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Power Requirements [kW]
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- Background

» From 2D to 3D power assemblies

* 4 electrical perf.

e 4 power density

o 4 reliability

* 4 design complexity

Embedding of
standard SMD
components

embedding advantages

=> high miniatrisation

=> protection of components
and solder joints

=> short signal paths

= improved heat dissipation

BLADE Packages
> embedded MOSFET / Driver

> manufacturing on PCB format

43 mm
(estimé)

Source : Infineon

\_ e sysfm
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Module IGBT- Infinean
Bras de convertisseur
700V 400A

i
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Source : Bosch

/e 4 embedded devicesY -

Source :

interposer

Gy B

Solder

Insulated

adframe

e e —
Ostmann et al., 2016

() Milling of cavites ato the PCB

Diode with
interposer

Solder
Palyimide
Encapsulant
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I_ Objectives

»Evaluation of the Aerosol Jet Printing process

»Semi-embedded approach (less complex) : an alternative to embedded
technology approach

»Low to medium power converters using Si and GaN power devices

»Several advantages
» Integration of power electronics on non-planar substrate

 Form factor depending on the substrate and not on the assembly itself

* Possibility to use various nature of materials

6 -

o8 y
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I_Aerosol Jet Printing Process : description

Principle

" Direct deposition of aerosolized ink by nozzle on substrate | ].

Materials and post-treatment I

" Inks loaded with ceramic, metallic or polymer particles k

® Post process: drying, curing, UV, thermal, IR... i pe—————
, —

Advantages | o W :

" High precision
Simple post process
Adapted for inks of higher viscosity \{.

Printing on non-planar substrates '
Multi-material

Limitations
" Rather low thickness (1um to 10um)
" Small size of powders (1-2 um)

Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués a un tiers sans l'autorisation préalable et écrite de Safran. International Workshop on
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I_Aerosol Jet Printing Process : equipment

Virtual impactor:
e Reducing aerosol quantity
» Selecting thinner droplets

Auxiliary gas:
Aerosol Virtual impactor ;- - - - - — - Concentrated Focusing the
generator % J aerosol aerosol jet
LIS T LR, R e g Ak Ll G R T .
3 -..-;."i;-;-’:‘-:-.:::‘.-f..;...-,..'-: .. Auxiliary
'y : : / gas
Lo Jd_ 1
i ‘ 2t [ 4 Nozzle :
_ Excessofgas NG "~ Nozzle ° Fing one to thin
OPTOMEC Aerosol Jet 200 v &« de_S|gns
et Uovig Wide one for
Param_eters Properties of asrosdl ™ slbsate surface covering
Nozzle diameter* 100 -300 pm i e
Drop volume 0.001 — 0.005 pl S
Line width** 10 — 50 pm Aerosol formation Stand-off distance :
Ink viscosity 0.7 1000 cP Pneumatic or ultra-sonic From 2 to 5 mm
Stand-off distance 2-5 mm

* updated to 800um for large lines
** up to 500um width with 800pum nozzle

Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués a un tiers sans I'autorisation préalable et écrite de Safran. Imp
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I_Aerosol Jet Printing Process : strategy (1/2)

> Multi-layer using silver ink (a) 509%-50% - 1 layer (V) X | (b) 50%-50% - 2 layers (V-H) v
« Layer thickness from 1um to 10pum --

 >50um requested

I
1
1
I
I
]
g :
[}
> Overlap g i
(7] I
g 1
g P e

S (o) 25%-25%- 1layer (V) X | (d) 25%-25% - 2 layers (V-H) X
0 =x '
© ;
) :
]
0% 25% 50% |
> Printing directions i
1

(V)ﬁﬁf‘ﬁﬁﬁﬁr\ (H)(_ ) :
: - Quiet good results
+ ; = 500um printed width
: 5 * Overlap 50%-50%
Juuuuuy c : e 2layers (V-H)
= 2 printed layers €=» 1 Effective layer (E-layer) ( 2-4 min to cover 1m@
10 = e —
Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués a un tiers sans l'autorisation préalable et écrite de Safran. Imp Intelg:g{ggtli’%@él%g::kks;‘goiﬁgrz‘o:l.g



I_Aerosol Jet Printing Process : strategy (2/2)

» Curing conditions

Curing temperature (°C)

#1 150°C 60
#2 180°C 60
#3 165°C 60
#4 150°C 30
#5 180°C 30
#6 165°C 30
#7 150°C 120
v #8 180°C 120
#9 165°C 120

11
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ﬁ_ine (repeatable process)

500um width / ~3um thick

» Pre-heated substrate (>25°C)
to start drying layers

* Overlap 50%-50%
o 2layers (V-H)

» 8 E-layers before cleaning and
curing

e Fired 120min at 180°C to
evaporate the solvent and the
additives

 Reference point for nozzle
&oositioning

International Worksho_b on
Iﬂtegﬁlted Power Packaging 2019
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I_Printed layers characterization : analysis (1/2)

» Step Roughness Width : 3.01um

Thickness : 4.157um
Roughness : 0.497

2 E-layer
+ curing

Width : 6.18um
Thickness : 10.288um
Roughness : 0.773

4 E-layers
+ curing

Keyence VHX8000
Width : 22.8um

Thickness : 16.864um
Roughness : 1.168

8 E-layers
+ curing

~120pm thick g & Width : 57.47pm
with T 5 Thickness : 43.5um
32 E-layers Y« Roughness : 3.025
— +

International Workshop on
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I_Printed layers characterization : analysis (2/2)

Thickness (pm) / Mean Roughness {(pum)

14

> Electrical characteristics

50 8 ] 0,025
45
40 0,02
35 v :
30 ' E“|"“_ - - 0,015 ; 4 probes resistance measurement (Jandel)
‘ H"‘“w,/___ v
e y=2,7787x-2,1309 /,/ =
a i
20 R* = 0,9843 o y =-0,0005x + 0,02 0,01 3 s )
/_/ R% = 0.8687 £ 4 Number of layers
15 ,,;.f-’" ‘ ‘ ‘ * 4 thickness
10 s 0.005 « V¥ electrical resistance
e y =0,1814x+ 0,0055 ’ . 4 rouahness
c P R? =0,9704 9
0 I;‘—#— - j 0 QZ E-layers to reach ~120umj
0 1 2 3 4 5 6 J & 9 10 11 12 13 14 15 16 17
Number of effective layers
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I_Printed layers characterization : shear stress

2,5 I
—Sample 1
—Sample 2
—Sample 3
2 —Sample 4 |
—Sample 5
—Sample 6
= —Sample 7
% 15 - —Sample 8
=
s)
c
S o1
(7))
T
(&}
N
(7))
0,5 -
0 ‘
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Displacement (mm)
e Difficulty to carry out the tests (>300um requested)
e #6 shows a shear strength of 1.4 MPa (>5MPa)
i * Need of complementary tests (peel test)
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RAN

> 8 tested pins

International Workshop on

Integrated Power Packaging 2019



C2 - Restricted

I_Outllne

16

5.

Context & Background & Objectives

Aerosol Jet Printing Process
. Description
.  Strategy

Printed layers characterization
. Optical and electrical analysis of the deposit layers
i.  Shear tests

Switching cell fabrication & characterization
I.  Devices selection

ii.  Switching cell design and fabrication

lii. Electrical characterizations

Conclusion & Future works

Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués a un tiers sans l'autorisation préalable et écrite de Safran.

wiibe

S SAFRAN

Internatlonal Workshop on

Integrated Power Packagmg 2019




& SAFRAN

I Switching cell : devices selection
» AIN substrate

» Schematics » Dice from Infineon
50mm
Transistor Diode A
C A
£
£
o
Lo
G
E K
IGC99TI20TSRL HERIDR AT v
12007 / 1004 1200V / 1004 2 cavities
(Infineon (dnfineon
9. 5mm x 10.39mm x 115um 7.00mm x 7.30mm x 110um )

20000 40000 60000 800,00 100000 120000 140000  1600,00

17 ; 26,
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Transistor

Diode

I_Switching cell : design of the transistor side and
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diode side

S SAFRAN

270um depth, Bottom power electrode 50pm SnAgCu preform 115um transistor die Epoxy resin Stru
12mmx12mm surface 100um silver ink deposit positioning and brazing 5810 deposit
ceramic cavity machining

ctalit®

+ curing @ 160°C

270um depth, 8mmx8mm  Bottom power electrode 50um SnAgCu preform 110um diode die Epoxy resin Structalit®
surface ceramic cavity 100um silver ink deposit positioning and brazing 5810 deposit
machining + curing @ 160°C

18
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Top power electrode
100um silver ink deposit
covering the epoxy isolator

Top power electrode
100um silver ink deposit
covering the epoxy isolator
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I_Switching cell : fabrication

°
I—‘ i Ess_is_s_gment: X20,0]

Purpose of each TV

TV1 I-V characteristics to evaluate the bottom electrode path

2500

TV2, Double pulse characteristics to evaluate bottom, top and

TV3  gate electrode path X Degradation of the resin

LAPLC E-ENSEEIHT. Toulolise. France. ApHl 24- .¢. 7019

International Workshop on
Integrated Power Packaging 2019

19

Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués & un tiers sans l'autorisation préalable et écrite de Safran. I@P
-



C2 - Restricted 5 SAFRAN

I_Switching cell : static electrical measurements

KEYSIGHT B1505 + probe station

» |-V output characteristics of IGBT (@25°C)

A KEYSIGHT lc O[0-10]A
Vge O[7 - 10,5V

1 Vge =105V
Z— Vge=9.5V =
= 10 -
=z T Ved=95V| .. . b 3
Ve =9V ;&
g8 ! 2
—
§
i
]
5
X
= 3
2
=2 1
Wege = 7.5V
1
Vege=TV
-8 m
bottom electrode
0 1 2 3 4 5 b 7 § ] 10 ath
Vidrain (V) 1.00 Jdiv P
20 e, ] TLAPLAC " Toulouse, France, Apol a4 . 70
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I_Switching cell : dynamics electrical analysis jg

A
» Double pulse switching test @ 50V / 1A & 2A 1

Y — ererees B —__—--J—LH—-G—|%CTVCE
s e g | A

q [
-

& |
4 | {
: \-‘—ul: L |
om

% a0

=10 mQ
e H
o 5 10 15 0 a5 40 IT
somE - BT BT ———
|

40 |
£ 1 \
0 i
=20

| ! | |
0 5 10 i5 0 25 a0 35 40
25

- Toff Ton ; W
2| | TV2, TV3
%t.s: /7. i . ( \
P i [ Tranobter| f‘/ * Dbottom electrode path\ :
S os| o | Failure
X : S . EEES v/ *+ gate electrode path analysis
Time {jrs) On'gOIng
Current ramp up to 1A Current ramp up to 2A o
, \" top electrode path _ Y

.......

LAPL E-ENSEEINT. Toulbuse. France. April 24- ¢ 7o
Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués a un tiers sans I'autorisation préalable et écrite de Safran. Intelgsg{ggtll:'%@e!ygg::kkset'goiggrz‘o19

wiibe



C2 - Restricted

I_Outllne

22

5.

Context & Background & Objectives

Aerosol Jet Printing Process
. Description
.  Strategy

Printed layers characterization
. Optical and electrical analysis of the deposit layers
i.  Shear tests

Switching cell fabrication & characterization
. Devices selection

Ii.  Switching cell design and fabrication

lii.  Electrical characterizations

Conclusion & Future works

Ce document et les informations qu'il contient sont la propriété de Safran. lls ne doivent pas étre copiés ni communiqués a un tiers sans l'autorisation préalable et écrite de Safran.

S SAFRAN

Inte natlonal Workshop on

Integrated Power Packagmg 2019




& SAFRAN

I Conclusion

»Aerosol Jet Printing process has been evaluated and shows promising results as
semi-embedded approach for power devices (low to medium power)

»Possibility to use non planar substrate

Future works

»Failure analysis of the 15t run

»|mprovement : resin choice and deposit + process optimization for thickness

»Reliability : behavior of the silver layers on epoxy resin and evolution of the
stacking layers microstructure under ageing

.3 »Design a full low power converter _

o8 y
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