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1 Abstract

Today, electronic equipment has become a major part of everyday life and has emerged across the globe
and into various sectors where high concentration of corrosive gases is a concerning factor for failure-related
issues of electrical components due to atmospheric corrosion. As the performance of a device is rather
dependent on the circuitry, even the smallest degradation can affect the functionality of the device.
Therefore, it is necessary to gain a better understand of the mechanisms behind corrosion-induced failures
for electronics that are exposed to various gaseous pollutants in outdoor and indoor environments.

Over the years, the Battelle mixed flowing gas test has been widely used to simulate atmospheric
corrosion on electronics by exposing products to corrosive gasses (such as hydrogen sulfide, nitrogen
dioxide, chlorine, and sulfur dioxide) in a controlled environment. However, the specifications on the gas
concentrations levels have shown to be rather low (in the ppb range), particularly for certain regions
where modern-day concentrations are considerably higher. Moreover, long exposure time is also required
for such tests before any failure mechanisms are seen. Therefore, the aim of this project was to modify
and develop an accelerated test based on existing standards, such as ASTM mixed flowing gas (MFG)
and flowers-of sulfur (FoS) tests. In addition, the test had to simulate corrosive results as found similar to
those found in the field. This work includes detailed investigations of on SMD thick film resistors exposed
to sulfur-bearing gases, despite that it is well known that silver is often used as the inner electrode and is
highly sensitive to sulfur-containing gases, resulting in silver sulfide (Ag2S) formation. Samples include
both standard and anti-sulfur resistors, as well as coated resistors employed on a printed circuit board
assembly (PCBA) of an electronic product provided by Volvo. The PCBA device was specifically tested
to simulate similar results that were seen on the same failed PCBA device that was used in the field.

The results showed that the FoS test provided similar failure mode as seen after field use and more
accelerated than the MFG based test. As a result, the standard SMD resistors revealed Ag2S formation
at the typical corrosion failure sites after only a few days exposed to FoS, while the ant-sulfur resistors
remained robust and showed no significant signs of corrosion, even though the concentration of sulfur
gas is much higher than according to MFG test standard specifications. Furthermore, investigations of
conformal coated SMD resistors showed more corrosion than compared with uncoated resistors, suggesting
that the conformal coating does not protect the component from sulfur containing gases and may even
accelerate the corrosion process.

3


	Abstract
	Introduction
	Background and Theory
	Atmospheric Corrosive Gases
	Corrosion of Electronics
	Creep Corrosion
	Porous Gold-Plated Layers
	Sulfur Induced Corrosion on Silver Conductive Patterns
	Failure of Components

	Corrosive Environments for Electronics
	Monitoring Airborne Contaminants
	Silver and Its Sensitivity Towards Sulfur-Bearing Gases
	Silver and Sulfur Gas in Relation to Concentration, Temperature, and Relative Humidity

	Test Methods Used to Investigate Gaseous Corrosion of Electronics
	Mixed Flow Gas Testing
	Flowers-of-Sulfur Testing
	Comparison Between MFG and FoS Test Methods

	Gaseous Corrosion of SMD Resistors
	Fundamentals and Types of Resistors
	SMD Resistors
	Construction of Thick Film Resistor
	Thick Film Materials - Conductive Layer
	Thick Film Materials - Resistor Film
	Thick Film Materials - Substrates
	Soldering of Surface-Mounted Components
	Sulfur Induced Corrosion on Thick Film Resistors
	Thermal Stress of Mounted Resistors

	Remedies against Sulfur Corrosion of Electronics
	Conformal Coating
	Silver Palladium (AgPd) Alloy
	Improved Construction of Resistors


	Materials and Methods
	Test Samples
	H2S Gas Exposure
	Flowers-of-Sulfur (FoS)
	FoS at 60C
	FoS at 105C

	Thermal Stress and Subsequent FoS
	Evaluation and Analysis Procedure

	Results and Discussion
	As Received: Standard vs. Anti-Sulfur Resistors
	10 ppm H2S Testing
	FoS Test
	Standard Individual Resistors 
	Effect of Thermal Stress and FoS
	Anti-Sulfur Resistors
	Device with Conformal Coated PCBA


	Summary
	H2S vs FoS Testing
	Improved Structure of Anti-Sulfur Resistors 
	Influences on Sulfur Corrosion due to Thermal Effects
	Conformally Coated Resistors vs Uncoated Resistors

	Conclusion
	Future Perspective
	Appendix
	As-Received Cross-Sections
	10 ppm H2S Results
	FoS Results
	Thermal Stress and FoS Results
	Anit-Sulfur Resistors Exposed to FoS Results
	Results on Volvo PCBA Component Exposed to FoS
	Characteristic X-Rays of Elements
	Specifications for Celcorr Test PCB


