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Billions of Connections, One Solution

Skyworks has been enabling wireless connectivity

for over a decade. However, given growing consumer
demand for wireless ubiquity and the desire for anytime,
anywhere access, there are billions of connections yet to
be made.

With our high-performance analog semiconductors,
Skyworks is linking people, places, and things across a
growing number of markets and applications — bringing
everyone closer to vital information wherever it is
needed.

Skyworks is a global company with engineering,
marketing, operations, sales and support facilities
located throughout Asia, Europe and North America.
For more information, please visit Skyworks'’
website at www.skywaorksinc.com.

| A Leader in Advanced Technical Ceramics

Skywaorks Solutions, through its wholly-owned subsidiary Trans-Tech, is the industry leader in technical ceramics. With
over 60 years of experience, we offer a complete line of high guality, low-cost ceramic-based materials for a number of
RF and microwave markets including wireless communications, infrastructure, military, cable television and broadband
access. Qur tightly controlled processes—from raw materials to forming, firing, finishing, assembly and test—produce
the highest quality and the most consistently reproducible components available today for both low and high volume
requirements. Our portfolio includes dielectric resonators and coaxial transmission line elements for dielectric resonator
oscillator (DRO) and voltage-controlled oscillator (VCO) applications, ceramic bandpass filters, ferrite and garnet material
for circulators/isolators, and advanced materials in technical powders or ingot form.

Our in-house manufacturing capability enables us to deliver materials ranging from custom particle size distributions for
thermal barrier coatings and fuel cells, to machined precision components.
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Advanced Materials

| Microwave Absorbers and Dielectric Modifiers

Our Advanced Materials portfolio offers a variety of magnetic absorber powders operating at a frequency range
from 1 MHz to several GHz.

Advantages of Hexagonal Ferrites for Microwave Absorbers

For an incident electromagnetic wave, the surface of a conductor cannot support a transverse electric field because the
electric field is maximized at a guarter wave above the surface. Conversely, the maximum of the magnetic field occurs

at the surface of a conductor. In order to be placed at the maximum field for utmost effectiveness, an absorber, which
works on electrical properties such as silicone rubber loaded with carbon particles, must be at least a quarter-wavelength
thick. Many commercially available magnetic absorbers create eddy currents in a magnetic conductor, such as iron. The
eddy currents then act as the loss mechanism. Conductive materials
can create unwanted reflections of electromagnetic waves. An
absaorber, which works on magnetic principles, can be much thinner
since the interaction is maximized at the surface.

» The loss mechanism of our hexagonal ferrites lies in the inherent
loss factor of the materials at high frequencies — the materials are
nonconductive.

» By controlling chemistry and processing, the loss characteristics
can be tailored to the customer’s needs for a specific application
frequency.

* Inmany cases, dispersing magnetic absorber powders in a
polymer matrix can tailor the dielectric constant and magnetic
permeability, adjusting the impedance of the absorber to further
minimize reflections.

Custom Powder Compositions and Morphologies

| Medical Materials

We offer high-quality powders of hydroxylapatite and beta-tricalcium
phosphate for specialty medical applications including feedstock for
natural human bone cell growth. Powders can be milled (1-5 micron) or
plasma sprayable (custom particle size).

Our industry proven biomedical materials are backed by years of
commercial use and extensive process refinement.

Biomedical Materials
Hydroxylapatite Ca, (PO,),(OH), —
BTCP Ca,(PO,)

Custom Powders and Thermal Barrier Ingots

www.skyworksinc.com | 3



Advanced Materials

| Thermal and Environmental Barrier Coatings

With our in-house manufacturing capability, we can deliver materials that range from custom particle size distributions
for thermal barrier coatings and fuel cells, to machined precision components.

Our ingots continue to be the industry standard for EB-PVD. Our material purity, controlled processing, and uniform
density provide a controlled meltpool with minimal eruptions and spitting.
As a result, we are your source for advanced, state-of-the art, low thermal

conductivity ingots and powders.

Ingots for EB-PVD
« PWA 36361 (approved supplier)

« GE AS50TF299 (approved supplier)

+ Custom compositions, including the challenging pyrochlore-forming rare

earth zirconates and hafnate
Thermal Spray Powders
« PWA 1375 (conforms)
« GE A50TF278 (conforms)

» Custom compositions

» QOur spray dry and sinter manufacturing process produces structurally
stable spherical particles with excellent flow properties and high

chemical purity

| Solid Oxide Fuel Cells (SOFC)

With cost levels set for the commercialization of solid oxide fuel
cells, our low-cost, salid-state reaction manufacturing process
can help achieve your goals. We offer the complete ceramic oxide
solution:

Cathode: Conductive perovskites, including alkaline-earth doped
lanthanide manganites, cobaltite, nickelates and ferrites, as well
as solid solutions of the above compositions

Electrolyte: Stabilized zirconia (YSZ), as well as lanthanide or
yttria doped ceria

Anode Powder: Homogeneous blend of nickel oxide, YSZ, and
specialty formulations

Interconnects: Lanthanide chromites and specialty ceramic
formulations

4 | www.skywarksinc.com
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Advanced Materials

| Powders

Our experts in the field of ceramic powder processing can produce a broad range of oxide ceramic compositions
tailored to your specific chemistry and particle characteristic requirements. With more than 60 years of experience
in manufacturing one of the most comprehensive oxide ceramic product offerings worldwide, we can deliver

a consistent, high quality product at a reasonable cost. If you don’t find what you need below, contact us at
rfceramics@skywaorksinc.com. We can probably make it!

Thermal Barrier Coatings
Yttria Stabilized Zirconia

Monoclinic Lanthanum Aluminate oxides
Barium Neodymium Titanate based powders

Cubic or tetragonal Stabilized Zirconia
- with multiple stabilizer options

Cubic or tetragonal Stabilized Hafnia
- with multiple stabilizer options

Solid solutions of the above Zirconias and
Hafnias

Lanthanide Zirconate Pyrochlores
- provides lower thermal conductivity

Lanthanide Hafnate Pyrachlores
- provides higher operating temperatures

LaYbO, or other Interlanthanide Perovskites
Ln,Ta(Nb)O, Pyrochlores

Environmental Barrier Coatings
Barium Strontium Aluminum Silicate

Ytterbium Silicate
Lutetium Silicate
Mullite

Solid Oxide Fuel Cell Materials
Manganites
Ferrites
Ferrite-Cobaltites
Cobaltites
Doped Ceria
Proton Conductors
BaZr,, Y0

X~ 3-1/2x

BaCe Y 0

-x)  x 3-1/2x

Specialty Aluminate Powders

Garnets
Y,ALO, (YAQ)

Y ALO,,:Ln’ (doped-YAG)

5712°
Ln JALD
Spinels
MgALQ, (pure and doped)
ZnAlLO,
M'ALLO,
Perovskites
YAIO, (YAP)
LnAID,

Magnetoplumbites
LnMgAl 0.,
LnZnAl_ O

11719
Specialty Aluminum Oxides
LIAID,
Cordierite

Dielectric Oxides
Ba, Sr TiO,
BazrO,
Ba-Ti-O Powders
Ba-Ln-Ti-O Powders

Specialty Dielectrics

Titanates, Niobates, Tantalates

SrZrO3
SITiO,
CaTio,
CaCuTi,O,,

Specialty Hexagonal Ferrite
Powders and Ceramic Products

M-Type
BaFe O

12719

BaFe, , M" MY O,

12-2x

Z-Type
Ba,Co,Fe,,0,, (Co,Z)

247 M4

BaZnFeO( ,Z)

2474

Ba,M'" Fe,,0 (l\/l‘I Z)

2474

Y-Type

Ba Eo Fe O

12722

Ba Zn Fe O

12722

SrCo Fe 0

12722

San Fe O

12722
W-Type
BaCo,Fe, 0

16727

BaZn Fe O

16 727

BaNl Fe 0

16727

BaMn Fe O

16727

Biomedical Materials

Hydroxylapatite Ca, (PO,),(0H),
B-TCP Ca,(PO,),



mailto:rfceramics%40skyworksinc.com?subject=

Advanced Materials

| Custom Compositions

Need a custom composition? We have a team of experienced material scientists with expertise in the synthesis
and analysis of ceramic oxides. When combined with our in-house analytical capabilities, we are the obvious choice
for all your custom composition needs. In addition, our diverse inventory of raw materials and access to a variety of
suppliers allow us to secure laboratory batches from one to 100 kilograms in just a few weeks.

Our Capabilities

| In-house Analysis

« Scanning electron microscope (SEM) with energy dispersive
X-ray capability (EDAX)

« X-ray diffraction (XRD)

« X-ray fluorescence (XRF)

 Particle size distribution using laser light scattering
 Surface area analysis using BET method

« High temperature electrical conductivity (up to 1000 °C)

« Thermogravimetric Analysis (TGA)

» Dilatometer for thermal expansion coefficient determination

 Optical microscopy

| Production

Our high volume, solid state reaction manufacturing process
allows us to provide low cost materials and large homogeneous
batch sizes. Typical powders range in particle sizes (D50) below
two microns and have surface areas up to eight m?/g. Standard
forming methods can also be used to produce a variety of custom
component shapes.

» Homogeneous lot sizes up to 3600 kgs

 Production capacity in excess of 500,000 kgs per year

+ Urethane lined vibratory energy mills with ultra low wear media provide
tight particle size distributions while minimizing media contamination

« Batch AND continuous kilns up to 1700 °C in a variety of atmospheres
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Skyworks Sales Offices

USA

Headquarters: Massachusetts
Skyworks Solutions

20 Sylvan Road

Woburn, MA 01801
Telephone: (781) 376-3000
Fax: (781) 376-3100
sales@skyworksinc.com

California

Skyworks Solutions

5221 California Avenue
Irvine, CA 92617
Telephone: (949) 231-3000
Fax: (949) 231-3206
sales@skyworksinc.com

Skyworks Solutions

2740 Zanker Road

San Jose, CA 95134
Telephone: (408) 232-2900
Fax: (408) 232-2902
sales@skyworksinc.com

Maryland

Skyworks Solutions

5520 Adamstown Road
Adamstown, MD 21710
Telephone: (301) 695-9400
Fax: (301) 695-7065
transtech@skyworksinc.com

@ Sales Offices
<+ Design Centers
* Manufacturing

EUROPE

France

Skyworks Solutions

60 rue Saint André des Arts
Batiment D

75006 Paris

France

Telephone: +33 143548540

Fax: +33143540005
irene.pfeiffer@skyworksinc.com

United Kingdom

Skyworks Solutions

Ground Floor, Riverside House
Riverside

Bishop's Stortford

Herts CM23 3A)

United Kingdom

Telephone: +44 7920 838883
will.kerley@skyworksinc.com

Finland

Skyworks Solutions

Keilaranta 16 (5th Floor)
FIN-02150 Espoo

Finland

Telephone: +358 925107131

Fax: +358 92510 7129
tommi.hiillos@skyworksinc.com

ASIA « PACIFIC

China

Skyworks Solutions

Unit 1201-1203 and 1206, Bldg# A,
No. 868 Yinghua Road

Pudong, Shanghai, China, PRC
Telephone: +86 2123066230

ext. 60167

Fax: +86 2133663398
elaine.zhao@skyworksinc.com

Skyworks Solutions

Room 2701, 27/F Tower 3
Kerry Plaza

No. 1Zhongxinsi Road

Futian District

Shenzhen 518048 China PRC
Telephone: +86 755 8828 8399
Fax: +86 755 8828 8358
jesse.li@skyworksinc.com

Skyworks Solutions

Suite 1315, Tower B, COFCO Plaza, No. 8

Jianguomennei Avenue
Dongcheng District

Beijing 100005 China PRC
Telephone: +8610 652 60859
ext. 61602

Fax: +8610 652 61358
abby.huang@skyworksinc.com

»
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Japan

Skyworks Solutions

Tokyo Opera City Tower 36F

3-20-2 Nishi-Shinjuku

Shinjuku-ku

Tokyo, 163-1436

Japan

Telephone: +813 5308 5180

Fax: +813 5308 5190
ahihiro.karikomi@skyworksinc.com

Korea

Skyworks Solutions

POSCO Center (West Wing 12F)
440 Taeheran-ro, Gangnam-ku
Seoul, 06194, Korea
Telephone: +82 234903800
Fax: +82 2553 5459
juhee.lee@skyworksinc.com

Singapore

Skyworks Solutions

10 Ang Mo Kio Street 65

#05-15/16 Techpoint

Singapore 569059

Telephone: +65 64031971

Fax: +65 64031931
yuenfong.choong@skyworksinc.com

Taiwan

Skyworks Solutions

4 F, #198, Section 2

Tun Hwa S. Road

Taipei 106, Taiwan ROC
Telephone: +8862 5559 8992
Fax: +8662 27356508
joanna.wu@skyworksinc.com

For more information about all of our advanced material solutions,

please visit us at www.skyworksinc.com/technicalceramics.
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Copyright © 2017 Trans-Tech Inc., Inc. All Rights Reserved.

Information in this document is provided in connection with Trans-Tech, Inc. (“Trans-
Tech”), a wholly-owned subsidiary of Skyworks Solutions, Inc. These materials, including
the information contained herein, are provided by Trans-Tech as a service to its customers
and may be used for informational purposes only by the customer. Trans-Tech assumes
no responsibility for errors or omissions in these materials or the information contained
herein. Trans-Tech may change its documentation, products, services, specifications

or product descriptions at any time, without notice. Trans-Tech makes no commitment

to update the materials orinformation and shall have no responsibility whatsoever for
conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any
intellectual property rights by this document. Trans-Tech assumes no liability for any
materials, products or information provided hereunder, including the sale, distribution,
reproduction or use of Trans-Tech products, information or materials, except as may be
provided in Trans-Tech Terms and Conditions of Sale.

THE MATERIALS, PRODUCTS, AND INFORMATION ARE PROVIDED “AS IS” WITHOUT
WARRANTY OF ANY KIND,WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE,
INCLUDING FITNESS FOR A PARTICULAR PURPOSE OR USE, MERCHANTABILITY,
PERFORMANCE, QUALITY, OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY
RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED. TRANS-TECH
DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION,

TEXT, GRAPHICS, OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. TRANS-
TECH SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO
ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES,
INCLUDING WITHOUT LIMITATION, LOST REVENUES OR LOST PROFITS THAT MAY
RESULT FROM THE USE OF THE MATERIALS OR INFORMATION WHETHER OR NOT THE
RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Trans-Tech products are not intended for use in medical, lifesaving, or life-sustaining
applications, or other equipment in which the failure of the Trans-Tech products could lead
to personal injury, death, or physical or environmental damage. Trans-Tech customers
using or selling Trans-Tech products for use in such applications do so at their own risk and
agree to fully indemnify Trans-Tech for any damages resulting from such improper use

or sale. Customers are responsible for their products and applications using Trans-Tech
products, which may deviate from published specifications as a result of design defects,
errors, or operation of products outside of published parameters or design specifications.
Customers should include design and operating safeguards to minimize these and other
risks. Trans-Tech assumes no liability for applications assistance, customer product
design, or damage to any equipment resulting from the use of Trans-Tech products
outside of stated published specifications or parameters.

Skyworks and the Skyworks symbol are trademarks or registered trademarks of
Skyworks Solutions, Inc., in the United States and other countries. Third-party brands
and names are for identification purposes only, and are the property of their respective
owners.

Skyworks Solutions, Inc. | NASDAQ: SWKS | rfceramics@skyworksinc.com
Phone: 301.695.9400 | Fax: 301.695.7065 | BR0422-17A5/17 | (NI
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