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SCREEN

Company Introduction :
SCREEN
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SCREEN Group Business & Organization SCRESS

f \ — Business Operating Company —

SCREEN Holdings )
SCREEN Semiconductor Solutions
SCREEN Graphic Solutions
iy ¥ Subsidiaries
—_—— —— SCREEN Finetech Solutions of Holding
) A Company
Corporate Philosophy
~
Purpose SCREEN PE Solutions
Innovation for a Sustainable World
i Building a better future for society with
Sharing the Future Commi?mem and integrity Y SCREEN Advanced System Solutions
Personal Development Realizing everyone’s full potential through _)
trust and teamwork - J
1 . ’ \
The Pursuit of  Exploring technologies while integrating r—  Functional Support Company  ——\
Technological Excellence  Wwith innovative collaboration Subsidiaries
SCREEN IP Solutions ofthe
Founder’s Motto Business
N\ _J Operating
. . Broadening everyone’s thoughts and
Shi Ko Ten Kai horizons for innovation ) Company
g
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By A
e Sy
%) é ‘ Dresden Office Overseas Bases:
) Europe
LASSE |
\Q\ /\

[ ]
M ® Munich Refurbish Center

\_ SEDE Head Office © "
(Munich)
N _— Y
SEFR (Grenoble Office) ® ° ﬂ([\j/lﬂan Off|e)
[ ® N\
SEFR
(Rousset Office)

(Catania Office) — =7

SCREEN SPE Germany GmbH

® Head Office
® (Other Office

SCREEN semiconductor Solutions Co., Ltd. SCREEN Semiconductor Solutions Co., Ltd. SPE-240314104117390-L1 6



Laser Systems & Solutions of Europe (LASSE)

SCREEN

-

\_

@ Headquarters: Paris (France)
@/7 Development and manufacturing of laser annealing equipment

Employees: 60+
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Clean Room Area: 2500 m?
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SCREEN ¢

Silicon Carbide :
Market evolution and futures challenges
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Electrical Cars Market Evolution

N
The production of Electrical Vehicle (EV)
IS expected to drastically increase within
this decade to fulfill countries
engagements in their greenhouse
emissions reduction policy.
XEV > 50% of Vehicle Sales in this Decade
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Electrical Cars Market Evolution

SCREEN

The production of Electrical Vehicle (EV)
IS expected to drastically increase within
this decade to fulfill countries
engagements In their greenhouse

emissions reduction policy.

XEV > 50% of Vehicle Sales in this Decade

However, mass-scale adoption of EV
remains challenging due to their high costs
and limited performances in term of
autonomy.

=» Trade-off Performance/Cost

Mobility is all about efficiency

120 70%
ok Reduce weight and
—_ — A J - cost of cooling Reduce the number of
3 100 - Py recharges f
s ¢ systems
=
7] - 50%
@ 80
B >
= 40% Reduce power losses T
@ 1] > and heat dissipation ncresseieliability \
> 60 =
© 30% B
3 °
[ Ti) o
<C( 20% Extend driving range
above 600 km Cost reduction ﬁﬂzﬂ/
FiE: = B = B o
10%
0% Source : Silicon Carbide offers high hopes for EVs, but can they meet stringent automotive quality levels ?, F. Di
Giovani, STM, CSE23
W= Source: EV/ IC breakdown: Credit Suisse — Mar 26 2021 — Global Semiconductor
Sector — Automotive semis — Powering the EV megatrend — Report
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: : SCREEN
What are the solutions to face EV mass-adoption challenges ?

( )

> | Siicon carvice |8

bandgap Si
- SiC
breakdown
field GaN

[a.u.]
electron
mobility
[a.u.]
. thermal
saturation conductivity
velocity [a.u.]

Intrinsic
properties

Device High current o High
| performance density Fast switching temperature Low Rdson
operation
Reducti f
System Simpler cooling Smaller passive Higher co: d:cctil;): :nd
benefits systems components efficiency I
switching loss

Source : Silicon Carbide offers high hopes for EVs, but can they meet stringent automotive quality levels ?, F. Di
Giovani, STM, CSE23
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What are the solutions to face EV mass-adoption challenges ?

e

SCREEN

Intrinsic
properties

Device
| performance

System
benefits

Giovani, STM, CSE23

High current o .
Simpler cooling Smaller passive Higher
systems components efficiency

Source : Silicon Carbide offers high hopes for EVs, but can they meet stringent automotive quality levels ?, F. Di

breakdown
field
[a.u.]
\_—~

thermal

saturation\/—

velocity
[a.u.]

High

operation

temperature

> | Siicon carvice |8

Reduction of
conduction and
switching loss

~\

J

e

.

TOTAL SYSTEM COST — UP TO 20% REDUCTION

IGBT Si-based system SiC based system

M Semiconductor M Other components

Shorter charge time 800V ~50% Faster

Increase battery range 5% - 10% more range

Reduce system / battery costs $500 - $1,000 savings

Source :SmartSiC™ from SOITEC a greener, faster and better technology for SiC , E.
Sabonnadiére, SOITEC, CSE23

However, manufacturing of high

performances SiC devices at reduced
costs remain challenging...
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SiC — Technical Challenges

SCREEN

Dopant Activation

s Costly and complex for
limited activation ratio.

BS Metal Contact

Formation

% Risky and complex

integration (double flip).

P-well

Dielectric

p-Si Gate

Trench Formation

% Complex and expensive

N-Epi, Drift Region

P-well

(multiple cycles

Implant/etch).

Gate Stack Reliability
% Traps at the SiO,/SiC

reduces carriers
mobility.

Substrate Quality

¢ Important substrate
defectivity reduces
overall performances.
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SiC Market Evolution — Summarize

SCREEN

SiC by Products
7000
6000 W MOSFET

5000 mDiode
& 4000

= 3000
2000

1000 ! l
0

2021 2027

SiC Applications in 2021 SiC Applications in 2027

= Rail = Power Supply =xEV (+infrastructure) =PV =Motor drive = Others

Source : Yole developmentJ

Evolution of SiIiC MOSFET-based devices

Thin-Planar Trench

Planar

P-well P-well

N-Epi, Drift Region

NEp\ Drift Region N-Epi, Drift Region

suc:omplex.t~

BN Performances

Main guidelines for SiC Market

Improve devices performances

Reduce manufacturing costs

Transposable solutions from 6” to 8”
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SCREEN ¢

Laser Annealing for the semiconductor
iIndustry
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Laser Annealing for the Semiconductor industry

1975

First
publication

1990 2000 2010 2020 2030 y
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: : : SCREEN
Laser Annealing for the Semiconductor industry

(
CIEN I - | |
First | Flat Panel
publication |
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: : : SCREEN
Laser Annealing for the Semiconductor industry

(
w75y 4
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publication
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Laser Annealing for the Semiconductor industry

SCREEN

1975

First
publication
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Laser Annealing for the Semiconductor industry

SCREEN

1975

First
publication
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: : : SCREEN
Laser Annealing for the Semiconductor industry
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Laser Annealing — Market Evolution

SCREEN

Global Laser Annealing Equipment Market

900

Global Market Value (MS$)

Size (MS)
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Source : www.businessresearchinsights.com
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Laser Annealing — Market Evolution

SCREEN

Global Laser Annealing Equipment Market /
Size (MS)
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Power Devices

Y
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GaN ]
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v
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~
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Source : www.businessresearchinsights.com
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SCREEN

Product Presentation :
LT-3100
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LT-3100 : Product Presentation SCRESE

The LT3100 is a step and repeat high energy UV laser annealing tool.

160 ns pulse 308 nm wavelength Up to 9J/pulse Adjustable size

High temperature One or several

Short time . . dies Adjustable to the
. Shallow annealing annealing (up to . .
annealing melt) simultaneous shape of the die
annealing

—

For more information : https://www.screen.co.jp/spe/en/products/It-3100

J
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LT-3100 : Product Presentation

For more information : https://www.screen.co.jp/spe/en/products/It-3100

J
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LT-3100 : Product Presentation SCRESE

UV + nanosecond anneal =» Ultra Low Thermal Budget

Temperature m
3
s =] e—eo=
g ! o)
2 0 -4
2 =2 (73
o —0 w (0]
Q Q
[—g —
=} (5]
T cA

Ideal Profile for
SiC Contact
Formation

Ideal Profile for
IGBT Anode
Activation

RTP Completed

400° C | 0N GO Lol _ Burried
Structures

Damaged if
T>400° C

Depth in semiconductor

For more information : https://www.screen.co.jp/spe/en/products/It-3100 )
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L T-3100 : Product Presentation SCRESE

\ 2 >
Compatible with a wide range of technologies !

Power Devices

\

2N

Si sic GaN NAND

\ IGBT MOSFET HEMT / DRAM

Advanced Logic Imaging Sensor
e 4 nidenal g I

BEOL
BSI-CIS
-ZI[ “'
FinFET GAA 3D CFET

= 2N

For more information : https://www.screen.co.jp/spe/en/products/It-3100

J
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. N
LT-3100 : Product Presentation SRES

\ 4
Highlights

= Ultra Low Thermal Budget

=>High Productivity

= All wafers sizes/type compatible

= Compatible with existing and next
power devices generation

= Industry Oriented

For more information : https://www.screen.co.jp/spe/en/products/It-3100

J
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SCREEN .

Backside Ohmic Contact Formation with LT-
3100
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Challenges for SiC Backside Ohmic Contact Formation SCRESS

P-well P-well

N-Epi, Drift Region

J
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Challenges for SiC Backside Ohmic Contact Formation SCRESS

“Silicidation of SiC with Ni”

Nickel Annealing &
- SN

Schottky Diode

Dielectric

p-Si Gate

Schottky Diode

P-well P-well

Requirements :
1. Ohmicity of the contact
Formation of NiSi phase

N-Epi, Drift Region

2.
205 3. No/Limited remaining Ni
4. No degradation of
frontside
e 5 Cost-friendly
J
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Challenges for SiC Backside Ohmic Contact Formation SCRESS

4 :
Standard Flow with furnace anneal
forming backside ohmic contact
Frontside device
v
Flip
wafer RTP
Back5|de/ « ~1000° C
contact ~1 min
Flip
wafer
Frontside
contact
Backside
contact \
Double flip (FEOL = BEOL = FEOL) =
costs and complexity increase
J
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Challenges for SiC Backside Ohmic Contact Formation

SCREEN

4 . . :
Standard Flow with furnace anneal : Flow with Laser Anneal forming
forming backside ohmic contact i backside ohmic contact
Frontside device : Frontside device
: :
|
|
|
Flip :
wafer RTP :
Back5|de/ « ~1000° C |
contact ~1 min !
|
Flip : .
wafer ! Flip G
Frontside . wafer UV-LA
contact : Backside . ~3000° C
: contact ~200 nsec
Backside !
contact \ : Frontside
: contact
Double flip (FEOL & BEOL & FEOL) 9 : Single fiio (BEOL & BEOL)
costs and complexity increase :
J
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Experimental Results

SCREEN

Requirement

2. Formation NiSi
Phase

3. No remaining Ni

4. No thermal
degradation of
Frontside

Contact Resistivity (Q.cm?)

Measured

= pc ~3E-05 Q.cm?2

With Nd 6E18at/cm3

Comparison of Contact Resistivities between RTP
(950° C) and Laser Annealed Ni/SiC TLM Samples

4 E-05

3E-05 v" Ohmic contact formed
v’ p. comparable to RTP

2.E-05

1.E-05

0.E+00

[1] Sintering 980°C [2] LT-3100

[1] Liu et al. Appl. Phys. Lett. 114
[2] M. Opprecht, ICSCRM23

J
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SCREEN

Experimental Results

s
Requirement Measured
= Progressive formation of NiSi2
1. Ohmicity
fe——————
| INiy;Siy, !
4RH-SiC I NiSiy
25 i : — |
' b .
! o v NiSi, phase formed
21 Lo I v’ Phase Control possible
3 Nl
& 15 l
3. No remaining Ni | 10 |
= :
5 i\ | : E B-4)/cm
: I L 4 D.4)/cm?
degradation of 30 35 40 45 54 55
Frontside 20
[1] Liu et al. Appl. Phys. Lett. 114
J

[2] M. Opprecht, ICSCRM23
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: SCREEN
Experimental Results

r
Requirement Measured

1. Ohmicity => All Ni has reacted

After

2. Formation NiSi
Phase

v No visible remaining Ni
v Uniform Layer of NiSi

4. No thermal
degradation of
Frontside

[1] Liu et al. Appl. Phys. Lett. 114
[2] M. Opprecht, ICSCRM23

J
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Experimental Results

SCREEN

Requirement

1. Ohmicity

Measured

= MaxT <25° C @20 um

2. Formation NiSi
Phase

3. No remaining Ni

—~
@) 3500

w
o
o
o

N
al
o
o

N
o
o
o

1500

1000

Maximal Temperature (°

al
o
o

In-Depth Maximum Temperature Profile

10 20 30 40 50

Depth (um)

60

v’ Temperature at Frontside <25° C

[1] Liu et al. Appl. Phys. Lett. 114
[2] M. Opprecht, ICSCRM23

J

SCREEN semiconductor Solutions Co., Ltd.

SCREEN Semiconductor Solutions Co., Ltd.

SPE-240314104117390-L1

39



: SCREEN
Experimental Results

r A\
Requirement Measured

Comparison of Contact Resistivities between RTP
(950° C) and Laser Annealed Ni/SiC TLM Samples

= pc ~3E-05 Q.cm? v Ohmic contact formed

1. Ohmicity v' p. comparable to RTP

act Resistivity (Q.cm?)
- IS o IS
n n 3 n

With Nd 6E18at/cm3

ooooo

2. Formation NiSi
Phase “

2= = Progressive v NiSi, phase formed
~———1 formation of NiSi2 v Phase Control possible

= All Ni has reacted
Before Atter v No visible remaining Ni

3. No remaining Ni = = IR gt v' Uniform Layer of NiSi

In-Depth Maximum Temperature Profile

n = MaxT <25° C v' Temperature at Frontside <
] @10 um 25° C

4. No thermal
degradation of i
Frontside R :

[1] Liu et al. Appl. Phys. Lett. 114
[2] M. Opprecht, ICSCRM23

J
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LT-3100 for Backside Ohmic Contact Formation SCRE

LT-3100 has been adopted as Process of
Reference for backside ohmic contact
formation by Tier 1 SIC Manufacturers

thanks to its high productivity and excellent
process uniformity.

J
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SCREEN ¢

Extending UV- Laser Annealing
applications for SIC Devices
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development

J SCREEN

Optimization of SiC p-type and n-type contacts [ On-going

ScHoTTKY BARRIER HEIGHT ¢,
C19,)

pc~exp (

AcTIVE INTERFACE DOPANTS N,

P-well P-well

N-Epi, Drift Region

J
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Optimization of SiC p-type and n-type contacts On-going

SCREEN

development

Dielectric

p-Si Gate

P-well

N-Epi, Drift Region

¢ o, ScHoTTKY BARRIER HEIGHT ¢,
pc~exp( “Reduce Schottky Barrier Height by forming Ti;SiC,”
AcTIVE INTERFACE DOPANTS N, -
b)
D,y > Dy I

Voltage (V)
Source: “G. Bellocchi et al., ICSCRM 2023. @ @

P-well

J
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.. : : : SCREEN
Optimization of SiC p-type and n-type contacts On-going

development

ScHoTTKY BARRIER HEIGHT ¢,
C19,)

pc~exp (
AcTIVE INTERFACE DOPANTS N,

“Reduce Schottky Barrier Height by forming Ti;SiC,”

q’b(Nif ) -

UV-LA e e
Voltage (V)
Source: “G. Bellocchi et al., ICSCRM 2023. @ @

b)

Current (A)

Dielectric

p-Si Gate

“Increase p-type Active Interface Dopants Level”
Furnace UV-LA

> [AI_]impIanted >1E21 at/cm?
» 6 times more activation (Rs)
2 > No thermal extended defects
N-Epi, Drift Region e » Crystal fully cured after I/l
Source: “F. Mazzamuto et al., ICSCRM 2023.
J
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Optimization of SiC p-type and n-type contacts On-going

SCREEN

development

ScHoTTKY BARRIER HEIGHT ¢,
C19,)

pc~exp (
AcTIVE INTERFACE DOPANTS N,

Dielectric

p-Si Gate

“Reduce Schottky Barrier Height by forming Ti;SiC,”

b)
Dy iy > Py o
g 1000
ISW-E.U -l5 -0 05 00 05 10 15 20

Voltage (V)
Source: “G. Bellocchi et al., ICSCRM 2023. @ @

N-Epi, Drift Region

Source: “F. Mazzamuto et al., ICSCRM 2023.

“Increase p-type Active Interface Dopants Level”
Furnace UV-LA

[Allimplanted >1E21 at/cm?®

6 times more activation (Rs)
No thermal extended defects
Crystal fully cured after I/l

YV VY

“Increase n-type Active Interface Dopants Level”

)
1 ]
) 2 %
4 %7 <
$, R4
A P2
% 5%
6 5,
(ol
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Formation of Super-Junction for next generation of SiC[ On-going

development

J SCREEN

P-Pillar

Dielectric

p-Si Gate

N-Epi, Drift Region

P-Pillar

“Deep Activation of p-dopant for SJ Formation”

Actual

Multi-epitaxial

Complex

approach

Expensive

Low-Quality SJ

J
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Formation of Super-Junction for next generation of SiC[

On-going
development

J SCREEN

P-Pillar

Dielectric

p-Si Gate

N-Epi, Drift Region

P-Pillar

“Deep Activation of p-dopant for SJ Formation”

Actual

Multi-epitaxial

approach l
Complex Expensive ‘

Low-Quality SJ

Deep Implant +
UV-LA

Cheaper

Simpler

High-Quality SJ

J
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Conclusion
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SCREEN

Conclusion

¢ Industrials need to develop new technological solutions to face the important demand of Electrical Cars
(EV).

¢ Silicon Carbide emerges as a promising candidate to reduce overall cost and improve performances of
EV.

¢ However, development of low-cost and high-performances SiC devices faces some technological
challenges.

¢ Laser Annealing Technologies have been widely adopted by semiconductor industry for more than 4
decades including SiC markets.

¢ LT-3100is today considered as POR for the formation of backside Ohmic contact by
Tier 1 SiC players.

¢ Moreover, it is expected that UV-LA will be a major actor to face other technical challenges of SiC device
manufacturing.

J
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