


X

%

() %

$$

™



+ +1

] # % -.00
" 11
$ 2
$$
$ $$
3 4 % 3
$$
5 ) 6
3 $
7 8
7%
$




% &
099.:099; +

+ /1 = % 1

= [/

099: 099> $
& / $

099>: 11

/< <

I
The

QUnited
Otatec
o
'J'}(Mf’..’li{‘,ﬂ

The Commissioner of
Patents and Trodemmrks

Therefiury, fhis
Uinited States Pabent

permis o e a3
e p(pAs

o oy

bt 13 P




# 3
% = %

——n

Lo Lagar guidé par jed f i fal des moracies

| | . Bk it £ B B £ M
e S, b puiniiniipmeriamini s yair i il ol
o 118 s i 5 s o 1 Bl 301 1 Bk . SR B BB

0..

099>




Synova Worlwide

® Headguariers
Cales
& Dherribuvaor

®  MMC {Micro-Machining Center)




Laser

Focusing .
lens — "

Window !

Laser guided by
total internal reflection

Water

Water
chamber

{

Work piece

/
$ %
%
%
$ 1
6 =
)
%
%
$
1
)
@
$ %)
$ 8 $
% 1
=



)EF- ) FEE 1

$
#

N A

.I.ll
|

\



%

% <+—— Laser O
" @ Focusing

), % P ¢ C——

$
Water
"’ $1 chamber Window
"
$ | Y =3
$ v Focal | Waorking
. —— -
oint range
; ) - | (depth of field) bl | "
% % M g Nozzle
$ $ s 0. Conventional
) laser beam
$ $ (divergent) Working
" 1B Water jet range
/ guided laser —»
1 ' (cylindrical)
il
— S— — &



Conventional Laser

acks

ra“’ Requires precise
a“:“asefs fnajeqsu;:%uftm;m
jon

Conical laser beam

leaves non-parallel kerf walls
Limitations in cutting aspect ratio
Heat affected zone

Particle deposition

Inefficient material
removal leaves burrs

Laser
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Microjet®

No focus adjustment required, non-flat surfaces
are not an issue, 3D cutting possible, variable
cutting depth of up to several cm

Cylindrical beam results in parallel kerf walls,
consistent high quality cutting

High aspect ratio, very small kerf widths (< 30 pm
possible}, minimising material loss, with simulta-
neous deep cuts possible

Water-cooling process avoids thermal damage and
material change,
high fracture strength is maintained

A thin water film eliminates particle deposition and
contamination,
no surface protection layer required

The high kinetic energy of the water jet expels
molten material, no burrs form
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Power semiconductor devices

2-terminal devices 3-terminal devices
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Definition
Main manufacturing steps of IGBT-based power inverter modules

Silicon growth

Silicon wafer

Back-End | ‘el Front-End

e Litho, deposition, = Can be replaced by
ack-grindin i i i e :
Dici " - IGBT dies-on-wafer etching metallization. Silicon CZ epi- th_e s Of_ float-zone
ng, " thinned Si wafer
Flip-chip DS .. L S i CENPRpe
or FZ water

Packaging —

S Binning, pick-and-place
IGBT Bare-die Packaging, Housing

IGBT modules Propulsion Power
Sources: Yole Développement Inverter Modules
b ©2010- 2 Y e s o —
= 0>



34* +

IGBT FOM Improvement

14
. 1200V IGBT CSTBT structure
AT S— thin-water process 77 6l gen. .
5 W gt gen, :
= Trench structure i B
) 8 5 e e s el bl i e i s T et o o'
e
e
o 6 P SR = S .- Figure Of Merit (FOM) = Jc/ {v .y X el
i Fine-pattern - e
o process 3 gen. 1. = Device's rated current density [Afom2]
'E“ q o e | Veopan = Saturation voltage drop at rated current
= density conduction with Tj at 400K [V]
= - & Endgen ____________________ eof = Turn-off switching energy per pulse of
E 2 1st gen. ,_ operation at rated current density and

Tjat 400K [mjpulse/a]
D o » 1 I ]
1985 1990 1995 2000 2005 2010
Year

FO shows that performance impraved approximately fourfold between the 1st and 3rd-generation chips.
And ifthe performance of the 1st-generation chip is compared with that of the current 5th-generation chip, it
has improved approXimately tenfold. As we proceed with the development of the Gth-generation device, our
aim is to achieve not only even lower power loss, but also an improvement in performance indicators of
approximately 30% as compared to the 5th-generation chip.

%
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Main applications accessible to SiC and GaN
Specs / market data of today silicon devices

Power Engrgy
Solar Wind Industry Transport.
supplies / uPs HEV i ) :
’;,"I’,c panel turbine Motor Drives | Grid, Rail
traction
GTO,
e MOSFET e sl IGBT IGBT IGBT Thyristor,
Diodes z : Diodes Diodes Diodes IGBT
Diodes Diodes s
PiN diode
Breakdown 650V ->900V- | 600V (90%) Today 690 V 600 V to 1200
Voltage (V) L L >1.2kV | 1200V (10%) | Trend: 3-4 kv v R
Reskeuerent {A) 05-10A 2-100A 50-200 A 75A 150 A 3-100A 10200 A
(for a single chip)
5808 vel it MOS: 1,600 IGBT: 800 IGBT: 2.6 IGBT: 12 IGBT: 0.11 IGBT: 25
volume (Munits) Diode: 1,600 Diode: 800 Diode: 2.6 Diode: 12 Diode: 0.11 Diode: 25
Wide range of
specs | price
2008 ASP for a discrete Trans: $0.6 - $1 Trans: $1.2 Trans: §9 IGBT: 58 IGBT: $20 IGBT: 8
device Diode: 0.3 Diode: 0.6 Diode: §5 Diode: 54 Diode: §8 Diode: 54
2008 Si devices
market (§M) 1,800 1,400 ~ 40 150 <3 ~ 300 ~110
(Discrate)

Total Available Market was $3.8B in 08 !!

)&
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Figure 8: 12004, 2500% Presspack IGBT (236x150x26 LxWxH in mm).
Esch IGBT and diode chip is contacted individualiy by a spring.
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