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Listed subsidiaries

||
JXTG Holdmgs . TEROAD P

Crude oil and natural gas production
(a project company basis)

thousand
1 2 barrels/day

Crude oil equivalent (FY2016 actual)

Aiming to develop into one of the most prominent and comprehensive energy, resources and
materials company groups in Asia

JXTG Nippon Oil & Energy

A leap forward to become a standout market leader

Market Share ot
domestic sales of petroleum products

50%

JX Nippon Mining & Metals

Equity entitled copper mine production

200 =5

contained in copper concentrate (FY2016 actual)

FY2016 actual: No. 1 in Japan

Paraxylene 31

3 6 million
No. 1 in world | tons/year

Propylene
] 7 million
No. 1 in Asia m tons/year

JX Nippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidential and proprietary. 2

Refined copper production capacity

920 oo

on equity stake basis as of March 2017 %2

Electronic Materials
Products with world No.1 market shares




JX Nippon Mining & Metals Corporation ux-NMM)@

Company Name JX Nippon Mining & Metals Corporation

Head Office Otemachi, Chiyoda-ku, Tokyo, Japan
(in front of Imperial Palace)
Establishment Y1905 as mining company in Hitachi

Capital ¥20,000 Million
Stock Holder 100% JXTG Holdings,Inc.
Employees 2,600 employees (as of 2017.1. 1)
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JX- NMM Consolidated Financial Result @)X

—

Sales Revenue Income
100M JeY <Segments>
13000 11,560 »
100m 1PY 600 . 474 15 53 250
600 30 <Nl v 123 35. Elecronic Materials
A 2017 Financial FCST

250*

566 400
11
474 125 168
440 200,
400 ' 423 181 133 206
030 54 -3

250 - 242 281

200 57

2mz 2013 204 2015 2016

Developing . Elecronic
[ | W Smelting )
0 Resources Materials
2012 2013 24 205 2016 2012 2013 2014 2015 2016 Inventory
B Recycling W Titanium =
CAGR 8% 9% 3% 1% * Impairment for “Developing Resources” : =M$ 825 Related

WA\
* JX-NMM will adopt IFRS since 2017.
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Organization Chart of IX-NMM

Technology Group

Metals Group

Recycling &
Environmental
Services Group

——

Board of
Directors Executive
Meetin
Chairman g
Prasident &
Representative
Director
C5R Committes
Internal Control
Council
Risk Management
Council
Human Resource
Council
Technology
Council
Auditor | Secretariat to

Auvuditors

Elaectranic Materials

Sroup

— Administration Dept.

— Planning Dept.
— Technology Dept.

Copper Foil Dept.

— Functional Materials —— Rolled & Fabricated Preducts Deapt.

Division

Market Development Dept.

Hitachi Works

Kurami Works

i Thin Film Materials N
Division

Sputtering Target Dept.

— Cumpnund Semiconductar Dept.

= UBM

Surface Treatment Dept.

Isohara Works

JX Nippon Mining & Metals Corporation
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JX Nippon Mining & Metals - Business Streams

Metals ElectrW

/ Resource \ / Smelting \ / Metal Manufacturing \
Development and Refining Precision Rolling Precision Fabrication
LU Leoreree
- ] ";‘i. i
| " f//!w\u "
| 1§ d
| i W
Development and Mining Smelting and refining of Precision-rolling of copper,  Precision fabricated products
of non-ferrous non-ferrous metals; copper-alloy, and such as gold-plated products
\ metal resources / Qapper, gold, and silvy \special steel products and press products /

./ >
/ Smelting \ [Recycling and\ [Thin Film MateriaD [ Copper Foll \

and Refining Environmental ’H

services

Electro-deposited copper
foil, treated rolled

Thin film materials such
as sputtering targets,
and compound

treatment of industrial . . copper foll
- semiconductor materials
@pper, gold, and S"Vy \ waste for re-use / / K j

Recycling of non-ferrous

Smelting and refining of metal materials and

non-ferrous metals;
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JX Metal Business Electronic Materials Share

——

Electronic Materials

End-use applications

. Global market . L Mobile phones /. Telecominfral Auto
Main products Primary applications PCs Smart phones Digital, Avs "0 e mabiles

& 0, —
" Semiconductor targets q 610 %0 CPUs, memory chips, etc. © © © © P,
=z 0.

D N
H ITO targets for FPDs * GO %o Transparent electrodes © © © o

)

HD media targets q 60% HDD (Hard disk drives), etc. © C ©
o1
?. . 50% Optical comunication devices, ~ ~
In-P compound semiconductors ‘).1 High-speed IC (_, © \_J
D N
é - Treated rolled copper foil 10810 % Flexible printed circuit boards C © © )
65% Connectors, - ~ s
Phosphor bronze QO 1 Springs for electronic materials (" © (" -
\ 0 Y N
¢\ ‘\ Corsonalloy (C7025) q 60% Connectors, Lead frames C @) C ) J
-z 0.1
1 . 0, —
Titanium copper alloy ‘N 710 %0 High-class connectors, etc. C © C )
0.

* Flat Panel Displays
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Products of Surface Treatment Department . @
P Product written in blue letters is under developing
Products :
Materials for
Semiconductor
wiring &
Interconnection
/Subcontracting
service for E-lesy
UBM plating layg

-less UBM plating

Applied Xr Semiconductor
packagi#ig

Anode marials for Cu
plating o afers

JX8Nippon Mining & Metals Corporation
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und
What is UBM-Solder Bumping? BSme[)r

Metallization a

Solder

Al Pad Passivation UBM (Ni/Pd/Au)

e ) ol

- Electroless plating

Passivatio UBM (Ni/Pd/Au)

Ni: Barrier layer of solder diffusion

Al Pad _ o _
Pd: Barrier layer of Ni diffusion

Au: Widen process window for bonding
Solder Wettability

Fig. Cross section of Bumping on Pad
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Advantages of E-less UBM &

Comparison between Electroless and Electrolytic plating

Advantages
v Low Cost: High selectivity (Plating on the selected portion)
Selective plating with short process
--- No Mask (high flexibility for changing chip design)
No Metal Sputtering needed

v'High Throughput: Batch Processing of Multiple Wafers
No wafer size requirement, No photo-process

v'Fine pattern: No electrode needed
Drawbacks

v High sensitivity:  Susceptible to electrical potential difference between pads,
surface contaminations and Si exposed portion (scribe line)

v Resist/Passivation attack: Resist and passivation are attacked
by plating solution in some cases.

L] L] . L] 10
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UBM Production Site

JX Nippon Tomakomai
Chemical Co., Ltd.

Kurami Works, Kawasaki Plant
Kawasaki Office, JX Nippon Coil Center Co., Lid

Esashi Works,
Sanvu Flactronics Industey Co Ltd

IX Nippon Kurobe Galva Co., Ltd.
IX Nippon Mikkaichi Recycle Co., Ltd.

Isohara Works
Isohara Fabricating Works

Tsuruga Plant
1X Nippon Tsuruga Recycls Co., Lid.

Tamano Smelter, N
Hibi Kyodo Smelting Co., Ltd.

Suzuki Manufacturing Co., Lid

Y Kurami Works
Kurami Office, JX Nippon Coil Center Co., Lid.

= Takatsuki Warks, IX Metals Trading Co., Ltd.

Kasuga Mines Co., Lid.
Saganoseki Smelter & Refinery, Pan Pacific Copper Co., Ltd.

Saganoseki Plant, Japan Copper Casting Co., Ltd.

2 production sites related to UBM

JX Nippon Mining & Metals Corporation

\ Isohara(B4/R) site

Taiwan

LS-Nikko Copper Co., Ltd.

JX Nippn Mining & Metals Kerea Co., Ltd \

Poongsan-Nikko Tin Plating Corp.

Mikke Metals Suzhou Co., Ltd.

AN
Nikko Fuji Precision [Wuxi) Co., Lid. ‘\
LYY

\ N\

Changzhou Jinyuan Copper Co., Ld.
\\\\\ \_‘
AN
e ‘\\ \\

Pan Pacific Copper Shanghai Co., Ltd.

Nikke Metals Shanghai Co., Ltd.
Nikke Metals Trading & Services (Shanghai) Co., Ltd.

[.)<— Longtan(§E;&) site

MNikko Metals Taiwan Co., Ltd.

Mikko Metals Hong Kong Co., Ltd.

Gould Elecronics GmbH

IX Nippon Mining
&Metals Europe GmbH

IX Nippan Mining
& Mefals USA, Inc.

Materials Service Complex Malaysia Sdn. Bhd.

IX Nippon Mining & Metals
Singapore Pre.

IX Nippon Mining
& Metals Philippines, Inc.

Do not duplicatf.1 JX Nippon Mining & Me!

Australia Office.

Los Pelambres Mine

Chils Office

SCM Minera Lumina Copper



Japan Isohara(f]R) site

--- Mass production, Trial production, Samp

Full-Automatic Plating Line #1

2007.6 Production Line#l and #2

installed
2008.1 Operation started

2010.12 Production Line#3 installed

2011.5 Operation started
JX Nippon Mining & Metals Corporation

Do n

Full-Automatic Plating Line #3
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Taiwan Longtan(gg;E) site --- Mass production &

Dec. 2014 Installed
Feb. 2015 Operation started

nETH
& RBRMNITHM
&RBInT S slittingnT
& BRI REF
] [ Taichung
(§-¢ 3]
& o
*,F'}Eg?sg'f‘ l:liltibz*ﬂn
H Va St REERHFIR
[]Taman EXEREDL(TWR)
Taitun
EMERR e RMERHA
HRBM #%5  Sampling
ITORR:
| — amunn |
Cop r'ight © 2017 JX Nippon.Mining & Metals . : 1 N \
JXCM‘rppdng'Nhnlﬂg & Metals Corporatlon Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.
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Capacity @(
\

Location Taiwan Japan

Plating Line 1 Iine (2 of3ﬁelai‘?oiupied)

Equipment capacity
(pcs/month) 30,000 39,000
Current capacity
(pcs/month) 20,000 15,000

gh ©2017JXNp'p ing & Met

JX-NipporeMining & Metals Corporation
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JX's Electroless-plating UBM service @
-\

Arrival of \| . E-less . .
wafer nspection Plating Inspection)| Shipping
(UBM Formation
*Appearance (Naked eyes) *Thickness (XRF)

crack, scratch, Ni/Pd/Au, Ni/Au

foreign particle, *Appearance

discoloration (Naked eyes, Optical Micro

Scope)

crack, scratch,
foreign particle,
discoloration

. .« . . 15
JX Nippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.



Basic process of E-less plating for UBM -- ni/pd/Au process @(

Foreign particle : :
L Degreasing Etching -\
Passivation

Al-Pad

" = il = i
Cleaning 3 Activation
Improve wettability
Zincate treatment E-less Ni plating E-less Pd plating
Zn Ni-P
Catalyst Barrier of solder Barrier of Ni diffusion

E-less Au plating diffusion

«—Au
= i

Widen process window for bonding

. 16
JX Nl' Wettabi |ty for solder plicate. 3X Nippon Mining & Metals confidential and proprietary.



Features of JX’s E-less Ni/(Pd)/Au UBM

Table Typical features of the procegs\

NIN(EUEED)

Ni thickness

Pd thickness
(center value)

Au thickness

(center value)

Thickness uniformity

Shear strength

Al etching

JX Nippon Mining & Metals Corporation

Ni- P (P: 5~10wWt%)

1.5~5.0pm
should consider pad spacing

0.05~0.2um

0.02~0.2um
(Ni/Pd/Au: max.0.05um,
Ni/Au: max.0.2um)

Less than =10% in 200mm wafer

100MPa (typical data)

0.1um (for AlCu, AISiCu)
0.5um (for AlSi)

Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.
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JX’s Electroless plating for UBM

Property

Specification

Specification

(Mass production in Longtan)

(Trial production in JPN site)

Wafer Si Si, GaAs, SiC, GaN
Bond pad metal Al, AlISi, AISiCu, AICu AlCu, AlISiCu, AlSi, Al, Au, Cu
Bond pad thickness =Z1um min. 0.4um
Passivation SiN, SiO,, polyimide € See left
Residues on bondpads | Not acceptable € See left
(inorganic, organic)
Wafer size = 300mm (12”) € See left
Wafer thickness =200um 80um (6”) , 130umt (8”)
Bond pad geometry Square, rectangular, round, < See left

octagonal and any others
Passivation opening =60um min. 4um
Bond pad spacing = 20um min. 7um

(depends on Ni thickness)

(depends on Ni thickness)

Wafer fabrication

CMOS, power device, MEMS and any

< See left

process others

Ink dots Not acceptable < See left
Probe marks Acceptable < See left
Scribe lines SiO,, SiN (must be passitfated) < See left




Inspection equipment (Taiwan & Japan) &

—

Wafer micro visual inspection

Measurement of plated
film thickness

Fluorescent X-ray(XRF) Wafer Microscope
Analyzer

Co|

) ght©2017JXNpp ning & Metals . 19
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Characteristic evaluation equipment(Japan site only)

Reflow Oven Wire bonder

Cop ght@ZOl?JXNrgo ning & Metals . 20
JXCM‘rppd 'Mm g Metals Corporatlon Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.



Characteristic evaluation equipment(Japan site only)

Bondtester Solder checker

Evaluation for reliability of Evaluation for Solderability
Solder joint & Wire bonding (Solder wettabllity)

Co

) ght©2017JXNpJ3 ning & Metals . 21
JXCMTpp 'Mm g Metals Corporatlon Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.



Analytical equipment(Japan site only)

Instruments for Surface morphology

Noncontact 3D Measuring FE-SEM
Equipment

(Surface profile)
. 4 —

| = STEM (in Hitachi)
FIB-SIM SPM

(X—section) (Surface profile)

Cop ght©2017JXNr53 ning & Metals . 22
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Analytical equipment(Japan site only)

Instruments for Functional group analysis

FT-Raman FT-IR

XPS
(in Hitachi)
FE-EPMA FE-AES
JX Nippon Mining & Metals Corporation Do not duplcate. IX Nippon Mining & Metals confidential and proprietary.
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Relationship between the JX Nippon

Mining & Metals Group and Society e
Nonferrous metals play an indispensable role as materiaks in contemporary life, and of all | . I ‘@ Titanium Business ‘
such metals, copper is particularly notable for its good electrical conductivity and ease of ‘ m Resources Development Business —L——ﬁ |
5 3 5 g i Gt . mis
processing. Copper is therefore used in a whole variety of applications, from electrical Wires, &ma mmm

buildings, and consumer electronics such as air conditioners and refrigerators, to state-of-
the-art electronic devices such as LCD televisions, PCs, and smartphones, and even in cars
and trains.

The titani sfactured by the Toho Titanium Group is likewise used in 2 wide variety .

of day-to-day applications, being fight, strong, and resistant to comrosion. m-_ Coppel )

» See pages 17-25 for details on each of the Group's businesses. — ,1, g s —

S— LS

@ Smelting and Refining Business “""/ :
——— : Refined™ W
o @ Electronic Materials Business SRS

ufacturer

7 4 N

~ Our day-to-day lives

\

Thank you for listening!

JX Nippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.
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Appendix

Example of Defect Mode

Co

) ght@ZOlBJXNp}) ning & Metals . 25
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Example of unsuitable wafer for
Electroless plating (1) Si
exposed portion (Abnormal plating)

Au deposition

Ippon vining etals Orporatlon Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.
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Example of unsuitable wafer for Electroless plating (2)
Surface contaminations on wafer (Abnormal plating)

Before plating After plating

JX Nippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.
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Example of unsuitable wafer for Electroless plating (3)
Surface contaminations on wafer (Abnormal plating)

Before plating After plating

Ry G {h 25 e d LN ST
ety F\\"} ‘A;w TR
SRR

RO .}...
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Example of unsuitable wafer for Electroless plating (4)
Insufficient adhesion of Pl (Spot stain)
Optical microscoe

Top view(SIM Image)

x100

O MV curr HFW det WD mag
X7 200kV 010nA 111 pm ETD 42 mm 2500 x

JXRippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.
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Example of unsuitable wafer for Electroless plating (4)

Insufficient adhesion of Pl (Spot stain)
‘\

FIB/SIM image

Spot stain

JXHippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidential and proprietary.



Example of unsuitable wafer for Electroless plating (5)
Surface contaminations on Pad (Missing plating)

“Missing-plating”

Cross-sectional view

—

JX Nippon Mining & Metals Corporation Do not duplicate. JX Nippon Mining & Metals confidentil and proprietary.



Example of unsuitable wafer for Electroless plating (3)
Surface contaminations on Pad (Missing plating)

~——
Al

Au

HAADF STEM image

Ni K 200 nm Au M

Specimen [ ST
JEM-2100FCs 2

———200 nm

At “missing-plating” point, thin residue was observed on the Al-Cu pad.
By EDS elemental analysis, Si was detected as component of the residue.
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