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Disposable image sensors: a revolution for microscopy and next-generation sequencing.
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MOVING TOWARD DISPOSABLE IMAGE SENSORS FOR NEXT-GENERATION
SEQUENCING AND POINT-OF-CARE MICROSCOPY
Why did we choose to discuss the technology
evolutions in the microscopy and next-generation
sequencing (NGS) market? Because this market
is undergoing enormous technological changes
that are opening new market opportunities for
the camera image sensors industry.
Cameras are key elements in the microscopy and
NGS space. Indeed, today most microscopes are
digital microscopes that use at least one (and
sometimes more) cameras. The main trend in
optical microscopy is to attain higher resolution,
as well as faster acquisition and higher sensitivity
for quicker and better diagnostics, and realtime imaging of living organisms. CCD is the
main image sensor technology used today,
but sCMOS is gaining market share due to an
increasing need for high-speed image acquisition.
However, this trend towards better imaging is
counterbalanced by another trend – one that
leans towards portability and use of microscopy
at the point of care. These systems are sleeker
and cheaper, and deliver microscopy results
directly to the caregiver.
This is also the case for NGS. Two very
different trends are discernable: one towards
higher throughput with very expensive, bulky
equipment; and another that is lower throughput,
with cheaper equipment offering lower footprint

and wide availability. Take for example Illumina,
the optical NGS market leader with more than
80% market share: Illumina has a diverse product
portfolio of very high-end systems, but recently
launched a more affordable, lower-throughput
system - the iSeq100. This follows the trend
towards commoditization of NGS. The iSeq100
does not integrate optical systems in the
instrument anymore, but uses a disposable image
sensor directly inside the flow cell, which is a
game-changer in the NGS market! Indeed, this
makes the instrument much more affordable,
enabling Illumina to place more systems and
therefore sell more consumables, which they
can make cheaper because of increased volumes.
This trend is also seen with BGI, Illumina’s
Chinese competitor, which recently announced
a benchtop NGS system based on CMOS chips.
A broader trend is artificial intelligence (AI),
which is upending the microscopy hardware
ecosystem because deep learning could enable
not only ultra-high resolution at lower hardware
cost, but also automation.
This report describes the technology evolutions
in the microscopy and NGS field, and the effect
these developments will have on the market and
ecosystem.
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THOUGH EACH MARKET SEGMENT HAS DIFFERENT DYNAMICS, THE
OVERALL IMAGE SENSOR MARKET FOR MICROSCOPY AND NGS WILL
SHOW IMPRESSIVE GROWTH, WITH A CAGR2018-2024 OF 18% (IN VOLUME)
At system level, the global microscopy and NGS
market represented $4.1B in 2018. The biggest
market segment was optical microscopy ($2.5B

in 2018). Cameras for microscopy and NGS
represented $367M, and is expected to reach
$446M in 2024 at a CAGR of 3.3%. Meanwhile,
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image sensors for microscopy and NGS achieved
$31M in 2018. This rather small market should

Cameras for microscopy and next-generation sequencing market:
2018 - 2024 forecast
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enjoy rapid growth (CAGR 2018-2024 in value: 9%, and
in volume: 18%), an improvement driven mostly
by the arrival of image sensors-on-consumables in
NGS.
The image sensor market for microscopy is
divided into four different categories, each having
a different maturity level. For example, optical
and transmission electron microscopy is a mature
market with a low CAGR. Point-of-care microscopy
was a very small, emerging market in 2018, but is
poised for fast growth. Image sensors embedded
in cameras for high-end NGS systems is a declining
market due to the trend toward cheaper systems
with less cameras. The image sensors market for
NGS consumables is booming. This new business
model implies the creation of products where
the image sensor is disposable, equating to a very
low average selling price (compared to the image
sensors previously used in microscopy and NGS
systems) and very high volume.
This report describes the 2018 market and offers
forecasts for the period 2018 - 2024 at system,
camera, and image sensor level. The hypothesis
behind these forecasts and the roadmaps leading
to these assumptions are also described.

Image sensor
level market

(Yole Développement, November 2019)

A STRUCTURED ECOSYSTEM WITH COLLABORATIONS AT DIFFERENT LEVELS OF
THE SUPPLY CHAIN BETWEEN IMAGE SENSOR, CAMERA, AND SYSTEM-LEVEL PLAYERS
The $1,000 genome barrier was broken about five
years ago, and we are now heading towards the
$100 genome thanks to higher throughput and faster
equipment. The ultimate goal is to reach as low as $10
per genome, and semiconductor technologies are
key enablers for NGS affordability. The race towards
sequencing inexpensiveness and commoditization is
a tremendous opportunity for the semiconductor
industry, because volumes will explode.
Specific to ecosystem, microscopy and NGS is a
structured market with a few key players. At system
level, the major players in optical microscopy are
Olympus, Nikon, Zeiss, and Leica Microsystems.
Combined, they hold more than 80% of optical
microscopy market share. The transmission electron
microscopy (TEM) main players are Jeol, Thermo
Fisher Scientific, and Hitachi High-Technologies, and

the optical NGS main players are Illumina, Pacific
Biosciences, and BGI. At camera level, the market
is also well structured, with integrated players like
Olympus and Zeiss, and specialized camera players
such as Teledyne, Sony, Hamamatsu, and Andor. In
the TEM market the main camera players are Gatan
and Thermo Fisher, which is integrated. The key
image sensor providers for microscopy and NGS
are Sony, ON Semiconductor, Hamamatsu, Gpixel,
Omnivision, and ams.
Recent mergers and acquisitions of microscope
manufacturers are aimed at finding expertise in the
field of data management and software (ex: Zeiss
acquiring gom in 2019; Olympus acquiring Image
Stream Medical in 2017). This trends follows the
parallel development of deep learning algorithms in
this field.

Cameras for microscopy and next-generation sequencing: players ecosystem*
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Transmission electron microscopy

MARKET & TECHNOLOGY REPORT

In this report, Yole Développement’s analysts
identify the key players leading the market,
analyze the supply chain, and discuss the

technology’s evolution and its influence on
ecosystem changes.

REPORT OBJECTIVES

•	Provide an overview of the microscopy and NGS market at system, camera, and image sensor
level, along with an understanding of established and upcoming players, their technologies (and
the advantages/drawbacks), and how these will evolve in the coming years
•	Present market data and forecasts at system, camera, and image sensor level, by segment (optical
microscopy, transmission electron microscopy, point-of-care microscopy, and NGS), in value ($)
and volume (units)
•	Identify where the opportunities lie for different players along the supply chain, from materials
suppliers and foundries to camera manufacturers and system developers
•	Discuss the different technologies used today (CCD, CMOS, sCMOS, TDI), as well as
technological trends like artificial intelligence
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ANY WAY ON THE SELLER.
1.2 
This agreement becomes valid and enforceable between the
Contracting Parties after clear and non-equivocal consent by
any duly authorized person representing the Buyer. For these
purposes, the Buyer accepts these conditions of sales when
signing the purchase order which mentions “I hereby accept Yole
Développement’s Terms and Conditions of Sale”. This results in
acceptance by the Buyer.
1.3 Orders are deemed to be accepted only upon written acceptance
and confirmation by the Seller, within [7 days] from the date of
order, to be sent either by email or to the Buyer’s address. In the
absence of any confirmation in writing, orders shall be deemed to
have been accepted.
2. MAILING OF THE PRODUCTS
2.1 Products

are sent by email to the Buyer:
• Within a few days from the order for Products already released
and paid; or
• Within a reasonable time for Products ordered prior to their
effective release. In this case, the Seller shall use its best
endeavours to inform the Buyer of an indicative release date
and the evolution of the work in progress.
2.2 The Seller shall by no means be responsible for any delay in
respect of article 2.1 above, and including in cases where a new
event or access to new contradictory information would require
for the analyst extra time to compute or compare the data in
order to enable the Seller to deliver a high quality Products.
2.3 T
 he mailing of the Product will occur only upon payment by the
Buyer, in accordance with the conditions contained in article 3.
2.4. 
The mailing is operated through electronic means either by
email via the sales department or automatically online via an
email/password. If the Product’s electronic delivery format is

defective, the Seller undertakes to replace it at no charge to the
Buyer provided that it is informed of the defective formatting
within 90 days from the date of the original download or receipt
of the Product.
2.5 
The person receiving the Products on behalf of the Buyer
shall immediately verify the quality of the Products and their
conformity to the order. Any claim for apparent defects or for
non-conformity shall be sent in writing to the Seller within 8
days of receipt of the Products. For this purpose, the Buyer
agrees to produce sufficient evidence of such defects.
2.6 
No return of Products shall be accepted without prior
information to the Seller, even in case of delayed delivery.
Any Product returned to the Seller without providing prior
information to the Seller as required under article 2.5 shall
remain at the Buyer’s risk.
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3.1 P rices are given in the orders corresponding to each Product
sold on a unit basis or corresponding to annual subscriptions.
They are expressed to be inclusive of all taxes (except for France
where VAT will be added). The prices are re-evaluated from time
to time. The effective price is deemed to be the one applicable at
the time of the order.
3.2 P ayments due by the Buyer shall be sent by cheque payable to
Yole Développement, credit card or by electronic transfer to the
following account:
HSBC, 1 place de la Bourse 69002 Lyon France
Bank code: 30056
Branch code: 00170
Account n°: 0170 200 1565 87
BIC or SWIFT code: CCFRFRPP
IBAN: FR76 3005 6001 7001 7020 0156 587
To ensure the payments, the Seller reserves the right to request
down payments from the Buyer. In this case, the need of down
payments will be mentioned on the order.
3.3 P ayment is due by the Buyer to the Seller within 30 days
from invoice date, except in the case of a particular written
agreement. If the Buyer fails to pay within this time and fails to
contact the Seller, the latter shall be entitled to invoice interest
in arrears based on the annual rate Refi of the “BCE” + 7 points,
in accordance with article L. 441-6 of the French Commercial
Code. Our publications (report, database, tool...) are delivered
only after reception of the payment.
3.4 In the event of termination of the contract, or of misconduct,
during the contract, the Seller will have the right to invoice at the
stage in progress, and to take legal action for damages.
4. LIABILITIES
4.1 The Buyer or any other individual or legal person acting on its
behalf, being a business user buying the Products for its business
activities, shall be solely responsible for choosing the Products
and for the use and interpretations he makes of the documents
it purchases, of the results he obtains, and of the advice and acts
it deduces thereof.
4.2 The Seller shall only be liable for (i) direct and (ii) foreseeable
pecuniary loss, caused by the Products or arising from a material
breach of this agreement.
4.3 In no event shall the Seller be liable for:
a) Damages of any kind, including without limitation, incidental
or consequential damages (including, but not limited to, damages
for loss of profits, business interruption and loss of programs
or information) arising out of the use of or inability to use the
Seller’s website or the Products, or any information provided on
the website, or in the Products;
b) Any claim attributable to errors, omissions or other
inaccuracies in the Product or interpretations thereof.
4.4 A ll the information contained in the Products has been obtained
from sources believed to be reliable. The Seller does not warrant
the accuracy, completeness adequacy or reliability of such
information, which cannot be guaranteed to be free from errors.
4.5 A ll the Products that the Seller sells may, upon prior notice
to the Buyer from time to time be modified by or substituted
with similar Products meeting the needs of the Buyer. This
modification shall not lead to the liability of the Seller, provided
that the Seller ensures the substituted Product is similar to the
Product initially ordered.
4.6 
In the case where, after inspection, it is acknowledged that
the Products contain defects, the Seller undertakes to replace
the defective products as far as the supplies allow and without
indemnities or compensation of any kind for labour costs, delays,
loss caused or any other reason. The replacement is guaranteed
for a maximum of two months starting from the delivery date.
Any replacement is excluded for any event as set out in article
5 below.
4.7 The deadlines that the Seller is asked to state for the mailing
of the Products are given for information only and are not
guaranteed. If such deadlines are not met, it shall not lead to any
damages or cancellation of the orders, except for non-acceptable
delays exceeding [3] months from the stated deadline, without
information from the Seller. In such case only, the Buyer shall be
entitled to ask for a reimbursement of its first down payment to
the exclusion of any further damages.

4.8 The Seller does not make any warranties, express or implied,
including, without limitation, those of sale ability and fitness for
a particular purpose, with respect to the Products. Although the
Seller shall take reasonable steps to screen Products for infection
of viruses, worms, Trojan horses or other codes containing
contaminating or destructive properties before making the
Products available, the Seller cannot guarantee that any Product
will be free from infection.
5. FORCE MAJEURE
The Seller shall not be liable for any delay in performance directly
or indirectly caused by or resulting from acts of nature, fire, flood,
accident, riot, war, government intervention, embargoes, strikes,
labour difficulties, equipment failure, late deliveries by suppliers or other
difficulties which are beyond the control, and not the fault of the Seller.
6. PROTECTION OF THE SELLER’S IPR
6.1 A ll the IPR attached to the Products are and remain the property
of the Seller and are protected under French and international
copyright law and conventions.
6.2 The Buyer agreed not to disclose, copy, reproduce, redistribute,
resell or publish the Product, or any part of it to any other party
other than employees of its company (only in the country of the
primary user). The Buyer shall have the right to use the Products
solely for its own internal information purposes. In particular, the
Buyer shall therefore not use the Product for purposes such as:
• Information storage and retrieval systems;
• Recordings and re-transmittals over any network (including any
local area network);
• Use in any timesharing, service bureau, bulletin board or similar
arrangement or public display;
•
Posting any Product to any other online service (including
bulletin boards or the Internet);
•
Licensing, leasing, selling, offering for sale or assigning the
Product.
6.3 If the Buyer would like to use data coming from the Products for
presentations, press announcements and any other projects, the
Buyer needs to contact Yole Développement’s Public Relations
Director (info@yole.fr) to get an official authorization and verify
data are up to date. In return the Seller will make sure to provide
up-to-date data under a suitable public format.
6.4 
The Buyer shall be solely responsible towards the Seller of all
infringements of this obligation, whether this infringement comes
from its employees or any person to whom the Buyer has sent the
Products and shall personally take care of any related proceedings, and
the Buyer shall bear related financial consequences in their entirety.
6.5 T
 he Buyer shall define within its company a contact point for the
needs of the contract. This person will be the recipient of each
new report. This person shall also be responsible for respect
of the copyrights and will guaranty that the Products are not
disseminated out of the company. In the context of Bundle and
Annual Subscriptions, the contact person shall decide who within
the Buyer, shall be entitled to receive the protected link that will
allow the Buyer to access the Products.
6.6 Please note that whether in Bundles or Annual Subscription, all
unselected reports will be cancelled and lost after the 12 month
validity period of the contract.
6.7 
A s a matter of fact the investor of a company, external
consultants, the joint venture done with a third party, and so
on cannot access the report and should pay a full license price.
7. TERMINATION
7.1 If the Buyer cancels the order in whole or in part or postpones
the date of mailing, the Buyer shall indemnify the Seller for the
entire costs that have been incurred as at the date of notification
by the Buyer of such delay or cancellation. This may also apply for
any other direct or indirect consequential loss that may be borne
by the Seller, following this decision.
7.2 In the event of breach by one Party under these conditions or
the order, the non-breaching Party may send a notification to the
other by recorded delivery letter upon which, after a period of
thirty (30) days without solving the problem, the non-breaching
Party shall be entitled to terminate all the pending orders,
without being liable for any compensation.
8. MISCELLANEOUS
All the provisions of these Terms and Conditions are for the benefit
of the Seller itself, but also for its licensors, employees and agents.
Each of them is entitled to assert and enforce those provisions
against the Buyer.
Any notices under these Terms and Conditions shall be given in writing.
They shall be effective upon receipt by the other Party.
The Seller may, from time to time, update these Terms and Conditions
and the Buyer, is deemed to have accepted the latest version of these
terms and conditions, provided they have been communicated to him
in due time.
9. GOVERNING LAW AND JURISDICTION
9.1 Any dispute arising out or linked to these Terms and Conditions or
to any contract/orders entered into in application of these Terms
and Conditions shall be settled by the French Commercial Courts
of Lyon, which shall have exclusive jurisdiction upon such issues.
9.2 French law shall govern the relation between the Buyer and the
Seller, in accordance with these Terms and Conditions.

