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Abstract: This paper shows the principles and characteristics of the transient liquid phase (TLP) bonding technology
for power modules packaging. The power module is semiconductor parts that change and manage power entering
electronic devices, and demand is increasing due to the advent of the fourth industrial revolution. Higher operation
temperatures and increasing current density are important for the performance of power modules. Conventional power
modules using Si chip have reached the limit of theoretical performance development. In addition, their efficiency is
reduced at high temperature because of the low properties of Si. Therefore, Si is changed to silicon carbide (SiC) and
gallium nitride (GaN). Various methods of bonding have been studied, like Ag sintering and Sn-Au solder, to keep up
with the development of chips, one of which is TLP bonding. TLP bonding has the advantages in price and junction
temperature over other technologies. In this paper, TLP bonding using various materials and methods is introduced. In
addition, new TLP technologies that are combined with other technologies such as metal powder mixing and ultrasonic

technology are also reviewed.
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Fig. 1. Schematic diagram of power semiconductor.

Table 1. Calculated surface tension of solders.??

Properties (at 300K) Si  4H-SiC 6H-SiC  GaN
Band gap width E, 112 326 303 34
[eV] . . ) .
Breakdown electric field E.
Y o] 03 3 25 3
Electrons mobility ix 1400 990 500 1250
[em*V~'s™]
Holes mobility
ekt 600 100 101 200

Thermal conductivity A
[W-K em™]

Relative permittivity €, 11.8 10 9.7 9

1.5 4.9 4.9 1.3

Saturation velocity Ly
[x107 cms™']

Maximum working
temperature Ty, [°C]
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Fig. 2. Schematic diagram of warpage during heating and cooling.
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Fig. 3. Schematic of transient liquid phase bonding process.*”
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Fig. 4. Cross-sectional microstructure of the joint bonded with Sn-
Cu.
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