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We are pioneers aiming to be the industry leaders.
We answer the needs of the age with quality "Only-one" products.

We began developing silicon nitride (SisN4) ceramics in the 1960 s,

and by providing numerous products to industries such as bearings, automobiles, and semiconductors,
we have supported the foundations of various industries and the evolution of cutting edge technology.
By using rare earth oxides, especially yttria (Y,03),

as a sintering agent for silicon nitride (SisN4), we succeeded in creating tough fine ceramics.

Many highly reliable and high quality products are used in space and aircraft engine bearings

and power module boards such as IGBTs, and have received high praise.
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Fine Ceramics for Electronics
Silicon nitride (SisN4) ceramics

Fine ceramic substrates with high thermal conductivity
are becoming indispensable components under the
circumstances needs for high power, high integration,
slim and lightweight, high frequency and environmental
friendliness prevail. We take advantage of one of our
core technologies, the grain boundary control of ceramic
microstructure, to produce the silicon nitride (SisN4)
substrates with the world highest thermal conductivity
on a commercial basis.

Silicon nitride
(SizNa)

Sintering aids technology
Crystallization technology of Grain boundary
Crystal Grain control technology

Typical values for properties of fine ceramics for electronics

Siliconnitrides
Measuring n (SizNa)
Item e~ Unit
TSN-90
Density JIS 28807 RT Mg/m? 3.35
5 Specificheat JISC2141 J/kg-K 650
?S; 3 Thermal conductivity JISR1611 W/m-K 90
=3
oL Coefficientof o .
“ thermal expansion JIS C2141 RT-500°C x1076/K 34
Dielectricstrength JISC2110-1 50Hz kV/mm 25.0
o
35 Volumeresistivity JIS 2141 RT Q-cm 1x10%
of=y
23 Dielectricconstant JISC2141 1MHz 8.0
Dielectricfactor JIS C2141 1MHz tandx10™ 8.0
3-pointbendingstrength JISC2141 RT MPa 680
o<
S § Fracturetoughness JISR1607 RT MPa-m?!?2 6.5
[OEY)
22 Young'smodulus JISR1602 RT GPa 300
Vo
Poisson'sratio JISR1602 0.27
Highthermal conductivity
Features Highstrength
Substratesforsemiconductorassembly
Main applications Radiatorplates (forcompressionforce)
Heatsinks

Thevaluesinthetablearereferencevalues, notguaranteedvalues.



Fine Ceramics for Electronics [Silicon nitride (SisNs) ceramics]

Silicon nitride (SisN4) plain substrates

Toshiba Materials' silicon nitride plain substrates utilize material
technology and sintering technology cultivated over many years
to achieve a dense and fine structure, and have excellent
mechanical propertiesand high thermalconductivity.

Silicon nitride's coefficient ofthermal expansionis close to that of
Si chips, making it ideal as a substrate for semiconductor
mounting,and meetingthediverse needsof ourcustomers.

Standard design
Siliconnitride (SisNa)
Item Unit
TSN-90
mm MAX170x130
Outerdimensions
Tolerance +0.15 (Lasercut)
mm 0.32
Thickness
Tolerance +0.05mm
Warp mm/mm 0.4% Under (=50mm)
Surfacearea — Blastprocessing (Honing)

Valuesonthechartarestandard design ruleand notguaranteedvalue.
Please contactusforpossibility of correpondingto designs not coveredinabove chart.

Temperaturedependency of thermal conductivity and coefficient of thermal expansion

Thermalconductivity Coefficientof Thermalexpansion
[W/m-K] (%)
250
200 0.3
150 BeO
AIN 0.2
100 SizN4(TSN-90)
: 0.1
© SiaN4 (TSN-90)
Al20s3
070 200 300 400 500 9700 200 300 400 500
Temperature[“C] Temperature[°C]
Measuringmethod: JISR1611 Laserflash method Measuringmethod: JISC214110 Thermomechanical Analysis

BeO,Al203and Siareothercompanies' products.



Fine Ceramics for Electronics [Silicon nitride (SisN4) ceramics]

In order to meet further needs for highly reliable
semiconductor mounting substrates, we were quick to
recognize excellent mechanical performances of silicon
nitrides. As a result, we have taken the lead in the world in
commercializing high thermal conductive silicon nitride
insulated substrates for power semiconductors with more
thanfourtimesthermal conductivity, which had been as low
asalumina,whilemaintaininghighstrength.

Our high thermal conductive silicon nitride substrates are
increasingly being used for PCUs (Power Control Units) of
EVs (ElectricVehicles)and HEVs (Hybrid Electric Vehicles).

Comparisonofthermalresistance (example)

UsedforPCU
of EV/HEV

Compressionforce

A4

@®

Semiconductor chip

Cuframe

Semiconductor

Insulated by SisNa
package

Heatsink\

S

Compressionforce

Power module model

Acurrentispassed throughtheSichipinthefigurebelow,andthe
temperatureriseduetothe heatgenerated by thechipis
convertedtothethermalresistancevalue (AmVmethod).

Sichip (generate heat)

Solder
Ceramlcssubstrate O 05)
Solder
(0.1) \
Cu(Copper) Cu (Copper)
(Unit:mmthick) (3.0) (0.25)

Thermalresistance 120 —
of 0.8mmthick
alumina=100 110
Alumina
100 |- (21W/m*Kmaterial)
90
80 —
70 — Siliconnitride
(90W/meKmaterial)
60 | Aluminumnitride
(170W/m*Kmaterial)
50— i
40 | | | | |
0 0.2 0.4 0.6 0.8 1.0
Substratethickness (mm)

Thermalresistance of silicon nitride substrate of 0.32mmthickis
almostequivalenttothatofaluminum nitride substrate of
0.635mmthick,whichhashigherthermal conductivity.

Comparison of deflection characteristics of plain substrates

Size ofthesubstrate: 40x33mm
Three-pointbendingtestwiththesupportspanof30mm
(two-pointsupportat40mmdirection ofthe substrate)
Maximum 14
deflection
(mm) 12 F
+0 : Siliconnitride
08
0.6
= Alumina
04
B 1
0.2 Aluminumnitride
0 0.2 0.3 0.4 0.5 0.6 0.7
Substratethickness (mm)

Three-pointbendingtest

Load

Plainsubstrate

‘ Deflection

Comparison of maximum deflection of substrates: High
thermalconductivitysiliconnitridesubstratehas 1.5timesor
moredeflectionthan other materialsirrespective of
substratethickness. Thismeansthat,ifmadeeventhinner,
siliconnitride substrate does notcrackand bendswidely.




Fine Ceramics for Electronics [Silicon nitride (SisN4) ceramics]

Silicon nitride (SisN4) Active Metal brazed layer Copper (AMC) substrates

We offerall purpose copperplated ceramicsubstratesbyactive metalbrazingmethod
tomeetdiversified requirementsthathavearisenin powermodulesubstrates.

Active metal brazed copper (AMC) substrates are made by joining copper circuit plate
ontoceramicsubstratesbybrazing. They aresuitablefor makingfine patterned power
module circuits with high thermal cycle performance. We offer silicon nitride AMC
(SIN-AMC) substratesforthebasementceramicsubstrates.

AMC substrates are best fit for high power semiconductor module substrates such as
power transistor substrates like IGBTs. They directly dissipate heat with sufficient
insulation.

[Characteristics of SIN-AMC substrates]

«Simple structure with low thermal resistance. Specifically, thermal resistance of SIN-AMC substrate with the thickness of 0.32mm is
almostequivalenttothatof ALN-AMCsubstrate with the thicknessof0.635mm.

« Excellent mechanical strength properties; They have high thermal cycle performance even if the copper circuit is made thick (up to
0.8mm)tolowerthermalresistanceandincrease poweroutput.

« Their high fracture toughness allows direct ultrasonic bonding of electrode terminals onto the copper circuit plate and securing the
substrateontoheatsinkbyrivets.

«Coefficientofthermalexpansion equivalenttothatof ceramicssubstratesenablesdirect mountingof Sichipsontothe coppercircuit plate.

« Highjointstrengthofcoppercircuitplate «Highvoltageresistance

[Applications]
«Powertransistormodule (IGBT, MOSFET, etc.)

—
Standard design -
||
= B
Ceramics Type of ceramics: Silicon nitride (SisN4)o Thermal conductivity 90W/mK (JIS R1611) ]
[C] Ceramic thickness (mm) 0.25 0.32 0.635
Tolerance (mm) +0.05 '

H. G F E

Maximum effective area 90x110
¥ For ceramics with a thickness of 0.25mm/0.32mm, we may be able to make sizes up to 125mm x 165mm,
so please contact us for details.

[A,B] Ceramic dimention (mm)

Tolerance (mm)

+0.15

‘ +0.20

c
Cu
Active metal

<

brazing material:-
Cu

SizNs

3

Electrode material

Cu

[D] Cu thickness (mm)

0.10 ‘ 0.15 ‘ 0.20 ‘ 0.25 ‘ 0.30 ‘ 0.40

0.50 ‘ 0.60

0.70 ‘ 0.80

[E] Insulation distance (mm)

min.0.5

min.0.7

min.1.0

[F] Pattern dimention (mm)

¥The bonding surface on the ceramic side is used as the reference.
¥ Please contact us if you have any specifications for the top side
dimensions of the copper pattern.

min.0.4

min.0.5

min.0.7

min.1.0

[G] Insulation distance (mm)

% The insulation distance between patterns[G’]must satisfy the minimum
dimensional distance.

min.0.4

min.0.5

min.0.6

min.1.0

min.1.2

Pattern Tolerance (mm)

+0.2

+0.3

+0.4

+0.5

[H] Taper dimention (mm)

=0.5D (less than 1/2 of the Cu)

Warp (mm) 0.2/50 Under
Surface roughness (JIS B 0601:2001) Rz=15, (Ra=6)
Peel Strength (JIS C 6481:1996) =9.8kN/m

Plating Electroless plating  Ni/ NiAu

Ni:2~6um / Ni:2~6um, Au:0.05~0.1um

Plating thickness (any measurement point)

Solder Resist

% Please contact us if you have a specific solder resist. UV curing type / Thermosetting type

Solder Resist Thickness 5~45um

“The value of a table is not a guaranteed performance
“Please contact us for possibility of correponding to designs not covered in above chart.



Engineering ceramics
Silicon nitride (SizNa4) ceramics

Among many ceramic materials, namely zirconia, silicon
carbide and alumina, which are known to be used as engineer-
ing fine ceramics, we persistently produce silicon nitride
ceramics as the only material for engineering ceramics.

We have well understood excellent properties such as high
thermal conductivity and high strength of nitride ceramics
from early-stages of the research. Then we have developed
a grain boundary control technology and applied it to make
Silicon nitride ceramics into stable, high-performance,
high-functional materials and components.

Silicon nitride ceramics will show their well-balanced
mechanical properties under high-speed rotation, high-speed
slidingand highvacuum as they have good abrasion resistance,
good corrosionresistance, insulation, heatresistance, etc.

We are looking forward to meet customer's diversified
requirementswith oursilicon nitride ceramics.

High performances of silicon nitride ceramics

Abrasionresistance
and highstrength

TSN-03

Grainboundary
controltechnology

Electricalcorrosion
andabrasionresistance

"

TSN-23

Typical values for properties of engineering ceramics

Heatresistnace
TSN-08

Silicon nitrides (SizN4)

Items HlEg LN Unit
method TSN-03 TSN-08 TSN-23
Density JIS 78807 RT Mg/m? 3.23 3.27 3.27
Hardness JISR1601 HV (20kgf) 1,500 1,600 1,500
h int JIS R1601 RT MPa 1,000 1,000 900
bendingatrength o elyzg |1000°C MPa 750 900 700
1200°C MPa 450 850 400
Conpressionstrengh RT MPa 5,000 4,500 4,000
. Young'smodulus JIS R1602 RT GPa 308 308 313
Mechanical Poisson'sratio JIS R1602 0.29 0.29 0.28
and
thermal Fracturetoughness ASTM F2094 RT MPa - m*? 6~8 6~8 5~7
BICRETE Specificheat JISR1611 J/kg - K 680 680 680
Thermalconductivity JISR1611 W/m - K 20 20 25
thae ool on | JISRIEIS | RT-800°C | x109K 30 30 30
temLZ?&EiL?iZ?&ce (ATc) c 800 900 700
Electrical Dielectricstrength JIS C2110-1 50Hz kV/mm >14 >14 >14
properties Volume resistivity JIS C2141 RT Q'm >1012 >1012 >10%
Corrosion* Acid Good Good Good
resistance Alkali Good Good Good
Features Highstrength Heatresistant é:rr;ssl%r;]rfesslis;[fanntt

Abrasionresistant

Abrasionresistant

(Electrical corrosion)

Recommendatoryapplications

Bearings
Engineparts
Mechanical parts

Mechanicalparts
Refractorytools
Heat-resistantand
abrasion-resistantparts

Bearings
Engineparts

*Corrosionresistances were measured underfollowingconditions.
Acid; 96 hoursimmersion at RTin 36%HCE,95%H.S0:and 60%HNOs  Alkali;In 5%NaOH and 40%NaOH

Thevaluesinthetablearereferencevalues, notguaranteedvalues.



Engineering ceramics [Silicon nitride (SisN4) ceramics]

Silicon nitride (SisN4) Bearing Balls

We offer light-weight, high strength, high rigidty and high
abrasion resistant silicon nitride (SisN4) ceramics for

structural parts. They are especially fit for bearing balls and

applied to various lines of industrial use.

Comparison of propertiesbetweensilicon nitride (SizN4)
ceramicsand high carbon chrome bearingsteels;
andfeaturesof ceramicbearings

& &
Wt
& S

[tem Unit Siliconnitrides Bearingsteels (SUJ) Features of ceramicbearings
Thermalresistance °C 800 180 Heavy-duty bearingsunderelevated temperature
Density Mg/m? 3.24 7.8 Low centrifugalforcetorolling balls, causing longlifeand lowtemperaturerising
Coefficientof . Minimum dimensionaldeviationininnerclearancesbytemperaturerising,
thermal expansion x107/K 30 125 causinglowvibrationand smallchangein pressurization
Hardness Hv (20kgf) 1500 750
Young'smodulus GPa 308 208 Minimum deformationinrollingcontact members, causing highrigidness
Poisson'sratio 0.29 03
Corrosion resistance Good Notgood Serviceable underchemicalenvironmentsincludingacidicandalkalinesolutions
Magnetism Nonmagnetism | Ferromagnetic material | Minimum rotational fluctuation made by magnetization under strong magneticfield
Electricconductivity Insulator Conductor Noelectriccorrosion especiallyin generatorsand motors
Modeofbonding Covalentbonding |  Metallicbonding | Minimum adhesion of contact parts caused by oil film breaking

Thevaluesinthetablearereferencevalues, notguaranteedvalues.

Results ofload withstanding testfor various ceramics

Test
conditions Lubrication Spindleoil Tapwater
Mating 3/8"highcarbonchrome | 3/8”siliconnitrides (SisN4)
material bearingsteel (SUJ2)balls bearingballs
Load Step-upcyclicstressloadingevery 1.08 x 10" times
Rotation number 1,200rpm
Sriliconnitrides
Load for Zirconia | (SisNa) Loadfor
individual 1250 (2r02) individual 1250
ballbyN ballbyN
1,000 1,000 Sriliconnitfdes
(SiaN4)
750 750
500 Silicone 500 (Zzi:g;)nia
E:saigonate
: Alumina
250 Oi;zrg;;\a 250 | (A:03)
X Silicone Carbonate (SiC)
0 108 216 324 432 54 648 756 864 0 108 216 324 432 54 648 756 864
Stresscycletime x 10 Stresscycletime x 10

Courtesy of JTEKT Corporation



Engineering ceramics [Silicon nitride (SisN4) ceramics]
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Silicon nitride (SisNs) ceramics for automobiles

Silicon nitride ceramics, which are lighter than conventional
metal parts, have high wear resistance, and have excellent
corrosion resistance, were jointly developed in 1987 with
Cummins Engine, the largest diesel engine manufacturer in the
United States atthetime, andithasbeen adopted for
wear-resistant parts of the fuel system of diesel vehicles.
Today, it is also used in parts of common rail systems for diesel
fuel injection equipment.

Recently, silicon nitride ceramic balls, which have excellent wear
resistance, have been adopted as a countermeasure against
electrolytic corrosion of bearings used in electric vehicle (EV)
motors, and are used as materials that can contribute to
environmental problems.

By fusing "product technology" and "material technology"
cultivated over 30 years in this way, we will provide products
with excellent cost performance.

Bearingof motorforelectricvehicle (EV)



RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

« TOSHIBA reserves the right to make changes to the information in this document and related Product without notice..

+ This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

« Though TOSHIBA works continually to improve Product's quality and reliability, Product may be subject to characteristic changes,
damage, or malfunction due to changes in the environment, such as temperature or atmosphere. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which characteristic change, damage and malfunction of Product could cause loss of human
life, bodily injury or damage to property. Before customers use the Product, create designs including the Product, or incorporate
the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA
information, including without limitation, this document, the specifications, and the data sheets and (b) the instructions for the
application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or
applications; (b) evaluating and determining the applicability of any information contained in this document, or in charts, diagrams,
programs, or any other referenced documents; and (c) validating all operating parameters for such designs and applications.
TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY
HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN
LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for specific
applications as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities,
equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles,
trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or explosions, safety
devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA
ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

Do not disassemble, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license
to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT,
AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT
LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF
PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES
AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the
U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly prohibited
except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A
RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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1-1, Shibaura 1-Chome, Minato-ku, Tokyo 105-8001, Japan
Tel: +81-3-3457-4874 Fax: +81-3-5444-9235
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Level 11, Tower 2, Grand Century Place, No. 193 Prince Edward Road West, Mongkok, Kowloon, Hong Kong
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