
Johan Hamelink, Sept 2019

Salland Engineering: Ag-sintering 
and its impact on power 

electronics.



Table of Content

I. Introduction

II. Sinter background

III. Performance and Reliability

IV.Electrical power

V. Trends in (automotive) power

VI.Conclusions



I. Introduction



II. Sinter background

Sintering is a (die) attach technology that unlike eg soldering is based on a low-

temperature diffusion process. One of the drivers for application used to be 

lead-free (Pb) die-attach, but recently the high (thermal) performance and 

reliability are the main drivers for its application, currently mainly in automotive 

power electronics. 

The technology has been described scientifically from the 1940’s onwards. The 

application in (power) electronics has been studied from the 1980’s onwards, 

which spurred material research and development in the 2000’s . From around 

2014 onwards the industrial use has been growing very fast. 



II. Sinter background
What are metallic nanoparticles and why are they used for sintering?

• Yang, C., C. P. Wong and M. M. F. Yuen (2013). "Printed electrically conductive composites: conductive filler 
designs and surface engineering." Journal of Materials Chemistry C 1(26): 4052-4069.

Gibbs-Thomson

• Solid-liquid interface 
energy

• Bulk heat of fusion, energy 
required for phase change
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II. Sinter background

What is the sintering process?

Diffusion Process
• Lattice diffusion within the particle

• Surface diffusion along the particle

• Through-lattice diffusion across the particle

• Grain boundary diffusion across the particle

• Yang, L., X. Gan, C. Xu, L. Lang, Z. Jian, S. Xiao, H. Deng, X. Li, Z. Tian and W. Hu (2019). "Molecular 
dynamics simulation of alloying during sintering of Li and Pb metallic nanoparticles." Computational 
Materials Science 156: 47-55.



II. Sinter background

Typical process parameters

For Ag sintering

 Pressure: 15 – 25 Mpa

 Temperature: 230 – 270 C

 Time: 60 – 90 seconds



II. Sinter background

Power

Reliability

Process time



III. Performance and reliability



III. Performance and reliability

The standard TO247 components were powered with 130A to 

reach 85°C delta T°C, during 15s and then to a 15s relaxation 

period. The double side sintered TO247 were summited to 

200A during 15s and then to a 15s relaxation period in order to 

achieve same 85°C delta T°C. Both components are subjected 

to a gate voltage of 20V. To evaluate a higher delta T°C, the 

double side sintering components were also summited to a 

15V gate voltage to dissipate more power and achieve 100°C. 

When submitted to 200A, the new components achieved Tj

max °C (maximum junction temperature) between 142 to 

145°C. The standard components achieved the same

temperature when summited to 130A.

Renesas TO-247 performance + ~50%



III. Performance and reliability

Renesas TO-247 reliability >12x !!



IV. Electrical power

GLOBAL ENERGY CONSUMPTION

Expected to double from ~500 Exajoules in 
2015 to ~1.000 Exajoules by 2100 with a shift 
in Energy Mix from ~20% to ~60% Electricity

GLOBAL POPULATION

Increased from 2,5Bn to 7,0Bn between 1950 
to 2015 and is expected to increase to 10Bn by 

2100.

TECHNOLOGICAL ADVANCES

First Electric Car was developed in 1828 by 
Ányos Jedlik. 

190 years later, Tesla presented the Model S 
with a range of ~600km

CLIMATE CHANGE

Paris Agreement (Dec 12th, 2015) aims to keep 
global temperature rise this century below 2oC 

above pre-industrial levels. 

“THE GREAT CONVERGENCE”



IV. Electrical power

COURTESY 
SHELL



V. Trends in (automotive) 
power

• Replace solder by sinter material: more performance, 

higher reliability

• Replace wire-bond by ribbon bond or clip: lower parasitic 

inductance and higher reliability

• Replace potting material by epoxy molding compound: 

better CTE match, higher thermal conductivity, higher 

reliability

• Improve geometry, especially for double-sided cooling

• Reduce form-factor to reduce cost



V. Trends in (automotive) 
power Existing trends



V. Trends in (automotive) 
power

• Scalable: easy to multiply 

power by using more 

units

• Economical: optimal cost 

(form-factor) and 

economy-of-scale for one 

solution

Pictures from internet: assessed July 29th 2019

Why 2 trends?



V. Trends in (automotive) 
power

Pictures from internet: assessed July 29th 2019

Most popular solution at present…



V. Trends in (automotive) 
power But…STPAK gets traction! …



V. Trends in (automotive) 
power 2nd level sintering

Sinter the package into the 

(inverter) housing.



V. Trends in (automotive) 
power New upcoming trend: embedded

Power embedded in ceramics (DBC)

Fraunhofer IISB

Power embedded in PCB (p2-pack) (a)

Schweizer Electronics AG



V. Trends in (automotive) 
power Spill-over to industry

“We expect to see a technology spill-over from automotive into industrial applications following the high 

demands and volumes from e-mobility. In other words, we expect the automotive segment to become the key 

driver for power module technology development going forward, but that the advances will spread to other 

segments with time. We are consistently working on transferring the latest technologies from automotive and 

applying them in industrial and renewable applications when it makes sense.”

Mette Nordstrom, Strategy, Marketing and Communication Director Danfoss.



VI. Conclusions
Summary

 Ag-sintering is a proven and accepted new technology that provides cost 

advantages, performance and reliability. 

 The electrification of cars is ramping up and is driving the development of 

new and advanced solutions in power electronics using Ag-sintering. 

 Innovations in the electrification of cars will in turn drive enabling solutions 

and reliability throughout the entire electronic supply chain



Contact us: info@boschman.nl or visit our website: www.Boschman.nl
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