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Context “\\Laplace

Needs for Interconnections

III

Passives and actives components need “multi functional” interconnections :

Electrical - Thermal — Mechanical (ETM)

One, two or three functions associated to perform solutions for 3D integrated modules

High performance is required for each physical domain and high reliability (critical)

Several ways

e Conventional :
* Brazing, bonding, sintering, electroplated via... 2 not addressed here
* Non conventional :

« Diffusion bonding, pressed nano post, pressed foam, electroplated via...
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Presentation plan “\\\Laplace

- Copper to copper “direct bonding”

- Copper nano post (ETM)

- Copper nano post in PCB environment (ET)
- Foams in PCB environment

- Conclusion
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Example “direct copper to copper bonding” N \(\i\g@ace

Dry photoresist film

Electrolytic MU -POStS
Bath matrix

- Wafer -

Copper
Anode
Magnetic
= bars

«Bassem Mouawad » [1]

Diode with High side
Hposts \ DCB
Low side {
DCB
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\
Example “direct copper to copper bonding” \\\i\“é&ﬁw/

SPS System

Electrode

Graphite jig

Electrode

Parameters :

- Atmosphere vacuum 102 torr
- Peak Temperature 200°C and 300°C (5min)
- Ramp 100°C.min*!

- Pressure few MPa (estimated) SV ERSITE
TOULOUSE I
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a
Example “direct copper to copper bonding” \\\&u{@a&

RTA oven

Diode =

.- DBC |

-~ _ =

™ DBC

STEP1 STEP 2

5min

300 °C+

Thermal profile for RTA oven
=100 °C/min
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Direct copper to copper bonding K -
Mechanical Results “\\Laplace

. SPS RTA
Mobile finger = T T 3 - = T T 3 -
°C) () (mm®) (MPa) (°C)  (N\)  (mm?) (MPa)
—_— 1 300 113 2.63 43 1 300 199 11.8 16
Force —— Mechanical stop 2 300 184 8.9 20 2 300 93 73 12
3 300 275 84 32 3 200 133 52 25
4 300 275 8.9 30 4 200 187 4 46
5 200 181 7 25
6 200 21 1.1 18
7 200 31.5 5.6 5.6
8 200 176.5 84 21

\

ppoteaux
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Direct copper to copper bonding

Electrical Results

\Laplace

Copper Plate

Before assembly

* Improvement of direct characteristic
* Noimpact in reverse polarization

After assembly
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Copper nano post = nano scratch “\\Laplace

A simple principle...

* Power chip
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<+«—— Copper nano posts

To potentiostat o b
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Clamps

Cunanorods ~__---""

Cu anode (500 pm)
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Cu cathode (150 pm) o

AAO membrane

Copper nano wires electrodeposision [2]

AAO : Anodic Aluminium oxyde membrane

[ ' UNIVERSITE
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Copper nano post assembly = Results
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Top view and side view of nano posts [3]

Top view of the nano posts [4]
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Manufacturing process and PCB for characterization

A 0.8 mm high temperature core with two 105 um thick copper layers

Measuring pad Measuring track

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

PCB substrate with constricted area, its
connectors and kelvin measuring tracks [5]

Power connectors
> For electrical and thermal characterization

Constricted area

» Bare copper area for the interconnection
manufacturing

» Constriction is done for helping thermal
characterization

Measuring pads and tracks
» Additional contacts for Kelvin measurements

Measuring accesses
» To the opposite substrate measuring pads

Brown oxidized remainder copper and ground planes to increase prepreg adhesion

MITSUBISHI
ELECTRIC

Changes for the Better
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PCB preparation and copper growth ~\Laplace

» Opened dry film on constricted area

a. Dry film deposition (= 45 um) on the whole PCB

surface;
b. Opening of the dry film over the constricted

area.

Figure 5: Manufacturing process of
interconnection on the PCB substrate
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PCB preparation and copper growth “\\\Laplace

Opened dry film on constricted area
» Copper electro-etching on the constriction

a. =7 um copper electro-etching (pulsed waveform)
to increase adhesion of the surface.

Figure 5: Manufacturing process of
interconnection on the PCB substrate
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PCB preparation and copper growth “\\Laplace

Opened dry film on constricted area
Copper electro-etching on the constriction

» Macro post electroplating (overflowing of dry
film)

a. = 60 um copper electroplating (pulsed waveform)
The electroplating profile is adjusted to have the
top of the post slightly higher than the dry film to
ensure a complete filling of the cavity.

Figure 5: Manufacturing process of
interconnection on the PCB substrate
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PCB preparation and copper growth “\\Laplace

Opened dry film on constricted area
Copper electro-etching on the constriction
Macro post electroplating (overflowing of dry film)

» Leveling of the macro post by electro-etching

a. =7 um copper electro-etching (pulsed waveform)
The copper post is etched to obtain a flushed
surface between the dry film and the copper
post. This is the condition to ensure a correct
sealing for the forthcoming steps.

Figure 5: Manufacturing process of
interconnection on the PCB substrate
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PCB preparation and copper growth

N  ~ \L;aplace ,

Opened dry film on constricted area

Copper electro-etching on the constriction

Macro post electroplating (overflowing of dry film)
Leveling of the macro post by electro-etching

» Nano wires electroplating by pressed anode

a.

A nanoporous membrane is placed on top of
the copper post;

A solution of copper sulfate is spread over to act
as an initiator;

2 layers of cellulosic papers are added on top as
solution buffer;

A copper anode is pressed on top of this
assembly;

Copper is electroplated during = 1 hour through
the membrane using a pulsed waveform.

Figure 5: Manufacturing process of
interconnection on the PCB substrate
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PCB preparation and copper growth Laplace

Opened dry film on constricted area

Copper electro-etching on the constriction

Macro post electroplating (overflowing of dry film)
Leveling of the macro post by electro-etching
Nano wires electroplating by pressed anode

» Membrane filling by distanced anode

Once the electrodeposition have been initiated

a. The 2 layers of cellulosic papers are removed,;

b. The anode is placed further away;

c. =6 hours copper electroplating is done until the

membrane is filled. ) ,
Figure 5: Manufacturing process of

interconnection on the PCB substrate
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PCB preparation and copper growth \\\K\l\g:,_/l/(ye/
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Opened dry film on constricted area

Copper electro-etching on the constriction

Macro post electroplating (overflowing of dry film)
Leveling of the macro post by electro-etching
Nano wires electroplating by pressed anode
Membrane filling by distanced anode

» Dry film and membrane removal

a. Sodium hydroxide treatment at 45°C during half
an hour.

Figure 5: Manufacturing process of
interconnection on the PCB substrate
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Assembly

“\\\Laplace

Proposed solution combines

» PCB substrates (a)

» having a macro post and nano wires
interconnection

» sandwiching a die (d) surrounded of core (c)

» assembled by thermo-compression of prepregs (b)

High level of integration

1. Double-side cooling possible (symmetrical
structure)

2. Full copper and flexible interconnection

Expected resistant to cyclical stresses

4. Elementary block for power converter

w

(a) PCB substrate
(b) Prepreg

(c) Core

(d) Die

Nano wires
Macro post

Figure 3: Cross section schematic of the
assembly with macro and nano
structured interfaces
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Perspectives \\\gq_g&

Lock-in thermography to detect hot spot inside PCB [6]

* Low specific resistance < 100uQ.cm?

e Compatibility with PCB technology

e Electro - Thermal functions

* Thermal characterization and reliability : test to do...
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Metal foam for contacts in PCB : Principle | M

From Yoann

Die

Source Pad Gate Pad
Copper Solder Pascal SATIE [8]

A A

Copper —
(a)
Copper
Copper ——
- : Metal Foam
repreg
(4 layers) Kapton mask
Source Gate
Drain
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Metal foam for contacts in PCB : Realization \\\\\K§w

i e S i

Metal Fam .

Solder Bottom PCB

e - ——

Foam

<« Dije

Mask ~ <— Solder

} Bottom PCB

Metallographic sections
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Metal foam for contacts in PCB : Results | @ce

R Ea Reference
EEste el il st o s (ke Our package [ |

0.6 0.7 0.8 0.9 1 1.1 1.2

Temperature
measurement T

Temperature
measurement T,

Estimation of thermal conductivity :
A= 2.2 WmK?

Temperature
measurement 75

¢ xrijfjesy

Temperature
measurement T,
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Conclusions “\\Laplace

* Many way to make interconnects...
* Direct bonding or pressed surface depends on environment (DBC, PCB)
* Only academic studies, many parameters to control final characteristics

 Compatible for 3D integration... but many tests to do...
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