
 

 
 
 

3D Packaging Technology Study 
within the SmartSense Project 
 
 
 
 
 
 
 
by 
Felicia Y. Lin, Tina Thomas, Tanja Braun, Karl-F. Becker 
 
Fraunhofer IZM 
Gustav Meyer Allee 25  
D-13355 Berlin 
Fon: ++49-30-46403 242 
Fax: ++49-30-46403 254 
 
 
 
 
 
Version 1.0 
 
 
 
Berlin, 5. March 2010 



         

 

 2

A Review of 3D Packaging 
 

 
1 Objectives and Motivation 4 

1.1 Objectives of this Review 4 
1.2 Applications for 3D Packaging 4 

2 Introduction 5 
2.1 History of 3D Packaging 5 
2.2 Definitions and Classification of 3D Packaging 6 

2.2.1 Front-end assembly 6 
2.2.1.1 Wafer Level Package 6 
2.2.1.2 Through-Silicon-Via 7 

2.2.2 Back-end assembly 7 
2.2.2.1 System-in-Package 7 

- Multi-Chip-Module 8 
- Multi-Chip-Package 8 
- System-on-Package 8 

2.2.2.2 System-on-Chip 9 
2.2.3 First Level Interconnect 9 

2.2.3.1 Stacked Die 9 
2.2.4 Second Level Interconnect 9 

2.2.4.1 Stacked Packages 9 
- Package-on-Package 9 
- Package-in-Package 9 

2.2.4.2 Folded Packages 10 
2.2.4.3 Embedded Die 10 

2.3 Drivers for 3D Packaging 10 
2.3.1 Miniaturization 11 
2.3.2 Increased Flexibility and More Functionality 11 
2.3.3 Higher Density and Performance 11 
2.3.4 Simplification of Design and Assembly 12 
2.3.5 Overall Cost Reduction and Reduced Time-to-market 12 

3 Discussion on advantages / disadvantages of 3D packaging technologies 13 
3.1 System-on-Chip vs. System-in-Package 13 
3.2 System-in-Package vs. Wafer Level Packaging 14 
3.3 Package Stacking vs. Stacked Die 15 
3.4 Achievements of Embedded Die 17 

4 Issues and Challenges 18 
4.1 Design Complexity and Tools 18 

4.1.1 Routing Considerations 18 
4.1.2 Need for Co-Design and Simulation Environment 18 

4.2 Electrical Performance 19 
4.3 Thermal Management 20 



         

 

 3

4.3.1 Issues in Thermal Management of 3D Packages 20 
4.3.2 Thermal management technologies 21 

4.3.2.1 Passive methods 21 
4.3.2.2 Active methods 22 

4.3.3 Thermal characterization and modeling 24 
4.4 Package Warpage 25 

4.4.1 Determining Factors of Warpage 25 
4.4.2 Consequences of Warpage 27 
4.4.3 Measurement and Analysis of Warpage 28 

4.5 Reliability 29 
4.5.1 Determining Factors of Interconnection Reliability 30 
4.5.2 Major Failure Modes 30 
4.5.3 Tools and Procedures to Simulate and Measure Reliability 31 

4.6 Testing of 3D Packages 32 
5 Interconnect and Assembly Technologies 33 

5.1 Wire Bonding of Stacked Die 33 
5.2 Copper Pillar Bumping 35 
5.3 Through Mold Via 36 
5.4 Low Temperature Interconnection 36 
5.5 Interposer Technologies for 3D Packaging 37 

6 References in 3D Packaging 38 
6.1 Stacked Die 39 
6.2 Stacked Packages 40 

6.2.1 Package-on-Package 40 
6.2.2 Package-in-Package 44 
6.2.3 Other Stacked Packages 44 

6.3 Folded Packages 46 
6.3.1 Folded Packages 46 
6.3.2 Stacked Dies on Flexible Substrate 49 

6.4 Embedded Dies 50 
6.5 Integration of Passive Components 54 
6.6 3D MEMS 55 
6.7 Through-Silicon-Via on Wafer Level 56 
6.8 Standards in 3D Packaging 57 

6.8.1 Package-on-Package: 57 
6.8.2 Embedded die 57 

7 Outlook 58 
7.1 Conclusion 58 
7.2 Market Development and Forecast 58 

8 Literature 60 
 



         

 

 4

1 Objectives and Motivation 
 

1.1 Objectives of this Review 
 

In recent years, 3D packaging has widely reached applications in the automotive, consumer 

electronics as well as aerospace and military sectors. Furthermore, research is undertaken on 

novel stacking technologies as well as heterogeneous integration of RF modules and MEMS. 

More than ever, these packages have to meet requirements of optimal miniaturization as well as 

minimal costs. 

The results of literature and market research about the state of the art of 3D packages are 

presented in this study. We will give an overview on the different architectures, discuss the 

advantages of the 3D packaging technologies and describe the issues and challenges these 

technologies raise. Furthermore, an overview on the enabling technologies (assembly, 

interconnect and substrate technologies) is given. A stronger focus will lie on the state of the art 

of cost effective back-end assembly technologies that open possibilities for heterogeneous 

integration and mass production at the same time. 

 

1.2 Applications for 3D Packaging 
 

At the beginning, 3D packaging technologies were only produced in small quantities mainly for 

military and aerospace use. Furthermore, the automotive industry and companies of medical 

devices have adopted 3D packaging in comparably small quantities, as the iNEMI roadmap 

shows. [1] Reports show that 3D packages have also been applied to micro cameras and camera 

modules. 

Today, the main application for 3D packaging technologies is mobile phones and consumer 

electronics where 3D packages are mostly used in wireless devices. Furthermore, automotive 

electronics will emerge as another important market for 3D packages. [2] Although the 

technologies have been researched for a longer period of time, the introduction of the iPhone 

among others has pushed 3D packaging into the spotlight. For example, JEDEC has released 

drafts for package-on-package (PoP) standards, a specific 3D packaging configuration, which is 

becoming popular in the industry. In the future, it is to be expected that 3D packages will 

penetrate most major electronics market segments. 


