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Company Profile O
MEMS

Three businesses: Aerospace, Industrial Equipment, and ICT

Landing gear Heat exchanger

Business Mix (results for fiscal 2022)

Net sales 46.9 billion yen

Aerospace
[MEMS Davices/Sansors, aic. BUSineSS

\ -

Industrial heat exchanger Hydraulic equipment

Industrial
Equipment
Business

MEMS device/ Foundry

- mp

Employees 1,712 people “ i
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ICT

location ~ Amagasaki, Japan Business




MEMS Business — History

MEMS business with over 30 years of history

1392 Fundamental study on MEMS device started.

MEMS Manufacturing equipment, IX200 on sale. Hands-on lab was founded.

CO

MEMS

1995 Silicon deep RIE equipment (Si-DRIE) on sale

SPT

Equipment Development
SPP Technologies Co., Ltd.

1998 MEMS accelerators were on manufactured and on sale

SUMITOMO PRECISION PRODUCTS CO,, LTD.

Device Development
Sumitomo Precision Products

Joint venture with BAE Systems in UK was founded for S|L|CON0 Foundry
1999 manufacturing and sales of MEMS gyroscope SENSING. SILICON SENSING
2009 Launch of inertial system attitude angle detector (AMU) A/ Inertial Systems Division
Northfinder
2023 Establishment of new organization MEMSeo(infinity) MEMS CO  MEMSee
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Experience in developing all types of MEMS devices é)

Example of
sensor design

Infrared sensor

Example of
actuator design

Scan mirror Mirror switch

Wavelength filter

MPM24-018
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MEMS devices and system products é)

Developing products that apply high-sensitivity inertial sensors MEMS
SILICON™
SENSING. N A/ Northfinder. N
© Model:CRHO3 T e
velocity

- Inertial sensor with 6 degrees
of freedom is installed inside
the system product

AN

In MEMS type gyroscope
World's highest precision

Developed by Sumitomo Precision Products,
Manufactured and sold by Silicon Sensing Systems
Cumulatively sold about 30 million inertial sensors

- .
« SUMITOMO PRECISION PRODUCTS CO., LTD.




MEMS foundry :)

Our foundry services are strong in PZT thin film deposition and Si deep etching processing, and we will utilize our own M E M S
MEMS gyroscope sensors production experience to mass produce MEMS devices that meet customer needs.

— SILICON™

SENSING. Amagasaki factory (6”/8"” fab)

Operated under “Japanese quality” standard

SUPERIOR 5ENSORS

SILICON® &2
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Slit Etching

Fine pillar etchln;';

Taper Etching 1
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MEMS/semiconductor manufacturing equipment CO
SPT not only has well-known Si DRIE, but also has a variety of film deposition and etching equipment. M EM S

- §Pf p

SPP Technologies Co, Ltd.
All designed & Manufactured in Japan

SiC, compound/oxide film etching equipment Silicon DRIE equipment Silicon oxide sacrificial layer etching PECVD equipment for oxide film/nitride film
Sirius/Spica Predeus/Proxion equipment Cetus
NiPNi24-018
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Our reputation in MEMS industry ~case 1~ (IEEE MEMS 2024) (_?C)
AUSTIN,TEXAS & MZI-ZSMWIY M E M S

Sponsors » Current Support
Z
—— THE 2024

PROGRAM COMMITTEE (continued) @ IEEE ME‘"MS JMzg |i; =g
ROOCHON LT .. oo cecnsmmarrsasasamssosssmamisissstnroasia sensssss University of Texas, Austin, USA " [EE MEMS TECHMICAL C m "'°"°"“""'° "-""““ ““”‘“""“ 5'5“"5 ST
JANMiN MEBO .....cocovrsece e Shanghai Jiaotong University, CHINA
leoshl Mwaﬂma atsecninennsnsndntiassrnanss s‘mtm RECISOH PIDdUC'S CO, The Robert Bosch Micro and Nano Electro Mechanical Systems Award was
Farnzz Mirnui Macearhucath Inctitite nf Ty A ooy mmzéﬁ:ﬂ;‘z:a:mmm

nano- systems

Diamond Benpfactor

The 2024 Bosch Award will be presented on
Monday, 22 January at 08:30.

SUSUMU KAMINAGA
SUMITOMO PRECISION \\ " o Reactveon kg Tochnlogy /J

Hiroshi Miyajima
. Sumitomo Precision Products Co. Ltd.
JAPAN

PRODUCTS CO,, LTD.

before joining Sumitomo Precision Products (SPP), Japan (n 1969. Through his
career with technological background in the Industry, he made a lot of achievements
for MEMS, especially, R&D and commercialization of deep reactive ion etching
(DRIE) technology based on Robert Bosch invented Bosch Process. Initially, he ran

Gold Be nefactor Surface Technology Systems (STS) in UK. to take initiative of the R&D and

of DREE under with Robert Bosch. The

7R N worid first DRIE tool was introduced into the market in 1995. The technology has
(\ ) Bosc H ‘\ TE LE DY N E enabled many new MEMS devices to emerge and contribute to rapid growth of
\ H’ , I - sod MEMS application for automotive, inkjet printers, disptays, smartphones, healthcare
- ile.qugmen and loT. It has been said in the MEMS society that those applications could not be
Invented for life Teledyne MEMS e vl vt e ad o RE
He founded SPTS Technologies and SPP Technologies (SPT) as SPP's affiliated
companies to focus on further development and commercialization of
MEMS technologies. He is keeping invoived even
now in supporting further development and
commercialization of DRIE technology. He has
given hundreds of speeches at academia,
industry and international conferences
Including many IEEE organized ones. His
talks inspired researchers, engineers and
managers to develop MEMS technology
for the purpose of new business creation
in the world of loT and smart societies. He

was a member of External Advisory Board of
the Mechanical Engineering Department at the
University of Califomia, Berkeley from 2007 to

TVIT Teii= T OO
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Our reputation in MEMS industry ~case 2~ (PiezoMEMS-2024) cé)

We have sponsored in PiezoMEMS 2024 MEMS

(Mar19-20, 2024, Aachen, Germany). i
y PIeZOMEI\w/LS SILVER SPONSORS

A Milman
W e ~c8l|
B )

_—— |0

el MILMAN®
piemacsf
QUANSCIENT

Sumitomo Precision Products

SUMITOMO PRECISION PRODUCTS CO., LTD.
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The Complete
PZT Solution:

AM FITZQ era | d an d Home About Program Events Awards Authors Sponsors

MEMS Infinity

Hilton Head Workshop 2024: Important Info:
A Solid-State Sensors, Actuators and Microsystems
A + Workshop 2024 Award Winners
v 2.6 Jiiiie 2024 Hilton Head 2024 Flyer
J AMFITZGERALD MEM S
| e b il
130 Shipyard Drive -
e _— Hilton Head Island, SC 29928 = oN
Driving Innovation in PZT Ehg e EAr 122100 “-LT HEAB
MEMS Products Fax 1-843-842-6503 VIEW
P IARTICLEI
5 enera air
Spansared by: Jenna F. Chan, DEVCOM Army Research Laboratory I

I.I.l!.l‘ DTZTRANSDUCER Program Chair  $[®]in|
N —— Swaminathan Rajaraman, University of Central Florida
Invited Speakers: 40 Years of MEMS Success

Our alliance checks all the boxes

Delivers all the benefits of piezoelectric MEMS in a superior thin-film material: performance, thickness,
environmental robustness ey % FORTY YEARS OF MEMS INNOVATION AT HILTON HEAD WORKSHOP: FROM EMERGING TECHNOLOGIES TO COMMERCIAL
Optimizes sensing and actuation for performance-intensive MEMS devices g PRODUCTS
= Alissa M. Fitzgerald, Ph.D.
- AMFitzgerald, USA

Provides application-specific advantages for ultrasound transceivers, micro-speakers, micromirrors,
microfluidics and more

Unlocks ial p ial of ging piezoelectric MEMS devices

We provide an integrated product development experience

We work together to guide your design lessly from pt development and prototype through test

and volume fabrication.

We are AMFitzgerald and Sumitomo Precision Products Co., Lid.

EN4E b
Learn more: !
=

AMFitzgerald MEMS Infinity
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MEMS Infinity’s device commercialization support service
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Overcoming the major barriers of each stage of commercialization Q O

* How can you balance your

initial investment with the time
needed to reach mass
production?

How can you formulate a concept?
What if the manufacturing method is
unknown?

What if there are problems with
manufacturing equipment?

« SUMITOMO PRECISION PRODUCTS CO., LTD.
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MEMS Infinity is ready to help QO

We have the expertise to break through the barriers of device MEMS

MPM24-018
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MEMS Infinity’s technological strength C\b
. . /
PZT thin film technology MEMS

Together with our affiliated companies, we have decades perfecting PZT thin films in MEMS manufacturing—

sputtering deposition and device fabrication.
| | Our PZT film |

[Common PZT film]

piezoelectric thin film

Actuator

Transducer

Main devices used

PMUT gyroscope

Acceleration sensor

inkjet printer head

micro speaker

microphone

MPM24-018
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Comprehensive PZT thin film line-up

® Our PZT thin film offerings having higher d;, and
lower e,

CO

MEMS

® Our Poly-PZT has high FOM (Act-FOM) for actuators

Comparison of PZT thin film

® Our Epi-PZT has high FOM (Tr-FOM) for transducers 250 —— — -
(i.e., emitting and receiving device) ‘e@é\f, ‘Emy_pg,»f""
® Our Novel-PZT has intermediate feature between |= 500 ‘@&0?2/ g /;,;;" 4
Poly-PZT and Epi-PZT. I % 27 @|NoverpzT R s/
S Epi-PZT_, % ] 2 ’
Type Novel-PZT Epi-PZT Poly-PZT :‘_'CJ X\?ﬁ’/ o
PZT composition MPB Ti-rich MPB MPB g 10 ""@7" &Oa‘:
5 465 239 354 900 S J oA ° ,»’(;QQ’O
Act-FOM (=-ds,) 191 pm/V 140 pm/V 170 pm/V 240 pm/V 2 ol =
(=ey ;)| 143C/m2 10.4C/m? 12.7C/m2 17.9 C/m? & 100
Tr-FOM (o< (dy,2)/e,) 50 GPa 52 GPa 52 GPa 40 GPa el @ Sumitomo Precision Group
tand <0.03 <0.03 <0.03 : A Competitors
Stress (tensile) 89 MPa 200 MPa 30 MPa 50 l
Wafer type Bulk Si or SOI Bulk Si or SO Bulk Si or SOI 500 1000 1500
Wafer size 6" or 8" 6" or 8" 6" or 8" z relative permittivity
PZT thickness 2 um 2 um 1~5 um
MPM24-018
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Our technological strength: Silicon deep etching b
MEMS

We’ve achieved the world's highest level of high selectivity and high etch rate while
optimizing verticality, side wall roughness, and CD loss.

Processing example

High aspect ratio Multi-steps Tapered shape
03- ‘W’W’T‘

High aspect ratio slits Micro pillars IPM24-018
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Our technological strength: Silicon deep etching é)

Example devices realized through Silicon deep etching process
Example) Inkjet head Example) Power device
04
Ex'am'ple)' Accelerometer Example) Gyroscope sensor 4 Example) MEMS optical switch
MPM24-018
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MEMS Infinity vs. the competitors QO

Com parison table for MEMS design Wafer process
Volume

service areas between our company ducti
. 6 inches Over B
and other companies Structure _
or less 6 inches
@

Design development service provider

Foundry
[From concept verification [ o ®
to small volume production]

Foundry
. .
MEMS CO @ * o ® O
MPM24-018
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We have MEMS device design covered C \3

* We provide development support from the design stage of MEMS devices to bring product ideas to life. M E M S

* We offer support from device design to simulation.

* Through collaboration with our in-house fab and university institutions, we provide valuable services.

0}

P

Adaptation to

various MEMS-specific

processes

Device design
with a focus on
final productization

N

~

Highly flexible research
and
development environment

«® SUMITOMO PRECISION PRODUCTS CO., LTD.

Structural design/simulation

We will listen to your requirements and
conduct concurrent design and
development from the initial structural
design. By performing model analysis
using FEM (Finite Element Method), we
can analyze the behavior of different
materials under load, vibration, and
heat, and derive the optimal structure.

Process design/prototype production

After simulation, the device and process design will be carried out. The
formation of piezoelectric elements, as well as processes such as film
deposition, dry etching, and wet etching, will be repeated to prototype the
MEMS device.

MPM24-018




Foundry Service (MEMS device development)
Service flow Prototype process MEMS

©; cO

. . . I4 Wafer (Si or SOI)
.-‘ MEM S Wafer cleaning (SC1)

Thermal oxidation

know-how Bottc:m eleclro_d.e deposition (Ti/Pt) PZT/bottom electrode/
PZT film deposition (standard 3um) {1-5um) $i oxide patterning
Top electrode deposition (Ti/Au or Ti/Pt) (dry etching)

PZT patterning
(wet etching)

inquiry

v

Development concept

Meeting/Consulting Technical consideration

A

Prototype design

Top electrode patterning Si or SOl patterning

(dry etching) (Deep RIE)

) General specifications/
Establishment of requests

outline specifications

v

Producability/Revisions Wafer thinning
Specification proposal/ rough estimate (Back grinding)

estimate
Si deep etching process

A

Specifications study

Estimated specifications/
Specifications confirmed entry sheet

01

v

Specifications confirmed

Delivery specifications/ )
estimate Estimate/

delivery date confirmation

r 3

Estimate consideration

fEZX*+ 0w 7HII: 100nm F=N—mI

Examination of
q g q Place your order
delivery specifications

v

Order/ 04

Delivery date confirmed
Product delivery

r'

evaluation Production

T1o0ES5—MT FER b L— A= LT - MPM24'018
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Foundry Service (Volume production)

Unlike traditional semiconductor devices, MEMS have mechanical elements within microstructures, so it is important to measure the behavior M E M S
of dynamic mechanical systems through reliability and durability tests. By creating APQP and summarizing the procedures and processes from
product planning and development to mass production from a quality assurance perspective, we gain a high level of trust from our customers

and ensure a high degree of mutual understanding in all processes.

Quality assurance system

Technology strategy/

proposal

Prototype development

foundry manufacturing

actual Specifications design freeze Productization
development confirmed g
Concept Prototype Pilot model .
Development concept } Start of production
[1st sample] [Second sample] [3rd sample]
Retry development

« SUMITOMO PRECISION PRODUCTS CO., LTD.

changes
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Summary

MPM24-018
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CO

Reasons to choose MEMS Infinity MEMS

» We will propose the optimal solution for customers who are considering MEMS
device design, development, prototyping, and mass production

» Based on our proven high-volume production technology of PZT film deposition for
gyroscopes, we offer seamless services from film deposition to device processing--
all tailored to your needs

» You get access to Predeus, a product from SPP Technologies that is already proven
for mass production of MEMS devices

» We provide high-quality processing with world-class high selectivity and high
etching rates while maintaining verticality, minimal sidewall roughness, and minimal
CD loss.

MPM24-018
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Website LinkedIn
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Thank you

mems-infinity@spp.co.jp
https://www.spp.co.jp/infinity/en/

https://www.linkedin.com



mailto:mems-infinity@spp.co.jp
https://www.spp.co.jp/infinity/en/
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