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• Background

– Electronic hardware can be susceptible to corrosion or even creep corrosion in corrosive environments. Creep 

corrosion is the corrosion of metallization (generally copper and silver) and the migration of the corrosion product 

(typically copper and silver sulfides) across the printed circuit board (FR-4 and solder mask) surfaces. In environments 

high in sulfur-bearing gaseous contamination, the extent of creep corrosion may be so high as to electrically short 

circuit adjacent pads and traces, causing the circuit boards to malfunction. 

– To help eliminate creep corrosion, industry has initiated significant effort to better understand its cause and mitigation, 

including technical groups from ASHRAE, IPC, ISA and iNEMI. CDCC has been concerning the IT equipment 

corrosion under the operating environment of the data centers in China and conducted survey to investigate the status. 

– iNEMI had an experimental program using mixed-flowing gases (MFG) test studying creep corrosion during 2009-

2012. Then from 2013 iNEMI launched a study using flower of sulfur （FoS） test for creep corrosion. The goal is to 

provide the industry a simple and proven test to qualify PCB technologies.

– Appropriate operation environment for data and telecom center equipment need to be understood and communicated.

– In 2012, China Data Center Committee (CDCC) organized a workshop in Beijing discussing corrosion challenges to 

data center equipment when operating in a corrosive environment.  Where, the effect of relative humidity to corrosion 

was questioned. We expect in this 2017 workshop, some of the questions can be answered, and the stakeholders of 

data and telecom centers would have a better understanding of corrosion issue and future challenges. 
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DATA AND TELECOM CENTERS

• Purpose of the seminar

– Update the latest research and developments on electronic hardware corrosion 

and creep corrosion

– Share knowledge and experience, better understand the threshold to 

corrosion/creep corrosion

– Communicate the iNEMI flower of sulfur qualification test development and 

outcome, release of a guideline on the test set up and procedure

– Reach common understanding and consensus on corrosion challenges and 

appropriate operating environment for mission critical electronic equipment

• Expected attendees

– Data & telecom center customers and suppliers, researchers on metal corrosion

• Date and location

– 1 day event: 8:45-17:30, April 24, 2017, Monday (right before Nepcon East China)

– Language: English & Chinese

– Host: Dow Center, Shanghai, Pudong
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Preliminary Agenda
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8:45-9:15 Registration

9:15-9:20 Welcome from the host, Dow Chemical

9:20-10:00
Temperature & Humidity Requirements in The New GB50174 Standard, Jinghua Zhong, 

CDCC

10:00-10:40
Environmental Specifications and Accelerated Corrosion Testing For Ensuring 

Reliability of Electronic Products, Dr. Chen Xu, Nokia

10:40-10:55 Break

10:55-11:35 Corrosion of Electronic Hardware in Data Centers, Dr. PJ Singh, IBM

11:35-12:15
High Temperature and Anti-corrosion Server for Fresh Air Datacenter, Jason Jiang, 

Lenovo

12:15-13:30 Lunch

13:30-14:10
Preventing Corrosion of Electronic Components by Supply Chain Management, Chris 

Muller, Purafil

14:10-14:50 Accelerated Corrosion Verification Platform and Air Quality Monitoring, Dem Lee, iST

14:50-15:05 Break

15:05-16:30 iNEMI FoS Creep Corrosion Qualification Test Development, Dr. Haley Fu, iNEMI

16:45-17:30 Panel Discussion

17:30 Wrap up
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Jinghua Zhong
Researcher Level Senior Engineer, Chair

China Dater Center Committee (CDCC)

Jinghua Zhong is the Senior Engineer of Researcher Level, the Leader of CDCC, the Vice-

chairmen of Professional Information Communication Commission of CECS and the Chairman 

of Experts Technical Committee of CDCC, who has completed the following major projects, 

including ten national designs of large and medium-sized industrial and civil buildings of 

Shaanxi Xianyang Display Device Co., Ltd., CHIP Center of Ping An Insurance Company, 

Beijing Data Center of Centrin Data Systems, Data Center of Postal Service Bank of China, 

Intel R&D Center and Beijing Yintai Center, etc. He is the editor-in-chief of such national 

standards as "Code for Design of Electronic Information System Room", "Clean Environment 

Electrical Equipment Installation", "Design and Construction of the Electronic Information 

System Room Engineering" and "Standard for Testing of Electronic Information System Room 

Environment".

Temperature & Humidity Requirements to Data Centers in The 

New GB50174 Standard
The presentation will update the status of the China Data Center standard GB50174 

development, and introduce its requirements of temperature and humidity control. CDCC 

conducted a survey about the corrosion concerns in the data centers. The survey result will be 

communicated as well. 
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Dr. Chen Xu
Distinguished member of technical staff

Bell Labs Reliability Engineering

Nokia

Dr. Chen Xu is a Distinguished Member of Technical Staff with Nokia Bell Labs CTO. He has 

extensive experience in the fields of materials and corrosion science, reliability of 

telecommunication equipment, effect of environmental conditions on network performance and 

reliability. Chen Xu received his BS Degree in Chemistry from Tongji University in Shanghai, 

China and his Ph.D. in Physical Chemistry from Ruhr-University Bochum, Germany. He has 

contributed approximately 100 publications, 40 presentations, 3 book chapters, is the recipient 

of several awards and has 15 approved and pending patents. He has been a member of ACS, 

AVS, AESF and has participated in various AESF, iNEMI, HDPUG and IPC committee activities 

resolving industry-wide issues and developing standards.  

Environmental Specifications and Accelerated Corrosion Testing 

For Ensuring Reliability of Electronic Products

Environmental conditions (temperature, relative humidity, dust and corrosive gases) can have a 

significant impact on the reliability and performance of electronic equipment. This presentation will 

discuss industry standards and guidelines for environmental control for equipment deployment site and 

corrosion test methodology for ensuring reliability of electronic products in challenging environments.
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Dr Prabjit (PJ) Singh
Senior Technical Staff Member

Materials Engineering 

IBM Corporation

PJ Singh received a B. Tech. from the Indian Institute of Technology, a MS and Ph.D. from the 

Stevens Institute of Technology, all in the field of metallurgical engineering. Recently, he 

received a MS in micro-electronic manufacturing from RPI and a MS in electrical engineering 

from the National Technological University. He has worked in IBM on the metallurgical aspects 

of mainframe computers since 1979. He is an IBM Master Inventor.  He is active in ASHRAE 

and iNEMI. PJ is the chair of iNEMI project on Qualification Test Development for Creep 

Corrosion.

Corrosion of Electronic Hardware in Data Centers

The uptick in the corrosion-related hardware failure rates of mainframe computers in the mid to 

late 1990s was somewhat coincidental with the electronics industry effort to comply with the 

restriction of hazardous materials (RoHS) edict from the European Union and with the rapidly 

expanding markets in China and India.  The corrosion of surface mount resistor silver 

terminations and the copper creep corrosion on printed circuit boards were the two common 

modes of failures that motivated the development of techniques for monitoring and 

characterizing the data centers environments from a gaseous and particulate contamination 

point of view.  Surveys were conducted to determine the acceptable rates of copper and silver 

corrosion arising from gaseous contamination.  The role of particulate contamination on 

hardware reliability was determined by measuring its deliquescence relative humidity.  

Accelerated tests were developed to qualify surface mount resistors and printed circuit boards. 

The presentation will present and discuss the above topics including the hardware corrosion 

mitigation schemes in place today. 
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Guodong Jiang (Jason)
DCG fresh air DC solution architecture , senior manager

Hyperscale/DCG

Lenovo

Jason has more than 12 years working experience on reliability, mechanical design and structure 

simulation.  Master’s degree of material science and FEM. 

High Temperature and Anti-corrosion Server for Fresh Air Datacenter 

In order to improve data center power usage efficiency (DC PUE), reduce total cost of ownership 

(TCO), fresh air system is more and more applied in data centers. Creep corrosion is the most 

critical issue which threaten product reliability in high pollution area. In order to solve creep 

corrosion issue, Lenovo provides a total solution including product design, coating material and 

validation methodology for server product. Lenovo developed HTAC (high temperature anti-

corrosion) server product which is the 1st server to meet G3 level for fresh air datacenter in China. 

The presentation will introduce Lenovo’s research and development for such application based on 

iNEMI creep corrosion studies.
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Chris Muller
Technical Director

Global Mission Critical Technology Manager

Purafil, Inc.

Chris Muller has been responsible for Purafil’s data center business development program. He has written and 

spoken extensively on the subject of environmental air quality and the application and use of gas-phase air 

filtration, corrosion control and monitoring, electronic equipment reliability, and RoHS and counts over 120 articles 

and peer-reviewed papers, more than 100 seminars, and 7 handbooks to his credit. Mr. Muller has consulted on 

the development of environmental air quality guidelines for companies such as Dell, Google, HP, Huawei, IBM, 

and Morgan Stanley. He worked with the China Electronics Engineering Design Institute (CEEDI) to update China 

National Standard GB 50174-2008: Code for Design of Electronic Information System. He is Chair of the 

International Society of Automation (ISA) S71 committee on Environmental Conditions for Process Measurement 

and Control Systems. He led the effort to update Standard 71.04 on Airborne Contaminants to include silver 

corrosion rates for the determination of environmental severity levels due to changes in electronic equipment 

brought about by various “lead-free” manufacturing regulations. He is a voting member for ASHAE Technical 

Committee 9.9 – Mission Critical Facilities, Technology Spaces and Electronic Equipment and edited their 

handbook on Particulate and Gaseous Contamination in Datacom Environments. 

Preventing Corrosion of Electronic Components by Supply Chain Management

From the semiconductor manufacturing process to packaging of ICs to component assembly and finally to the 

finished product, there are many points along the supply chain where corrosion can form and the additive effects 

may or may not be detected by testing or manifest themselves before delivery to the end-user. Failures at this 

point may be due to the cumulative effect of numerous “micro-failures” generated throughout the supply chain. 

However, what has become more frequent are product failures resulting from exposure to elevated pollutant levels 

and inadequate environmental controls at the end-user’s locations. The end result is an operating environment 

that does not meet current manufacturers’ warranty requirements – requirements that have been put into place 

since the implementation of RoHS. We will present the case for environmental monitoring at various points along 

the supply chain and the addition of enhanced air cleaning for those locations that do not meet the air quality 

requirements of the finished devices. Data will be presented that highlight the need for air quality assessments of 

manufacturing facilities, where enhanced air cleaning is indicated, and the benefit of establishing an ongoing real-

time air monitoring program to assure compliance with air quality specifications and warranty requirements.
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Dem Lee
Assistant Technical Manager

Global Engineering Development Division

iST- Integrated Service Technology

Dem Lee is working in global engineering development division of Integrated Service

Technology Inc., Taiwan. Main responsibility is to develop the international project, including

iNEMI, IPC, ASHRAE, OCP, SMTA China and ASTRI to meet reliability requirement from the

industry. Besides, he is a technical committee member of IPC 3-11g, IPC 5-24Hcn, ASHRAE

TC 9.9 and 2.2, and 9th specification committee in Taiwan Printed Circuit Association (TPCA).

Currently, his research is on Accelerated Corrosion Verification Platform (ACVP) and Air Quality

Monitoring (AQM).

Accelerated Corrosion Verification Platform and Air Quality

Monitoring

In order to ensure the reliability of the electronics in severe environment, it is important to

evaluate the anti-corrosion capacity, especially for high-end electronics, including data/telecom

center, automotive and medical application. iST has developed and integrated an effective

Accelerated Corrosion Verification Platform (ACVP), including Mixed Flowing-Gas (MFG),

Flower of Sulfur (FoS), Coulometric Reduction (CR) and Failure/Material Analysis (FA/MA).

Besides, we can also measure the severity level of air quality in field environment by using the

Air Quality Monitoring (AQM). Introduced in this speech, ACVP and AQM could provided rapid,

cost-effective and accurate information for relevant material selection to prevent corrosion

failure occurrence, including Printed Circuit Board and it’s Assembly (PCB/PCBA), Resistor

Chip (R-Chip), Light-Emitting Diode (LED), Conformal Coating and so on. And also to simulate

long-term exposure at field environment through accelerated corrosion test methodology.
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Dr. Haley Fu
Managing Director for iNEMI Asia Pacific

iNEMI

Haley Fu has been with iNEMI for nearly 10 years. She manages iNEMI operations and technical activities in Asia 

Pacific. Since 2009, she has been facilitating the iNEMI projects on creep corrosion. Haley is experienced in 

research & development in the electronics industry, working in areas such as environmentally preferred product 

development, surface-mounting technology, lead-free soldering and supply chain cost reduction.  Prior to joining 

iNEMI, she worked for Schneider Electric, Motorola and UTStarcom Telecom managing R&D teams and programs.  

Haley received her PhD in mechanical engineering from Shanghai Jiao Tong University in 2000.

iNEMI FoS Creep Corrosion Qualification Test Development

The iNEMI project team on creep corrosion has developed a flowers-of-sulfur (FoS) based test that is sufficiently 

well developed for consideration as an industry standard qualification test for creep corrosion. he test chamber 

consisted of a 300-mm cube acrylic box placed in an oven. A bed of sulfur provided the corrosive sulfur vapors. 

The concentration of the sulfur was kept constant at a predefined value by maintaining the chamber at a constant 

temperature. The humidity was maintained constant at a predefined value by selecting and using an appropriate 

saturated salt solution. Clorox™ solution was used to generate chlorine gas. 

This speech will introduce the test chamber design and key outputs from the iNEMI project team’s study. Including 

the findings about the impact of relative humidity to creep corrosion. The FoS chamber setup developed by this 

iNEMI project team allows the achievement of relative humidity as low as 15% in the presence of Clorox™ 

solution. The paper will report on the determination of a creep corrosion relative humidity dependence by testing 

ENIG, ImAg and OSP finished PCBs, soldered with organic acid and rosin fluxes, as a function of relative humidity 

from 15 to 81%.
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