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1. Related Documents

e Datasheet of SKiM power modules
e Technical Explanations SKiM4/5
e Technical Explanation Pre-applied Thermal Paste

All documents are available on the SEMIKRON internet page.
2. Introduction

The SKiM product family features highly reliable baseplate-less modules specifically designed to meet
Customer’s needs in terms of shock and vibration stability, as well as high temperature capability and
service life.

The concept of baseplate-less design is to achieve a good thermal contact in the active area of the DCB-
substrate (Al,O3 or AIN) close to the dies by an implemented pressure contact system (SKiiP technology).
This pressure contact system is activated by mounting the module onto the heat sink. During this process,
the spring contact system is activated and assures a close contact between the heat sink and the module.
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Figure 1: Cross-sectional view of SKiM4
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3. ESD Protection

In IGBT modules electrostatic discharge can damage or destroy the sensitive MOS structure of the gate.
For this reason all SKiM modules are ESD protected by a dedicated cover during assembling process,
storage and transport.

When handling and assembling SKiM4 and SKiM5 modules it is recommended that a conductive grounded
wristlet is worn and a conductive grounded workplace is used. All staff shall be suitably trained for correct ESD
handling.

4. Surface Specification

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

4.1 Heat sink

Figure 2: Heat sink surface specifications

< 50pm per 100mm
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e Heat sink must be free from grease and particles

e Unevenness of heat sink mounting area must be < 50 ym per 100 mm (DIN EN ISO 1101)
e Roughness (Rz) < 6.3um (DIN EN ISO 4287)

e No steps > 10um (DIN EN ISO 4287)

4.2 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 3) 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 behaviour (Figure 4).

Figure 3: SKiM bottom surface discolorations
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Figure 4: SKiM bottom surface after rework

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.
Distortions with higher values as specified can be rated as failure.

The SKiM bottom surface must in any case comply with the following specification (Figure 5 to Figure 7).

Figure 5: Scratches on the SKiM surface
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Figure 6: Etching hole (hole down to substrate level) in the SKiM bottom surface

<1.0 mm
4 —>
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Figure 7: Etching hole (hole NOT down to substrate level) on the SKiM bottom surface

<2.0 mm

<250 pm

5. Assembly

5.1 Application of thermal paste

A thin layer of thermal paste should be applied to the heat sink surface or module bottom surface.
SEMIKRON recommends screen printing for applying the thermal paste. The screen printing process offers
reproducibility and accuracy of the thickness of the paste. The following values are valid for the resulting
continuous layer thickness of thermal paste and recommended for ,Silicone Paste P 12” from WACKER
CHEMIE applied with screen printing process:

SKiM4: between 40pm and 50pm
SKiM5: between 40pm and 50pm

SEMIKRON has a special process for automatic paste printing which grants tolerance of 45um £ 5um
(Figure 8) . For information on the qualification of SEMIKRON’s thermal paste printing process please
contact SEMIKRON.

If not using modules with pre-applied thermal paste by SEMIKRON it is the customer's responsibility to
qualify his own paste printing process as deviations from the recommended process may impact reliability
or technical performance of the modules.
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Figure 8: SEMIKRON automated printing machine

Applying paste by a hard rubber roller might be applicable but usually needs to be handled with extra care
for acceptable results. In any case a thickness check should be done to verify the thermal paste thickness.

SEMIKRON recommends the gauge from ZEHNTNER called “Wet Film Wheel” as shown in Figure 9 for
thickness check and to measure the paste thickness in four different points near the corner of the module.

Figure 9: Wet film wheel type ZWW2102
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Lower thickness of thermal paste (e.g. from 20um to 30um for AIN DBCs) might also be possible but this is
not a standard for SEMIKRON. The reliability of the different thickness must be measured for equal
distribution of the paste across the entire copper area of the module and by monitoring the Rth values to
make sure given datasheet can be met.

An example for correct application of thermal paste on SKiM4 heatsink is shown in Figure 10.

When the module is mounted according to SEMIKRON specifications with 50um of paste, thermally cycled
and dismounted again, no voids can be observed in the thermal paste print out either on the heatsink
(Figure 11, left) or on the module (Figure 11, right). Please note that the printing images of heatsink and
module must both be observed: areas with lower thickness of thermal paste on the heatsink may go
together with areas of higher thickness on the module and vice versa. This is not faulty as long as the total
thickness is within the specified range.

Figure 10: Heatsink view after application of thermal paste

Figure 11: Example for a good distribution of thermal paste after assembly, thermal cycling
an disassembly
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5.2 Pre-applied thermal paste
SEMIKRON offers SKiM®4&5 power modules with pre-applied Wacker P12 (silicone-based) thermal paste.

Figure 12: SKiM 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 customer’s manufacturing process.
Further advantages of pre-applied thermal paste are:

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

For further technical details please refers to the Technical Explanation Thermal Interface Material
available in the SEMIKRON web site

5.3 Mounting the SKiM

After applying the thermal grease, the SKiM4 or SKiM5 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 and pre-tightened,
applying a torque of 0.5Nm.
Manual pre-tightening for SKiM5 shall be performed following the numerical sequence highlighted in Figure
15, and manually pre-tighten each screw with tool. This will help module to reach mechanical stability and
keep plastic parts in place in the final tightening.
SEMIKRON recommends to use the following M5 screw (according to DIN EN ISO 898-1):

Strength of screw : “8.8"

Tensile strength  : Rm = 800N/mm?2

Yield point : Re = 640N/mm?2

Washer : suitable for thread M5 (according to ISO 7092)
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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 shown in

Table 1.

Table 1: Torque specification for heat sink fixing

Module Minimum torque Maximum torque
SKiM4 2Nm 3Nm
SKiM5 2Nm 3Nm

Final tightening is to be performed crosswise following mounting sequence of Figure 14. Torque wrenches
with automatic release are strongly recommended.
As to power screw drivers, an electric power screw driver is recommended. 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 the 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
SKiM4 and SKiM5 are shown in Figure 13 and Figure 14.

When using an electrical screw driver, screwing speed has to be limited to a maximum of 200 rpm and soft
torque limitation is recommended, to ensure a homogenous distribution of the thermal paste layer.

Figure 13: Mounting sequence for SKiM4
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Figure 14: Mounting sequence for SKiM5

During the assembly process the thermal paste will spread evenly, meaning that reliable and homogeneous
thermal contact is achieved. The Ry, values given in the datasheets will be reached after 3-4 thermal cycles
during which the heatsink temperature must be cycled between 10°C and 80°C. This effect shall be
considered for first electrical high power operation.

5.4 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 : “8.8”
Tensile strength : Rm = 800N/mm?2
Yield point : Re = 640N/mm?2
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Washer : not required
The screws have to be tightened to the final mounting torque according to Table 2.
Table 2: Torque specification for terminal mounting
Module Minimum torque Maximum torque
SKiM4 4Nm 5Nm
SKiM5 4Nm 5Nm

The maximum immersion depth of the screws for SKiM4 and SKiM5 may not exceed 9mm and subsequent
tightening of the screws is not allowed.

For the maximum allowed pulling forces per terminal on SKiM4 and SKiM5 modules refer Figure 16 and
Table 3.

Figure 16: Terminal pulling forces

Table 3: Maximum pulling forces per terminal

Force direction Maximum force
Fix < 100N
Fiv < 100N
F.s < 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 be
0.5mm regarding the minimum terminal height (see Figure 17).
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Figure 17: Recommended DC bus-bar assembly scheme
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5.5 Printed Circuit Board (PCB) assembly

A printed circuit boards (PCBs) can easily be mounted onto the SKiM module by snapping all snappers as
shown in Figure 18.

Figure 18: PCB assembly on the SKiM

To test the SKiM4 MLI and TMLI the following application boards have been developed:

e L5063101 - SKYPER® 42 LJ
e 45120701 - PCB MLI driver adaptor
e 45121301 - PCB TMLI driver adaptor

The application boards 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 19.
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Figure 19: SKiM4 driver assembly

SKYPER® 42 LJ driver
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To avoid damages of the spring contacts during the assembly of the PCB adapter, it is recommended not to
make lateral movements of the board respect for the module. For this reason it is recommended to
maintain the PCB aligned to the module using guiding pins (Figure 20) temporarily located in the posts
shown in Figure 21.

The procedure to assemble the PCB using the guiding pins is the following:
1. screw the 2 guiding pins into 2 diagonally opposite screw holes;
2. place the PCB on top of the SKIM4 module, so that the guide pins go through 2 holes in the PCB;

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

4. screw down all other screws and finally replace the guiding pins with screws.

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

The P/N of the guiding pins is 41076090.
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Figure 20: Guiding pins for SKiM4
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Table 4 specifies the minimum and maximum torque values for the PCB mounting screws.

Table 4: Torque specification for PCB mounting

Module Minimum torque Maximum torque
SKiM4 0.7Nm 0.9Nm

SKiM5 0.7Nm 0.9Nm
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Figure 21: SKiM4 positions for guiding pins

Figure 22: 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 may compromise the mechanical stability.
To fix the PCB onto the module SEMIKRON recommends the usage of the following screw:

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

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

The recommended screws may be supplied by EJOT Verbindungstechnik GmbH:

e Web site: http://www.ejot.de
e E-mail: info@ejot.de

} © by SEMIKRON / 2017-03-142017-05-10 / Mounting Instruction / SKiM®4&5 Page 15/18


http://www.ejot.de/
mailto:info@ejot.de

seEMIKRON

innovation +service
Figure 1: Cross-sectional View Of SKIM4 ... ...t e e e e e e e e e eeees 2
Figure 2: Heat sink surface SpeCifiCalions. . ..coiiiiiii i e e e e e e 2
Figure 3: SKiM bottom surface diSCOIOrations .........oiiiii e e e e 3
Figure 4: SKiM bottom suUrface after FEWOIK ..o i e e e e a e e e 4
Figure 5: Scratches on the SKIM SUMaCe .. ... e e e e ee e 4
Figure 6: Etching hole (hole down to substrate level) in the SKiM bottom surface ...........ccoooviiiiiiiiieiennnns. 5
Figure 7: Etching hole (hole NOT down to substrate level) on the SKiM bottom surface ..........coccvvviinnnnn. 5
Figure 8: SEMIKRON automated printing Machine. ... ..o e 6
Figure 9: Wet film Wheel type ZWW 2 102 ... ittt et et a e e e et et et e e et e e e e e e e e aneenas 6
Figure 10: Heatsink view after application of thermal paste........ccooiii e e 7
Figure 11: Example for a good distribution of thermal paste after assembly, thermal cycling an disassembly7
Figure 12: SKiM with pre-applied thermal Paste.......c.oiiiiiiii e 8
Figure 13: Mounting sequence fOr SKIMA ... ... it e e e e e e e e e e a e e e e e neeees 9
Figure 14: Mounting sequenCe for SKiM D ... e et a e e e e e aaeans 10
Figure 15: Alternate Mounting sequence for SKIM5 ... e eeees 10
Figure 16: Terminal pUlling fOrCES ... uui ittt r e e et et a e et a e e e e e e et e ananeens 11
Figure 17: Recommended DC bus-bar assembly scheme ... 12
Figure 18: PCB assembly 0N the SKiM ... e e e e e e e e e e e naeraenns 12
Figure 19: SKIM4 driver @SSy . .uuu ittt ettt e et et et e et e e e et e et e e e e e anennrneens 13
Figure 20: GUIding PiNS fOr SKIMA ... ... i et e e e r et e e e e e e e e a e e e e e eeenrees 14
Figure 21: SKiM4 positions fOr GUIING PiNS ...uieieiitiiiieiiie e e e e e e e e e ae e aeasaneraanns 15
Figure 22: Final assembly Of driver PCB ... ..o e e e e e e e e e e e e e e e eeees 15
Table 1: Torque specification for heat SiNK fiXiNg ....voviiiiiii e aeaas 9
Table 2: Torque specification for terminal MOUNEING .....ovoviriii e 11
Table 3: Maximum pulling forces per terminal ......o.iiiiii e e e e e 11
Table 4: Torque specification for PCB MOUNETING ...viviiiitiiiiei i e e e s e e e e naneraanens 14

} © by SEMIKRON / 201+7-03-142017-05-10 / Mounting Instruction / SKiM®4&5 Page 16/18



Symbols and Terms

seMIKRDN

innovation+service

Letter Symbol

Term

A detailed explanation of the terms and symbols can be found in the "Application Manual Power

Semiconductors" [2]
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HISTORY
SEMIKRON reserves the right to make changes without further notice herein

DISCLAIMER

The data given in this document shall be for information purposes only. It may not reflect the
product in its latest status. For a valid product specification please refer to the relevant product data
sheet in the actual version.

All information herein is confidential and provided as a service to customers of SEMIKRON.
SEMIKRON reserves the right to make changes without further notice herein to improve reliability,
function or design. Information furnished in this document is believed to be accurate and reliable.
However, no representation or warranty is given and no liability is assumed with respect to the
accuracy or use of such information. SEMIKRON does not assume any liability arising out of the
application or use of any product or circuit described herein. Furthermore, this information may not
be considered as an assurance of component characteristics. No warranty or guarantee expressed or
implied is made regarding delivery, performance or suitability. This document is not exhaustive and it
supersedes and replaces all information previously supplied and may be superseded by updates
without further notice.

Test data here presented are Intellectual Property of Semikron, as such cannot be disclosed to any
third parties. SEMIKRON shall accept no liability for the relevance, accuracy or completeness of the
information contained therein. SEMIKRON accepts no liability nor provides any guarantee as to the
usability of the information conveyed or contained in this report. Prior to using this report, the
customer is responsible for ascertaining that the information contained therein is suitable or fit for
the designated purpose. The information and values given by this report represents only the
characteristics of the measured/analyzed products/items.

SK assumes no liability for applications assistance or customer product design. Customers are
responsible for their products and applications using SK components. To minimize the risks with
customer products and applications, customers should provide adequate design and operating

safequards.

SEMIKRON products are not authorized for use in life support appliances and systems without the express
written approval by SEMIKRON.

SEMIKRON INTERNATIONAL GmbH
P.O. Box 820251 ¢ 90253 Nuremberg e Germany
Tel: +49 911-65 59-234 ¢ Fax: +49 911-65 59-262
sales.skd@semikron.com ¢ www.semikron.com
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