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Abstract 
The performance of power modules has continued to improve with Si IGBTs (Insulated Gate Bipolar 

Transistors), and current capacities ranging from several A to several thousand A and rated voltages 

ranging from several hundred V to several thousand V have been realized. However, with the 

expansion of power electronics applications and the demand for even higher efficiency, the 

specifications required for power modules are becoming more diverse, with lower loss, smaller size 

and weight, higher density, environmental resistance, longer life and so on. In addition, WBGs (Wide 

Band-gap semiconductors) such as SiC and GaN have been commercialized, and innovative 

approaches to bring out the performance of these devices are expected. 

In this paper, we will discuss the latest trends and future prospects of packaging technology for power 

modules in the domain of die bonding, wiring, encapsulation, insulation, and functional integration. 
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1. Introduction 

The power modules are at the forefront of the latest 

energy innovations that seek to solve global 

environmental issues while creating a more affluent and 

comfortable society for all. Some of these innovations are 

photovoltaic (PV) and wind power generation from 

renewable energy sources, smart grids realizing efficient 

supply of power, electric vehicles (xEV) that take the 

next step in reducing carbon emission and fuel 

consumption, and home appliance that achieve ground-

breaking energy savings. Whether in appliances, railcars, 

xEV or industrial systems, the power modules are key 

elements in changing the way energy is used.  

As the application of power modules expands, the 

performance requirements and operating environments 

for power modules are becoming more and more diverse. 

In order to achieve these requirements, it is important not 

only to improve the characteristics of power 

semiconductor devices, but also to maximize their 

performance and to protect them from external factors 

through the use of packaging technology [1]. 

 

 

2. Power module 

Since power semiconductors cannot be directly installed 

in equipment, power modules are those that are packaged 

so that they can be built into equipment. The role of the 

package is to provide electrical and mechanical interface 

with systems and protection from external stress. 

Figure 1 shows the package structure of a conventional 

power modules. One is a case-type package, which is 

mainly used for high-voltage industrial equipment. It 

consists of insulating substrates and semiconductor chips 

stacked on a metal base plate via solder, and put into a 

plastic case. Inside the case, aluminum wires are used to 

connect the chips to each other, to the substrate and to 

external terminals. And the inside of the case is filled 

with silicone gel. They are fixed to the heat sink via a 

TIM (Thermal Interface Material) such as silicone 

grease, and the heat generated by the power 

semiconductor is dispersed through the solder, insulating 

substrate, base plate, and TIM to the outside by the heat 

sink. As the semiconductor type, combination, and layout 

can be changed according to the required specifications, 

the advantage of them is that it offers a design flexibility. 

The other is a transfer molded package, which is used for 

applications with relatively small power, like home 

appliances. The structure consists of a semiconductor 

chip soldered onto a copper lead frame, wired with 

aluminum wires, and encapsulated with epoxy resin. 

Then, as with the case-type module, it is fixed to the 

cooling fins via TIM. Transfer molding technique leads 

to high productivity. 

In either structure, the functions required for a power 

module are ; bonding the semiconductor chips to an 

insulating substrate or lead frame, electrically connecting 

internal and with the external terminals, encapsulating 

with insulating material, and making a path to release the 

heat generated by the power semiconductor to the 
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outside. In other words, die bonding, wiring, 

encapsulation, and insulating substrate technologies are 

the essential packaging technologies for power modules. 

 

        
 

 

              
 

Fig.1  Package structure of power modules 

 

 

3. Packaging technologies 

3.1 Die bonding  

In accordance with the RoHS Directive, which restricts 

the use of lead, tin-based solders are now being mainly 

used [2]. To achieve the high Tj operation expected for 

SiC devices, sintering technologies using fine metal 

particles, such as nano-silver, is being adopted [3] [4]. In 

general, sintering requires high pressure under high 

temperature, which causes stress on the semiconductor 

chip (die). Processes to reduce the stress and materials 

that can be sintered with low pressure are being 

developed[5]. 

 

3.2 Wiring  

Currently, aluminum or its alloy wire is used for internal 

connecting between semiconductor chips, to patterns on 

substrate, and terminals. In order to achieve high current 

density and high Tj operation, the use of copper wire has 

been proposed. However, since the copper wire bonding 

process requires a large power, it is necessary to form a 

hard metal layer such as copper or nickel on the 

semiconductor chip surface as a buffer layer to protect 

the device structures and chip itself. There are two 

methods being considered for applying the buffer layer 

directly by plating, or by attaching a metal plate via 

sintered materials onto the chip surface[6] [7] [3]. 

Lead-frame interconnect technology has also been 

adopted to address high current density. Bonding 

materials and buffer structures are being considered to 

protect the device structure on the chip surface from 

thermal stress[8] [9]. 

 

3.3 Substrate  

Dielectric strength and thermal conductivity as a heat 

dissipation path are required for the substrate. In general, 

the substrates are made of ceramics with metal laminated 

on both sides. Ceramic materials with high strength and 

high thermal conductivity and methods of applying thick 

metal patterns are being investigated to overcome the 

high Tj operation and thermal stress caused by it [10]. 

Such ceramic substrates have the problem of warpage in 

assembly and operation due to the large difference in 

CTE (Coefficient of expansion) between ceramic and 

metal patterns. To compensate for this problem, 

organic/inorganic composite insulating materials with 

tuned CTE have been commercialized [11]. 

As another important function, heat dissipation, a 

structure in which the insulating substrate and cooling 

fins are integrated has been proposed. This structure 

eliminates the solder layer and TIM under the substrate, 

which lowers the thermal resistance and also has the 

advantage of extending the life of the module [12] [13]. 

Some examples of new insulating substrate structure 

concepts are shown in Figure 2. Depending on the 

application, different properties are considered 

important. Various approaches have been presented to 

achieve a balance between performance and cost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2  New insulating substrate structures 

 

(a) Case-type module 

(b) Transfer molded module 

(a) for industry 

(b) for automotive 

(c) for HV 
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3.4 Encapsulation  

The function of the encapsulation is to protect the 

semiconductor chip and interconnection from electrical 

and environmental influences. Silicone gels are 

commonly used in case-type module, but their low 

molecular compositions make their performance unstable 

at high temperatures, also has a crystallization point 

around -60 °C, which limits its use at high and low 

temperatures. Their permeability to gas and water limits 

their use in harsh environments. Epoxy-based resin 

encapsulation is expected to break through these 

limitations. Epoxy resins are widely used in transfer 

molded modules, but their design flexibility is limited as 

they use a molding die for pressurization. In order to 

combine the ease-of-process of silicone gel with the 

robustness of transfer molded resin, thermosetting epoxy 

resins that can be poured in liquid have been developed 

[14]. 

 

4.  Functional integration  

Integration of functions is required for modules with 

WBGs and new applications, in addition to the 

conventional functions of easy of connection and 

protection from external stresses.  

One approach is to “embed” components into the 

module, such as ICs for driving, various sensors for 

condition monitoring, and passives for protection and 

noise reduction. Smaller and more heat-resistant 

components, and methods of thermal isolation within the 

module are being considered [15] [16].  

Another approach is to “build” the functionality into the 

module. The integration of sensors and drivers on 

semiconductor chips has been used. Also, methods of 

forming passive circuits by applying multilayer circuit 

technology of PCB and LTCC are being studied [17] 

[18]. 

 

5. Prospects for the future  

The power electronics systems are expected to have 

higher functionality, higher efficiency, and wider 

applications in order to utilize electric energy with less 

loss. WBGs such as SiC and GaN are being promoted as 

a key to next-generation power electronics. In order to 

bring out the advantages of these WBGs, not only 

semiconductor technology but also innovative module 

technology is required.   Therefore, expectations for 

packaging technology will become more and more 

important in the future. 
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