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Our Great Societal Challenge SIEES

Global Warming
Energy Renewable
Conservation Energy
Improving the Electrical At least 50 % of the

Efficiency Conversion electricity used in the
world is controlled by

: Power Devices.
Power Devices
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Power Devices - Introduction =0=3

= Energy efficiency contributes to EU’s CO, goals _Gr_eenhou_se gas emission trends
Emissions, projections and targets for the EU

[million tonnes of C02 equivalents]
Laws and regulations (compare Monitors) o i

= Ecological and economical implications

® Projections with existing measures based on member states’ submissions

Prestige and responsibility for companies

=  SiC (WBG) converters offer
excellent partial load properties

= Up to 10% more efficiency H
compared to silicon topologies :
= Every time energy is transferred 3 st
: 5
Generation # ; ;
) 7 IGBT |
Storage (Recuperation)
Consumption
) Y P O L 0 5 10 15 20
= Applicable to any source of e n;i/hllr eoEeE Output Power (kW) —»
i i M. Nitzsche et al.,
electrical energy Consumptlon Boyouk N. et al., ISGT-Europe 2018, Sarajevo PCIM 2019, Nuremberg
(broad range)
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Materials Properties of WPG Material =°==

L.
LA )

high
voltage
operation

Critical Feld in MV/cm - 5
[ l4HscC
[ ]GaN

Band Gap

. thermal
inev Conductivity
in W-K/cm
high
power,
Saturation / temperatures
Velocity Melting point
in 107 cm/s in 1000 K

l J

high frequency, current
density
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Evolution of Power MOS Technolog==9"

= Task 1: Reduction of On-State resistance to minimize die size/cost

= Technology development depends on voltage rating

13
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Breakdown voltage in V
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Bipolar and MOS Power Devices

Source Inter-metal dielectric
seciode I e -
. Gale oxide

n n
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1.2 kV VDMOS (planar)

n"-SiC TiSiC n-Sic Tisic

n'-substrate

Drain electrode

Merged Schottky/pn DiodeE|
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Power Devices on SIC =sgexc

[0 Advanced Trench Technologies

£
- 100 .
q) 8 < .
0p) O % € &0 .
@) cC £ = .
© % "g 60| y
= c 8 ¢ )
c (- @® (:_) 404
O O © =
C q— !(]_) E 201 | @ Measurement
() — uw a e TCAD
| - G) @ 0 . . .
c 0.0 0.1 0.2 03 04
= al o
— Gate voltage in V
i cs c < — . 1|\:|é::)urement‘
o o
" — = £
(Q\| S E o 16054
[ ] H GJ ()]
FI gate (@] 8_ ’g 1E-06
trenc v o o 1E07] -
. A L 2 09 o
] 5 © 1E-08. « ot ° °
p-type °>3 X R
implant n*-source o 9 ew . , , , . ;
n'd 0 200 400 600 800 1000 1200
FIB cross-section of active area Blocking voltage in V

SiNAN% IC% S E |NPACE ESSERC 2024 Workshop Emerging technologies in Advanced Computation, Advanced 8

Institute e et S e Functionalities, Ground-breaking Technologies: Impact on International Cooperation

on semiconductors



BRUGES
S-12 SEPTEMBER

ESSERC

Evolution of Power SIC MOS Technolog ====

= Task 1: Reduction of On-State resistance
= |Implementation of trench gates
Increased channel mobility along (1 1 -2 0) orientation
Vertical channel - Pitch reduction compared to VDMOS
= Shielding of trench bottom oxide vital!

Examples of practical SiC Trench MOS concepts

Source Electrode Source Electrode
Source
electrode
n' n' n'
el
Oxide st -
n’-Substrate n’'-substrate n’-Substrate
Drain Electrode Source electrode Drain Electrode
Rohm / MaxPower Double Trench Peters et al., Power-Mag 3 (2017) Banzhaf et al. MSF 858 (2016) 848-851
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Evolution of Power SIC MOS Technolog ====

= Challenges for further advancements

= Unipolar high voltage devices
= Superjunction device topology using vertical pillar structure (approx. 60um @ 10kV)
= Concepts (similar to Infineon / Toshiba solutions in Silicon):

Mid-energy ion implantation and epitaxial overgrowth (rinse & repeat)

High-energy ion implantation (e.g. filter implantation)

Deep trench etching and epitaxial refill

Source Elektrode

1

T LI B B | | T T T Tt | T T T LI B A ] |
Drain Elektrode 100 1000 10000
Breakdown voltage in V
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The WBG Device

Low VYoltage

&,

PFC! Power supply

While SiC is
used for high-
voltage
applications,
GaN is mainky
used for low

Audio Amplifier

Rail Tramport

voltage. The
600 - 200V
range will be
the <200V 600V P00V 1.2 kV 1.7 kY 3.3kV 6.5 kV+
battleground.

P i

’ GaN Transistors 2015 P Ty SiC Transistors 2015 \

.
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GaN Transistors 2020 |

i SiC Transistors 2020
* Based on current development status |

Co-existin
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Market Outlook ==ge=c @

Power & Compound Capacity & Count of Facilities

Capacity

200mm Eq WPM (All facilities, excluding EPI, with probability >50%)
thousand B Capacity ====Fab Count Count of Fabs
20,000 - 900
e 863 | 868 L ggo
- 860
16,000 - 840
14,000 - 820
12,000 - 800
10,000 M
- 760
8,000
- 740
6,000 - 720
4,000 - %00

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Power & Compound Fab Report to 2027, 2Q24 (April, 2024) Update, Published by SEMI
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Bosch investing €3bn in semiconductor business by 2026 "tsubjsy, ""0”Carb:,ZV&}’earpeZ;at” W/'/Idoub/ :
an extra 1000m2 has already been added to the cleanroom space at the Bosch wafer fab in Reutlingen in 2021. (S'CjﬂowergtoMafChzga
Another 3000m2 will be added by the end of 2023. Production will be using 200 mm SiC wafers using extension em’c(’"du%f:
also in Dresden. ‘
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EU Chips Act — Pilot Line(s)

EU Commissioner for the Internal Market, Thierry Breton, spoke of Europe’s ambitions
to be an industry front-runner, with capabilities in advanced technologies as well as in
existing strengths. He praised the world-beating 11 billion euros of investment in
R&D through the Chips JU, and confirmed the creation of a European cloud-
based design platform and four new pilot lines. These lines will bridge the gap from
the lab to the fab in four critical and strategic technologies:

Extending Moore’s law to the Angstrom area

Scaling down towards 7 nm in FD-SOI technology

The integration of several heterogeneous technologies and advanced packaging

Next-generation wide-bandgap materials
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Ultra WBGs

Bandgap E, [eV 1.1 3.26 3.45 4.85 5.47 :
Melting Point [°C 1420 - - 1795 - -
HES g RV NVAT [ PAYSIl 1350 900 1000 150 L(lth()) 500
Dielectric constant ¢ 11.8 9.7 9.5 9.9 5.5 9.1
Thermal Conductivity k

W/emK 1.56 3.7 1.5 0.1 25 3
Critical Electrical Field Eg,

105V/em 0.2 3.2 3.3 8 10

Device performance System benefits
> Drastically lower transmission losses Higher efficiency

More compact systems.including

> Outstanding dynamic properties > simpler cooling and smaller passive

~rAnMnnnanfc

Potential for higher/lower operating > Reduced costs at system level

temperatures
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WBG Pilot Line

Chips-CPL-4: Pilot line on advanced semiconductor devices based on Wide Bandgap materials:

It will focus on two key outcomes:

(i) to extend the maturity level and the impact of SIC and GaN technologies; and

(ii) to explore less mature WBG and UWBG semiconductors, such as cubic polytype of SiC (3C-SiC), low—cost
polycrystalline SiC, lattice—matched InAIN or InAlGaN for RF heterostructures, bulk gallium nitride or gallium oxide
(Ga203) or aluminium nitride (AIN).

Vision of the WBG Pilot line:

The R&D activities aim to improve the efficiency and power density capabilities of WBG—based power devices must cover
the entire chain, from the crystal growth to the front—end, testing and back—end technology

Substrate Technology Front-End Technology Testin Backend Technology
(crystal growth) (processing) 9 (Assembly)

Wafer Device Fabrication

Slicing & Litho, deposition, etching,
polishing Thermal treatment metallization, etc.

(Electrical
Wafer Sorting)

General idea, vision and topical coverage of the WBG Pilot Line Income prospect of WBG PL business model
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Planned timeline and outcome for AIN =0=4

M1 (t;+21month) M2 (t;+27month) M3 (t;+44menth)
installation of new crystal growth and installation of new

PVT, reactor wafer wafering technology lithography stepper
metrology tools larger than 2“ and processing AIN wfr.

Z Fraunhofer ___

s
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start and setup and
implementation & pre-
commissioning (different
delivery time)

Start (t,), tender of
equipment for crystal
growth and front end

final commissioning of
equipment and process
development

AIN will be very far-reaching and AIN will be able to function as a next-generation semiconductor with a wide
range of applications in automotive and industry such as:

e Electronics for extreme environmental conditions such as radiation-resistant and cold electronics for satellites,
aerospace, and quantum electronics

e Energy-efficient power electronics for automotive and data centers

e Power Transistors for radio frequency (RF) and communication applications

e Energy-efficient UVC LEDs for disinfection purposes
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* Global research and development in the field of advanced

power devices
* Investments are on the way

* Market for WBG (SiC, GaN) and UWBG (AIN, Ga,0O4,

diamond)

« Enable Access via Pilot Lines for universities, SMEs and fast

followers
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