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Silver Sintering Technology and Module Test of SiC Double-
Side-Cooling (DSC) Module
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Power Density of Traction Inverter from Various EVs
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Double Side Cooling (DSC) Power Module in EV =M

3I’d Genera“on PCU Power Managemenl Innovation Consortium

Sing Slde Cooling
Power Module

33% Volume Reduction!

4th Generation PCU M

Double Side Cooling
Power Card

Power Control Unit (PCU, Toyota) Double Side Cooling Power Module from
Hitachi (Audi e-tron)
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Advantages of Silver Sintering Technology
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Processing Temp.
("C)
500t Sn96.5Ag3CUO.5
g ‘ - Pb92.58n5Agz.5

= Sintered Silver
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Thermal Condugtivi'ty,,.x"" _ Melting Point
(Wim-K)~ w0 (°C)
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Thickness:<5~100u {}

> 24 1-in-1 STPAKS;
> Sintered on a Heatsink;
» 175°C.

> 1200V/800A SiC;

» Sintering SiC Top Metal
Plate & Backside;

> 175°C.

15X lifetime™ !

SEM Microstructure after Sintering
| Powde 7 Dense

Asanseios GovalscntfeanaTeemosalmosin cener - iy - CAraStre, et af.. “DCM-1000X ~Automotive Power Module Yechhojogy Platform Optimized for SiC Yraction Inverters,”



Conventional Process Issues of Silver Paste R A
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Typical Void and Delamination Defects

v

Overflow Issue Creepage Issue

» Overflow & Creepage issue

» Defect Control

» Thickness Consistency

Sintering Thickness: 50-80 ym
Thickness Tolerance: >%*10 pm
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Film Transfer Technique based on Silver Paste =M

Silver Paste Film Transfer Technique

Single Die

-
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Metal Spacer

Defect ratio : 0%

Overflow of sintered silver: <10-20um o
> Negligible Overflow Ag-Plated Surface

> No Defects \ } Sintered Layer

» Consistent Thickness

— Sintering Thickness: <20-100 pm
P Thickness Tolerance: <=3 um
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DSC SiC Power Module >1 W

D

N Dies in Parallel (N=2~6) E'} >

26.2mm

s =S,

Mo Spacer
SiC Die

Bottom Substrate
Silver Paste
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V gripss Characteristics of DSC SiC Power Module

@25 °C  Die Specification : 750V/8mQ, 5X5 mm?
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V, of DSC SiC Power Module
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@25 °C
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Vi, Shift (Temperature or Pressure) PMIC

Vi, @ Vg = 10V, |y = 50mA
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Forward Ry of DSC SiC Power Module
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@25 °C Die Specification : 750V/8mQ, 5X5 mm?
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Double Pulse Test (DPT > 1 W
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Test Condition: 400V/200A L:46pH Vg:0~15V Ryon=Ryfm:5.10 Ve
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Parasitic Inductances Extraction Piv“:

Coaxial Shunt
Coaxial Shunt

Decoupling MLCC
Cap (backside)
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Parasitic Inductances Extraction Piv“:

6 Dies in Parallel
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Switching Waveforms (V,, & V) of DPT PMIe

Test Condition: 400V/200A L:46pH V4:0~15V Ryon=Ryom:5.1Q i - R
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Switching Waveforms (V4 & iy) of DPT PMIe
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Analysis of Voltage Overshoot and Current Ringing
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Switching Energy =BMIE

Measured Single Die from datasheet Die from another Manufacture
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Thermal Resistance Evaluation by Simulation =M

~ . Power (Die,+Die,) :

AAAAAA A 2 300W
BOT Convection

Die 5X 5 mm2: 127°C (Average)
Bottom 6.6 X6.9 mm2: 109°C (Average)

R,c pie side = 0.06 KIW

TOP Convection
M M M Y N N N\

Power (Die +Die,) :

} TOP Substrate ~——~._ 300W

T }BOT Substrate

Die 5X5 mmz2: 368°C (Average)
Top 6.6 X6.9 mm?2: 144°C (Average)
R,c mo_side = 0.92 KIW

I SAE A T Rwo = 0.35 KIW 19
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Transient Dual Interface Measurement of Die-side
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Transient Dual Interface Measurement of Mo-side
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Thermal Resistance Comparison among Different Modules > il e

STR = Thermal Resistance * Die Area
(Specific Thermal Resistance)
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Transient Thermal Impedance of the Module
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Conclusions & Future Works PTVTi:
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