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0.5~10 keVDAr4 4 > BT LAy 57 ) 7R
(HALE (FETH/ A4, £ [9F/ 14>

500 eV 1 keV 1.1 keV
Be 0.51 [ Nb 0.60 | Ir 1.01 | Al 2.0° | S10, 0.16°
C 0.12 Mo 0.80 | Pt 1.40 | Fe  1.33 | Pyrex 7740 0.15°
Al 1.05 ] Rh 1.30 | Au 2.40 | Ni 2.21 1 AL,O, 0.05°
Si 0.50 | Pd 2.08 | Pb 2.7 1 Cu 2.85
Ti 0.51{Ag 3.12 | Th 0.62 Mo 1.13 10 keV
V 0.65 | Sn 1.4 | U 0.8, Ag 3.8
Cr 1.18| Sm 0.80 | PbTe(111) 1.4 | Sn 0.8 | Fe 1.0
Fe 0.84 | Gd  0.83 | GaAs(1010) 0.9 | W 0.8 | Cu 4.8~8.0
Co 1.22 | Dy  0.88 | GaP(111) 0.95| Au 4.9 | Pd 5.7¢
Ni 1.45|Er 0.77 | CdS(1010) 1.12 | Pb 3.0 |Ag 10.4
Cu 2.55 | Hf 0.70 | SiC(0001) 0.41 Sn 2.1
Ge 1.1 |Ta 0.57|InSb 0.55 Au 8.8
Rb 1.15 | W 0.57 NaCl 1.0
Y 0.68 | Re 0.87 KCl 1.95
Zr 0.65|0s 0.87 LiF 2.16
KBr 0.6
H1# a : Michalak®?", b : Weijsenfeld*®, c : Maissel®?®, d: Kay®?, # @®#h : Carter and

Colligon**?
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. X =%y b A8y 7 M
& R a2 & & K &2
Cu 3.9%~5% 3.81%
Si 0.5%~1% 0.86%
Mn 0.4%~1.2% 0.67%
2014 Al Alloy Mg | - 0.2%~0.8% 0.24%
Fe 1.0% 0.21%
Cr 0.10% 0.02%
Zn 0.25% 0.24%
Al+Cu+Si Cu 4% 3.4%
Si 2% 2.3% _
Al+Si Si 2% 2%10.1%

(Wilson, Terry (1976) & D2%)
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F—r > b WEHBE A A & —5 b ERE A
Al AN Ar—+N,, NH, Ta Taz0Os4 Ar+0;, Ar+H.O
Al,O, Ar+ 0., O, Ta—0O—N AT+, + N,
Cd CdO Ar+H,0O, Ar+0, Ti TiC Ar+CH,, Ar+C.H,;
Ccds Ar+H.,S TIiN Ar+N,., Ar+NH,
Cr Cr—C Ar+CH, TiO, Ar+0,., Ar+H.O
Cr—O Ar—+0O, v v C Ar+C;H;
Co Co—O Ar+0, VO Ar+0,
Cu CuS, Cu;S Ar+H,S WC Ar—+CIIL,
CuO Ar+0,, Ne+0O, WO, Ar+0O,
Fe Fe—C Ar+CH, zn nO Ar+0,, Ar+H.,O
Fe.O, Ar+0, Zn3 Ar+H.S
Ga GaAs Ar+ As Zr ZrN Ar-+ N,
Ge Ge— N Ar—+ N, ZrO, Ar+0O.
1353 Hf—C Ar+C,;H, Al—Si Al,O; —Si0, Ar+0,
Hf—N Ar+N, Au—Si Au—Ta.0s Ar+0,
HfO, Ar+0, Au—W Au—WQ, Ar—+0,
Mg MgO ATr+0O, Ba—Ti BaTiO, Ar+0O,
Mn MnO Ar+0, Bi Ta Bi,0O; —Ta.0Os Ar+0O,
Mo MoC Ar+CH., Bi—Ti Bi, O, —TiO, Ar+0O,
MoS, Ar+H,S Cd—Cu CdO— CuO Ar—+0Q,
Mo —O Ar+0O, CdSs Cus Ar+H,S
Nb Nb—C Ar+CH,, Ar+C,H. Cd—In CdS —1In.S, Ar+H.S
NbIN Ar+ N, CdO—1In.Os Ar+Q0Q,
Nb—O—N Ar+N,+ 0O, Cd—Zn CdS ZnS Ar+H,S
Ni NiC Ar+CH, Cr— Mo Cr—Mo—0O Ar+0O,
NiO Ar+o0O, Cu—Fe CuO—Fe s Ar+0.,
Pb PbO Ar+H.O, Ar—+0, Hf—Ta HfN—Ta.N Ar-+ N,
PLO O, In—Sn In.O; —SnO; Ar+0,
PbS Ar+H.S Li—Nb LiNbQO, Ar+0,
PbIN Ar+ N, Ni—Fe NiO—Fe.O4 Ar+0O,
Sb SblO; Ar+0, Ni—Ti NiO— Ti0, Ar+0,
Si SiC Ar+4 CoH,, C,II, Pb—Te PbO—TeO, Ar+0O,
Si,N, Ar+N., Ar+NH,, Pb—Ti PbTiO; Ar+0,
N,, NH,, NH,+SiH, Pt—Ta Pt—Ta.0, Ar+a0,
Si0, O, Pt—Ti Pt— TiQ, Ar+0O,
Si—O—N Ar+N,+0O, Pt—W P—WQO, Ar+0,
Si: H Ar+H,, H, Sn—Sb SnO, —Sb,O; Ar+0,
Si:F Ar+SiF, Ta—Si Ta,0; —Si0, Ar+QO,
Sn SnS Ar—+H, Ta—Ti Ta,N—TiN Ar+ N,
SnO Ar+0,, O, Ti— Ni TiO, — NiO Ar—+Q,
Ta TaC Ar+CH,, Ar+C;H, Zn—Cu ZnS—CuS Ar+H,S
Ta—N Ar+N,
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utomotive Solution UWAC

( Mfilm ) Ultimate in Vacuum since 1952
- o

[ Head Lamp }

s Electric Comp.

(ULEYES series)
(Vac. Evap., Sputtering))

(SV, ULDIS series) Mirror(Back,Side) ]

(Sputtering)

(SPH series)
(Vacuum Evap., Sputtering))

[ Photocatalyst Mirror

(Vacuum Evap., Sputtering))

Wheel
(%RW serges)
tteri
puttering [ Reflector ]
(ULREF series)

(Vac. Evap., Sputtering))

ULVAC, Inc.
Chiba Institute for Super Materials




uwaC ons baueTLmAs  HLEVAC

Side mirror Insulated film for resin (pla Colored mirror Small lamps
stic)

Example structure

Low index oxide

Wet coating High index oxide Barrier Layer

Metal Layer Metal Layer

Metal Layer Metal Layer

Glass substrate
Glass substrate

ULVAC, Inc.
Chiba Institute for Super Materials



ULVAC Fdot-Z A ULVAC
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Analysis Image of W Heating  Pre-Treat - Sputtaring
W
w/o sputter with sputter / S -

- Conveyer

=

il e ¢ —Work Loading Position

Key Features:
Wet plating to Dry process = Sputtering

{4 Simple color variation by utilizing metal alloy (target change)

{4 Waste disposal is required for Wet plating.

\ ! Wet coating
‘\\ ,’I (protective and durability) Sputter is clean
\\ ,’l Metal film (sputter) {ASputtering proccfss is stable and good repeatability. Demonstrated in all field
s for mass production.
Wet coat — (for flatness) {AFilm to all sides (3D type work) by rotating the wheel during deposition.
3D work

ULVAC, Inc.
Chiba Institute for Super Materials
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ULVAC T U ER ULVAC
SOLUTICO NS o Dt Vasum sins

Application Type Sides
Material
Analysis -
—— Rigid
——onesie
[~ Flexible print .
Print Circuit Board ~ Bothsides
— Flexible Rigid .
wiring width > 50pum Multi layer
Electronic = Others (Ceramic, Metal core) _
Circuit
Board
— Rigid ]
— Flexible

Module Substrate — Multi layer
— Flexible Rigid

wiring width < 30pum

— . Others (Ceramic)

Electronic Circuit Board

—

Mother board in side PC (example)

Y]

Interposer
J.,L_U._I.l__ (B2 ILER)
O OUUTUt

Mother Board

P O T S T - e

— A T HL T

Module Substrate : Interposer
(Substrate capable to attach Bare Semiconductor chip

ULVAC, Inc.
Chiba Institute for Super Materials
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ULVAC o
SOLUTI®S NS
*Source from Chip Scale review
Metal layers Tivouhek
- ougN-S1ioon —
.. 00 0000000000000 ] eSS |
Device layer . vias [TSVs)

Chip substrate
Micro-bumps

' e #1 Dwe 22 ° (dimrmeter =10 um
E Topsste metal layers
ég Interposer substrate —3 |\ FETTERRNTEY L CERRSRNTTEY + :
E{ Beciblemin e > 35 L L L L L L et

Package bumps

Circuit board —+ <
30um Line / Space Pitch

Wet Plating Process
1/2
201m

Wet Etching Process

Dry Sputter Process jﬂ
Dry Ashing, Etching o .>.

ULVAC, Inc.
Chiba Institute for Super Materials




m

Seed Layer Process

Desmear residue
removal

Descum DFR

removal
(DFR=Dry Film Resist)

ULVAC Lineup
Sputtering

Wet : Cu
Plating Ti/ Cu Sputter Ti/ Cu Sputter
* Cu seed layer to achieve required adhesion.
* Low temperature process due to thinner substrate
* Step coverage of Via
Chemical Chemical Gas
Wet Etching Wet Etching Dry Ashing, Etching
* Edge area bottom of Via Resin r
esidue
Chemical Chemical Gas
Wet Etching Wet Etching Dry Ashing, Etching
*To secure Micro wire width.
N/A
Model : SIV Model : SCV Model: SMV
ULVAC, Inc.

Chiba Institute for Super Materials
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ng_ﬁ?l Q NS l%n&; Vacuum sinceg
— History for resin PCB substrate process system

Analysis

System delivery result for resin PCB substrate application
2007 - SCV-500R mass production sputter system delivered to customer’s site %
Started mass production process for glass epoxy substrate application
24 pes/Hr (CJ500mm side phase)
2010 - Upgrade for productivity (36pcs/Hr)
(O500mm side phase)
* Addition of ion gun: 2 sets to 3 sets
* Change of process condition
2011 - SMV-500F sputter evaluation start
Production trial for major PCB
manufacturer (26pcs/Hr)
(O500mm Both side )
2012 - RIH series etching evaluation start

Dry Desmear evaluation by Dry process
2014 - SCV-500 sputter evaluation start Ta| ow ]y

Production trial for major PCB e g R0 |

manufacturer (90pcs/Hr) : : ﬂ 3

(O500mm Both side )

ULVAC, Inc.
Chiba Institute for Super Materials
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oI

ELEL]

> = =3
:5 10K Urig tor Lﬁg;h
S o i

3 Transistor,

- '8 hModula

A —

i)

=}

O 3mi

L': i L'l K u 10
Wh{EMR 2R (H2) from Mitsubishi Egecteonics HP

ME. & - ABFPEWHERCHATNTLS/NT—ILQ FO=2 AWMGORBOME D,
IGEBTRIPMIEROMIEICTEALY T LS. B =HE#MHPXY)

L"; O

MOSFET Applications (Now)SiC is becoming mainstream

Switching power supply for Smartphone, TV driver, circuit and power supply and etc.

ULVAC, Inc.
Chiba Institute for Super Materials
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ULVAC ULVAC
SOLUTIOINS Si/ ST —F° 7 SA R L FE T [ — e voim s

Material NA-series V8-series NE-series

: ! V8-series MLX-3000N
vz-. r )
—— 4 —_— l — ;
. | — g
e 1 I )
F : | ."
5 Ifgf F P>
: B J.'
— | -
<lon Implant> <Ashing> <Anneal> <Etching> <LP-CVD >

<Sputtering>

Contact

I
Imlzlnplant _ Ashingl Anneal I Etching [l cvo  [lelectrod

lon
Back-Side IS B Anneal Back Metal

Deposition
V8-series SRH-420
g \
| R ' !‘i
! Yy
<lon-lmplant> <Anneal> < Sputtering> ULVAC, Inc.

Chiba Institute for Super Materials
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3-3.LED

ULVAC, Inc.
Chiba Institute for Super Materials



g (Ii\ll_éELED Application example : ULVAC

Tmre Of General Lighting Ultimate in Vacuum since 1952

LED/S s ir— 2/ F o ]

= TFTERZ. SMD/ 37 =B @ twir—0,
(LED/ S r—1i5)

+BEnSEET o THECHMET . Huf
- ;r:l;ﬂﬁ L-?l’- L"u

ULVAC, Inc.
Chiba Institute for Super Materials



uLVAELVAC -LED Solution ULVAC
SOLU NED Device Structure

Ultimate in Vacuum since 1952

=TT

| &Y .
[Re
[Resist >Photo Process]

I\/W\MN\/V\/INWW\/\/W\/]WH WWWAWY |

Patterned Safire Sub. text I EPI deposition ITO deposition GaN,ITO etching I Metal/SiO2 deposition Distributed Bragg Reflector
ure deposition
v l l l -
Etcher (NE-950EX) I GaN-MOCVD (MCG) I ITO PVD (SIV-200) GaN-Etcher (NE-950EX) Metal PVD (CS-400) DBR PVD (ULDiS)

|

Si02 Etcher (NA-8000)

- =
: ' = .. o
| B |
n-GaN T B
Buffer layer
. ULVAC, Inc.
Sapphire substrate

Chiba Institute for Super Materials
DBR (Si02/TiO2 multi) layer X Z [BIE R 518 (DBR: distributed. Bragg reflector)
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%Y.ﬁ%@ms A BZ—=INY DK RINYREE ULVAC
g SIV-200S

Analysis

Carrier stocker

L/UL. CH

€ SIV-200S Confiquration (Images)

ULVAC, Inc.
Chiba Institute for Super Materials
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SOLUTI@ NS 2 % RIS & BIERRET

Material

9 o \ Designed valpe
\ Sample

.‘g il | Ta205/Si02:23/8

400 450 500 550 600 650 700 750

im)
Waveleng?h (nm)
100 e armr—
M NN N |
- L1 OV
s0 | . L . . . —
LAl (IR . DBR_:39/E
70 : —10
I | WA
60 A o
, eV —20 . .
z 50 il J iy Distributed Bragg Reflector
|
40 - A
rt-! ‘u o
30 L‘J!b 'f L ) %
20 - 1 At T €A\ —50°
o 1T T —
0 e SPEC
450 400 450 500 550 600 650 700 ULVAC, Inc.
Wavelength(nm] Chiba Institute for Super Materials
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Material
Analysis

A4RAPAE-4 on BET

26007 SEI  5.0kV 100nm WD Smm

Liod suue for super Materials
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. . L\VA
Eb‘{ﬁ%gus TEMARLIAMAE G ¢

Ultimate in Vacuum since 1952

Material
Analysis

*Nuricell’s TFB cell.

TFE Spec ifications

dniriv 2R Thi Fifm battary
Active area.

20mim % 20mm Oparation Terwp: “20-BOT (mac 120,05
Collarsa | 2Bmm x 35mm Capatity 0.5 = 1mAkr
Total thiickneas | Undor 100,m Cysling - 10,000
Operation Voltage |30~ 0.1V (max 4.2v) | Bending (1S010073-4) | Above 1,000
Operation Currant | Undor 15miA Twist (15010373-1) Above 1,000
s ruiticail

Werttd Mot Thin, Finm Baitory,

SarT T R EhoNG P | I‘.I Il.l I

OTF Card

Smart card Wireless Sensor

For supplying micro battery corresponding to a demand of
compact and smaller microelectronics, mass production
technology for TFB with solid electrolyte is being developed.

ULVAC, Inc.
Chiba Institute for Super Materials
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ULVAC -
SOLUTIONS <

—W ]
5 B AR/ Sy 25 il (RF)

AT

hf’i—:‘/f ]
TR RINYA

&)
wilﬁzl W2t
ﬁF*DCi’h Pulsed DC)
A—4yElE

SEREA—HN—ELTERERMEIZFO TR !

ULVAC
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VAC SEFREEL = REh ULVAC

SOLUTI Q NS _ giﬁj D _tEE%E . Ultimate in Vacuum since 1952
1. %88 2. EfE 3. A (1) 4. BRE 5. KB/

Pt/ Ti T LiCoO2 Solid electrolyte PO | Ni or Cu -

~

“;7»/\“/7(11115%@&—“'Eﬁsﬁ{—ﬁo”x—ﬁ—

TILiINvy ld:ﬂﬁfﬂﬁ—“éﬁfiﬁ’éhﬁféé”)‘—ﬁ—

SME-200LDM . 7. HiE

Polyurea & Inorganic

ULVAC, Inc.
Chiba Institute for Super Materials
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For Semiconductor:
Al-alloys, Cu, W, Ti, TiW, MoSi, WSi, Nb,
Si, Ir, Ru, Au, Pt, BTO, PZT, STO, etc.

For FPD (Flat Panel Display):
ITO, Ti, Cr, Si, Mo, Ti-alloys,
Al, Al-alloys, W, Ag-alloys, etc.

For Solar power:
AZO, GZO, Ag. CuGa, Si, etc.

For Optics
Si, Si02, Mg, ITO, ZnO, Ti, Nb, etc.

ULVAC, Inc.
Chiba Institute for Super Materials
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material Al/Al-alloy Cu Ti w
purity 5N 6N 4N5 5N 7N
manufacturing | Vacuum melt melt Vacuum melt sinter CVvD
application wiring wiring barrier electrode
material Silicon alloy Co TiW Ni
purity 5N 4N5 4N5 4N 5N
manufacturing sinter melt sinter melt melt
application electrode electrode barrier barrier electrode

Titanium target Tungsten target

ULVAC, Inc.
Chiba Institute for Super Materials
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— Material Al/Al-alloy Mo Cu Ti ITO i
purity 5N 3N 4N 3N 4N
manufacturing | Vacuum melt sinter melt melt sinter
application wiring electrode wiring electrode Conductive film

ULVAC, Inc.
Chiba Institute for Super Materials
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