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CONTENTTHYRISTORS

New Ways to Produce  
Fast Power Thyristors

The article covers new methods utilized at manufacturing of fast power thyristors by 
means of low-temperature junction of silicon chips with molybdenum discs by sintering of 
silver paste. This approach unites all advantages of free floating silicon and siluminium 

soldering technologies. This method makes it possible to produce fast thyristors with semi-
conductor chip diameter of 100mm and more. Moreover, devices have improved thermal 

cycling capacity, lower thermal resistance and advanced recovery characteristics.  

By Dmitri Titushkin, Alexey Surma and Anatoly Chernikov, PROTON-ELECTROTEX, Russia and  
Sergei Matyukhin, State Scientific Production University, Russia

Introduction
Traditional technologies of silicon wafer-thermal compensator junction 
do not comply with requirements for next-generation power semicon-
ductors. Nowadays, low temperature baking (sintering) technology 
is spreading widely in semiconductor production. This technology is 
actual for junction of semiconductor chip with molybdenum discs for 
power and high power thyristors and diodes, designed for switching 
currents in the range from thousands to hundreds of thousands amps, 
and having the silicon chip diameter of 50 – 150 mm [1, 5]. 
Our experience with use of sintering at manufacturing of single-crystal 
power thyristors and diodes proves other advantages of this technol-
ogy, including thermal cycling capacity improvement [3, 4], thermal 
resistance decrease [2, 3, 4], and surge current value increase [1]. 
Currently PROTON-ELECTROTEX masters manufacturing of power 
semiconductor devices by means of sintering. The article describes 
how characteristic of fast thyristors and diodes can be improved 
thanks to this technology. 

Technological options of silicon chip-molybdenum disc junction 
At present, there are two technologies utilized in manufacturing of 
power thyristors: alloying and free floating silicon technology. 
Alloying technology joins silicon chip with molybdenum thermal com-
pensator by use of vacuum soldering with aluminum-silicon alloys. 
This method   provides firm silicon chip-molybdenum disc junction 
with good cycling capacity and quite low thermal resistance. External 
installation force from the cathode side is required to secure thermal 
contact.   
However, since alloying is a high-temperature process (about 700C),  
thermomechanical stresses occur in Si-Mo packet because of differ-
ent thermal expansion coefficients of silicon and molybdenum. This 
issue becomes even more significant for joined discs of bigger linear 
dimensions (diameters). 
Another problem with alloying technology is active dissolving of 
surface layers of silicon chip. This issue is topical at manufacturing 
of fast-recovery devices as it is necessary to decrease the thickness 
of silicon chip and generated anode emitter in order to secure the 
required performance characteristics. Thickness decrease and fusion 
penetrations lead to dispersion of emitter layer injection rate resulting 
in uneven spread of anode current.     
Free floating silicon technology puts a semiconductor wafer with 
cathode and anode metallization between cathode and anode ther-
mal compensator of semiconductor device. Thanks to absence of 

soldered joint, there are only pressure thermal and electrical contacts 
between molybdenum thermal compensator and silicon wafer.
Pressure contact design’s advantage is absence of deformations 
and residual voltages that occur during soldering of silicon wafer with 
thermal compensator due to difference between linear expansion 
coefficients. This feature is extremely important for manufacturing of 
semiconductor elements with diameter of more than 80mm. Another 
important advantage of free floating silicon technology is that surface 
layers of silicon do not dissolve. 
The disadvantage of this method compared to soldered contact tech-
nology is higher thermal resistance from anode side. 
Also, in order to avoid shorting of control area and cathode, mounting 
force is not to be applied to control area of thyristor. So this force does 
not spread on the same area from the anode side of the element.      
As a result this may lead to issues with switching of high di/dt current 
pulse rise. This may also cause problems with low anode current 
operation of thyristors with auxiliary thyristor element securing control 
current of distributed control electrode (distributed gate) of main 
structure.
Non-soldering technology disadvantage described above is topical 
for power thyristors with semiconductor element of 80mm and more, 
as they need to have large and complex distribution area in order to 
provide required characteristics.  
Growing demand for thyristors with higher power density and longer 
lifetime is a market trend, especially for high-frequency applications 
requiring fast thyristors. 
That’s why the goal in manufacturing of fast power thyristors is to use 
the technology uniting advantages of soldered and free floating silicon 
approaches and narrowing down their disadvantages. This new tech-
nology needs to comply with following requirements:
- it needs to be applicable for large area elements;
- it needs to have low temperature of treatment process;
- it needs to have high electrical and thermal conductivities;
- its thermal cycling stability must be high.

Low temperature baking silver fine-dispersed layer technology (sinter-
ing) meets all these requirements.
On one hand, sintering technology provides firm junction with molyb-
denum disc and secures the element from partial dissolving of surface 
silicon layers. (Figure 1). 
On the other hand, sintering technology decreases residual thermo-
mechanical voltages and deformation profile on the semiconductor 
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element. Experiments proved for sintered semiconductor elements to 
have 2 times lower bending of semiconductor elements compared to 
parts produced with soldering technology.    

Improvement of fast high voltage thyristors’ characteristics 
Improvement of fast high voltage thyristors’ characteristics is shown 
by the example of TFI393-2500-28 thyristors (average current of 
2500A, repetitive forward and reverse voltages of 2800V). These 
parts have 100mm semiconductor element diameter. They were 
manufactured of silicon wafers of 120Ω*cm resistivity and 580μm 
thickness. Two batches of TFI393-2500-28 thyristors were manufac-
tured using different technologies of silicon chip-molybdenum thermal 
compensator joining. 

Relations of main characteristics (on-state voltage drop VTM, turn-off 
time tq, reverse recovery charge Qrr,) are shown on figures 2 and 3. 

Figures 2 and 3 showing that thyristors produced with sintering tech-
nology have better VTM – tq, Qrr ratios. Absence of anode emitter 
melting positively affects distribution of characteristics across thyristor 
element area.

Thus sintering technology helps making fast power thyristors with 
improved characteristics. (Figure 4).

Conclusion
Our experience with manufacturing of power single-crystal semicon-
ductor devices using low temperature sintering of silver paste proves 
that this technology can improve characteristics of fast diodes and 
thyristors. This technology decreases thermal resistance, turn-off time 
and reverse recovery charge of fast thyristors with 100mm semi-
conductor element diameter, decreasing on-state voltage drop and 
increasing root-mean-square current and on-state surge current in the 
same time.  
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Figure 1: No partial dissolving of silicon surface layers on the anode 
side

Figure 2: VTM - Qrr relation of TFI393-2500-28 thyristors

Figure 3: VTM - tq relation of TFI393-2500-28 thyristors

Figure 4: Relation of TFI393-2500-28 thyristor’s main characteristics
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