardization Certification, Occupational Health Safety
Management System Certification and so on. In addition, the institute has obtained metrology station
administrative license authorized by State Administration of Science, Technology and Industry for
National Defense, PRC, and is denominated 5111 Level II Metrology Station of Technology and
Industry for National Defense.

The institute performs metrological support and service functions for a long term involving
national defense system metrological verification, calibration, precision parameters testing, and
technical guidance and so on. So far, the metrological service has spread various provinces and cities
such as Sichuan and Chongqing, which covering army, military, aerospace, aircraft, ordnance,

electronic, nuclear industries and so forth.
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Shandong Diandun Science and Technology Holdings Co., Ltd

Shandong Diandun Science and Technology Holdings Co., Ltd, located at Zichuan Economic
Development Zone of Zibo in Shandong Province, China, is a leading hi-tech company among the
anti-static ceramics material industry, and focuses on the R&D, production, sales and construction of
anti-static ceramics material.

In March of 2012 “Academician Workstation ” and “Shandong Anti-static Engineering
Technology Center” was set up with the approval of Science and Technology Department of Shandong
Province. In April of 2012 manufacturing of anti-static products was awarded as “Shandong Major
Construction Project”. In July of 2014 the company was praised as “Shandong Strategic Emerging
Industry Project” by Shandong Provincial Government. In October of 2012 the company got the honor
of “Innovative Company with One Technology Invented by the Company” and established Shandong
Small and Medium Company Management Bureau, and meanwhile the company was approved to
establish “Shandong Research and Development Center of One Enterprise with One Focus
Technology” by Shandong Bureau of SME. In December of 2014 was approved as “New Functional
Ceramic Tile Industry Regional Central Development Pilot Project”. In April of 2015 the products of
the company were awarded “National Architect Trustworthy Building Material”. On May 5th 2015 the
company was verified as “Shandong Anti-static Functional Ceramics Engineer Research Center” by
Shandong Development and Reform Commission. In November of 2015, the company’s anti-static
ceramic tiles was honored to win “the 17th Chinese Patent Excellent Award”.

The company owns 19 items of national patents, the main initial unit who drafts the national
compulsory standard GB26539-201 “Anti-static Ceramic Tiles”, the national standard GB50944-2013
“Specifications for the Anti-static Program Construction and Quality Acceptance”, GB50462-2015
“Database Center Infrastructure Construction and Quality Acceptance”, “Anti-static Raised Floor

General Specifications ”(Drafting).

Products of anti-static ceramic tiles have been identified by Shandong Science and Technology
Department “to fill up the technology blank in China and take up at the international peak level”.

The company’s products have been widely applied into industries and fields such as National
Defense, Aviation, Communications, Chemical and Pharmaceutical, Petro-chemical, Micro-¢clectrics,
Grid, Education, Mining Industry, and Financing etc.

Shandong Diandun Science and Technology Holdings Co., Ltd adheres to the business operation

concept of “Professional, Responsible, Stable and Honest” to serve the customers with superior

products and service.
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Shanghai Pousto Electronic Engineering Co., Ltd.

Pousto, the only qualified professional anti-static manufacturer domestically, has the ability to
offer a series of one-stop service project, including domestic aviation, electric power, electronics,
communication, semiconductor, automotive, Marine, automation systems, photoelectric, machinery
manufacturing, robotics, instruments and meters, medical and universities’ projects as well after nearly
20 years development, and has got the customers’ consistent approval. Pousto has been committed to
providing customers with humanity, modular, high quality and best design of industrial products with
an integrated solution. Its business ranges from Anti-static products series, Laboratory furniture series
to Industrial quality goods series, thousands of kinds of products included. Pousto has offered services
for about ten thousands of customers, especially well-known in military enterprise and photoelectric
communication industry, meanwhile our sales and technical service center are stationed in major cities
in China. In 2013, Pousto cooperated with the German FPS GMBH which has a long history of
professional industrial supplies company, and jointly established FPS - POUSTO GMBH. Our new
company will provide workshops and material storage areas with professional one-stop procurement
services in Europe and China; also we will continue to provide you with quality services in the field of

industrial products in the future.
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YIYUAN Electronic Technology Co, Ltd

YIYUAN Electronic Technology Co, Ltd is a high-tech company specialized in electronic
material products research and development, products designing and manufacturing. The company has
three main business parts including ESD & CLEANROOM products ,LEAD-FREE SOLDERS and
IC-PROGRAMING.

Established in 1995, the company follows the principle of Technology-based and Market-oriented,
and has cooperated with a number of domestic and international universities and well-known
companies to develop new techniques and products. YIYUAN completed many national science and
technology research projects, including ‘National 863 Project’; moreover, the company owns a number
of patent products.

YIYUAN specialized in ESD & CLEANROOM products’ research and development,
manufacturing, and selling; products include anti-electrostatic rubber mat, conductive mat,
anti-electrostatic clothes and shoes. YIYUAN is one of the earliest companies to achieve the
industrialization of anti-electrostatic technology in China. Company has 7 sets of the most advanced
anti-static rubber sheets convey belt production line. Company’s annual production has 900.000 square
meters anti-static rubber mat, 700,000 sets of anti-static cloth, cleaning cloth and anti-static shoes,
3,000,000 bags of cleaning cloth and 160,000 anti-static seats. The products have been sold all over the
world. The company provides products to aerospace industry, national defense, oil, medicine, food,
electronics and chemical industry. The products provided by YIYUAN have been widely imported
from abroad. Moreover, YIYUAN has a good reputation in the ESD industry, and the company has
built long business relationship with the world's leading electronic manufacturers, such as Flextronics,
Jabil, Sony and Huawei. In addition, YIYUAN is honored “Advanced technology in domestic and the
same level product quality in abroad” by National Science and Technology Institute.

“Customer first and striving for excellence”. YIYUAN will provide more and more outstanding
ESD & CLEAROOM series products to our clients. Customers’ needs help YIYUAN make progress

and improvement. Sincerely hope YIYUAN's service can offer assurance quality for you.
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Beijing ProMax Technologies, Inc

Beijing ProMax Technologies, Inc is the professional company engaging the sale of static
protection product and the static protection technology service. It provides the customers with the
anti-static system technology consultation, anti-static product supporting, anti-static ground
engineering construction and other services, and has rich experiences and good performance in the
design, construction and other aspects of anti-static engineering. The company undertakes
implementing the anti-static supporting engineering of many domestic famous enterprises,
Sino-foreign joint ventures, foreign capital enterprises, aerospace R&D institution and enterprises.

Our company is also the foreign famous professional manufacturer -- the domestic sole distributor
of America ACL company in China. It provides customers with high-quality and environment-friendly
products--STATICIDE series anti-static floor coating, destaticizer, anti-static detergent, etc., and sell
the series static test instrument produced by America ACL company.

Our company also provides the customers with anti-static wrist strap, anti-static heel strap,
grounding component, anti-static table pad, anti-static uniform, anti-static shoes, anti-static packing
materials, anti-static turnover box /vehicle, anti-static workbench /work frame, anti-static chair and
other supporting products, and sells the products from manufacturers in Korea, Malaysia, Singapore,

Taiwan, etc. as an agent.
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Shandong Zhongdian Ceramics Co., Ltd.

Shandong Zhongdian Ceramics Co., Ltd., one of the modern large-scale ceramic enterprises,
mainly focuses on ceramic production, design, and marketing. With a registered capital of 5 million
yuan and a member of China's anti-static Association, the company is located in Zibo City, Shandong
Province Building Materials City Industrial Park, covering an area of 300 acres. With the existing
production lines and the current 1,200 employees, including engineering and technical personnel of
120 people, the company mainly covers the production of high-end full-color ink-jet under enamel
antique art tiles, inkjet microcrystalline stone tile, anti-static tiles, overhead ceramic floors and other
series. All index reach the aerospace standard and static system certification requirements, and
products are sold throughout the country and overseas, with sales centers in Beijing, Shanghai,
Shenzhen, Suzhou and other cities.

Besides following the belief of "integrity of the world" to ensure the best quality, the company
also sticks to the business philosophy of "customer first" to develop by way of innovation. With a big
endeavor on the construction of the research team, the company intends to build a corporate brand, and
constantly improves the technological standard. It has passed 3C compulsory certification, ISO9001
quality system certification. The company's products have been widely used in the aerospace, defense,
electronics, telecommunications, chemicals, optical instruments and other high-tech cutting-edge areas,
and have earned good reputation. They have been recognized by the State Ministry of Information
Industry Static Control Products Quality Supervision and Inspection Center .

With the belief of "Customer First, the pursuit of excellence”, Shandong Zhongdian Ceramics Co.,
Ltd. will continue to provide more better anti-static products. It’s your needs and request that drive us
to make progress. Shandong Zhongdian will continue to offer products with high quality to lay

foundation for your development.
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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

(GB/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 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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Academy of Space Electronic Information Technology

Academy of Space Electronic Information Technology (CAST Xi’an) is a subsidiary of China
Academy of Space Technology (CAST) within China Aerospace Science and Technology Corporation
(CASC). It is the Chinese largest supplier of subsystem and equipment for spacecraft. Its activities
cover development, design, manufacturing, integration and test of spacecraft payloads, TT&C
sub-system, as well as related electronic equipment.

CAST Xi'an was initially founded on June 29, 1965. Over the five decades, CAST Xi'an has
supplied products at both system level and equipment level for more than 140 spacecrafts for
communication, navigation, Earth observation, Moon exploration and Chinese Shenzhou Spaceflight
mission, with its superior technology in the following four fields:

Communication and Navigation

CAST Xi'an is a major supplier for Chinese communication satellite payloads; is the supplier for
all Beidou-1 and Beidou-2 navigation satellite payloads; is the pioneer in Chinese ground and space
based TT&C system; is the supplier of the payload for the first Chines Data Relay satellite.

Data Transmission

CAST Xi'an is a key Chinese supplier of high speed data transmission subsystem and equipment
for satellites.

Space-born Antenna

CAST Xi'an is a top leader of space-born antenna in China.

Microwave

CAST Xi'an is the most competitive supplier of microwave equipment for spacecraft in China.

CAST Xi’an employs around 2700 people. With space projects and institutional programs, it has
achieved revenue of 4.09 billion RMB in 2014.
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Liu Shanghe

Liu Shanghe, academician of Chinese Academy of
Engineering, director of the Institute of Electrostatic and
Electromagnetic Protection of Ordnance Engineering College,
professor, doctoral supervisor; director of the academic
committee of National Key Laboratory for Electromagnetic

Environmental Effects, executive director of China Ordnance

Society, disciplinary evaluation expert of National Natural
Science Foundation Committee; leader of "electromagnetic field and electromagnetic environment
effect" expert group of Information Technology & Electronic Engineering; leader of national
pre-research professional team; academic leader of national key disciplines.

Liu mainly engages in the graduate teaching and research work on electromagnetic compatibility
and protection. He has won national scientific and technological progress prizes class one once, class
two once, National Science Conference Award once, and the provincial and ministerial level scientific
and technological progress prize class one or two nine times. He also has twelve national invention
patents, 3 monographs, over 200 papers, with his guidance of PhD thesis retrieved by the National
excellent Doctoral Dissertation. Liu has been named the national outstanding teacher, excellent teacher
of the whole army, the army heroes on behalf of the General Armament Department, outstanding
communist. He has two significant contribution awards, one by electrostatic research and application,

and the other by the PLA professional technology.
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The Hazard and Protection of
Electrostatic

Liu Shanghe

State-level Key Lab orat. Effects

v of Electr ic E

(Electrostatic and Electromagnetic Protection Research Institute of
A eering College)

. o =

I. Features of electrostatic discharge and electrostatic

hazards
1L Electrostatic Hazards and Protection
II1. Problems which shall be focused on in the electrostatic

test and assessment

IV. Conclusion

1. Features of electrostatic discharge and
electrostatic hazards

ectrostatic discharge and electrostatic E‘.E

1. Features of electrostatic discharge

Electrostatic discharge could form:

RT; 21 C
RH; 40%

“electrostatic discharge and electrostati

Vv

RT, 17.50
1.8 RH; 8%
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Inleatures of electrostatic discharge and
electrostatic hazards

@t

e

<+ High potential, strong
eledrical field
< Transient large current

<+ Broadband eleciromagneti

RT, 17.5C
RH, 50%

interference

Transient potential waveform of human body

when person wears red plastic slippers and

@

walks on cement painting ground

e

Hamps)

% Transient large current

# Broadband dectromagnetic

interference

IzFeatures of electrostatic discharge and electrostatic
hazards =

P laleatures of electrostatic discharge and

me electrostatic hazards o

Typical case that transient large current of el ectrostatic discharge cause malfunction

of foreign satellite
OFault of attitude control computer of France communi cation satellite

France communication satellitc Telecom-1B causes the fault of main and backup
attitude control computer of the satellite and the satellite failure duc to the

dlectromagnetic pulse and coupling generated from electrostatic discharge

(momentary value reaches dozens of ampere) into the satellite.

All Telecom-1B satellite attitude control computers malfunction

@

. The eleciromagnetic effect radiation field
generated in the process of elecirostatic
discharge covers very wide speciral range,

= somereach 0~3GHz by report.

< Broadband demﬂﬂlﬂgle‘

interference

InFeatures of electrostatic discharge and
electrostatic hazards

I. Features of electrostatic discharge and electrostatic haz_?r_(is. ‘

&

As the near fidd hazard
sources, the electromagnetic
pulse effects generated from
eledirostatic discharge could
be compared with effects of
LEMP, HEMP or STP.

a0

20

10

Time 1 s

1050

€

2. Effects of hazard formation
d Mechanical effect
4 Heat effect
i Electromagnetic radiation effect
i Strong electrical field effect

id Magnetic effect
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l"ﬂf electrostatic discharge and electrostatic hmrdid

2. Effects of hazard formation

 Mechanical effect

Electrostatic field makes the material particle
polarize, thus generate the electrostatic
attraction, then dust suspended in air is easily
adsorbed in article to generate pollution. In
case the semiconductor chip takes static
electricity, the dust could be adsorbed in chip,
which can decrease rate of finished product of
integrated circuit greatly.

u Heat effect

v Electromagnetic
radiation effect

i Strong electrical field
effect

i Magnetic effect

The coulombian force of
electrostatic field makes
automatic production lines
such as textile, printing,
plastic package, etc. hindered.

‘M electrostatic discharge and 3
hazards 3

2. Effects of hazard formation

- The heat effect generated from electrostatic
disch is a kind of adiabatic process
ua Heat effect completed in ms or s magnitude. As the

ignition source and detonation source, it could
transiently generate the combustion explosion
of flammable and explosive gas, electric
explosive device, ete. It could make the
microelectronic device and electromagnetic
sensitive circuits superheat, then causes the
partial thermal damage, and circuit
rformance deterioration or failure.

v Electromagnetic
radiation effect

ud  Strong electrical field
effect

i Magnetic effect

effect
' Safety conditions | 509 firing
SN 4" ModelName | Resistance! | Ignition energyimd
condition UmA tls
L]
1 | 3D eleetric | 1.35~32325 T00mA 180 5~10 1.73
igniter
2 DA dectric igniter | ,15~0,80 6V 150 300 12,0
3 | e s 400mA 50 300 1.00
DD-17  ehoctric
4 ignivon 12~17 S00mA 25 30 0.225
5 105 clectric primer 15~60 24Vserial 4 | 0.1F45V 0.270
Take JD-11 electric igniter for example: Its security energy is calculated as
729mJ, while 50% firing energy is only 1.73mJ under the pulse action.

The security energy of JD-1 electric igniter is 5.4J, while it's 50% unde,
pulse action and the firing energy is only 12mJ.

Hazard of adiabatic effect to

. circuit
Random EMP is generally completed at the
micrasecond or sedium seconds magnitude,
therefore it's a kind of adiabatic process.
For microclectronic device, the discharge

energy is released through the device
resistance within 0.1p. Its average power
could reach several thousand kilowatts and
form a large temperature gradient within
the device, causing the partial thermal

Lanage.

65
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Mode that ESD heat effect causes microelectronic circuit damage

The metal wiring and diffusion zone (or polyerystal)
contact hole generate the spark, which make the ohmic
contact of metal and silicon damaged.

Partial silicon is fused, then the recrystallization is
generated to produce device short circuit,
SD heat effect

The metallization electrode and
“nodulizing” cause the open-circuit.

ing fusion and

Large current flows through the PN junction and
generates the joule heat, then the junction temperature
rises and forms the "heat spot” and " thermal runway",
causing in damage of device.

|
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Typical case that heat effect of electrostatic discharge causes malfunction of foreign

satellite
O The power line of Japanese earth observation satellite is burned

When the Japanese earth observ:

on satellite (ADEOS-I) passes through the polar regions, the

v cable

energy electron burns the part of electrici

internal charging effeet incurred by the hi
between the solar arrays and satellite, which causes that the satellite power reduces to IKW from

GKW, and the most of satellite functions lose.

The power line of ADEOS-II satellite is burned

©

m‘. of electrostatic discharge and electrostatic

PR

2. Effects of hazard formation

A The radio-frequency interference lnnln'ed_h
clectrostatic discharge causes electrical noise
> and electromagnetic interference o

information devices, and makes information
devices malfunction or loss function. Strong
clectromagnetic pulse could form the
accumulative effects, which could cause the
performance parameter of the device or
circuit deradate or complete failure, and
reduce the reliability of circuit or equipment.

_d

o Electromagnetic radiati
effect

ud  Strong electrical field
effect

d  Magnetic effect

m& of electrostatic discharge and electrostatic

2. Effects of hazard formation

The strong electrical field formed by

u electrostatic  hazard sources could
break through the gate oxide of MOS
field-effect device or the media between

o the metal, which causes the circuit
failure.  This  asks  for  higher

A requirements to the electric insulation.

The strong electrical field could also
form potential failure.

i Strong electrical fiel
effect

d Magnetic effect

PR~

Maode that ESD strong electrical field effect causes
micrpelectronic circuit damage

The strong electrical field causes the breakthrough gate
oxide of MOS field-effect device and the device failure.

The strong dectrical field causes the breakthrough of micro-
ficld effect bf ESD

electronics circuit insulation medium or the performance
reduction of the device.

‘The strong electrical field makes the integrated circuit

component and precise electronic component aging, and reduces

%)

the equipment service life.

_ R

Typical case that strong electrical field of electrostatic discharge causes malfunction of foreign
satellite
OCable breakdown of America national defense communication satellite

Since the clectrostatic voltage of America national defense communication satellite DSCS-I1
(9431} on the surface of cable exceeds the 130% cable breakdown threshold value, the power

supply cable of a communication system is broken through, which causes the satellite failure.

The cable breakdown happened to DSCS-II satellite

)

Potential hazards

PN

Allsa,

048
¥a
. o
Trp o -
The lonis Innched by N
he tp .
Substrate

Sauree e Position
Lo groug in defict

When the electric field is additionally added to MOS device grid electrode,
in case the grid electrode isn't broken through under the electric field
function, Na+ ion at the AISiO 2 interface in SiO2 film could be clustered

at the defect center of Si0/2Si surface by drift, which buries hidden

trouble for the partial breakthrough during the device usage and causes

potential hazards.
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1‘}} I Féatiures of electrostatic discharge and electrostatic
1 hazards

Potential hazards
@EMP could cause the potential failure related to time to part of
devices, but there are also parts of devices whose service life is
slightly impreved.
128
=]
R
8 3
g o Injection of 1.50 kV ESD
i 4 Injection of 1.00 kV ESD
9 = Not injected
)
&
R
Al -
o 200 00 o0 &0 1000
Power consumption time added by

the device (hour)

&

2. Effects of hazard formation

The strong cmrrent incurred
by electrostatic discharge
could generate the strong
magnetic fidd to distub the
normal work of electronic
equipment. Therefore the
design of information devices
and selection of magnetic
shielding materials have

d

“ OO

\d Magnetic offE2t

‘eatures of electrostatic discharge and electrostatichazards ., 48 = Hazard example .
S Nl T N T
3. Hazard examples . - y
(1) Electrostatic discharge causesthe fault of foreign satellites Electrostatic discharge causesthe fault of foreign satellites (continued table)
5 “snline i Dusas .
poction EY Sarlin Fa Dug
= postion
= | B Al [T m————
o Teductionand s ticnloss 15| Aurain AUSSAT A3 sasllne Fliof i dec rroleystemamote ST RE SRR
3 2::; illl:::“:mﬂmkm organiztion. Xihn::t fault of energy systemm, the sitellite is transfemre d 1o standdy v dupveric 4 FLTSATCOM 6071 saellite Free thmes logic al errars appen
[ Baveve e gy BN Avwils | T b sy & Ve B o i, o 0 ey | 2 0|
s e a ,
5| ropem e Ay o Pl s | Fash oo argy i R o
€ | emETsGiue P —————
3| Awersa B0l susline st cnmlsyarmts Eecmais
[ Ry p— Bt s e e o e e st
| e DSCST G423 telne Bty st i contimanl smcnsa o, el e 3| Coat kD2 sl
3| Eatopern ce Agncy Mbtsore F2eutslite RO T RNy SR 26| Fus Telscom LA stellte Wi commmicaton fank the satsllieis Tanstazed s bacp satLits
w | 1 i i Jyrerys TDRS 1ellite Control systam ik
i sl Kol 2| fwerss DRSS custine | Caruaens of ariude o lsotenprocesar
| Contu ek Lol T Eea | fearka DRSS cartine it contoleytemtart.
13| CaowlaAnkElsalie Allzuin backup st e contmoleystens haw a faubvith saellite fuilre 30| dwmerka DRS Scaellite | Astinde cortroleysteanfant
14| Au Dl silenln Amdscondl ot 31| Amerss L e Coeutfun) of armuch ol
s Tebd Kot 3| Amrka DICST0443) el | Togeat ame
15 Amezics NATO-3A stellte Aarimde coxrl systangot § B @
u: 5 2 .I
Hazard example B ; Hazard example
A
Eiderostatic discharge canses fhic faclt of foreign satellites{continued table) Forcign statistics indicate that: Elcctrostatic discharge is the main reason which causes the
: satellite failure
s Stelies Pt L NASA statistics of 4 authorities” datzbase in 2007 indicates that
s electrostatic discharge effect accounts for 54.2% in the 326
in i 0L - o foreign satellite Faults incurred in space environment.
35| Avenicy D551 @436 suslte Logkalemr Jlss, 5.
36| Amics DICST Q442) tslite Logt domr Fem
7| Rawe Gy drupioms AB sl Logk reveal
) Sources of Data
| Avencs ERBS anine i it pncral (1) Spacecrafi Anomaly Manager (SAM). This
40| fwssia DSCST database is maintained by NOAA/NGDC in Boulder.
41| rpmonss cene Faat  nrared wDle scomngndinaar Colorado. This database primarily contains anomalies SEU- Single Evest Uoset
2 Jipan GME3-3 sute lie £ . that are believed to have been caused by the space
| Amics G0ES 6 caaiie Er— I vironmenk Scale drawing of farcign space
4| A BOES 4 suelie e R (2) NASA Anomaly Reports [Bedingfield et al., cantuied) Btk
45| Awarics SCATHAsq lite Wih datal 1996; Leach and Alexander, 1997].
haoe ok -
(3) The anomaly database maintained by the US Air Refersand
46| Americy ik Lo L sustte | st spectmogrph dmoman vk - e, S 5 4
87| CoadudedeB ] atellie Pafinmncs of hensal condr Leodingredces Function Force 55 Space Weather Squadron. 1-4244-1482-2/07€2007 IEEE
4) Individual Program Offices databases.

= el E

&

(7]
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(2) Statistical table of failure for rocket flight

Racket
Maee

Varam

Flight test | Lemawe | Hoghtlkn |
cods Gl Fault profiles and reasans

SN

Electicstatic disrlarge causes the fault of gudarce
coquter; Class ] exgine Jas o Fdestriction befbre
closag vith fulure lamcling

Electicstatic disc arge canees the fault of guidatce
conguter; Class] engine fas s Ifde strwtion before
Glosirg ith fuilurs lamehing

| Elscwostuic dicharge makes the gnduce conputer
locked i, dead ok of ool then the Class Land 1T
Fodiets e 5o desnacton de to ovaload. ster bt
e mamte, 50 e lamchingails

I | miliial | FTM502 | 1962 |76

2 | milifal | FTM-503 | 1962 | 218

|53 [oulweni | P11 | 1371 |27

Fauts between e eleciric squib ieriter wire and shell 5
backen temgh by n slectic e de sl dsstmction
system of Class Il engine explodes with failue

4 [scom sz | 1964 |3842 | 3.09-186

(S — - -
s bebreen the larkie ey St wise 1o shell 5
backen tlemagh by an electic ar; fre selfdestction
system of Class 11 angine explodes with fuilurs

5| Scout 5128 | 1964 | 3642 | 3.09-136

Tnonding
Electistatic disstarge lets the guidaace conpter
attomatizally hanster to the exergeney backup
state afer fault
Electiostatic discge lots the guidance. congnter
e arvencdl 1 the pre-selected orbit after fult with
the growd Jamch wstnction

| Guidaroe systen contrdl devices fave fault
the meket fils in lawreking due to tunbling

6 | Tm@c | c10 | 1967 |26

7 | Ttm@c | c14 | 1967 |17 52

[ |Dowan | 2313|197

gﬁamrd example

(3) Hazards of static electricity to aircraft fuel system

Since the fuel system grounding is incorrect and human hody doesn't adopt the anti
static precautions upon the maintemance of F-15 warcraft, elestrostatic
discharge causes the complete destruction of the aircraft.

@

@ azard example

(4) Hazard of static electricity to electronic system

Experimental result of single-chip system ESD electromagnetic pulse effect

>  ESD EMP could generate interference to the single-chip system working
under various procedure models, and the conirol status is most likdy to

appear of all fault ph The di b threshold value

voltage
for discharge of vertical coupling plate of human hody metal pattern is
12kV; Ii's more difficult to rewrite the E?PROM content and internal
RAM; Other fault phenomenon have the same ocaurrence rate, and the
minimum discharge voltage is between 2.6 kV and 3.6 kV.

%  The preliminary experiment indicates that electrostatic discharge of
positive and negative polarity has no obvious difference influence to the

ingle chip processor.

Experimental results of ESD electromagnetic pulse effect of single&ip,s%iw
: | —

[™=" Faultphenomenon | Dianc tsgetccietd | P——
| | Bine
Restart EY R
doin
Crash 30KV 0KV
e T | Lath 74373 Chip Selection and A LE foct induce the transiend veliage, then
C“”'g:;{;"“'ml FLIKVILIKY | e oukgut etas s changed adher th mberfrerne gl en dea 13
| | Tanad
T e e G Cause the supply voliage fluc tuation, change A/D0B09 channelox
recer . causs thedi o simulation i

30KV 0RY The 5D EMP Erhabance scoumred o RXD B 1 repurdel o fhe s
- Teceptian

2626V |

+3.0KVE30KY [Read theESD EMPsignal indued on data cable in RAM as data;

[Read thedistuhanceexmr on data cable in CPU,

Resdne | 13.0KV- 32KV
ok oG = 1
itten SIS | mateded & s it s 2 emal HANE coiinl 3t
TenanAE | entering in the CPU;
Tewritten el Disturhance directly rewrites the status word PSW content of
[ — 3.6kv-36ky | ntemal CPU.
T | BSD P st e PU enlont o el EPY o g e e
Tmevicomterstops | +3.0KVESIKY | adires <ot andprocote on ks ok, which ot the e oanping €
s
| Tt fion f disturban e signal on: adiem foot 3 mstakenty T egar ded.
e edand IO | g e e ot ki
ekt R tethetomennthe tuerruptcantrel rogte:

| i

Experimental result for ESD electromagnetic pulse effect of
GPS receiver

>  ESD EMP would interrupt the normal position of GPS OEM plate produced
by XX A company;

> Although the GPS25 OEM plate produced by XX-B company could
normally position under the ESD EMP disturbance condition, ESD EMP
could disturh the pulse per second of GPS OEM plate.

»  ESD electromaguetic pulse effect has the largest influence to pulse per
second when the human body metal ESD model, horizontal coupling plate
and contact-type discharge are adopted, and 25kV discharge voltage could
generate the disturbance to the pulse per second signal.

G|

Static electricity would influence the quality of
electronic products, etc.

‘With the development of electronic industry, the integration level of
semiconductor integrated circuit constantly improves, while power
becomes lower and lower and working frequency of the circuit greatly
improves, which cause the electronic equipment become more and
more sensitive to electrostatic discharge, and the loss incurred by
elecirostatic discharge increases year by year.

Static electricity could cause the reduction of enterprise’
semiconductor manufacturing and finished product ratio of MOS. The
loss incurred by static electricity reaches USD several hundred million

globally annually in micro-electronies field.
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II. Electrostatic Hazards and
Protection

ostatic Hazards and Protection

]

1. Three basic conditions (three elements) forming

hazard
A—
p=——— - .
fu':l‘”l%‘u{ ESDS, electric explosive
Dangerous il device, Mammable and
electrostatic source chasmdl explosive gas mixture, efc.

Three basic conditions of electrostatic hazard

mm&taﬁc Hazards and Protection

2. Control principle and
countermeasure

Whether condition © was
sttt

Low {amperature and [nwl

[w Tow g arahere and
owTnmidry

[, R discharge-7_(_B-1. v-7, |

Condition@®: Dangerous —rs

electrostatic source

Condition @: Coupling | Vor Exthmeshold vahe. |
channel :

Condition @ is

esiah lshed

Condition @ 1
ey

|Vnr£‘(lhmhn.ﬂ‘
¥

Condition @ sn't
established
B

Condition ®: Electrostatic-
sensitive unit

Form electrostatic
3

Not form electrostatic
hazard, hazards

L&)

m&mstaﬁc Hazards and Protection 3

2. Control principle and countermeasure

Energy
ESD S, deckic explesive deice,
Dangerous e Aanable mﬂﬂn.m s
elertrostutic source 5 misiore el

1. Dangerous electrostatic source control

@: Control of environment tengperature and humidity, grounding and
anti-static supparting engineering, EPA, efe.

@: Utilization and cantrol of charge sequence of materials;

®: Control of electrification rate (separation, chsing speed, etc.); ‘/)(
@: Control of charge leakage chamel, applicable scope of Ohmis lawh,

inter-related phenomenon of discharge, etc. such as piezoresistor;
Utilization of brush discharge, ete.

Examples: Control of electrostatic hazard of manned
space flight

(1) Test and evaluation of dangerous
electrostatic source

Suceessfully develp the dynamie test system
of electrosiatic potential on the basis of
Tesearching of the new.style electrostatic high
pressure {ransducer; Conduct research on
electrostatic potential of person-space suit
system and electrostatic charged energy. Solve
the test and evaluation prohlems for
dangerms electrostatic source of outh oard

space suit system.

of electrostatic hazard of manned space flight

(2) Evaluation of material electrostatic
performance under the pure oxygen
environment

In order io simulate the actual use environmen and
confirm the influence of pure oxygen 1o inherent
electrustatic property of material, the device for
electrustatic performame test under pure oxygen
evimment is developed, and the electrostatic

‘performaree of owhoard space suit material under
pure oxygen environment i confirmed with test,
which provide the basis for reasorably selecting the
space suit material.
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electrostatic hazard of manned space flight

) Evaluation of el ic discharge ignition
under high-pressure pure oxygen environment

The electrostatic jgnition energy test system of

pure oxmgen envi is
successfully developed when overcoming  the
electrostatic discharge, the sanple tested, control of
tenperature and humidity enviromment and other
terhnological problems. The minimum fire energy
of aerospace materials at elecirosiatic point is
measured under the environment of three pure
oxygen pressure to solve the elertrostatic discharge
ignition evaluation problem of outhoard spare suit
system under the pure oxygen environment,

TIL. Tmprove the antistatic ability of
eledirostatic sensing unit

@: Usetheantistatic device, dectric explosive device, etc.

@: Conduct the ESD protection and reinforcement (design of

semiconductor device) to circuit;

®: Conduct ESD test and reinforcement to equipment

according to [EC61000-4-2.

@

mﬂmﬂaﬁc]{mm‘ds and Protection d

2. Control principle and countermeasure

A
AN Energy

G v 'ESDS, elestric exp bsive
e Lo
o explosive gas muicture, cir.

J

. Contral of energy coupling
channel

Consistent with the requirement of EMC and electromagnetic protection, usage
of the device far isolation and transient suppression and the filter circuit; Heat

Thalance measures and other measures are adopted during the adiahatic process,

@

II1. Problems which shall be focused on in
the electrostatic test and assessment

w which shall be focused on in the electrostatic
| assessment

1. Non-contact voltage test

=
]
|
T
e}

Non-contact

/ clectrostatic tester
probe /

ablemns which shall be focused onin the
ostatic test and assessment

Non-contact voltage test

Video of non-contact voltage test

&
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oblems which shall be focused on in the electrostatic test
sessment s 3

T
-

2. Dynamic voltage test

@ Contradiction hetween shielding
and sensitiviy

@ Tnfluence of space charge

@ Contradiction between high

SUARIG Ve e Mk o St

voltage and dynamic performance

Test Schermtic Diagram for American.
Hunan Body Electrostatic Tester

Problems existing in elecirostatic test:

depth

direct

&

The theory of signal self-shielding in charge coupling testis
proposed to solve problems existing in the electrostatic test, and
successfully develop the ZPD-1 electrostatic potential dynamic

tester.

Demonstration of electrostatic dynamic potential test

Comparison of dlectrostatic
discharge when walking on co
ground and antistatic
gromnd respectively.

e =

Unmodfied € T e

Pioblems which shall be focused on in the electrostatic test
| assessment R

3. Change of material resistance along with the strong field (general
formula of Ohm's 1aw)

Electrostatic discharge deesn't comply with the Ohm's law
from common sense in general
Conventional formula: =ofF

General formula:

J:% [ ollolic)o E].£,(1-, o

2
+% c o(k)r E oV [r E evllc)f (1—f )}dic + -
il v 'E
S el

kT

e’B'37
24K°T?

exp(fs/kT)[1+7+

G|

- R
5
~ R (1~30kVy
Za
©3
2
R:(1~11kV)

9

18 21 24 27 30 33
6 7 8 9 10 11

n/kvV

[
(3

Change relation of resistance value of
resistance R, and carbon solid core

resistance R, along with the voltage @
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1.0- 1. Elecirostatic discharge refers to elecirification caused by contact and

separation, which doesn't have to be caused from friction. The key factors

Ukv causing the elearostatic hazards are char ge rate and leakage resistance;

2. Heat effect incurred by electrostatic discharge is adiabatic effect (peak
current reaches dozens of ampere);

3. The usage condition (eledirostatic resistance) of Ohm's law shall be focused

0.5- on i the dectyostatic sensitivity test;

4. The test result of TEC61000-4-2 standard has certain defects;

| 5. Non-contact electrostatic voltage test is qualitative and non-quantitative;

6. E ic hazard is but the whove problems shall be

comprehensively known.

02 04 06 08 tis

Cross-Over effect (cross effect)

&
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Tang Wanjin

Tang Wanjin, the vice president, researcher and Ph.D. of China National
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doctor’s degree from University of Science and Technology Beijing and post
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Group, he participates in the design of the reform scheme for national

standardization. He also holds the post of secretary-general or vice chairman

in many technical committees and also works for the Committee of Service
Experts under National Development and Reform Commission. He is also specially hired as the
government expert of Xinjiang autonomous region. In recent years, he has completed 2 items of
Natural Science Foundation of China, hosted or participated in more than 10 national projects
including “the ninth Five-Year plan”, “the Tenth Five-Year Plan” and “the 11" Five-Year Plan”. He is
responsible for or participates in over 20 ministry or commission level research projects and the
reparation and compilation of many national standards. He has published over 80 papers in the
domestic and oversea core technical journals and 6 academic works. His research achievements have

been conferred with 10 more provincial- and ministerial-level awards.
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Preface i

Standard results fom human civilization and progeess. Standardization plays an increasingly

prominent role in facilitating the economic and trade contact, supporting the industry

development, prometing the seicatific md technalogical progress and regulating the socidl

e-recognition of Standardization Effect Ry

China would proactively implement the

standardization strategy, and help the innovation

devdl

pment, coordination devel nt, green

China National [nstitute of Standardization P
T W
ang Wenpn development, open development and shared

Nowember 17, 2016

development with standard.

“Tangwj @enis. gov.cn

Ll — | P —

Confronting the difficulty and challenge, the —_

cconemy shall be smoothly run, nat oaly keep

the total demand strength, but also accelerate the | ‘

Raform Soh M
structural reform of supply side and focus on sform Schema of
improving the supply quality. So it's necessary to Mational Levedopment Flan of
National

put the standardization a the more prominent e, Conssmer Froduet

position, comprehensively improve and promote | Standard and Quaiiyy
!; Manufacturing
the industry upgrading with standard, and form Provotion Ranning

Standard and Quality

new competitive advantage to promote the high-

middle speed growth of economy which steps
L B

into the high-middle end level

Promotion Flanning

d . Production and development of standardization _

Contents = e
1. Production and development of standardizati P o e ‘Three develgpmentp hases of ancient times, mod ern times and
and development, history 2]
Rethinking of standar dization function
II1. Principle and henefit of standardization function
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L Production and development of st dization |
~ First Emperor of Qin unified currency and weights and
measures
Gin Dankiang
Com
cgalizaticn of
Zhouthe “Fastem
Zhou Dynasy”
Kongshoubu
. Qi measures
~ Zhao
“Jinyangh ok
Wi A W an* sharp
“Zhufanyijin” [ feet weight
round eross
Qin: Banliang.
X Coin
% 7
HmE‘ % a ) O
“Pingying”  ChurYibi Coin  Yingyuan
square fect

L. Production and development of

standardization
~ Terra-Cotta
Warriors

[ o A e

I Production and development of

standardization
= Terra-Cotta Warriors

I. Production and development of

standardization
~ Terra-Cotta Warriors

Ballist:  Bolt

L Production and development of

_

standardization
» Terra-Cotta Warriors
Archacologists verify that the production management syslem of armament weaponry in

Qin State 15 divided into four grades on the basis of record of "manufactures' name is

mscribed on viensils” in Lyvsii Clangin:

MRS i Minister, equal to State Prime Minister nowadays, Most of the
ol wenpons unearthed at present are mscribed the name of Lv HBuwei
(Primme Minister in Qi dynusty)

actory director in plant

Production director in plant
m Worker actually producing weapon

_

L. Production and development of

dardization

In ancient China, although the standard
didn't exist in fext form, but it's fixed in the

dardization object. The enligh of

standardization thought and the application
of standardization method greatly drive the

development of China's ancient civilization.
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1. Production and development of

standardization

= Them odern standardization starts from the industrial

revolution tothe middle of the 201 century

vented the steam er, which m arks the beginning
of theindustrial revolution

Vit S Enging i the
19thoentur

Industrial revolution is the change of
production modes from the backward
production mode of original manual

workshop to the mechanization and scale

production methods

I. Production and development of

_

standardization

The production of manual
workshop refers that the
master leads apprentice from
the initial design to the final

o
B &)
‘ b Master 4

Master 1 Master 3

. Master 2
o]

product, the master takes
complete responsibility. The
products produced by two
masters are different.

L Production and development of

i

standardization

The development of productivity results in the internal labor division of

enterpiise, and greatly promotes the intermal standardization of enterprise .

Main purpose for internal standardization of enterprise is to improve the
production efficiency, and its basic principles are to utilize the interchangeability
of standard component.

N N .
& Ny &

Process 1 Process 2 Process 3

~

L. Production and development of

i

standardization

After being sent to the slaughter house, the cow would be stunned by
clectric shock, hung up, then disembowrcled by clectric save, finally, be
o parted, These processes are respectively completed by di erent persons,

Ford discovery: The streamline operations have high work cfMiciency,
which could be applied in the automobile making.

“Workers and pea

ants are men really needing autom obile, so 1 propose to produce on basis of st

andardization on alarge seale, and sell the cheap and practical automobile to these persons, which

is the long-term strategy of our company|"

d

I. Production and development of

standardization

The first automobile asserbly line in
the world wag bormn in Ford's plant. The
asgonbly line has sandard o each
procedure of production and cach
action ofworker

Lautomobile is procuiced automobile i pmciced

| - in oneminute in ten seconds

L Production and development of

standardization

308,162 vehicles were
produced in 1914

automobile factorics in
America

In 1921, the yield of T-type vehicle had exceeded 56.6%

total yicld of world automobile. Standardization assembly 56.6%
line created by Ford establishes the model for future

automobil e industry development,
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i

1. Production and development of

standardization

>

When an enterprise couldn't independently complete the production of one product, the
professional division oocurs among enterprises, meanwhile, the universality and
interchangeability arc alsa confrontcd.

The demand 1o the folk standardization organization occurs

Since the development of production and the scope for cooperation cxpands, standards
arc not only required to unify in industry scope, bul also fo the cross-industry and
global scope, so the national standard generates. Meanwhile, the national
standardization organization also occurs.

I. Production and development of
standardization

of the national
to 1932

by from 1901

I Production and development of

_

standardization

The promotion role of standardization to industrial
revolution is just as the statement of Frederick W.

Taylor (1856-1915), the founder of classical

manager Principle of Scientific Management:

11 Only the insistence of standardization method and
caoperation could insure the faster work process. The

insistence of standardization adaption und cooperation s the

anly responsibility endowed 10 mnagement. |

I. Production and development of

_

standardization

Contemporary standardizat
the middle of the 20¢ 1

Vigorous development of international trade
generates the contemporary standardization.

L Production and development of

standardization

» The formation and development of standard catesory o through the following

Processes:

National
standards

International
standards

Association
standards

Enterprise

Standards

L. Production and development of

_

standardization

25 Standard becomes the "common language" for
international trade. The function exerted by
standard is just as the 1SO tenet: the formulation
of international standard is in order to “facilitate
the exchange and scrvice of iniernational logistics,
and expand the cooperation of knowledge, science,

tochnology and econony fields”.
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L. Production and development of

d

standardization
tandardiza

of Regublic ofthe Conal
Regublic of Cliga Tecknology of the Central Prople’s
of Chia sacicipated inthe 150 Gavenuet of tle Feapl's Repiblic
Standards Cormrities was fmnding confirence convened in of Chiza establishes the suboodinate
U adabliched London from Ocioher 14 10 26 stardard specification office
— 5_97 19 19
Regublic of Cliza. Weights and Measmes Buean axd The State Techalogical
Govanment published e tion tion. Conmission of the Feople's
o L Comittee of the Reprblic of Clina Repiblic of China was

were erged ard the Central Bureay

estiblicted, ardl the Burean of
of Staxdas s esiablished St o

L Production and development of

standardization

Eavnie

Y
Eysiaapnsane
AN ny

e
e

4

L. Production and development of

L Production and development of

standardization

L Production and development of

Seieniific Planing Conittee
e Techuological Conittee
were weiged irtn State
Sciertific ard Techrological
Conartission, a1d the Burean of
Standards s frurded

The Standar dizati on

Administration ofthe Peoples
Regublic of China was
established with approval of ihe

National Bureau of Standards
was estahlished

Natioral Sandart The Fifth Meding ofthe Sevenih Chinaofidally
Measuring Burcau Session Mational People's became a
was established Congress Slanding Commitiee
passes the Standevdization Lesw of pama:;‘;'gemh“

the Feople's Republic of Chint

Contents

L Production and development of standar dization

TI. Rethinking of standardization function

1I1. Principle and b enefit of standar dization
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I1. Recognition of standardization function d

(] -
{an (I ()
Standard and
Standard and
social management

Essence of
standardization

Standard and
industry
development

I1. Recognition of standardization function i

he concept of

The "Innovation" concept was proposed by Austrian
economics J.A. A. Schumpeter, American Austrian, in the
German version The Theory of Bsonomic Development for
the first time in 1912 So he became the founder of
innovation theory. In the opinion of Schumpeter,
"innovation' not only refers to the invention and
innovetion of scence and technology, but dso refers to &
kind of new production ability formed after the invented

science and technology was introduced into the enterprises

I1. Recognition of standardization function d

“Invention is first, innovation is second. The
invention refers to the discovery of new tools or
new mcthods, while innovation refers to the

implementation of new tools of new methods.”

"As long as the invention isn't actually applied, it

doesn't play a part in the economy.”

American economist E.Mansfield
thought that "Innovation is the first

application of invention."

"The technological innovation refers to the
process and behavior that the scientific and
technological achievements turn into
commodity, and achicve the cconomic
value by salc in market, thus gain the

economic benefit."

IT. Recognition of standardization function i

» Standard exerts function in different stage of innovation

Initial period of

technalogical inn ovation Medium term of technological innovation

(industrialization stage)

> Standard lays the foundation
for tecmological nnovation;
The higher uncertainty and
risk at the beginning of

» Establish the bridge for the
industrialization of techndlogical
innovation product

Later period of
innovation could be remedied technologieal inmovation
by the selidifying and locking
technigque

® May impede innovation
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I1. Recognition of standardization function ﬁ

» Combination of standard and patent

Ba

d
> The rising of knowledge industry promates the reinforcement of patent intensity and
complexity

> ‘The technology with patents constitute the irreplaceable technology proposal of
standard

II. Recognition of standardization function _

» International, regional and national standardization organizations

The patent could be included in the standard, but shall be
,,,,, avalded as far as possible. 22

The patent absorption in standard shall be the inevitable
technology used in the standard implementation

Standardization arganization shall include the patent in the
standard after gaining the license statement made by patent hokder

Standurdizaion organizaion duesn' indervene in the specific
serooning of patent effectivencss and the patent lcenso miatters

IL. Recognition of standardization function _

» Forum, alliance, incorporation

Reason for combination|

Share the market

Gain the technology ;
momopit el interests in each link of Wceic
industry ehain e
commercial interests

> Tnternal cooperation

> Unify against foreign

II. Recognition of standardization function _

One patent could only involve one product
usually, while one standard could often
influence one industry, one country, even
the whole world.

II. Recognition of standardization function ﬁ

II. Recognition of standardization function i

Product is the first and the standard is the second in the traditional large-scale
industrialization production. While, the "product is the second and the standard is the
first" in the strategic emerging

Standard:
In o sense, The Man Who Gain
Standard Will Guin the Workd

Firstly have the [P agreemel

Color television with high definition,
the third generation and the fourth
seneration of mobile
communication
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1. Recognition of standardization function _

Net
&con omi

Basic contention:

» Thenetwork externality generates the positive feedbick (Matthew)
effect - "the sironger gels stronger and the wenker gets weaker®,
namely, once the adwntage or weskness oceurs under certain
condition —aggravate with self-reinforcement —ihe rolling
cumlitive effect oocurs —even ciuse the sitiation of *winner

monopolizes, the loser eiminates.

» s for the lockdn effecl, the transfer cost of system is very

highereate lots of regular users

I1. Recognition of standardization function _

Sell-value

The value increases as the

The value that the product )
product eustomers increase

That more people joining in the nel means more exchange opportunities
could be gained. The network that more persons use has greater velue to
each person. Therefore, people hope to join in the network with more

persons,

50 the standard firt refers tht the "network effect* ofindustry is formed by firstly confimning thetechni l

could generate only with

Network value

one consumer,

For example:

scherne and path to avoid the disordered competition of market and lock the consumer group.

II. Recognition of standardization function i

Technical standard forms @ reliance by locking technical path, ad shows us another
situation: The winners not only occupy most markets, but keep the dominant position for
quite a long time The original technology can win even in front with more advanced
technology.

For example: |l

Microson: W Mlicrosoft

This indicates that once a technical
standard occupies the markets, a long-
term control will generste to improve the
sustainable development capacity of
enterprises and industries

The Windows system holds over 90%
market shares and keeps its dominant
position confronted with challenges from
other operding systems.

IT. Recognition of standardization function d

The technical standard enhances the competitive advantages of the
developed countries in the global market, and induces the technology-
backward countries to intimate and excessively rely on its technical path,
further inhibiting the enhancement of innovation ability of these countries

and making the developing countries increasingly rely on them in eeonomic

Ji

developmert.

The international standard OLED Measirement
Methods for Cptical and Photoelectric Parameters INTERNATIONAL
leadership of Chin d STANDARD

advantage technology "Integrating sphere Lest
method" irto the intemational standard. The standard
has been formally issued on May 2009 by EC

Industslalization keeps wp with the development of
intemational standards, In 2008, the firg OLED
production line is completed in Ching, realizing batch
production

I1. Recognition of standardization ﬁm_

Shipnent tank of global OLED wamfochym s in 2009 Shipmost 1k of global GLED marmfictorers in2010

009 2010
Propottion of domestie shipment in global shipment Proportion of domestie shipment in global shipment
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TI. Recognition of standardization function d

——-w
The effect of standardization has evolved from

standardizing industrial development to leading
and driving industrial development.

II. Recognition of standardization function i

I1. Recognition of standardization function _

# The standardization of social management has become the key field concemed by 1SO

From 2007 to 2009, ISO established 18 technical committees, and 7 of them
are related to social management.

1 TC 23 Ratimg Services Project Comitics 2007
2 TC 242 Emergy Management Project Commitics 2008
3 TC 240 Product Rocall Project Commities 2008
4 TC 245 Comsumer Pradocts Safity Praject Commitice 2008
5 TC 246 Anti-piracy Tool Project Committee. 2008
6 TC 241 Rood Trallic Safety Mimagement Sysiem Projoct Committce 2008
7 TC 247 Fraud Cowstermessires sed Control Teshaical Comiitics 2009

I1. Recognition of standardization function _

» The standardization of social management has become the key field concerned by ISO

#  National Standard Sysiem Consiruction Planning "live in one”

»  Economic, social. ecological cultural and

£

II. Recognition of standardization function _

B Siandardization gradually cxpands from product
technology to social, cultural and government
management. Standard is a technical support to
improve scientific management and provide
quality and efficient management and services

for the public

II. Recognition of standardization function _

"

Standard and tochnoloy
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I1. Recognition of standardization function i

PPctivities

To obtain an optimum degree within the given range, facilitate common benefit,
establish terms of common use and repeated use and their preparation, issuance

and application documents

BNote: The main effect of standardization fs that it can improve the adaptability of
products, prosesses and services to realize thar intended purposes, and facilitate

transactions, communication and technical cooperation

m

I1. Recognition of standardization function _

»)uulmen(

Formulate as per specified procedures under consensus through standardization
activities; provide rules, guidelines or characteristics for various activities or its

results as well as the documents which has common and repeated use

Note: Comprehensive achievements of science, lechnology and experience are the basis

of a standard,

I1. Recognition of standardization function i

Teshnisal rules, voluntariness
j Enforceability ( enforced in
(for the voluntary use) -

Standar dization

Docum ent

e aspects ol"salely, health and
market discipline AR
environmental protection”) -+

government

=him o ensue health and afely and
protuot the evinmment; o provid
prosedures or speoifivations for
aotvites or s s, e sandands of
oot fmpletoy hation dominatod o
formlsted by the gosernent

Soctal mlon binding o the
i B Rewations
general public ("o foroe

Docum ent

others to implement) -

governmentiauthorily

I1. Recognition of standardization function i

> Doaumenthechnical document for intemal wse Mandatery ¢for intermal use), but not enforced

®  Social mamgement and public service sandardization documents of the
government

10 card mmber andard of goverrnent departiment

 Technica document of enterprise

+ Product standardization, technological procedure, ele,

II. Recognition of standardization function d

Standard and technical docum g

Document with the same type
hut at different level

> Teohion dootwnents of xierpries: o
olforwalutions for specifio
® Regulatory level - Taws, adminisiative
Produotbervio s, tfone e s,
regulations, rules and regulatios
Standard lovel -

specification 15, publicly available

applicably 1o specific enterprings
Starndand: 3tipulaty induz of

¥

standard, technical

v

elurastyctalionts quire ments for
st of producls il s et Rcation PAS, provess wped ficatim,

e ton, apphiable 1o 8 ourtain range o581 i

Contents

11. Rethir

ing of stan dardiza

111, Principle and benefit of st dardi
function
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III. Principle and benefit of standn.rdizaﬁu_ IIL Principle and benefit of standardization w

T [fumction

wledged

Provide rules or guidelines for human activities; Give rules or characteristic for activity

Establish optimum degres, facilitate common bensfit
results
To ensure ugahility, ete. and leave a certain degree of freedom fortechnical development,
esteblish rules for "activity results’, conform to "pringigle of performance characteristic®

P and "prineiple of verifiability", and forn specification standard
Tmpact theory - ordering
To "ensure health and safety, and protect eavironment”, or to "guide the operating
procedure of operators", establish rules for "activity resuls', conform to "the principle of
7 operational procedure’, and form procedure standard.
Orderly development Standardization -- to realize
N of things — decrease optinmm degree, adopt a series of
develgpment of of diversity, orderly methods to select technologies, To provide overall goidance, establish "framewnrle", "systern”, “principle”, provide
things — and e rediise divarsity {abaudpa aiaas "directioral suggestion”, and form classification standard and guiddine standard
diversity, diversity technical solutions, technical
i characteristics), realize: Disorderly --
disurder, CHEty o ) o To understand cach other, define "term* and *symbol, regulate *method®, and
form terminology standard, symbol standard and method standard

III. Principle and benefit of standardization m II. Principle and benefit of standardization w

Formulate

procedures by

athers voluntarily? standard

.. general principle

> Goal: Realize acceptanceof

> Technical rules with good eclmical il e e

o B} " of interested parties and
ulati ... Tequirements, ... methods; ....... adap tability recoguition of forrmilating
characteristic » The standard formed is organization

v

Principles: Open, transparent,

= recognized by all
... guideline, ... stions, ... informati i I ) e
gquideline, ... suggestions, ... information e consensus, and realire " fair

II1. Principle and benefit of standardization fnneﬂm III. Principle and benefit of standardization fnnetl

Facilitate transactions, communications and technical cooperation by improving the
adaptability of products, processes and services

Establish orgenization effectively participated by all parties by way of good sysiem design, delermine
formulation procedures recogrized by interested parties, fom adaptatle tecnical rules, achieve widely
valuntary application, establish technical order

» Draft - WG -- recognition of

technical rules

# Frepare Tes inrovetoet »Redhice diversity, ensure availability,

procedure performance - TC/SC entarce interchangrability, compatibilty
~ recognition of interested = eoperalilttys conyestent >Ensure health and safely of
product protection
perties tuman, protect eavironment,
8 Saclitate reasenable use of

» Approve, gublish - certification of resources

(T
> Ensure the effective »Enhance mutial wderstanding

implementation of

regilationshechnical rules

and so on
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III. Principle and benefit of standardization lMEi

[ Tunction

standar dization

» Tmprove cfficiency

¥

Ensure the quality of products and services

» Provide convenience for trade communication and eliminate trade
barricrs

' China Nationsl Institute of Standardizstion  Tang Wanjin

Fagilitate technical iication, and provide i tion platform Noveher 17,2016

¥

* Tangwi @cnis. goven.
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John Kinnear

John Kinnear is an IBM Senior Engineer specializing in process &
system technology, and facility certification in accordance with ANSI/ESD
S20.20. He has a BS degree from University of Buffalo and a MS degree
from Syracuse University. John is well known globally for his technical
contributions to national and international standards He has been the IBM

ESD Site Coordinator for the Poughkeepsie site since 1989. He is the past

chairman of the IBM Inter-divisional Technical Liaison Committee for
ESD Protection and is an important member of his company’s committee to develop and implement
the ESD Corporate program for IBM. John has coordinated the testing of large mainframes for
compliance to EMC, Safety, Environmental, Shipping and Volatile Organic Emission standards. He has
also been the lead engineer on testing large mainframe systems to EMC emissions and immunity
standards for FCC, CE Mark, VCCI and other national requirements. As a member of the ESD
Association since 1990, John has served in several Standards Development Committees as well as
association management positions. John is the appointed Technical Adviser to the United States
National Committee/IEC Technical Committee 101, where he represents the United States to the
International Electrotechnical Commission (IEC). In this position he assisted in the evolution of
international ESD standards and supports international adoption of ANSI/ESD S20.20. As Chair of the
ESDA’s Facility Certification (ANSI/ESD S20.20) development program, John played major roles in
the program’s development and industry launch. In particular, John coordinated the initial development
of Lead Assessor training, ISO Registrar Certification, and witness audits. John has served in every
ESD Association officer’s position, including Vice President, Senior Vice President and President. He
is the past Chairman of the EOS/ESD Symposium Technical Program Committee and past General
Chairman of the 2004 EOS/ESD Symposium. For his contributions to the ESD Association, John was

presented with the Outstanding Contribution Award in September, 2006, from the ESD Association.
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Process Assessment

John Kinnear
IBM

What is ESD Process Assessment NOT?

» It is NOT an ESD audit which checks for compliance with an
ESD Control Plan of a company

* It is NOT a simple method, process assessment must only be
performed by advanced engineers possessing knowledge and
experience with electrostatic measurements

Be careful: the measurements
= Are valid only at the time they are made and
may or may not change with time
+ Are only valid under exactly these conditions
(environmental, process, operator; etc.)

S5Pa7.1-2016: Process Assessment — Measurement

Techniques

Direct
measurement of Direct detection~
almost never

Anaiia

discharge
possible

Detection of
EMI

Measurement of No proof of
charging discharge

Measurement of Neither proof of
resistances and charging and
fields discharging

Purpose of ESD Process Assessment

» Characterize a pracess where ESD sensitive items are handled

» The objective is to identify if potentially damaging ESD events
are accurting or if significant electrostatic charges are
generated on people, equipment, materials or devices, even
though there is a static control process in place (e.g., 520.20)

* Assess whether devices of a given withstand veltage can be
handled safely in the process

* Improve ESD capabilities of process if required or desired

ESD Association WGy

» Established in 2010
» 2% publication: Technical Report ESD TR17.0-01-15
= *EQS/ESD Association Technical Report for ESD Process
‘Assessment Methodologies in Electronic Production Lines — Best
Practices used in Industry”
+ Gives the reader examples of *best practices® of process
assessment methodologies and test methods
* Current Cochairs
* Relnhold Gaertner - Infinlon
= Wolfgang Stadle - Intel

SPa7.1-2016: Process Assessment — Measurement
Techniques

Grounding
Charge
Charging
voltages

Static fields
currents

Discharge
events
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SP17.1-2016: Process Assessment — Example: SPa7.1-2016: Process Assessment—
Personnel Charging/Discharging Risk Analysis Flow Example: Charging of Devices

Measure charging Measure charging of
of personnel device/system (ESDS)
RosiiisE fmit? limie? :
Measure Check handling procedure Measure RTG of item Check possible critical
resistance-to-ground contact to ESDS (HBM)? enabling ESDS to discharge contact to ESDS (CDM)
Below Contact - Below Contact
limit? 0 ESDS? limit? 0 ESDS? Done—no risk

Done —no risk (?) Reduce charging Done — no risk (?) Remove charge of ESDS

Oczber 17, 2015

Process Capability & Transitional
Analysis Example

Process Capability Example

» Define Process Critical Path and Transition Points

Acknowledgements- » Make Transiticnal Analysis Measurements

Stephen Halperin « Summarize Findings
Ron Gibson

Defining the Critical Path

Case Study Critical Path

= A Series of Tasks and Transport Elements {
) Required to Complete a Product or Assembly
« Starts at Receiving and Ends at Shipping

!

* Critical Path and Related Support Activities B Process Includes 3Key g &
= Examing Entire Path and Support Activities Operations:
i ) ) 2 345 6 8] 10 11 13.
fall into Twe Categories: 1. Board Screening # b
A that Adds Value or Conversion Element to the 2. Parts Installation 13 | %
Device, Subassembly or Product 3 Reflow ol TrnsportElemers

from One Task to Another

% Handling & Process Points

HOKIANOD

1
Frimary Fah 14

*

Defining Critical Path & Transition Points 15 1
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Transition Analysis:
Case Study Analysis Points Personnel

. FEEDERS/TRAYS
*Persannel Charging
*Printed Circuit Board Screener

*SMT
*Parts Loading
*Device Placement
*Board Movement through Equipment

*Reflow

Manual Transport Elements

HOAIANOD
HSNyd

Critical Path

1. Footwear/Floor Performance
2. Then Process Transport

Elemsnts

Characterizing Footwear/Floor Performance Characterizing Footwear/Flooring Performance
The Probability Analysis

Data and Probability Analysis

Personnel Voltage: Loading Personnel Voltage: Transport
Screener ‘ from Screener to SMT

Range:
+1 Volt

s ” alli ‘Iu | 1' ‘:‘
“ lw 'W l’m I~| M ! W | “J M I’ 'lﬂrl‘f i i ,\" [' w‘ \H\nfl"w)'“‘ iIH“IlH'!I‘ f\ m u

-8 Volts -10 Volts

Less Than 10 Volts Less Than 20 Volts
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Personnel Voltage: Personnel
Loading Trays Into Feeder

+2 Volts ‘
m‘.l A g f 'z“‘ \‘n\!,“w.
W I L

it Yy

-17 Volts

ess Than 20 Volts

Transitional Analysis:
Screener

8

* A 11 11 12
B roctoce B rion
13

2

HOAIANCD
HSNyg

1
Critical Path

Pre-Screening <40 Volts
Post Screening -268V
to -441V using CVM

Type Discharge: CDM

Personnel Charging

= Summary
* No Appreclable charging due to personnel

Screener Analysis

* Raw Board Loading into Screener
+ Use Contact Volt Meter on Conductive Traces
+ |sthe Board Charged?
* If yes, Discharge Trace: CT-1and Scope.
+ Determine Type of ESD threat
* Raw Board Exits Screener
* Repeat Measurements

+ Determine if Further Action Required

Screener Analysis

= Summary:
= Screening Process Charges Conductive Element(s) of Raw Board
+ Poses possible ESD Discharge Sources during ESDS Placement
and Processing if Charge is Not Removed

= Note: Overhead lonizer at the Screener's Cutput can reduce voltage to less
than 1o volts
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SMT Analysis

« Several items Require Evaluation in this Process Step:
* Device Transport and Loading In SMT Equipment
(FeederTrays and Tape ard Reel)

* Ara there Charged Insulators in Equipment than can Cause Field
Induced CDOM During Placement

= Does the Placement Equipment Charge Parts Prior to Placement.
on Board

SMT Analysis: Feeder IC Input

+ Trays Loaded into Feeders by
Persannel

—Check parts’ Voltage After
Loading into Feeder (CVM)

» NoVoltage was Found

—If Charged, Record Voltage &
Verify Discharge Type (CT-1%
Scope)

SMT Analysis:
Pick and Place

* Process Description

« Screened Boards Loaded by Hand
* Conveyor Moves Beard into Position
= Machine picks up IC and Places it onto Board

* Conveyor Moves Board to Machine Exit

Transitional Analysis:
Feeder ! l

g

3 4 B3

2 * CAN 11 11 12
B s vt o [ o
13

HOAIANOD
HSMNye

1
Critical Path

Transitional Analysis:
Pick and Place l
8

FEEDERS/TRAYS

SCREENING

HOAIANCD
HSNyg

1
Critical Path

SMT Analysis:
Pick and Place

* Possible ESD Issues:

« Static Generators near Placement
* Isclated, Charged Placement Nozzles
¢ Parts Charged from Pick Up Process

We've already Measured Parts to Confirm they are Not
Charged Before Pickup
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SMT Analysis: Mount Carrier & Start Recorder

Electrostatic Fields at Pick and Place

= To Locate any Static Field Generators
Near Placement

* Send Fleld Measurement & Recording
Device through Equipment 's Critical
Path

* Record Flelds that might Exist

Review Recorded Field Measurements SMT Analysis:
Discharges at Pick and Place

* Ensure Parts in Trays are Grounded

» Pick up Part and Place on Stationary CPM

« Device's Lead Charge is Shared with CPM
= Charge Is Result of Tribocharging irteraction Between Pick up Nozzle and IC
device

= One possibiilty: Keep voitage less than 5o volts

Maximum Induced Field < 12 volts

“As-is” Device; No
Discharge to Plate

<10 Volts
oo AN MRl i B 0 Volts

Confirming Measurement:

Program Equipment for Artificially Charged Device
Device Retrieval & Placement onto CPM Discharges to Plate

Ocwbar 17, 2018 Paga3ds Octoter 17, 2018
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Pick and Place

= SMT Equipment Summary

* Feeder: IC's and Trays Grounded and Not Charged
* Electrostatic Fialds in Critical Path: Not a Concern

= Tribocharging Due to IC Handling: Not a Concern

Reflow Analysis

* Boards Manually Loaded onto Metal Conveyor

= Boards from SMT Measured =200 volts {(Residual Charge from
Screener} Before Loading

* Conveyor is Grounded to Machine Frame (R.)

* Concern: Are Discharges Occuming between Charged Boards and
Grounded Metal Conveyor

+ Boards Measured less than 10 volts After Placement onto Metal Conveyor
{Possible ESD Event)

= Conveyor System Collects Boards after Reflow

Brush Conveyor Receives Boards

Boards charged to
>500 volts

Measured with CVM

Brushes not Dissipative or Grounded

Ocwbar 17, 2018

Transitional Analysis:
Reflow ! l

g

3 4 B3

2 * AN 10 11 12
B s vt o [ o
13

HOAIANOD
HSMNye

1
Primary Path

Confirming the Discharge Event
Repeated Board Loading at Reflow

Discharges Recorded as Boards Enter Reflow

October 17, 3016

Reflow Analysis:
Summary

* Discharges Registered at Loading of Reflow Conveyor
= Board Charged to 200volts — Residual from Screener Operation

* Reflow Exit Conveyor Charges Boards to greater than 500
volts

= Possible Discharge to Operators, or at Next Process Step

+ Change Conveyor System or Add lonization at Post Reflow
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Process Analysis Summary Process Analysis Summary

» Measuring Process is Critical for Ultra Sensitive Devices

= All ESD Madels can be Found in the Process
+ Measure Charging due to Personnel
* Measure Charging of Parts
= Measure any time Parts come into contact with Metal

Residual Voltage from Board Screening Operations
ESD Event Confirmed

Oczber 17, 2015
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Dong Shurong

Shurong Dong was graduated from Zhejiang University as
Electronics Engineering PhD in 2003. He was a visiting Professor in UCF
EECS department in 2007 and 2011. He was also a research fellow in
CAPE of Cambridge University. Now he 1is vice-director of
Microelectronics and Nanoelectronics Institute of Zhejiang University.
He is IEEE senior member, IEEE EDS HZ chapter vice-president, China

static-electronic society chair, Zhejiang Vacuum society chair, president

of Jiangsu AllonMoore microelectronics technology INC, and director of
Zhejiang University-Kunshan ASCI center.

He has undertaken ten more projects, including national 863 Plan, national science fund. He has
published above 102 SCI/EI papers and 52 international conference papers. He also has 49 patents. His
research field includes integration circuit reliability, ESD design, flexible electronics and MEMS
sensor. He has deigned 10 more ESD protection circuits for such company as SMIC and Huawei. The
EEPROM processing ESD protection technique specially designed for Hua Hong NEC is broadly
applied in second citizen identification card and bank IC card, with more than 3 billion chips produced.
He also proposed a new Oxide gate breakdown mechanism, which is interviewed by Electronics
Letters and published on the first page. He provides a new TVS structure with co-shared LSCR and
standard CMOS processing, which is also mass produced as SPW mode and supply the gap

domestically.
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1. ESDEXFEHA 4

ESDIg I ESDYEIHE O

20 -

15

10 =
= ~
ES =
g =

0

& 200V MM

104 T T T T L

0 o 20 30 40 50 &0
B} [E)(ns)
" TESN.
—RR:
n BREIFH

u HEMEERSE A E, D SR u #E ST

u MMEEFHE RS AR, DSkl n SRS

= CMDER B TELMA RIE T, WEERE B TH B SR

1. Introduction

B For Example: most failures are gate breakdown in 40nm process

HBM ESD Failure

MM ESD Failure

CDM ESD Failure

iy 1. ESDEXFEHAH

Gk SR EBRESDIS (2) « HRERER

BEAWRE SRR, TERNERNN (U F) . ARICHIHE
HE TR, SREEEERANHELSREERES ! FRICTESIELA
ESDEFRBkRE T .

. oL
Vi/o=Iesd * (Ron+ Rvdd + Rvss + Rpc)+Vpe+von, R, ., = et
Metal I, DC Rde Voltage drop under 2KV HBM
30um 0.11Q 0.15V
500um 1.830 243V
1500um 550 7315V

40rm L ¥ CoreM/EL 8V, 1/0MLIEIV: 26rm L¥CoreffEl. 3V, I/0ML/E2 2V

Datafrom ESD Lab of Zhefiang University

1. ESDEE R4

Sk R ABESDHR (1) -

n SEEMELD, W, SE
R AEBYT = = T [ T ——
n RIS, BAAERE ,,,:; ) ) e
BRETH o g g
u PR R R design rulef RN 2 5 % ““"“""‘
TR BN TRERRE T 45 g v
e 1 .
e 5nmEgRI55nm, 4583 Channel length (um)
40nmiTE.

T FHEBVT

7,0 S, Wttm, P30

1 o Wi, =
L= um, WeSam, F=1

Wb, <10

Datafrom ESD Lab of Zhejiang University

57 1. Introduction

B ESD happen at every way, direction, place and time!

B ESD should be designed carefully : Bi-dircetion, high open
speed ...

Whole-Chip ESD Protection Scheme

=] - =ﬁ{$\ﬂ[§- 1:s

=85
upt Wt Ouiput  Outupt YO0oUSS
Protection Buffer  Buffer Protection Pratection

1. ESDEAFH A4

B GRREGEHBBESDERER (3) « ESDEHENAER

ESDUEHHH OAE IR, HAMSam TEHESD design windows HE
1438V (VORIABARRD . SN TFESDEHARAR HHERERSS. B
HESDEFFBA TERHX, B4R FEEREN A Rk b2V
Rk, HEHHARERBEBITR,. BERREERHA.

2| Thermal Besp, T ey
E | breakdown " ED Design Window
Er—ir Thermal u'c . W | i
5 | breakdown JES ey ;:“ﬂl
. | e 1
=) I'sPA Vi | [e
R
VBeore
|V | VI I AV Y TV v 18V
v — —
| | DO Core Supply BVO,
Voltage(V)
Datafrom Tl




Topic4 M ZE Dong Shurong

S 1., ESDEEXFEHEANE

EHNEL FTEMESDEH O
working DCBY  TLPBY  Working DCBY  TLPBY
40nm 11 X (] 25 X 1351
28nm PS 105 X (=] 1.8 X 3
28nm HK 0.9 2.8 6.2 1.8 5.2 9.3
XERRREL AR S MESVRET
3V 105 Safy Margn
H ’ 13v v
e Kl !
i 41 26nm Core )
” D Window
E % | |saty Mafgn
5 5]
o I I
| |
| |
I I
P B B
o 2 12 14 0

3 E] 2 4
Voltage (V) Voltage (V)

2.1+ Basic Device
—_GGNMOS

B GGNMOS is widely applied in IC ESD protection owing to its simple
structure!

B GGMNMOS key structure parameters: channel width (W), channel length (L), drain
contact to ploy (DCP) and source contact to ploy (SCP)

Rudd n Cathode
A
WA
ik
; :FD
GOPMOS | IND
|
| *_;lﬂ ZS
&, WA—ic
i
GONMOS ': I :PS
(1)
]
; INS
i
M
Rvss

2.1 . Basic Device

1. ESDERFENE

2, HEKER B EESDRTI B R
2.1, BARY
2.2, HH%BAE

3. —ERB) A E
3.1 RO RESDET
3.2, BSALE N SESDIFEH
3.3, SERIS001/002
3.4, ESDEEYSA4

2.1 . Basic Device
—__GGNMOS.

TLP results of GGNMOS in 65nm CMOS process with different W & L

Leakiage Curert by
TN B0 e 120 BT WS M el ) W

Leakage Curert (A}
160 11 11D TeD 1B fe7 feB fe8 ded 3 T2 B4
25

curert(A)

Valisge (V)
Data from ESD Lab of Zhefiang University

2.1, Basic Device

—_GGNMI
Design ruler : (different from deep-sub-micre process ESD protection)
B The key of the 40nm process ESD are very narrow ESD window and low BV
of thin oxide thickness. The W, cffected on tripger voltage and holding voltage,

should be mainly consider. L is no longer the main factor to affect the failure
current.

90nm and 65nm process: the W mainly effect on the uniformity of current.
Small L will achieve an excellent failure current, while it also has low holding
voltage. Setting L should be trade off.

B DCP increasing will improve current uniformity so as to increase It2, because
of DCP as a ballast resistor. The best DCP for ESD protection is different under
different process. SCP is minor compared to DCP

Both DCP & SCPhave a little effect on the trigger voltage and holding voltage.

—_DENMOS
o
+ DeMOS (Drain extended MOS) l
— High breakdown voltage o 2 o[ bl om [ ] om0
— Low robustness 4mA/um B b
ow
D12 21l 110 LD leB leF lef led Led _—
016 Ed Lodag (i)
| Lol 2oLl edd Lo Lo 1wF Lot Lot Ik o3 la-2 lul
LR ;- 01 -
522&!%5#’&
o o
2 0w / o
e
- e
voe
o
oo
o
ot
o0

FeTe

002 4 6 8 W o1 M ¥ 18 W 468 101 1 1618 om
Notagm (V)

ol (W)
[1] Weihuai Wang, Hao Jin, Shurong Dong, Lei Zhong, van Han, "Study of drain-extended NMOS
under electrostatic discharge stress in 28 nm and 40 nm CMOS process," Solid-State Electronics,

[val 116, ii G0-87 Feh 2016
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2.1 . Basic Device 2.1, Basic Device

——DENMOS

< DeMOS-SCR

B Diodeis always used in low voltage

Insert long P+ into Drain N+ to form embeded IC ESD protection
SCR to improve robustness to 16mAfum
Cathode Anode Ledkuge (&)
LTI 110 18 T8 10 108 13 lek 143 1o ) ) o
ol B Diode has low trigger voltage (0.7V),
BT 9 16 1T It 3 14 163 162

some leakage and turn-on resistance

B Akind of Gate diode canbe improve I 03
its turn-on E 08

2.1 . Basic Device
—Diode
Different kind of Gate diode TLP CUIVES 1010 105 105 17 105 o8 1t 103 102 101 300

10

2.1 . Basic Device
Diode

B Diodes in series can meet
different voltage demand.

B Owing to Darlington effect, the

leakage will increase and Leaage (3)

voltage increasing will be
12
oo ot :
R I T I sweaken with the minber of
eBn() Diodes in serics. Lo
s 7 b sl e Led led e
Z o8
B Tt can be improved by E
06
retrograde well process a
04 gl D
o Sers
02
0o
o 1 2 35 4 5 @ 7 8 9
Data from ESD Lah of Zhejiang University Voltage (V)

2.1, Basic Device

2.1 . Basic Device

SCR —SCR

+ ilicon Controlled Rectifier(SCR) Ldam )
T oo 110 1 108 103 Toré 103 Lok 1o Tt - Verical SCR, VSCR)
— High rabusiness, low capacitance
;. 1w cep 5 — Low frigger 5.3V and high holding 2.3V
— High trigger and low holding voltage 05 — High robustness, 33mA/um ﬁ HEHH
— Diode Triggered SCR{DTSCR Y £ — turnontime 4.8ns
Eathods Trode g
S Leakage Currentia)
| LIt en wes 1) wes wt wes e w3 ow

Cathade
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2.1, Basic Device

2.1 . Basic Device

o (athode
B
it
Leakage Current(A) Leakage Current(A}
Bodl bed8 te® bed Je? Bed oS ded B3 bed deledl fedl GeS fel inT ded oS fed 3 ded ded
20

wisle s o e = =" ale oo o o ="

2 . " 2

N
Voliage(V)

N
Voltage(V)

Meet the ESD windows of 40/28nm Core

—SCR

+  Modified VSCR

— High robustness, 40mA/um

vser

Modified H Hmamﬂ

VECR

— Low trigger 4.5.3V and high holding 1.4V

Leakage CurrentiA}
Bl I WY L LT Bk feS led ) B el

- — -
S
-
ax
™
—=— vscR
ar - Modified VECR
s ol

Candidates (1)

1. ESDEEA A

2. GRS RESDRI S 4G A
24 . EEHHE
22, TR

3. —ERE| i E
34, FEEEOMESDR
3.2, WML FESDHRBIT
3.3. #riRdEJS001/002
34. ESDRWEAH

Candidates (1)

Substrate-Tr GGNMOS for low trigger
=

P

Substrate R and T trigger GGNMOS

Tsmue 12, December 2011, Pages 21242128

5. Dang, eil, Sub strate-2rgineersd GEHMOS forlow nisger voltage ST in i Smm CMOE proosss, Mismelsetionios Reliahility Volume 51,

Substrate R trigger GGNMOS

Candidates (2)

Substrate-engineered GGNMOS for low trigger
E—

[y

Substrate R and I trigger GGNMOS

Substrate R trigger GGNMOS

2(8) | VtIV) | C(pF) It2/area
(mA/um2)
GGNMOS 213 6.84 0.852 2.5
Substrate R trigger GGNMOS 2.07 53 0.788 247
Substrate R and | trigger GGNMOS 263 3 0.881 2.3

LVTSCR

§. Dore, "lprared L

TImproved LVTSCR for low trigger and low capacitance

EF-ESD Brotection” B curon Device Levers, IEEE. vl 3,

-
n el
: r gt
FE R
 LLLAT
=

,‘n: i

-

7 : -
T e T T e o
P ek
TWE
Tmproved LVTSCR (ILVTSCR)

105010 P

b2 B3un
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Candidates (2) . : Candidates (3)

Floating P+ LVTSCR for high holding voltage, which has two
snapback, so high It2

at Leakage (A)
| 1E12 1E10 1E8 1E5 1E4
E ! — 4~ GGISCR
’ 61— —1vrsem
thI( athode -
B =
I nwer = =
Fleatng P 2
Structures Area/um? | VLIV | Te2/A | CpgpdF | Ty ma DN+ implaniaion | £
implantation / . G &
GONMOS 17+50 73 213 652 09 Bk i Lo
FSub teigger voltage
LVTSCR 6*50 %5 182 130 035 P
DISCR 12*50 25 1.93 96 120
Voltage (V)
ILVISCR 9*30 22 19 50 03 5 Dove, ‘Dresign and Aralysis of m Avea effivient High Helding Veltage ES D) Paotection Tievies,“ [EEE Transaction em Eleeton
Devics, 21146

Candidates (5)

Candidates (4)

Tmproved Diode trigger SCR meet 1.8-2V ESD design windows,
which also has two snapback Improved MLSCR with floating N-well to increasing holding

Leakage(A)
1E-A11E:10 1E-9 1E@ 1E-T 1E6 1E-5 1E4 1E-3 001

- 2D W=75um D=3.2um sl
®- 20 W=75um D=2.7um
o 2D W=75um D=1.8um

2
c2 . ) )
g = Typical SCR wio floating Nwell)
'3 1 + NMSCR wii floating Nwell
\?ulta ‘B(V) i ¢ 7 - R wii floating Nwell
g o - - O E d—
S D, Tectctiz. Spplictions." K Bkctrn Dovice ey LT
0 2 4 6 8 10 12 14 16 18 20
01211
— Voltage(V)

Candidates (6 Candidates (6)

Leak @36V
Te-7

LCSCR. Low Capacitance Silicon 260 109 10-8 166 168
Controlled Rectifier. L :
= : |
Clamp 1 fraditional device g o Es
H
Clamp 2 is LCSCR 4 E
£ 1 e
3 S

50 i I
00 05 10 15 20 25 30

20 45 0 5 0 5 10 15
Bias Voltaga (V) TLP Voltage (V)

LCSCR capacitance

Q. Cui, T4 Salcedo et al, “high robustness and low-capacitence silizorcorirolled rectifier for high speed io esd poction” [EEE Electran
Dev. Let. Vel 34 H0.2, 2013, pp. 172150
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Candidates (7)

il oo sting
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F.ba Y. Han, §. Dore, L. Zhong, H. Liavg and F. Gan, “bupoverent on diode string straciue for 65-ren RF ESD protection,” Sclid-S e
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3.2, BGALE K SESDI W
3.3, SERIS001/002
3.4, ESDEEYSA4

REEONE (1) F£ERE

& TR AL S R R ARSI R R M R =R 4D
+ PECL (Positive E mitter-Coupled Logic)
¢ LVDS$ (Low-Voltage Differential Signals)
# CML (Current Mode Logic).

i IVDSIREZRSES, RS ITHERIEEEE, —A65SMbps.
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& ESDBF S| ARIRCH S R HERYFEREK
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& RFNATERN, BRI R
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+ 0 SEAWNWREWH SRR
FLHE

F. Farbiz, A Appaswarry, AA. Salman and G. Boseli, "Overshootinduced failures in forward-baised
dindes: a new challenge 1o high-speed ESD design.” IRPS, 2013, (Texas Instruments Inc.)

L BIT/OH DESDE 4 8.5 A

12 Lil 20 MS/s A/D converter
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¥  HDMHERRMRGI

B AR S
80,
o t,=100ps ~ 4
soff © t=400ps E 1.8]
2 £ 1.6
< E
g40 o] £ 14
i / 1.2
0f @ Sk '1
1.5 2 2.5 3 2.5 5 10
Base width L (um) Capacitance (normalized)
AR LAVR FIL AR o R
& EANSRURK, MR, XAIRRT RS R 8
o A K MBS SRR DR RE, XNEE R R

I .. B
0 AEEDAM (3) — CDMEH

ESD Protection for CDM ESD Events

HEEORE (4) -25HESHAR

@ ESD voltage is across the gate oxides of the different-pair input stage of an
Operational Amplifier.

VDDA

PR [ (3) —CDMEG
ESD Damages Due to CDM ESD Events

VDD_Internal

VSS_liD V¥$$_Intemal

The ESD protaction circuit at the input pad can provide effective
ESD protection against the HBM and MM ESD events, but it can
not provide effective ESD protaction against the CDM ESD events.

O WEENRE (4D RSO

588 | o8
B

CMLAA S REE A BiHEE
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CMLAR S i 1 B BB B
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Association’s Glossary of Terms1 JESDS9, JEDEC Standard - Terms, Definitions,

and Letter Symbols for Microelectronic Devices2.

BEOEMILA:
1. #H T railure window

F5 TRITOED, 8T esoRBE Ofailure windowifid. IEAEHHHA
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3.3, FARAEIS001/002

Hi— RSB

MIEEMEIFE, b EEA70%EREERGE, ZIE— A PNRFEATAE
1B 7 SAICHIVESD

% RESDIN e, i, /N 1000vES BEESOV(100V), K F1000VES 5
#100v(250V, 500V)

FRE. FliniR e B . 1-v i 26 LR B0 10%) &
MRRAE—F—, [ERIRE, TR, AT L.

m: b

AT AR B R R 2
HBM MM
Mil-883 | 18, 1k
ESDA | 0.3 1 18, 3K
JEDEC Olfp1x | 0
AEC 0.5, 1K 1§, 12K

3.3, ErinEIS001/002
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3. #i T Human Body Model Simulator

RS H RN, RS RRCR TR RS . W
(SOCKET) #f & MEL & RHMT A8, R THTFEHE: Q) BN
FREEEE: (2> WER (SOCKET) #RjE: (3) FRERRIEES

OBy P

R 6% Terminal

= m@@&]
T KA

Current
Probes

Figure 1: Simplified HBM Simulator Circuit with Loads

o) o Outline -
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ESD Protection in Nanometer
CMOS Process

Shurong Dong

Micro-Nano Electronics Institute
Zhejiang University
E-mail: dongshurong@zju.educn

|
) 1. Introduction

m ESD easily demages IC. For example, worker on the beneh will produce
5000V ESD, person can perceive above 3500V ESD, IC can be demaged by ESD
under ~10V.

m ESD happens in anytime and any stage! So protection should be in
IC whole lifetime.

u Two ways to implement ESD protection according to different stages

— IC mount on Custom using
[ PCB board } : [Pmduce with IC ]

Qn-Chip ESD protection, such as GGNMOS 0On-board ESD Protection,

such as TVS

How ESD stress damage IC?

(1) Current stress:
For Example:
2KV HBM stress produce 0.91uJ heat, it can increase 160712 sum MOS
temperature to 2470°C, compared with Si melting Point 1415°C, Al's
860!

Typical Failure: D-S silicon filament or metal interconnect melt due to joule heating

(2) Voltage stress:
For example:
Gate Oxide breakdown field E is8-10MViem. As to 0.16um/1.8V RF CMOS
processing, its Gate Oxide breakdown voltage is helawd Bv,
compared with human body recognized ESD yoltage

Typical Failure: gate oxide films breakdown

1. Basic principle of ESD design

2., Main devices for Nanometer CMOS Process
2.1, Basic Devices:
2.2, Some good candidates

3. Design for Nanometer CMOS circuit
3.1. Key concerned
3.2. System Efficient ESD Design (SEED)
3.3. New standard JS001/002

L aoeezs eoeocomscresw 000000 2 |
i) 1. Introduction

m Every IC has ESD protection. However ESD failure is still main way

of IC failure: 37% in deep submicron process (1999 NS) and 58%in
130-90nm process (2001 Intel)

1999 » 2001
g -~

ED

-l
Data From National Semi. Co.

m With the pr ing ping, ESD is b

g serious problem!

1, Introduction

So, How to designed ESD protection :

B 1985 Fatent

¢1) Transparent during IC working
normally;

(2> During ESD happening, ESD
protection circuit should:

® Form a low resistence way by
pass ESD current stress, so as to
avoid ESD current stress flowinto
IC internal.

)

GRS

Clamp overshoot and ESD
voltage stress to avoid gate
breakdown!
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1. Introduction

ESD model

ESD design window
|, EsDH

1k CDM V1

Hiifi(A)

=10 T T T T T
0 0 20

500 60 YRR pmeyy BV

30 40
B [i)(ns)
B HBM : its robustuess as D-S failure B Trigger voltage and current

® Holding voltage and current

B MM : 4-5 ring P/ pulse as D-§ failure
B CMD: 1P and 1 ¥ pulse as gate hreakdown
m IEC B Second hreak down current

B Turn-on resistent and speed

1. Introduction

B ESD happen at every way, direction, place and time!

B ESD should be designed carefully : Bi-dircetion, high open
speed ...

Whole-Chip ESD Protection Scheme

s 1 e |

=H

gt ot Ouipit Oubpt  WDD-oYSS
Protection Euffer  Buffer Protection  Protection

0000000000001
iy 1. Introduction

Challenge (2) voltage drop on the interconnect
Onwing to high integration, interconnect become leng and voltage drop on

the interconnect increase, while IC working voltage decrease. As results, The
IC working peint drift and ESD protection trigger difficulty

; o
Vifo=Tesd * (Ron+ Rvdd + Rvss + Rpe)+Vpetvon, R, = £X]
Metal T DC Rde Voltage drop under 2KV HBM
30um 0119 0.15V
500um 1830 243V
1500um 550 7315V

compared with 40mm Core 1.8Y, 1/0 3V; 28mm Core 1.3V, I/0 2.2Y
Data from E8D Lab of Thefiang University

- 1. Introduction

B For Example: most failures are gate breakdown in 40nm process

HBM ESD Failure

MM ESD Failure

CDM ESD Failure

1. Introduction

Challenge (1) : Break down voltage decrease in ESD for
nanometer process

B Gate Break down voltage decrease with
C7, L=0.5um, W=10um. F=20

70 o
the thinner gate appear; oo mmﬂmmm”‘m'_c;z‘l.-nm.\n‘-w.‘ ¥
> N Ch LS. W i
Z 6ot g wesom s O e
= MOS Break down or punchthrough s -
- g " =
owing to channel length decrease; z  [!1@e= et
2 50
3
£ 45 a5, L t6um, Wetum, Fof
m Device has a lowest br il °
0.01 0 1 10

voltage with smallest L in design Channel length (um)

rule of shrink process, for example

Data from ESD Lab of Zhejiang University
65nm to 55nm, 45 to 40nm,

) 1, Introduction :

(3) ESD design windows shrinks obviously! Design hecomes

very difficult. Especially, ESD devices clamp voltage under avalanche

breakdown working state.
Z | Thermal
E | breakdown
ECT7~~ @ Thermal
& |  breakdown

|
Zlspa Vo |

Era
VBcore

Vi

Al : 12V 1BV 33V 4V sV TV qOV
*

Voltage(V) VDD Core Suj BVO)

Data fram T
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1. Introduction

ESD design wondows in SMIC

0%

s BV 105y Sty Margin

aty Maigh
AOnm 10 ESD Window 1.3% 5y
| LD ESU A0 gty -
Lo s ' !
| A4 28nm Core |
0 . ESD Window .

z 5 £ %]
£ g |Gt Mg
3 I}

6 @ 10 12 14 0 2 4
oltage {w) Yoltage ()
40nm Process and 28nm Process ESD design windows

Data from ESD Lab of Zhejiang University

2.1+ Basic Device
—_GGNMOS

B GGNMOS is widely applied in IC ESD protection owing to its simple
structure!

B GGMNMOS key structure parameters: channel width (W), channel length (L), drain
contact to ploy (DCP) and source contact to ploy (SCP)
Rudd n Cathode

LHH WA
| \PD

GOPMOS

&, AWV—ie

GGRMOS ':

VW
[

2.1 . Basic Device

1. Basic principle of ESD design

2., Main devices for Nanometer CMOS Process
2.1 . Basic Devices
2.2, Some good candidates

3. Design for Nanometer CMOS circuit
3.1. Key concerned
3.2. System Efficient ESD Design (SEED)
3.3. New standard JS001/002

2.1 . Basic Device
—__GGNMOS.

TLP results of GGNMOS in 65nm CMOS process with different W & L

Leakiage Curert by
TN B0 e 120 BT WS M el ) W

Leakage Curert (A}
160 11 11D TeD 1B fe7 feB fe8 ded 3 T2 B4
25

curert(A)

Valisge (V)
Data from ESD Lab of Zhefiang University

2.1, Basic Device

—_GGNMI
Design ruler : (different from deep-sub-micre process ESD protection)
B The key of the 40nm process ESD are very narrow ESD window and low BV
of thin oxide thickness. The W, cffected on tripger voltage and holding voltage,

should be mainly consider. L is no longer the main factor to affect the failure
current.

90nm and 65nm process: the W mainly effect on the uniformity of current.
Small L will achieve an excellent failure current, while it also has low holding
voltage. Setting L should be trade off.

B DCP increasing will improve current uniformity so as to increase It2, because
of DCP as a ballast resistor. The best DCP for ESD protection is different under
different process. SCP is minor compared to DCP

Both DCP & SCPhave a little effect on the trigger voltage and holding voltage.

—_DENMOS
o
+ DeMOS (Drain extended MOS) l
— High breakdown voltage o 2 o[ bl om [ ] om0
— Low robustness 4mA/um B b
ow
D12 21l 110 LD leB leF lef led Led _—
016 Ed Lodag (i)
| Lol 2oLl edd Lo Lo 1wF Lot Lot Ik o3 la-2 lul
LR ;- 01 -
EEE LG i
o o] §
2 0w / o
e
- e
voe
o
oo
o
ot
o0

FeTe

002 4 6 8 W o1 M ¥ 18 W 468 101 1 1618 om
Notagm (V)

Witag: (V)

[1] Weihuai Wang, Hao Jin, Shurong Dong, Lei Zhong, van Han, "Study of drain-extended NMOS
under electrostatic discharge stress in 28 nm and 40 nm CMOS process," Solid-State Electronics,

[val 116, ii G0-87 Feh 2016
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2.1 . Basic Device 2.1, Basic Device

——DENMOS

< DeMOS-SCR

B Diodeis always used in low voltage

Insert long P+ into Drain N+ to form embeded IC ESD protection
SCR to improve robustness to 16mAfum
Cathode Anode Ledkuge (&)
LTI 110 18 T8 10 108 13 lek 143 1o ) ) o
ol B Diode has low trigger voltage (0.7V),
BT 9 16 1T It 3 14 163 162

some leakage and turn-on resistance

B Akind of Gate diode canbe improve I 03
its turn-on E 08

2.1 . Basic Device
—Diode
Different kind of Gate diode TLP CUIVES 1010 105 105 17 105 o8 1t 103 102 101 300

10

2.1 . Basic Device
Diode

B Diodes in series can meet
different voltage demand.

B Owing to Darlington effect, the

leakage will increase and Leaage (3)

voltage increasing will be
12
oo ot :
R I T I sweaken with the minber of
eBn() Diodes in serics. Lo
s 7 b sl e Led led e
Z o8
B Tt can be improved by E
06
retrograde well process a
04 gl D
o Sers
02
0o
o 1 2 35 4 5 @ 7 8 9
Data from ESD Lah of Zhejiang University Voltage (V)

2.1, Basic Device

2.1 . Basic Device

SCR —SCR

+ ilicon Controlled Rectifier(SCR) Ldam )
T oo 110 1 108 103 Toré 103 Lok 1o Tt - Verical SCR, VSCR)
— High rabusiness, low capacitance
;. 1w cep 5 — Low frigger 5.3V and high holding 2.3V
— High trigger and low holding voltage 05 — High robustness, 33mA/um ﬁ HEHH
— Diode Triggered SCR{DTSCR Y £ — turnontime 4.8ns
Eathods Trode g
S Leakage Currentia)
| LIt en wes 1) wes wt wes e w3 ow

Cathade
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2.1, Basic Device
—SCR

2.1 . Basic Device

a - Modified VSCR
Anode 6 o Cathinde — Low trigger 4.5.3V and high holding 1 4V
i — High robustness, 40mA/um
Leakage Current(A) " Leakage Current(A)

Iedl bt 18 el 1T ded S5 ded bed el deled] Gei led ek Ie? ded leS led o3 el ded
28 - Leakage CurrentiA}
Bl D Y KD 1 Bd e B4 D D el

ale o o s s "

N . " 2
Voltage(V)

N
Voliage(V)

Modified H Hmamﬂ

Meet the ESD windows of 40/28nm Core VSCR

Candidates (1)

1, Basic principle of ESD design

Substrate-Tr GGNMOS for low trigger
=

2, Main devices for Nanometer CMOS Process
2.1 . Basic Devices:

2.2, Some good candidates

3. Design for Nanometer CMOS circuit

3.1+ Keyconcerned

3.2. System Efficient ESD Design (SEED)
3.3. New standard JS001/002

LN W

Lyl T R T T )
Substrate R trigger GGNMOS

Substrate R and T trigger GGNMOS

§ Dang, e, ub strae e ngineeral GEIMOS farlow tigger voltage ESD in 6 3ran CHIOE. mowsss, Miwelectonies Reliahility Yol 51,
Tsmue 12, December 2011, Pages 21242128

Candidates (1)

Candidates (2)

Substrate-engineered GGNMOS for low trigger TImproved LVTSCR for low trigger and low capacitance
e

Substrate R and I trigger GGNMOS

Substrate R trigger GGNMOS

I2(8) | VtI(V) | CIpF) I2/area

(mA/um2)
GGNMOS 213 684 | 0852 25 2 L AA
Substrate R trigger GGNMOS 2.07 53 0.788 247 Brrsw W
Substrate R and | trigger GGNMOS | 2.63 3 0.891 2.33 LVTSCR Improved LVTSCR (ILVISCR)

5. Dare, "Tagromed Low W nge- Triggsred

Anade
= o i
)
: r g 3+
19 PAD) n 1 s -
il e e
1 W TITIT
5: ny | S T S A |
<,lng |
=] — Catiode

-

EF-ESD Brotection” B curon Device Levers, IEEE. vl 3,

105010 P
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Candidates (2) . : Candidates (3)

Floating P+ LVTSCR for high holding voltage, which has two
snapback, so high It2

at Leakage (A)
| 1E12 1E10 1E8 1E5 1E4
E ! — 4~ GGISCR
’ 61— —1vrsem
thI( athode -
B =
I nwer = =
Fleatng P 2
Structures Area/um? | VLIV | Te2/A | CpgpdF | Ty ma DN+ implaniaion | £
implantation / . G &
GONMOS 17+50 73 213 652 09 Bk i Lo
FSub teigger voltage
LVTSCR 6*50 %5 182 130 035 P
DISCR 12*50 25 1.93 96 120
Voltage (V)
ILVISCR 9*30 22 19 50 03 5 Dove, ‘Dresign and Aralysis of m Avea effivient High Helding Veltage ES D) Paotection Tievies,“ [EEE Transaction em Eleeton
Devics, 21146

Candidates (5)

Candidates (4)

Tmproved Diode trigger SCR meet 1.8-2V ESD design windows,
which also has two snapback Improved MLSCR with floating N-well to increasing holding

Leakage(A)
1E-A11E:10 1E-9 1E@ 1E-T 1E6 1E-5 1E4 1E-3 001

- 2D W=75um D=3.2um sl
®- 20 W=75um D=2.7um
o 2D W=75um D=1.8um

2
c2 . ) )
g = Typical SCR wio floating Nwell)
'3 1 + NMSCR wii floating Nwell
\?ulta ‘B(V) i ¢ 7 - R wii floating Nwell
g o - - O E d—
S D, Tectctiz. Spplictions." K Bkctrn Dovice ey LT
0 2 4 6 8 10 12 14 16 18 20
01211
— Voltage(V)

Candidates (6 Candidates (6)

Leak @36V
Te-7

LCSCR. Low Capacitance Silicon 260 109 10-8 166 168
Controlled Rectifier. L :
= : |
Clamp 1 fraditional device g o Es
H
Clamp 2 is LCSCR 4 E
£ 1 e
3 S

50 i I
00 05 10 15 20 25 30

20 45 0 5 0 5 10 15
Bias Voltaga (V) TLP Voltage (V)

LCSCR capacitance

Q. Cui, T4 Salcedo et al, “high robustness and low-capacitence silizorcorirolled rectifier for high speed io esd poction” [EEE Electran
Dev. Let. Vel 34 H0.2, 2013, pp. 172150
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Candidates (7)

e
ol e diod string

2 5 e e bvodis e 1
Emley ]
S ] Ameapbbesapiinel |

T T

T
Frequency Gk Nelage V)

F.ba Y. Han, §. Dore, L. Zhong, H. Liavg and F. Gan, “bupoverent on diode string straciue for 65-ren RF ESD protection,” Sclid-S e

3.1, Key concerned

1. Basic principle of ESD design

2., Main devices for Nanometer CMOS Process
2.1, Basic Devices:
2.2, Some good candidates

3. Design for Nanometer CMOS circuit
3.1. Key concerned
3.2. System Efficient ESD Design (SEED)
3.3. New standard JS001/002

Signal Swing

—Capacitance
@ High speed interface use there type of signal with low swing, power and noise;
# PECL {Positive Emitier-Coupled Logic)
¢ LVDS (Low-Voltage Differential Signals)
# CML (Current Mode Logic).
For example:
VBO use LVDS signal with 655Mbps
USB3 use CMLwith 10Gbps.

B RC delay Demand Parasitic Capacitance less than 100-30 fF;
u Low Parasitic Capacitance will cause high overshoot

Parasitic Capacitance

Sime (ne)
1/0 ESD protection Diode Capacitance include two parts
Failure poin
Rise-inne I, (s} T (M)

5 01 596
VF-TLD (Tpy~10ns) 04 774
2 549
TLP (Tre—100n5) i 72

F. Farbiz, A Appaswarry, AA. Salman and G. Boseli, "Overshootinduced failures in forward-baised
dindes: a new challenge 1o high-speed ESD design.” IRPS, 2013, (Texas Instruments Inc.)

Fro example: 12 bit 20 MS/s A/D converler

B The zener diode capadtance is changed with signal swing bias

Input b
Input —

i | Crouit q P

| Input

Gireuit
| Input

et g ”‘#’
XLl

R

G

i

Aedlude BV
a8k ses

IR EEEEEE]
oy

overshoot
60
—t,=100ps|
_ —t,=400ps|
Elﬂ
@ \
) \
S0
1 2 3 4
- Time (ns)
- X
a0) T 18 \
& T X
= E 1.6 \
& 40
e £ 14 .
20 312 \\‘
1 T~
1.5

2 2.5 3 3.5 4 1] 5 10
Base width L (um) Capacitance (normalized)
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HDMEE O RBEF

B AR S
80,
o t,=100ps ~ 4
soff © t=400ps E 1.8]
2 £ 1.6
< E
g40 o] £ 14
i / 1.2
0f @ Sk '1
1.5 2 2.5 3 2.5 5 10
Base width L (um) Capacitance (normalized)
AR LAVR FIL AR o R
& EANSRURK, MR, XAIRRT RS R 8
o A K MBS SRR DR RE, XNEE R R

ESD Damages Due to CDM ESD Events

VDD_Internal

VSS_liD V¥$$_Intemal

The ESD protaction circuit at the input pad can provide effective
ESD protection against the HBM and MM ESD events, but it can

Different-pair Input

258 | o8
EE R

CML signal whole chip ESD protection

‘CML signal whole chip ESD protection

not provide effective ESD protection against the CDM ESD events.

Different-pair Input

® ESD voltage is across the gate oxides of the different-pair input stage of an
Operational Amplifier.

VDDA

VSSA
: Outline

1. Basic principle of ESD design
2. Main devices for Nanometer CMOS Process

2.1 . Basic Devices

2.2. Some good candidates
3. Design for Nanometer CMOS circuit

3.1, Key concerned

3.2, System Efficient ESD Design (SEED)
3.3. New standard JS001/002
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3.2, System Efficient ESD Design

3.2, System Efficient ESD Design

m System Efficient ESD Design (SEED)

For Example: TWS as system ESD protection and
GGNMOS as on chip ESD protection. TVS clamps
the woltage under 6%, however GGNMOS trigger i
voltage is 7V, So on-chip ESD protection can not

open untill 1C is demaged T

bt 8

=

o

voluge [V]

3.2, System Efficient ESD Design

Basic simulation flow:

off-chip ESD
datashea!

IC datasheet

ez —

cimulatons

or-chip (amplifier)
CuEl

Appiication board

failure

1. Basic principle of ESD design

2. Main devices for Nanometer CMOS Process
2.1 . Basic Devices
2.2. Some good candidates

3. Design for Nanometer CMOS circuit
3.1, Keyconcerned
3.2, System Efficient ESD Design (SEED)
3.3. New standard JS001/002

On-chip ESD and TVS Transient simulation with SPICE model to
investigate its Transient behaviour and clamp voltage wave form

3 @ LR
— SCR| | v
o s & |
(@) (b) o
H SCR Transient simulation with b
SPICE model il 5
Under IEC ESD pulse 1 S P
i ‘
[ ] o L3 &R RN
e i

u TVS Transient simulation with SPICE
model Under IEC ESD pulse

3.2, System Efficient ESD Design

System Efficient ESD Design OF on-board

-\lr_vw-, TVS and on-chip SCR ESD protection:

B SCR can not open under TLP stress

B TVS open and then SCR open under
HZ%’HVI (IEC) stress

o cata
Frennfean®T L L -
5 [ 500 fo0 1500

‘HIA pra-charge votage [4]

30ns HMDM pulse test

100ns TLP pulse test

~ J8001/002

® There are too many ESD standard from ANSI. ESDA and JEDEC

® JS001-2012 Frevised edition 15001-2014 is proposed in 2012, 2014 respectively

® 15001-2014 include: ANSI/ESDA/IEDEC 15-001-2010 and subsequent versions,
ANSI/ESD STM5.1-2007, or JESD22-A114F, ESD ADV1.0, ESD Association’s
Glossary of Termsl JESDSS, JEDEC Standard - Terms, Definitions, and Letter

Symbols for Microelectronic DevicesZ.
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3.3, JS001/002

SOme new:
1. Failure window

refer our advices, ESD failure window is provided For example: IC passed
500VHBM, failed 1000VHBM, passed 2000¥HBM, then IC ESD falure window is
500¥-2000¥HBM, and IC ESD level is S00VHBM

2. Uniform Measure parameter
B start voltage is from 70% nominal values, steep volue 50V(100V) before 1KV and

FRHE IR o (AT R

i1t ! .

100V(250V, S00V) after 1KV

W spacing interval and times

0580, 1K 18, 1%

Loz  vwsesees sw |
(Cowy) 3.3, JS001/002

4. Trailing pulse

Dial Pclarky Puse
Sourse

oy

n
REma 8 i T

Tailing Pulse (B30 /-8 0. Bun S EAHE TZEH

iy ESDSZHy &4 ;
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Lai Ping

Lai Ping, female, graduated from the Department of Electronic
Engineering in Fudan University in 1988, senior engineer of China Ceprei
Laboratory (the 5th Electronics Research Institute of Ministry of Industry
and Information Technology), ESD certification technical audit specialist of
China Ceprei Certification Center, part-time Master of guidance teacher both
in Guangdong University of Technology and South China University, IEEE

member, international iINARTE ESD engineer, senior member of the Chinese

I Institute of Electronics, trainer of Electrostatic Information Net, ESD lecturer
employed by Germany Rhine Technical Supervision Services (Guangdong) Co., Ltd..

Lai engages in the work of the semiconductor devices and integrated circuit reliability. Her main
areas of expertise include the reliability of microwave devices and circuits, semiconductor devices and
integrated circuits, electrostatic discharge (ESD) detection and protection technology, and research on
semiconductor device failure analysis and reliability test methods.

On ESD immunity of electronic components, Lai has undertaken or participated in the technical
services and research projects on the level of the country and ESD failure mechanism analysis since
1994. She has a wealth of knowledge and experience in ESD damage detection and failure mechanism
analysis of electronic components, and manufacturing electrostatic protection technology.

Lai has opened consulting and training courses on electronics manufacturing ESD protection and
testing technology. She has given ESD technical advice and internal training in Huawei Electric
Technologies Inc., Northern Telecom, Suzhou BenQ, Huizhou Lenovo, Guangzhou Hitachi, Osram, SI
Semiconductors CO., LTD., Shanghai ThyssenKrupp Elevator Company and other large electronics
companies since 2001, and held a number of open class for the technical and managerial personnel of
the national electronics companies in Shenzhen, Shanghai, Beijing, Suzhou and other places.

Lai has published over 20 papers on the reliability of electronic components and electrostatic
since 1998, and participated in the compilation of Reliability of Electronic Components Engineering,
Quality Management and Quality Control of Military Electronic Components and Military Electronic

Components Failure Analysis and Case Studies.
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Plant-level ESD Standards in China's
Electronics Manufacturing Industry

Ping Lai!
Jinlin Zow?, Youliang Wang', Xiaaos Liang!
! Ch/ha{/ecfrcgg? Pfod%cf gf}%’fﬂw and Environmental

Teshing Research Insiis;
2Re-imoro Technology Co. Ld.
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Presentation topics

¢ Problems Encountered in the Implementation of
Standards in Chinese Electronics Factory

¢ Recommendation for Standards

¢ Recommendation for Factory ESD Protection
Engineering Project

S 3

C

Current problems in China
CEPRE!

* Grounding/bonding System

* Rod buried below concrét'e;

S AT * Wire separated from rod, lost

* Rod depth not enough;

* Wire separated from rod

Improper connection to anti-staticmat

S 5
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Objectives

¢ Summarize the status of ESD control in Chinese
electronics manufacturing industry

¢ |ldentify the reasons for
implementation.

deficiencies  in

¢ Give some suggestions for standard suitability
and proper implementation.

* Finally, enable the Chinese electronics plants to
improve the quality of products.

Shie 2
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Current problems in China

¢ Grounding/bonding Systems

-The relafiorship  between  power
grounding and ele ctrostatic grounding;

- The required limit of impedance for the electrostatic
grounding;

- The construction requirements of the electrostatic
grounding;

- The requirements of electrostatic grounding in the
ESD Protacted Areas (EPAS).

egquipment

e

C

Current problems in China
CEPRE!

* Antistatic Floors in EPAs

- The guidance In ANSI/ESD 520.20 as well as ANSI/ESD
STM97.1 and ANSI/ESD $7.1 applies o festing of floors
and flooring materials.

- However, the choice of the appropriate construction
and materials for all flocrs s left up to the user.

- Nonetheless, both ANSI/ESD STM$7.1 and ANSI/ESD
§7.1 are additional documents that are not avallable
in Chinese, limiting their usefulness inside the Chinese
factory.

Sk s
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Current problems in China

* Anti-static Hoor in EPAs

Floor severely damaged
Only green paint without copper

Copper was separated from
the electrostatic wire

S 1
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Current problems in China

¢ Personnel Grounding
| Nim,
{

Touching the
without any protection

b R
Standing on a wooden mat s s

C

Current problems in China
CEPRE!

* Package Materials

Hi-static package material
n . for burner

Hi-static package
material for devices

Hi-static pakage box s 11

148

Current problems in China

CEPRE!

* Personnel Grounding

- The requirermnents for personnel grounding have
been confusing in practice when applied n the
typical factory in Ching.,

- Did not recognize that the wireless wrist strap does
not conforr to basic crcuit principles.

- Focuses on whether employee wear anfi-static shoes
or not, but may ignore the resistance characteristics
of the floor altogether.

Shie E

C

Cl

Current problems in China

¢ Package mMaterials

- Very often factories make impraper interpretations of
what ESD protective packaging requirerments are.

- many non-B8D sofe packages and packaging
rmaterials used in EPAs of Chinese factories.

- there is no definite requirement for the packaging of
electrostatic sensitive components used during A/l
process.

- How to deal with the non-ESD safe packaging used
for non-ESD devices in EPAs.

Sk 10

C

Current problems in China
CEPRE!

* QOveruse of the lonization System

- Not only caused added cost, but also can cause o
lotent ESD risk by air ionizing.

- factories are too dependent on ionization systemns
and ignare the work required to reduce generation
and discharge of electrostatic charges.

- In China, some factories expand ionization systern
usage into areas that have noidentified electrostatic
risk.

sk 12
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Recommendation for Standards

+ Grounding/bonding Systems

-provide a clear reguirament to determine
whether the grounding can be directly utllized as
the electrostatic grounding.

- the operational methods should be stipulated to
deal with the condition when the power
grounding is not reliakle.

—consider  ways to  establish  electrostatic
grounding when power grounding can't be
improved.

- give several examplas of structures and differant
requiraments for the static ground wire network
n the EPA.

Site 13
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Recommendation for Standards

¢ Personnel Grounding
- Increase the systernatic description of the hurnan
body electrostatic  dischoarge  chanrel in the
standord documents.
— It is best to use llustrations to show the complete
circuit and emphasize the key points.

sine 15
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Recommendation for Standards

* OverUse of the lonization System

- Demonstrate  that  jonization  systerms  are only
remedial measures used in the condition that field
electrostatic protective measures cannot control the
electrostatic voltage within the target value.

- List the measures that should be taken to reduce
generation and dissipation of electrostatic charge
before adopting and ionization systern.

- Maintenance strategies to ensure the reliability and
safety of ionizers also should also be spedified.

sine 17
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Recommendation for Standards

* Antistatic Floorin EPAs

- Some minimum  spedcifications that refer fo the
rnaterials and construction should be put forward for
selfdevelng floors and PYC floors. Emphasis should
be focused on the long-term reliability of the anti-
static floor.

- List the odvantoges and disadvantages of self-
leveling floors and PVC floors respectively, and put
forward the proposal for the best applications for
enterprises 1o choose.

Sk 11
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Recommendation for Standards

* Package Materials

- Describe the suitable applications for each kind of
packing material.

- Specify the requirements for packaging materials
used for components with no packaging materials
and for components that require repackaging.

- Specify requirerments for the packaging materials of
ESD devices used inautornated insertion.

- Spedify that the non-ESD safe packaging used for
non-ESD devices must be replaced by ESD sofe
packaging raterials or fixture before entering the
EPAs.

Sk 16

Recommendation for Factory
CEPRE!

* Grounding/bonding Systems
- Give up the power grounding provided by the
power company, and prepare new grounding for
both electrostatic and power yourself.

- Ernbedding rnultiple copper bars combined with
lead welding away frorm ather undergrounad facilities.

- Three-layer architecture con be used for the wire
network of static grounds inan EPA.

sk 18
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Recommendation for Factory

« Anfistatic Floor in EPAs

— It is recommended that the gereral electonic
factory use a conductive or dissipative PVC floor.

- Self-leveling floor can be selected for some old
electronics workshop  with  low ESD protection
reguirernents, but shall be reapplied ot least every six
months while increasing the test frequency to 3
rnenths.

— It is generally too expensive to use elevated ESD
protective floors for the electroric factory.

Site 19

C

CEPREI

Recommendation for Factory

¢ Package Materials

- Evaluate the ESD protection characteristics of the
packaging raterials to  ensure  that they are
shielding materials or dissipative materials.

— Proper shielding materials and dissipative materials
should also be used for the compaonents that need
be repackaged.

- For the non-B8D safe packaging used for non-ESD
devices, the best practice s 10 replaoce these with
ESD safe packaging materials or fixtures before
enfering the EPA.

sine 21
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Conclusions

* Solving the issues discussed above and
achieving proper ESD protection will require the
standards or handbooks to consider the actual
situation of enterprises more carefully.

* By providing the ESD Association with better
information about current ESD practices in
Chinese elecironics manufacturing enterprises,
it is expected that more suitable elecirostalic
protection  standard  documents  will  be
developed.

sine 73
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Recommendation for Factory

* Personnel Grounding

- Wireless wrist strap should be expressly forbidden,
and constant  wrist  strap  monitors  should  be
recormendad.

- Verify the conductivity characteristics of anti-static
flocr, ESD footwear and static protective seating
within the prescribed scope through strict pericdic
testing.

- Ensure that the ground wire network and the terminal
are stable and reliable.

C
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Recommendation for Factory

¢ Qveruse of the lonization System

- Proper training is needed to address the overuse and
rnisuse of ionization systerns.

- Insulators shall be kept a minimum of 30 cm from all
ESD sersifive devices.

- lonization systerns can and should be adopted if the
above meaosures cannot confrol the electrostatic
valtage within the target value.

- Periodic verification testing of ionizers also should be
performned.
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Liu Min

Liu Min, born in 1969, Professor, doctoral supervisor, leader of
science and technology in China Aerospace Science and Technolgy
Corporation (CASC), Chairman of electromagnetic measurement
subcommittee of China committee of Union of Radio Science
International (URSI), iNarte international ESD certification engineer. He
is the chief engineer of Beijing Orient Institute of Measurement and Test

(BOIMT) and the secretary-general of Beijing Electronic Instrument

Industry Association (BEIIA).

Liu engages in research on electric-magnetic measurement and metrology frontiers, and proficient
in Space Metrology, and ESD protection. He has published over 50 papers, 6 invention patents. In the
field of ESD protection, he has drafted many of national standard, industry standard, and
manufacturer’s standard, He has been working on ESD training, testing and advising for ESD control
management system, and working in Electrostatic Discharge Certification (ESDC) as an ESD senior

auditor of ESDC in CAST.
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Background

Since the aerospace elecrenic products apply a large number of static
sensitive devices, they are likely to be damaged or invalid due to ESD in the
design, research, manufacturing, proeduction, test and on-orbit working
phases. The space mission will be faced with sericus hidden dangers.

In order to completdy eradicate spacecraft quality acddents caused by ESD,
China has put forward clear management and techmical requirements for
ESD protection of aerospace dectronic products, and implements them in
the aerospace electronic product i er. The werificati and

lication are realized full

GB/T 32304-2015 Ei ic disch P i i Jor
aeraspace electronic producis will provide guidance for ESD protection of
aerospace dectronic products(life cycle).

O rEREREEAASERE— AR
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Background

Status quo of d c static
’

GJB 1649-1993 Anti-siatic Discharge Control Outline for Electronic Products

It is converted from American Standard MIL-STD 1686A-1988 ESD Cortrof
Gutline Used for Electric and Electronic Elements, Componenis and Equipment
(Except for Electric Detonator); MIL-STD 1686A was replaced by MIL-STD
1686B in 1992, and MIL-STD 1686B was replaced by MIL-STD 1686¢ in 1995.

» GJB/Z 105-1998 Ansi-stasic Discharge Control Marnual for Electronic Producis
The attached GJB 1649 is converted from MIL-HDBK 263A-1991 ESD Control
Manual Used for Electric and Elecironic Elements, Companents and Equipment
(Bxcept for Electvic Detanator), 2634 was replaced by 263B in 1994,

O pERENEERLSERE—NF

Background

1. Status quo of domestic static standards

® GJIB3007A-2009 Technical Reguirements of Anti-static Working Area

It has put forward detailed technical requirements for EPA, but fails io prapose
comprehensive requirements in the aspec t of ESD protestionmanagement.

©  SFT 10630-1995 Amti-swgic Techmical i aboui  El
Components Manufucruring and SIT 10533-1994 Anri-swetic  Technical
i abaut £l i i M, :

Considering that the earlier standards lay emphasis on the technical
requirements and fail to put forward comprehensive requirements for anti-
static management and technical requirements, these standards are unable to

completely satisfy anti- static requirements of aerospace electronic products.
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Background

1. Status quo of domestic static standards
®

QJ 16931980 Aniiswatic Requirements about Electramic Camponents (replaced by
QJ2245 later) and QJ 2245-1902 Anii static Requirements of Electronic Instrument ond
Equipment

Due 1o the earlier formubtion time, the foregoing standards Iy more emphasis on technical
requirements and fail to cover ESD protectionmanagement completely, and the stati technical
requiremenis at that fime are unsuitable for the urrent job.

+ Q/W 1300-1303-2010 ESD protectionhanagement System Siandards {the standard of
China Academy of Space Technology) and Q/QJA 118-123-2013 £SD

protecti 5 Standards of Az rospace Elecironic Products (the standard
of China Aerospace Science and Technolozy Corporation)

It is the first set of ESD protection management system standards about electronic

products domestically, which have heen promoted and implemented in the aerospace
electronic products field. Until now, there are nearly 30 national defense industry units
have passed through the system certification, and mare than 80 military industrial

GENE Ne. 514 atiite of China Acadarmy of Gpet Testmology o CABS

Background

tus quo of foreign static standard

@ American General Standards about ESD Contral
In 2007, ESDA conducted comprehensive revision for §20.20:1999 and issued
2007 revised edition, as a result, the standard becomes more simple with
strong commonality. Tn August 2014, the 2014 new edition was issued to
increase and revise partial technical requirements, as well as intensify product

certification and other managem ent requirem ents.

+  NASAAerospace ESD Control Standard
NASA announced to accept the attached §20.20:1999 as ESD protection
standard of NASA in February 2002, meanwhile, NASA-STD-8739.7:1997
(ESD standard issued by INASA) was abolished. When 2007 edition $20.20 was
promulgated, NASA arnounced to implement the new edition $20.20

O cELRERARALATERE—NH
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Background

2. Status quo of for

@ General Standards about [EC and European ESD Control

ign static standards

In 2007, IEC 61340-5-1 promulgated the latest revision edition on the basis of ahsorhing
ANSI standard, therefore, it was completely consistent with ANSIESD $20.20:2007 in
ihe structure, contents and technical requirements. Moreover, the new edition of
attached standard [EC TR61340-5-2:200 7 User Guideline was also issued to serve as the
technical report of [EC, as a result, which provided guideline for IEC 61340-5-1:2007
implementation,

ANSVESD Standard as the guidance, the International ESD protection Standard has
farmulated the systematic cantrol schemes, testing method and other standard systems
to represent the cuiting-edge level of international static protection, therefore, it is
deemed as the ESD protection standard with the widest application in the international
scope, and is regarded as the main reference by other international erganizations and

D rEREREEAARERE—
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Background

. Basic conditions of national standard formulation

. Stand ard formulation founda tion.
QIW 1300-2010 ESD Protection Spster: Menagement Requirements, Q/QJA 1182013 ESD
Protection Management System Reguirements for Aerospace Electronic Protucts and
Q/QJA 119-2013 ESD Protection Technical Requirements for Aeraspace Elecironic
Prodrcits have been putinto practice for 5 years.

. Succession of domestic standards
It has referred to GJB 1649 and taken the succession and consistency with GJB into account.

o Iniemational siandands adep tion conditions
It is consistent with ANSUESD $20.20:2014 and IEC 61340-5-1:2007 ; follow the step of

of the latest about i ESD and
technology.
As a member of IEC O China has 1o apply

transfarmation [EC standards, however, China is inclined o enhance management and
technical requirements on the basis of IEC in consideration of the stric requirements of
China Aetospare.
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GB/T 32304 Standard
Ti
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R 514 i o el M s e

160

GB/T 32304 Standard Interpretation

cope

® GB/T 32304 Standard includes the general requirements of ESD protection

for aerospace electronic products, planning, training, anti-static working

areas, packaging, marking, purchasing, outsourcing, monitoring,
measurement, auditing, management review and improvement, as well as

other detailed technical and managem ent requirements.

®  GB/T 32304 Standard is applicable to the purchasing, production, inspection,
testing, failure analysis, packaging, marking, m aintain, storage, distribution,
transportation, other scientific research and production activities ahout
aerospace ESD sensitive electronic products. What's more, it is also served

as the evaluation or auditing basis for ESD protection management system.
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GB/T 32304 Standard Interpretation GB/T 32304 Standard Interpretation
H *y ir 73 N Py 3 T > i 3 1oy i
3. Technical requirements of ESD protection 3. Technical requirements of ESD protection
®  Origination ® EPA--ground connection/equipotential cannection system
©  Document Table I Ground connection/equipotential connection sysiem requirements
. &5 D Techuical requitements | knplernentation method Requited linitmg value
: Identification Ground Frowotve groundng Dne | Comply wilk 06 salely TequEemenis of powes
surgly
® The EPA -- general rinciples, partition, configuration, ground comme tion sysent Fusetional earth Gorly with e safety recuienaents of powes
connection/equipotential onnection system, personnel grounding, tools and aa S
equipment grounding, EP4 management, ete. The maximum resistance valus on the common cormection points deliversd by antistafic articles,
©  Packing quipenent & devices shall he less than 1x109, however, as for the static protection, the fozegning
s sistance i absent of minimum value, instead of detennining the minkmum resistance value as 2equired by|
o0 Eafity protec tion according o the elated safety e quirerne s
®  Purchasing and ouisourcing -
®  Monitoring and measurement ® EPA-personnel grounding
i » - - h i i , and
: ﬁm . satiefy 1 10 255 107 .
TNt 5 Dus i the flooxshoe beam sysem grounding, the grounding resictance can satisfy L5 Qs LW 0, and e
® Tmprovement Tommvan b oy v diage i Jess than 100V
/ > Vihen antistatic clothing is applisd o liz unding, the i
i i 5 i i ing ki lesr than3 5 x 100 Q.
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3. Technical requirements of ESD protection

3. Technical requirements of ESD protection

® EPA—toolsand equipment grounding ® EPA classification requirem ents

» The antistatic lectri solering iron, soMer sucker, active wire stripper (hot stripper) and other
tools which apply aliernating curreni shallhe relahly grounded, besiles, the resistance on the * Class I Directly or indirectly contacting and disposing regions about ESDS
grounding points of ek’ eperative surface (or the surface contacted with ESDS electronic companents and elements (ircuit board, etc.). Such as, warehouse, elemeni selection,
protuci sl by ool & aging and testing, installation, cireutt hoard debugging, repairing, inspection, ckaning, single-

mac hine debugging, as well as the cable regions which are direcily connected with ESDS single

machine.

» The tools which don't use alternating current, including hand-operated tools (such as,
flat-nose pliers, wire cutters, tweezers, fixtues, eic.), Pneumatic iools and batiery-
driven tools shall be grounded via antistatic able-board or the personnel who use
touls. Supposing that the todls are fixed on the ani-static workbench or used by
operaiors, the resistance on the grounding points with operating surface (o he
surface contacted wiih ESDS elec tronic produris) shall be less than1 z 10° .

v

Class 1I: Disposing regions about ESDS single-uac hi i & and
conponents have heen protecied). Such as, single-machine environmental fesi, single machine

aging, product and with static sensitive requi Jle- mac his
» The equipment in EPA shall be reliably grounded, and the resistance on the warehouse, ete.

grounding points which are contacted with ESDS electronic products shall be less

than1 z10° .

® EPA configuration requirements

The di EP4s have different ion schemes.

(A) HEREREEAARERA AR O rEREREEAASERE— AR
s

RN Ne 514 hatitite of China Acadermy ol Space “schnology DEME o514 Institute of Chins Acadary of Spase Techioloar 81 CASC

GB/T 32304 Standard Interpretation
Table 2 EPA Configuration Requirem ents -+ . .
4 3. Technical requirements of ESD protection

o T T AT T I
I 7 .
= ] 3 #® Technical requirements about anti-static articles, equipment and
= > - facilities in EPA
5 dES] EP
- 2 5 The limiting values of the technical requirements are suitable for the ESD protection
i et > technical requirements when the siatic sensitive degree is HEM 100V and above,
] ry = CDM 200V and ahove as well as 35V and above on the isolated conductor.
] gy

i et oo )

I Pk i £ = I abiidricrubiendieuba i ard d poserl mdde % When the ESDS products which have higher static sensitivity are disposed, it is
et = necessary to increase control projects or adjust the limiting values.
Wi .
s S T —] > The products will be considered {0 comply with the standard requirements as long as
0 —

F & = the design documents about special disposal process and disposal projects, as well as
e @ s Al = T 5 e o, o, i sl eped s B ecE) = 5 3

s okt st & verification report are provided.

O pERENEERLSERE—NF O HEREANEERLASERE—
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Table 3 Technical requirem ents ah out anti- static articles, equipm ent and facilities in
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> Continuous: Temperature, relative humidity.

¥ Dail

Anti-static articles, equipment and devices inspection period in EPA

! Grounding resistance of human grounding connection, eleciric soldering iron and other

electric tools when the ESD protectionshielding packnging appearance i complete and the
operaiors have worn wrisi siraps.

v

Monthly: Power protertion resistance of anti-static ground ¢foor and gromnd mat) grounding

connection, antistatic worlbench (iablehoard and cushion) grounding cormection, as well as
public grownding point.

s

Half a year: Antistatic chair/stool grounding resistance, anti-static mohile equipment (irolley,

stairs, carrier and erane) surface grounding resisnee, wrist strap jack, tweezer and other hand -
aperated tooks grounding resistance.

» One year: Poinicio-poinifp sintio-ground resistance of ihe antisiatic ground (floor and ground
mat) and antistatic storage rack, the grounding resistance of antistatic chairsistools, general
purpose fesier for elecirostaik on human hodyherisi strap tesierieleciric soldering iron
testeristatic continuous monitor and other technical performance, ete.

(A) X

W N

ﬁlﬁﬂﬁlﬁﬁ.ﬁ—!ﬁ

GB/T 32304 Standard Interpretation

Table A.1 Anti-static articles, equipment and facilities test period in EPA
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Standard Instructions

1. Using range of standard:

® GB/T 32304 is the national standard in Chinese aerospace fidd.

® GB/T 32304 shall be implemented from July 1, 2016.

®  Proposedhy: China ! c

@ Centralized organization: National Aerospace Technology and Application Standardized
Technology Committee (SAC/TC 425)

® Drafted by: Beifing Orient Institute of Measurement and Test and Xi'an
Institute of Space Wireless Tecnology

No. 514 Institute of China Academy of Space Technology of CASC

L3253

AFERE—MH

DEMX No.514 Instinse of China Acedemy of Space Technslogy. of CASC

ESD Protection Product
Ceértification

K2

O +EREH AL ERE— NF

EME No.514 Instiute of China Academy of Spece Techuology of GASC

Standard Instructions

® Certification type
Voluntary product certification
®  Certified products
ESD protection products
#  Certification mode

Type test + sup after

®  Issulng authority

® Certification and Accreditation Administration of the People's Republic of
China, March 8,2016

FEAXFREALS ERE— WA
(R No.514 Instinte of China Academy of Space Fechaology ofl CASC

Standard Instructions

Designated institutions for certification: Beijing Oriental Institute of
Measurement and Test (No.514)
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BN No 514 Institite f Uhina Acaserny of Space: lecmology ui GASS

Standard Instructions

3. ESD protec

# Certified products (product test standard)

product ce on

@ Anti-static dothing
» GB 12014-2009 Ansi-static Closhing
4 Anii-static working cap

# GB/T 314212015 Anti-static Wosking Cap.

9 Anti-static gloves -
*  GB/T 228452009 Anti-static Gloves

© Anti-static shoes (conductive shoes)

» GB 211462007 Personal Protective Equimnens-Occuputioned Footweur
9 Anti-static turnover container
» S¥T 11277-2002 General Specification of Anti-sustic Turnover
Contuisey

BEALSERA—

stinne of China Acadery of Space Techaology!

i
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Standard Instructions

Certified products (product test standard)

@ Anti-statie raised floor

> SUT 10796-2001 General Specification of Anté-static Reised Floor
¢ Anti-static laminated hoard

> SIT 11236-2001 General Specification af Anfi-static Laminated Bo
¢ Anti-static floor coating

» ST 11294-2003 Generl Specification af Anti-static Flaor Caating
©  Anti-static ceramic tiles

> GB26539-2011 Andi-siatic Cerarnic Iikes
& Anti-static packing tubes of integrated circuits

> ST 1014791 Anti-static Packing Tubes of Integrated Circuits

MEFMBREAASERE— M AT

fuste of China Academy of Space Techaology of CASC.
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Standard Instructions

3. ESD protec product certifi

®  Whole perf: mspection of ESD p ion products (state test center)

4 Electrical property (staticvoltage, resistance, decay time, energy, efc.)

MEHBEEAASERE—MH

DEMX No.514 Instinse of China Acedemy of Space Technslogy. of CASC

Standard Instructions

4 Mechanical/physical performance (strength, fold resistance, abrasion resistance,
impact resistance, aging resistance, etc.)

O +EREHERAANERE— DA
OEME No 514 Institute of China Academy of Space Technology of GASC

Standard Instructions

®  Whole perf: mspection of ESD p ion products (state test center)
4 Chemical performance (pH, formaldehyde contents, Azo dye)

AN BREAAS ERE— M

IDEMX No.514 Instinte of Ohina Acadeny of Space Techaology. of CASC

Thank you!
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Standard Instructions

tection product cel

®  Certification results admissibility range

¢ China Academy of Space Technalogy and its outsourcing units
»  Units of 5% Academy, CASIC, CETGC, Chira Arademy of Sciences, Headquarters of the
Gereral Staff and other wnts
4  China Aerospace Science and Technology Corparation
> First Academy, Fourth Academy, Sixih Academy, Sevenih Academy, Eighth Academy,
Ninth Academy and Eleventh Acadeny, eic.
4 National electronic industry ESD protection products users

® Product certification and promotion progress
4 Take thelead in forming product cerification admission system in the aerospace field and set
produet quality threshold;
¢ After that, carry out ceriification in the national defense military engineering system gradually
when the national standard is widely adopied and used;
¢ Fimlly, form ESD protection produrt quality centification commensense in the national
electronic industry field.

O tEREN A AT ERE—OHR

DENE No.514 Institute of China Acaderny of Space. Technology. of CASC
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Terry L. Welsher

Dr. Terry L. Welsher retired from Lucent Technologies-Bell Laboratories
Engineering Research Center in 2001 as the director of the quality, test &

reliability department. He began his career in Bell Labs in 1978; where he worked

on electrical conduction mechanisms in insulating polymers and electrolytic
corrosion failure mechanisms in electrical interconnection materials. In 1984, he
was appointed distinguished member of technical staff for his work in these fields.

In 1986, he was promoted to technical manager to re-constitute the Bell

Laboratories core expertise in electrostatic discharge (ESD). The newly formed
group proceeded to produce a string of ground-breaking contributions to the field and played a key role in
advancing industry standards. In 1994, he broadened his group's activities to all aspects of hardware reliability
for Lucent Technologies with special emphasis in environmental stress testing (EST) and product reliability
prediction and planning. In 1997, he was promoted to director of the quality, test & reliability center of
excellence where he directed the development and deployment of product quality, test and reliability assurance
practices for Lucent Technologies business units. This work included design for testability of integrated circuits,
board and system level test and diagnosis and special techniques for testing of RF and optoelectronic systems
and components. After leaving Lucent, he became reliability director for LaserSharp Corporation, an optical
fiber laser amplifier company, where he was responsible for product quality, reliability, and compliance. Since
2004, he has been senior vice president of Dangelmayer Associates, LL.C, an EOS/ESD consulting firm.

Dr. Welsher was chairman of the ESD Association standards committee 1988-1989. He was technical
program chair in 1991, vice general chair in 1992, and general chair in 1993 of the EOS/ESD Symposium. He
served as member of the Symposium board of directors 1993-1995. He has also been active in quality standards
and roadmapping activities with Sematech, the ESD Association, and the JEDEC 14 quality and reliability
committee. He served on the board of directors of JEDEC 1999-2001. He is currently co-chair of the joint
JEDEC/ESDA HBM and CDM ESD working groups, vice president of the ESD Association, and a member of
the board of directors of iNARTE, a telecommunications technical certification organization. Recently, he has
led the effort to harmonize and merge JEDEC and ESDA device testing standards. He holds a BS in chemistry
from Florida State University and a PhD in chemical physics from the University of Texas at Austin. He is
author or co-author of forty papers in solid state physics, applied mathematics, organic chemistry, electronics

reliability, and electrostatic discharge.
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Terry Welsher
678 947 8295
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Facing the Challenge of Electrostatic
Protection of Ultra-Sensitive Devices

Terry Welsher
Dangelmayer Associates
www.dangemayer.com

Problem Statement

S20.20 Scope

*This document applies to activities that manufacture,
process, assemble, install, package, label, service, test,
inspect, transport or otherwise handle electrical or electronic
parts, assemblies and equipment susceptible to damage by

electrostatic discharges greaterthan or equal to 100 volts
HBM, 200 volts CDM, and 35 volts on isclated conductors.
Activities that handle items that are susceptible to
lower withstand voltages may require additional
cantrol elements or adjusted limits. Processes

designed te handle items that have an ESD sensitivity to lower
withstand voltages can still claim compliance to this standard.
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QOutline

. Problem Statement
. ESD Classifications and Thresholds
. MR Head Lessons Learnead

. Review of Measurements and
Countermeasures

. Conclusion & Questions

Problem Statement/Question

Semiconductor devices are hecoming more
sensitive (some “ultra-sensitive”) to ESD

Many manufacturers are facing producing and
handling these devices

Current published ESD control standards are not
declared (by their scope) to be effective below
certain threshold levels

What changes or enhancements of these
programs will be necessary to handle “ultra-
sensitive” devices?

A
$20.20 Scope Comments

*The ratings assigned to devices come from
idealized test methods which, in many instances,
represent worst case scenarios. This provides
some undefined safety margin.

*The scope limits are given in voltage but the more
important parameter (often harder to measure) is
discharge current.
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ESD HBM Classification (2016*) =

Classification Voltage Range (V)
0z <50
0A 50to <125
0B 126 to < 250
e . 1A 250 to < 500
ESD Classifications and e Ehote 10
Thresholds 1c 1000 to < 2000
2 2000 to < 4000
3A 4000 to < 8000
3B 28000

*In JEDEC and ESDA ballot processes.

o el CDM Technology Roadmap
ESD CDM Classification (2014) May 2016

Classification Voltage Range (V) CDM Roadmap (Typical Min — Max)
Level 1500V

COA <125

1250 ¥ T
coB 125 to <250 m!im.m

1000 v
o | 250 to <500 n;'..‘:‘:..< \
750 W

500 to <750 i i \ {““"S‘v.‘f“‘ Pk

Lewl

750 to <1000 Y I \

20y
125y 1

>=1000 {see Note 3)

ov
CDM Thresholds Reported above 1000 volts are not valid! 1975 1980 1385 1930 1985 2000 2005 05 2020

JEDE: 4

CDM Technology Roadmap
May 2016

CDM Forward Looking Roadmap (Typical Min - Max)

curert Targat
Lol Prajeted Tarst
Lawel

£OM Cortral bsthods
Edtimatad Levein

. T MR Head Lessons Learned

s,

4 Therge s Discharge

e process stap
2010 2015 2020 (=)

#- Ireluck proesea spechile messures to svold charging or discharge
massLresto

Copyright @ 2016 ESD Assaciation
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MR Head ESD: Timeline

[—#=TF head (coil) —a—TF head (coil to slider) —=—DRAM —&—MR |

i 100000 Thin film (coil)
& 10000 L pram
g L S F Y |
T
g 21000 Thin film AMR
< {coil to slider)
£ 100 & BM
= -
o ? g
I 10 + + + + m‘:
1985 1990 1995 2000 i
Year !anmu
GMR (2006): = =
== Exchange 2
~9 Vi S .
~ § mA peak =t &
= o
~250p] EGUR Pinned ﬂnq“

Single vs. Continuous Measurements

Confusion & Mystery About ESD Often
Result of Inadequacy Of Single Measurements!

+ Pictures Vs. Yideo

+ TryTo Figure Qut What Is Going OnIn A Play.
+ Case 1: Small Number Of Pictures
+ Case 2: Video Movie Of Entire Play
« If Play Has Little Motion... ok

+ If Play Has Lots Of Motion...incorrect Interpretation
Process Step = Theater

Measuring Current Transients

Need To Use A High Bandwidth Current
Probe And Scope To Measure The Short
Duration Metal-Contact Current Transients!

Current Probes:
*Homem ade Coaxial Probe (500 Mhz)
TEKTRONIX: Ct-1{1ghz), CT-6 (2ghz)
sFischer Communications F-65 (1ghz)
ESD Gun Tip
Through F-65
Fischer F-65 Clamp-on S
Tip of
NanoCoulombMeter
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MR Head Lessons Learned

Conventional ESD Methods Essential but Insufficient!:
= Below 100 Volts

+ lonization — Necessary in some application but
Insufficient

Expect a Paradigm Shift @ 100 volts
+ Assume Device Still Charged!

No new control technologies invented but...
New Control Emphasis and Monitoring

+ Eliminate Metal-to-Vetal Contact

+ “Soft Landings” with Dissipative Materials
« Advanced Test Methods

+ EMI/ESD Event Detection
+ Discharge Current Test Methods

PCB + Nitrile Glove

Fioating PCB handled with glove

No ionizer With ionizer

Voltage (530 V/div)

02
U
=)

N
pald
|-\
o
ot
%

)
G
=}

e
\ hjl.

o

(=]
Voltage (50 V/div)

o
=1

Time (2s/div) Time (2s/div)

+lonizer ON: Peak voltage still 250V!
on’t depend onionizers for Class 0 devices! ¢

ESD Event Detection
Excellent Continuous Measurement

Based On Principle That
Every ESD Event Produces
An RF Signal

Non-contact Methed For
Audit/Surveillance,
Troubleshooting And Process
Qualific ation

Non-invasive Measurement
Can Be Done Remotely Often
Qutside Equipment

Possible To Determine Time,
Strength And Location
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Types of Event Detection

High speed oscilloscope + antenna

Expensive

Multi-Channel high speed
Complex oscilloscope + multiple antennae

Simple event counters

Event monitors that capture some

Inexpensive S -
R event strength information

Simple
Event counters/imonitors with data
acquisition

Remote voltage sensors

Event Detection Pitfalls

+ False Positive Events
+ Sensitivity Settings
+ Range
« Background Noise
- StepperMotors
+ Relays
+ Cell Phones
+ Light Switches
- RF Signals
+ Unknown Discharge Voltage/Current
« Differentiation

+ Between Threatening and Non-threatening Events
+ ESD but not Related to ESDS Items

Metal-+to-Metal Contact — Higher Risk for Class 0Z
Automation Misalignment
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ESD Event
Detection
Options

CDM Mitigation
Two Strategies

ower device voltageorhigher surface resistangein

discharge path can reduce discharge current.

Pomalux Substitution — Static Dissipative
Successful Solution for Class 0Z, 0A

Pomalux Substitution
- Static Dissipative
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Class 0A ESD Control Fundamentals

(Control Contact Resistance)

Class 0A, Z ESD Control Fundamentals

(Control Contact Resistance)

Futile To Control Voltage On Floating Device/Tool
+ Sufficiently for Class DA
¢+ lonization Often Too Slow or Incomplete Coverage
+ Must Assume Device Voltage Will Not Be 0
+ Must, To Prevent ESD

* Regardless of Voltage
* On Device, Tool Or Environment

+Customized Requirements
+ Both Mitigation Strategies —Voltage & SRM Limits
*Enhanced Training
*Minimum SRM Limits > 104 ohms
+ ForClass 0Z Devices
+ For Circuit Boards
*Constant Monitors & Metal Wrist Bands

Design Contact Resistance For Device And Process

« Dissipative Materials

Spend Time Yvhere It Counts Most

« Pay Attention to Details

+ Focus On Device And Tools That Touch Devices

« Control Of Surrounding Environment |s Secondary

*Reduced Maximum Field Limits
«More Stringent lonizer Balance Requirements
*ESD Event Detection Auditing Requirements

Robust Daily Compliance Verification is Critically Important

MR Head Implications for ICs

* Demonstrated that even the most sensitive device
(=1volt) can, in principle, be produced in high volume
with high yield

* MR Heads have some major advantages over ICs

Class 0A lonization

Will Static Dissipative Materials Resolve The Problem?
« If Not, Consider lonization
Confirm Effectiveness With And Without lonization

 Field Meters

AL IS LR = Simple device, little variation — while many complex

Conventional lonizer Offset Voltages

+ Less than * 25 Volts, may not be low enough

+ Coronalonizers available to < 1 volt

» Nuclear ionizers will give you zero volts
Select Offset Voltages 1/2 to 1/10 Of Most Sensitive
Device

+ |.e. 50 Volt Device Requires +5 Volt Offset Voltage

Process Compatible Decay Times
+ Fast Enough For Process Flow

Critical Needs for Class 0A and below:

Need for Device Information (especially CDM
which is sorely lacking in industry)

Advance information on New Product
Introduction

More rigorous process analysis

Advanced measurement techniques
Understand limits of control strategies (e.g.,
ionization)

Advanced countermeasures
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ICs are typically in production at same time

« ESD failures detectable almost immediately with

short feedback loop for process improvement — while
ICs failures are much more difficult to analyze, long
or open feedback loops

* Relatively safe once packaged in disk drive assembly

(no CBE issues)

Countermeasures for Class 0A & 02
Two Critical Considerations

* Robust Daily Compliance Verification
+ Monthly Intemal Audits
= Daily SPC (Statistical Process Control)
= Full Technological Understanding of:
= Countermeasure Options
+ Yoltage Control

+ Dissipative Contact Resistance
+ AtPoint of Contact with DevicelBoard

» Technical Elements
+ CDM; CBE; CDE; HBM
« Advance Measurement Techniques
« Device Withstand Voltages and Currents
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Questions

Contact information:
Terry Welsher
678 947 8295

terry@dangelmayer.com
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Ruan Fangming

Ruan Fangming received his BS degree in electronic engineering in
July, 1982 from Guizhou University of China, received MA degree in
education in July, 2006 from Guizhou Normal University of China, and
received PhD Eng. degree in electromagnetic fields and electromagnetic
waves in July, 2009 from Beijing University of Post and Telecommunication.
He was with Liupanshui Normal College from Aug., 1982 to Feb., 2000 as

an instructor and an associate professor (since 1997). In Mar., 2000 he

moved to Guizhou Normal University of China. From Sept., 2004 through
Sept 2005 he worked as a visiting scholar in Fujiwara Electromagnetic Environment Lab of Nagoya
Institute of Technology, Japan, engaged in properties research of micro-gap electrostatic discharge.
Since Dec., 2006 he has been a full professor in Guizhou Normal University. Dr. Ruan is a senior
member of China Institute of Electronics (CIE), a senior member of China Institute of Communication
(CIC). On Nov., 2015 Dr. Ruan was awarded IEEE senior membership.

Dr. Ruan has published more than 80 papers in academic journals and academic conferences,
completed as the research team leader 11 research projects supported by national or provincial
government of China, and was the inventor of 3 patents. Dr. Ruan was electromagnetic compatibility
(EMC) commission member of CIC, and was a TPC member of CEEM’2012 and CEEM’2015
(Asia-Pacific Conference on Environment Electromagnetics).

Dr. Ruan was awarded 2015 Guizhou Province Third Prize of Science and Technology
Advancement(with title “Mechanism and correlative properties research of electrode moving speed
effect in short-gap electrostatic discharge ), and 2014 Third Prize of Science and Technology
Advancement of Guizhou Universities and Colleges(with title “Mechanism research of short-gap
electrostatic discharge properties”). Presently Prof. Ruan is an advisor of graduates in Guizhou
University and in Guizhou Normal University, having 10 graduate students, and teaching graduate
level classes on RF and microwave technology, principles and design of electromagnetic compatibility

(EMC), and TeraHertz technology.
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EALEE: 2014.07-14, —, 07:45:34 #-52 irdaend il 0800
F8: Requesi to Use Figures
Dear Fangming Ruan

L have boan ssked to give s presantarion on System Lavel ESD atthe 2014 EOSIESD Symposium in Tucsan Arzona in
September. | plan to discuss your paper “Rel of ESD P Alr Pres ation and
Electrode Approach Speed” from the Joumnal of Network and lnformﬂ! on Security. | would like permission to use
Figures 3, 6 and 3 in my presentation 10 give my audience some insight inta your work. The copies of the figures from
the PDF document which | have look good encugh for my presentation. You do not need to send me copies of the
figures.

Thank you for your consideration of this.
Robert
Robert Ashton, Ph.D.

Protection and Compliance Specialist
ON Semiconductor

ttashton@onsemi.con
602-244-39;
5005 E. McDowell Rd., Phoenix, AZ 85008

Maildrop: A550
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Dear Dr. Ruan, Imersiceal Advisory Cortes o
1am a Il year B.Tech student at T {IIT) Kanpur, my majors in G
Engineering. i {apes) Degliglng (CWey jonal Advisary Cammitiee
I read your paper * Analysis of partial vacuum formation and effect on discharge parameter in short gap ESD" and found it O T TR ]
very interesting and very much in line with my area of interest. Previously, | have done projects on computer simulations of iy B o U i e )
fluid flow and stability of solutions. | am comfortable with HTRI, Flowserve and COMPRESS softwares and also have a good WA 080
ing of Iam seeking opportunities for a Research Internship from May 2013 to July 2013 and | Zhamg Minggao  (Chisa) !
earnestly wish to work under your guidance .
I request you to consider me for any project that you will be taking up during May-July 2013, | believe that | would enjoy the s lsla
challenge and the apportunity of leaming which would be provided by this position. | would also be benefitted with the Fuiwara O {Japar) S Lt (Chama) i
invaluable experience that | would gain by working with you. My sincere desire to augment my insight into my field of interest Memers
and gain substantial amount of practical knowledge in the field is the sole motivation behind this application. ComQ. O Chen XD )
CenzY.  (Chinn) FamDG (Ctins)
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Table1 Correlation coefficients with contact
moving speed for different charge voltages

Correlation coefficients

VoYl Cupentpeak MaxRisingsbope  Sparklemgh
0.3 0.029 N3 -0.022 N3 -0.028 NS
0.5 0.544  ** 0.452  ** -0.532 it
0.8 0.668  ** 0.644  ** -0.656 +E
1.0 (i 0.511 ** -0.516 ik
1.1 [ EsT -0.338 =2
1.5 0.612 ** {| Foy s -0.482 fui
I35 ---no sgnificant correlation; % - p < 0.05 seo -0 < 0.01
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Investigation of Electrode Moving Preface
Speed Effect in Electrostatic :

Electrostatic Discharge (ESD) is sevious threat of variows electronic sy stes amd

Discharge Involved in Standard on ot ot 2 epton e it Iy o St Inbenliond
Non-Contact ESD | PSS M WO A S e P

Mechanism amd relative properties investigation of electrnde meving speedl effea
in short-gap ESD may have stromg hemeffit effect wm deeply understamniiing mom-
comtact ESD, providing inmportuet and key tecindcall snd] dhessresival] sappart tn
Ruan Fangming proposal of oa-cantact ESD test standards and prosectio fraas ESD .

EMC team of Guighon Normal Usiversity, sapported fry Nasional Nater
Science Foundation of Ching, by Guizhon Province Key Project for International
Cooperation of Science snd Techmology, and by Mators Sciepce aml Tadhmolapy
Foundution of Guizhow, propussil ol onmay 5 chr et thewredion

 — T H el and given experiment verification of electrade maving speed wifect v

Guizhou Normal University lischare purameters, sulved fwo iTieuh problems: perpleved researchers in
verlons commiries for more then ihiriy years, made almost bresdihoongh amd
creative ad in ihe experiise of ESD resemech.

Outline Back Ground

e o
& @

®Back Ground » Losses Caused by ESD:

®Research Content UOUSLINLIR1N0  Teer
®Creativity of Research C
@®Achievement of Research

Non-Contact ESD ?-- No !
@Significance of Achievement
" Contact ESD --- Yes
@International Influence

Metalpiece for
contact discharge sgmm

Effect on Parameters of Electrode Moving o
speed in Electrostatic Discharge / 198 Simultaneous E i i

_ e e T e Measurement of LA M conrisl
S rederal Tnstitute of Tech Discharge | i y

Distinctive Variation of Parameters gm‘;ﬂ; an: R : : oo
in Human-Metal ESD "iﬁl ectrode Spee

Strong Iimpact on

ilbscope:

 Velocity of Electrode to Target ey i
Seriaus threat sensor
in vain
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Discharge Parameters of ESD Gun
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| Creativity |

1. Proposed Clear Model First in the World
Describing Effect on Parameters of Electrode
Speed via Gas P! ure Change

@sctmds

target

Se, VB

S, i

8a¥i=Su¥a = const

Townsend Theory of Gas
Discharge

Oscilloscope

Creativity

2

3. Invented a New System for Research of Multi Factor
Effect on Discharge Parameters, Providing Solution to
Imp mm Two Difficult Problems in ESD Experti

Comparing 2: Research Setup used by State
Key Lab of Electromagnetic Circumstance Effect

2012.11.12

RN ES DR &
T BB HERANE, EHENRE

ot 0
B, T HRNESOMLRS, UMRBEN I RLRT
I RN NRRs.

Weaknass: (1)
Straight Line Mot
(2) Control Diffi
| | of Various Fax in
Open Circumna

=

[ wmmemsews. nuse souse |

Source: Report in The First Protection and
i

3

198

Creativity

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

voltage source spark gap

Comparance1: ESD Research Setup by David
Pommerenke Missouri Univ of Sci. & Tech.(1995)

40 D. Pommerenke | Journal of Electrostatics 36 (1993) 31-34

field sensor

insulating supports

/‘\

Fig. 7. Set-up for the measarement of arc length, speed of approach and discharge current.
Weakness: (1) Large velocity of electrode may lead (o damage
of instrumeent

(2) Different factors can not be controlled effectively duwe
to open Sarrouwmbings

Certificate of Creativity
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A wEnE

Research Achievement 1—Citation by
Famous Journals

WS 0 SO p—
W ® ST LR

Achievement 2 ... Awarded Two
Chinese Patents

Research Achlevement 1—Academic
Papers Publication

MiE2013tE8H, DREEWACFEARRZL6E, RP=hE
WXEN36). ISTP(21), SCI(1)R

Certificate of Research Achievement

—Report on Papers Indexed

Achievement 3---Translation of A Work

e R
{ .‘I
P P B
B W& #AE A 30 H A % RE

T AR e

PR R T R
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Achievement 4 --- Degree Upgrading of
Research Group Members

v

" Obtained Guizhou Province
Education Department Third Prize
of Nature Science Achievement

£} AT ey
g :

EH T TR PR B R R (RREEA) TR
uE 15
WAL ol R L R R 00 LBt
TR FURHFR TR
W A BUA HRA
en e R
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e demE 5N

=l

o ” L T

SO R &
. —iG

15 % (2004) $os 5

s

International Communication ---
Attending e EMC & 20th Wroclaw

[ Obtained 2015 Guizhou Province Prize of
Nature Science and Technology Achievement

BN ER PR SE
oy d o o A o A A Y
| ot e, e i |

T E

®

Obtained the Third Grade Prize of
Excellent Nature Science Paper in the 2nd
& the 4th Guizhou Province Contest

from Missouri U of S&T when Attending
IEEE EMC 2009

Piscussion with Prof David Pommerenke
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Given A Speak at York University when
Attelegian EMC Europe g(i.)lyll

“Good Work!” Praised by Dr Ghery S.
Pettit-—-President of EMC Commission

Attending 2013APEMC, Melbourne, Australia,
May 20-25, 2013

Chinese Scholars (part) Attending
APEMC, 201:1, Melbourne, Australia

-

Starting from Left: Dr Jun Fan (Missouri Univ. of S&T ). Prof Fangming Ruan{Guizheu
Normal Univ.). Prof Yanzhao Xie(Xi’an Jiaotong Univ.). Prof Lihua Shi(PLA Univ of
S&T). Dr Xingchang Wei(Zhejiang Univ). Prof Cui Meng(Tsinghua Umiv)

International Cooperative Agreements with
NIT(Japan), York University (UK), and
Missouri U of S & T (US)

Aabemic € operative Heseareh Ayreement

201

International Communication—
Attending EMC Europe 2014 (2014 09.02,
Gothenbu g, Sweden

International Influence —--- A Letter from
Conference Speaker 2014 EOS & ESD,
Request Admission of Citing My Team

Research Achievement

: Robert Ashion <Robert Astiongonsem com>

[

ik Roben Ashion <Robert Ashion on@onsemi.com>
EALEE: 2014-07-14, N —, 07 :45:34 Hi# )2 rds e (] +0800
£ Request 1o Use Figu

Dear Fangming Ruan

1 have been asked to give a presentation on System Level ESD at the 2014 EOS/ESD Symposium in Tucson Arizona in
September. | plan to discuss your paper “Relationship Investigation of ESD Parameters, Alr Pressure Variation and
Electrods Approach Speed” from the Journal of Network and Information Security. | would like permission to use
Figures 3, 6 and 9 in my presentation 10 give my audience some insight into your work. The copies of the figures from
the PDF document which | have look good enough for my presentation. You do not need to send me copies of the
figures.

Thank you for your consideration of this.

Robert

Robert Ashton, Ph.0.
Protection and Compliance Spscialist
ON Semiconductor
robertashton@onsemi.com
602-244.3924

5005 E. McDowell Rdl., Phoenix, AZ 85008
Maildrop: AS50
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International Influence--— Application from
A Student of India Institute of
Technology, Requested to be A Visiting
Application for Research Internship 1 Researcher in “y Lab

#fFamitsar@iitc ac.in
it druan20

1 {E3EHE 491.3KB
wEE

Dear Dr. Ruan,

I am a lll year B.Tech student at Indian Institute of Technalogy (IT) Kanpur, India pusuing my majors in Mechanical

Engineering.

| read your paper * Analysis of partial vacuum formation and effect on discharge parameter in short gap ESD * and found it

very interesting and very much in line with my area of interest. Previously, | have done projects on computer simulations of

fluid flow and stability of solutions. | am comfortable with HTRI, Flowserve and COMPRESS softwares and also have a good
of ing. 1 am seeking ities for a Research Intemship from May 2013 to July 2013 and |

earnestly wish to work under your guidance

| request you to consider me for any project that you will be taking up during May ~July 2013. | believe that | would enjoy the
challenge and the opportunity of learning which would be provided by this position. | would also be benefitted with the
invaluable experience that | would gain by working with you. My sincere desire to augment my insight into my field of interest
and gain i in the field is the sole mativation behind this application.

Please find attached my Resume for further consideration. | would be more than glad to provide any more information that
you might need.

Thank you for your time.

Warm regards,

Amit Saraswat

Pre-Final Year Undergraduate
Department of Mechanical Engineering
T Kanpur

India

Ph- +91 - 8953 454 277

International Influence -— TPC Membership
Certificate of 2012,2015 Asia-Pacific Conference on
Environment Electromagnetics(CEEM)

CEEM01S
Ee
General Chnim Canference Commitioes
Gao Yougang i)
G Co Chuimen S iy
fotiny TN Executive Committe
Zhou i (crina) il
irmmions Advisory Corites
Co Gt "
il = o) Deyliging 29 International Advisery Cammittee
Forg Dagang (Chia)  GoldbkmR. (USA) S -
loaeM.  (Swiorond) LuSags  {Chin)
(o) Ry WA (USK)
B
e
e Tl o) "
i i
opemy Sl () !
e Gmxn @K
(Cime) FogDG  (Ci
(Gemary)  GaoBQ (Chinay
Coion) Guan ety !
(China) Han F. (uUsay
i tinae M (Swigarnd
{Kore) Kop R (Japam) I
Dexics)  Kabina§ (Cons) - ! !
(HK China} Lin YA (Ching} - "
(China) Nita & (Japum) o hag
o) Rk VA (USA) Kjm i K
(i) KW, iy : e
sy SongXT i) " N
presma Triaf. (Fland) o — :
opun) Xevz uing) : ¥ g

Chsimman Zhang YF.  (Chima) v

Comments from Academician Shanghe
Liu of China Acad f Enai i

Comments from Prof Jinliang He in
Tsinghua University

R
o, EESR

(LT ]

PRI e (RS EI HOR e B, TP

Comments from Prof Hongbo Zhu in
Nanjing University of Post &
: Communication

Commission Evaluating Achievement
of Science and Technology

r
v
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Final Official Comments of Experts
Commission

BGOSR, 42
BEASER R

Section Two:

Research Content and
Advancement of
Technology

Significance of Research Achievement

& B
SRealization of Theoretical Model Breakthrough to Describing Effect of
Electrode Moving Speed to Target; proposing solution of difficult problem
disturbing international researchers far more than 30years since 1980 s
last century; providing theoretical and technological reference to making
international test standard of non-contacted electrostatic discharge.
® Discovering Threshold Phenomenon of Discharge Parameters Relying on
Variation of Electrode Moving Speed with Charge Voltage Change. A New
Model Was Proposed to Explain Mechanism of Threshokd Phenomenon and
hence Revizsed Short-gap ESD Model, Shown Distinct Development to ESD
Research.
®Rescarched and lnvented Successfully Measurement System of Multiple
Factor Effect on Discharge Parameters in ESD Process. Providing a New
Platform and Path to Rescarch of Non-contacted ESD, Production of which
Refer to Large Amount of Economy Values.

Back Ground --- Project Source

Outline

®introduction

®Experiment Result of ESD from Human Body
®Electrode Speed Effect at Various Charge Voltage
® Threshold Phenomenon of Electrode Speed Effect
®Mechanism Analysis of Electrode Speed Effect

@ Research of New ESD Measurement System and
Verification of Theory

®Algorithm of Human Body Impedance
@Conclusion

Distinctive Variation of Parameters
in Human-Metal ESD

r

Project 1: National Nature Science Foundation of China
Name: Mechanism Investigation of Electrode Moving
Speed Effect in Short-gap ESD

No. 60871078

Project 2: Guizhou Province Key Project Supporting
International Cooperation Research of Science and
Technology

Name: Investigation of Speed Correlation and Threshold
Phenomenon Mechanism in Short-gap ESD

No. G [2008]700115 Project
3: Guizhou Province Fund of Science and Technology
Name: Relationship Investigation of ESD Parameters
Relying on Electrode Moving Speed

No. J [2007]2211

Background /1987

Strong Impact on

o \ | Lo 1alECL Serisus threat
im vain
| o
- speed
el

Discharge Parameters of ESD Gun
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Metal piece for
contact discharge Sgmm
Simultaneous
Measurement of
Discharge |

Parameters and
Electrode Speed

Digital
oscilloscope

- f'

¥ Acceleration
SEnsOr

50L} coaxial cahle

D Digital
osc illoscope
R

Discharge Current at different Charge Voltage

and Different Electrode Moving Speed

—[1] Ve=0.3kv,
u=33.8cm’s

“H o [2] Ve=0.3kv,
u=6.02cmis

| —B31Ve=0.8ky,
u=27.3cm/'s

2 —[5We=1.5KY, ,
i V=22.Tcmis

|

= [6]Ve=1.5KV, +
V=2.6Tcmis

— [5] Ve=1.5kv,
u=22.7cm's

03k [{]-[2]: Aviv=8.51, Aply= 003, weok effec
0.8ke: [3]-[4F Avv=535, Apdp=1.07, strongeffect
4 Skar: [5] - [6F Aviv=10.86, Afpdy=0.99, strong effect

Peak Value of Discharge Value at
Different Electrode Moving Speed

Discharge Current Derivative Peaks

Affected by Electrode Moving Speed

. a— © T i = @
a o Bhesl 3k Charge i I~ « & vo=0. 3k voltage | Correlation
g a|° ® e o Lve=0aky v:v“fe Comsaten 5 90 5 ey oy | ot
= - 0.3 -0.022
i s, 03 | 0oz g - » & ®ve=L5ky
6 k-] ok L]
- B0 L 7 0.8 0.644
g p 08 | oese é L O g
. 5 % o
N F— LEE Ky 1R kg oo R
2 < 30 = o0 5o
® EQ‘;D E i H g
EE Y = = R
SPSS: Statistical E 5 | EE R ‘fo SPSS Statistical
! ! ! ! ! Package for Social il = Pal:.kage fur
0 10 20 ) 30 40 a0 Seihoe 0 3 : 2 Social Science
Contact approaching speed [cm/s] 0 15 20 a5 50
Statistic Analysis of Correlation of Discharge = “fn‘:'::c:h‘:’:;;:i};";“”d L =
Parameters with Electrode Moving Speed [ larger the pask of current derivative
Electrode Moving Speed Effect Discharge Current Waveforms Affected by
Electrode Moving Speed
on Spark Length
e o ! SO0V fast | | SO0V slow
o 00V slow I |
fnlll:gg: Correlation ] ! I
coefficient
— av)
a 30 - 0.3 -0.028 =z
e '3
= Yeo=1.5KY
20 z § & H
= £ = & E
— =
Yo |* ok - ’,';;r WS Ve 15 | -adm 1
= e e a /| £
= ﬂ‘.“s‘ I ¥ OV SR SPSS: Statistical L
o %M@ [ Package for o R e
a T T : T Social Science
0 10 20 Rl 40 50 il
Contact approacl‘ung Speed [CIT]./S] —10DE-08 =-5.00E-10 DI.PIJE;K]I 5.00E-10 1.00E-08
me

The Faster the Electrode Moving Speed, e Shoutes the
Spark Length for identical Charge Voliage
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At charge voltage 300V the influence of approach speed reaches
the extreme value on the peak of discharge current
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Effect of Electrode Moving Speed Influence of Charge Voltage on
¢ * Discharge Parameters

- approaching speed
Reaches Maximum at V=800V v ® ®
—ip= &8

[

5 T T T T 160 Ziiw
J
At charge ® Fast 7, Slow & 140 &
voage | o 4l o Slw 8 Ji 4| e
800V the = T
. 2 v,
mfluence of| 5 | & s - 100 25(o)7
approach 3 !
speed % . ¢
2t | ]
rre g h et
]

reaches the Model Used to Calculate Discharge Current |

extreme

Discharge resistance r,[(]

o e 2 r, Fast 40 R:;qmpfvvleiz el
il:sfh?rkgzr 0 : : g ; 1 ED () P S V:(t)= :(r)l(r)
current 2 2 = pm g
D o Cm:;auvmmge V-[iD]D v j'l- E (‘r)dr e _;_gl-wj‘-o{zﬂ s (jﬂ?)}- I(r)‘ % : )drdm
Influence of Charge Voltage on | Electrode Moving Speed Influence on Current
Discharge Parameters Peak Value at Various Voltage
.24 3 ik e e e &‘ &
4F ——, Caleulated]
E i stggv \t -.:
|} e 7 : s :
§o =t ] g * .
W & 1 E 3 | ® -
E =L Fenrhated o |
g sk ¥ Ca]culabed_— & 2 ‘ * Ipf(A)
2 of ey qov | g 1 L4 B Ips(A)
= E 11400 =
-80.30 i [#]
D—D.l 6 01 02 03 04 05 08 07 'Q 0 I I I I I
g § W i(f) =7L R e ‘Vs{(‘f)\ e Vgegs 09D 0 200 400 600 800 1000 1200
b jax)
[ Determination of Channel Resistance and Arc Length | Charge voltage (V)
Electrode Moving Speed Influence on Arc Electrode Moving Speed Influence on Are
Length at Various Voltage Length at Various Voltage
@ D
-~ 80 160
€ & 5f(um) A _ "
2 &0 A Bs{um) 2 & 120
N =
B 40 “g’ 80 . 5 ¢ ©
L ® g =
e 20 N & 40 @ Tri(ps)
< S ® Trs(ps)
0 200 400 600 800 1000 1200 0 200 400 600 800 10001200

Charge voltage (V) Charge voltage (V)
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Electrode Moving Speed and Charge Voltage Electrode Moving Speed and Charge Voltage
Influence on Electric Field Influence on Passage Resistance
& § L =
= 25 y
S22/ o & 8 g 150 -
S 5| ¢ » 8 120
o B _.g a0 W 7'y ‘
£ 1 [ |eEf=Veh 2 80 L "
= L
% 05 - ® Es=\c/ % 20 = rs(()
8 ' ' | :
= 0 200 400 600 800 1000 1200 o 0 200 400 600 800 1000 1200
Charge wvoltage (V) Charge voltage (V)
Electrode Moving Speed and Charge Correlation and Statistic Analysis between

Voltage Influence on Discharge Parameters Discharge Parameters and Electrode Moving Speed

v v

Table1 Correlation coefficients with contact

® D]scharge paramters affected by electrode moving speed for different charge voltages
I'rlOV"I'Ig Spﬂ!d h‘“ |Iﬂ|& ehm ﬁ m Ve kY] Correlation coefficients
voltage 0.3kV. e T
03  0.029 N5 -0.022 NS 0028 NS
® Electrode moving speed have distinctive effect on N o (e o B o
discharge current peak value when charge voltage B e - e s bl e
is 0.8kV. 10 0572 0.511  ** -0.516  **
1.1 0555 o+ 0.557 +* -0.338  *
@ Influence on discharge parameters by electrode movimz - . e e
speed, as Ve >1.5kV, larger than that caused by Vc=0.3kV, NS S S R eI e

and less than that by Vc =0.8kV.

| SPSS: Statistical Package for Social Science |

Threshold Phenomenon of Electrode Wloviing

Effect Analysis of Discharge Parameter Speed Effect Change with Charge Voltage

Threshold Phenomenon with Charge Voltage — — -
5 51 ANaErR = e aya
5 - B RE 1 z 3
08
- —4&— Correlation of HaEM am) =10 21-2 20-100
§° Ip with Vo
B o EHREC s <40 300-600 <330
u E 02 — 89— Corralation of HFFEEV) =700 W02000 =150
. § (dl/dthm with
- Vo PRk 50100 2575 =25
PRy B WM 1R e e Hagk  R&H HEN  REW
(B d with Vo B 43 = % %
3o ¥E 12 7R = w #
[12:] =
Charge voltage Vc [kV] T = il E
R EH FEESHM FH

ICorreIation Coefficient with Charge Voltage
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Threshold Phenomenon of Electrode Moving
Speed Effect Change with Charge Voltage

voltage source spark gap

Threshold Phenomenon Analysis with
i Short-gap ESD Model o

Short-gap Electrostatic Discharge Model

| Sorts of Discharge Current to Various Charge Voltage |
@ =

WoERB00Y

Discharge cunent (A)

Time {ns)

207

Analysis of Short-gap ESD Model

Short-gap Electrostatic Discharge Model

Threshold Phenomenon of Electrode Moving
Speed Effect Change with Charge Voltage

The cause is that surface process transfers to
avalanche process, shown key point at V¢=800V, Both
surface process and avalanche acted at Ve=800V. For
Ve <800V, ESD event mainly determined by surface
process ; as V¢ >B800V 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.

Threshold Phenomenon of Electrode Moving
Speed Effect Change with Charge Voltage

[ -2

Z

¢

0 d

1

elationship of channel resistance R, distributive capacitance

and discharge gap
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Mechanism Analysis of Electrode Moving Speed

in Fluid Ilechanl_cs

. 4

@& ]
Aiir flow motion, as a kind of fluid, follows the
basic theorems, principles and laws in fluid ’S Y,
mechanics. Analysis was given based on principle R
of continuity and Bernoulli theorem and
discussion of gas press difference between inner & N

and outer gap, obtained a new theoretical

Q=ST=const
SaVa=S8Sslz=const

description on mechanism of electrode moving

speed on discharge parameters.

Principle in Fluid Mechanics Effect on Discharge Parameters

| Bernoulli Equation--- Another Basic ‘ LMechanisrn Analysis of Electrode Moving Speed

s
Vst
lectrode
lecirode
& B
A

1 target 2
Ps—Pa =5P(V124 —V§)+pg(hA - hy) (1) l " l target

Oscilloscope

Oseilloscope

| P 1,
p3+pgh3+5pv5 =pA+’)ghA+5va

{2 Fluid tube formed {b) No fluid tube formed
when Pa<Ps for, PA=Pn

1!9+;.vgy+%pv2 = const.

Mechanism Analysis of Electrode Moving Speed

Mechanism Analysis of Electrode Moving Speed
Effect on Discharge Parameters -
® - S, We I v
2
1 SB ] 2 = lectrode
Pa=ps—5P o | 1P
& {[3 4 ] E SaVa=Sela=const @ £

ed

2 I=i.e
S 0o target
[(S_BJ = 1} >0 ift) l
A
= ABXp Oscillosc ope
[ Aa] ”

Townsend Theory of Gas Dischargal

Py<Pp
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Numerous Algorithm Analysis of Electrode
Moving Speed Effect on Discharge Parameters

Numerous Algorithm Analysis of Electrode

Moving Speed Effect on Discharge Parameters

@ @
Electrom moving speed v, has strong correlation with gas pressure p
in short-gap ESD

dar v t
(N, =C—+eN,—~Ze a(&v,(Exd (3215
(0, =C e, "> exp(f (v, (£)dg)

4 [2e S,V
f(f)mf - e L) V(1) - K[a(f)] (3.2.19)

9 m, (d-v,-1)

Bp
a=Apexp| —
pen|-22)

e &
2
v,(6)=C- £
b
" ) cnt® 2ot 2
=33%10 ErE

Discharge carrent variation sitwation, based on formulas above
and parameters relative, can be estimated according to gas

pressare variation, seeing in two figures blow

Numerous Algorithm Analysis of Electrode
Moving Speed Effect on Discharge Parameters

IS0
10
100
\
]
o \
70
£ 60
3 w0 \
g N
e AN
0
10 [

0 010203 040508070808 1 11
P/RO

Numerous Algorithm Analysis of Electrode

Moving Speed Effect on Discharge Parameters
b=

iav[A)

Dischange cumant /A

o 02 04 06 08 i 122

Variation of air pressurs rate(psgn j

Discharge current in surface process increase
much with gas pressure decreased

Discharge current in surface process decrease
rapidly with gas pressure increase

Numerous Algorithm Analysis of Electrode
Moving Speed Effect on Discharge Parameters
=

With consideration gas pressure changed by electrode moving
speed, and elecirical field strength varied by capacitamce between two
poles, the formula below is used to describe capacitance between two
poles

S

g~
Al

4.3.14)
And hence deduct , combined (4.3.11), (4.3.12) .discharge current
formmla as following

420)

W= At

=1, e;t:p|:(a:f0 - Vht)AP exp[ﬂﬂ (4.3.15)

Am(E)
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Numerous Analysis of Electrode
Moving Speed Effect

(@, —VhoA[pB—%p[l—(%] Jﬁ]o
1'(r)=6‘;—?=iD exp _[PB —%p[l—(&] JVMEJBS
S ATO(2)
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Numerous Analysis of Electrode

Numerous Analysis of Electrode

Moving Speed Effect Moving Speed Effect
@ 9 @ Electrode Steel -
A0~ —v,)4( 10° —0.65°V7)- T e
P cop  (~(10° 06572 Bx0.035x 10
dt o exp[ . b . J %
o) :
dy=10"m v —0.1m/5,02m/5,05m/s py=10° Pa, S
p=1293kgm’  §=4x10"m’ £=%x10'9F/m -~
fe=gmaer Nl Electrode Moving Speed I}npactlng on Df;charge
Current (Stainless steel electrode)
Numerious Analysis of Electrode Numerous Analysis of Electrode
Moving Speed Effect Moving Speed Effect
- o= Elecode Brase @ o  Electioseurinum ®
Electrode Moving Spe;:; \Impactlng on Discharge Electrode Moving Speer Impacting oHJDIscharge
Current(Cu electrode) Current(Al electrode)
El Extpe:m;nt Yem;catl:nE:rfe t Experiment Verification of
R & Electrode Moving Speed Effect
@ =0

\

Creativity: (1) Realization of elecivade straight line ait large speed to he tanged wilibont
damage ; (2} Full sealed chamb bling accurate comirel of diffierent factior
measurement ( Protected by China Patent! )

20

1.6

—— £ (motor) =9000kz|

1.2 | —— £ (motor) =1000kz

04
13 b
20 E : 10 20 20 49

Time tns

Discharge current K{yA
o
S

Figh Comnparisan of o elecods speeds i ESD vt
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Experiment Verification of Algorithm Calculating Human
Electrode Moving Speed Effect . Body 'mpeud:“"e
ouT
P —p /m
z: TESTEDV
% Jl\ L % ﬂq” : /—m‘
Fig7 Iéisclhﬂl:_g‘;lc“"e“t with Fig8 Discharge current with
comparatively Elng“S PECHIEEAR comparatively ;]sv;) gas pressure in oA
I System Structure of Electromagnetic Wave Radiation
Algorithm Calculating Human Algorithm Calculating Human
Body Impedance Body Impedance
- S~ @ 5
— ot
— — 2a i > € >
2h| —5—
_________ ==l -
Ty

Mirror Reflection of
I Configuration of Correct Antenna I Electromagnetic Wave

Algorithm Calculating Human Algorithm Calculating Human
Body Impedance Body Impedance

Option of input terminals  Calculation method of impedance

: Calculating Impedance with Cylindrical
Equivalent Circuit of inner Human Body | Model of Human Body
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Algorithm Calculating Human
Body Impedance

() HBE (h)

Calculation Result for Cylindrical Model
Set in TEM Chamber

Tank You Very Much for
Your Attention!

212

Conclusion

Short —gap exist popularly in aerospace and
astronautic field, military weapons, and
industry products Important theory
significance and practical application value
rely on research of non-contact ESD
properties. Deep investigation will provide
benefit theoretical and technical reference to
proposal of test standards of non-contact
electrostatic discharge.
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Reinhold Gaertner

Reinhold Gaertner received his diploma in physics from the
Technical University of Munich in 1987. Then he joined the Federal
Armed Forces University Munich, where he was working on
measurement techniques for ESD protective packaging materials. After
working as an independent ESD consultant he joined Siemens
Semiconductors in 1996 which is now Infineon Technologies. He is

responsible for all problems regarding external ESD protection at

Infineon worldwide and also for problems in customer production as
well as for ESD device testing for qualification. Since 1989 he is lecturing on static control and since
1991 he is an active member of the German ESD association, where he is acting as Vice president
since a couple of years. Since 1995 he is working in the ESD standardisation of IEC TC101 where he
is convenor of two working groups at the moment (static decay and device testing). In 2009 he
received the Outstanding Contribution Award of the ESDA and in 2011 he joined the BoD of the
ESDA where he is responsible for international factory symposia. He also an active member of the

Industry Council on ESD target values.
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What CDM stress does a device
see in an automated production
line?

Reinhold Gaertner

* Motivation
* Possible Risk Scenarios in Production
¢ Experimental Details
— Measurements Techniques and Samples
* Results
— Comparison of Discharge Heads
— Charged Board Event versus Charged Device Model
— Discharge Scenarios

¢ Summary and Conclusions

Sk 3

HBM - Discharge Waveforms

¢+ Discharge of operator into Pellegrini Target:

220

Objectives

To compare the CDM-like ESD-stress of ICs during
qualification and in the field by means of

¢ Voltage levels

* Discharge current waveforms

To provide an analysis of the CDM-risk of ICs already
mounted on a PCB in terms of discharge waveforms

she 2

Human Body Model (HBM)

Reproduces a discharge of a human belng into an IC
which has at least one pin on a different potential

(handling issue in an ESC-protected areal )

l Fheu
CHBﬂ:

Gugw = 100 PF, Ry = 1.5k
g View = D67 ATV
=150ns, {;,, = 2-10ns

puise

HBM — Threats in Real World

* Systematic failures which can be attributed
unambiguously to inadequate personnel grounding
are almost non existent in real-world; reasons:

— Improved personnel grounding over years (improved material
quality w.r.t. ESD properties of floor, shoes, wrist straps, ...)

— Lot of back-up measures implemented; often there is more
than only one ESD protection measure

— General: less manual process steps

Low correlation between stress in test system

and in real world; stress during qualification

order of magnitudes more severe than in field
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HBM - Correlation Testing/Field

* Experiences:

— Field problems caused by inadequate ESD protection
measures (rare!) could be reproduced by HBM tests

— Stress in HBM tester more stringent than in reality

— Ifthe charging ofthe personnel is limited to
¥ < 100 V, devices with Vg, > 100 V can be handled
without any HBM risk

—HBM robustness level is absolutely useful
for production and assembly lines

CDM - Discharge Waveforms

test side of handler:

suction cup

* Results:
— Peak currents similar (same discharge head!
— FWHM of handler larger ¢higher C, higher &)

CDM - Correlation Testing/Field (2)

¢ Often "CDM-type” discharges are observed
in the field with waveforms which differ
from the CDM tester waveform due to
different capacitances and inductances (e.
g., Charged Board Model)

Experiences:

— CDM testing addresses a quite common failure mode which
is not covered by HBM

- Ifthe charging of the components is ¥ < 100 V, components
with V-py > 100 V can be handled safely

—CDM robustness level is absolutely important for
assembly lines; joint standard is beneficial!

221

Charged Device Model (CDM)

DM reproduces a discharge of an IC into a
conductive surface (handling issue in an EPA)

T T
——P-550P-28
ﬁ ——P-DIF-40
[

P-BGA-256 4
—— P-BGA-388

soov

ESD current (4)
IS
T

Wavefarm Verficication

o Vopu= 515 AfkY

{putse (FYWHM) = 1-2ns,

{e. = 260500 ps

MNote: JEDEC and ESDA is now a Joint
Stancard JEDECI ANSIESD JS-002

CDM - Correlation Testing/Field (1)

* Direct correlations of voltage levels in the
CDM tester and in the field are almost
impossible:

— The current waveform at a defined voltage level in the tester
depends on the test set-up (ESDA/JEDEC/JEITA)

— Capacitance of the ponent to environment
{— charge) and/or capacitance of area in which the component
discharges are not comparable, inductances in discharge path
(— waveform) are also not comparable

* CDM tester scenario (discharge into a huge
metal plate) is only very rarely seen in reality

Device Level Summary

* HBM threat reduced due to improved ESD
protection

CDM threat increased due more automated
handling steps and increased CDM sensitivity of
modern devices

Voltages can easily be measured, but no (simple)
correlation between qualification test and field
Important. to measure and compare the discharge
current in the field with the one during qualification!

Ongoing discussion that devices mounted on a PCB
are even more endangered by CDM-like discharges

Sie 12
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Possible Risks in Device Production

« During qualification test the device is charged up
and discharges into a rather big metal ground plane
=> do we have such a scenario in the field?

¢ CDM-like events during device manufacturing
—Wire bonding
= ho big metal plane
= Difficult to measure
= Can be simulated by discharge head without a
ground plane
—ATE handling

st 13

Measurement Techniques

¢ Special discharge head for measurements on PCBs
— exchangeable pogo pin

— 1 ohm to ground (20 GHz)
—CT-1(1 GHz)
Oscilloscope (8 — 15 GHz)

.
10 mm

sl 15

* Comparison of discharge heads

— Comparative measurements done on baseband IC with

« Commercial CDM tester ] Vepy = 500V nom
% — CLM tester
h

+ Self-made discharge head with 5 dischzree probe

acurrent probe (CT-1)

DM Curerl (A)

=>CT-1is15-20 % smaller .

sie 11

Possible Risks in PCB Production

* CDM-like events during PCB manufacturing
— Placement (only single device CDM-like event )
—> ho big metal plane but capacitance of PCB

— Charged Board Events
+ In-Cireuit Test B
« Testing in general
« Soldering

Sk 14

* Measurements have been done on
— CDM verification modules
— Different devices
— Different PCBs

Comparison of discharge head

* CT-1 vs. voltage probe in selfmade discharge head on IC

1 T

DM Curer (AL
- -
L
OM Curerid)

- Ctane CTY
& COWster
e, CT

mimn

2

E

* et ” g ki

* CT-1is only 10% smaller

* Peak current on metal table covered with plastic foil smaller
then in CDM tester

=> CDM tester is worst case!

&0
votage v

Sie 1
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CBE vs CDM

COM Gurrent (]

T e
* Simulation fits to measurement
* Peak current of PCB 20% - 30% higher than for IC
— Roughly same failure threshold if peak current is main root cause
— Waveform after initial peak plays significant role
+ mainly depending on PCB and discharge location
+ Duration of 10ns - 50ns and 10% - 50% of CDM peak results in
typ. energetic regime with high energies

s

st 13

Influence of distance to ground

* PCE laying on a metal plate isolated from ground with thin
isolation (0.5 mm) is worst case scenario

* In reality distance between PCB and ground is much bigger

* Bigger distance to ground means smaller capacitance and
lower discharge currents b B z i

CON Gurert(a]

T,
e
] W - 0 5 w5 @

T N T Timedns)
Discharge of dual interface smart card laying directly on a metal surface or
same distance away — the same would apply for a PCB running on a
conveyor belt supported anly at the side

Sl 21

Influence of charging method

¢ Charged plane in close distance to parallel to board (field
perpendicular to PCB) as in CDM tester is worst case
scenario

In reality the electric field is in parallel to the board (e.g.
charged machine cover next to a conveyor belt) resultingin a
lower charging (lower induced voltage) and therefore lower
discharge cuments

Scenario was simulated with a board on wooden support
bars (simulating the dissipative conveyor belt) in front of a
charged metal plate (simulating charged machine parts)

* Induced voltage was measured using a contact voltmeter

sioe 23

223

Discharge Scenarios

* Inthe CDM test system the DUT sees a well defined

discharge scenario

— Fixed (very small) distance to ground resulting in a big
capacitance

— Fixed discharge plate (bigger than DUT) at fixed (small)
distance acting as a big virtual ground

— Fixed (short) length of discharge pin resulting in a fixed
(small) inductance

In reality all these parameters are nomally different (smaller

capacitance, smaller virtual ground, bigger inductance)

=> CDM tester represents worst case conditions!

ECR

Influence of discharge pin

* Short discharge pin as in CDM tester is worst case scenario

* |n reality discharge pinsfelements are longer with bigger
inductance and sometimes even some resistance

* Longer discharge elements
or even resistive elements are
resulting in smaller discharge
currents

= normal pago pin
— long pogo pin
— i0k resistor

CDOM Currert (A]

0 20 40 &0 80

Influence of charging method — cont.

— 8 Efald cherging
— 1€ divect charging

vertical
metal plate

PCB

COM Current (A)

a &
Time (ns)

* Metal plate (2 cm away from PCB) charged to 500 W results in a charging
afthe PCB of 150 ¥ (2 k¥ on metal plate needed for 500 ¥ an PCB)

* Discharge current from PCE charged by parallel E-field is much smaller

Sk 2t
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Summary and Conclusion

* Neary no process step in PCB production where a “single
device CDM event” can happen

* Much more possibilities for a Charged Board event

* Discharge current measurements where taken on single

devices and PCBS with “manual” discharge head built in

accordance with CDM device testing standards

Results showed that peak current is not significantly higher

@ same discharge scenario, but total amount of charge

transferred through device is higher => Higher stress for

devices

Results showed also that CDM-like events in the field are

more relaxed than in the CDM tester => CDM tester is worst

case

Sl 25
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Li Yipeng

Yipeng Li, born in 1980, male, master, senior engineer. Working
in SINOPEC Research Institute of Safety Engineering from 2007, mainly
engaged in electrostatic safety work from then on. He has undertaken 6
technical and research projects on the level of SINOPEC and participated in
1 national science and technology supporting project. More than 10 papers
have been published in various magazines. Two patents for inventions have

been accessed.
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gll rief Introduction of the Content]

Part I Electrostatic Risk and
Protection of Powder
Part Il Electrostatic Risk and

Protection of Qils

|

2

[Part I Electrostatic Risk and Protection of Powder

Polyolefin is a polymer of olefin,
including polyethylene,

polypropylene, etc.

Features:

% Low density

¥ Stable physical and chemical
property

» Good processing characteristics
¥ Environment-friendly, energy
saving

* Low price

| ®

e

1. Polyolefin powder blown by air with electricity
» Friction of powder
¥ Friction and collision between powder and
pipeline
> Particle fragmentation of powder

2. Flammable gas such as ethylene,
propylene, hydrogen remained during the
production and transportation of polyolefin
(volume fraction 0.1%-0.5%) forms
coupling system (mixed powder) with
polyethylene and polypropylene powder, of
‘which MIEy is low.

Minimum ignition energy of mixed powder MIE

M,
MIE,

MIE, = MIE, (

MIE;: Minimum ignition energy of gas
MIE,: Minimum ignition energy of poveder
C: Conceniration of flanmable gas
Cp: Sensitivity concentration of ignited gas

Anti-static of polyolefin stock bin

¥ Preventive measures for electrostatic blast accident need to be taken in
polyolefin stock bin. Electrostatic discharge of this process is mainly caused
by powder, and the ambient air contains a large amount of olefin, so blast
accident caused by electrostatic discharge happens easily.

Video 1
Video 2
Video 3
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_g“w,.

68 polyolefin producti idents of 10 subsidiaries of Sinopec
| Number of accidents _P_!rrt_n_lqge:
[Total B 68 i 100 -
IPowder accidents caused by mixture of sas and powder a | o |
|accidents related to design 7 10
idents related to equi i 1 n |
IAccidents related to operation 18 26
[Accidents related to handling of unqualified materials 10 15
lothers 4 6

» The remaining flammable gas can form coupling system with polyethylene
and polypropylene powder, which enhances the risk of blast accident.

» From the statistics and classification of blast accident, flammable gas is the
main reason for explosion, accounting for approx. 90% of all accidents.

There may be electrostatic discharge in stock bin

sedeggar | | |
T F—— P PR e Ebmi utic
el frermsll it o an ]| el R e
Sweral hurdred R,
DS | Grteps (1mimd | ~limg  [EemSmed |t Condusction type i
emergy | = Wi ‘s dischange. " . x
iy
oy s (s e [t ey i
il o SR G et
Didaxy |wastineen | Froquem |Tems | e
froquency s t aats | FEM Listle
| b
T [t — et [ Cresging
maverial Lo 1 discharge
[Fidcrate | Nene S Mgy | Lo Maimam
The production of polyolefin must:

1. Control electricity carried by powder
2, Control concentration of flammable T

gas

|

2

Research on powder electrostatic monitoring technology in stock bin
The powder electrostatic monitoring system is designed based on the
principle of fixed - capacity Faraday cylinder. Materials are accessed
by extruding to main pipeline via bypass, and the amount of electricity
carried is tested. I 1
Cornget to

man pipe

Stodk bin electrostatic thraugh Dunge

monitering sydem diagram ‘Dwina
e v

Research on powder electrostatic eliminating technology in
stock bin
Unbalanced bipolar ion flow static mitigation technology, pesitive spray point
altemating with negative spray point, simplify the number controlled in order to

increase jet length of ion flow; The efficiency of static elimination reaches 90%.

Fad LI IR
?';«}%ln*é Phe
15 9 A
8 8

Fesitwe spray point altamating with &
negatiwe spray paint, positive and
negative voltage imposed at the
same time .

Static elimination of stock bin
/monitoring system diagram

| ®

e

Research on powder electrostatic eliminating technelogy in stock bin

Static elimination of stock bin /menitoring
system

Research on powder electrostatic eliminating technology

in stock bin
Mo
isfinmtan
Change-o-mass ratio
Pastive voltge Pressure Negaive woltage

] kPa
x| EEEE—
clssinason turt

Static elimination of stock bin /monitoring
software control system

Easy operation
Safe and reliable

Mansia

P
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Using effect Efficiency of static elimination > 90%, residual charge <0.1pckg

Using data of LLOPE, PR, PS stock bin
stanic chminatar of mn enterpnise

Using data of PE, PP stock bin sratic
elumnator of an enterprise

Research on stock bin reverse blowing degassing technology--control the
coneentration of flammable gas

velacity
[ 2.00
- 1.8
SRR

- 1.33

fk

2

Static protection technology of powder in polyolefin
stock bin

Install static eliminator at stock bin inlet Stock bin reverse blowing degassing technology

E B

Technology of electrostatic blast control in polyolefin stock bin

With the safety position of stock bin located, the technology could significantly
reduce the risk of electrostatic blast of stock bin by the reverse blowing degassing
system and the pipeline type ion wind static eliminator, and ensure safe operation of
polyolefin equipment.

Anti-static treatment of medal protrusion

| ®

e

Part I Electrostatic Risk
and Protection of Oils

1. Electrostatic hazard area of petrochemical enterprises

(1) Oil tank car platform

(2) Train platform

(3) Liquid gas tank car platform

(4) Flammable liquid and gas loading points in plan area

(5) Olefin loading platform

(6) Cleaning of containers such as oil tank

(7) Limited space work

(8) Sampling, scale measuring, temperature testing, water inspection, etc.
(9) Oil filter

(10) Oil loading and unloading of car

(11) Ship oil loading

(12) Oll injection point, such as guide valves and guide pipes in plant area
(13} Ol loading by plastic bucket

(14) Ol tank loading

{15) Oil stirring
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Oil tank sampling, scale measuring, temperature testing

9] il
|// T,

L_fj; S

Eoiw 00

Reformulated gasoline

Spray-type oil injection from the top

gk

(2

The material of filter (filter element) has high
electrification

Use plastic bucket as oil container

| ®

e

Use insulated pipe as oil container

PE pipe(1.5")

Ve

Hand pump

% KS525

Human-body electrostatic discharge
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2. Electrostatic accidents
Main reasons of electrostatic accident (petroleum product)

® Too fast oils speed

@ Work with oil containing water

® Oil tank sampling, scale measuring, temperature testing
@ Spray-type oil injection from the top

@ The material of filter (filter element) has high
electrification

@ Use plastic bucket as oil container

® No grounding to oil tank

® Use insulated pipe as oil container

o Tkhere are isolated conductor and medal protrusion in oil
tanl

@ Human-body electrostatic discharge, ete.

Electrostatic accidents of inter Moating roof tank

g (2

200806 {15F EHH 13:23:55

Cy—

ectrostatic accidents of cone roof storage tank Ethanol gasoline loading sccidents

RTC unloading
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"8.29" PetroChina diesel tank explosion accident in Dalian

On August 29, 2011, a diesel tank in storage md transportation workshop of Dalimn
Petrochemical Company exploded during oil collection. Bottom plate of tank was tom apart
and ignited, forming a flowing fire, which ignited other insulated layer of other tanks in the
same unit and generates flash explosion of little light component in diesel. The open fire was
put out after three hours and twenty-three minutes of fighting

|

» The floating tray dropped, leading to direct contact of liquid level under the
floating tray with air, and providing oxygen for flash explosion.

» The maximum instant flow speed at inlet be exceeded 4.3mvs, forming
spray-type oil-taking.

¥ There may be medal floating objeets in the liquid level (e.g. dropped buoy).

% (2

Suggestions
¥ It is forbidden to operate when the floating tray drops
¥ Cable in fire bank of tank farm should be embedded underground
¥ Block off pipeline passing through walls, close water drainage system in tank
farm timely
» Standardize the arrangement of process pipeline system in tank farm
% Implement design specification strictly, improve fire-fight spraying facilities

% Control and optimize process operating conditions strictly

% Enhance safety design requirements
¥ Strengthen the inspection of lightning and static protection device in oil tank
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3. Static elimination methods of oils

B Tanks and pipelines are grounded well, and the grounding

Electrostatic grounding resistance should be less than 1MIS2.
reRtoatiol @ Keep the liquid mixing proportion when many phases are mixe
B Contral flow rate of oils as appropriate.

Use medal pipeline with good grounding property.

Fipeline with gnod electrical canductivi
E & e Use nonmetallic pipeline with electrically conductive function.

ConocoPhillips diesel tank accidents
Use antistatic additives

Add anti-static additives in oils with low conductivity.

¥ Initial flow rate is 2.3-3m/s;

» Two static guide wires of the floating tray malfunctioned: Riclenkanic B SERE(Hher e o xelaent it LEie i uilas
¥ When Flll ,1”“ is close to the bottom of floating tray, a clearance for i W Tt ki
electrostatic discharge was formed. B Active static eliminator.

0D
B4
SINOPE

Thank you!
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W, RHERE R T B A, A A 2 R Dk
SRR ERARB SIS, SEEGE AR Z SRR
ARZE 514 (SAC/TC 319) Zbt, A[E LG M BR HEAL R ZR
e (SAC/TC323) BIFAEZER. EilFREERH ZARAR .
i REFRREARAT . FRRESSUHMEERA T EE
Ko E S E TR, B s LR ERER S I E
FAME RAT AR HES GB/T 24249-2009 (B HiE1# 414)) . GB/T
30131-2013 (Zidish IRERGFFEMERERIVEE FHTE) - FZ/T
80014-2012 (iEie IR MAEARMIE) « FZ/T 80013-2012 (iFid=RME 5 s KBk
W7E) « FZ/T 80012-2012 (= Ik3E sPANA %) - ZH5REHE KRR GB/T
25915.5-2010 (Vi = MAHRZAIZIAEE BT - 3I84T) « GB/T 26667-2011 Rt b k4 kE R
W)+ GB/T 30139-2013 LoV A LG MRl F BoRZE SR ) - GB/T 30142-2013 (P AY
EFEROT B BEROREM IR T77) o HETIEE B m SR EZKRES « GB/T (Ji8im #Frithae
IPEE FFHE) .
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Huang Jianhua

Huang Jianhua is chairman of Shanghai Electrostatic Protective
Industrial Association, director of Clean-room Technology Committee
of China Refrigeration and Air Conditioning Industry Association,
director of national clean-room and controlled environment for
Standardization Technical Committee ( SAC/TC 319) , and vice
chairman of electromagnetic shielding materials Standardization

Technical Committee (SAC/TC 323) .

He is chairman of Shanghai Chen Long International Trade Co.,
Ltd., Shanghai Chen Long Electrostatic Technology Co., Ltd. and Shanghai Chen Long textiles and
new materials Co., Ltd. Huang is also one of the first clean-room engineers and senior engineers on
anti-electrostatic. Huang presided and complied the national standard GB/T 24249-2009
“anti-electrostatic clean-room fabric”, GB/T 30131-2013 “evaluation of the electrostatic properties of
textile and apparel dressing method”, FZ/T 80014-2012 “general technical specification of clean-room
garment”, FZ/T 80013-2012 “testing method of easily fall off large particulate matter clean-room
garments”, FZ/T 80012-2012 “resistance testing methods of clean-room garments”. He involved in the
compilation of the national standard GB/T 25915.5-2010 “clean-room and controlled environments
associated, Part V: Run” and GB/T 26667-2011 “electromagnetic shielding material: terms”, GB/T
30139-2013 “shielding effectiveness test method of planar electromagnetic shielding material”. Now
he is presiding and compiling the national standard: GB/T “evaluation of the electrostatic properties of

textile and apparel: electrostatic decay method”.

242



Topic 11 #Z*E Huang Jianhua

T/ESD 001-2016 (EBF TG4 IR
BRI s

RTINS O

B
20164115178

igpEeEB Tilina

—-[ﬁ/ESD 001-2016 (FEFTAVFARFARENR ERRFEASE) ##

B #

— HER

=, SRhERERERRARCAITE

« PaERER IR ARER DML R Sy 2k
. BTFT IR R RNERER
. T/ESD 001-2016 HRAEMEA

H B

HiEiaE Tlke

T/ESD 001-2016 {F8F Tl FRSARERIR ERRSAMTE) B

— B8
¥ ITHETEERRSF RN R IRNERR |
¥ T DR B AR AR SR Ek

> AR ATT A0 EGT P  R S AN,

EEHELLE

T/ESD 001-2016 (FE+T L FARGARENR ERASAIE) Bk

. SRR R -
4, JIS T8118-2001 Working wears for preventing electrostatic
hazards

EREERF TR
5. GB12014-2009  FSEIR

6. GB/T 23316-2008  T{FRR PrprEltaSaonieris

7. FZ/T 80014-2012  i&$EIRE ERBALE

8, SyT11412-2010  BAEEEISST{EIRRAVIBEACE

9. GB/T 22042-2008 B DhESEMERS ORISR AR

10, GB/T 22043-2008 [RE- WrpeBithE IBRIZRHAYREIE ( EEFBME )

T/ESD 001-2016 (B FIIVAREREIR B ARE) 2

= SRR

1. ANSIESD 3TM2.1-2013  ESD Association Standard Test
Method for Protection of Electrostatic Discharge Susceptible
Ttems - Garments - Resistive Characterization

EERERR VAP IES Dbt 3 - B FRER T

2, IEC/TS 61340-4-2-2013 Standard test methods for specific
applications — Electrostatic properties of garments

SRR - R

3, IEC 61340-4-9-2010 Standard test methods for specific
applications — Garments

EHRERRTE- RS

. | tsmmatune

T/ESD 001-2016 {RFTIVAFRAIR EEEASE) ik

=. DRI IR

THRRIRSE EAURRER | BT FRBIFIRISUK A
EBLML | B SRS TR B RN ST IR
{ERT. iRIE ESTAT-Garments INEGIRE , B
STHEHRER CEEREIE = 2 SHE. B
HFEFRSEAE,

DEmHETIS




Topic 11 #Z*E Huang Jianhua

ﬁTﬁ/esw 001-2016 (FEFTIVFARGAIERR EBRSAITE) 2

=. DR AR 52

Canducton i

BOBHES ARAU=APEPES L

. | cammarune

T/ESD 001-2016 {Fa-F Tl FRGARFEIR ERSATNE)

M. HEF T AR AR A TSR

SBFTT P F=E TIER A BNERIAE (EPA)
FEN . HBNEE TR T S MR TR e
EFF R TR R M | AR R AR IR
RTEPAFFRBEUEITARF ( ESDS ) RIAMMERL ( HEM } R
TERRRMEEEL ( CDM ) BURPES IRBEVBIERE.

LS

_:]I:i/ESD 001-2016 {FEFTIFARFMENR BRAANRE) 6

A, T/ESD 001-2016 ¥RtEME

1 EE

AR T T I PR ORI, BIEtE.
B, mE. WA B B PRER

AR L A5 AR R AR R S A R R R
BUT{RER,

TR T R AR R,

. | Semmurine o

244

%ESD 001-2016 (FBRFTIFERHIER EREATE) 2

=, PR R 2
FfHeE T FIRARIE R R R AR A 3 o P =2
A
E=) 2R ARG
wEER | meEr

AN - Tl i
e g = =L [allE e LE R s

o & & 1 VLB M SD SRR i
WEFTA = f.:ird LIREMERE

% L) BEBBRRFELENTR| oo
PERERE = = it ERLIS T "

e fld R (IESI) BRE

B : FRFrERGBIRSEER GB 12014

T/ESD 001-2016 {FEFTIVFRHENR BREAME) 7

M. TR AR

EPAFRR R RBRR FTAY ES DA ©

1, EFEIRE S EIRETSEESDSTHE | R
COMEETMIRER,

2, A= SESDSEAEER (#FRURMTARAL ) T3 &AM
HBM 2RV,
Bt . BB Tk FERnARER AR ARER AR S AR
RBIEA R A i ( BEREAR)

[ | LsmwaTemna

—:{i/ESD 001-2016 (FEFTAFANARENR ERZEAE) &

F. T/ESD 001-2016 briENE
2, TR

T AR IRE E R TR | IR REE T
R R R T AR T —EE |, PR NEEAE
BORTEEER | IR AR Bt = R AT IR RO R, HPE
PR E R T
—— BT IRAEROS T A PR B A | LA
—— T R FRTRE ST A B SRR | SR
—— BT R AR S DA . ith
— IR R EAl | e,

EEuma Tl




Topic 11 #Z*E Huang Jianhua

ﬁTﬁ/esw 001-2016 (FEFTIVFARGAIERR EBRSAITE) 2

H. T/ESD 001-2016 #RtENE

EREE> =

31, —hprt

311, Hageqth

EAZSMERFFAGB 184010985,

312, JHIAEGIGE

IRESMIRIAERR. B, SR SR RS R R,
RSB IEEING, BT SRR, EEEE  GHER
5, SRR,

SEHIEMEE ¢ (12~14 ) £0/3 om ( B{UTERRESE=200g/m? ) , {14~16
) £1/3 om ( SRRTERAES < 200g/m? ),

. | cammarune

T/ESD 001-2016 {Fa-F Tl FRGARFEIR ERSATNE)

A, T/ESD 001-2016 343 :

32, fheafkE
SRS AR 2B,
$2 FRERMREEE
=
2 AT B &
sgrpm R/ | LOAP SR g 0ua0s 210x101
AR v <100 <500 <1000

%ESD 001-2016 (FBRFTIFERHIER EREATE) 2

F. T/ESD 001-2016 drAEME -

3.1.3, RTEEE
RoEiSmfaRIneER
F Rk

RxtasfkEs %
25
25
35
20
35

MEmE
ks
e

B
E
HERRIE

v | [ e

T/ESD 001-2016 {F-FITIAIERARIR BREEASE) ik

. T/ESD 001-2016 dRAeME

4, NI
AT R RR(T  BralEa l, —RER
T, B TR ERE N,

FAL EFRENSHRE

i BE/C AERGITEE /%
EEE 2343 12:3
—fEE 23+3 50+5

[ | LsmwaTemna

LS

_:]I:i/ESD 001-2016 {FEFTIFARFMENR BRAANRE) 6

A, T/ESD 001-2016 ¥RtEME

RS
BEAREFECB/T 8629- 2001(94ATERFEAIR, (HFEEEIEES
T | B ERRAREITeE,

HRATILIE

AFIRETESOC + S°C AR LD,

TGRS TR 24h,

TSR RGTRE | it A o ERE AT
M ARIEREERI R AT & ( SRS )

. | Semmurine [

245

—:Ii/ESD 001-2016 (FEFTAFANARENR ERZEAE) &

F. T/ESD 001-2016 briENE

5. RIGFREENGE
IR R T RS R TR
HEEERE , MERR ORENT TR A 2 SRR
—SHICHES TR | (GRS RSP

— AR CRRR R AT | IS R R S A RSN ET
HEREEITE

— SRR TP | R T iR N SO B R
B

— LR RS EEAC | SR  EER .

EEuma Tl




Topic 11 #Z*E Huang Jianhua

ﬁTﬁ/esw 001-2016 (FEFTIVFARGAIERR EBRSAITE) 2

H. T/ESD 001-2016 #RtENE

6, FRRISRRR RN Ak
Bl e iy Mmoo e e S e e

TEREE.

6.1, BEERE

6.1.1, JHEherB RN, BRSOV -2 2000V | MIEAERAME
F+5%,

6.2, FHAOMEFETFSE  FREEENL0x10°0-1.0x10%,
613, EEfrAEER  IREASEEHEED. MREREEY
BRI , BRRSFIH,

CEE L

T/ESD 001-2016 {27 TIFARGEREIR BRASATTE) Mk

A, T/ESD 001-2016 343 :

. | cemmeTumns

TR

REHETHELE !

LiEphEEE T hS

Stdeng 2 o Il Psocision

E:mail: 1366147428@¢q.com

246

%ESD 001-2016 (FRFTIFRRGBRER EREATE) 2

F. T/ESD 001-2016 drAEME -

6.2, EMNFER

TR TS | R EEE AR S e
Ja 2:h =N

6.21, FAEEetRAIIRER | FHRR SR, S,
6.22 GEAFEEHTIRG , ASHRIEIOITT , REEET
TR AT L.

bEmsE Ik

T/ESD 001-2016 {FaFTVFN#ReENR BRERAHE) 2

. T/ESD 001-2016 dRAeME

6.23, M A G S S AR AR LR A SR AT

6.24, HiRSEREEAA. B, C. DEEHERNIEA , FesEhallE
LNE , HHTEEEE0K , EEEERLINs,

6.25, FERIE | REETRE U MR R
BERBCEAIR O | S KRR AR B R RS TR
fUERBERS | 155+ 1s AR REE RO,

6.26, LIESENRAEE TSR,

AT




Topic 11 #Z*E Huang Jianhua

Interpretation of T/ESDO0O1 6

Static Control Garment for Electronic Industry

- General Technical Regulations

Huang Jianhua

Nev. 17, 2016

ottt aifost brdiitioad fhoossodion

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part I Background

¥ Rapid growth in the domestic static control
textile industry over the past ten years

¥ New requirements for static control garment

because of development in the microelectronic
industry

¥ Impact on industry and application because of
controversy over standards and test method

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part II Related Standards on Static Control Garment

JIS TB1B-2001 Wvorking wears for preventing electmstatic hazards
BB TR

(GB 12014-2008 Static protective clothing
AR

S

o

[}

GB/T 23316-2009  Anti-static requirement and test methods of
wiorking clothing

B T s T e T e

=)

FZ/T B0014-2012 Cleanmom garment-General technical regulations
SEFEIRE ERNIE

8. ST 11412-2010 General specification for antistatic and deanroom
d fabric
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Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Contents
Part I Background
Part II Related Standards on Static Control Garment

Part I Mechanisms and Classification of Static Control
Garment Electrostatic Discharge

Part IV Basic Requirements on Static Control Garment for
Electronic Industry

Part V Introduction of T/ESD 001-2016

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part I Related Standards on Static Control Garment

1. ANSIESD STM2.1-2013  ESD Association Standard Test Method
for Protection of Electrostatic Discharge Susceptible ltems - Garments -
Resistive Characterization

SRR AP ES Dt R T - B - PR

2. |ECITS 61340-4-2-2013  Standard test methods for specific
applications — Electrostatic properties of garments

ERHRERRTIE- IR

3. |IECB1340-4-8-2010 Standard test methods for specific
applications — Garments

TR R

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part M Mechanisms and Classification of Static
Control Garment Electrostatic Discharge
To eliminate static electricity on the garment, one

way is to apply agent to absorb moisture to neutralize
static electricity, the other way is to rely on the
conductive fiber woven in the fabric. According to the
report of ESTAT-Garments, there are three
mechanisms for static control garment dissipating
static electricity: conduction discharge, induction
discharge and corona discharge
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Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part I Mechanisms and Classification of Static
Control Garment Electrostatic Discharge

Interpretation of T/ESDOFL-2016  Static Control Garment for Electronic Industry
- General Technical Regulations
Part I Mechanisms and Classification of Static Control Garment
Electrostatic Discharge
Static control garmert: can be classified to the following three categories based on its application
ervironment and technical features.
Technical feature Typical
Catzgory | sisticcontiol | Cleanmess [ i applicatian
isquirement | requirement et nment
A Petraleu
Prewert satsty accident "
Flammatleand i chemicaland
; e Ha Caana caused by sled astatic
explasie s initiating
dischaige 1
industry explashie device
B Prevert damageta ESDS and
Condustion
Micmelactinnic s Ha interferercets EMFraissd sur
Inuctian
industry by slectrastatic dischaige
Pieventquality compramise
< Caiana ey
y caused by statkc 2lectiicity
Cleaniaam and Candustian
absarbing dust and patential | Medizal faod and
related e Yes Inductian
damage ta pinduct semicandustar
enntializd
(remiznnaucter) caussd by
snitnment
Attention: GB 12014 is not applicable to all static control garment

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part IV Basic Requirements on Static Control
Garment for Electronic Industry

In electronic factory, static contrel garment is worn
in EPA. Its purpose is to minimize the risk of damaging
SSD when electrostatic discharge happens in charged
garment by grounding discharge. Technical
requirements of garment depends on how sensitive
ESDS in EPA is to electrostatic discharge of HBM and
CDM

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part IV Basic Requirements on Static Control
Garment for Electronic Industry

ESD failure in EPA caused by charged garment
1. ESDS is charged from charged garment electrostatic field
induction and field-induction CMD electrostatic discharge.

2. Direct contact happens between charged garment (esp.
sleeve ) and ESDS and results in electrostatic discharge similar

1o HBM type.

So, indicators for static control garment performance
appraisal are:

System resistance and garment surface electrostatic
voltage ( triboelectric voltage }

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

1. Scope

The Standard specifies requirements on static control
garment used in electronic industry regarding functional
principles, technical index, test method, test rules, signs,

packaging, transporting and storing.

The Standard applies to garment preventing direct or
indirect damage to ESDS caused by electrostatic discharge.

The Stanclard is not applicable to gament used in

flammable and explosive environment

248

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations
Part V Introduction of T/ESD 001-2016

2. Functional principle

Static control garment for electronic industry normally is
made of antistatic fabric, making resistance between any two cut-
part is lower than a certain range through some special process.
Proper grounding point is set in the garment and potential static
electricity generated on the garment surface can be effectively
dissipated through grounding discharge. Effective grounding
methods include but not limited to:

——Through close contact betwesn the garment sleeve end and skin of the
grounding personnsl and realize indirect grounding

—Through direct contact between the garment fabric and skin of the
grounding personnel and realize indiredt grounding

— Through close contact between the garment fabric and grounding
antistatic chairs to realize indirect grounding

—Set grounding assembly on the garment and ground directly through

e Inddetniceh losootiion
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Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations
Part V Introduction of T/ESD 001-2016
3. Technical index
3.1. General material property
3.1.1. Basic safety perfarmance
Basic safety performance conforms to requirements of GB 18401,
3.1.2. Sewing quality in appearance
Garment appearance has no damage, stain, dirt or other flaw
affecting usage performance.
Each part of garment sewing line is straight, neat, smooth, flat  and
firm. From top to bottom, proper degree of tightness is required, no
skip stitch and broken stitch, back stitch is required on the first and
last stitch.
Stitch distance: { 12~14 } stitches/3 cm { unit area mass=200g/m2 ) ,

14~16 ) stitches/3 cm ( unit area mass < 200g/m?

u Shanghas Eloctrastali Pratiction Iidsatsial Mrsacialion

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

3.2. Static control performance
Static control performance conforms to requirements of table 2

Table 2 Static control performance index

it Index
Class A Class B Class €
Sytem | LOXIDE <R 2 " .
resistance /0 | 35x107 2101 #0xI0
T\:‘g“’:;;‘;‘,‘ 2100 2500 1000

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

Sample laundering

Laundering is done three times in accordance with 4A process
in GB/T 8629-2001. It should be indicated in the test report if
other laundering process and times is applied.

Sample pretreatment

Dry the sample in the drum 50°C+5°C for 1h.

Leave it in the test environment condition for 24h.

During the process of sample treatment and sample testing,
human factor interference to the sample should be avoided.
Eg.: Personnel should wear rubber gloves when touching
sample(or take other preventive measures)

FPEE b
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Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

3.1.3. Dimensional change rate
Dimensional change rate conforms to requirements of Table 1

Table 1 Dimensional change rate index

Test item Dimensional change rate %
Collar =-25
Chest width =-25
Back length =-3.5
Waist width 2 -20
Trousers length =3

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

4. Test environment
Conditions of test environment is divided to benchmark

condition and average condition. See detail parameters in Table
Al MNormally test result of benchmark condi

representative.

Table A1l Detailed parameters of test environment

Condition Temperaturs/ °C Relative Humidity/ %
Benchmark condition 233 12:3
Average condition 2343 50+5

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

5. Test method for system resistance

By connecting garment grounding point and a random point
on the garment surface through two electrodes, applying
direct current on the electrodes, to test resistance between
garment surface random point and grounding point.

—When sleeve end is the grounding point, put the electrads on the
inner surface of the sleeve end.

—When fabric of the garment is the grounding point, put the
electrode on the place where fabric and personnel skin contact directly
—When garment hem is the grounding point, put the electrods on
the place where garment hem and esd chairs contact

—When special grounding assembly is set on the garment, connect

the testing line to the assembly directly,
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Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016
6. Test mathod for testing triboelectric voltage
After applying specified friction on the garment surface, use non-
contact voltage meter to test the value of its triboelectric voltage.
6.1. Device and apparatus
6.1.1. Non-contact voltage meter. Test range 0V~+2000V and test
accuracy is not lower than £5%.
61.2, Grounding ESD work table. System resistance
1.0x10%Q~1.0x105).
6.1.3. Rubbing cloth is pure cotton cloth. Conditioning should be

done together with sample before test. It should be indicated in

the report if cloth of other material is used.
. Shsanghai Cleredaliladletin Indidtaiscl flososiation

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

Thank you for listening

Your comment is welcome!

Shanglor ElitrotaticProtective lndoatoind Mrrociation

E:mail: 1366147428@¢q.com
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Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

6.2. Test process

After applying specified friction on the garment surface, use
non-contact voltage meter to test the value of its triboelectric
voltage

6.2.1. Ground the non-contact voltage meter, adjust it to zero
according to the manual before use.

6.22. Mark the sample according to the sketch, unzipper or
unbutton it, place it flat on the ESD work table with its inner

surface facing down

Interpretation of T/ESD001-2016 Static Control Garment for
Electronic Industry - General Technical Regulations

Part V Introduction of T/ESD 001-2016

6.2.3. Tester should wear proper static control garment to
prevent interference to the test result.

6.24, Select A, B, C, D part on the gamment surface as testing
points, apply . handheld rubber cloth and rub 20 time in a single
direction with proper strength. Rubbing speed is 1 time/s.

6.2.5. When rubbing is done, quickly aim the adjusted non-
contact voltage meter to the center of rubbed area on the
garment. Pay attention to the requirement specified in the
manual on distance kept between probe and the tested part.
read the max voltage and record in 15s+1s.

6.2.6. Take maximum values as the final test results.
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30 Defu Liu

Ltd.

Email:englishsales88@bntree.cn
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Tel: 852-207-1536
31 Solomon Systech Limited Tsz Kit Alex Ng Email:alexng@solomon-systech.co
m
National Institute of . Tel: 81-55-926-5811
32 Takayoshi Ohtsu . .
Technology, Numazu College Email:ohtsu@numazu-ct.ac.jp
Shenzhen Best-Resource ) Email:pengjinyun@esd-resource.co
33 i Jinyun Peng
Counseling Co Ltd m
34 L.Con Tech 1 - onal 1 Jetrv Ri Tel: 632-553-3915
-Con fech International Inc. erry ®iveta Email:jerry.rivera@icontechph.com
15 Finisar C . Teffrev Salish Tel: 214-509-2872
Inisar Corporation cHiey Salisbuty Email:jeffrey.salisbury@finisar.com
Shenzhen ISO ESD Processing Tel: 86-755-2744-7516
36 Frank Shaw . L
Co., Ltd. Email:admin@jisoesd.com
37 - s Worksh Amold Stei Tel: 510-205-9003
ectronics Workshop rold Steinman Email:arnie0305@gmail.com
38 Amazon Kun Tang Email:oscart@amazon.com
Micron Semiconductor (Xi'an) ) ) )
39 Jie Yang Email:alanyang@micron.com
Co., Ltyd.
Semiconductor Manufacturing ) ) )
40 . . Maotian Zhang Email:zhangmaotian@yeah.net
International Corporation
Tel: 86-10-6787-9977
41 Qorvo Yalong Zhang

Email:yalong.zhang@qorvo.com
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ESD Technology Consulting & Tel: 86-0755-259-00815
42 ] ) Albert Kow .
Licensing Co. Ltd Email:albertkow@takoesd.com
43 Polvonics. 1 Eric Zh Tel: 86-136-0258-252
olyonies, ne. re zhod Email:eric.zhou@polyonics.com
44 Shezhen Btree Industrial Co., Mandy P Tel: 86-755-865-795-78
Ltd. andy Feng Email:englishsales88@bntree.cn
Winifred International . .
45 Steve Kuo Email:stevekuo@winifred-hk.com
Technology
Winifred International
46 Leo Xue
Technology
4 | p i Associ LLC N Hansel St Vies Presdi Tel: 512-441-1435
angelmayer Associates, inger Hanse r. Vice Presdient Email:Hansel. ESDA@me.com
48 UAES Qing Song Email:qing.song@uaes.com
Flextronics Manufacturing . .
49 ] Kathy Ma Email:kathy. ma@flextronics.com
(Zhuhai) Co., Ltd.
50 Finisar Australia Jon Kyaw Soe Tel: .61412899925 .
Email: jon.soe@finisar.com
Infineon Technologies (Wuxi) Tel: 86-18-168-978088
51 Frank Sun o .
Co., Ltd. Email: guilin.sun@infineon.com
52 UAES Chen Xiaobo Tel: 86-18-066-907298

Email: ging.song@uaes.com
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Attendees from China side/* 754 N\ i
Institute of Public Security
Standardization, China
. .0 Guo Dehua Researcher
53 National Institute of li , e Email: guodh@cnis.gov.cn
Standardization LIRS W5t A
rh AR AT TR
China Academy of Space Fan Yanpin Vice-Minister
54 Technology (CAST) e ping /Researcher
o 5% LA B T i B/ 51 52
Beijing Orient Institute of Xu Siwei President
55 Measurement and Test e K
ALt 2207 T R T e
Beijing Orient Institute of Su Xinguang Vice-President
56 Measurement and Test S a5l
. N JIHETD =
AL AR T v BT 7 BT "
Beijing Orient Institute of Ma Zhiyi Researcher
57 Measurement and Test T HH B
o Sy LB —J o 7 JAJ
AR TR B 5T 8 v
Shaanxi Provincial Office of
58 Science and Technology for Yang Yuping Chief Engineer
National Defense (7R SRR
Bevtizg E R R T A A =
Academy of Space Electronic
59 Information Technology Li Jun President
S S P T AS A 2y 1/
e 6 %% I A 90 P 54 > Fric
b
i’an M hemist
Xi'an Modern C .emls v Lu Dianlin Vice-President
60 Research Institute o B K Al
3, Y A1) > Ba
VG 22 3 A A 2 AT 55 P
Xi’an Modern Chemistry Zh Gao Chief
an .
61 Research Institute giﬁg;'?: Engineer/Researcher
VPG 22 ARG 2RI 5T S TREI/BIE T 57
China Academy of Space . Director
Wang Zh .
62 Technology (CAST) ang N yong Senior Engineer
o [ 5 AR £ BRI T
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Xi'an Institute of Space Radio S Minister/Senior
Cai Aning )
63 Technology s Engineer
N . [ 7 N
V8 22 7% 1] To 2 P BRI 52 K/ L
Beijing Orient Institute of Yan Ming Director
64 Measurement and Test g e
e 25 R ST +
Beijing Orient Institute of Ji Qizhen Director Tel:86-10-6811-2011
g . .
65 Measurement and Test - Senior Engineer Fax:86-10-6811-2054
JE R R T vE BT 7T FHE K= 2% T AR M Email:jiqizheng790308@sina.com
Beijing Orient Institute of Gao Zhiliang Deputy-Director Tel:86-10-6811-2047
66 Measurement and Test . Senior Engineer Fax:86-10-6811-2054
AL 5 R 77 - I 5 i e kb K2 TR | Email:gzl5 14cast@]126.com
Beijing Orient Institute of Yuan Yafei Senior Engineer Tel:86-10-6811-2048
67 Measurement and Test N o TR Fax: 86-10-6811-2054
b5 2577 L U 9T A LR Email:15313138496@126.com
Electrostatic and
68 Electromagnetic Protection Wei Guanghui Professor
Institute O e
e 5 BB B 4t ST
Electrostatic and Director
Elect tic Protecti Hu Xiaofen . _
69 e roma}irslgtﬁ:te rotection " g Associate Professor Tel'93 11-87992012
BH/NEE LB 2 Email: snowfox2270@163.com
5 WL R4 AL
Electrostatic and
0 Electromagnetic Protection Wei Ming Professor
7 Institute B ] Y7
i L 5 B BT 4P B P
71 Shanghai Maritime University Sun Keping Professor Email: k @shmtu.ed
. . B mail: kpsun@shmtu.edu.cn
JE TSN IR e ’
Petrochina Pipeline R&D Liu Bi Senior Engineer/Vice | Tel: 0316- 2175226
iu Bin ‘
72 Center . g Director Fax: 0316- 2175226
N X YK L Email kiliubi hi
oo B SR B S04 T/ mail: kjliubing@petrochina.com.cn
Beijing Institute of Labor . i
. . Yang Wenfeng Senior Engineer )
73 Sciences Protection o N Email: 972014489@qq.com
e L

AL 57 S RLA R W TP
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Beijing Orient Institute of Yang Ming Engineer Tel:86-10-6811-2048
74 Measurement and Test Vs TR Fax: 86-10-6811-2054
e R T7 v A 5T + Email:yangming@cast514.com
Beijing Orient Institute of Wen Yan Engincer Tel:86-10-6811-2013
75 Measurement and Test v TR Fax: 86-10-6811-2054
6 AR T vE T 7 ’ - Email:wenyan88415@126.com
Beijing Orient Institute of Lu Ziwei Engineer Tel:86-10-6811-2048
76 Measurement and Test T T Fax: 86-10-6811-2054
e AR T7 v AR 5T - Email:luziweiforever@]163.com
Beijing Orient Institute of He Jihao Engineer Tel:86-10-6811-2048
77 Measurement and Test o TR Fax: 86-10-6811-2054
T AT PR 5T P : Email:519921612@qq.com
Beijing Orient Institute of Wang Ruojue Engincer Tel:86-10-6811-2012
78 Measurement and Test T TR Fax: 86-10-6811-2054
A5 2R 7 v A 5 R - Email:ruojue@]163.com
Beijing Orient Institute of Xiao Jingbo Engineer Tel:86-10-6811-2016
79 Measurement and Test e TR Fax: 86-10-6811-2054
6B AR T vH T 7 S - Email:evolutioncx@qq.com
Beijing Orient Institute of Luo Jie Engineer Tel:86-10-6811-2048
80 Measurement and Test ik TR Fax: 86-10-6811-2054
AEHZR I TR U * Email:749249808@qq.com
Beijing Orient Institute of iane Meiii .
81 Measurement and Test Jlan%g%;:ﬁe Sui;r:sor gel:8§él ?(—)62337;92’;517568
SRR, ax: 86-10- -
AL AR 7 R B 5T :
Beijing Orient Institute of Liu Man Finance
82 Measurement and Test a8 4% Tel:86-10-6837-9009
L5 A T7 R IRBE T - o7
Beijing Satellite Environment Wu Da Direct
u Dajun irector
83 | Engineering Research Institute o jijﬁ Hh K Fax:010-68746751
. 2 x
U LRSS TR ST
Beijing Satellite Environment ) )
] . . Zhou Laqin Engineer
84 | Engineering Research Institute o s 52 TR Fax: 010-68746751
NN H 7 +*
JE5 R ER S LA 50 "
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Beijing Satellite Environment B )
s . . Shao Lijuan Engineer
85 Engineering Research Institute o o Fax: 010-68746751
s e AL TR
JE BB TRERT T T
Beijing Institute of Space
26 Machinery and Electricity Zhou Jiarun Deputy Director
(BISME) IEERE] EIPGES
AEHUAE RILH AT TP
Beijing Institute of Space
g7 Machinery and Electricity Jin Zhanlei Senior Engineer
(BISME) i L
AEHUAE R TP
Beijing Institute of Space
Machinery and Electricity Dai Liqun Engineer
88 o Email:dailiqun508@sina.com
(BISME) LIRS LRI a @
AL B AL TP
Space star technology Co., . i
Gao Ying Supervisor
89 LTD - e Tel: 010-68378465
I, =1 E B
FR T R PR A
Beijing Institute of Control Enei
. . Fang Huachao ngineer
90 Engineering (BICE) 7gi o Iiu I Email: chao2200@126.com
S N i I
B s AR 5T T
Telecom Satellite, CAST .
s Tt e v Xie Hua Senior Engineer Tel: 68746755
91 | rhE A [RIBCARH Fe e i £ 1L " Y, Fax: 68744601
B LES RE SR Email: Mervin_xie@sina.com
9 China Standardization Press Ye Xin Supervisor
o bR AL A S A Bt B
93 China Standardization Press Sun Xiaoli Journalist
o [ AR AEAL A B A FNGEAT. wH
China's Electronic Instrument
Industry Association o
. i . Tan Huixin Secretary General . )
94 Anti-static Equipment Branch g K Email: thx01@sina.com
N S VRSB P
o [ A AR AT ML B 2 B
RS =
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China's Electronic Instrument
Industry Association i Deputy
. . . Zhuang Zairong
95 Anti-static Equipment Branch . Secretary- General
v BE 4 > BUR EIET &
o [ FL A AR AT L B B ZIPIISERS
iR S
Shanghai Electrostatic
96 Protective Industrial Sun Juntong Secretary-General
Association FNE[H PSRN
Notis20iT eI AT B
Shanghai Electrostatic Deput
epu .
Protective Industrial Gu Genliang i Tel: 021-65367650
97 o . Secretary-General Fax: 021-65369757
Association PR Ef Email: gugenliang1951@163.com
Notis2iT eI AT S
Xi’an Modern Chemistry L . .
. Wang Jiabin Senior Engineer
98 Research Institute Tt s
T AR AL 2T 5057 "
Xi’an Modern Chemistry . . .
. Su Pengfei Senior Engineer
99 Research Institute . .
DA I T
PO ZZAEARAL A T
Sichuan Aerospace
100 Measurement and Test Yang Feng Director
Research Institute 7L F1E
V)T R kIR 7 i
Shanghai Aerospace . . .
) Zhang Ming Senior Engineer Tel:021-69058273
101 Electronics Co., Ltd. N
o i i = Fax:021-69950333
EHEHIR BT AR A
Beijing Yuxiang Electronics ) .
102 Co.. Ltd Zheng Yuanyue Senior Engineer Fax:64320432-8082
Gl AR ET Email: 13611243607@163.com
e T A BR A A
Shandong Diandun Science
and Technology Holdings Co., Pan Shaoyun General Manager Tel: 0533-6227500
103 .
Ltd W&~ sz Email: 1219178793@qq.com
L 2 FL i R AR A BR 22 )
Shanghai Pousto Electronic
104 Engineering Co., Ltd. Zhu Xuemei Director of Marketing
SRR T TREARA KM QIEZPcN

5
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Shanghai Pousto Electronic
105 Engineering Co., Ltd. Zuo Lian Sales Manager
AR TR R A paspu s
]
Shanghai Pousto Electronic .
) . FulL Manager of Xi'an
106 Engineering Co., Ltd. uli Region
D Hy A =} IN =0
A R T LR R A & [ 65 [% I 2 5
]
Shanghai Pousto Electronic
107 Engineering Co., Ltd. Yan Ping Partner of Pousto
FIE AR T TREARA [FRE TR A TR A
]
YIYUAN Electronic
108 ol Lid Fan Hao Manager
chi no o‘gy Co., Lt . i
— I R PR 7
YIYUAN Electronic .
109 Technol Co.. Lid Zhai Jianbing Manager
Ei no o\gy 0., B s
— IR PR A ]
Beijing ProMax Technologies,
110 R ?X THERER | X Xiaoyong General Manager | Fax:010-88368342
nc o .
L J#E /N 7K th 435 Email:bjpromax@bjpromax.com
bt AR A R FT A R "
Shandong Zhongdian o
. ] Zhou Jianjun Manager Fax:010-68741197
CeramwSEO., Ltd e s Email:liwei38020517@263.net
L 2R o R B A PR ]
Shandong Zhongdi
o 0n.g onacian Liu Lin Manager
112 Ceramics Co., Ltd .
o bk s5
A< HL B A IR ]
Haojingeda (Beijing)
Technique Trading
113 Devel t Co. Ltd Wu Xiaoqin Manager
eveiopment -0. LI¢ s 25 Email:wxh2400@126.com
wakgis Aesd) B R ER A
PR 2> 7]
The 5™ Electronics Research
Institute of Ministry of
114 Industry and Information Hu Xiongfeng Deputy Director Fax: 020-87237185
Technology HH R Bl BT Email: huxf@ceprei.org
Tl ANE SAL R 28 Tt
FUPT
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BREETT

115

The 5™ Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA B A T 5 LT
T

Li Haizhu
U

Engineer

W]

Fax: 020-87237185
Email: lihz@ceprei.org

116

The 5™ Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA B A T 5 LT
T

Wei Wu
i

Senior Engineer

=

Fax: 020-87237185
Email: weiwu@ceprei.com

117

The 5™ Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA B A T 5 LT
T

Liang Xiaosi

s

Engineer

W]

Fax: 020-87237185
Email: rac-esd@163.com

118

The 5™ Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA BALHR B 58 1At
TP

Wang Youliang
TAHR

Engineer

Fax: 020-87237185
Email: ylwang85@163.com

119

The 5™ Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA BALHR B 58 1At
TP

Wang Hongxi
TitE

Engineer

LRE

Fax: 020-87237185

Email: wanghongxi@ceprei.com

120

The 5™ Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA BALHR B 58 1At
TP

Wang Zuotian

EX(ES

Senior Engineer

e 0 AR

Fax: 020-87237185

Email: HYYJS_4724@163.com

121

The 5" Electronics Research
Institute of Ministry of
Industry and Information
Technology
VA B AL 58 Tt
T

Zhang Mingyang
TR IEH

Engineer

TR

Fax: 020-87237185
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Chinese Academy of
122 Sciences Institute of Zhao Yan Senior Engineer
Electronics AT g LA
HRHSE BT
Chinese Academy of
123 Sciences Institute of Liu Hong Senior Engineer
Electronics Wiz g LA
HRHSE BT
Chinese Academy of
124 Sciences Institute of Ji Qilin Senior Engineer
Electronics THE K g LA
HRHSE BT
The Institute of Atmospheric
Physics, Chinese Academy of Lu Gaopeng Rresearcher ) ]
125 Sciences b2 R B Email:gaopenglu@gmail.com
o B B KA BT AL
Changchun Institute of
Optics,Fine Mehcanics and ) )
126 Physics,Chinese Academy of Zhang )_(Hl_leh Proce%ss Enimeer
Sciences Tk H TZIHm
TR LT
State Key Laboratory of
Transducer Technology,
127 Institute of Electronics, Xia Shanhong Researcher
Chinese Academy of Sciences B 5
Hh B B BT AR ST A
SRR A [ 28 B i S0 5
State Key Laboratory of
Transducer Technology,
128 Institute of Electronics, Peng Chunrong Associate Researcher
Chinese Academy of Sciences SRR LTI Al
Hh B B BT AR ST A
SRR A [ 28 B i S0 5
State Key Laboratory of
Transducer Technology,
129 Institute of Electronics, Yang Pengfei Doctor
Chinese Academy of Sciences VAN 25

Hh R R 27 B T SR T ST A%
IRBORI A [ X i SE IR
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State Key Laboratory of
Transducer Technology,
130 Institute of Electronics, Wen Xiaolong Doctor
Chinese Academy of Sciences & /N e [
o B R e B S T P A
RS N ISEEE O M et
Institute of Microelectronics, .
. . Ni Tao Research Assistant Tel: 010-82995976
131 | Chinese Academy of Sciences . Fax: 010-82995564
F [ ok 2 55 A e R S BT it Wit Email: nitao@ime.ac.cn
No. 713 Research Institute of
China Shipbuilding Industry . ) i
. Song Hui Senior Engineer
132 Corporatlon ﬁ_{%ﬁ ?:'_‘Q& I%D ul-_ﬁ
) X e =12 E
SRR e SR A
713 WL
No. 713 Research Institute of
China Shipbuilding Industry . ) )
133 c " Zhang Fumin Production Director
orporation oy
. EISYNAw A7 AR
Hh [ AR B AR B ] 5
713 W T
No. 713 Research Institute of
China Shipbuilding Industry . )
. Zhang Chao Electrical Engineer
134 Corporation ek TR
3 Pavil H 4\‘ 'EE
H E AN E AR A R 2R
713 WL
The 60™ Institute of the o )
135 G | Staff Shi Xiaohong Director of Process
eneral Sta
T e TEIK
SRR N BT
The 60" Institute of the ) )
136 G | Staff Zhu Bo Senior Engineer
eneral Sta . .
RSN e B2 AR
ISE L ST oy RUIVIWG i
The 60" Institute of the ) )
Zhu Zhenghu Senior Engineer
137 General Staff Sl e =5 TR
A} NN 2 Y 5] 2 =S
BBWBE AT -
The 60™ Institute of the ) ) ) )
138 G | Staff Shi Junyi Senior Engineer
eneral Sta .
FRI% R AL

ISE ¥ S yaR RV
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Guiyang Aviation Motor Co., ) ) )
139 Lid Tan Ling Senior Engineer
St BT LA PR 2 7] L FALLEIT
No. 716 Research Institute of
China Shipbuilding Industry ) .
140 Corporation Sun I‘:.ilj ie Seilor Enngneer
A T AR INEH) 2 AR
716 BT
No. 716 Research Institute of
China Shipbuilding Industry . .
. Sun Dongfeng Senior Engineer
141 Corporation IR 2 0 TR
h E AR LR AR S
716 BT
5706 Factory of Chinese
142 people's Liberation Army Qi Guangzhi Senior Engineer
T E N AR S 1B 0 7 FIE gk LA
T
5706" Factory of Chinese
143 people's Liberation Army Shi Lei Senior Engineer
T E N AR E SR 1B 0 7 I % 2 L AR
T
Beijing Space Flight Control . . . .
Li Hongjun Senior Engineer ) .
144 Center 477 - Email: chenlhj@sohu.com
Jesei R AT O A "
China Academy of Aerospace
145 Aerodynamics Li Wei Senior Engineer Fax:010-68741197
HhE R =SB TR AR A 25 4% =N Email:liwei38020517@?263.net
[
No. 8511 Institute of China
Aecrospace Science and ) .
Zhu Zhenghu Senior Engineer
146 Industry Group ST T Tel:13601224105
IR T4 8511 7T
Jit
No. 38 Research Institute of
China Electronics Technology i i
147 Group Corporation Wang Fengchi Quality Manager
TR Joi P R

v BT R SR A F A
38 WAL R
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No. 38 Research Institute of
s China Electronics Technology Li Zetao Senior Engineer
Group Corporation
T e ELE A 5 R R T AR
38 W FL
No. 38 Research Institute of
China Electronics Technology i i
. Wang Yong Senior Engineer
149 Group Corporation T o T AR
H ] F R A F 2R
38 W FL
No.29 Research Institute of
China Electronics Technology Li Yang Senior Engineer
150 Group Corporation 5 T
[ R R A F
aARTIVIE
China Academy of Aerospace
151 Aerodynamics Yang Xin Engineer Fax:01068742772
R TR 23 TR B I LZ178 AT Email:124789434@qq.com
B
Shanghai Institute .of Safety Ma Gangliang ];rilzirt?)id(:?t”le"etslttilﬁ/g Fax: 33390359
152 Production Science 1, e Department Email: magl@shaks.com.cn
L A B S ™ o B T
Beijing Acrospace Control Xue Fengju Senior Engineer
153 Instrument Research Institute " TR
TR ETRE | LR
Sichuan Institute of Space ) )
154 System Engineering Tian Jinfeng Senlo;Englneer
UK 5 TR S e o
155 Beijing Institute of Technology Chen Xi Professor Email: chenxi@bit.edu.cn
E[ ¢ NN o Hi%
156 Beijing Institute of Technology Li Pengfei Associate Professor Email: pfli@bit.cdu.cn
JeatE TR ZMS3E Bl #d%
157 Beijing Institute of Technology Tang Kai Postfioctoral Email: tangkai0205@163.com
b TR REHL Wt )E ' '

268




223K 4 ¥ [Attendee List

Seq. Organization Name Title Contact
No. BT AR i R% B TR
158 Zhejiang University Hu Tao M%s;rd]i?izgee Email:641607673@qq.com
WK 2 ke Wi
High. Vo{tage Technology Wei Lijing Editor . -
159 Editorial Department P i Email: weilijing@hve.ac.cn
(R EEOR) g
Ningchu (Shanghai) Intelligent Technical Vice Tel: 02180376928
160 Technology Co. Ltd Tan Ping President Fax: 02133683372
T R ERERHATIR ®r - Email: 13611807516@139.com
)
Changzhou American Flooring Li Ling General Manager Tel: 0519-85787912
161 Co., Ltd BN BATE Fax:.0519—85787912
W PN ZE 7 HURR AT TR A 7 Email: 1162364678@qq.com
Xi’an Factory, United
Automotive Electronics Co., . Product Quality
Song Qing . o
162 Ltd. N Engineer Email:qing.song@uaes.com
BEATE T AIRAR 7% IR = R TR
]
Xi’an Factory, United
Automotive Electronics Co., o
163 Ltd. L;jl” . SQEE 3 Email:hui.li3@uaes.com
BARERTARAR ma | PRI LFD
]
Xi’an Factory, United
Automotive Electronics Co., Chen Xiaobo Process Engineer
164 Ltd. . T T Email:xiaobo.chen@uaes.com
BERERTHRAR 76%
]
Shenzhen Danhua Plastic
165 Technology Co., Ltd Yu Wei Chairman Fax:0755-29946446
EINTTFHEIRRH A IR A 5t HEK Email:623177449@qq.com
)
Shenzhen Danhua Plastic
166 Technology Co., Ltd Chen Wen Chairman Secretary | Fax:0755-29946446
RO PR R A R 2 (/'8 H#Fb Email:1019237032@qq.com
)
o | SmheimereSene | mguna | G Mt | reorssomisg
Wik Jrzii Email:13714004008@163.com

ERYITT 5T AR BAT B2 7]
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Weichuangli Manufacturing System Quality
. Ma Jingjie .
168 (Zhuhai) Co., Ltd I gl Engineer Email: Kathy. Ma@flextronics.com
. ; A
DG (ki) AIRAH o ARG b LR
Shanghai Shadin,
. s s Lu Lanlan Sales Engineer Tel: 021-57757023
169 International Trade Co., Ltd - B TR Fax: 021-54252986
R E R 5 A TR A FIEE el Email: alice@sathonchina.com
Beijing Xinhuah Tradi
170 cymng H:: uahangyu frading Zheng Fang Chief of Operations Fax:57863072
ompany . .
N L A N Sxs Email:1732970273@qq.com
A RS 5 S B :
Xi'an Xidian High-Voltage
i Ma Li Head of Design
171 Switeh LLC I SR Email: maliang06@126.com
T 52 78 8 T A B AT L EaE
A
Shenzhen Zhongming Science
and Technology Development Hu Zhongwei Research and Tel: 0755-29461997
172 Co., Ltd. 1A Development Manager | Fax: 0755-29461361
YT RS TF R A R A © W 2 Email: huzhongwei@horb.com.cn
Al
Shenzhen Boruisi Consulting Tel: 0755-86182990
73 Service Co., Ltd Peng Jinyun Operation Manager | Fax: 0755-86183100
I B B S IR E IR Wl E Email:pengjinyun@esd-resource.co
N m
Shanghai Baijie Electrostatic XuMi Direct
u Min, irector < 021-
174 Detection Technology Center i~ g X Fax: .0.21 >8898195
. i o 1501 FAT Email: xm@esdtest.org
b Ar s A IR
Shanghai Chenlong
Electrostatic Technology Co., Wei Xiaobo General Manager Tel: 021-51035035
175 N o Fax: 021-58898195
Ltd AR g Email: Sharron@esdworld.com
bR S R A PR A F
Shanghai Huafei Electrostatic )
176 Protection Products Co., Ltd Su Hua General Manager l];el.%zz 11'55 ?3116677‘21152
e e . . N ax:021-
SRR B A TR s BEE Email: suhua@huafei-sc.com
N : :
Shanghai New-Era Technology Bi Gexiong General Manager Tel:32060161
177 Development Co., Ltd. bl AR Fax:62047075
N N A ENET -1,
ORI R R TR A T B Email:13801951041@139.com
Xiamen Xiangyukanghui
gyukang Li Youdong General Manager Tel:0592-7393150
178 Technology Co. Ltd e
A K- J=v23: Fax: 0592-5627506
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Xiamen Xiangyukanghui . Deputy General
179 Technology Co. Ltd Hu Wenmel Manager Tel:0592-7393150
‘ £y %0. e ianag Fax: 0592-5627506
I SRISREERA R AT P SEZs:E
Xiamen Xiangyukanghui
180 Technoloev Co. Ltd Wang Yuan Manager Tel:0592-7393150
‘ gy 0. FH 3 Fax: 0592-5627506
JZ I TR UGB R 7]
Nantong Shentong Purification
181 Fabrics Co., Ltd Sun Hu General Manager Tel: 0513-86315316
. s . el: -
I T HIE AL S A TR MR Mz
)
Huangshan Jiameiqi
1% Application Research Institute Wang Yifei Manager/ Director Tel: 0559-2524831
of Coatings F—k S/ Fax: 0559-2524931
OLESR A TR N BT 7T
Huangshan Jiameiqi
183 Application Research Institute Pan Chunyan House Officer Tel: 0559-2524831
of Coatings e N4 FAT Fax: 0559-2524931
UL EESE AT TRRL N I BIE 7E
Zhongdian Exhibition &
Information Communication )
Yang Xuemei Manager
134 Co., Ltd o sigm Fax:010-53216092
b 2R 1 A A IR - -
=
Zhongdian Exhibition &
Information Communication )
He Qionghua Manager
185 Co., Ltd L sigm Fax: 010-53216092
e 71 DR £
b 2R 1 A A IR g -
]
Vice-director of
Chinese Flight Test . Measurement
. Zhu Zuobin . .
186 Establishment Py Center/Senior Engineer
th AT IR R B } TR DRI 5
T
Chinese Flight Test i i i i
. Liu Hongmei Senior Engineer
187 Establishment . .
e AT e PUEAR S L
Hh R AT IR B S R
Chinese Flight Test ) )
. Wang Chao Senior Engineer
188 Establishment o
F i L

[ R AT S TR

271




223K 4 ¥ [Attendee List

Seq. Organization Name Title Contact
No. BT AR W R% Brég 75
Shandong Chambroad ) )
i Ma Xiaolong Security Officer .
189 Petrochemicals Co., Ltd. T e Email:544879333@qq.com
s = 2LE N
2R B A AL A PR A
Shandong Chambroad )
] ‘Wu Huanhuan Security Officer )
190 Petrochemicals Co., Ltd. o o Email:351443991@qq.com
R 24

AR A M AR A
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