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Overview

* Brief Introduction to the APEEM group, NREL

« Characterization of the organic direct-bonded-copper
(ODBC) dielectric material

« Development of the power module rapid prototyping
workflow based on ODBC

« Development of an ultra-low-inductance half-bridge (HB)
module using the rapid prototyping workflow
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Brief Introduction to the APEEM group, NREL
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ODBC dielectric material characterization

* Motivations of exploring ODBC

— The ductility of organic dielectric
materials (ODMs) make them
easier to work with compared to

ceramics, streamlining

. Ceramic DBC structure shows interface cracks or even dramatic
prOtOtypIng prOCGSS detachment and deformation after thermal cycles while ODBC
The dUCtlIlty Of ODMS a”OWS shows no significant degradation
higher coefficient of thermal el —>
expansion (CTE) mismatch on
two sides and therefore enabling .. ...
more 3-dimensional (3D) layout suws

options

Ceramic DBC requires
matched CTE and
thus symmetrical
substrate design
while ODBC could
allow more flexible

Encapsulant

o

|

Metalized Substrate

Base Plate and Integrated Cooling constraint
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ODBC dielectric material characterlzatlon
“-': High electric

- ‘ potential testing

« Identification of a polyimide
dielectric material (PDM) of
iInterest

— Afilm PDM with a typical thickness
of 35 microns has been identified as I
the subject of study due to its high material testing
dielectric strength/thermal resistance -
ratio

— Various tests have been performed
on the PDM including hipot testing,
thermal conductivity testing,
mechanical strength testing, and
thermal reliability testing
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Normal and
shear strength
testing
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ODBC dielectric material characterization

Thickness Dielectric  Dielectric  Thermal Thermal
. . Insulator Strength Strength Conductivity Resistance
L Key fl nd | ngS on the P D M ™ gymm) ) WAmk) (mmkw) | Dielectric
Al;0; 380 17 6.5 24 16 and thermal
AIN 380 16 6.1 180 2

— Bonds to metal surfaces by being s« = = e w0« properties
subject to high temperature and e
pressure at the same time Thermal E
(typical 300psi and 350°C) comparison | __ I I I I

with popular §o l

— Does not bond to most nonmetal  ceramics °
materials

— Bonds best to surface roughness
Ra of 10 — 20 um

— Survives indefinite numbers of

Thermal
stability

Weight (%)

Temperature ("C)

bonding process without Energy -
. o . absorbance?
significant degradation spectrum *

8 a5 g 95 1 10.5 1
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Development of the power module rapid prototyping
workflow based on ODBC

* Necessary equipment

— Consumer-grade computer
numerical control (CNC) milling
machine, 0.1mm precision

— Hot pressing machine with
greater than 300psi and 350°C - 2
ca pabl | |ty ) : House-built hot-pressing

— 3D printer which works with mocnne
materials capable of the target
pressure and temperature range

— Vacuum oven/hot plate with

temperature control up to 250 °C _
APEC?2025 Vacuum oven




Development of the power module rapid prototyping
workflow based on ODBC

Key steps of the rapid prototyping workflow with a half-bridge module as the example

APSEC2025 ' 0020



Development of the power module rapid prototyping

workflow based on ODBC

« Workflow summary

APC?2025

Machining copper features cutting
out PDM features

3D printing hot pressing molds
Pre-bonding for fixation purpose

Final bonding of selected copper
and PDM features (iterate Step 3
and 4)

lteratively align and solder/sinter
devices and bonded features

Assemble and solder gate
connections

Cleaning up and encapsulation

Optional copper
mesh buffer
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Development of an ultra-low-inductance half-bridge
(HB) module using the rapid prototyplng workflow

* HB module idea and features 1

— Approximately 0.73nH loop

APC?2025

DC+ bus DC- bus Output plates  DC cwrent  Upper L dg Lower bridge
& bo

The flexibility of the PDMand | =~ =~ 1
the corresponding rapid Ny — B
prototyping workflow enables a . I
reliable 3D and symmetrical DC
bus bar structure

(Source connection
with bond wire)

inductance is achieved
(validated by FEA and
experimental results) for a four-
die-per-position design N .
Two source connection options i i

. | Coil{1)
. | Coil{1} | 7.26091E-07
Scalable for alternatlve Cu rrent FEA results: current density, magnetic flux
rati ngs density, loop inductance
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Development of an ultra-low-inductance half-bridge
(HB) module using the rapid prototyplng workflow

» Leveraging the proposed = g on

prototyping features

— Pre-bonded copper-PDM
components can be

. Upper position
gate driver

assembled with ease and i
maintain good isolation Assembled HB prototype s _
— The reliability of the PDM diadlel J =
allows multiple component .I-‘ﬂ.I'
replacements N P

— The 3D printed structural
components enables creative
pin mounting 4
APECI —— o

Testbench designed for
evaluating the HB prototype




Development of an ultra-low-inductance half-bridge
(HB) module using the rapid prototyplng workflow

» Leveraging the proposed
prototyping features

— Pre-bonded copper-PDM
components can be
assembled with ease and

maintain good isolation Key stepsin gl
the test bench §

— The reliability of the PDM assembling [R5
allows multiple component
replacements

— The 3D printed structural *
components enables creative &gt
pin mounting

APEC2025
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Development of an ultra-low-inductance half-bridge

(HB) module using the rapld prototyplng workflow )
- Selected evaluationresults ==~ | =
— 100V, 10Adowngraded |~ - | |
experiment has been _ __ - |
CondUCted on the HB with | 100V, 50kHz smtchmg over\)l‘e\/;;‘ nc;lo;d Iof;ol;;utlpaut‘l;ndlilcfl;r.:IJ
1.2kV, 400A design target ~ #o=rf=ro = EBE |OWS|devdhage _____
— High-fidelity simulation results . /HBcurreq@j
are used as references to = ]:
verify 0.7nH loop inductance -

- High side votage — A5 e

High- S|de turn-on tran5|entu

i_ﬂ ] & g - o o
o S 11 | ==
I,: C = - e - aured (- +:
|
APZ=C 800V simulation, no load, no output inductor High-side turn-off transient 16 of 20



Development of an ultra-low-inductance half-bridge
(HB) module using the rapld prototyplng workflow

« Selected evaluation results == :;f‘ — i
— 100V, 10A downgraded [ /L / |
experiment has been H | : _/ /Y
conducted on the HB with 100V, 50kHz SW|tch|ng overview, 10A o‘utput

1.2kV, 400A design target ~ fi=i= = } = s,devém "

— High-fidelity simulation results =\ |\
are used as references to :
verify 0.7nH Ioop ind uctance

" S - = NCiziziz i 1.~ BT S e e e

bl 7] o e W [C) ) : S -~ 1A = 2

- J ] - / N | :
|

HiFh -side turn-off transient™ T A

AP 800V simulation, 380A load current

44]
0O




AP

Conclusions and Future Work

A low-cost, rapid prototyping routine for ODBC-based
power module packaging layout design is proposed

Key properties of a PDM and the experiences in working
with the material have been summarized

Details and steps in the rapid prototyping routine have
been developed

An example SiC HB module with sub-nanohenry ultra-low
loop inductance has been designed, fabricated, and
validated

Full scale test to validate the 1.2kV, 400A design target will
be carried out in the near future
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