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XX 7V >~ b ECEREIR Next Generation Printed Wiring Boards
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Information devices Printed wiring board [ < {KIEK{EED IEE%H/EJZ >

ircuit formation for low-loss transmissio

< I35 > AL/ >
High-integration/Miniaturization of Circuit

N -
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High-speed, high-capacity Low-latency communications

FKETH Requirement (L F@ - . - )

Seed layer
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High adhesion seed Iayer formation method on smooth substrates with low dielectric constant Metal layer located at the interface between

?E;Eﬁif u:*ﬂﬂsmii . @E’E‘?EE 75““; \ he wiring layer and the substrate

Conventional method requires roughening treatment and metal adhesion layer -/ -

>EXERDIE KT 5 7o O EREE

Difficult to achieve due to increased transmission loss

EHAMR Substrate
RitRBERITOF LW OEIPEREINTNLS
New process for next generation communications are required 20
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0277 X< HRIZ & BREUIE Surface treatment by 0, plasma gas R 7%y R 1) >4 Sputtering the metal
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= < 7 % kMagnet AZIZ =y b
REE Metal target
Discharger
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p— RIS Move in the same vacuum chamber f
ZZ7AX High reactivity M +
Plasma -

+

7' X< Plasma
BRI 00000
_ Forming functional groups
4 I
ABS 10~
Build up film material (RMS 50nm) 4~ \
Ajinomoto Build-up Film®(ABF)
Modified Pl 6~ /" _. . .
— : 7 FEE%‘?ﬁ*}iﬁ PEVESNE
Low transmission loss material /COP 8 ~ o = SN N N . R
Low transmission loss material/SPS 5~ " 77 AYRALEICL VEE-ERAOLL[ETREL THER
_ Adherence confirmed Plasma surface treatment promotes chemical bonding
Glass substrate 1~ \W'th materials for printed wiring boards \_ between metal and substrate for high adhesion Yy,
o] ~ - o » — "/ o E
7' >~ PEREARA T ICEEHOEWEA L 7 FRERK 7 0t R = 5%
Developed a dlrect copper film formation process with h| h adhesion for printed wiring boards 21
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[WET PROCESS] [DRY PROCESS]
' \
At B 55'&5 ITyFy ,5'6/ Spil inE > -5 X
Degreasing Washing Etching Washing Neutralization Washing ) Plasma treatment

(M M M M Y !

S ‘ = S PVD
i 5 ;5'5;% RRERE (L ISIEI%' RERD - = ;SIE;% > (Physica| Vapor Deposition)
. Catalyst Electroless .
Catalyst added Washing activation Washing P

plating Washing

FETL BRI o WEA > 54 VLB T2 BB L A
N}”” er of patent app |§at|ons Double-sided in-line processing Process integration No effluent disposal
70+ X Process domain : 5{F

X Mechanical domain : 644

X 70t RICEERCO2%40%HIE

Reduces CO2 emissions by 40% compared to conventional processes

75 XA<NELPVDERAW R A7 R %ZRELET
We propose a dry process using plasma treatment and PVD
LER OEVEHEILZ MM I
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Conventional process Next gen process Conventional process Next gen process
No.| Process [WET] [DRY] No.|  Process [WET) [DRY]
Catalyst Cu plating /Cu sputtering
Seed Iayer r"-'é-l'r“ 1 6 Electrolytic m _
formation plating
, | Resist — 5 | Resist B a I N
formation removal
oo | TSI —\ o seedlover | LUK H
removal |
v e e ) l
4 | Developing 9 Catalyst .::-
‘ removal
v
¢ | boscun | TSN | BN (@51 R
L Copper direct deposition
AL - AiE L X CHRIEBREEOREER — il - (BEX % ZRIEE

Ensure adhesion of copper coating without roughening or catalyst — Miniaturization and low-loss can be achleved
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4PVD

® 7> A<hE

Plasma treatment

1155mm

Shibaura Machine

External dimensions

4,200 % 2,800 % 2,100mm

Chamber volume

450 L

Processed product size

Max. 630 X 540mm

Physical Vapor Deposition

DC magnetron method

by both side

Plasma treatment

RF remote type by both side

Film formation rate

~20nm/sec

Distribution

Less than 10%

O XvRARA L

PVDZHHEZE TR

\\\0§E&Etmm®2f—y%ﬁbtggﬁéfutx

Integrated vacuum process with two zones for surface modification and PVD

The plasma surface modification and PVD in a medium vacuum range

OEBMBHC S ERE DR A AIEE

Highly adherent copper coatings can be formed on various materials

REZFEHERE

Vacuum and pressure control

HELXILX—EHE

Discharge Energy control

TALRAHFAFEEE

Process gas flow control

mEA v 74 0BNSBEMLL ¥ B

Equipped with automated recipes for double-sided in-line processing

AUTOMATION
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ERE{E9 B Y > 7L Samples for high-speed communication field
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HEE NNy =58 Y > 7L Samples for semiconductor package field

Glass Substrate

Reference (L/S : 3.6/4.4urh) E

S A G Silicon Substrate
(ABF laminated)
B t HHHHH EEEEEH ::;J;: HFHH
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SEE AGV NPEESEONRY b

CONOID-1 CONOID-II
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Shibaura Machine
T ZK Series
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3D Design 3D Data Network = - -
ata etwor ° ° o
& ® &
FAAY FAAY FAAY

¢ F—mEOHME"HETH”, “CITHL"EERRERLBEE/ DKV

It is possible to manufacture uniform quality products that “anyone” and “anywhere”
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PBFA = a DED% =t )
Powder Bed Fusion Directed Energy Deposition
O EM TR LIIRNER & BN EBEE
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Shibaura Machine is working on development of DED manufacturing machine and process technology
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DED (Directed Energy Deposition) DJREE Shibaura Machine

Direction of travel LASER Beam l
/ Nozzle '

Metal powders
P . i,a{%, EFEEB D ME - E*-b‘_l
Molten pool DED process is suitable for product repair and regeneration
Bead
Substrate

¢ BEAMZAIZET DI ETH—NINYTHRARDER.H A EE

DED process can build overhang shapes its make use of ability that variable laminate direction
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DED (Directed Energy Deposition) Shibaura Machine

~ Metal powder e :

Build bead -

Substrate

13s

The key components are laser focusing head and powder focusing Nozzle.
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Shibaura Machine

500 cc/h x 2 Tk a>AwR
(1,000 cc/h = 8 kg/h = 133 g/min)

27s
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ﬂ]UWaste Reduction @JIZ”’# o)_EI]:E‘Z

Energy Reduction

‘ ) & szEmE
‘ %;ﬁd)ﬁ*ﬁ @nght Reduction ‘ i&iﬁ?ﬁﬂﬁ@i%ﬁ

Logistics innovation Innovation in manufacturing technology

£ EEGRE O [Fov-BaEl
/:J Rapid Prototyping J Topology Optimization

mgﬂ%'l'ﬁ —_ 2 Y N e [ZZZZZA HE1
@ Reduced Lead Time -H-X T j_ 7 }l’& € / -2 ( U L— Eﬁk L ﬁgﬂ%ﬁlﬁs
B Contribute to sustainability for industry
C) lfr:gj%tlon of Many i - B&
Models in Small Quantities b Repair and Regeneration
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DEDIZ & 5 M ELET R ) E 4 Shibaura Machine

22 kg
=M BREMMT =& m Bt
r Material Machining Product Unusable Material
® RZMEE 67%iR & EMEE 86%iR
Material weight 67% reduction Near net Shape Waste material weight 87% reduction
/
;\8 kg 3 kg
S
4
EEME DED&R fREMT BEtt
Metal Powders DED Machining Unusable Material
41
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DEDICKBTE/ DK Y ITEDERE Shibaura Machine

® LA VTITE

Main Process

RiE
' = S L=< s AN
PEEEETh . g#FiE% 3DE§E.I. FRb— 3V lu\L Ea *ﬁﬁ

T EFINT

R - Req.w'rc-ement _ 3DCAD,CAM - - Machine operation : - Inspection -
definition - for DED - Post processing -
manufacturing-

Background Process

. e Ny IV IR

1= 2 S o3 == e & — ]
o [ ¢ BEEHAKREVWIIE
o4 - Determination o ]

DED parameters- S These processes burden is heavy
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iﬁﬁz % tofj&IFE @%%;EEE Shibaura Machine

7 \ = A\ = = - ° 1 M TS
& 7 NERNRFTA—-2DEEEEE & Y > 7 IVER
- Consideration of DED process parameters combination-/ - Samples for Quality Inspection- /
L —HHh D% L — YRR
- LASER power- - Material compositions- - LASER spot size-
EERE UEES TEEH 218
- LASER scan speed- - Powder size- - Inert gas type-
METL 0 A
oA v N TR Scarﬁiﬁ/g/r:\izzilogy
- Layer thickness- - ing. O B '
y Hatch spacing -
MmAEEHEE EVE '
- Powder mass flow rate- - Substrate material-

& nBERE
- Quality Inspection - /

® ERLYEREXETOIN AT T—ICEXRGKREZET S

Trial and Error DED parameters optimization consumes large amount of resources
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Shibaura Machine

& BRIGR/Ny ZFEE

Spatter occurs in DED processing

Q) ANADE A=, SRl

Damage to nozzle, DED processing interrupt

________

¢ DEDHEDOIL 7 —ICXIET %7-8, ERERZITOLEITNIEEELLL

Machine operators monitoring burden is heavy because respond to DED processing trouble quickly

\ 44
HEROEFELSHERMICEL. TOENZELTENTER, BHIT 2B LET,



(N %%EEUJEEI ‘iﬁ[?ﬁ‘ ? Shibaura Machine

Direction of travel LASER Beam

/ Nozzle

Metal powders

1t
- Chemij:y- %'l@k%iiff—

L —'H'I?- - Condensed matter physics-
- LASER engineering- %E:‘?ﬁ_

- Metallurgy-
BT _ - Mesallrgy.
- Mechanical engineering- 7 YA R

- Data science-

;R NF

- Thermofluid dynamics-

Molten pool

Substrate

¢ DED7 0t XDIRR BT 5
HZEMPIERICEHL
High difficulty level to understand the
phenomenon of DED process
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ﬁ%ﬁy& [ |J':T.| U' f: E% Shibaura Machine

& i, XFiLomtE & REDAREL
Upgrade knowledge and skills ¢ TngEE] Make DED machine intelligent

B Cooperation \ u
pliig

S
S

Direction of travel LASER Beam

/ Nozzle

Metal powders

Molten pool
Bead

Substrate

&t EeRENHRALTDED7 A€ RICH T ZEEZEFDHTLL

Deepen understanding of DED process phenomenon by operator, engineer and machine work together

. 46
HEROEFELSHERMICEL. TOENZELTENTER, BHIT 2B LET,



EEDOHIEELICHELERFIIT Shibaura Machine

®® ¢ HFENDREZB1L

- In-situ monitoring -

¢ 7 — 29, ANC & Y IRz FI T

- Judge situation of DED process by using data science and Al -

¢ HEFICEOZ 70t R & HIE

- Control DED process based on judgement -
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HRDRZz A3 —TBEEBIXT LA Shibaura Machine

XLIVE 7EXEEH

Shibaura Machine ZK Additive Manufacturing Process Monitor

g

A
=l q ! |
® FRL—ZXDETTEE;

Reduce operator burden

e

¢ =EfFEMTHDED7 A XRDOEED A

DED process can be managed even in remote locations
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;"éﬁﬂiﬁ!ﬁﬁ% & ,.“E}ﬁmﬂd) E% |”'_:E Shibaura Machine

. ~__ Camera
LASER Beam
/
Nozzle

1550 A1

1500 A L 0.8

1450 3

r 0.6
1400 A

1350 A
r0.4

1300 A

Powder Stream €@ 7 O —ik—IJLEE DB

Moment of blow hall occurred

1250 1 0.2

Thermal Radiation 1200 -

Molten pool temperature [deg-C]

Molten Pool 100 200 300 400

Crack probability of clack occurrence

& BelithEEH o> REFEE ZRE AT HE & REENLT Ty I REERDEED AIEE

It is pOSSIb|e to detect defect occurrence by molten pool It is possible to estimate probability of clack occurrence by
monitoring management of thermal history
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DEDERD S oA MERICEITT Shibaura Machine

¢ REOMELICHIT THEZH#EL, DEDEMILZ
SHICHELTWEZXT

Shibaura Machine will promote further development towards making DED
machine more intelligent
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Shibaura Machine

Rttt

A
T100-8503 R FREAXANZE =T H2E25 (BEEEMEL)
TEL (03)3509-0200 FAX (03)3509-0333 URL : https://www.shibaura-machine.co.jp/
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