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Figure 4 Schematic diagram of embedded panel level packaging structure
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Figure 5 The inner structure of the embedded MOSFET module
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Figure 6 Temperature gradient of embedded module. (a) under natural-convection heat transfer condition; (b) under
force-convection heat transfer condition
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Table 1 Material parameters used in thermal-mechanical simulation

Name Density Thermal conductivity Specific heat Young’s modulus CTE (ppm/°C) Zero temperature
(kg/m?3) (W/m-C) capacity (J/Kg-C) under zero
stress (°C)
Copper 8933 401 385 110 16.7 120
Solder 8500 50.9 196.6 43.2 2.1 120
Silicon 2330 180 660 130 2.62 120
15
BT build-up layer 1800 0.29 794.96 24 59 120
15
15
BT core layer 1900 0.44 753.12 24 40 120
15
Solder mask 1900 0.17 795 4 120
90
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Figure 7 Temperature variation of the embedded module in 60 s transient thermal analysis

ARSI AMBIEL R A < B H1 T B ARG AN BRI AL AU A RE A 25K, IR
2 EEAE RGN U 5T XU, AT 13 9 D0 e P A 1, i ey NS TS T ) 2 T4 PR R
K, NI AR R TS Y MOSFET (85 f Al AYEHESE TARSAT T IER TAE. ZE0i 5, 5k
RS FURADT I B HAB L A A5 AR e FA I A ). ANIET 6(b) HHa A HY, ZEXGEY 2 m/s il
XA T, R AEIES: TARN Pl 2 fee il B oA 87.66°C, diimiilia B RAERE R s Fr A B Ak, LB )
# MOSFET 1E% TAER I PN 454500 150°C fRARZ, U WIEIXPE TARZAE N, BB SE 4 (1 1L
AP R AL AT 2R,

K7 25 THEAERE 60 s PR AS TR BT B A S il S TR P AR A pif 2, b S e os B
PR, MR B AR IR . I 3R R T (L R b o] A, BN MOSFET A HLEEAR

1593



WALBRAE: HTEE N AR R BR

E 8 A MOSFET #HRAFMEEF MHN S 2% =E
Figure 8 Vertical stress gradient of the embedded module
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Figure 9 The fabrication process of the embedded module
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Figure 12 The SEM images of the cross section of the embedded module
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A novel embedded panel level package technology

CAO LiQiang'*, ZHANG Xia'* & YU XieKang?

1 Advanced Packaging Technology, Institute of Microelectronics of Chinese Academy of Sciences, Beijing 100029,
China;

2 Packaging and Testing Industry Chain Technology Innovation Strategic Alliance, Beijing 100029, China
*E-mail: caoligiang@ime.ac.cn, zhangxia@ime.ac.cn

Abstract Consumer and enterprise applications have precipitated an insatiable appetite for ever-increasing
density, functionality, and portability requirements of active devices. Such aggressive requirements, which have
challenged the viability of conventional packaging technologies, have prompted researchers and engineers to explore
suitable alternatives. Garnering the attention of academia and industry is Embedded Panel Level Package. This
enabling technology significantly enhances the versatility of the overall package thereby facilitating contemporary

density and functionality requirements. A viable process to enable Embedded Panel Level Package would finally
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permit designers to incorporate all components on and inside the substrate, thus entailing a 3-D System-in-Package
(SiP). In this paper, we illustrate the design, fabrication and testing of embedded MOSFET dies to exemplify
the viability of this emerging technology. The impetus of this heuristic study is to develop a practical solution
that is conducive to reduced manufacturing costs and truncated time-to-market product development cycles.
Thus, we propose a streamlined methodology involving the simulation, optimization and fabrication of active
chips embedded in organic substrates by employing a novel hybrid manufacturing process. Emphasis is placed on
the simulation of thermal loading conditions and thermal-mechanical properties. It is imperative to incorporate
sufficient thermal margins to ensure the viability of the fabricated embedded devices. Optimized thermal-loading
and thermal-mechanical designs of the embedded MOSFET die are efficiently facilitated by numerical simulations
based on finite element analyses (FEA). Finally, resistance and functional tests of the fabricated embedded
MOSFET have been performed thereby demonstrating the viability of the manufacturing process for embedding

active devices.
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