














the lower CTE together with the higher tensile 
strength make the sintered Ag layer a good choice to 
achieve higher power cycles than a solder joint. 
Although this has not a large impact on the over all 
module resistance it is worth to mention that the elec-
trical resistance of the silver layer is about 23 times 
better than the soldered layer. 

6.2 Sinter process and equipment 

First the silver paste is screen printed on the DBC 
substrate. Afterwards the dies are assembled with a 
pick and place equipment and the complete card is 
moved into the sinter press. The process time is simi-
lar to a vacuum solder process. A final washing proc-
ess – as in the flux assisted solder paste process – is 
not required. 
 
 
 
 
 
 
 

Fig. 17 REM image of a screen-printed Ag layer be-
fore and after pressure sintering with a connection in-
hibiting polished Si-wafer [12] 

The processed sintered layer has a thickness of 20µm 
and the flakes have a remaining porosity of approxi-
mately 15%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 18 Sintered 5”x7” Substrate with IGBTs, diodes, 
gate resistors and temperature sensors connected in a 
single process step 

SEMIKRON has developed a hydraulic press that can 
adjust specified pressures and temperatures. With this 
equipment complete 5”x7” DBC cards with various 
silicon chips can be processed in one step. Die sizes 
from 2mm2 to 600mm2 have been successfully proc-
essed. 
The process parameters of pressure, temperature and 
time are well controlled and verified, ready for high 
volume production. 

7  The solder-free module 

With the replacement of the solder layer by an Ag dif-
fusion sinter layer in the die attach, the design of a 
100% solder-free power module is completed. For two 
1200V modules of this family, the design process is 
terminated and the qualification process has started.  
The SKiM63 module is a sixpack configuration with 
300A current rating and the SKiM93 module is also a 
sixpack configuration with 450A rated current. Both 
modules are equipped with generation 4 IGBTs and 
CAL4 freewheeling diodes. All modules are produced 
with sinter technology [10]. 
Fig. 19 shows an explosion view of the final module 
design with all the technological features discussed 
above implemented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 19 Explosion view of the SKiM93 power mod-
ule – the first 100% solder-free sixpack power module  

The qualification program has already started, but fi-
nal results of the test program are not available today. 
A preliminary result of the first power cycling test on 
a SKiM63 module is depicted in Fig. 20. In this test, 
the centre phase leg of the sixpack module is cycled 
with a constant DC current of 209A. The heating time 



averages to 95s, while the cooling cycle lasts in the 
range of 60s. The module successfully survived al-
ready more than 25,000 cycles. The test will be con-
tinued.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 20 Preliminary result of the first power cycling 
test with a SKiM63 power module – test in progress. 

8 Conclusion 

The reliability of the classical module design will not 
suffice for many of the new evolving applications in 
power electronics. Therefore, a new architecture had 
to be developed, capable of meeting the high reliabil-
ity requirements of modern applications. 
A major limitation of power module lifetime is the sol-
der fatigue problem in the classical construction. It has 
been shown that the solder fatigue phenomenon is 
contributing to the end-of-life failure of power mod-
ules especially in the range of lower temperature 
swings, which are predominant in most applications 
[16]. 
The elimination of all solder interfaces requires the 
combination of several new technologies, each of 
them have been discussed in detail. Each new tech-
nology has a small advantage compared to the classi-
cal design. But the real progress lies in the combina-
tion of these technologies in a single architecture and 
the resulting synergy effects. 
The potential of implementing large size substrates in 
modules without base plate reduces the number of in-
terconnects required in solutions with several small 
size substrates on a base plate. The need for numerous 
pressure posts can beneficially be combined with the 
advantage of multi-contact pressure bus bar designs, 
which reduce the parasitic inductance to the optimum 
[17] and thus minimize the switching imbalance in 
highly paralleled modules. The application of springs 
adds an additional freedom of design in positioning 
the gate and auxiliary contacts exactly where they are 
best placed from the electrical point of view. Addi-
tionally, the substrate plating with a Ni/Au surface is 
not only a precondition for the Ag diffusion sinter 
process, but also increases the contact reliability of 
pressure and spring contacts. And finally, the imple-

mentation of the thermally high conductive Ag sinter 
interface is capable of reducing the unfavourable ef-
fect of the reduced chip thickness in modern chip de-
signs on the thermal overload capacity and therefore 
the short circuit capability. 
All these improvements were not in the centre of fo-
cus, when these new technologies were developed, but 
only surfaced when the technologies were combined. 
Therefore, the 100% solder-free module has a high 
potential to improve the electrical and the reliability 
performance of power modules considerably. 
The qualification results and the practical experience 
in real application have to reveal, if these high expec-
tations can be fulfilled. 
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