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01 Binder Jetting (BJT) 02 WAAM
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283t SiICEE ME7|= (Wire Arc Additive Manufacturing)

MADDE's In-House Built SiC 3D Printer

M

MADDE's FreeSiC
From Design to Delivery
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3D Printing - o i

X . : (Silicon Carbide Binder Jetting)
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N 1) ChemicalVaperDegosiion CV)
2) Chemical Vapor Infitration (CVI)
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OUR MATERIAL
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SOLUTION
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TECHNICAL EXCELLENCE

AIH 2| B71E S8l 3DEZITCZ MAIE 280| 7 |E EA 7S UiH| SS 0|42l dsS HSUSLI.

=2 HE L 7IE3Y 3D ZzE 3 H1
Size (mm) =} 27| = ~mz mRiEl = Hel ks
Composition SiC: Si (Vol%) 74 S| H|g 70:30~ 60:40~80:20
AEAZIEES Puity(%) A= >99.9 (CVD>7N) >99.9 (CVD>7N) Zolgxn
BukDensity(glom?) L= >2.95 286~302 ZolgxA
L0ad0.5Kg HV1=9.807N Vickers Hardness(GPa) HIHAAZE 22 232 Zolgxn
B8 Ed Bending Strength(MPa) Z&lZ= >240 >240 SREEA
Youngs Modulus(GPa) §& >340 372 BRIEEN
Thermal ConductivityW/mK)ZEE 120200 140 ZolgxA
_— Thermal Expansion(x10-6/°C) Emi&izI4 P 25-1400°C: 47 SN
Specific Heat((RTIKgKHIZ 07 063 Zolgxn
Operation Temperature (°C) 55 2 1200 1200 MplEser
BHEY Surface Roughness (Ra, Him) 03-05 03-05 SESST:60



SiC Mirror Manufacturing

cvp 2% EY 7k yalz ggus x/%rst HEs @l B

Applications

Space Satellite Structure Rocket Nozzle Extension Semiconductor Component
‘ o

12" Satellite 8" Pedestal Cap
used in ALD Process used in LPCVD Process

12" Wafer Carrier 6" Wafer Carrier
used in LPCVD Process used in LPCVD Process
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WAAM

(Wire-arc additive manufacturing
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WAAM(Wire Arc Additive Manufacturing)
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TECHNOLOGY
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TECHNICAL EXCELLENCE
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33 210[0{ (from MIGWELD) 3D =2 (0°/45%/90°) Hlm
110 118.9:07/118.9:07/119.7:09
SRIYEA
240 269.7+12/ 268.2+15/ 269.7+12 (1S06892-1)
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TECHNICAL EXCELLENCE
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Building area w/o external axis
Printing R1000 V1000 cylinder
Deposition rate
Redundancy in case of failure

Distributed heat load

Maintenance schedule

Scalability options

2 31 E2XGHAIES

—H

1 - Robot System
3m?
33 hours
2 kg/h
No

No
Regular breaks from production

Bigger robot

External axes (complexity 1)

=X =

I[

DR R 4 UL

3 — Robot System
8 m3
11 hours *
6 kg/h *
Yes
Yes

Auto-maintenance while other
robots are working

Bigger robots
More robots

External axes (complexity 1)

* Can be easily improved by adding more robots with little additional development




Business Plan

 TRADITIONAL

Si wafer carrier tray
(Norsk Titanium w/Hittech)
: 220kg -> 80kg (Ti64))

Chassis Part - Chassis Part
(MX3D w/BMW) (PIX)

[p)ﬁ@nll?m]_\ v
2 l! Weatherford
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e | _—
e Tit P Vessel .

Ship’s Propeller Lifting Plugs ' amu?’\;vAf:;;S €ssel 3D Printed Rocket

(RAMLAB w/Promarin) (Vallourec w/Weatherford) - Material 80% | ,Cost 40% | , (Relativity Sp_ace)

: D 1.35m, 400kg, Ni alloy :4 - 2 month, D 50cm, 175kg Lead Time 65% 1) 85% Parts Printed

THALES
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MADDT

TECHNICAL ROAD MAP

3 Large-Scale
SiC Functional Metal Printing Space / Nuclear

Printing Service Y Y ? Service
\ | |
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ge g Wire-DED Platform

Platform Platform
\ (WAAM)




MAIN OFFICE AND R&D CENTER

for Advanced 3D printing Technologies and Process Optimizations

SLA 3D Printer FDM 3D Printer #2

i Depowdering Machine
3D printer for research Oven p 9 (Formlabs Form 3+) Hume Hood (Bambu Lab X1-Carbon)

REACTION-BONDED SiC PILOT LINE

(Urban Factory) for serial productions in Ttukseom

Depowdering Impregnation
Machine Desiccator

LSI CvD/CVI

Binder Jetting Curing Oven (Liquid Silicon Infiltration)  (Chemical Vapor Deposition)

Debinding Oven



SiC Machining Center & WAAM Lab

(Urban Factory) for serial productions in Ttukseom

A
N

A\

Surface Grinding Machine Machining Center Rotary Grinding Machine WAAM FE-SEM

Freedom in Manufacturing

We Print Universe
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