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Expanding Applications of Ceramic Components-1
Contributing to Down-sizing &
Improved Functionality of Electronics

The electronics industry is continuously making remarkable progress and development. Kyocera, with its Fine Ceramics material and
processing technologies developed during its history, supports the increased functionality of equipment used in a wide range of fields such
as various electronic components and semiconductor devices along with equipment components required to support manufacturing.
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Expanding Applications of Ceramic Components-2

| Enhancing Automotive Performance

Fine Ceramics provide excellent characteristics in mechanical strength at high temperature and electrical insulation. As automotive
electronics evolve to require more robustness for long-term durability and safety to protect drivers and passengers, ceramic components
are widely used in hybrid vehicles (HV/PHV) and electric vehicles (EV).
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Ceramic Substrates
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Ceramic substrates are mainly used as hybrid IC substrates, thin film IC substrates,

heat dissipation substrates, and LED sub-mount substrates. Our micro-grain material

structure enables substrates which have a smooth surface with less voids, and high

flexural strength and electrical insulation under high temperature environments. Upon

request, we can also cut through-holes or scribe lines, or form electrode patterns

(metallization) by printing or plating the substrates.

Alumina Substrates Matrix

Smoother
A493H
3 Thin Film Printing
ke] Substrate
s Glazed
S A
g Substrate 9
3 A476K
®©
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For product details, please contact | webmaster.fc@kyocera.jp
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| Material Characteristics of Ceramic Substrates

selellsgng olwele) |

Main Applications Thick Film Printing Thin Film Printing Glazing
. Material | Alumina Alumina Alumina Alumina Alumina Alumina
em Al20s Al20s Al20s Al203 Al2Os Al20s
Material Code A476 A476T A493 A493H A476K A4TTA
Alumina Content 96% 96% 99.6% 99.6% 96% 97%
Density g/cm? 3.70 3.78 3.86 3.96 3.70 3.79
Vickers Hardness GPa 138.7 18.9 16.0 17.7 13.7 14.6
3
5z
2 g | FexuralStrength MPa 310 380 550 550 350 480
g Q (8-point Bending)
< O
O ©
=5 | Young's Modul
oung s Viodulus GPa 330 340 390 390 330 340
of Elasticity
9 Coefficient of Linear
= Thermal Expansion x106/K 7.2 7.0 7.2 7.2 7.2 7.0
5 (40-400°C)
T 5
EL | Thermal
g8 enntell W/m-K 26 26 26 30 24 26
= O Conductivity
Dielectric
Strength kV/mm 12 15 15 18 15 16
_§ Volume 0-cm ~10 =104 >1014 >101 10" 101
@ Resistivity
T 2
28 e
g § Dielectric Constant _ 9.4 9.6 96 10.2 9.4 9.1
oo (1MHz)
Dielectric Loss Angle »
(1MHz2) x10 4.0 3.0 3.0 2.0 4.0 2.0
Reflectivity
(Wavelength: 450nm) % - - - - - -
Thickness: 1Tmm
9]
S| MesiEE mm 0.1~1.0 0.32~2.7 | 0.1~1.0 <0.7 0.5~1.0 0.32~1.0
- 5 Thickness
5 O
28 | Surface Ra0.3 Ra0.3 Ra0.05 <Ra0.0tum Ra0.2 Ra0.3
&% & | Roughness ~0.5pm ~0.5pm ~0.08pm | (Mirror Surface) ~0.3pm ~0.5pm

06 For product details, please contact | webmaster.fc@kyocera.jp
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Power Module

LED Sub-mount Substrate

(High Strength) (High Reflectivity) LED
Alumina Silicon Nitride Alumina Alumina Alumina Alumina Single Crystal Sapphire
Al203+ZrO2 SisNa Al2Os Al2Os Al2Os Al203+ZrO2 Al20s
SN460
AZ211T Under A476K A476T A476A AZ214T SA100
Development
- — 96% 96% 97% - -
4.01 3.50 3.70 3.78 3.65 3.75 3.97
- 14.0 13.7 13.9 12.9 12.3 a-plane 22.5
4 a-plane
650 750 350 380 360 50 c-axis 956
360 300 330 340 320 - 470
7.0 2.7 7.2 7.0 7.1 - Parallel to 7.7
c-axis
24 55 24 26 19 19 41
16 15 15 15 12 22.6 48
>10" >10" >10" >10" >10" >10" >10"
10.8 8.5 9.4 9.6 9.2 9.6 Parallel to 1.5
c-axis
2.7 10 4.0 3.0 2.1 2.0 <1
- - 86.7% 88.6% 91.0% 95.0% -
0.32~1.0 0.25~0.4 0.5~1.0 0.32~2.7 0.32~2.7 0.38~1.0 -
Ra0.3 Ra3-6um Ra0.2 Ra0.3 Ra0.3 Ra0.3 _
~0.5pum M ~0.3um ~0.5pum ~0.5pum ~0.5um

* Values are typical properties of each material, and may vary depending on product configurations

or manufacturing processes. For more details, please feel free to contact us.

For product details, please contact | webmaster.fc@kyocera.jp

Ceramic Substrates
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| Thick Film Printing Substrates

Available in large sizes or different shapes,

suitable for thick film printing process

D Features

7.5"x5.5” (190.5x139.7mm)

_."ﬁ\""-h.,_ 'I;_-. :
- =8 F o o
¢ Tight tolerance control "-J; f;’f fff-:éf’t? Vo ah v 53
Lo 4 a o 5 e
(Premium: +0.25%) iy _:;’ d"’l‘zf / {owdas I
x"'“..-'"l. H‘-\ 4 T d'.-':
e Standard Thickness: 0.1 ~ 2.7mm - - -
_....l."llii-.-:__.@':--\__ s - : ._.":I-:-;I
¢ Size flexibility to maxmum 12”sq. - A o it
* Scalable up to 1,250mm length B A £ i oo
e =5 ;
e — Ry
e Small through-hole cutting )
(@0.2mm)
57 (127mm)
> Standard 4.5" (114.3mm)
Substrate Size:
Outer Dimension: 4" (101.6mm)
2”sq. / 3"sq. / 47sq.
4.5”sq. / 5"sq.
7.5"x5.5"
3” (76.2mm)

Thickness (mm):
0.180

0.254
0.381
0.508
0.635
0.762
0.800
1.016
1.800

2” (50.8mm)

For product details, please contact | webmaster.fc@kyocera.jp




I Standard Substrate Specifications

0} KYOCERA

Material

A476

A476T

Size Availability (A,B)

12.7mm sq. - 152.4mm sq.

12.7mm sq. -
203.2 x 254.0mm

L7

Ceramic Substrates

Thickness Availability (T) 0.1~1.0mm 0.3~2.7mm
o) [oi
Thickness Standard +10% (minimum +0.05mm)
Tolerance | pyoiym +£7% (minimum +0.05mm) Longer side of substrate: L

As Fired Camber (C)

0.3% of longer side of substrate

0.2% of longer side of substrate

Surface Roughness

Ra0.3~0.5um

Internal Void

x400

cIi e ——

I Standard Green-punching / Laser-cutting Specifications

Process Green Punching Laser Cutting
Standard £0.8%
(minimum £0.1mm)
Substrate
. . . +0.5% +0.20mm
Dimensional Premium (minirmum +0008mm) -0.05mm
Tolerance (a) -
Super Premium £0.25%
(minimum +0.05mm)
+0.8%
e (minimurn 0. 1mim) Edge to Scoreline:
Singulation :
i ; +0.5% 0.2/-0.05mm
Scoring Premium ot +0.2/-0.
Tolerance (b) (minimum +0.08mm) | Scoreline to Scoreline:
Super Premium £0.25% +0.05mm
(minimum +0.05mm)
Parallelism (c) / Standard 0.5% of outer dimension
Perpendicularity (d) . . . +0.05mm
Premium 0.3% of outer dimension

Corner Radius (e)

0.51Tmm

Hole Size

Round Hole: minimum 0.20mm diameter
Square Hole: minimum 0.38mm square

Spacing between Holes (f) /

Spacing between Edge to Hole (g)

Same tolerance as substrate thickness
(minimum +0.51mm)

For product details, please contact | webmaster.fc@kyocera.jp

Reference Edge

Heat Dissipation Substrates

Functional Materials

Device Peripherals
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| Alumina Metallized Substrates

Wide range of applications from circuit boards to power devices

D Features

Jable with igh aches | R
e Available with high adhesion strength Mo-Mn R
LR ETER LR AN Y
e Various options for conductive layer (incl. Ag or Cu) N
- l PEARRRELRRARLANA
e Customized pattern printing !EE‘_‘E&‘_‘EE
(Please consult us in advance regarding design)

B Electrode pattern example

D Applications

¢ Circuit Board Substrates

e Power Device Substrates

| Long Thick Film Printing Substrates

Maximum 1250mm long substrate, with metallization option
for pattern printing

D Available Size

e 1250mm max x 125mm max x 0.635mm thick

(Camber: 0.6mm / 500mm)

For product details, please contact | webmaster.fc@kyocera.jp
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| Thin Film Printing Substrates

Super smooth substrates used for thin film printed circuit boards

D Features \

e Excellent smoothness with less voids (Standard: Ra0.05~0.08pum)

¢ High mechanical strength

e Maximum available size: 165mm sq.

5” (127mm)

4.5”(114.3mm)

> Standard Substrate Size

4.5”"x38.75"(114.3x 95.25mm)

Outer Dimension:
2”sq./ 3"sq. / 47sq.
45" x 3.75" / 4.5"sq.

47 (101.6mm)

5"sq.

Thickness (mmy:
0.100/0.127

0.200/ 0.254
0.381/0.500
0.635/1.000

27 (50.8mm)

3” (76.2mm)

For product details, please contact | webmaster.fc@kyocera.jp

Ceramic Substrates
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| Polished Thin Film Printing Substrates

Ceramic substrates contribute to the advancement and
diversification of thin film technology

Salellsgng olwela) |

D Features

e Dimensional stability at high temperature for multilayer
thin film technology (for metal, glass or resin) | "-I

e Thin film quality improvement with high level of
flatness and smoothness

Low Voids Alumina Substrate (A493H)

D Features B Internal Voids

e Best-in-class low VOidS, Standard (A493) Premium (A493H)

produced from tight process control

e Excellent surface smoothness

e Mitigation of electrical disconnection in

thin film printed circuits

D Design Guideline

[tem A4T6T A493 A493H
Substrate Thickness (mm) 0.05~2.7 0.05~0.7 0.05~0.7
Flatness (mm) 0.05~0.6 0.05~0.4 0.05~0.4
Surface Roughness (Mirror Polish) (mm) <Ra0.05 <Ra0.02 <Ra0.01

* Values may vary depending on the size and thickness of substrates.

Please contact us for further information.

12 For product details, please contact | webmaster.fc@kyocera.jp
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Single Crystal Sapphire Substrates

Base substrate applications for various epitaxies or depositions

The epitaxial growth of semiconductor film (e.g. Si, GaN, AIN, ZnO, etc.) requires a base substrate with similar lattice constant and no
grain boundary. Single crystal sapphire with its smooth surface provides excellent performance, not only as the base substrate for LED,

LD, SOS but also as a deposition substrate for super-conductive, metal, oxide, organic, or inorganic films.

\

P Features

e Single crystal atomic layout

e Smooth surface finish with no grain boundary
¢ High electrical insulation with low dielectric loss
e Availability in customized crystal orientation

¢ High mechanical strength, heat resistance,
chemical durability, and plasma resistance properties

D Crystal Orientation / Lattice

M Crystal Unit Cell s M Lattice Constant Bl Surface Roughness
[ | (for reference) (Unit: A) (reference AFM)
a c-plane
v p (0001) Reference value a-axis c-axis
! >az Sapphire 4,758 12.991
p GaN 3.189 5.185
a1 a-plane InN 3.548 5.76
m-plane | (1120) X
(1100) Si 5.43095
GaAs 5.6533
_r-plane |/ ZnO 3.252 5.213
(1102 g AN 3.112 4.982

\

P Standard Size

B Standard Substrate Specification B Standard Size Availability

* Please contact us for more details.  (Unit: mm)

35

Diameter Thickness Orientation Flat Length £

050.8£0.25 0.33 or 0.43 £0.025 16 +3 E

@76.2 +0.25 (Common for any) +0.025 22 £3 é 20

@ 100 +0.25 (Common for any) +0.025 325425 E 12 " Size is dependent on
@125 +0.25 (Common for any) +0.025 42525 crystal orientation

© 150 +0.25 (Common for any) £0.025 475 +2.5 Z

@200 +0.25 (Common for any) +0.025 - 0 2 4 6 3 9

Diameter (inch)

For product details, please contact | webmaster.fc@kyocera.jp

Ceramic Substrates

Heat Dissipation Substrates

Functional Materials

Device Peripherals
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High Reflectivity Alumina Substrates
Contributing to improved LED efficiency, with both high reflectivity
and high thermal conductivity

;% D Features W

% e \White ceramic substrate with both high reflectivity and high a

§ thermal conductivity

- Reflectivity: 95% y

Thermal Conductivity: 19W/mk i

¢ High level of dimensional accuracy by laser cutting

e Multiple pieces from a larger size substrate y

D Applications

e Base substrate for LED sub-mount assembly

slessydued 8o1ned | S[eusie| [euonound

for various types of LEDs such as down lights, tube lights, or bulbs
¢ | ED sub-mount substrate for automotive applications

> Reflectivity by Wavelength > Reflectivity by Substrate Thickness
100 100
o9 95 L
95 M "
3 <
< [ J | < [ A
2 ® T 2 °®
2 90 - vy 2 85
B - Adas 3 A
s o" Mmmummnm 8
Y A S 80 |
[] H A (4]
e 85 A o
'A @ Zirconia Toughened Alumina (AZ214T) 75 @ Zirconia Toughened Alumina (AZ214T) —
A M High Reflectivity Alumina (A476A) A W High Reflectivity Alumina (A476A)
A Standard Alumina (A476T) A Standard Alumina (A476T)
80 w w w w w w w 70 - -
350 400 450 500 550 600 650 700 750 0.0 0.5 1.0 1.5
Wavelength (nm) Substrate Thickness (mm)

14 For product details, please contact | webmaster.fc@kyocera.jp
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‘ Laser Cutting Design Guideline

I Scribe Line

Recommended Shape 040" (1.0mm) Substrate Edge Standard Depth (Inch (mm))
wlla’ ’
I Substrate Thickness (t) Scribe Line Depth
"3’ 015" (0.381) .00517(0.13)
.20 (5mm)_ .0207(0.508) .00677(0.17)
(Margin) b 10257(0.635) 0082°(0.21)
.0307(0.762) ,0098"(0.25)
| 040" (1.0mm) 032°(0813) 0102°(0.26)
.035"(0.889) .01147(0.29)
.040°(1.016) .01307(0.33)
Cross section After snapped " ,, .0477(1.194) .01577(0.40)
(diagonal view) (x150) (x150) as= (:802% //__(')Ooogmm)
b = +.002” (+0.05mm)
Scribe Line Width
A (standard 30um)
A { Scribe Line Depth
typ (A

| Through-Hole

Through-Hole Dimensional
Diameter (D) Tolerance
D =0.030" +.002”
(0.762mm) (+0.050mm)
.030” ~ .100” +.003”
(0.762mm) (2.54mm) (+0.076mm)
LT.‘ D>.100" +.005”
(2.54mm) (+0.127mm)
P
(more than substrate thickness to process)

Incident Dia.
(@)
i j‘; I*
'I& [ & [ @d@:éw% of substrate thickness
Exit Dia.
(D)

of Through-hole

P o
s

A,B: £.002”
(+0.050mm)

B Dimensional Tolerance from Scribe Line to Center

O

<>

For product details, please contact | webmaster.fc@kyocera.jp

B Locational Condition of Through-hole

Qﬁ@ a or b > Substrate Thickness
RN

¢ > Substrate Thickness

Heat Dissipation Substrates | Ceramic Substrates

Functional Materials

Device Peripherals

15



% KYOCERG

Optional

Glazing

Solellsgng olwela) |

Minimized surface defects enable precision thin film printing

e Full Glazing

e Partial Glazing

+- Glazed Part

serensqng uonedissi( 1eeH

Glazed Part

S[eus1e|A [euonound

sjesayduad 8o1neq

B Material Characteristics

e Serial Glazing

} Glazed Part

B Standard Glazing Specifications

Full Glazing | Partial Glazing
Standard Thickness | 45~80um 30~60pm
?é Standard +15um +10um
©
o)
O | Premium +10pm +7pm

* Values are typical data from test pieces

[tem Unit Condition GS-5 GS-71
Glass Transition Temperature °C DTA* 670 685
Glass Softening Temperature °C DTA* 865 870
Coefficient of Linear Thermal Expansion 1/°C R.T.to 400°C 6.6 x 10° 6.8 x 10°
Thermal Conductivity W/m-k 20°C 0.837 0.754
20°C >10" >10™
Volume Resistivity Q-cm 300°C >10™ >10"
500°C 2.8 x 10" 2.1 x 10"
Dielectric Constant - 1MHz 7.2 8.7
Dielectric Loss Angle - 1MHz 14.6 x 10* 10.0 x 10
Surface Roughness Ra um <0.02 <0.02

16 For product details, please contact | webmaster.fc@kyocera.jp

“DTA:

Differential Thermal Analysis
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Heat Dissipation
Substrates

Thermal management is increasingly important as electronic devices
evolve to realize further downsizing and improved functionality. Kyocera
offers heat dissipation substrates to meet customers' needs by
developing high thermal conductive materials, metal jointing technologies,

or substrate configurations to improve dissipation efficiency.

Optional

Heat
Dissipation

Cooling

Surface area
enforcement

Jointing with

increase metal materials
by coolant

Fin Shape Flow Channel Metallization,
Structure Plating,
etc.
+ + +

Plain Ceramic

Substrate

Alumina Substrate Sapphire Substrate

For product details, please contact | webmaster.fc@kyocera.jp

Ceramic Substrates

Heat Dissipation Substrates

Functional Materials

Device Peripherals

17



% KYOCERG

| Heat Dissipation Structure Ceramic Substrates

Monolithic ceramic structure with no bonding material for long-term reliability

D Features

se1elIsgNg uoiedissi( 18eH

¢ Design possibility for thin wall or complex structure

e Long term, efficient cooling and temperature control

e Cooling or heat exchanging components made of light
weight ceramic with low heat capacity provide a more
efficient, energy saving system compared to metal

e | ow maintenance cost due to superior chemical durability

o Applicational exploitation other than cooling or

temperature control

D Applications

e Heat element coolers / Thermal control components

® Heat exchanger components

e Manifolds e Micro reactors e Thermal insulation components

D Product Examples

W Heat Element Cooler

Heating element (ex. Heater)

N

Heat transfer

Ceramic substrate
with inner flow channel

A4 A »
Su v o
.\

«<--->
Heat transfer

B Thermal Control Component

Controlled object

Ceramic substrate
with inner flow channel

Thermal control media

M Product Structure Example

Appearance Product Cut Model

18 For product details, please contact | webmaster.fc@kyocera.jp
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P Design Guideline for Flow Channel Structure

M Standard Product Dimensions

(Unit: mm)

Minimum | Maximum LT

Ceramic Substrates

A Product Thickness 2 15
3
B Channel Height 0.5 10 I
n
o
C Lid Plate Thickness 0.5 _ UC:)
k<)
D Channel Wall Thickness 2 - _§
@
E | Channel Width 1 12 =
D
T
D/E Line & Space >0.2
K%
B/D Aspect Ratio <2.5 g
]
F | Maximum Size 600sq. =
* Please contact us for more information %
2
. Materlal Characterlstlcs * Values are typical data from test pieces %
[0}
Unit AA4T6T A479T SC140 s
D
o
Color - White White Black 9
=
Alumina Content wt% 96 99.5 - a
Bulk Density - 3.7 3.9 3.1
Vickers Hardness GPa 13.9 16.3 23
Flexural Strength (3-point Bending) MPa 380 470 S,
Mechanical
Characteristics Young’s Modules of Elasticity GPa 340 380 430
Poisson's Ratio - 0.23 0.23 0.17
Thermal Conductivity W/m-K 26 30 180
Thermal Specific Heat Capacity J/(kg-K) 0.78 0.79 0.67
Characteristics Coefficient of Linear
Thermal Expansion 40-400°C ppM/K 7 7.6 3.7
Dielectric Strength KV/mm 15 18 -
RT >10™" >10™" -
Volume Resistivity 300°C Q-cm 10 x 10° 49 % 10° -
Electrical 500°C 11 x 108 35 x 108 -
Characteristics
Dielectric Loss Angle 1MHz 30 x 10 10 x 10 -
Dielectric Constant 1MHz 9.6 10.2 -

*Other materials can also be considered upon request from prototyping

For product details, please contact | webmaster.fc@kyocera.jp 19
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20 For product details, please contact | webmaster.fc@kyocera.jp
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Functional Materials

For product details, please contact | webmaster.fc@kyocera.jp

Functional Materials |

21
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S61RSONS OIWRIeD |

Stable temperature property, effective utilization of frequency bands
Z P Features W
% * High Qf value to realize low dielectric loss of microwave — .
ol components
. ¢ Adjustable tf value <t
5 (from + side to - side, upon request)
%’ e Volume production capability from a few mm to a few
2 hundred-mm sizes -
” * Design support by providing electromagnetic analysis
g
i D Applications 1
% e Filters, duplexers for mobile communication base stations

¢ | NB (Low Noise Block) for satellite communication

¢ Band pass filters

B Electromagnetic Field Analysis Example

:-;i

1
!';i

-:
i
ren

s By

[
Hinn
[ RN IRLENE
[ H

-
Y

1rnl

[i'ril'

22 For product details, please contact | webmaster.fc@kyocera.jp
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B Diclectric Material Characteristics

100,000
SG390
80,000 . A479E ﬂ
) ™ crr1n
. - i ‘ SL390
N 60,000 F130
G Under development SB350
& o SV440
© 40,000 @ L
sv38
SH700
20,000 Under development
L J
0 1)
0 10 20 30 40 50 60 70 80 90 'g
Dielectric Constant (&) g
g
kel
g
L
*Values are typical data from test pieces
Material Code A479E SF210K SB350 SL390 SV380 SG390 SV440
Color White Gray Ivory Brown Brown Brown Brown
Dielectric Constant (&) 9.8 21.5 35 40 39 40 44
Qf Value (GH2) 80,000 70,000 45,000 65,000 40,000 80,000 44,000
Q Value (1/tans) 10,000 14,000 11,250 17,000 10,000 21,000 12,500
(Measurement frequency) (8GHz) (5GHz) (4GHz) (8.8GHz) (4GHz) (8.8GHz) (8.5GH2)
Temperature Coefficient f (ppm/°C) - -3~+3 0~+8 -3~+8 -T~+7 -3~+8 -7~+8
Bulk Density (g/cm?) 3.8 3.8 4.8 5.6 5.1 5.6 4.8
Resonator S00MHz O O O
< Resonator 1.5-3.5GHz O O O O O @)
% Resonator 5-14GHz O O O O O
Q.
< Substrate O O O
Antenna O O O

* If desired material is not on the list, please feel free to contact us.

For product details, please contact | webmaster.fc@kyocera.jp 23
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Piezoelectric PZT Substrates

PZT: Lead Zirconate Titanate Pb (Zr,Ti) Os
Piezoelectric ceramic substrate with stable characteristics

D Features
{

¢ | ow voltage actuation with high piezoelectric constant
r

e High coercive electric field to mitigate piezoelectrical
deterioration during high voltage actuation ,
|

e Excellent machinability (fine grains / minimal voids)
!

S|eus1e|\ [euonound

D Applications
r

e Actuator components (positioning control)
o |

e \/arious sensors

P Design Guideline nm)

MAX size: 120 x 90
MIN size: 30 x 30

Thickness: 0.1 -9.0
* Please contact us for more details

*Values are typical data from test pieces

B Material Characteristics
[tem Unit PZz0750 Pz0801
Bulk Density - 7.9 7.9
Piezoelectric Constant (d15) 102 m/V 750 900
Piezoelectric Constant (d31) 102 m/NV -230 -190
Piezoelectric Constant (d33) 102 m/NV 450 400
Dielectric Constant (£11'/€0) - 2400 3000
Dielectric Constant (£33'/€0) - 1950 2280
Curie Temperature °C 310 260
Coercive Electric Field V/mm 1100 970

24 For product details, please contact | webmaster.fc@kyocera.jp
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Pb-free Piezoelectric Elements

(new development)
Piezoelectric material without lead (Pb) in composition

D Features

e Environmentally friendly, lead-free composition

e Stable piezoelectric performance in a wide
temperature range due to high Curie temperature

e Significantly smaller hysteresis to control displacement

D Applications

. , ==
e Engine combustion pressure sensors \-

e High temperature vibration sensors

P Auvailable Shapes

e Shapes manufacturable from powder forming process

B Material Characteristics

ex.: In tablet, cylinder, or cube shapes

o

s ©

Please contact us for detailed specifications such as electrode position.

*Values are typical data from test pieces

TR PZT ] N Dorope
Mechanical Young’s Modulus of Elasticity GPa 63 - 115 122
Characteristics Poisson’s Ratio (09) - 0.30 - 0.37 0.27
Flexural Strength MPa 85-125 250 **
Bulk Density g/cm? 5.6-8.0 7.20 typ
Electrical Dielectric Loss Angle @ 1kHz (tano) 10°¢ 0.3-2.2 3
Characteristics Dielectric Constant (€35"/€0) - 800 - 4720 150
Curie Temperature °C 150 - 340 540
Maximum Operational Temperature (T.>) °C 120 - 230 (450)
Piezoelectric Dynamic d33 (dss) pC/N 133 - 603 20 typ
Characteristics Hysteresis % ~10 <0.15
Mechanical Quality Factor (Qmy) - 80 - 2070 >3000

** Ball-on-three-balls Test

For product details, please contact | webmaster.fc@kyocera.jp

Functional Materials
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@)
[0}
Inductor Cores
2
o Optimal materials and electrode patterns
2] - - - -
5 for customized applications and surface mounting processes
D
wn
T
& .
g P Features
& ® Core material either in alumina or in ferrite
8 ¢ Flexible material selections for customized needs
(ex. Magnetic permeability, Saturation magnetic flux
—I-I . .
5 density, Curie temperature, etc.)
8’:
8 e Accommodation to highly precise, miniaturized designs
o} e Electrode patterns adjustable to surface mounting process
o
. M Electrode Pattern Examples
0]
g\j Top surface only Top + side Top + side (tapered)
© @ Alumina: Mo-Mn or Ag
=l Ferrite: Ag
c%i @ Ni
v ® Sn/Au
*Other patterns can also be considered upon request
B Material Characteristics
Material Code A476 NZ021A NZ112H NZ112A NZ131A NZz262C NZ241A Nz312B NZ262B
100KHz 1 7 60 65 160 400 480 490 500
Magnetic Permeability 1MHz 1 7 58 65 160 400 480 500 500
10MHz 1 7 58 65 160 250 300 260 220
(13%’%'2 - 26000 335 200 150 15 15 15 20
Relative Loss Factor 1MHz _ 3600 625 130 80 30 30 60 50
(tand /1) (x10)
ZX%“SHE)Z - 1300 1375 180 280 4000 2700 3200 5000
-25-20°C
Relative Temperature Coefficient (x109) B 36 s 0 %0 2 5 0 4
(auy) a80c - 35 8 0 35 17 7 -1 10
Saturation Magnetic Flux Density (mT) - 140 360 380 370 470 350 290 430
Residual Magnetic Flux Density (mT) - 60 150 230 160 300 120 110 150
Curie Temperature (°C) - =300 =300 =300 240 300 150 90 220
Volume Resistivity (Q-cm) >10" 108 108 108 108 108 108 108 108

*If desired material is not on the list, please feel free to contact us.

26 For product details, please contact | webmaster.fc@kyocera.jp



B Magnetic Permeability vs Frequency

Magnetic Permeability

NZ411B
NZ420A

NZ262B

2,000

5,000

4,000

3,000

NZ511A

1,600
NZ311A——

%} KYOCERG

0 Nz262C

10

> 700
=
NZ540A g 600
£
d'? 500 NZ241A
Qo
@ 400
C
g
S 300
NZ530A 200 NZI31A
100
0
100 1,000 10,000 100,000 1 10 100 1,000 10,000
Frequency (KHz) Frequency (KHz)

100,000

B Magnetic Permeability / Core Loss (Pcv) / Saturation Magnetic Flux Density (Bs) vs Temperature

2,500

Magnetic Permeability

Core Loss (Pcv)
1,200

2 Nz262C
% 2,000 NZ411B 1,000
[0] o
§ 1,500 i § 800 NZ262B
& NZ420A E 600 NZSIIA\
.© 1,000 g NZ420A
k5] NZ2628 B 400 NZSIA——— =
g_) 500 Nz262C o
g 200 Nzsa0m
0 0
-60 -30 0 60 90 120 150 0 30 60 90 120 150
Temperature (°C) Temperature (°C)
* Values are typical data from test pieces
NZ350A Nz301B NZ311A NZ420A Nz411B NZ511A NZ530A NZ540A NZ550A
535 570 650 860 1100 2000 1150 3700 2000
550 600 650 880 1200 1500 1250 2000 (2000)
250 280 270 280 250 240 285 180 (250)
20 15 20 10 15 15 10 14 15
100 80 55 45 120 360 70 450 (250)
3400 3500 4500 4400 5300 9600 5350 180000 (7000)
2 0 20 5 15 7 8 3 -
-2 2 10 9 6 2 4 8 -
340 340 390 390 380 320 375 260 320
55 110 210 70 170 100 50 180 220
125 125 160 180 120 80 150 90 115
108 108 108 108 108 108 108 108 108

For product details, please contact | webmaster.fc@kyocera.jp

Bs (mT)

-60

Saturation Magnetic Flux Density (Bs)

-30 0 30 60 90 120

Temperature (°C)

NZ262C
NZ262B

NZ420A
NZ311A

150

Functional Materials
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D Inductor Core Shape Examples

SQUARE CORE

¢ Available in both alumina and ferrite materials
e Suitable for complex shape with tight tolerance

e Edged shape for high speed surface mounting

CAP CORE

e Thin wall cap shape suitable for shielded core
e Edged shape for high speed surface mounting

e | ow height design possibility together with
Push-pin Core

e Please contact us for possible combinations
among OD, height, bottom thickness, and wall
thickness.

DR CORE (Edged sleeves & winding core type)

e Available in both alumina and ferrite materials

® Please contact us for possible combinations
among OD, core diameter, height, machinable
width, and sleeve thickness.

PUSHPIN CORE

¢ One side sleeve shape suitable for shielded core

e Low height design possibility together with Cap
Core

* Tooling structure for volume production may require some design restrictions.

Please contact us to finalize feasible dimensions and tolerances.

For product details, please contact | webmaster.fc@kyocera.jp
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Device Peripherals

Device Peripherals

For product details, please contact | webmaster.fc@kyocera.jp 29
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Sapphire Cover Plates

Surface protection from mechanical stress or friction for display

and transparency

The LCD panel or reading indicator of an inspection stage requires a scratch-free protection plate with high optical transparency.

Our unique design and polishing capabilities make our single-crystal sapphire into a thin, high-quality cover plate with remarkable

hardness and stiffness.

D Features

e Scratch-free hardness

e Excellent optical transparency

e Bonding technology with glass (sapphire on glass)

for large, rigid substrates

e Assembly capability with surface coating or printing

B Scratch Resistance Test

Test Method Test Result
Sapphire |l Tempered Glass

No scratch Scratched

B Anti-Reflection Coating (AR Coating)

| Sapphire

and
Tempered Glass

P Options }

Optical Transparency(%)

100 ——
// \\\
T Both Sides
95 Coating
— T One Side
90 Coating

No Coating

85 |7

400 425 450 475 500 525 550 575 600 625 650 675 700
Wavelength (hm)

For product details, please contact | webmaster.fc@kyocera.jp

B Optical Transparency

|
%) 100 — I dpphire
80 il | \
60 [
40 } iblé Light Range \‘ \
20 !
0 Borosilicate, |
0.1 1 Glass 10

Ultraviolet Range Infrared Range

Wave Length (um)

Il SOG (Sapphire on Glass)

Sapphire-on-Glass bonding structure makes the plate both
shock-resistant and shatter-resistant.

Sapphire
Adhesive

T

Glass / Quartz

* Please contact us for available sizes.

* Values are typical properties of each material, and may vary
depending on product configurations or manufacturing processes.
For more details, please feel to contact us.
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| Volume Production Components for Various Electronics

Volume production capability of customized product,
in monthly quantity of hundreds of millions per item

\ M Ultra Small Component Example
P Features P P

e Variety of product configurations Flange Thickness

- Technology to optimize density balance in forming process f{,ﬁﬁf’g‘j()mmm

enables multi-cavity shapes or ultra small components
® Wide selection of ceramics materials
- Alumina / Silicon Carbide / Ferrite / etc.
® \Jolume production capability
- Experience in monthly quantity of hundreds of millions per item

® Please contact us for any specific requirement

Device Peripherals

D Applications

e |nsulators for downsized electronic components, or ceramic parts to minimize magnetic / dielectric losses

(ex.: Used in or as fuses, thermostats, inductor cores, filters for base tranceiver stations, etc.)

For product details, please contact | webmaster.fc@kyocera.jp 31
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| Ultra Thin Ceramic Caps

Ultra thin, enabling devices to become smaller in size, lower in height

D Features

® Cap in ceramic for smaller size and lower height .
¢ Ultra thin walls, based on Kyocera's .
unique material / forming technology .

e New Ceramic Cap Size

8.0sg. max. Unit: mm

t 0.15min.

_

h A
t 0.12min. ! 1.0max.
! A4

Mlﬂlmum Wa” ThICkﬂeSS Comparlson (Compared to our company's product)

Conventional Technology New Technology

Side Wall Thickness 0.24mm 0.12mm

Top Wall Thickness 0.20mm 0.15mm

* Please contact us for any other sizes.

For product details, please contact | webmaster.fc@kyocera.jp
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e Application Example in Crystal Oscillator

a Quartz Crystal Wafer

b

Ceramic Cap

Ultra Thin Ceramic Cap

Lower_Height

9 Downsizing
[

Ceramic Base

¢ Application Example in Gyro Sensor

Ultra Thin Cap

Base Substrate

Ultra Thin Ceramic Cap

e Market for Ultra Thin Ceramic Caps

Gyro Sensors

Sensors Accelerometers

Magnetic Sensors

Fuses

Ultra Thin Ceramic Caps

Security Parts

Surge Absorbers

Oscillation Modules

Quartz Components Crystal Oscillators

SAW Devices

For product details, please contact | webmaster.fc@kyocera.jp

Ceramic Substrates

Heat Dissipation Substrates

Functional Materials

Device Peripherals

33



% KYOCERG

| High Voltage-resistant Alumina Ceramic (aH100A)

Possibility of 50% downsizing, with 1.6 times higher
voltage resistance than conventional ceramic waseon kyocera simuation)

D Features }

¢ Improvement of dielectric strength / creeping voltage resistance
in vacuum atmosphere

¢ Conditioning time reduction at high voltage operation
¢ Ripple reduction

e 50% downsizing from conventional alumina pased on Kyocera simulation)

B Design Image of Size Reduction

Ceramic Portion

> / Volume: 50% reduction
9 Weight: 55% reduction

sjeJayduad 8o1neq |

A479 AH100A
(Conventional Alumina) (High Voltage Resistant Alumina)
D Applications ~ Conditioning Time
Measuring Conditions: Pressure = 10°Pa
Voltage Increase 1kV/min.
¢ High Voltage Accelerators (Analysis Equipment) Restarted from OV every time
flashover voltage is observed

¢ Ultra High Vacuum Feedthroughs
(Semiconductor Processing Tools)

AH1004

Time to reach 100kV

REDUCED BY.
90% A479

Conventional Alumina

® Electron Beam Generators
(Medical or Industrial X-ray Tubes)

Voltage (k\ﬁ
2 5 2 2235 8

o] 4] 120 180 2 B0
Time (min.)

34 For product details, please contact | webmaster.fc@kyocera.jp



> Creeping Voltage Resistance
Measuring Conditions:
Surface Distance 2mm
Atmosphere = 10Pa
Others per Kyocera testing set-up

> Dielectric Strength
Measuring Conditions:

0} KYOCERA

Bulk Ceramic Thickness 2mm
Others based on JIS-C2141 standard

= 15 25 :
= 14.1 = % f20% UP .- i
= fReoxupr . W g .
5 10 Field =
1%} . R
2 . Intensity, 4@
o Q
(0] +
;m» : C(D_) 10
~ 5.4 g
2 ® 5
a )
3 !
3 Intensity
AH100A A479 AH100A
B Material Characteristics & Measurement Comparison
(Reference Data)
. A479 AH100A
= Lt (Conventional Alumina) (High Voltage Resistant Alumina)
Ultimate Field Intensity MV/m 8.4 (ave.) 14.1 (ave.)
Dielectric Strength MV/m 19 24
Electrical Volume Resistivity Q-cm =1 x10" =1 x 10"
Characteristics
Dielectric Constant (1MHz) - 9.9 10.2
Dielectric Loss Angle (1MHz) - 1x10* <1x10*
Average Strength
ASTM D2442 TYPE3 MPa 810 330
Mechanical Young’s Modulus of Elasticity GPa 360 380
Characteristics
Poisson’s Ratio - 0.23 0.25
Fracture Toughness MPa-m'”2 3~4 5
Thermal Conductivity W/mK 29 24
Thermal
Characteristics iCi '
Coefﬂcpnt of Linear T?ermal pPM/°C 8.0 8.2
Expansion  (RT-800°C)

For product details, please contact | webmaster.fc@kyocera.jp

Ceramic Substrates

Heat Dissipation Substrates

Functional Materials

Device Peripherals

35
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Characteristics
of Kyocera’s Fine Ceramics

The term "Fine Ceramics" is interchangeable with "advanced ceramics," "technical ceramics" and "engineered ceramics." Use varies by region and industry.

Material Aluminum Oxide
Iltem (Al205)
Kyocera No. A459 A445 A473 A476 A479 A479S A479M / A479G A480S
Appearance Dense
Color Russet Dark Brown White White White Ivory Ilvory Ilvory
Content (%) | Al:Os 89 90 92 96 99 99.5 99.5 99.7
eHigh Frequency Insulation eHigh Mechanical Strength eHigh Wear Resistance eHigh Chemical Resistance
*Good _fo_r Light Intercepting | *Good ‘fo_r *Good Surface  |eHard eHard eHard eHigh Purity
. . Metallizing eHigh Heat Metallizing Smoothness eHigh Chemical | eHigh Chemical | eHigh Chemical | eHigh Chemical
Main Characteristics Dissipation *Mechanically *Good for Printing | Resistance Resistance Resistance Resistance
Strong *\Wear Resistance | *Wear Resistance |Wear Resistance
*Good Anti-Plasma
eMagnetron |C Packages |C Multilayer eHybrid IC eHeat Resistant | eWear Resistant | #Wear Resistant | #Wear Resistant
Packages Substrates Parts Parts Parts Parts
. . . eElectron-tube s\Wear Resistant | Chemically *Chemically eChemically
Main Applications Housing Parts Resistant Parts | Resistant Parts Resistant Parts
*Wear Resistant sCorrosion eSemiconductor | *Semiconductor
Parts Resistant Parts Processing Processing
Equipment Parts | Equipment Parts
Density g/ cm?| JSR1634 3.6 3.8 3.6 3.7 3.8 3.9 3.9 3.9
Water Absorption % | JSC2141 0 0 0 0 0 0 0 0
] Vickers Hardness HV9.807N | GPa |JSR1610 12.1 12.7 12.3 138.7 15.2 16.0 15.7 17.2
% Flexural Strength (3 P.B.) MPa | JSR1601 310 320 340 350 310 360 370 380
s}
% Compressive Strength MPa | JISR1608 - - 2,300 - 2,160 2,350 - -
<
(&)
% | Young's Modulus of Elasticity GPa | JSR1602 280 320 280 320 360 370 370 380
§ Poisson's Ratio = JSR1602 0.23 0.283 0.23 0.23 0.283 0.23 0.23 0.23
[}
D
= | Fracture Toughness (SEPB) |MPam'|JSRI607 - - - = 3 -4 4 = _
é Coefficient of Linear 40 - 400 °C| 109K R 7.0 7.3 6.9 7.2 7.2 7.2 7.2 7.2
g | Thermal Expansion 4. g0 g 7.9 8.1 7.8 7.9 8.0 8.0 8.0 8.0
©
s Thermal Conductivity ~ 20°C |W/(K-m)| JSR1611 14 12 18 24 29 32 32 32
O
? Specific Heat Capacity Jl(kgK)|JSR1611| 0.75 x 10° | 0.756 x 10° | 0.78 x 10° | 0.78 x 10% | 0.79 x 103 | 0.78 x 10% | 0.78 x 10°% | 0.79 x 10°
o Thermal Shock Temperature Difference _ R _ _
= (Put in Water, Relative Method) K| JSRIBs A0Y A0 200 e
Dielectric Strength KV/mm 15 12 16 15 15 15 15 15
3 20 °C >10'* 10" >10'* >10'* >10™ >10™ >10'* >10'*
% Volume Resistivity 300 °C | Q-cm 10 107 107 107 101 107 107 107
8 500 °C 108 10° Q™ 108 108 10" Q™ Q™
& JS C2141
©
3 Dielectric Constant ~ (1MHz) - 8.8 9.8 9.0 9.4 9.9 9.9 9.9 9.9
m Dielectric Loss Angle  (1MHz) | x104 6 20 6 4 2] q 1 1
Loss Factor x10* 52 190 54 38 20 10 10 10
szg Nitric Acid (60%) 90 °C,1day |WT Loss - - 0.32 - 0.10 0.07 - 0.05
@D
O
%% Sulphuric Acid (95%) 95 °C,1day | mg/em? | - - _ 0.65 - 0.33 0.25 _ 0.22
<@
Og Caustic Soda (30%) 80 °C,1day - - 0.91 - 0.26 0.05 - 0.04

*The values are typical material properties and may vary according to products configuration and manufacturing process.
For more details, please feel free to contact us.

For product details, please contact | webmaster.fc@kyocera.jp
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Sapphire Steatite Forsterite Silicon Nitride Aluminum Nitride Zirconia
(Al203) (MgO-Si02) (2Mg0O-Si0») (SisNa) (AIN) (ZrO2)
SA100 S210 ‘ S211 F1120 F1023 SN201B SN240 AN216A AN2000 Z201N
Dense Dense Dense Dense Dense Dense

Transparent White ‘ Dark Brown Light Yellow Black Gray Ivory Ivory
99.99 - - - - AIN 99.9 -
Single Crystal sLight Weight eHight Electrical Insulatipn eHigh Strength
eHigh Strength eHight Thermal Conductuvity eHigh Fracture
eTransparent eInsulator *Good Light Shield -G_opd Surface eHigh Th_ermal *Wear Resistance Toughness
*High Heat Resistance Finish Expansion sExcellent Thermal Shock Resistance .Eé(;?s‘,ltear:c\évear
.E\gzgi?a‘?grzrsgrgizzcy '(E:xcecljlentt_Tthermal *High Purity *Good Surface
eHigh Chemical onductivity *Good Plasma Finish
Resistance eHigh Temperature Resistance
Strength
Thin Film Substrates | eVarious Circuit eResistor Cores eAnti-wear Liners | eHeat Resistant eHeat Uniformity Parts eKnives
e\Windows Parts *Substrates for ePowder Equipment | Parts eHigh Temperature Treatment Fixtures *Pump Parts
Chemically Resistors eMolten Metal Parts | *Wear Resistant eSemiconductor Processing eKitchen Knife,
Resistant Parts Parts Equipment Parts Scissors
*Molten Metal Parts *Dies, Wear
Resistant Parts
3.97 2.8 3.1 3.0 3.0 3.2 3.3 3.4 3.2 6.0
0 0 0 0 0 0 0 0 0 0
a-plane |22.5 5.8 6.7 7.3 5.9 13.9 14.0 10.4 11.2 12.3
t aplane | 590 190 220 180 160 580 1,020 310 220 1,000
oward c-axis
2,940 = = = = = - - - -
470 120 130 150 150 290 300 320 310 200
= 0.22 0.22 0.24 0.24 0.28 0.28 0.24 = 0.31
= = = = = 4 - 5 7 = = 4-5
Parallel t
e(l:r_aagso 7.7 7.7 9.2 9.7 10.1 2.4 2.8 4.6 4.6 10.5
Vertical t
%gﬁso 7.0 8.0 10.4 = = 3.2 3.3 5.3 5.2 11.0
41 2 3 5 5 25 27 150 67 3
0.75 x 10° 0.75 x 108 0.72 x 108 0.78 x 108 0.75 x 10° 0.64 x 108 0.65 x 10° 0.71 x 10° 0.72 x 108 0.46 x 10°
- = = = = 550 800 = = 300
48 18 14 17 13 = 13 14 16 11
>10'* >10™ >10"8 >10'* >10"* >10" >10" >10" >10" 108
= 10 10° @™ 10° Q@™ 107 10 10" 108
10™ 107 107 o 10° Q™ 10" 108 10° 103
Parallel to | 14 5

c-axis :

Verlical 1o | g 5 6 8 6.5 6.5 = 9.6 8.6 8.5 33.0

c-axis .

<1 18 750 3 5 = 19 3 2 16

= 108 6,000 20 30 = = 26 17 520
=0.00 - - = = = 1.11 = = =0.00
=0.00 - - = = = 0 = = 0.04
=0.00 - - = = = 0.22 = = 0.08

1kgf/mm?=9.807MPa
1cal/g x °C=4.187J/g x K=4.187x10°J/(kg x K)

For product details, please contact | webmaster.fc@kyocera.jp
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| Process Flow from Inquiry to Delivery

STEP 1 [oTe[¥]1a%

Please provide as much information as possible about your product and requirements

o177 B TUU
o0oon
it

Drawing Operating Conditions Quantity Delivery Request
/ Application

Drawing(s) or description of required shape

Operating Conditions / Application 6 a
*Please provide as much information as possible o—

Quantity gl‘ o=

o=
Delivery Request

Other requests or issues

S A7 Proposal / Quotation

We will provide you with our proposal for a product that meets your requirements

S8 Purchase Order

Production will begin according to the agreed-upon specifications and terms

S48 Production

SAEE Delivery

Even in cases that require special development, we can support your project )

b

E-mail Inquiries

webmaster.fc@kyocera.jp

A

Telephone / FAX Inquiries

(\ ?) Local contact info on the
back page in case you cannot find our local contact

Please feel free to send us an e-mail

global.kyocera.com/prdct/fc/index.html

38 For product details, please contact | webmaster.fc@kyocera.jp



I Corporate Profile

0} KYOCERA

>> Corporate Summary

(Total companies and employees as of March 31, 2019)
Company name: KYOCERA Corporation
Established: April 1, 1959
Capital: 115,703 million yen
Group companies: 286 (ncluding KYOCERA Corporation)

Group employees: 76,863

(Excluding non-consolidated subsidiaries and
affiliates accounted for by the equity method)

Consolidated Sales Trend
(Years ended March 31)

Unit: million yen 1,577,039 1,623,710
ST

1,600,000 eeeeeeeeer i

1,200,000

800,000

400,000

0

2018 2019

Consolidated Profit Trend
(Years ended March 31)

Profit before Profit attributable to
| |

Unit: million yen income taxes owners of the parent

160,000
120,902 140,610
120,000
103,210
80,000
40,000
0

2018 2019

*Commencing from the beginning of the fiscal year ended March 31, 2019 (“fiscal 2019”), Kyocera has adopted the International Financial Reporting Standards (“IFRS”).
Accompanying this change, financial figures appearing herein for the year ended March 31, 2018 (“fiscal 2018”) have been reclassified in accordance with IFRS.

>> Consolidated Sales by Segment

Consolidated Sales: 1,623,710 million yen (Year ended March 31, 2019)

Industrial &
Automotive Components 19.4%

Communications

Fine Ceramic Components  Industrial Tools
Automotive Components Optical Components
Liquid Crystal Displays

Semiconductor Components  15.3%

Smartphones

Feature Phones Information Systems &

loT Modules and Devices

Tablets Telecommunication Services

Document Solutions

15.5% Others 1.0%
Hotels, etc
Adjustments

23.1% and Eliminations A1.8%

Ceramic Packages & Substrates
Organic Materials
Organic Packages & Printed Wiring Boards

Electronic Devices 22.59%

Printers & Multifunctional Products
Solutions Busines

Life & Environment

5.0%

Capacitors Power Devices
SAW Devices

Crystal Devices

Connectors
Printing Devices

p Total Components Business 57.2¢,

>> Consolidated Sales by Region

(Year ended March 31, 2019)

U.S.A.

Solar Energy
Medical & Dental Products
Jewelry & Kitchen Tools, etc

) Total Equipment & Systems Business 43.6%

) Others + Adjustments and Eliminations AQ.8%

Others

248,947 million yen

(15.3%)

Europe

331 ,508 million yen

(20.4%)

65,256 million yen
(4.0%)

Japan

595,364 million yen
(836.7%)

Asia
382,635 million yen
(23.6%)

For product details, please contact | webmaster.fc@kyocera.jp
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<JAPAN: Headquarters>
KYOCERA Corporation

Corporate Fine Ceramics Group

6 Takeda Tobadono-cho, Fushimi-ku, Kyoto 612-8501, Japan
Tel: +81-(0)75-604-3441 Fax: +81-(0)75-604-3438

<U.S.A.>
KYOCERA International, Inc.
San Jose, CA
49070 Milmont Dr. Fremont, CA 94538
Tel:+1-510-257-0200 Fax:+1-510-257-0125
San Diego, CA
8611 Balboa Avenue, San Diego, CA 92123
Tel:+1-858-614-2520 Fax:+1-858-715-0871
Chicago, IL
25 NW Point Blvd., #660 Elk Grove Village, IL 60007
Tel:+1-847-981-9494 Fax:+1-847-981-9495
Boston, MA
24 Superior Dr, Suite 106, Natick, MA 01760
Tel: +1-508-651-8161 Fax: +1-508-655-9139
Mountain Home, NC
100 Industrial Park Rd, Hendersonville, NC 28792
Tel:+1-828-693-8244 Fax:+1-828-692-1340
New Jersey, NJ
220 Davidson Ave., Suite108, Somerset, NJ 08873
Tel:+1-732-563-4336 Fax:+1-732-627-9594
Austin, TX
7801 Capital of Texas Highway, Ste 330 Austin, TX 78731
Tel:+1-512-336-1725 Fax:+1-512-336-8189
Vancouver, WA
5713 East Fourth Plain Blvd.,Vancouver ,WA 98661
Tel:+1-360-696-8950 Fax:+1-360-696-9804

<EUROPE>
KYOCERA Europe GmbH
Esslingen, Germany
Fritz-Mueller-Strasse 27, 73730 Esslingen, Germany
Tel:+49-(0)711-93934-0 Fax:+49-(0)711-93934-950
Neuss, Germany
Hammfelddamm 6 41460 Neuss, Germany
Tel:+49-(0)2131-1637-0 Fax:+49-(0)2131-1637-150

KYOCERA Fineceramics Ltd.
U.K.
Prospect House, Archipelago, Lyon Way, Frimley, Surrey
GU16 7ER, U.K.
Tel:+44-(0)1276-6934-50 Fax:+44-(0)1276-6934-60

KYOCERA Fineceramics S.A.S.
France
Parc Tertiaire, Silic, 21 Rue De Villeneuve
BP 90439 94583 Rungis Cedex, France
Tel:+33-(0)141-7373-30 Fax:+33-(0)141-7373-59
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<ASIA>
KYOCERA Korea Co.,Ltd.
Korea
13F KAMCO Tangjae Tower, 262 Kangnamdae-ro
Kangnam-gu, Seoul, 06265
Tel: +82-(0)2-3463-3538 Fax: + 82-(0)2-3463-3539

KYOCERA (China) Sales & Trading Corporation
Shanghai

Floor 9,Dushi Headquarters Building, No. 168, Middle Xizang Road, Shanghai,

200001

Tel: +86-(0)21-5877-5366 Fax: +86-(0)21-5888-5096
Shenzen

Unit 06-08,29/F,AVIC Center NO.1018 Huafu Road,

Futian District, Shenzhen, Guangdong, 518033

Tel: +86-(0)755-8272-4107 Fax: +86-(0)755-8279-0487

KYOCERA (Hong Kong) Sales & Trading Ltd.
Hong Kong
Room 801-802, Tower 1, South Seas Centre,
75 Mody Road, Tsimshatsui East, Kowloon, Hong Kong
Tel: +852-(0)2722-3912 Fax : +852-(0)2724-4501

KYOCERA Asia Pacific,Ltd.

Taiwan
8FL., No.101, Sec.2, Nanjing East Road, Taipei 10457, Taiwan
Tel:+886-(0)2-2567-2008 Fax:+886-(0)2-2567-2700

Singapore
298 Tiong Bahru Road, #13-03/05 Central Plaza, 168730, Singapore
Tel:+65-6271-0500 Fax:+65-6271-0600

Philippines
11B, Kingston Tower, Block 2, Lot 1, Acacia Avenue,
Madrigal Business Park, Alabang, Muntinlupa City 1780, Philippines
Tel:+63-(0)2-771-0618 Fax:+63-(0)2-775-0532

KYOCERA Asia Pacific (Thailand) Co., Ltd.
Thailand

1 Capital Work Place, Building 7th Floor, Soi Chamchan, Sukhumvit 55

Road, Klongton Nua, Wattana, Bangkok 10110, Thailand.
Tel: +66-(0)2030-6688 Fax: +66-(0)2030-6600

KYOCERA Sdn. Bhd.
Malaysia
Lot 4A, Lower Level 3, Hotel Equatrial, Penang No.1,
Jalan Bukit Jambul 11900 Penang, Malaysia
Tel: +60-4-641-4190 Fax: +60-4-641-4209

KYOCERA Asia Pacific India Pvt. Ltd.
India

1004A & 1004B, 10th Floor, JMD Regent Square, M.G. Road Gurugram Haryana,

India
Tel: +91-124-4714298 Fax: +91-124-4683378
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