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Abstract

Press pack insulated gated bipolar transistors (PP IGBTs) have been gradually used in the 
high-voltage and high-power-density applications, such as the power system and elec-
tric locomotive, with its advantages of double-sided cooling, higher power density, and 
easy to connect in series compared with traditional wire-bonded power IGBT modules. 
However, the clamping force is quite important for PP IGBTs because too much clamping 
�•�˜�›�Ž�1� �’�•�•�1�Œ�Š�ž�œ�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�•�Š�–�Š�•�Ž�1�•�˜�1�•�‘�Ž�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�Š�—�•�1�•�˜�˜�1�•�’�4�•�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1� �’�•�•�1
increase the junction temperature of the silicon chips due to the increased thermal contact 
resistance. And eventually it leads to thermal damage. Furthermore, the clamping force 
�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�����1���	�����œ�1�’�œ�1�Š���Ž�Œ�•�Ž�•�1�‹�¢�1�–�Š�—�¢�1�•�Š�Œ�•�˜�›�œ�ð�1�Š�—�•�1�•�‘�Ž�¢�1�Œ�Š�—�1�‹�Ž�1�•�’�Ÿ�’�•�Ž�•�1�’�—�•�˜�1�•�‘�Ž�1
�’�—�•�Ž�›�—�Š�•�1�Š�—�•�1�Ž�¡�•�Ž�›�—�Š�•�1�•�Š�Œ�•�˜�›�œ�ï�1���‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�Š�—�Š�•�¢�œ�’�œ�1�–�˜�•�Ž�•�1�˜�•�1�•�‘�Ž�1�����1���	�����œ�1�’�œ�1�Ž�œ�•�Š�‹-
�•�’�œ�‘�Ž�•�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1�•�‘�Ž�˜�›�¢�1�˜�•�1�Ž�•�Š�œ�•�’�Œ�1�–�Ž�Œ�‘�Š�—�’�Œ�œ�1�•�˜�1�˜�‹�•�Š�’�—�1�•�‘�Ž�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�Š���Ž�Œ�•�1�•�Š�Œ�•�˜�›�œ�ð�1
including the external clamping modes, spring design, thermal stress, the machining accu-
�›�Š�Œ�¢�ð�1�Š�—�•�1�œ�˜�1�˜�—�ï�1���‘�Ž�1�Œ�˜�—�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�‘�˜�œ�Ž�1�Š���Ž�Œ�•�1�•�Š�Œ�•�˜�›�œ�1�•�˜�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1
is ranked, and this can be a guideline not only for users but also for the manufacturers.
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1. Introduction

1.1. Opportunities for PP IGBTs

Nowadays, the challenges such as globally increasing demand of electrical energy, the strin-
gency of conventional energy resources (such as oil, gas, and coal), and so on are arising in 
�•�‘�Ž�1���Ž�•�•�1�˜�•�1�Ž�•�Ž�Œ�•�›�’�Œ�Š�•�1�Ž�—�Ž�›�•�¢�1�œ�ž�™�™�•�¢�1�ý1�þ�ï�1���‘�Ž�1�‘�’�•�‘�,�Ÿ�˜�•�•�Š�•�Ž�1�•�’�›�Ž�Œ�•�1�Œ�ž�›�›�Ž�—�•�1�û�
�������ü�1�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�1
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to the passive power grid (i.e., islet), the independent control of the active and reactive power, 
�Š�—�•�1�•�‘�Ž�1���Ž�¡�’�‹�•�Ž�1�˜�™�Ž�›�Š�•�’�˜�—�1�–�˜�•�Ž�œ�1�ý2�þ�ï�1���‘�Ž�1�–�˜�œ�•�1�’�–�™�˜�›�•�Š�—�•�1�™�Š�›�•�œ�1�˜�•�1�•�‘�Ž�1���Ž�¡�’�‹�•�Ž�1�
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�–�’�œ�œ�’�˜�—�1�œ�¢�œ�•�Ž�–�1 �Š�›�Ž�1 �•�‘�Ž�1 �Œ�˜�—�Ÿ�Ž�›�•�Ž�›�1 �Ÿ�Š�•�Ÿ�Ž�1 �Š�—�•�1 �
�������1 �‹�›�Ž�Š�”�Ž�›�ð�1 � �‘�’�Œ�‘�1 �Š�›�Ž�1 �‹�Š�œ�Ž�•�1 �˜�—�1���—�œ�ž�•�Š�•�Ž�•�1
�	�Š�•�Ž�1���’�™�˜�•�Š�›�1���›�Š�—�œ�’�œ�•�˜�›�œ�1�û���	�����œ�ü�ð�1�‹�›�’�Ž���¢�1�œ�‘�˜� �—�1�’�—�1Figure 1.
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�������1�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�1�œ�¢�œ�•�Ž�–�1�‘�Š�œ�1�‹�Ž�Ž�—�1�œ�ž�Œ�Œ�Ž�œ�œ�•�ž�•�•�¢�1�Š�™�™�•�’�Ž�•�1�’�—�1�•�‘�Ž�1�•�Ž�Ÿ�Ž�•�˜�™�Ž�•�1�Œ�˜�ž�—-
�•�›�’�Ž�œ�1�•�˜�›�1�–�Š�—�¢�1�¢�Ž�Š�›�œ�ð�1�Š�—�•�1�’�•�1�’�œ�1�™�›�˜�œ�™�Ž�›�˜�ž�œ�1�’�—�1���‘�’�—�Š�1�’�—�1�•�‘�Ž�1�›�Ž�Œ�Ž�—�•�1�¢�Ž�Š�›�œ�ï�1���˜�›�Ž�1�Š�—�•�1�–�˜�›�Ž�1�™�›�˜�“�Ž�Œ�•�œ�1
with higher voltage and higher capacity ratings are developing to meet the requirements and 
the reliability as the most important issue. This high-voltage and high-reliability application has 
greatly promoted the development of IGBTs. There are two packaging styles for high-power 
IGBT devices: typical wire-bonded IGBT modules and press pack IGBTs (PP IGBTs). The high-
�™�˜� �Ž�›�1���	�����1�–�˜�•�ž�•�Ž�1�˜�•�1�Y�Y�V�V�1���&�W�[�V�V�1���1�‘�Š�•�1�‹�Ž�Ž�—�1� �’�•�Ž�•�¢�1�ž�œ�Ž�•�1�’�—�1�•�‘�Ž�1���Ž�¡�’�‹�•�Ž�1�
�������1�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�1
system. While with the growing demand of capacity, the IGBT module cannot meet the increas -
ing voltage and capacity requirements, and PP IGBTs are gradually applied with its advantages 
�˜�•�1�‘�’�•�‘�Ž�›�,�™�˜� �Ž�›�1�•�Ž�—�œ�’�•�¢�ð�1�Ž�Š�œ�¢�1�•�˜�1�Œ�˜�—�—�Ž�Œ�•�1�’�—�1�œ�Ž�›�’�Ž�œ�ð�1�Š�—�•�1�œ�‘�˜�›�•�,�Œ�’�›�Œ�ž�’�•�1�•�Š�’�•�ž�›�Ž�1�–�˜�•�Ž�1�ý3].
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1.2. Challenges for PP IGBTs

The press pack packaging style for high-voltage and high-power density IGBT can be divided 
�’�—�•�˜�1���•�Š�”���Š�”�1�ûFigure 2) and press pack (Figure 3). The original motivation in most cases was the 
poor power-cycling capability of early versions of wire-bonded modules and their explosion 
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�‹�Ž�Œ�Š�ž�œ�Ž�1�˜�•�1�•�‘�Ž�1�Ž�¡�™�Ž�›�’�Ž�—�Œ�Ž�1� �’�•�‘�1�•�‘�Ž�1�™�Š�Œ�”�Š�•�’�—�•�1�˜�•�1�‘�’�•�‘�,�™�˜� �Ž�›�1�•�Ž�Ÿ�’�Œ�Ž�œ�ð�1�œ�ž�Œ�‘�1�Š�œ�1�•�Š�•�Ž�1�•�ž�›�—�,�˜���1�•�‘�¢-
�›�’�œ�•�˜�›�œ�ð�1�•�’�˜�•�Ž�œ�ð�1���	�����ð�1�Š�—�•�1�œ�˜�1�˜�—�1�ý6], and many researches are based on this packaging style. 
Therefore, the PP IGBTs discussed in this chapter are the press pack style as shown in Figure 3.

Figure 1.�1��� �˜�1�–�˜�œ�•�1�’�–�™�˜�›�•�Š�—�•�1�Œ�˜�–�™�˜�—�Ž�—�•�œ�1�’�—�1�•�‘�Ž�1���Ž�¡�’�‹�•�Ž�1�
�������1�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�1�œ�¢�œ�•�Ž�–�ñ�1�û�Š�ü�1�Œ�˜�—�Ÿ�Ž�›�•�Ž�›�1�Ÿ�Š�•�Ÿ�Ž�1�œ�•�Š�•�’�˜�—�1�Š�—�•�1�û�‹�ü�1
�œ�Œ�‘�Ž�–�Š�•�’�Œ�1�•�’�Š�•�›�Š�–�1�•�˜�›�1�
�������1�‹�›�Ž�Š�”�Ž�›�1�ý�Z].
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Figure 3 shows that the PP IGBTs have a multilayered structure. The electrical and ther-
�–�Š�•�1 �™�Š�•�‘�œ�1�•�˜�›�1 �•�‘�Ž�1 �œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�Š�›�Ž�1 �œ�ž�™�™�•�’�Ž�•�1 �‹�¢�1 �•�‘�Ž�1 �Œ�˜�•�•�Ž�Œ�•�˜�›�1 �Š�—�•�1 �Ž�–�’�4�Ž�›�1 �Œ�˜�™�™�Ž�›�1 �Ž�•�Ž�Œ�•�›�˜�•�Ž�œ�ï�1
Furthermore, the needed clamping force also should be applied on the two electrodes to 
make all components to contact well. The recommended clamping force for applications in 
�Š�1�•�Š�•�Š�œ�‘�Ž�Ž�•�1�’�œ�1�Š�1�›�Š�—�•�Ž�ð�1�Š�—�•�1�Š�1�Œ�•�Š�–�™�’�—�•�1�™�›�Ž�œ�œ�ž�›�Ž�1�˜�•�1�W�ï�X�1�”���&�Œ�–2 is ideal according to mounting 
�’�—�œ�•�›�ž�Œ�•�’�˜�—�œ�1�•�›�˜�–�1�–�Š�—�ž�•�Š�Œ�•�ž�›�Ž�›�œ�1�ý� ,̂ 9]. Two molybdenum plates surrounding the silicon chips 
�Š�›�Ž�1�•�˜�1�ž�—�’�•�˜�›�–�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Š�—�•�1�›�Ž�•�ž�Œ�Ž�1�•�‘�Ž�1�•�‘�Ž�›�–�Š�•�1�Ž�¡�™�Š�—�œ�’�˜�—�&�Œ�˜�—�•�›�Š�Œ�•�’�˜�—�1
between the molybdenum plates and silicon chips when the press pack IGBT undergoes high-
temperature variations. A silicon chip subassembly is consisted of a silver shim plate, together 
� �’�•�‘�1�Š�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�1�Š�—�•�1�•� �˜�1�–�˜�•�¢�‹�•�Ž�—�ž�–�1�™�•�Š�•�Ž�œ�ï�1���Š�—�¢�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�1�œ�ž�‹�Š�œ�œ�Ž�–�‹�•�’�Ž�œ�1�Œ�˜�—�—�Ž�Œ�•�Ž�•�1
in parallel to form a press pack IGBT and the current rating is determined by the paralleled 
number.

With the increasing demand of higher voltage and current ratings, more and more silicon 
chip subassemblies are needed to connect in parallel. Therefore, there are many challenges in 
�•�‘�Ž�1�™�Š�Œ�”�Š�•�’�—�•�1�•�Ž�Œ�‘�—�˜�•�˜�•�¢�ð�1�Ž�œ�™�Ž�Œ�’�Š�•�•�¢�1�•�‘�Ž�1�•�˜�—�•�1�•�’�•�Ž�1�•�’�–�Ž�1�›�Ž�•�’�Š�‹�’�•�’�•�¢�1� �‘�Ž�—�1�Š�™�™�•�’�Ž�•�1�’�—�1�•�‘�Ž�1���Ž�¡�’�‹�•�Ž�1
�
�������1�•�›�Š�—�œ�–�’�œ�œ�’�˜�—�1�œ�¢�œ�•�Ž�–�1�Š�œ�1�•�˜�•�•�˜� �œ�ñ

• �Œ�ž�›�›�Ž�—�•�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Š�–�˜�—�•�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�ý10];

• �Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Š�–�˜�—�•�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�ý11–13];

• �“�ž�—�Œ�•�’�˜�—�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Š�–�˜�—�•�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�ý�W�Z];

Figure 2.�1���•�Š�”���Š�”�1�™�Š�Œ�”�Š�•�’�—�•�1�œ�•�¢�•�Ž�1�•�›�˜�–�1�������ï

Figure 3.�1���›�Ž�œ�œ�1�™�Š�Œ�”�1�™�Š�Œ�”�Š�•�’�—�•�1�œ�•�¢�•�Ž�1�•�›�˜�–�1���Ž�œ�•�Œ�˜�•�Ž�1�ý7].
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• �•�‘�Ž�1�’�—�•�Ž�›�—�Š�•�1�’�—�œ�ž�•�Š�•�’�˜�—�1�™�›�˜�‹�•�Ž�–�1�ý�W�[];

• �•�˜�—�•�,�•�’�–�Ž�1�›�Ž�•�’�Š�‹�’�•�’�•�¢�1�ý16].

1.3. Clamping force distribution

For PP IGBTs, the clamping force is a special and very important parameter that many other 
parameters are correlated with this value, including the electrical and thermal behavior, 
reliability, and so on. For example, the current and junction temperature distributions are 
�Š���Ž�Œ�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Š�1�•�˜�•�1�ý17] through the electrical and thermal con -
�•�Š�Œ�•�1�›�Ž�œ�’�œ�•�Š�—�Œ�Ž�1�ý�W�^, 19]. Too much clamping force will mechanically damage the silicon chip 
�Š�—�•�1�•�˜�˜�1�•�’�4�•�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1� �’�•�•�1�’�—�Œ�›�Ž�Š�œ�Ž�1�•�‘�Ž�1�“�ž�—�Œ�•�’�˜�—�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�•�‘�Ž�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1
thermal contact resistance. Eventually, this leads to the silicon chip thermal damage as 
shown in Figure 4�1�ý20]. Therefore, the clamping force distribution within PP IGBTs is quite 
�’�–�™�˜�›�•�Š�—�•�1�•�‘�Š�•�1�’�•�1�—�˜�•�1�˜�—�•�¢�1�Š���Ž�Œ�•�œ�1�‹�˜�•�‘�1�•�‘�Ž�1�Ž�•�Ž�Œ�•�›�’�Œ�Š�•�1�Š�—�•�1�•�‘�Ž�›�–�Š�•�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�‹�ž�•�1�Š�•�œ�˜�1�•�‘�Ž�1�•�˜�—�•�,
time reliability of PP IGBTs.

���‘�Ž�›�Ž�1�Š�›�Ž�1�–�Š�—�¢�1�•�Š�Œ�•�˜�›�œ�1�•�‘�Š�•�1�–�Š�¢�1�’�—���ž�Ž�—�Œ�Ž�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�����1���	�����œ�1
�—�˜�•�1�˜�—�•�¢�1�•�ž�›�’�—�•�1�•�‘�Ž�1�•�Ž�œ�’�•�—�1�™�›�˜�Œ�Ž�œ�œ�1�‹�ž�•�1�Š�•�œ�˜�1�’�—�1�•�‘�Ž�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�ï�1���—�•�1�•�‘�Ž�1�Š���Ž�Œ�•�1�•�Š�Œ�•�˜�›�œ�1�Œ�Š�—�1�‹�Ž�1
�•�’�Ÿ�’�•�Ž�•�1�’�—�•�˜�1�Ž�¡�•�Ž�›�—�Š�•�1�Š�—�•�1�’�—�•�Ž�›�—�Š�•�1�•�Š�Œ�•�˜�›�œ�ï�1���•�•�1�•�‘�Ž�1�•�Š�Œ�•�˜�›�œ�1�•�‘�Š�•�1�–�Š�¢�1�Š���Ž�Œ�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1
�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�����1 ���	�����œ�1�Š�›�Ž�1�œ�‘�˜� �—�1�œ�ž�‹�œ�Ž�š�ž�Ž�—�•�•�¢�1�Š�—�•�1�Š�—�Š�•�¢�£�Ž�•�1�•�‘�›�˜�ž�•�‘�1 �•�‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž-
�–�Ž�—�•�1�–�Ž�•�‘�˜�•�ï�1���˜�›�1�‘�’�•�‘�,�™�˜� �Ž�›�1���	�����1�–�˜�•�ž�•�Ž�œ�1�˜�›�1�����1���	�����œ�ð�1�œ�˜�–�Ž�1���Š�œ�•�1���Ž�Œ�˜�Ÿ�Ž�›�¢�1���’�˜�•�Ž�1�û�������ü�1
chips are always connected in anti-paralleled with the IGBT chips to provide the current path 
� �‘�’�•�Ž�1�•�‘�Ž�1���	�����1�Œ�‘�’�™�œ�1�Š�›�Ž�1�•�ž�›�—�Ž�•�1�˜���ï�1���Œ�•�ž�Š�•�•�¢�ð�1�•�‘�Ž�1�–�Š�•�Œ�‘�’�—�•�1�˜�•�1�•�‘�Ž�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�ð�1� �‘�’�Œ�‘�1�–�Ž�Š�—�œ�1
�•�‘�Ž�1�’�—�•�Ž�›�—�Š�•�1�•�Š�¢�˜�ž�•�1�˜�•�1���	�����1�Œ�‘�’�™�œ�1�Š�—�•�1�������1�Œ�‘�’�™�œ�1� �’�•�‘�’�—�1�����1���	�����œ�ð�1� �’�•�•�1�Š�•�œ�˜�1�’�—���ž�Ž�—�Œ�Ž�1�˜�—�1�•�‘�Ž�1
clamping force distribution. However, the electrical and thermal behaviors, for example, the 
collector current and junction temperature distributions, of the PP IGBTs depend on the inter -
nal layout or matching of the silicon chips to a large extent. Therefore, the matching of the 
�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�œ�‘�˜�ž�•�•�1�™�Š�¢�1�–�˜�›�Ž�1�Š�4�Ž�—�•�’�˜�—�1�•�˜�1�•�‘�Ž�1�Ž�•�Ž�Œ�•�›�’�Œ�Š�•�1�Š�—�•�1�•�‘�Ž�›�–�Š�•�1�‹�Ž�‘�Š�Ÿ�’�˜�›�œ�1�›�Š�•�‘�Ž�›�1�•�‘�Š�—�1�•�‘�Ž�1
clamping force distribution.

A. ���¡�•�Ž�›�—�Š�•�1�Š���Ž�Œ�•�1�•�Š�Œ�•�˜�›�œ

• external clamping modes

• design of disc spring

B. ���—�•�Ž�›�—�Š�•�1�Š���Ž�Œ�•�1�•�Š�Œ�•�˜�›�œ

• slim plates

• thermal stress

• machining accuracy

• internal layout

• design of electrodes
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2. Basic theory

2.1. Governing equations

���Ž�Œ�‘�Š�—�’�Œ�œ�1 �’�œ�1 �Š�1 �Ÿ�Ž�›�¢�1 �ž�œ�Ž�•�ž�•�1 �•�’�œ�Œ�’�™�•�’�—�Ž�1 �Ž�œ�•�Š�‹�•�’�œ�‘�Ž�•�1 �•�˜�1 �Ž�¡�™�•�Š�’�—�1 �–�Š�—�¢�1 �™�‘�Ž�—�˜�–�Ž�—�Š�1 �Ž�¡�’�œ�•�’�—�•�1 �’�—�1
nature, for example, material mechanics, structure mechanics, elastic mechanics, elastic–plastic  
�–�Ž�Œ�‘�Š�—�’�Œ�œ�ð�1 �Š�—�•�1 �œ�˜�1 �˜�—�ï�1 ���Š�•�Ž�›�’�Š�•�1 �–�Ž�Œ�‘�Š�—�’�Œ�œ�1 �’�œ�1 �–�Š�’�—�•�¢�1 �ž�œ�Ž�•�1 �•�˜�1 �Ž�¡�™�•�Š�’�—�1 �•�‘�Ž�1 �•�Ž�•�˜�›�–�Š�•�’�˜�—�1 �˜�•�1 �Š�1
single simple object. Elastic mechanics can be used to research the micro-deformation phe-
nomenon, and elastic–plastic mechanics is mainly used to explain the macro-deformation, for 
example, nonlinearity, material yield problem, and so on.

PP IGBTs consist of many components that undergo micro-deformation as stated before, thus 
�•�‘�Ž�1�Ž�•�Š�œ�•�’�Œ�1�–�Ž�Œ�‘�Š�—�’�Œ�œ�1�’�œ�1�œ�ž�’�•�Š�‹�•�Ž�1�•�˜�›�1�’�•�œ�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�Š�—�Š�•�¢�œ�’�œ�ï�1���‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�Š�—�Š�•�¢�œ�’�œ�1�˜�•�1�Š�1�œ�™�Ž�Œ�’���Œ�1
material can be explained through the physical properties of materials, deformation, and the 
�‹�Š�•�Š�—�Œ�Ž�1�˜�•�1�•�˜�›�Œ�Ž�œ�ï�1���ž�œ�•�1�•�’�”�Ž�1�’�—�1�•�‘�Ž�1�Ž�•�Ž�Œ�•�›�’�Œ�Š�•�1�Ž�—�•�’�—�Ž�Ž�›�’�—�•�1�Š�›�Ž�Š�ð�1���Š�¡� �Ž�•�•���œ�1�Ž�š�ž�Š�•�’�˜�—�œ�1�Œ�Š�—�1�‹�Ž�1�ž�œ�Ž�•�1�•�˜�1
�Ž�¡�™�•�Š�’�—�1�Š�•�•�1�Ž�•�Ž�Œ�•�›�˜�–�Š�•�—�Ž�•�’�Œ�1�™�‘�Ž�—�˜�–�Ž�—�Š�ï�1���˜�ž�™�•�Ž�•�1� �’�•�‘�1�œ�™�Ž�Œ�’���Œ�1�‹�˜�ž�—�•�Š�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�œ�ð�1�•�‘�›�Ž�Ž�1�Ž�š�ž�Š-
tions, including the constitutive equations of materials, geometric equations, and equilibrium 
equations of force as shown in Eqs. (1)–(3), are used to solve all the elastic mechanics problems:

  �º�:� �7 � �—�7=�7F  (1)

  �—�7=�7E � �‰  (2)

  �‰�7=�7� �7 � u  (3)

where �— is stress, F is external force, E is elasticity modulus, �‰ is strain, and u is displacement.

2.2. Finite element model

Eqs. (1)–(3) can be used to explain all the elastic mechanics phenomena, and the equations 
� �’�•�‘�˜�ž�•�1�œ�™�Ž�Œ�’���Œ�1�‹�˜�ž�—�•�Š�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�œ�1�‘�Š�Ÿ�Ž�1�ž�—�‹�˜�ž�—�•�Ž�•�1�œ�˜�•�ž�•�’�˜�—�ï�1���ž�•�1�•�˜�›�1�Ž�—�•�’�—�Ž�Ž�›�’�—�•�1�™�›�˜�‹�•�Ž�–�œ�ð�1
�•�‘�Ž�›�Ž�1�–�ž�œ�•�1�‹�Ž�1�Š�1�œ�™�Ž�Œ�’���Œ�1�œ�˜�•�ž�•�’�˜�—�ï�1���‘�ž�œ�ð�1� �Ž�1�—�Ž�Ž�•�1�•�˜�1�Š�™�™�˜�’�—�•�1�•�‘�Ž�1�‹�˜�ž�—�•�Š�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�1�•�˜�›�1�Ž�—�•�’-
�—�Ž�Ž�›�’�—�•�1�™�›�˜�‹�•�Ž�–�œ�1�•�˜�1�•�Ž�•�1�•�‘�Ž�1�ž�—�’�š�ž�Ž�1�œ�˜�•�ž�•�’�˜�—�ï�1���—�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�ð�1�•�‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�˜�•�Ž�•�1�˜�•�1�����1
���	�����œ�1�’�œ�1�™�›�˜�™�˜�œ�Ž�•�1�•�˜�1�™�›�Ž�•�’�Œ�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�ž�—�•�Ž�›�1�•�’���Ž�›�Ž�—�•�1�Œ�˜�—�•�’�•�’�˜�—�œ�1�Š�—�•�1

Figure 4.�1���Š�’�•�Ž�•�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�—�˜�—�ž�—�’�•�˜�›�–�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�ý20�þ�ñ�1�û�Š�ü�1�•�˜�˜�1�–�ž�Œ�‘�1�™�›�Ž�œ�œ�ž�›�Ž�1�Š�—�•�1�û�‹�ü�1�•�˜�˜�1�•�’�4�•�Ž�1�™�›�Ž�œ�œ�ž�›�Ž�ï
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Figure 5. Boundary conditions of the mechanical model.

the boundary conditions are set as follows. In the application of PP IGBTs, a force spreader 
or a clamp stack is used to transmit the clamping force to the heatsink and then transfer 
from the heatsink to the surface of the PP IGBTs. A disc spring, usually changing several mm 
under the clamped phase, is needed to compensate the physical movements, usually sev-
eral µm, during the process of clamping and thermal expansion. To approximate the work -
ing conditions, a prescribed displacement, which is equivalent to the rated clamping force, 
is applied to the disc spring on the surface of the heatsink of the PP IGBT collector side. A 
���¡�Ž�•�1�œ�ž�™�™�˜�›�•�1�’�œ�1�™�•�Š�Œ�Ž�•�1�˜�—�1�•�‘�Ž�1�œ�ž�›�•�Š�Œ�Ž�1�˜�•�1�•�‘�Ž�1�‘�Ž�Š�•�œ�’�—�”�1�˜�•�1�•�‘�Ž�1�����1���	�����1�Ž�–�’�4�Ž�›�1�œ�’�•�Ž�ï�1���‘�Ž�1�œ�’�–-
�™�•�’���Ž�•�1�•�’�Š�•�›�Š�–�1�˜�•�1�•�‘�Ž�1�‹�˜�ž�—�•�Š�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�œ�1�•�˜�›�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�–�˜�•�Ž�•�1�’�œ�1�œ�‘�˜� �—�1�’�—�1Figure 5.  
���‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�–�˜�•�Ž�•�1�œ�‘�˜�ž�•�•�1�Š�•�œ�˜�1�Œ�˜�—�œ�’�•�Ž�›�1�•�‘�Ž�1�•�›�’�Œ�•�’�˜�—�Š�•�1�’�—�•�Ž�›�Œ�˜�—�—�Ž�Œ�•�’�˜�—�œ�1�Š�–�˜�—�•�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�•�1
layers. The interconnections between heatsinks and PP IGBT are set as the bonded intercon-
nection, and the interconnections between multilayers within PP IGBT are set as a frictional 
�Œ�˜�—�•�Š�Œ�•�ï�1���1�•�›�’�Œ�•�’�˜�—�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�˜�•�1�V�ï�[�1�’�œ�1�Š�œ�œ�ž�–�Ž�•�1�•�˜�›�1�•�‘�Ž�1�Œ�˜�—�•�Š�Œ�•�1�•�Š�¢�Ž�›�œ�1� �’�•�‘�’�—�1�•�‘�Ž�1�����1���	�����1�ý21, 22], 
�‹�Ž�Œ�Š�ž�œ�Ž�1�•�‘�Ž�1�•�›�’�Œ�•�’�˜�—�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�‘�Š�œ�1�•�’�4�•�Ž�1�’�—���ž�Ž�—�Œ�Ž�1�˜�—�1�•�‘�Ž�1�™�›�Ž�œ�œ�ž�›�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�ý23�þ�ï�1���•�•�1���—�’�•�Ž�1�Ž�•�Ž-
ment models used in this chapter to analyze the clamping force distribution within PP IGBTs, 
� �’�•�‘�1�•�‘�Ž�1�Ž�¡�Œ�Ž�™�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�œ�™�Ž�Œ�’���Ž�•�1�–�˜�•�Ž�•�œ�ð�1�Š�›�Ž�1�œ�Ž�•�1�Š�œ�1�’�—�1Figure 5.
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clamping modes and the design of disc spring.

3.1. External clamping modes
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spreader is used to transmit the clamping force to the heatsink and then transfer from the heatsink 
to the surface of the PP IGBTs as shown in Figure 6. The disc spring is also needed to compensate 
the displacement during the clamping phase, and this parameter will be analyzed in the next part.

���‘�Ž�1�•�˜�›�Œ�Ž�1�œ�™�›�Ž�Š�•�Ž�›�1�’�œ�1�š�ž�’�•�Ž�1�’�–�™�˜�›�•�Š�—�•�1�’�—�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1���¡�•�ž�›�Ž�1�•�˜�›�1�•�‘�Ž�1�™�›�Ž�œ�œ�1�™�Š�Œ�”�1�™�Š�Œ�”�Š�•�’�—�•�1
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which are connected in parallel to improve the current rating. The uniform of the clamping 
�•�˜�›�Œ�Ž�1�˜�—�1�•�‘�Ž�1�œ�ž�›�•�Š�Œ�Ž�1�˜�•�1�����1���	�����œ�1� �’�•�•�1�•�›�Ž�Š�•�•�¢�1�’�—���ž�Ž�—�Œ�Ž�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1� �’�•�‘�’�—�1�����1���	�����œ�1
and lower the reliability. Thus, the design of the force spreader is quite important to ensure 
its basic functions and improve the reliability of the whole system.

According to the basic principle of elastic mechanics, there are two boundary conditions to 
solve the elasticity problems: force load and displacement load. Force load is the most used 
�‹�˜�ž�—�•�Š�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�1�’�—�1�•�‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�œ�’�–�ž�•�Š�•�’�˜�—�œ�ï�1���˜�œ�•�1�˜�•�1�•�‘�Ž�1�œ�•�ž�•�’�Ž�œ�1�•�‘�Š�•�1�•�˜�Œ�ž�œ�1�˜�—�1�•�‘�Ž�1
clamping force distribution within PP IGBTs used the force load principle. However, the PP 
���	�����œ�1�Œ�•�Š�–�™�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1���¡�•�ž�›�Ž�1�Š�›�Ž�1�›�Ž�œ�•�›�’�Œ�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�™�›�Ž�œ�Œ�›�’�‹�Ž�•�1�•�’�œ�™�•�Š�Œ�Ž�–�Ž�—�•�ï�1���‘�’�Œ�‘�1
boundary condition is suitable for the mechanical analysis of PP IGBTs is unclear. Those two 
boundary conditions directly applied on the surface of the PP IGBT are compared based on 
�•�‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�˜�•�Ž�•�1�–�Ž�—�•�’�˜�—�Ž�•�1�Ž�Š�›�•�’�Ž�›�ï�1���’�—�Ž�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�Š�›�Ž�1�ž�œ�Ž�•�1�Š�œ�1�œ�‘�˜� �—�1�’�—�1Figure 7, 
and the clamping force of each silicon chip is shown in Table 1.

���›�˜�–�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�œ�ð�1� �Ž�1�Œ�Š�—�1�œ�Ž�Ž�1�•�‘�Š�•�1�Œ�‘�’�™�1�[�1�•�˜�Œ�Š�•�Ž�•�1�’�—�1�•�‘�Ž�1�Œ�Ž�—�•�Ž�›�1�˜�•�1�•�‘�Ž�1�����1���	�����1�‘�Š�œ�1�Š�1�›�Ž�•�Š�•�’�Ÿ�Ž�•�¢�1�•�˜� �Ž�›�1
clamping force than other chips with the force load boundary condition, and the error is about 
�º�Y�V�ï�Y�X�–�ï�1���œ�1�•�‘�Ž�1�œ�•�ž�•�¢�1�ý19] shows, the thermal contact resistance existed in the contact interface 
within PP IGBTs depends on the clamping force to a large extent. Thus, the uniform clamp-
�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�•�1�’�—���ž�Ž�—�Œ�Ž�1�•�‘�Ž�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�1�Š�—�•�1�›�Ž�•�’�Š�‹�’�•�’�•�¢�1�˜�•�1�����1���	�����œ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1
the clamping force distribution within PP IGBT is relative even with the displacement of load 
�Œ�˜�—�•�’�•�’�˜�—�1�•�‘�Š�•�1�•�‘�Ž�1�–�Š�¡�’�–�ž�–�1�Ž�›�›�˜�›�1�’�œ�1�Š�‹�˜�ž�•�1�W�ï�Y�_�–�ï�1���—�1�•�‘�Ž�1�›�Ž�Š�•�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�ð�1�•�‘�Ž�1�����1���	�����œ�1�Š�›�Ž�1
�›�Ž�œ�•�›�’�Œ�•�Ž�•�1 �‹�¢�1 �•�‘�Ž�1 �™�›�Ž�œ�Œ�›�’�‹�Ž�•�1 �•�’�œ�™�•�Š�Œ�Ž�–�Ž�—�•�1 �•�‘�›�˜�ž�•�‘�1 �Œ�•�Š�–�™�’�—�•�1 ���¡�•�ž�›�Ž�ï�1 �
�˜� �Ž�Ÿ�Ž�›�ð�1 �’�•�1 �’�œ�1 �’�–�™�˜�œ-
sible to ensure a uniform displacement on the surface like the displacement load boundary  
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condition. Furthermore, the clamping force will increase due to the thermal stress when the 
PP IGBT is heated up, and the force load condition is not suitable anymore in this situation.

The reason why the clamping force distribution within PP IGBT with force load conditions 
is worse than the displacement is because the displacement on the surface of PP IGBT is 
uneven. Therefore, the force spreader is designed to transmit the clamping force to the PP 
IGBT and ensure that the displacement on the surface is uniform. The clamping force distri-
bution within PP IGBTs is related with the height of the force spreader as shown in Figure 8 
� �’�•�‘�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�˜�•�1�Œ�‘�’�™�1�[�ï

���‘�Ž�1�›�Š�•�’�ž�œ�1�˜�•�1�•�‘�Ž�1�œ�•�ž�•�’�Ž�•�1�����1���	�����1�’�œ�1�X�^�1�–�–�ð�1�Š�—�•�1�Š�œ�1�œ�Ž�Ž�—�1�’�—�1Figure 8�ð�1�•�‘�Ž�1�Ž�›�›�˜�›�1�˜�•�1�Œ�‘�’�™�1�[�1�•�›�Ž�—�•�œ�1
to be stable when the height of the force spreader will be higher than 30 mm. That is to say, 
the displacement on the surface of the PP IGBT is relatively uniform and will not change 
with a higher force spreader. This is very important in the application. The height of the force 
spreader should be larger than the radius of the PP IGBT to ensure the clamping force distri-
�‹�ž�•�’�˜�—�ï�1���—�•�1�•�‘�Ž�1�Ž�›�›�˜�›�1�˜�•�1�Œ�‘�’�™�1�[�1�’�œ�1�œ�•�’�•�•�1�‘�’�•�‘�Ž�›�1�•�‘�Š�—�1�•�‘�Ž�1�•�’�œ�™�•�Š�Œ�Ž�–�Ž�—�•�1�•�˜�Š�•�1�Œ�˜�—�•�’�•�’�˜�—�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1
the displacement load condition on the surface of PP IGBT or heatsink is too ideal.

No Rated (N) Force (N) Error (%) Displacement (N) Error (%)

1 1000 �W�V�]�Z�ï�\ �]�ï�Z�\ �_�^�\�ï�V�\ �º�W�ï�Y�_

2 1000 1001.0 0.10 1010.1 1.01

3 1000 �W�V�]�Y�ï�[ �]�ï�Y�[ �_�^�]�ï�V�\ �º�W�ï�X�_

�Z 1000 1001.0 0.10 1009.7 0.97

�[ 1000 �\�_�\�ï�^�Z �º�Y�V�ï�Y�X 1011.3 1.13

6 1000 1000.9 0.09 �W�V�W�V�ï�Z �W�ï�V�Z

7 1000 1076.1 7.61 �_�^�]�ï�Y�_ �º�W�ï�X�\

�^ 1000 1002.3 0.23 1011.9 1.19

9 1000 �W�V�]�Y�ï�^ �]�ï�Y�^ �_�^�\�ï�V�_ �º�W�ï�Y�_

Table 1.�1���•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�ž�—�•�Ž�›�1�•�’���Ž�›�Ž�—�•�1�‹�˜�ž�—�•�Š�›�¢�1�Œ�˜�—�•�’�•�’�˜�—�œ�ï

Figure 7. Finite element model: (a) chip number and (b) schematic diagram for simulation.
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Based on these results, it is shown that the design of the force spreader is quite important that 
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displacement load on the force spreader.

3.2. Design of disc spring

The disc spring is another quite important parameter in the application of PP IGBTs because 
it can not only compensate the displacement during clamping process but also absorb the 
thermal stress generated by the high temperature. Firstly, the importance of the disc spring 
is explained by the single IGBT chip submodule as shown in Figure 9�1�ž�—�•�Ž�›�1�•�’���Ž�›�Ž�—�•�1�Œ�˜�—-
�•�’�•�’�˜�—�œ�ï�1 ���—�Ž�1 �’�œ�1 �•�‘�Ž�1 �Œ�•�Š�–�™�’�—�•�1 �™�‘�Š�œ�Ž�1 �•�‘�Š�•�1 �•�‘�Ž�1 �œ�ž�‹�–�˜�•�ž�•�Ž�1 �’�œ�1 �“�ž�œ�•�1 �Œ�•�Š�–�™�Ž�•�1 �‹�¢�1 �•�‘�Ž�1 ���¡�•�ž�›�Ž�1 �Š�—�•�1
another is the heating phase that the submodule is heated up with a desired clamping force. 
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Figure 9.�1���’�–�ž�•�Š�•�’�˜�—�1�œ�Œ�‘�Ž�–�Š�•�’�Œ�1�•�’�Š�•�›�Š�–�1�˜�•�1�œ�’�—�•�•�Ž�1���	�����1�œ�ž�‹�–�˜�•�ž�•�Ž�ñ�1�û�Š�ü�1� �’�•�‘�˜�ž�•�1�œ�™�›�’�—�•�1�Š�—�•�1�û�‹�ü�1� �’�•�‘�1�œ�™�›�’�—�•�ï
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As mentioned earlier, the rated clamping force of the single IGBT submodule is obtained 
through the displacement on a proper designed force spreader. The calculated clamping force 
�˜�•�1�•�‘�Ž�1�œ�ž�‹�–�˜�•�ž�•�Ž�1�’�œ�1�ž�œ�Ž�•�1�•�˜�1�Œ�˜�–�™�Š�›�Ž�1� �’�•�‘�1�•�’���Ž�›�Ž�—�•�1�Œ�˜�—�•�’�•�’�˜�—�œ�ð�1�Š�—�•�1�’�•�1�’�œ�1�•�‘�Ž�1�›�Ž�Š�•�1�Œ�•�Š�–�™�’�—�•�1
force existing in the submodule after the submodule is clamped by the desired displacement.

Furthermore, the selection or the design of the disc spring is also quite important in the appli -
�Œ�Š�•�’�˜�—�œ�ï�1���‘�Ž�1�–�˜�œ�•�1�’�–�™�˜�›�•�Š�—�•�1�™�Š�›�Š�–�Ž�•�Ž�›�1�•�˜�›�1�•�’�œ�Œ�1�œ�™�›�’�—�•�1�’�œ�1�•�‘�Ž�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�1�Ž�•�Š�œ�•�’�Œ�1�Œ�˜�Ž���Œ�’�Ž�—�•�ï�1���‘�Ž�1
higher this value, the disc spring is harder to deform which means higher force is needed to 
obtain the same deformation. And the lower this value, the disc spring can compensate more 
displacement with the same clamping force. Therefore, the selection of the equivalent elastic 
�Œ�˜�Ž���Œ�’�Ž�—�•�1�’�œ�1�Š�1�•�›�Š�•�Ž�˜���1�™�›�˜�‹�•�Ž�–�ï�1���‘�Ž�1�›�Š�•�Ž�•�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�˜�•�1�•�‘�Ž�1�œ�ž�‹�–�˜�•�ž�•�Ž�1�’�œ�1�•�Ž�œ�’�•�—�Ž�•�1�•�˜�1
�W�1�”���1�Š�—�•�1�•�‘�Ž�1�•�’�œ�™�•�Š�Œ�Ž�–�Ž�—�•�1�’�œ�1�W�1�–�–�ï�1���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�‘�Ž�1�›�Š�•�Ž�•�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�1�Ž�•�Š�œ�•�’�Œ�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�’�œ�1�W�Ž�\�1
���&�–�ï�1���‘�Ž�1�œ�ž�‹�–�˜�•�ž�•�Ž�1�ž�—�•�Ž�›�1�•�‘�Ž�1�‘�Ž�Š�•�’�—�•�1�™�‘�Š�œ�Ž�1� �’�•�‘�1�•�’���Ž�›�Ž�—�•�1�Œ�˜�Ž���Œ�’�Ž�—�•�œ�ð�1�›�Š�—�•�Ž�1�•�›�˜�–�1�W�Ž�\�1�•�˜�1
1e7, is also analyzed and the results are shown in Table 2.

where “without” means no disc spring is applied in the simulation and the value with a unit 
�˜�•�1���&�–�1�’�œ�1�•�‘�Ž�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�1�Ž�•�Š�œ�•�’�Œ�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�˜�•�1�•�‘�Ž�1�•�’�œ�Œ�1�œ�™�›�’�—�•�1�Š�™�™�•�’�Ž�•�1�’�—�1�•�‘�Ž�1�œ�’�–�ž�•�Š�•�’�˜�—�ï�1���‘�Ž�1
�›�Ž�œ�ž�•�•�œ�1�œ�‘�˜� �1�•�‘�Š�•�1�•�‘�Ž�›�Ž�1�’�œ�1�—�˜�1�•�’���Ž�›�Ž�—�Œ�Ž�1�’�—�1�•�‘�Ž�1�Œ�Š�•�Œ�ž�•�Š�•�Ž�•�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�˜�•�1�•�‘�Ž�1�œ�’�—�•�•�Ž�1�œ�ž�‹�–�˜�•-
ule whether a disc spring is applied or not during the clamping phase. And the calculated 
value is almost equal to the rated clamping force of 1 kN. That is to say, the disc spring has no 
�’�—���ž�Ž�—�Œ�Ž�1�˜�—�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�™�‘�Š�œ�Ž�1�Š�•�•�Ž�›�1�•�‘�Ž�1�œ�ž�‹�–�˜�•�ž�•�Ž�1�’�œ�1�Œ�•�Š�–�™�Ž�•�ï�1���‘�Ž�1�•�’�œ�Œ�1�œ�™�›�’�—�•�1�’�œ�1�ž�œ�Ž�•�1�•�˜�1
slow down the change rate of the clamping force during the clamping process but it will not 
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is used to restrict the change rate of current.

However, the clamping force will increase sharply due to the thermal stress generated by the 
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rated clamping force. This high clamping force may mechanically damage the silicon chip. 
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is needed to compensate the displacement or deformation due to the thermal stress, and the 
calculated clamping force can be controlled to some extent. The increment of the clamping 
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�‹�Ž�1�‘�’�•�‘�Ž�›�1� �’�•�‘�1�Š�1�‘�’�•�‘�Ž�›�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�1�Ž�•�Š�œ�•�’�Œ�1�Œ�˜�Ž���Œ�’�Ž�—�•�ï�1���—�•�1�•�‘�Ž�1�’�—�Œ�›�Ž�–�Ž�—�•�1�›�Š�•�Ž�1�˜�•�1�X�ï�W�Z�ð�1
�W�V�ï�\�[�ð�1�Š�—�•�1�X�W�ï�V�\�–�1�’�œ�1�Š�•�œ�˜�1�™�›�˜�™�˜�›�•�’�˜�—�Š�•�1�•�˜�1�•�‘�Ž�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�Ž�š�ž�’�Ÿ�Š�•�Ž�—�•�1�Ž�•�Š�œ�•�’�Œ�1�Œ�˜�Ž���Œ�’�Ž�—�•�ï�1���‘�Ž�1�›�Ž�Š�œ�˜�—�1
is that the allowed displacement of the disc spring is 1, 0.2, and 0.1 mm with the same clamped 
conditions. Actually, the increment of the clamping force cannot be eliminated if the submod -
ule is clamped even if adequate disc spring is applied. And this will not only increase the cost 
�‹�ž�•�1�Š�•�œ�˜�1� �’�•�•�1�‹�Ž�1�Ÿ�Ž�›�¢�1�•�’���Œ�ž�•�•�1�•�˜�1�˜�‹�•�Š�’�—�1�•�‘�Ž�1�•�Ž�œ�’�›�Ž�•�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�ï�1���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�‘�Ž�1�•�Ž�œ�’�•�—�1�˜�•�1�•�‘�Ž�1
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Clamping phase (N) Heating phase (N)

Without 1e6 (N/m) Without 1e6 (N/m) 5e6 (N/m) 1e7 (N/m)

���Š�•�Œ�ž�•�Š�•�Ž�• �_�_�]�ï�[�] �_�_�]�ï�[�_ �W�Y�ð�_�Z�^ �W�V�X�W�ï�Z �W�W�V�\�ï�[1210.6
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���‘�˜�œ�Ž�1�•�Š�Œ�•�˜�›�œ�1�•�‘�Š�•�1 �–�Š�’�—�•�¢�1 �Ž�¡�’�œ�•�Ž�•�1 �’�—�1�����1 ���	�����œ�1�˜�›�1 �•�ž�›�’�—�•�1 �•�‘�Ž�1 �•�Ž�œ�’�•�—�1�™�›�˜�Œ�Ž�œ�œ�1�Š�›�Ž�1�•�Ž���—�Ž�•�1 �Š�œ�1
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should be analyzed and optimized because it is quite important for the structure design of 
�����1���	�����œ�ï�1���‘�Ž�›�Ž�1�Š�›�Ž�1���Ÿ�Ž�1�™�Š�›�Š�–�Ž�•�Ž�›�œ�1�•�‘�Š�•�1�–�Š�¢�1�Š���Ž�Œ�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�����1
IGBTs a lot: slim plates, thermal stress, machining accuracy, internal layout, and the design of 
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ence the layout or the matching of silicon chips.

4.1. Slim plates
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packaging style contains a spring to distribute the clamping force which is patent protected by 
ABB and the research is very limited. The press pack is widely used by Poseico, Fuji, Westcode, 
�Š�—�•�1���˜�œ�‘�’�‹�Š�1�ý20, �X�Z]. All the researches are based on the press pack, and there are also some varia-
�•�’�˜�—�œ�1�‹�Ž�•� �Ž�Ž�—�1�•�’���Ž�›�Ž�—�•�1�–�Š�—�ž�•�Š�Œ�•�ž�›�Ž�›�œ�ï�1���œ�1�œ�‘�˜� �—�1�’�—�1Figure 3 and stated before, a slim plate of 
silver is proposed to mechanically support the single chip submodule and compensate few defor -
mations because of its good softness.

The contribution of slim plate to the clamping force distribution within PP IGBTs is revealed with 
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due to the machining accuracy of each component within PP IGBTs or some errors during the 
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also shown in Figure 7�1� �’�•�‘�1�—�’�—�Ž�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�ð�1�Š�—�•�1�•�‘�Ž�1�‘�Ž�’�•�‘�•�1�˜�•�1�Œ�‘�’�™�1�[�1�’�œ�1�œ�Ž�•�Ž�Œ�•�Ž�•�1�•�˜�1�Œ�‘�Š�—�•�Ž�ï�1���‘�Ž�1
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No Rated (N) I II III

Without With Without With Without With

1 1000 1016.9 �W�V�V�[�ï�W �W�V�Z�Y�ï�]�_ �W�V�Z�Z�ï�^ �_�^�]�ï�X�] �_�^�\�ï�]�Z

2 1000 �W�V�V�[�ï�[ �_�_�[�ï�_�\ �W�V�Z�Y�ï�Z �W�V�Z�[�ï�\ �_�\�[�ï�[�X �_�\�\�ï�_�Z

3 1000 1013.3 1000.9 �W�V�Z�W�ï�]�_ �W�V�Z�\�ï�Y �_�^�\�ï�Y�W �_�^�]�ï�[�[

�Z 1000 �W�V�V�Z�ï�[ 976.62 �W�V�Z�Y�ï�^�W �W�V�Z�\�ï�W �_�\�[�ï�[�X �_�\�[�ï�_

�[ 1000 �_�X�Z�ï�W�Z �_�W�[�ï�[�\ �\�[�_�ï�_�Y630.19 1200 �W�W�_�Z�ï�\

6 1000 1002.9 990.6 �W�V�Z�W�ï�Z�\ �W�V�Z�\�ï�[ �_�\�[�ï�9̂66.3

7 1000 �W�V�W�[�ï�W 999.31 �W�V�Z�X�ï�[�] �W�V�Z�[�ï�^ �_�^�[�ï�]�Z �_�^�]�ï�\�W

�^ 1000 �W�V�V�X�ï�[ �_�^�Y�ï�\ �W�V�Z�W�ï�V�Y �W�V�Z�]�ï�W �_�\�[�ï�^�Y �_�\�\�ï�[�W

9 1000 �W�V�W�[�ï�W 1001 �W�V�Z�X�ï�W�^ �W�V�Z�]�ï�] �_�^�]�ï�[�X �_�^�]�ï�Y�_

Table 3.�1���•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�1�•�’���Ž�›�Ž�—�•�1�Œ�˜�—�•�’�•�’�˜�—�œ�ï
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���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�œ�‘�˜� �1�—�˜�1�‹�’�•�1�•�’���Ž�›�Ž�—�Œ�Ž�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�œ�’�—�•�•�Ž�1�œ�ž�‹�–�˜�•�ž�•�Ž�œ�1� �’�•�‘�1�Š�™�™�•�’�Ž�•�1�œ�•�’�–�1�™�•�Š�•�Ž�1�˜�›�1
� �’�•�‘�˜�ž�•�ï�1���‘�Š�•�1�’�œ�1�•�˜�1�œ�Š�¢�ð�1�•�‘�Ž�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�œ�•�’�–�1�™�•�Š�•�Ž�1�˜�—�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Œ�Š�—�1
be ignored. The reason is that the deformation of the silver slim plate is very limited even it 
�‘�Š�œ�1�Š�1�›�Ž�•�Š�•�’�Ÿ�Ž�1�œ�–�Š�•�•�1���˜�ž�—�•���œ�1�–�˜�•�ž�•�ž�œ�ï

4.2. Thermal stress

A clamping force is needed to ensure the basic functions, and all the components within PP 
IGBTs contact well. The silicon chips will produce much heat and increase the temperature 
under working condition of the PP IGBT. Thus, this high temperature induces thermal stress 
�‹�Ž�Œ�Š�ž�œ�Ž�1�Š�•�•�1�•�‘�Ž�1�Œ�˜�–�™�˜�—�Ž�—�•�œ�1�Š�›�Ž�1�Œ�˜�—�œ�•�›�’�Œ�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1���¡�•�ž�›�Ž�ð�1�Š�—�•�1�•�‘�Ž�›�Ž�1�’�œ�1�—�˜�1�œ�™�Š�Œ�Ž�1�•�˜�1
move when they are heated up. The thermal stress during the heating phase will change the 
�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�����1���	�����œ�1�•�˜�1�Š�1�•�Š�›�•�Ž�1�Ž�¡�•�Ž�—�•�1�ý20�þ�ï�1���‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�˜�•�Ž�•�1�˜�•�1
�•�‘�Ž�1�Œ�˜�—�Œ�Ž�™�•�ž�Š�•�1�����1���	�����1�œ�•�ž�•�’�Ž�•�1�Œ�˜�—�œ�’�œ�•�œ�1�˜�•�1�Z�Z�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�û�Y�V�1���	�����1�Œ�‘�’�™�œ�1�Š�—�•�1�W�Z�1�������1�Œ�‘�’�™�œ�ü�ð�1
and the chip number is marked as shown in Figure 10.

���1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�ž�•�•�’�,�™�‘�¢�œ�’�Œ�œ�1�–�˜�•�Ž�•�1�Œ�˜�,�Œ�˜�ž�™�•�Ž�•�1� �’�•�‘�1�Š�—�1�Ž�•�Ž�Œ�•�›�’�Œ�Š�•�1���Ž�•�•�ð�1�•�‘�Ž�›�–�Š�•�1���Ž�•�•�ð�1�Š�—�•�1
�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1���Ž�•�•�1�’�œ�1�™�›�˜�™�˜�œ�Ž�•�1�•�˜�1�™�›�Ž�•�’�Œ�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�•�‘�Ž�1�����1���	�����ï�1���‘�Ž�1
�œ�•�Š�•�ž�œ�1�˜�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�™�‘�Š�œ�Ž�1�’�œ�1�•�‘�Š�•�1�•�‘�Ž�1�����1���	�����1�’�œ�1�˜�—�•�¢�1�Œ�•�Š�–�™�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1���¡�•�ž�›�Ž�1� �’�•�‘�1
a prescribed displacement. And the heating phase is the state where the clamped PP IGBT is 
�‘�Ž�Š�•�Ž�•�1�ž�™�1�Œ�Š�ž�œ�Ž�•�1�‹�¢�1�•�‘�Ž�1�Œ�˜�•�•�Ž�Œ�•�˜�›�1�Œ�ž�›�›�Ž�—�•�1�•�˜�1�Š�™�™�›�˜�¡�’�–�Š�•�Ž�1�’�•�œ�1� �˜�›�”�’�—�•�1�Œ�˜�—�•�’�•�’�˜�—�ï�1���˜�›�Ž�1�•�Ž�•�Š�’�•�œ�1
�•�˜�›�1�•�‘�’�œ�1�™�Š�›�•�1�Œ�Š�—�1�‹�Ž�1�•�˜�ž�—�•�1�’�—�1�•�‘�Ž�1�œ�•�ž�•�¢�1�ý20]. The simulation results are shown in Figure 11.

The contact pressure distribution within the studied PP IGBT is relatively uniform under the 
clamping phase. However, this situation changes a lot when the PP IGBT is heated up. The 
pressure distribution is extremely uneven and is mainly concentrated in the center. That is to 
say, the clamping force distribution will also be uneven, and the change trend will be the same 

Figure 10. Internal layout and chip numbers of the conceptual PP IGBT.
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� �’�•�‘�1�•�‘�Ž�1�Œ�˜�—�•�Š�Œ�•�1�™�›�Ž�œ�œ�ž�›�Ž�ï�1���‘�Ž�1�Š�Ÿ�Ž�›�Š�•�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�˜�•�1�˜�—�Ž�1�������1�Œ�‘�’�™�1�û�Û�X�ü�1�Š�—�•�1�•�‘�›�Ž�Ž�1���	�����1
�Œ�‘�’�™�œ�1�û�Û�Y�ð�1�Û�^�ð�1�Š�—�•�1�Û�W�Y�ü�1�•�˜�Œ�Š�•�Ž�•�1�’�—�1�•�‘�Ž�1�Š�¡�’�œ�1�’�œ�1�Ž�¡�•�›�Š�Œ�•�Ž�•�1�û�–�Š�›�”�Ž�•�1� �’�•�‘�1�Š�1�›�Ž�•�1�‹�•�˜�Œ�”�1�’�—�1Figure 10)  
and compared in Table 4.

The reason is that the collector electrode presents a warpage when the PP IGBT is heated 
up, and this leads to an extremely uneven clamping force distribution. However, there also 
�Ž�¡�’�œ�•�œ�1�Š�1�•�’�4�•�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�1�Š�–�˜�—�•�1�•�‘�Ž�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�’�—�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Ž�Ÿ�Ž�—�1�’�—�1�•�‘�Ž�1
clamping phase because of the warpage of the collector electrode. Another reason is that the 
pedestal is too hard to absorb the thermal stress generated by the high temperature of silicon 
chips. Therefore, a harder collector electrode and a softer pedestal can improve the clamping 
force distribution within PP IGBT.

4.3. Machining accuracy

As stated before, the PP IGBT has a multilayer structure and all components are stacked. It is 
impossible to control each component having the same size because of the machining accuracy. 
���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�1�˜�›�1�Ž�›�›�˜�›�1�’�—�1�•�‘�Ž�1�œ�’�£�Ž�1�Š�–�˜�—�•�1�Œ�˜�–�™�˜�—�Ž�—�•�œ�1�’�œ�1�’�—�Ž�Ÿ�’�•�Š�‹�•�Ž�ï�1���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1
the size error existing in each component will also be summed up during the assembling 
process as the components are stacked. Adding up all factors means that the height of each 
�œ�ž�‹�–�˜�•�ž�•�Ž�1� �’�•�•�1�—�˜�•�1�‹�Ž�1�•�‘�Ž�1�œ�Š�–�Ž�ï�1���‘�Ž�œ�Ž�1�Ž�¡�’�œ�•�’�—�•�1�•�’���Ž�›�Ž�—�Œ�Ž�œ�1�˜�•�1�•�‘�Ž�1�‘�Ž�’�•�‘�•�1�˜�•�1�•�‘�Ž�1�œ�ž�‹�–�˜�•�ž�•�Ž�œ�1
� �’�•�•�1�Š���Ž�Œ�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�ï�1���‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�˜�•�Ž�•�1�’�—�Œ�•�ž�•�’�—�•�1�W�W�1���	�����1�Œ�‘�’�™�œ�1
�Š�—�•�1���Ÿ�Ž�1�������1�Œ�‘�’�™�œ�1�’�œ�1�œ�‘�˜� �—�1�’�—�1Figure 12�ï�1���˜�›�Ž�1�•�Ž�•�Š�’�•�œ�1�Œ�Š�—�1�‹�Ž�1�•�˜�ž�—�•�1�’�—�1�•�‘�Ž�1�œ�•�ž�•�¢�1�ý13].

���‘�Ž�1�������1�Œ�‘�’�™�1�[�1� �’�•�‘�1�•�’���Ž�›�Ž�—�•�1�‘�Ž�’�•�‘�•�1�•�˜�•�Ž�›�Š�—�Œ�Ž�œ�ð�1�›�Š�—�•�Ž�œ�1�•�›�˜�–�1�V�1�•�˜�1�º�Y�1�•�–�ð�1�’�œ�1�œ�Ž�•�Ž�Œ�•�Ž�•�1�•�˜�1�™�›�Ž�•�’�Œ�•�1
�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�•�‘�Ž�1�œ�•�ž�•�’�Ž�•�1�����1���	�����ï�1���‘�Ž�1�Ÿ�˜�—�1���’�œ�Ž�œ�1�œ�•�›�Ž�œ�œ�1�˜�—�1�•�‘�Ž�1�œ�ž�›-
�•�Š�Œ�Ž�1�˜�•�1�•�‘�Ž�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�1�û���	�����1�Z�ð�1���	�����1�^�ð�1�������X�ð�1�Š�—�•�1�������[�ü�1� �’�•�‘�1�•�’���Ž�›�Ž�—�•�1�‘�Ž�’�•�‘�•�œ�1�’�œ�1�Ž�¡�•�›�Š�Œ�•�Ž�•�1
and shown in Figure 13�ï�1���ž�›�•�‘�Ž�›�–�˜�›�Ž�ð�1�•�‘�Ž�1�Š�Ÿ�Ž�›�Š�•�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�˜�•�1�������1�Œ�‘�’�™�1�[�1�’�œ�1�Ž�¡�•�›�Š�Œ�•�Ž�•�1
�ž�—�•�Ž�›�1�•�’���Ž�›�Ž�—�•�1�‘�Ž�’�•�‘�•�1�•�˜�•�Ž�›�Š�—�Œ�Ž�œ�1�Š�œ�1�œ�‘�˜� �—�1�’�—�1Figure 14.

���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�œ�‘�˜� �1�•�‘�Š�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�˜�•�1�������1�Œ�‘�’�™�1�[�1�•�Ž�Œ�›�Ž�Š�œ�Ž�œ�1�œ�‘�Š�›�™�•�¢�1� �‘�’�•�Ž�1�•�‘�Ž�1�‘�Ž�’�•�‘�•�1�•�˜�•-
erances is increasing. The clamping force decreases to less than 100 N, which is much less than 
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Figure 12. Finite element model and chip number.

Chip no. Rated (N) F (N) Deviation (%)

Case 1 Case 2 Case 1 Case 2

�Û�X 1660 �W�[�_�\�ï�Y �^�Z�ï�^�Z�W �º�Y�ï�^�Z �º�_�Z�ï�^�_

�Û�Y �W�[�[�^ �W�[�Z�_�ï�X 2301.3 �º�V�ï�[�\ �Z�]�ï�]�W

�Û�^ �W�[�[�^ �W�[�\�_�ï�W �X�_�Z�_�ï�\ 0.71 �^�_�ï�Y�X

�Û�W�Y �W�[�[�^ �W�[�]�]�ï�^ �Y�V�]�X�ï�[ 1.27 97.21

Table 4. Average clamping force comparison.

Figure 13.�1�Ÿ�˜�—�1���’�œ�Ž�œ�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�œ�Ž�•�Ž�Œ�•�Ž�•�1�œ�’�•�’�Œ�˜�—�1�Œ�‘�’�™�œ�ï
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the rated clamping force, when the height tolerance is 3 µm. It is assumed that this chip will 
�•�˜�œ�Ž�1�Œ�˜�—�•�Š�Œ�•�1�’�•�1�•�‘�Ž�1�‘�Ž�’�•�‘�•�1�•�˜�•�Ž�›�Š�—�Œ�Ž�1�’�œ�1�–�˜�›�Ž�1�•�‘�Š�—�1�Y�1�•�–�ï�1���Ž�Š�—� �‘�’�•�Ž�ð�1�•�‘�Ž�1�Ÿ�˜�—�1���’�œ�Ž�œ�1�˜�•�1�•�‘�Ž�1�Œ�‘�’�™�1
�—�Ž�Š�›�‹�¢�1�•�‘�Ž�1�������1�Œ�‘�’�™�1�[�1� �’�•�•�1�’�—�Œ�›�Ž�Š�œ�Ž�1�œ�‘�Š�›�™�•�¢�ð�1�Ž�œ�™�Ž�Œ�’�Š�•�•�¢�1�•�‘�Ž�1�Ÿ�˜�—�1���’�œ�Ž�œ�1�’�—�1�•�‘�Ž�1�‹�˜�›�•�Ž�›�1�‹�Ž�•� �Ž�Ž�—�1
the active area and the terminal area. This area is very easy to crack if too much clamping 
�•�˜�›�Œ�Ž�1�’�œ�1�Š�™�™�•�’�Ž�•�1�Š�œ�1�œ�•�Š�•�Ž�•�1�’�—�1�ý20]. Therefore, the machining accuracy should be controlled to 
a certain extent to ensure the clamping force distribution. The maximum height tolerance of 
each submodule should be controlled within 3 µm based on this simulation result.

4.4. Internal layout

���›�˜�–�1�•�‘�Ž�1�œ�’�–�ž�•�Š�•�’�˜�—�1�›�Ž�œ�ž�•�•�œ�1�˜�•�1�•�‘�Ž�1�œ�•�ž�•�¢�1�ý13, 20�þ�ð�1�•�‘�Ž�›�Ž�1�œ�•�’�•�•�1�Ž�¡�’�œ�•�œ�1�œ�˜�–�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�1�Š�–�˜�—�•�1�•�‘�Ž�1
submodules in the clamping force distribution within PP IGBTs because of the warpage of 
�•�‘�Ž�1�Œ�˜�•�•�Ž�Œ�•�˜�›�1�Ž�•�Ž�Œ�•�›�˜�•�Ž�1�Ž�Ÿ�Ž�—�1�Ž�Ÿ�Ž�›�¢�•�‘�’�—�•�1�’�œ�1� �Ž�•�•�1�Œ�˜�—�•�›�˜�•�•�Ž�•�ï�1���‘�Ž�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�Ž�•�Ž�Œ�•�›�˜�•�Ž�1�˜�—�1
the clamping force in this packaging style is inevitable. However, the internal layout can be 
�Œ�‘�Š�—�•�Ž�•�1�•�˜�1�›�Ž�•�ž�Œ�Ž�1�•�‘�Ž�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�Ž�•�Ž�Œ�•�›�˜�•�Ž�1�Š�—�•�1�’�–�™�›�˜�Ÿ�Ž�1�•�‘�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�Š�1�•�’�4�•�Ž�1�‹�’�•�ï�1���‘�›�Ž�Ž�1
�•�Š�¢�˜�ž�•�œ�1�Š�›�Ž�1�•�Ž�œ�’�•�—�Ž�•�1�Š�—�•�1�Š�—�Š�•�¢�£�Ž�•�1�•�‘�›�˜�ž�•�‘�1�•�‘�Ž�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�˜�•�Ž�•�1�Š�œ�1�œ�‘�˜� �—�1�’�—�1Figure 15.
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square internal layout, and (c) circular electrodes with the circular internal layout.
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Proposal I is the circular electrodes with the square internal layout; proposal II is the square 
electrodes with the square internal layout, and proposal III is the circular electrodes with the 
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of each silicon chip is extracted and listed in Table 5.
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4.5. Design of electrodes

���Š�—�¢�1�•�Š�Œ�•�˜�›�œ�1�•�‘�Š�•�1�Š���Ž�Œ�•�1�•�‘�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1� �’�•�‘�’�—�1�����1���	�����œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�Š�—�Š�•�¢�£�Ž�•�1
before because it is known that most of those factors lead to warping the electrode. Therefore, 
the design of the collector electrode is also quite important for the clamping force distribution 

No Rated (N) Average clamping force (N) Error (%)

I II III I II III

IGBT1 1129 �W�W�]�X�ï�[ 1119.2 �W�V�\�^�ï�_ �Y�ï�^�[ �º�V�ï�^�] �º�[�ï�Y�X

IGBT2 1129 1179.3 1111.9 �W�V�\�_�ï�[ �Z�ï�Z�\ �º�W�ï�[�W �º�[�ï�X�]

IGBT3 1129 �W�W�]�\�ï�[ 1111.2 1069.6 �Z�ï�X�W �º�W�ï�[�^ �º�[�ï�X�\

���	�����Z 1129 �W�W�\�^�ï�W �W�W�W�_�ï�^ �W�V�\�_�ï�[ �Y�ï�Z�\ �º�V�ï�^�W �º�[�ï�X�]

���	�����[ 1129 �W�W�\�^�ï�W 1120.0 1069.6 �Y�ï�Z�\ �º�V�ï�^�V �º�[�ï�X�\

IGBT6 1129 1026.2 �W�W�W�V�ï�^ �W�V�\�^�ï�[ �º�_�ï�W�W �º�W�ï�\�W �º�[�ï�Y�\

IGBT7 1129 �W�V�X�Z�ï�\ �W�W�W�V�ï�Z �W�V�\�_�ï�[ �º�_�ï�X�[ �º�W�ï�\�[ �º�[�ï�X�]

���	�����^ 1129 �W�W�\�X�ï�[ �W�W�X�V�ï�[1070.0 2.97 �º�V�ï�]�[ �º�[�ï�X�Y

IGBT9 1129 1010.3 — 1069.3 �º�W�V�ï�[ — �º�[�ï�X�_

IGBT10 1129 �W�V�V�Z�ï�_ — 1070.0 �º�W�W�ï�V — �º�[�ï�X�Y

IGBT11 1129 1136.6 — — 0.67 — —

�������W 1161 1207.2 �W�W�_�W�ï�^ �W�X�^�W�ï�W �Y�ï�_�^ �X�ï�\�[10.39

�������X 1161 �W�W�_�^�ï�_ �W�W�^�\�ï�W �W�X�^�W�ï�\3.26 2.16 10.36

�������Y 1161 �W�W�^�_�ï�_ �W�W�^�]�ï�X �W�X�^�W�ï�Y �X�ï�Z�_2.26 �W�V�ï�Y�[

�������Z 1161 1192.3 �W�W�_�V�ï�^ �W�X�^�W�ï�X2.70 �X�ï�[�] �W�V�ï�X�^

�������[ 1161 �W�W�^�X�ï�W — �W�X�^�V�ï�Y �W�ï�^�X— �W�V�ï�Y�Z

Table 5.�1���Ÿ�Ž�›�Š�•�Ž�1�Œ�•�Š�–�™�’�—�•�1�•�˜�›�Œ�Ž�1�Œ�˜�–�™�Š�›�’�œ�˜�—�1�•�˜�›�1�•�’���Ž�›�Ž�—�•�1�’�—�•�Ž�›�—�Š�•�1�•�Š�¢�˜�ž�•�œ�ï
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parameters in this part are shown in Figure 16 and are explained.

Where A is the diameter of the electrode and B is the equivalent diameter of the pedestals. The 
parameter A is the most important parameter because it is used to conduct the current, heat 
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metry. Only half of this model is simulated to save time, and then the results can be expanded 
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pressure on the surface of the silicon chips is shown in Figure 17.
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is larger than that value. The simulation results show that the pressure will concentrate in 
the center of the PP IGBT when the diameter of the electrode is smaller than the equivalent 
diameter of pedestals. And the pressure will concentrate in the boundary of the PP IGBT 
when the diameter of the electrode is too large. The reason is that the electrode undergoes a 
�•�’���Ž�›�Ž�—�•�1�•�’�›�Ž�Œ�•�’�˜�—�1� �Š�›�™�Š�•�Ž�1�ž�—�•�Ž�›�1�•�‘�˜�œ�Ž�1�•� �˜�1�Œ�˜�—�•�’�•�’�˜�—�œ�ï�1���‘�Ž�—�ð�1�•�’���Ž�›�Ž�—�•�1�Ž�•�Ž�Œ�•�›�˜�•�Ž�1�•�’�Š�–�Ž�•�Ž�›�œ�1
�Š�œ�1�W�X�[�ð�1�W�X�]�ð�1�W�Y�W�ð�1�W�Y�[�ð�1�W�Y�_�ð�1�Š�—�•�1�W�Z�W�1�–�–�1�Š�›�Ž�1�œ�’�–�ž�•�Š�•�Ž�•�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�’�œ�1���—�’�•�Ž�1�Ž�•�Ž�–�Ž�—�•�1�–�˜�•�Ž�•�1�Š�—�•�1
the average clamping force of each silicon chip is extracted. The clamping force error of each 
silicon chip is shown in Table 6 with half model.
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Figure 16. Explanation for important parameters.
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to the equivalent diameter of pedestals. That is to say, the best way to improve the clamping 
force distribution within PP IGBTs is to match the electrode diameter with the equivalent 
diameter of pedestals during the electrode design process.

5. Conclusions
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and the simulation results are well presented and explained. Based on the simulation results, 
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layout, and electrode design during the structure design process, especially the thermal stress. 
The disc spring is very important for the PP IGBT application, and this factor also should be 
�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�•�ž�›�’�—�•�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1�œ�’�–�ž�•�Š�•�’�˜�—�ï�1���‘�Ž�1�œ�•�’�–�1�™�•�Š�•�Ž�1�Œ�Š�—�1�‹�Ž�1�˜�–�’�4�Ž�•�1�’�—�1�•�‘�Ž�1�–�Ž�Œ�‘�Š�—�’�Œ�Š�•�1
simulation that it is too thin and its contribution to the clamping force distribution is very limited.
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can give a guideline not only for the semiconductor manufacturers to optimize the structure 
design but also for users to take full advantages of the PP IGBTs.
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