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Motivation

Objectives

• PFAS (per- and polyfluoroalkyl substances) are widely used in electronic packaging

materials due to their unique properties, such as chemical and thermal stability, electrical

insulation, and moisture resistance. These characteristics can significantly enhance the

performance and durability of electronics, particularly in environments that demand

robust heat and chemical resistance.

• This paper focuses on evaluating the reliability and stability of non-PFAS electronic

packaging materials, specifically TIM and Underfill.

• In this study, we are following the JESD22-A113, which requires samples to be exposed

to both 60C60%RH and 85C85%RH for 168 hours duration, and JESD22-A101, which

specifies that samples should survive 85°C/85%RH conditions for over 1000 hours. In our

investigation, samples were exposed to 85°C/85%RH for over 2000 hours to evaluate

their reliability performance.

Test Vehicle

Summary and Conclusions
o Characterization of Thermal conductivity and weight loss at different aging

temperatures & high humidity exposure has been done to evaluate the material

degradation.

o The transient plane source method is employed to measure the thermal conductivity

of non-PFAs UFs and TIMs. For uncured samples, a modified transient plane source

method is used, while the Flex Transient Plane Source method is applied to cured

samples. The research investigates the evolution of thermal conductivity in TIMs

exposed to high temperature and humidity environments over a period of 2000

hours.

o At 85oC & 85%RH and 60oC & 60%RH, the degradation rate is not significant for

3 TIMs till 168 hours.

o At 85oC & 85%RH, the degradation rate is not significant for 3 TIMs up to 2200

hours.

o Curing effect decrease the thermal conductivity for TIMs. Thermal conductivity for

uncured samples (liquid) are higher than cured samples(solid).

o Sample weight continuously decrease from pristine to long term aging.

o Time Exponent Evolution for Arrhenius Equation is reported.
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Materials Properties 60C60%RH for Non-PFAS

Temperature and Humidity

Material and Sample Preparation

➢ Electronics may be located on-engine, on-transmission, on-wheel-well, or on-firewall an
be exposed to temperatures of -40C to +200C, high-humidity, in addition to road-shock
and vibration.

➢ There are technical gaps related to Non-PFAS materials using in high-temperature
packaging for automotive electronics.

Investigation Approach

Development of relationships between the semiconductor package-structure-material-

processing-performance and their impact on reliability and use-life in automotive

environments of wide temperature extremes

MTPS Result of uncured UF

Mathematical Principle

Cured and Uncured Non-PFAS TIMs

Material System Viscosity
Thermal 

Conductivity
(W/m-K)

Cure Profile

NP_TIM1 130000 5.2
125°C/ 30 mins 

+150°C/ 60 mins.

NP_TIM2 78000 3.5
125°C/ 30 mins 

+150°C/ 60 mins

P_TIM 3 66000 1.92 150°C/ 30 mins 
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85C85%RH for Non-PFAS

Arrhenius Equation

Curing Condition: 125°C/ 30 mins
+150°C/ 60 mins.

125°C/ 30 mins +150°C/ 60 mins
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, which can be used to estimate the activation energy 𝐸a

t: aging time

k=8.617×10−5eV/K

𝑇(𝐾) = 𝑇(℃) + 273.15

Thickness(inch) 0.11

Diameter(mm) 30

Thickness(mm) 3.5

Diameter(mm) 16
JESD22-A101

TIM1: Activation energy Ea = 

0.1091 eV

TIM2:Activation energy Ea = 

0.1580 eV

TIM3: Activation energy Ea

= 0.0004 eV

TIM1: Time exponent n for 
60C= 0.0513

TIM1: Time exponent n for 
85C= -0.0022

TIM2: Time exponent n for 85C= 0.0089

TIM2: Time exponent n for 60C= 0.0513

TIM3: Time exponent n for 85C = 0.0030

TIM3: Time exponent n for 60C = 0.0122
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