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1.  Introduction  

Today Solar and UPS applications demand modules with high power output, with reliable and compact 
design and with optimal thermal capabilities. These requirements are  met and exceeded by the SKiM® 4 
power m odules that use the SKiiP technology. SKiiP technology was first introduced by SEMIKRON in 1992 
with aim of eliminating solder joints: the first pre ssure -contact IGBT power module  with pressure -contact 

signal terminal s and no base plate.  
SKiM® 4 offers in the same package the NPC and TNPC three level configurations  

1.1  Features  

 

Figure  1 : SKiM® 4 (footprint = 106,5 x 123mm²)  
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Figure  2 : Electrical configuration of SKiM® 4 M LI (left) and TMLI (right)  

                           

SKiM® 4 modules feature a pressure -contact low -profile housing that boasts the following advantages:  

¶ Baseplate - less design  
¶ Spring contacts for auxiliary contacts   
¶ Separate AC, DC terminals  
¶ 17,5 mm main terminal height  
¶ High insulation degree (2,5kV AC 1min / 3kV DC 1s)  
¶ Complete product line covering a continuous current from 200A to 600A  

1.2  Customer advantages and benefits  

¶ Driver assembly;  
o Snap - in mounting with no additional wiring or connectors  
o Spring contacts do not require any additional soldering  

¶ High reliability:  

o The reliability performance  is confirmed by an extensive qua lification program consisting of  
17 different qualification and reliability tests performed for more than 10000h.  

o Reduce thermal stress due to the absence of baseplate  
¶ Low stray inductances thanks to symmetrical internal layout  

¶ Wide D BC area for better heatsink efficiency and, therefore, an effective cooling.  
¶ UL recognized  

 
Besides the aforementioned advantages the particular chipse t configuration chosen for the NPC (MLI) and 
TNPC (TMLI )  configurations helps the module to operate efficiently both as an inverter and as a rectifier.  

2.  Technical Details of SKiM® 4  

The SKiM® 4 module is designed as a highly reliable module that meets the dem ands of most UPS, solar 
and drive applications in terms of shock and vibration stability, as well as high temperature capability and 

service life.  
 
Conventional IGBT modules feature  a construction w here chips are soldered to a substrate and this 
substrate  is soldered to a base plate. These layers are characterized by different coefficients of thermal 
expansion (CTE) and when exposed to active and passive temperature cycling induce thermal stress in the 
silicone, ceramic, copper and baseplate. The SKiiP tec hnology avoids the use of the baseplate allowing a 

better match of materials and their CTEs and, as a consequence, reduces thermal stress and increases the 

reliability of the module.  
 
The NPC and TNPC configuration in the different current ranges are avail able in the same mechanical 
package. TNPC and NPC configurations have the same power terminal layout but different signal spring 
contact layout s.  

2.1  Mechanical and electrical design  

SKiM® 4 ( Figure  3) is based on the well -established SKiiP technology. This means the Al 2O3 DBC (direct 
bonded copper) substrate is  pressed directly onto the heat sink without the use of a base plate.  
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Figure  3 : Cross - sectional drawing of SKiM® 4  

 

The construction principle of the SKiM® 4 is quite simple:  
¶ The silicon chips are so ldered to the ceramic substrate  
¶ Chips are bonded with wires  
¶ Terminals are  soldered to t he ceramic substrate  
¶ Frame and substrate are asse mbl ed and filled with silicone gel  
¶ Finally  bridge element, spring pads and pressure element are assem bled to the substrate and 

frame  

Once the pressure  plate  is mounted to the heat sink it induces pressure on the spring pad whose aim is to 
uniformly distribu te the pressure on the below bri dge element. The bridge element , thanks to different 
contact points, transfers the pressure on the substrate ensuring a perfect contact between the substrate 
area underneath the chips and the heatsink .  

Figure  4 : Construction principle of SKiM® 4  
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Figure  5 : Bridge element with pressure points and substrate with contact points  

 

Figure  6 : SKiM® 4 mechanical layout  

 

Contact points  

Pressure points  



 

 

© by SEMIKRON  /  2017 -03 -14   /  Technical Explanation   /  SKiM4   MLI & TMLI                  Page 6/ 55  

Contact springs are used for all of the auxiliary contacts (gate, auxiliary emitter and temperature sensor). 
These spring contacts allow for solder - free connection of the driver PCB.  

2.2  Electrical behaviour  

In a high -power module with paralleled chips, the switching behavio ur and the resulting derating is 
important.  

2.2.1  Current distribution  

The current distribution between silicon chips is affected mainly by the parasitic stray inductances and the 

difference in these inductances between the chips. The  main design feature that influences these parasitic 
stray inductances is the layout of the chips on the substrate and hence the commutation behaviour  
between switches . 
 
If the DBC layout is not symmetric the commutation paths of the different currents hav e different parasitic 
inductances, leading to different currents, losses and, ultimately, temperatures in the different chips. To 
prevent individual chips from overheating, de - rating is necessary.  

 
The SKiM® 4 MLI and TMLI DBC layout is largely symmetric an d has symmetric i nductances in the current 
paths (Figure  7 and   
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Figure  9) . The commutation behaviour  across all chips is therefore very even and de - rating is not 
necessary.  
 

Figure  7 : SKiM® 4 MLI conduction paths for positive (left) and negative (right) output current  
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Figure  8 : MLI commutation loops and inductances  test set up  

T1

T2

T3

T4

D1

D2

D3

D4

D5

D6

DC- (5)

4

AC

(1 / 2)

1st Long LSCE2

L

O

A

D

DC+
3

T1

T2

T3

T4

D1

D2

D3

D4

D5

D6

DC- (4)

2nd Long LSCE2

L

O

A

D

DC+

AC

(1 / 2)

5

3

T1

T2

T3

T4

D1

D2

D3

D4

D5

D6

DC+

AC

(1 / 2)

1st Short LSCE1

L

O

A

D

DC- (3)

5

4

T1

T2

T3

T4

D1

D2

D3

D4

D5

D6

DC+

2nd Short LSCE1

L

O

A

D

3

DC-

(4)

AC

(1 / 2)

5

 

  

  



 

 

© by SEMIKRON  /  2017 -03 -14   /  Technical Explanation   /  SKiM4   MLI & TMLI                  Page 9/ 55  

Figure  9 : SKiM® 4 TMLI conduction paths for positive (left) and negative (right) output 
current  
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Figure  10 : SKiM® 4 TMLI commutation loops and inductances  test set up  
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The commutation inductances are split in three different values:  
 
LCE This is the commutation inductance in case a TNPC module is operated as 2 - level device  
  ( test set up for the measure  is shown in  Figure  10 ) . 
 

LsCE1 This is the commutation inductance of the 3 - level commutation in TNPC and the short  
  commutation in NPC  ( test set up for the measure is shown  in  Figure  8 and Figure  10 ) . Higher 
measured value is chosen for the datasheet value.  
 
LsCE2 This is the commutatio n inductance of the long commutation in NPC; it does not exist in  

  TNPC ( test set up for the measure is shown  see Figure  8) : Higher measured value is chosen for the  

datasheet value. In Table 1 datasheet values for some SKiM® 4&5 modules measured are shown  
 



 

 

© by SEMIKRON  /  2017 -03 -14   /  Technical Explanation   /  SKiM4   MLI & TMLI                  Page 11 / 55  

Table 1 : Commutation inductances of SKiM® 4& 5 TMLI / MLI  

              SKiM®  601 TMLI 12E4B  SKiM®  301 MLI 12E4  

LCE 40nH  -  

LsCE1 29 nH 22nH  

LsCE2 -  38nH  

              SKiM®  4 01 TMLI 12E4B  SKiM®  2 01 MLI 12E4  

LCE TBD -  

LsCE1 TBD TBD 

LsCE2 -  TBD 

              SKiM®  3 01 TMLI 12E4B   

LCE TBD  

LsCE1 TBD  

LsCE2 -   

 

2.2.2  Dynamic losses  

In 2014 SEMIKRON released new test measure set up to harmonize TMLI turn -on / turn off energy 
diagrams .   
For further details it is recommended to refer to [6] .  
Based on this harmoniza tion the following set up is def ined  

 

TNPC: Turn - on /  Turn - off energy   

 
1.  IGBT1  indicates without distinction T1 or T4 and Diode2  indicates without distinction D2 or D3  

2.  IGBT2  indicates without distinction T2 or T3 and Diode1  indicates without distinction D1 or D4  
 
In  the TNPC datasheet dynamic losses related to IGBT1 refers to the turn -on / turn -off condition reported 
in Figure 11  and dynamic losses related to IGBT2  refers to the turn -on /  turn -off condition reported in 
Figure 12 . 
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Figure 11 : TNPC: IGBT1 & Diode2 turn - on / - off energy  

T1

T4

D1

D4

T3 D2

T2D3

N

V
D

C
/2

V
D

C
/2

AC

T1

T4

D1

D4

T3

D3 T2

D2

N

V
D

C
/2

V
D

C
/2

AC

DC+ DC+

DC- DC-

IAC IAC

 

 

 

Figure 12 : TNPC: IGBT2 & Diode1 turn - on / - off energy  
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NPC: turn - on / - off energy  

In the NPC datasheets IGBT 1  indicates without distinction T1 or T4 and Diode 5  indicates without distinction 
D5 or D6 ( Figure 13 ) and IGBT 2  indicates without distinction T2 or T3and Diode 1  indicates without 

distinction D1 or D4 ( Figure 13 ).  
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Figure 13 : NPC: IGBT1 & Diode5 turn - on / - off energy  
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Figure 14 : NPC: IGBT2 & Diode1 turn - on / - off energy  
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2.3  Creepage and clearance distances  

All SKiM®  IGBT modules comply with the following creepage and clearance distances:  
¶ Grid  voltage  (line  to  line)  =  1000V rms  

          (for grounded delta configuration up to 2000m or TN grids up to  
            4000m)  

¶ Maximum DC link voltage = 150 0V 
¶ Basic isolation  
¶ Pollution degree 2  
¶ Comparative Tracking Index ñCTIò value 

o For the bridge (or pressure) element: > 400  
o For the white housing : = 175  
o For the pressure plate: = 600  

 
 

Table 2 : Creepage and clearance distances for SKiM®  

Creepage distance from main terminal to main terminal  Ó 14.6mm 

Clearance distance from main terminal to main terminal  Ó 8.1mm 

Creepage dis tance from any terminal to heat sink potential  Ó 21.0mm 

Clearance distance from any terminal to heatsink potential  Ó 21.0mm 

 
ñFrom terminal to terminalò means for main and auxiliary terminals between high-voltage potentials, not 

between terminals with small differences in voltage potential, e.g. gate and emitt er contacts (±20 V) or 
between the contacts of  the temperature sensor.  
 
The following sketches ( Figure  15 ) show the distances:  
 

Figure  15 : Creepage path from main terminal to main terminal (left) and clearance from main 

terminal to ground (right)  

         

Inside the h ousing the DBC substrate is coated with a silicone gel for electric isolation. The gel has an 
isolation capability  greater than 20kV/mm.  

2.4  Isolation measurement  

The specified isolation voltage is given in the data sheets. In the course of production, this isolation voltage 
is verified with a 100% test according to the DIN EN 50178 standard (VDE 0160).  
 
The isolation measurement is performed short circuiting all m ain and auxiliary terminals (including main, 
auxiliary emitter, gate and temperature sensor contacts) and measured versus the base plate.  
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2.5  Chip technologies  

SKiM® 4 MLI and TMLI use mainly three types of IGBTs:  
¶ 1700V IGBT4  Trench & Field Stop technology  

¶ 12 00V IGBT4  Trench & Field Stop technology  
¶ 650V IGBT4  Trench & Field Stop technology   
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2.6  Product portfolio and chipset  

 

Table 3 : SKiM® 4 MLI product portfolio and chipset  

 

 

Table 4 : SKiM® 4 TMLI product portfolio and chipset  
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2.7  Type designation system  

 
SKiM®  601  TMLI  12  E4  B 

¡ ¢ £ ¤ ¥ ¦ 
 

1.  SKiM® :  SEMIKRON integrated module  
2.  601:  600A nominal current, 1: solder ed chips  
3.  TMLI:  electrical configuration (MLI or TMLI)  
4.  Collector -emitter  voltage  class  of  IGBT1  and  Diode1  (TMLI)  or  all  switches  (MLI):  

06:  600V  IGBT3  trench  & field  stop  

07:  650V  IGBT4  trench  & field  stop  
12:  1200V  IGBT4  trench  & field  stop  
17:  1700V  IGBT4  trench  & field  stop  

5.  Chip  generation  of  IGBT1  and  Dio de1  (TMLI)  or  all  swi tches  (MLI):  
E4:  IGBT4  Infineon  

6.  Collector -emitter  voltage  class  of  IGBT2  and  Diode2  (TMLI),  no  value  (MLI):  
A:   600V  IGBT3  trench  & field  stop  

B:  650V  IGBT4  trench  & field  stop  
C:  1200V  IGBT4  trench  & field  stop  
D:  1700V  IGBT4  trench  & field  stop   

2.8  Chip positions  

For detailed temperature measurements the exact positions of the chips need to be known. Figure  16  and 

Figure  17  explain the coordinate system and orientation of the DBCs with the highest current rati ngs (fully 
equipped with semiconductor chips) belonging to one of the following families:  

¶ SKiM®  MLI  ï Figure  16  
¶ SKiM®  TMLI ï Figure  17  

The dimensions of the chip positions are given in Table 5 and Table 6. 
Other modules in the product portfolio that belong to one of the aforementioned families feature chips that 

may be bigger in size or number compared to the lowest current rated module of the  same family.  
 

Figure  16 : SKiM® 4 MLI chip positions  
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Table 5 : Chip positions and dimensions of SKiM® 4 MLI with minimum amount and size of 
chips  

Module  Switch  Chip  x [mm]  y [mm]  lx [mm]  ly [mm]  

SKiM® 4 MLI  

T1 

1 9.4  27.6  -  -  

2 22.8  27.6  5.97  8.97  

3 36.5  29.6  5.97  8.97  

T2 

1 19.8  53.9  -  -  

2 34.1  55.8  5.97  8.97  

3 48.4  53.9  5.97  8.97  

T3 

1 63.0  52.5  5.97  8.97  

2 77.3  55.1  5.97  8.97  

3 91.6  52.5  -  -  

T4 

1 77.5  28.0  5.97  8.97  

2 91.2  26.0  5.97  8.97  

3 104.8  25.0  -  -  

D1 

1 9.4  17.1  -  -  

2 20.3  17.1  4.9  4.9  

3 36.5  19.1  4.9  4.9  

D2 

1 19.8  43.4  -  -  

2 34.1  45.3  4.9  4.9  

3 48.4  43.4  4.9  4.9  

D3 

1 63.0  63.0  4.9  4.9  

2 77.3  65.6  4.9  4.9  

3 95.0  63.0  -  -  

D4 

1 77.5  38.5  4.9  4.9  

2 91.2  28.5  4.9  4.9  

3 104.8  29.5  -  -  

D5 
1 49.4  32.8  4.9  4.9  

2 49.4  21.3  4.9  4.9  

D6 
1 62.8  32.8  4.9  4.9  

2 62.8  21.3  4.9  4.9  
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Table 6 : Chip positions and dimensions of SKiM® 4 TMLI with minimum amount and size of 
chips  

Module  Switch  Chip  x [mm]  y [mm]  lx [mm]  ly [mm]  

SKiM® 4 
TMLI  

T1 

1 18.4  66.1  9.5  10.39  

2 18.4  53.8  9.5  10.39  

3 18.4  35.8  9.5  10.39  

4 18.4  20.2  9.5  10.39  

T2 

1 42.3  29.2  10.39  9.5  

2 55.6  29.2  10.39  9.5  

3 71.8  29.2  10.39  9.5  

T3 

1 42.3  50.8  10.39  9.5  

2 55.6  50.8  10.39  9.5  

3 68.8  50.8  10.39  9.5  

T4 

1 96.2  68.1  9.5  10.39  

2 96.2  52.8  9.5  10.39  

3 96.2  37.5  9.5  10.39  

4 96.2  22.2  9.5  10.39  

D1 

1 6.6  65.5  7.3  7.3  

2 6.6  50.2  7.3  7.3  

3 6.6  35.8  7.3  7.3  

4 6.6  20.8  7.3  7.3  

D2 

1 42.3  19.1  7.3  7.3  

2 55.6  19.1  7.3  7.3  

3 71.8  19.1  7.3  7.3  

D3 

1 42.3  61.9  7.3  7.3  

2 55.6  61.9  7.3  7.3  

3 68.8  61.9  7.3  7.3  

D4 

1 84.4  68.7  7.3  7.3  

2 84.4  53.4  7.3  7.3  

3 84.4  36.9  7.3  7.3  

4 84.4  21.6  7.3  7.3  
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Figure  17 : SKiM® 4 TMLI chip positions  

          

2.9  Thermal material data  

For thermal simulations it is necessary to have the thermal material parameter, as well as the typical 
thickness of the different layers in the package. This  data is given in  Table 7. For better unders tanding, the 
sketch in Figure 18  shows the different layers in the package.  
 

Table 7 : Material data for thermal simulations  

Layer  Material  
Layer 

thickness 

[mm]  

Spec. 
t hermal 

conductivity 
[W/m*K)]  

Spec. 
t hermal 
capacity 

[J/(kg*K)]  

Density 
[kg/m³]  

1200V IGBT chip  Si 0.12  124  750  2330  

650V IGBT chip  Si 0.08  124  750  2330  

1200V Diode chip  Si 0.26  124  750  2330  

650V Diode chip  Si 0.24  124  750  2330  

Chip joint  Sn ~ 0.1  57  214  7800  

DBC copper  Cu 0.4  310é390 385é420 7600é8960 

DBC ceramic  AL2O3 0.5  24  830  3780  

DBC copper  Cu 0.4  310é390 385é420 7600é8960 

Thermal paste  
Customer 
specific  

0.05  -  -  -  

Heat sink  
Customer 
specific  

-  -  -  -  
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Figure 18 : SKiM® 4 sketch ï cross section view  

 

3.  Chip Technologies and Product Ranges  

3.1  Trench IGBT  

The ñTrench IGBTò chip design is based on a trench-gate structure combined with a ñField Stopò n+  buffer 
layer for punch throu gh feature, as shown in Figure 19 . 
 
The term ñPunch-Throughò describes the shape of the electric field inside the IGBT during blocking state. 

As shown in Figure 20 , the electric field punches through the n -  layer into the n +  layer. Inside the n +  layer 
the field is steeper than in the n -  layer. Thanks to this, the PT - IGBT can be thi nner than an  NPT- IGBT 
(Figure 20 ) and the overall losses are lower. In the past, PT -IGBTs were made of ñepitaxialò material and 
had a negative temperature coefficient  for the forward voltage drop V CE(sat) , making paralleling very 
difficult. State -of - the -art ñSoft-Punch Throughò and ñField Stopò PT-IGBTs, however, have a positive 
temperature coefficient and allow for parallel use.  
 

Figure 19 : IG BT concepts, basic properties  
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Figure 20 : Punch - Through IGBT with planar gate (left), Non - Punch - Trough IGBT with planar 
gate (right)  

         

With the introduction of the 4th generation, this general design was not changed,  but the trade -off between 

the on -state losses V CE(sat) and the switching losses E on  +  Eoff  was optimized for operation with swit ching 
frequencies above 4 kHz. Furthermore, the 1200V ñIGBT4ò is able to operate with a maximum junction 
temperature T jmax  =  175 °C. The increased T jmax  offers more flexibility in overload conditions or for 
applications with few temperature cycles (e.g. pumps or fans) where the junction temperature might now 
exceed the former limits.  
 

For further informati on on ñIGBT4ò, please refer to [3]and [4].  

3.2  Inverse and Free - Wheeling diodes  

The free -wheeling diodes used in SKiM®  IGBT modules are specially optimized CAL (Controlled Axial 
Lifetime) diodes. These fast, "super soft " planar diodes are characterised by the optimal axial profile of the 
charge carrier life - time.  

  
This leads to:  

¶ low peak reverse current lowering the inrush current load on the IGBTs in bridge circuits  

¶ "Soft" decrease in the reverse current across the en tire operating temperature range, which 
minimizes swit ching surges and interference  

¶ robust performance ev en when switching at high di/dt  
¶ very good paralleling capability thanks to the negligible negative temperature coefficient and the 

small forward voltag e (Vf)  spread  
 
SEMIKRONôs newly developed ñCAL4ò diode is designed specifically for use with the ñIGBT4ò generation. 
This new device boasts low thermal losses and outstanding soft switching behaviour even at extreme 
commutation speeds. Further, the newly d eveloped junction termination ensures safe operation up to 
175 °C.  

 
For further inform ation on CAL4, please refer to [5].  

3.3  Operating areas for IGBTs  

Safe operating areas are not included in the datasheets.  

3.3.1  Safe Operating Area (SOA)  

Safe operating area is defined as the vol tage and current conditions for  which the chip can operate without 
self -damaging during switching on.  
Figure 21  shows the maximum curve I C =  f(V CE) d uring single -pulse operation using a double logarithmic 
scale . The graph in Figure 21  refers to the limiting values of V CES and I CRM:  

 
¶ maximum collector current Ą hori zontal limit  
¶ maximum collector -emitter voltage Ą vertical limit  

 
It is important that the maximum ratings apply to currents which do not heat the IGBT to temperatures 
above the maximum chip temperature T j =  150°C or 175°C. Only during switching operation I GBT modules 
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may touch the linear characteristic areas in the capacity of an active amplifier with I C =  f(V CE). Linear  
operation over a longer period of time is not permitted, since this would involve local overload due to the 
variation in the transfer char acteristics among the IGBT cell or paralleled chips.  
 

Figure 21 : SOA IGBT  

 

3.3.2  Reverse Bias Safe Operating Area (RBSOA)  

Reverse Bias Safe Operating Area is the SOA curve during the deviceôs turn-off state. Maximum V CES must 

not to be exceeded during turn -off. Due to the internal stray inductance, collector -emitter voltage to 
terminals (V CEmax,T ) must be smaller than the collector -emitter voltage at chip level (V CEmax ). This is the 
reason why the curve is cut in the uppe r right corner  with  respect to the curve at chip level.  
The V CEmax, T can be calculated using the following formula where t f can be calculated from data sheets:  
 

ὠ ȟ ὒ Ͻ
ὍϽπȢψ

ὸὍ
 

 
An example of RBSOA curve is shown in  Figure 22 :  
 

Figure 22 : RBSOA IGBT  
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3.3.3  Short Circuit Safe Operating Are a (SCSOA)  

Under certain conditions, the IGBT is essentially capable of turning off short circuits actively. In doing so, 
high power losses are generated by the IGBT working in the active operating area, causing a temporary  

increase in chip temperature  far beyond T j,max . However, the positive temperature coefficient of the 
collector -emitt er voltage cause s the circuit to stabilize and the short -circui t current is limited to 
4..6  x I Cnom . Figure 23  gives an example of the permissible SCSOA. Here it must  be taken into 
consideration that the maximum external voltage ha s to be reduced by the amount: ὒͅίϽὨὭȾὨὸ. 
 

Figure 23 : SCSOA 1200V IGBT (left) and 650V IGBT (right)  

    

The following boundary conditions need to be fulfilled to guarantee safe operation:  
¶ the short circuit must be detected and turned off within max. 10µs for 1700V,  1200V and  within 

max. 6  µs for  650V IGBTs  
¶ the time between two short circuits has to be at le ast 1s  
¶ the IGBT must not be subjected to more than 1000 short circuits during its total operation time  

3.3.4  Selection guide  

The correct choice of the IGBT module depends very much on the application itself. A lot of different 
parameters and conditions need  to b e taken into account: V in , I in , V out , I out , f sw, f out , overload, load cycles, 
cooling conditions, etc.  
Due to this variety of parameters a simplified selection guide is not seriously feasible. For this reason 
SEMIKRON offers the selection, calculation and  simulation tool ñSEMISELò under 

http://semisel.semikron.com. Almost all design parameters can be edited for various input or output 
conditions. Different cooling conditions can be chosen and specific design needs can be effectively 
determined.  

4.  Temperature  sensor and Isolation  

The  thermal resistance is defined as given in the following equation:  
 

Ὑ
ЎὝ

ὖ

Ὕ Ὕ

ὖ
 

 
The data sheet values for the thermal resistances are based on measured values. As seen in  the  equation, 
the temperature differe nce ǧT has a major influence on the Rth  value. As a result, the reference point and 
the measurement method have a major influence, too. Since SKiM®  modules have no base plate, the 
typical case temperature (T c) and hence the R th(j - c)  value cannot be given. Instead, SEMIKRON gives the 

thermal resistance be tween the junction and the heat sink R th(j - s) . This value depends largely on the thermal 
paste. Thus, the value is given  for a reference paste  in the data sheets.  
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SEMIKRON measures t he R th(j - s)  of SKiM®  modules on the basis of the reference points given in Figure 24 . 
The reference points are the following:  

¶ Tj -  The junction of the chip  
¶ Ts -  The heat sink temperature is measured via a thermocouple positioned in a drilled  hole, 2 mm 

under neath the module,  directly under the chip. The  value  ñ2mm ò is derived from our experience, 

which has shown that at this distance from the DBC ceramic, parasi tic effe cts resulting from 
heat sink parameters (size, thermal conductivity etc.) are at a minimum and the disturbance 
induced by the thermocouple itself is negligible.  

 

Figure 24 : Location of reference point for R th  measurement as used for  SKiM®  

 

4.1  Transient thermal impedance  

When switching on a ñcoldò module, the thermal resistance Rth  appears smaller than the static value as 

given in the data sheets. This phenomenon occurs due to the internal thermal capa cities of the package . 
These thermal capacities are ñunchargedò and will be charged with the heating energy resulting from the 
losses during operation. In the course of this charging process the R th  value seems to increase. During this 
time it is therefore called transient the rmal impedance Z th . When all thermal capacities are charged and the 
heating energy has to be emitted to the ambience, the transient thermal resistance Z th  will have reached 
the static  value Rth  given in the data sheet.  The advantage of this behaviour is th e short - term overload 
capability of the power module.  
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Figure 25 : Standardized t ransient thermal impedance of SKiM® 4 MLI and SKiM® 4 TMLI  

 

The transient thermal behaviour is measured during SEMIKRONôs module approval process. On basis of this 
measurement a mathematical model is derived, resulting in the following equation:  
 

ὤ ὸ ὙϽρ Ὡ  

 
For SKiM® 4 MLI  and SKiM® 4 TMLI  the Z th ( j - s)  can be determined using the coefficients given in Table 8. 
 

Table 8 : Coefficients for calculating Z th ( j - s)  of SKiM® 4 MLI and SKiM® 4 TMLI  

Parameter  Unit  Value  

R1 [K/W]  0.45 x R th(j - s)  

R2 [K/W]  0.4 x R th(j - s)  

R3 [K/W]  0.13 x R th(j - s)  

R4 [K/W]  0.02 x R th(j - s)  

T1 [s]  0.3  

T2 [s]  0.11  

T3 [s]  0.015  

T4 [s]  0.0005  
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5.  Integrated Temperature Sensor Specification s 

All SKiM®  IGBT modules feature a temperature -dependent resistor for temperature measurement. The 

resistor is soldered onto the same DBC ceramic substrate near the IGBT and diode chips and reflects the 
actual case temperature.  
Since the cooling conditions have a significant influence on the temperature distribution inside SKiM®  
modules, it is necessary to evaluate the dependency between the temperatures of interest (e.g. chip 
temperature) and the signal from the integrated tempe rature sensor.  

5.1  Electrical characteristics  

The temperature sensor has a nominal resistance of 5kǹ at 25ÁC. 
 
The built - in temperature sensor in SKiM®  is a resistor with a negative temperature coefficient (NTC). Its 
characteristic is given in Figure 26  according to the values shown in  Table 9. 
 

A mathematical approximat ion (in the range from 80°C to 150 °C) for the sensor resistance as a function of 
temperature R(T) is given by:  

 

ὙὝ Ὑ ϽὩ
ϳ Ͻ

 

 
With:   

¶ R100  = 493 W 

¶ B100/125  = 3550K  

¶ T100  = 100°C = 373.15K  
 

ὙὝ τωσWϽὩ
Ͻ

Ȣ  

 

Figure 26 : Typical characteristic of the SKiM® 4 NTC temperature sensor  
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Table 9 : NTC resistance values  

Temperature [°C]  NTC resistance value [k W]  

-50  177.4  

-40  99.09  

-30  57.54  

-20  34.06  

-10  21.48  

0 13.72  

10  9.00  

20  6.048  

30  4.156  

40  2.914  

50  2.083  

60  1.515  

70  1.120  

80  0.8404  

90  0.6396  

100  0.4933  

110  0.3851  

120  0.3042  

130  0.2428  

140  0.1959  

150  0.1595  

5.2  Electrical isolation  

Inside SKiM®  modules the temperature sensors are mounted close to  the IGBT and diode dies  onto the 
same substrate. The minimum distance between the copper conducto rs is  0.80  ±  0.2mm ( Figure 27 ) . 

 

Figure 27 : SKiM® 4 NTC temperature sensor  position  

 

0.8 ± 0.2mm  
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According to EN 50178 (VDE 0160), this design does not provide "Safe Electrical Insulation", because the 
temperature sensor inside the SKiM®  module might be exposed to high voltages during semiconductor 
short -circuit failure mode. After electrical overstress the bond wires could melt off, producing an arc with 
high -energy plasma in t he process (as shown in Figure 28 ). In this case the direction of plasma expansion 
is unpredictable and  the temperature sensor might come into contact with the plasma.  

  
The safety grade "Safe Electrical Insulation" in accord ance with EN  50178 can be achieved by different 
additional means, which are described in this standard in more detail.  
 

Figure 28 : Sketch of high energy plasma caused by bond wire melting  

 

Please note , to ensure the  electrical isolation V isol  stated in the data sheets, suitable measurements are 
performed during the production process.  

6.  Surface Specification  

To obtain the maximum thermal conductivity of the module, heatsink and module must fulfil  the following 
specifications.  

6.1  Heat sink  

 

Figure 29 : Heat sink surface specifica t ions  

 

¶ Heatsink must be free from grease and particles  
¶ Unevenness of heat sink mounting area must be ¢ 50µm per 100mm (DIN EN ISO 1101)  

¶ Roughness (Rz) ¢ 6.3µm (DIN EN ISO 4287)  

¶ No steps > 10µm (DIN EN ISO 4287)  
 
 

Rz ¢ 6.3 µm  >  10 µm  

Heat sink  

¢ 50µm per 100m m 
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6.2  Mounting surface  

The mounting surface of the SKiM®  module must be free from grease and all kind of particles. Fingerprints 
or discolorations on the bottom side of the DBC  (Figure 30 )  do not affect the thermal behaviour and cannot 

be rated as a failure criteria.   

Due to rework or a second cleaning process, there might be imperfections on the bottom surface of the 
DBC. An imperfection of the surface does not affect the thermal b ehaviour ( Figure 31 ).  

 

Figure 30 : SKiM®  bottom surface discoloration  

      

      

Figure 31 : SKiM®  bottom surface after rework  
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Due to the manufacturing process, the bottom side of the SKiM®  may exhibit scratches, holes or similar 
marks. The following figures are defining surface characteristics, which do not affect the thermal behaviour. 
Distortion s with higher values as specified  can be rated as failure.  

The SKiM®  bottom surface must comply with the following specification ( Figure 32  to Figure 34 ) . 
 

Figure 32 : Scratches on the SKiM®  surface  

 

Figure 33 : Etching hole (hole down to substrate level) in the SKiM®  bottom surface  

 

Figure 34 : Etching hole (hole NOT down to substrate level) in the SKiM®  bottom surface  
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7.  Assembly  

7.1  Application of thermal paste  

Please refers to the Assembly Chapter of SKiM4 Mounting Instructions  

 

7.2  Pre - applied thermal paste  

SEMIKRON offers SKiM®  power modules with pre -applied Wacker P12 (silicone -based) thermal paste.  
 

Figure 35 : SKiM® 4 with pre - applied thermal paste  

 

The thermal paste is applied to the modules by SEMIKRON prior to shipment for eliminating the critical 

process step from the customerôs manufacturing process.  
 
Further advantages of pre - applied thermal paste are:  
 

¶ Efficient, reproduci ble , and controllable  module assembly process  
¶ Optimum thickness of thermal paste layer leading to lower thermal resistance  
¶ High degree of process reliability using an automated and monitored screen -printing process  

 

7.3  Mounting the SKiM®  

SEMIKRON offers SKiM®  power modules with p re -applied Wacker P12 (silicone -based) thermal paste.  
 

After applying the thermal grease, the SKiM® 4 or SKiM® 5 module can be placed on to the appropriate 
heat sink area.  

After the module has been positioned on the heat sink, the screws need  to be inserted an d pre - tightened, 

applying a torque of  0.5Nm.  

SEMIKRON recommends to use the following M5 screw ( according to DIN EN ISO 898 -1):  

Strength of screw  :  ñ8.8ò  
Tensile strength  : Rm = 800N/mm²  

Yield point   : Re = 640N/mm²  
Washer   : suitable for thread M5 (according to ISO 7092)  

 
After  the pre - tightening of the module SEMIKRON recommends a waiting time of 1 -2 minutes until the 
module reaches mechanical stability before tightening the screws to the final mounting torque  as show n in 
Table 10 . 
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Table 10 : Torque specification for heat sink fixing  

Module  Minimum torque  Maximum torque  

SKiM® 4 2Nm  3Nm  

SKiM® 5 2Nm  3Nm  

 
Torque wrenches with automatic release are strongly recommended.  

As to power screw drivers, an electric power screw driver is recom mended. With pneumatic systems, the 
behaviour of the clutch can lead to a shock and torque overshoot which would damage the SKiM®  module.   

SEMIKRON recommends to limit t he screwing speed to a maximum value of 200  revolutions per minute 
(rpm).  

Pre- tightening and final tightening must be performed crosswise. Examples for crosswise mounting order of 
SKiM® 4 and SKiM® 5 are shown in  Figure 36  and Figure 37 . 

 

Figure 36 : Example for mounting sequence of SKiM® 4  

 

 

Figure 37 : Example for mounting sequence of SKiM® 5  
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During the assembly process the thermal paste will spread evenly, meaning that reliable and homogeneous 
thermal contact is achieved.  However, the steady -state R th  values given in the datasheets will be reached 
after 3 -4 thermal cycles during which the heatsink temperature must be cyc led between 10°C and 80°C.  
This effect shall be considered for first electrical high power operation.  

7.4  Dismounting the SKiM®  from the heatsink  

Modules can be removed from heatsink f ollowing the steps shown in Table 11  using the following 
procedure:  
 

Table 11 : Disassembling process for SKiM®  modules  

Remove the mounting screws.  
Wait some time to let the module mechanically relieve; heating the 
heatsink accelerates the relief process.  

Turn the module to  the right.  

 

Turn the module to the left.  

 

Pull the module away from the 
heatsink.  

 

 
SEMIKRON does not recommend to re -use the modules once they have been removed from the heat sink.  

7.5  DC bus - bar mounting  

The functionality of the pressure contact system can be disturbed by too high pulling forces on main 
terminals, resulting  in malfunction of the module.  

SEMIKRON recommends the following M6 screw (according to DIN EN ISO 898 -1)    

Strength Designation  : ñ8.8 ò  

Tensile strength  : Rm = 800N/mm²  

Yield point    : Re = 640N/mm²  

Washer    : no t required  

 

The screws have to be tightened to the final mounting torque  according to Table 12 . 
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Table 12 : Torque specification for terminal mounting  

Module  Minimum torque  Maximum torque  

SKiM® 4 4Nm  5Nm  

SKiM® 5 4Nm  5Nm  

 
The maximum  immersion depth of the screws for SKiM® 4 and SKiM® 5 may not exceed 9mm and 
subsequent tightening of the screws is not allowed.  

 
For the maximum allowed pulling forces per terminal  on SKiM® 4 and SKiM® 5 modules refer  to  Figure 38  

and Table 13 . 
 

Figure 38 : Terminal pulling forces  

 

Table 13 : Maximum pulling forces per terminal  

Force direction  Maximum force  

F+X  < 100N  

F+Y  < 100N  

F+Z  < 100N  

 
Note: In order to avoid damages to the module SEMIKRON recommends not to apply pulling forces along 
F+Z  direction. To avoid those pulling forces it is recommended to reduce the height of the fixing post by  
0.5mm in regards to the  minimum terminal height (see Figure 39 ).  
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Figure 39 : Recommended DC bus - bar assembly scheme  

 

7.6  Printed Circuit Board (PCB)  

7.6.1  PCB specification s 

Recommendations for the printed circuit board:  

¶ PCB thickness betwee n 1. 45mm and 2.0mm  

¶ Minimum copper thickness of spring landing pads: 35µm  
¶ The landing pads must not contain plated -through holes (ñVIAsò) to prevent contact deterioration  
¶ In the remaining  area VIAs can be used as desired  
¶ The landing pads for the auxiliary contacts must be rectangular: 3,5 mm  x 4mm, gap 0,5mm  (see 

also Figure 40 )  
¶ The maxi mum mechanical force used to mount the PCB on the SKiM®  must be properly calibrated 

in order to avoid  PCB or SMD component  damages  

¶ Approved surface for the landing pads is electro - less nickel with a final immersion gold layer 
(Ni+Au). Sufficient plating th ickness must be guaranteed in accordance with the PCB 
manufacturing process. Not recommended for use are boards with ñorganic solder ability 
preservativeò (OSP) passivation, because OSP is not suitable for guaranteeing long-term corrosion -
free contact. The  OSP passivation disappears during soldering or after approximately 6 months of 
storage.  

¶ During the solder processes the landing pads for SKiM®  spring contacts need to be covered and 
protected from contamination. This is particularly crucial for wave solde ring. No residue of the 
cover material must be left on the landing pads as this could lead to deterioration of the electrical 
contact in the long term.  

 
An example layout for a PCB fitting  for  the SKiM® 4 is shown in Figure 40 . A PCB with that layout will fit 
exactly on the SKiM®  and provide all spring contact pos itions as well as mounting  and screw holes.  
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Figure 40 : Landing pads layout fo r SKiM® 4  

 

7.6.2  PCB assembly  

A printed circuit board  (PCB) can easily be mounted onto the SKiM®  module by snapping  in  all snappers as 

show n in Figure 41 .  
 

Figure 41 : PCB assembly on the SKiM® 4  

 

To test the SKiM® 4 MLI and TMLI the following application boards have been developed:  
 

¶ L5063101 ï SKYPER
®
 42 LJ  

¶ 4512070 1 ï PCB MLI driver adaptor  
¶ 451 21301 ï PCB TMLI driver a dapt or  
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The application  board s respect all required clearance and creepage distances but are not further  qualified  
as they are intended for prototyping only and not for series production . 

The complete assembly scheme is shown in Figure 42 . 

 

Figure 42 : SKiM® 4 driver application boards  

 

To avoid damage s of the spring contacts  during the assembly of the PCB adapter, it is recommended not to 

make lateral movements  of the board in respect of  the module. For this reason it is recommended to 
maintain the PCB aligned to the module using  guiding pins  (Figure 43 )  temporarily located in the posts 
show n in  Figure 44 . 

The procedure to assemble the P CB using the guiding pins is as follows :  

1.  put  at least  2 guiding  pins into 2 diagonal ly  opposite screw h oles  

2.  place the PCB on top of the SKIM® 4 module, so that the guid ing  pins go through 2 holes in the 

PCB 

3.  press the PCB down along the guid ing  pins until all snap hooks have snapped over the edge of the 
PCB 

4.  screw down all other screws and finally re place the guid ing  pins with screws  

In t his way the PCB cannot move during assembly and the landing pads  for the springs will be in the  right 
position.  

The  P/N  of the guiding pins is 41076090 . 

 
Table 14  specifies the minimum and maximum torque values f or the PCB mounting screws.  
 

Table 14 : Torque specification for PCB mounting  

Module  Minimum torque  Maximum torque  

SKiM® 4 0.7Nm  0.9Nm  

SKiM® 5 0.7Nm  0.9Nm  

 

 

SKiM® 4 MLI / TMLI  adaptor PCB

SKYPER®  42 LJ dr iver

SKiM® 4 m odule
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Figure 43 : Guiding pin for SKiM® 4  

 

Figure 44 : Guiding pin positions of SKiM® 4  
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Figure 45 : Final assembly of driver PCB  

 

Once fixed on the Module the PCB can be removed and replaced only once. Fastening the self - tapping 
screws more than twice in the same hole ma y compromise the mechanical stability . 

 
To fix the PCB onto the module SEMIKRON recommends the usage of the following screw:  

¶ Screw:   EJOT PT WN1452 K30x8 (self-tapping type) 

¶ Screw head:  the design can be chosen by the Customer 

The r ecommended screws may be supplied by  EJOT Verbindungstechnik GmbH :  

¶ Web site:  http://www.ejot.d e 

¶ E-mail:  info@ejot.de  

8.  Spring Contact System Specifications  

8.1  Spring and contact specifications  
 

Table 15 : Specification for SKiM®  contact springs  

 Rating / Specification  

Material  CuSn6 F95 ï DIN17682  

Contact force  10N  

8.2  PCB spring landing pad specifications  
 

Table 16 : Specifications for the surface metallization of SKiM®  contact spring landing pads  

HAL Sn  No minimum thickness  Intermetallic phases may be contacted  

NiAu N  
Ni Ó 3Õm, Au Ó 20nm  
(electro less nickel, immersion gold)  

Tight  Ni diffusion barrier required  

  

http://www.ejot.de/
mailto:info@ejot.de
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8.3  Storage conditions  

SKiM® 4&5 products are qualified according to IEC 60721 -3-1 and can  therefore be stored in original 
package for maximum 2 years start ing from date code under climatic class 1K2. So the following frame 

conditions apply  
 

Table 17 : Storage conditions  

Storage temperature 5ÁC é 40ÁC 

Relative humidity 5% é 85% 

Duration 2 years 

Climatic class 1K2 (IEC 60721-3-1) 

Condensation Not allowed at any time 

 
 
SKiM® 4&5 products have been tested for climatic conditions in their original packaging. Packaging is very 
often limiting the allowed climatic conditions. So there are less restrictive conditions  for the products  itse lf . 

Due to our experience th e temperature range mentioned in  IEC 60721 -3-1 for 1K2 can be enlarged for 
transportation and storage. So the following conditions  are possible  ( 1) :   
 

Table 18 : Shelf life conditions  ( 1 )  

Relative humidity Max. 85% 

Storage temperature -25ÁC é +60ÁC 

Condensation Not allowed at any time 

Storage time Max. 2 years 

 

Please note that a higher temperature load can decrease storage time, in extreme cases down to 

half a year.  

 

More restrictive storage conditions for products with pre -applied thermal interface material  may 

apply and are mentioned in the dedicated documentation .  
 
 

  

                                                
1 ) These conditions have not explicit been tested by Semikron  
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9.  Reliability  

9.1  Standard tests for the qualification of SKiM® 4&5  modules  

The objectives of the test program (refer to  Table 19 ) are:  
1.  Assure the general p roduct quality and reliability  
2.  Evaluate design limits by stressing under a  variety of testing conditions  
3.  Ensure the consistency and predictability of the production proc esses  

4.  Appraise process and design changes regard ing their effect on reliability  
 

Table 19 : SEMIKRON standard qualification tests  

Reliability test  Test conditions  ( * )  Standard  

High Temperat ure Reverse Bias 
(HTRB)  

VCE = 95% V CE,max ; T C = 140°C 1000h  IEC 60747  

H3TRB 
VCE = 80  V; 85°C, 85% RH; 1000 h, 

VGE = 0V  
IEC 60068 -2-67  

High Temperature Storage (HTS)  1000h; T stg,max  = +125°C  IEC 60068 -2-2 

Low Temperature Storage (LTS)  1000h; T stg,min  = -40°C  IEC 60068 -2-1 

Thermal Cycling (TC)  100 cycles; -40°C -  +125°C  
IEC 60068 -2-14 Test 
Na 

Power Cycling (PC)  20000 load cycles; DTj = 100K  IEC 60749 -34  

Vibration  
Sinusoidal sweep; 5g; 2h per axis (x, 
y, z)  

IEC 60068 -2-6 Test Fc  

Mechanical Shock  
Half sine pulse; 30g; 3 times each 
direction (±x, ±y, ±z)  

IEC 60068 -2-27 Test 
Ea 

(*) The test conditions do not necessary reflect the maximum capability of the product. The actual characteristics of the 
products are indicated in the data sheet. 

 

9.2  Reliabili ty of spring contacts  

The SKiM®  spring contact for the auxiliary connections  is a solder - free contact. It can therefore be 
compared with other solder - free contacts such as screw terminals or plug connectors.  
 
 
The surface materials for the spring contacts as given in Table 15  and Table 16  (Sn -plated spring and, for 
example, tin surface for PCB landing pads) are based on ñstate-of - the -artò knowledge as gained from long-
term experience with plug connectors and SEMIKRONôs long-term experience with spring connections.  

SKiM®  modules passed all SEMIKRON standard reliability tests as given in  Table 19  demonstrating  the 
outstanding reliability of SEMIKRONôs spring contacts. 
 
Besides this, SEMIKRON performed additional test s to prove  the  spring contact reliability:  

¶ Salt fog test  -  Figure 46  
¶ Harmful gases test  -  Figure 47  
¶ Vibration tests -  Figure 48 , Figure 49  
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Figure 46 : Salt fog test  

                

Figure 47 : Harmful gases test  

                


















