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INTRODUCTION

Strongerpower ratingsensuredby i ?

EMI Filter PFC PPB

1. Interleavedtopologies: Multicellularstructures 5 m_LZm e mlﬁc o JEﬁ %
v A2 i s |
U Reducingf passivecomponentssize - o it i £& T

U Activecomponentsmultiplying
2. Switcheamprovement: Wide band gapmaterials

U Increasingpf switchingfrequency
U Higherworkingtemperature

Active switchesintegration is sought

Figurel: 3.3 kW ac/dc converter with SiC
power devices
1. Reducestrayelements(andsize)

2. Enhancemenbf thermalmanagemen(reliability)
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INTRODUCTION

Motivation

Electrical challenges

1. Parasitic inductances

Overvoltage due toighdi/dt (Lpc& Lpp
Slow down switching tim@& Lop

2. Parasitic capacitances

Ringingwith parasiticinductanceqG.g
Common mode currentG o)

3. Parasitic resistances
Voltage drop

Heat dissipation from

1. Switches losses

2. Interconnections losse@@specially wirdoonds)

Reliability
1. Different CTIEEombined with thermal cycling

2. Capable of handling many thermal cycling

before failure
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Figure2: Zoomon parasiticelements(red) of the high side
switchingcellinducedby the packaging
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CONTEXT

Interconnection stateof-the-art
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Bonding

Ribbon bonding

N Xy
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Bimetallic Direct Metal Solder Directlead  Dimple
ribbon solder post bump bonding array

Soldering

o]

Low Temperature Low Temperature and

Sintering = PressurelesSintering Tech.

Diffusion bonding

Pressed

- Low force i .
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Electroplating Power Plating Bonding

TERr P

PCB technologies

Structured interface Micrometric scale (post)
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CONTEXT

Printed Circuit Board (PCB)

z MITSUBISHI
ELECTRIC

Changes for the Better

Printed CircuitBoard(PCB}echnologyis
U Costefficientandwell-establishedorocess

U Offering massiveparallelmanufacturing Full Wiasinterconnections

U Capableof fine pitch andableto usethick copper
(heatandcurrenttransport) & &

U Accuraterepeatablemultilayerstructures diffusion bonding and yiiasinterconnections

U Fanrout capable
U Minimizingof loop size(strayinductances)

PCBembeddingoffers

1. Doublesidedthermaldissipationandshorterheatpath
2. Short interconnectionsandlow parasitics B o
3. Increasingpower density(by sizereducing) S

I:aserrnicrovia§ o | ];m—ww
U Isthe trend in PCBembeddinginterconnection o i o

U Sufferof heatflux limitations (manufacturingimits)
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Assembly
(a) PCB substrate
. . (b) Prepreg
Proposedsolution combines (c) Core

U PCBsubstratega)

U having a macro post and nano wires
interconnection

U sandwichinga die (d) surroundedof core(c)

U assembledoy thermo-compressiorof prepregs(b)

Highlevel of integration

1. Doublesidecoolingpossible
(symmetricalstructure)

2. Fullcopperandflexibleinterconnection

3. Expectedesistantto cyclicalstresses

4. Elementaryblockfor powerconverter

(d) Die

Nano wires

Macro post

Figure3: Crosssectionschematicof the
assembly with macro and nano
structuredinterfaces
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MANUFACTURING PROCESS

PCB substrate functions
A 0.8 mm hightemperaturecore with two 105 um thick copperlayers

Measuring pad Measuring track

- Measuring access
Constricted track (through-holes)
Power connector

Figure4. PCBsubstratewith constrictedarea, its
connectorsand kelvin measuringtracks

Powerconnectors
U Forelectricalandthermal characterization

Constrictedarea

U Bare copper area for the interconnection
manufacturing

U Constriction is done for helping thermal
characterization

Measuringpadsandtracks
U Additionalcontactsfor Kelvinmeasurements

Measuringaccesses
U Tothe oppositesubstratemeasuringpads

Brownoxidizedremaindercopperandgroundplanesto increaseprepregadhesion
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MANUFACTURING PROCESS

Interconnection

U Openeddry film on constrictedarea

a.

b.

Dryfilm deposition(F 45 um) on the whole PCB

surface
Openingof the dry film over the constricted

area

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate

&7

ife.augmented



z MITSUBISHI
ELECTRIC

Changes for the Better

MANUFACTURING PROCESS

Interconnection
Openeddry film on constrictedarea

U Copperelectro-etchingon the constriction

a. £ 7 um copperelectro-etching(pulsedwaveform)
to increaseadhesionof the surface

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate
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MANUFACTURING PROCESS

Interconnection

Openeddry film on constrictedarea
Copperelectro-etchingon the constriction

U Macro post electroplating (overflowing of dry
film)

a. 60 pum copperelectroplating(pulsedwaveform)
The electroplatingprofile is adjustedto havethe
top of the postslightlyhigherthan the dry film to
ensurea completefilling of the cavity

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate
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MANUFACTURING PROCESS

Interconnection

Openeddry film on constrictedarea
Copperelectro-etchingon the constriction
Macro postelectroplating(overflowingof dry film)

U Levelingof the macropost by electro-etching

a. £ 7 um copperelectro-etching(pulsedwaveform)
The copper post is etched to obtain a flushed
surface between the dry film and the copper
post. Thisis the condition to ensure a correct
sealingfor the forthcomingsteps

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate




MANUFACTURING PROCESS

Interconnection

Openeddry film on constrictedarea
Copperelectro-etchingon the constriction

Macro postelectroplating(overflowingof dry film)
Levelingof the macropostby electro-etching
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U Nanowires electroplatingby pressedanode

a. A nanoporousmembraneis placedon top of
the copperpost

b. Asolutionof coppersulfateis spreadoverto act
asaninitiator;

c. 2layersof cellulosicpapersare addedon top as
solutionbuffer;

d. A copper anode is pressed on top of this
assembly

e. Copperis electroplatedduringf 1 hour through
the membraneusinga pulsedwaveform

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate
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MANUFACTURING PROCESS

Interconnection

Openeddry film on constrictedarea
Copperelectro-etchingon the constriction

Macro postelectroplating(overflowingof dry film)
Levelingof the macropostby electro-etching
Nanowireselectroplatingby pressedanode

U Membranefilling by distancedanode

Oncethe electrodepositionhavebeeninitiated

a. The2 layersof cellulosicpapersare removed

b. Theanodeisplacedfurther away,

c. F 6 hourscopperelectroplatingis done until the
membraneisfilled.

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate
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MANUFACTURING PROCESS

Interconnection

Openeddry film on constrictedarea
Copperelectro-etchingon the constriction

Macro postelectroplating(overflowingof dry film)
Levelingof the macropostby electro-etching
Nanowireselectroplatingby pressedanode
Membranefilling by distancedanode

U Dryfilm and membraneremoval

a. Sodiumhydroxidetreatment at 45°C during half
anhour.

Figure 5: Manufacturing process of
interconnectionon the PCBsubstrate
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MANUFACTURING PROCESS

Interconnection

Figure6: Nanowires electroplatingon 2 parallel substrates

with BungardCOMPACRA equipment

Electrolytic bath
(BungardCu400
Acid solution)

Anode
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MANUFACTURING PROCESS

Interconnection
Fullcopperinterconnection: 45 um macropostand55 um nanowires of 200nm diameter

Figure7: Digital microscopepicture (x200) of the macroand Figure8: SEMacquisition (x10,000) of the nano
nanostructuredinterface wires 40° tilted top view

U Consistenand continuous=goodheatandcurrenttransport
U Nanowireswell separated= flexible stressresistantinterface
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MANUFACTURING PROCESS

Test vehicles assembly

U Preparationof the support

©oo T

Bottom plate;

4 centeringpins,

1st releasefiim;
Conformablegoresspad;
2nd releasefilm.

Figure 9: Stackingof the different elements of the
prototype
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MANUFACTURING PROCESS

Test vehicles assembly
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Preparationof the support
U Macro-nanostructured PCBsubstrate

a. Deoxidizedoy 10%sulfuricacidtreatment;
b. 12hoursannealingat 120°C

Figure 9: Stackingof the different elements of the
prototype
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MANUFACTURING PROCESS

Test vehicles assembly

Preparationof the support
Macro-nanostructured PCBsubstrate

U PrepregArlon 35N 106

a. Lasercut-out.

Figure 9: Stackingof the different elements of the
prototype
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MANUFACTURING PROCESS
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Test vehicles assembly

Preparationof the support
Macro-nanostructured PCBsubstrate
PrepregArlon35N 106

U CoreArlon 35N
a. Stratification of prepregs Arlon 35N

(1x2116 1 x1080and2 x 106);
b. Throughholesandrouting by CNQlevice

Figure 9: Stackingof the different elements of the
prototype
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MANUFACTURING PROCESS

Test vehicles assembly

Preparationof the support
Macro-nanostructured PCBsubstrate
PrepregArlon35N 106

U CoreArlon 35N

Figure 9: Stackingof the different elements of the
prototype
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MANUFACTURING PROCESS

Test vehicles assembly
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Preparationof the support
Macro-nanostructured PCBsubstrate
PrepregArlon35N 106

CoreArlon 35N

U Baredie

Figure 9: Stackingof the different elements of the
prototype
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