MICROSCOPY;|
OT FOR RESALE)

Trends, Industry Participaats uct Overviet



Microscopy Markets July 2008

TABLE OF CONTENTS

1 Overview 6

1.1 Statement of Report 6
1.2 Scope of This Report 6
1.3 Obijectives 7

1.4 Methodology 8
15 Aims of This Report 9

1.6 Executive Summary 9

1.7 Trends and Conclusions 10

2 Introduction to Microscopy Markets 11
2.1 Overview of Microscopy Technologies 11

2.1.1  Introduction 11

2.1.2  Basic Optical Microscopy (OM) 11

2.1.3  Electron Microscopy (EM) and Other Charged-Particle Technologies 12
2.1.4  Advanced Optical Microscopy 13

2.1.5  Scanning Probe Microscopy (SPM) 13

2.1.6  Fourier Transform Infrared Microscopy (FT-IR) 14

2.1.7  Ultraviolet Microscopy (UVM) 14

2.1.8  Scanning Acoustic Microscopy (SAM) 14

2.1.9  X-Ray Microscopy / Microtomography (MCT, XMT \Micro-CT) 14
2.2 Market Perspective 14

2.3 Market Analysis 15

2.3.1  Market Size 16

2.3.2  Market Share 17

2.3.3  Key Players 17

2.3.4  Competition 18

2.3.5  Barriers to Growth 18

2.3.6  Market Drivers 18

2.4 Purchasers’ Perspectives 19

3 In-Depth Discussion of Optical(Light) Microscopy (OM) 21
3.1 Lens Systems 22

3.2 Resolution 23

3.3 [llumination Systems 23

3.4 Innovations 24

3.4.1  Stereo*Microscopes 24

3.5 Major Applications of Optical Microscopy 25

3.5.1  Semiconductor Manufacturing 25

3.5.2  Automated Medical Imaging 26

3.5.3  Market Drivers for Automated Systems for Semiconductor and Medical Applications 28
3.5.4  Real-Time Imaging 28

4 In-Depth Discussion of Light-Based Fluorescence, Multi-Photon and Confocal Microscopy 29
4.1 Fluorescence Microscopy 29

4.2 Total Internal Reflection Fluorescence Microscopy (TIRFM) 30

4.3 Multi-Photon Microscopy 30

4.3.1  Basic Principles 30

43.2 Lasers 30

4.3.3  Fluorophores for Multi-Photon Work 31

4.3.4  Uncaging 31

435  Autofluorescence 31

4.4 Laser Scanning Confocal Microscopy (Confocal, LSCM) 31
4.4.1 Basic Principles 32

4.4.2  Confocal System Types 33

© 2008 TriMark Publications, LLC. All rights reserved. 2 www.trimarkpublications.com



Microscopy Markets July 2008

4.4.3  Photobleaching 33

4.5 High-Throughput Fluorescence and Confocal Imaging Systems 33
4.6 Major Players and Products in Optical, Fluorescence, Multi-Photon and Confocal Microscopy 34
4.6.1 BD (Becton, Dickinson and Company) 34

4.6.2  KLA-Tencor Corporation 34

46.3 Korima, Inc. 35

4.6.4  Leica Microsystems, Inc. 35

4.6.5 Nikon Instruments, Inc. 38

4.6.6  Nanomics Imaging, Inc. 39

4.6.7  Olympus Imaging America, Inc. 39

4.6.8  Veeco Instruments, Inc. 40

46.9  Carl Zeiss Microimaging, Inc. 41

4.6.10 Modular Confocal Scanners 42

5 In-Depth Discussion of Scanning Probe Microscopy (SPM), Including Near-Field (NSOM) and Atomic
Force Microscopy (AFM) 44

5.1 Introduction 44

5.2 Near-Field Scanning Optical Microscopy (NSOM) 44
5.2.1  Resonance Frequency 45

5.2.2  Aperture 45

5.2.3 Reflection Mode 45

5.3 Near-Field Scanning Thermal Microscopy (NThM)¢* 45
54 Atomic Force Microscopy (AFM) 45

5.4.1  Semiconductor Applications 46

5.4.2  Magnetic Material Applications 46

5.4.3  Electrochemical Applications 46

5.4.4  Life Sciences Applications 46

5.5 Major Players and Products in Scanning Probe Microscopy“(Including Near-Field and Atomic Force) 47
5.5.1  Agilent Technologies 47
5.5.2  Asylum Research 47

553 JEOL USA, Inc.\ 47

5.5.4  KLA-Tencor Corporation 48

5.5.54" Nanonics Imaging, ltd. 48

5.5.6  Omicron NanoTechnology GmbH 49
5.5.7  Veeco Instruments,iinc. 49

5.5.8  WITec Instruments'Corp. 51

6 In-Depth/Discussion of Infrared and Ultraviolet Microscopy 52

6.1 Fourier-Transfer Infrared Microscopy (FT-IR) 52

6.2 Ultraviolet Microscopy (UVM) 52

6.3 Major Players and Products for Infrared and Ultraviolet Microscopy 53
6.3.1  Bruker Optics, Inc. 53

6.3.2  Craic Technologies 53

6.3.3  KLA-Tencor Corporation 53
6.3.4  Korima, Inc. 54
6.3.5  Thermo Scientific 54

7 In-Depth Discussion of Scanning Acoustic Microscopy, X-Ray Microtomography and Raman
Spectroscopic Microscopy 55

7.1 Scanning Acoustic Microscopy (SAM) 55

7.2 X-Ray Microtomography (CTM, Micro-CT) 56

7.3 Raman Spectroscopic Microscopy 56

8 Major Players and Products in Acoustic Microscopy, X-Ray Microtomography and Raman Microscopy 58
8.1 Major Players in Acoustic Microscopy 58

8.1.1  Sonix, Inc. 58

© 2008 TriMark Publications, LLC. All rights reserved. 3 www.trimarkpublications.com



Microscopy Markets July 2008

8.1.2
8.2

8.2.1
8.2.2
8.3

8.3.1
8.3.2
8.3.3

9

9.1
9.11
9.2
9.21
9.2.2
9.23
9.24
9.25
9.2.6
9.2.7
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10

10
10.1
10.1.1
10.1.2
10.1.3
10.1.4
10.1.5

11

11.1
11.2
11.3
114
11.5
11.6
11.7
11.8

12

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8

Sonoscan, Inc. 58

Major Players in X-Ray Microtomography 59
Cameca Instruments, Inc. 59

SkyScan 59

Major Players in Raman Microscopy 59
Horiba Jobin Yvon, Inc. 59

Renishaw, Inc. 60

Thermo Scientific 60

In-Depth Discussion of Electron Microscopy (EM) and Related Charged-Particle Systems 61
Transmission Electron Microscope (TEM) 61

Electron Sources 62

Scanning Electron Microscope (SEM) 63

Rastering 63

Exploring the Sample 64

Types of Image 64

Environmental SEM (ESEM) and Variable-Pressure SEM (VPSEM) 65
Low-Voltage SEM 66

Tabletop Models 66

Applications 66

Scanning/Transmission Electron Microscope (STEM) 66

Electron Probe Microanalyzer (EPMA, Microprobe)” 67

Auger Electron Microscopy/Spectroscopy (AES, AEM, Auger) 68
Electron Beam (E-Beam) Lithography 68

Focused lon Beam (FIB) and Dual-Beam Microscopes 69

Secondary lon Mass Spectrometry (SIMS) \69
X-Ray Photoelectron Spectroscopy (XPS)/ Electron Spectroscopy for Chemical Analysis (ESCA) 70
Scanning Helium lon Beam Microscopy (SHIM) 70

Ancillary Analytical Attachments \71

Common/Historical Attachments 74

Energy-Dispersive (EDS) and Wavelength-Dispersive (WDS) X-ray Microanalyzers 71
Electron Backscatter-Diffraction (EBSD) 71

Cathodoluminescence (CL) 71

X-Ray Microtomography 71

Raman Spectroscopy 72

Major Players and Products in Electron Beam and Other Charged-Particle Beam Microscopies 73
Cameca Instruments, Inc. 73

FEI Company 74

Hitachi High Technologies America, Inc. 79

JEOL USA, Inc. 81

KLA-Tencor Corporation 86

Omicron NanoTechnology GmbH 86

Vistec Lithography, Inc. 87

Carl Zeiss SMT Corporation 88

Company Profiles 90
Applied Materials, Inc. 90
Applied Precision, Inc. 91
Becton, Dickinson and Company 91

Bio-Rad Laboratories, Incorporated 92
Bruker Optics 93

Buehler 93

Cameca 94

Carl Zeiss, Inc. 94

© 2008 TriMark Publications, LLC. All rights reserved. 4 www.trimarkpublications.com



Microscopy Markets

12.9 Danish Micro Engineering A/S 96
12.10 FEI Company 97

1211 Gatan 98

12.12  Genetix 99

12.13  Hitachi, Ltd. 99

12.14  Inami Corp. 101

12.15 IRIS International 101

12.16 JEOL 103

12.17 KLA-Tencor Corporation 104

12.18 Leica Microsystems (part of Danaher Corporation) 107
12.19  Medical Integrated Services (MIS) 108
12.20  Nanonics Imaging, Ltd. 108

12.21  Nikon, Inc. 109
12.22 NT-MDT 110
12.23  Obducat-CamScan 110

12.24  Olympus Corporation 111

12.25 Omicron Nanotechnology 113

12.26  Pacific Nanotechnology 113

12.27  Park Systems (formerly PSIA) 113
12.28  PerkinElmer 113

12.29  Quesant Instruments 119

12.30  Questar Corporation 119

12.31  Schott North America 120

12.32  Shimadzu Corporation 121

12.33  SlI NanoTechnology 121

12.34  Thermo Fisher Scientific, Inc. 121
12.35 TM Microscopes (ThermoMicroscopes) 125
12.36  TriPath Imaging, Inc. 126

12.37  Veeco Instruments 126
12.38  WITec (Wissenschaftliche Instrumente und\Techhologie) GmbH 128
13 Company Directory 129

INDEX OF EIGURES

Figure 2.1: Global Market for Microscopes, Accessories and Supplies, 2003-2012
Figure 3.1: Basic.€omponents of the Optical Microscope 21
Figure 3.2: Stereo Microscope 24

INDEX OF TABLES

Table 2.1: Global Market for Microscopes and Accessories, 2007-2013 16

Table 2.2: Global Market for Optical Microscopes and Accessories 17

Table 2.3: Global Market for Charged Particle Microscopes and Accessories 17
Table 2.4: Global Market for Scanning Probe Microscopes and Accessories 17
Table 3.1: Basic Components of the Optical Microscope 21

Table 5.1: Types of Scanning Probe Microscopes 44

© 2008 TriMark Publications, LLC. All rights reserved. 5

16

July 2008

www.trimarkpublications.com



Microscopy Markets July 2008

1 Overview
1.1 Statement of Report

The purpose of this report is to describe specific major market segments of the microscope market. It includes
examinations of those microscopy devices operated as light, confocal, electron, ion and scanning probe microscopes.
Also analyzed are applications for certain microscope technology platforms such as semi-conductor processing
systems and automated imaging systems. This study deals primarily with the analysis of market segments of
professional research microscopes used in industrial, clinical and academic laboratories. Emphasis is on the U.S.
markets; however, the worldwide markets are analyzed and discussed as appropriate. Specifically, this analysis
examines those companies and products which are actively developing and marketing microscopy devices.

1.2 Scopeof ThisReport

This examination provides an overview of individual microscopy markets, which are believed_te"possess the
elements that will lead to sustained growth rates for the foreseeable future. The current status of each market is
assessed, with projections for market size, discussions of the market strategies of leading companies in€ach market
segment, and evaluations of the forces that underlie the high growth of each segment. An overview,of the
instruments and supplies marketed by major companies is additionally provided for each market segment. The
market size, growth rates, and market components for instruments used for microscopy are also analyzed.

This report reviews and analyzes the structure of the microsecepy industry as a whole, as well as the patents that
apply to microscopy. The Company Profiles section includes a detailed discussion of the manufacturers that have
pioneered the diverse technologies of microscopy‘and examines how_their latest produets and services are currently
marketed.

The principal objectives of this study are to;

o Identify viable technology drivers through alcomprehensive look at various platform technologies for
microscopes.

e Obtain a complete understanding of the use®of microscopy—predictive, screening, prognostic, diagnostic
and.monitoring—from its basic principles to its applications.

o/ Discover feasible market opportunities by identification of high-growth applications in different imaging
areas, with a focus'on the biggest and expanding markets in microscopy.

o Focus-on'global industry development of microscopy through an in-depth analysis of the major world
markets for microsctopic imaging, including forecasts for growth.

e Establish the essentials of the microscopic imaging market including definitions, processes and trends.

Market figures regarding the current value of the microscopy market are taken from the most recently available data
of the global medical products industry. This examination covers the following categories of microscopy:

Light microscopes.

Electron microscopes.
Confocal microscopes.
Scanning probe microscopes.

Analysis of the microscopy market includes the use of charts and graphs measuring product growth and trends
within the marketplace. In addition, a discussion of research into the microscopy arena provides the reader with a
deeper understanding of the possibilities for future technology development and avenues for possible R&D budgets.
Company-specific information, including sales figures, product pipeline status, and research and development
trends, is provided throughout the report. The study will:

e  Assess the microscopy market drivers and bottlenecks, from the perspective of the medical and scientific
communities.

© 2008 TriMark Publications, LLC. All rights reserved. 6 www.trimarkpublications.com
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o Discuss the potential benefits of the microscopy market for various sectors of the medical and scientific
communities.

e Establish the current total market size and future growth of the microscopy market and analyze the current
size and growth of various segments.

e Provide current and forecasted market shares by company.

e Discuss profit/business opportunities by imaging segment.

e Provide strategic recommendations for near-term business opportunities.

e  Assess current commercial uses of the microscopic technology platforms.

e  Review microscopy product business models.

The emphasis in this analysis is on those companies that are actively developing and marketing microscopy
technologies. The reader should consult other TriMark Publications reports at http://www.trimarkpublications.com
for a detailed discussion of the other important individual market segments that are related to the medical imaging
markets, such as X-ray and radiography, mammography, magnetic resonance imaging (MRI), ultrasound, gamma
camera market, computed tomography (CT) scans, and picture archiving and communication systems (PACS).

This report concentrates on the microscopy market segment in important worldwide markets such assthe U.S., Japan
and Europe. It focuses primarily on the hospital market segment, and, separately, on a description of the instruments,
reagents and supplies marketed by major companies in the microscopy segment The analysis discusses the market
size, growth rates and market components for instruments and reagents, controls and consumables used.in
microscopy. This study reviews the market for microscopy in the'clinical and research hospital market, rather than
the heavy industrial uses of microscopy imaging. It defines the dollar valume of sales of the market, both worldwide
and in the U.S., and analyzes the factors that influence the size\and the growth of the market segments.

The report discusses activity and trends in the migroscopy market'and goes on to discuss in detail the trends that
have stimulated this market. Leading companies are discussed in depth with a section on the history of the company,
the product line, business and marketing\analysis, and a\subjective commentary of the position of the company in its
market. Microscopy products consist of hardware, software and supplies. This report will focus on end-user markets
including hospitals, research facilities, freestanding ¢linicsand equipment-leasing companies.

1.3 Objectives

This feport reviews the microscopy market segments for equipment supporting basic research, clinical usage and the
monitoring and testing of industrial devices. Both the dollar volume of sales in the U.S. and international
microscopy-markets are defined and analyzed via factors that influence the size and growth of the market segments.
Details of market sizes and growth rates, with projections usually through 2013 for U.S. and international markets,
are included.

Activity and trends in the microscopy market are also discussed, including the number of institutional placements,
and the factors that influence purchasing activity. Surveys of the companies known to be marketing, manufacturing
and/or developing microscopy instruments in the U.S. are covered. Each company is discussed in depth with
sections on its history, product lines, business and marketing analysis, and a subjective commentary of the position
of the company in its market. Company profiles have been compiled from annual reports, investment analysis
summaries, and interviews with individuals at the client/company interface who thus often contribute to the
companies’ success or failure, or, due to their key positions, can—and often do—provide important insider
comment.

Included in this analysis are:

e Accurate and up-to-date R&D information from the major microscopy companies.

e ldentification of the unmet needs in current microscopy development markets and how far each product
goes to meet these needs.

e In-depth comparative analyses of individual products.

o  Profiles of current research developments that will impact the microscopy market and the direction that
innovative research will take.
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Report facts at a glance:

e A comprehensive, up-to-date report describing and analyzing microscopy markets.
Data-intensive research—an imperative for the serious player.

Focused identification of key microscopy market segments.

Reader-friendly tables, charts and text formats.

The profiles of leading companies, covering key and niche players worldwide.
Market data, tables, shares, analyses, trends, etc.

Research assisted by many key players worldwide.

1.4 Methodology

The information in this study is based on interviews with sales and marketing professionals of companies in the
microscopy market. People from virtually every company mentioned were queried, some sevetal times, about their
companies’ products and marketing strategies as well as their overall thoughts about their industry segment.
Information was also obtained from interviews with founders, chief executive officers and vice presidéents of some
of the companies discussed in the report. The actual use of many of the microscopy technology platforms described
in this report was based upon the lab experience of one of the authors.

Sources of information for the study were trade association publications and meetings, product brochures and
catalogs and company literature. When the companies underiscussion\were publicly held, an examination of the
annual reports, 10k filings and financial reports were used as the basis of the data reported. important data sources
include the Health for All Database of the World Health Organization{(\WHO), data published by the statistical
office of the European Communities (Eurostat), as well as variousthealth data from the United Nations and the
Organization for Economic Cooperation and Development. When possible and practicable, the most recent data
available have been used.

The author of this report has had several decades.of direct\experience in microscopy and is a doctoral level clinical
scientist. He has over 30 years of experience\in laboratory-testing and instrument and reagent development
technology, as well as extensive experience inseniorlevel positions in biotech and medical service companies. The
editor is the Director of Microscopy.at Drexel University’s Department of Materials Science and Engineering in the
College of Engineering.

Some of the statistical information was taken from Biotechnology Associates’ databases and from TriMark’s private
data stores. The infarmation/Set forth in this study was obtained from sources that we believe to be reliable, but we
do not guarantee the accuracy, adequacy or completeness of any information, omission or for the results obtained by
the use of such information.

Primary Sources—TriMark collects information from hundreds of database tables and many comprehensive multi-
client research projects and Sector Snapshots that we publish annually. We extract relevant data and analytics from
TriMark’s research of the past three years as part of this data collection. We also extract qualified data feeds from e-
questionnaire responses and primary research responses for this compilation.

Secondary Sour ces—TriMark uses research publications, journals, magazines, newspapers, newsletters, Industry
reports, Investment Research reports, Trade & Industry Association reports, government-affiliated trade releases and
other published information as part of our secondary research materials.

The information is then analyzed and translated by the Industry Research Group into a TriMark study. The Editorial
Group reviews the complete package with product and market forecasts, critical industry trends, threats and
opportunities, competitive strategies and market share determinations. The report conclusions are verified through
intensive interviewing of top-ranking companies in the industry.
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TriMark Publications Report Research and Data Acquisition Structure

The general sequence of research and analysis activity prior to the publication of every report includes the following
items:

e Completing an extensive secondary research effort on an important market sector, including gathering all
relevant information from corporate reporting, publicly-available databases, proprietary databases, direct
meetings and personal interviews with key personnel.

e Formulating a study outline with the assigned writer, including important items:

e Market and product segment grouping and evaluation of their relative significance.

o Key competitor evaluations including their relative positions in the business and other relevant facts to
prioritize diligence levels and assist in designing a primary research strategy.

e End-user research to evaluate analytical significance in market estimation.

e  Supply chain research and analysis to identify any factors affecting the market.

e New technology platforms and cutting edge applications.

¢ Identifying the key technology and market trends that drive or affect these markets. Assessing the regional
significance for each product and market segment for proper emphasis of further regional/national primary
and secondary research.

e Launching a combination of primary research activities including two levels of guestionnaires, executive-
direct focused, company-specific and region-specific communications to qualified and experienced senior
executives worldwide.

e  Careful review of key companies in.the sector.

e Completing a cenfirmatory primary, research assessment of the report’s findings with the assistance of
Expert Panel Partners from the industry being analyzed.

15 Aimsof\ThisReport

This analysis includes market segment size, growth rates projections, major players and competitive strategies for
the micreseopy market segment. It also incorporates an analysis of technology platforms, descriptions of companies
in the field, and trends in technology and business that impact this market segment. It will discuss technology
platforms in various forms of microscopy including light, confocal, electron, ion, and scanning probe. Products
currently in-development, perceived medical and other market needs, the market outlook, economic considerations,
and pricing for the microscopy market segment are also examined.

1.6 Executive Summary

The global market for microscopes and accessories was estimated at S| ] in Il and is expected to reach
$ﬁ in JJJl; that is, an average annual growth rate of JJ%. Charged particle microscopes—which have the

largest market share of any product segment and are one of the fastest-growing segments—are projected to increase
their market share further, from |26 in [l to %6 in Il with a CAGR of [J§%. The second largest segment,
optical microscopes, has the lowest growth rate, and as a result is expected to lose market share significantly over
the next -Iyears. Optical microscopes are projected to lose market share, from [J§% in [l to Jl1% in Il with
a CAGR of j%.

The scanning probe microscopes segment constituted less than [JJo6 of the market in , but it has the highest
projected annual growth rate (Jf§26) through [l with a projected market share to J§% in . \n [l the life
sciences were the dominant end-user market for microscopes, with [JJo of the total market, followed by semi-
conductors and materials science, each with [JJ%, and nanotechnology with 0.
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The U.S. accounted for the largest share of the global microscope market in [JJJlj with over % of the market for
all types of microscope. Japan has the second-largest market share with % of the global market, followed by the
European Union (E.U.) with |26 and other Asian countries with 2. However, geographical market shares varied
with this type of technology.

1.7 Trendsand Conclusions

e Unit sales growth drives revenue moderately, with the differential reflecting the continued trend to value-
added, application-specific systems.

e Light microscopy accounts for approximately .% of microscope revenues and more than .% of units
sold. Light microscopy revenues are expected to decrease to [JJo of the total microscopy market by i}
in view of the overall lower growth of this segment compared to the other high-growth segments.

e When light microscopy is removed from consideration, revenue growth for the remaining microscopy
segments increases to the high teens. Also, two-thirds of remaining revenues and .% of unit sales derive
from electron microscopy.

e Scanning probe microscopy is anticipated to grow at an accelerated rate of approximately .% through
. while confocal, electron and ion microscopy will exceed light microscopy in growth by“about JJjo.

e  The “big four” light microscope companies continue to dominate the\U.S. market overall.

e Electron microscope manufacturers occupy a second tier in revenue market share.

e The “big four” electron microscope manufacturers continue to dominate'the world market.

e Athird tier is composed of companies specializing insmicroscepies such as scanning probe and three-
dimensional microscopy.

e  Semiconductor-related microscopy has undergone tremendous'growth with recent leveling.

e Medical automated imaging is poised for take-off on the baSis of recent regulatory approvals for automated
cervical cytology.

e Specialized (e.g., acoustic force)-and new, (e.g., helium ion'scanning) microscopies continue to develop.
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