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ABOUT KNOWMADE

Specialized in analysis of patents and scientific information, Knowmade
provides Technology Intelligence and IP strategy consulting services.
The company supports R&D organizations, industrial companies and
investors in their business development by offering them a deep
understanding of their IP environment and the technology trends.

Knowmade operates in the following industrial sectors: Compound
Semiconductors, Power & RF/microwave Electronics, LED/OLED
Lighting & Display, Photonics, Memories, MEMS & Sensors,
Manufacturing & Advanced packaging, Batteries & Energy
management, Biotechnology, Pharmaceuticals, Medical Devices,
Medical Imaging, Agri-Food & Environment.

Knowmade’s experts provide prior art search, patent landscape
analysis, scientific literature analysis, patent valuation, IP due diligence
and freedom-to-operate analysis. In parallel the company proposes
litigation/licensing support, technology scouting and IP/technology
watch service. Knowmade’s analysts combine their technical and
patent expertise by using powerful analytics tools and proprietary
methodologies to deliver relevant patent analyses and scientific
reviews.
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Scope of the report REPORT
SAMPLE

Examples of patents included in the report
Included in the report as LIDAR devices and systems
VCSEL array V/CSEL in applications
KRD11786]
Ty USB7R3893 | USTa5TR4T odfo Optical source and detector using
'--“1' x 7 surface mount packaging Vesel array device and method for wertical cavity surface emitting laser
- - far high-speed vertical manufacturing the vesel aray device .
r—— cavity surface emitting FUITXEROK SAMSUNG ELECTRONICS
- = lasers
SCOPE OF THE REPORT PRINCETON OPTRONICS
. i . TRTT:
* This report provides a detailed picture of the patent landscape for VCSEL. Method of fabricating patter ned- ie
+ This repart covers patents published worldwide up to August 2018, We have selected and anal ore than 10,500 patents and patent applications mirror vesals Usi:swh('iw
grouped in more than 4,200 patent families relevant to the scope of this report. ngn“:om o b
b = S
Selected patents f—— == Epaa01a77
A monelithic multiple wavelengthvesel = { System for determining ﬂ
Example i array p a distanceto an object
. = AGILENT TECHNOLOGIES KENDMATIX
DE202018001341 AVAGO TECHNOLOGIES b -
Patents related to VOSEL or VECSEL manufacturing and process X Vcsel with Improved optical and HP | I
electrical limiting
- APFLE Fpure
Patents related 1o VOSEL or VECSEL array X .
e 1
Fatants claiming systems and devices that specifical ly use VCSEL X VS 12
|Lidar, Printing, etc.)
Fatents describing VCSEL, VECSEL er VCSEL array as the preferred ¥
salutien to perform an operations
Patants describing 3 systems and devices that can use either X SCOPE OF THE REPORT
edge emitting laser or VCSEL
Examples of patents excluded of the report
Fatants related to edge emitting laser (EEL) b
— — " I n the report
Fatant related or describing a surface emitting laser with a X
horizontal cavity
Patant claiming an optical element {lens, diffractive element, . | CN207518050
etr. ) that can be used with a VCSEL/VESCEL Semiconductor laser direct
frequency doubling the size of the US20180172088
blue laser Display device having integrated
ZHONGKE & LIGHT APPLIED LASER metamateriallens
TECHNOLOGY RESEARCH INTEL
WCSEL— Patent Landscape Analysi 11 INSTITUTE
US20180109071
Matching drive device for multi- N . E?;::?l(?s di
beam optoelectronic arrays Drriver circuit for a laser diode
TRILUMINA STMICROELECTRONICS
. US20170365982 59830937
/ Edge-emitting semiconductor laser Hari - -
; ¥
- and method for sperating a assembly features for heat assisted
= = semicenductor laser magnetic recording
QsRAM SEAGATE TECHNDLOGY
WA WVCSEL- Patent Landscap 2018
R Knowade tent Lancecar rldond B
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Understanding the main trends

Who, When and where?

IP LANDSCAPE OVERVIEW
Main patent applicants

IP LANDSCAPE OVERVIEW

USA
1571 granted / 171 pending

Geographic map of patent applications

Korea
159 granted / 55 pending

Europe

3223 grantod /201 nonding Lhins

MNumber of patent families
. |
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IP LANDSCAPE OVERVIEW

Time evolution of patent publications: Main IP players

1zt publication year

s it . & o
o 5 rvf-"‘
S 7
. &
.
AMS acquires
Heptagon and
Princeton
optronics
T Enowhiads
I Lo Note: This distribution by country Lses country cad
;: each famlly, e.g. if a family has 3 US patents and 1 5P
- United States and 1 for Japan. The mtemationa
{Eurape;EP] applications may hide ather countries th
{Q}Knowhade

= IP LANDSCAPE OVERVIEW
EC . R ) ) ) i .
ye— Time evolution of patent publications of main application segments
AGILENT
ECHNOLOGIES CAGR from Datacom and laser printing applications are the
MIAR Datacom - 200te 2017 4o oldest and most mentioned applications in
1 3 B 12 1% 22 15 1N 4T TO &1 &0 RS I IBI MMM II7IO0OB] B M M M N W 3 3 43 T
AMSUNG patents related to VCSEL. Thelr related 1P
— Laser printing  comer E activities have decreased before 2010 because
) ol A e of the development of alternative solutions
EAG EpsON . : E linkjet printing, wireless technologies, etc.).
t':'l_‘:lo":,':,:m Laser display = +oa RN TENENEEY T & 7 T N e ¥ However, [P activities related to these two
HEWLETT ) E applications are now well settled and constant
PACKARD i 1
:RE:’AWA Laser mice a . + 1r0000@ec@eo@e. {around 50 new Inventions per year since 2010).
FLECTRIC == Since 2013, we have witnessed a strong increase
CISRAN Gas sensors - . s . 86 s 8 errserrBressd = of the patenting activity related to new
LU HEROK Atomic clocks applications. LIDAR, consumer applications [facial
Omic Clacl ﬁ’ recegnition and 30 imaging), medical imaging
poNy ﬁ ' R et oL {OCT) and atemic clack are today the main
I0OH Medical & applications that drive the IP activity related to
CARON {laser treatment & imaging) ' e tereree .“. VCSEL
PHILIFS @ It is interesting to notice that VCSEL have been
Autsrmotive sensars / LIDAR - ot r B aBe@e B0 ERN mentioned for more tham 10 years In every
Frs )l Ad -
W Knowiiad o @ segment. However, the dewvelopment theses
NEUMEr Sensors o )
{prasimaty sensor, face/gesture recognation] . e . e "o "M ap?l'cat'?ns have only known a fast growing IP
activity since 2013,
10 1595 1330 1395 Titresded ans o 30 5 i
{QEKI"IDW-‘-"I ¢ stent Landscape &nalysis | Sept mber 2018 | Ref, ; KM 180w
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Understanding the main technological approach

Corpus segmentation by material, valued chain position and patented technologies

IP POSITION OF MAIN PATENT APPLICANTS
Patent corpus segmentation

The selected corpus can be divided into two segments regarding the position of the patented technology on the value chain. As a first step, it has been
segmented between patents related to applications using WICSELs and patents related to the VCSEL manufacturing and processing.

IP POSITION OF MAIN PATENT APPLICANTS

Main IP players per technological approach (VCSEL techno segment)

VCSEL array
(593 patent families)

RICOH

Packagin, VECSEL
(211 patent families) (128 patent families)

RICOH ™
ELECTRONICS

FINISAR
sofloss PHILIPS FUSI XErOX &,
>
IP POSITION OF MAIN PATENT APPLICANTS
Materials used in VCSEL manufacturing
P player mastiseing Gals Sesed VISIL P player marioning GaN bated VOML

VICSELs Techno (2870+ patent families)
Example of patent families include in the segment

UST286585 USE6TIETI U5BE81569

Systam and methods using Mathod for fabmcating ovide- Vesal armay with mcrassad
migration enhanced apsasy far canfinan vertical-cavey surface- efficiency
flattening actve leyers and the amitng laser

mechanical stsbilization of
quantum wals essocited with
wertical cavity surfaca emiting

lesars

WCSEL systems & applications [1330+ patent familles)
Example of patent families include in the segment

WOZ018065428
System for detarmaning &
orEanGe o an abiest

WO2018041720

Optical sensor modide end
memod for menutsctunng en
aptical sensar module for fme-a-
gt measisement

(S row
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IP POSITION OF MAIN PATENT APPLICANTS

Application and Manufacturing segments: Time evolution of patent publications
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17 publication year
The time evelution of patent publcations at1ests of the current rse of new sopications thet dvive the RAD activity related 10 VISELS and maintain s overall 1P

actvity. Indeed. the namber of patent pubications celated 10 wyatems or appication usng VCIILS has boen constant for the last 10 years white the number of
Ptoots related 10 VOSEL munulactiring and procemsing s decressng
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Comparison of IP players
Portfolios analysis and ranking: who has the strongest IP position and why?

IP POSITION OF MAIN PATENT APPLICANTS
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IP POSITION OF MAIN PATENT APPLICANTS
IP strength index

Portfolio strength index
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due b0 thie high number of cRations received by one pateat
farily MOBRNSS  thad b relafed fo the conbol of
Eramivenia Lise moded wiing o photonk bandgap Mnsctung
hardng a Ight agsiture.
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Understanding the key players IP strategies
Key player portfolio analysis

From portfolio to IP strategy

EIECBLP l:;-nl:‘zgx/spresentation R I Co H

RICOH polarizers

Company Overview
Name: RICOH RICOH lenses

Creation: 1936
Headquarter: Ota, Tokyo, Tokyo, Japan
Website: https://www.ricoh.com/

E 220
ey KEY |P PLAYERS R I Co H
Company presentation: [ R|COH : IP portfolio overview
R L
Ricon, Company; Lud, Time evolution of patent publications Main applicants citing Ricoh portfolio
was founded by thg
headquarter is locate| = * .
) > T o  mvCsELTecho
*  Since 2011 Ricoh has| 5 . i .
for printing or high p 73 g M VCSELapplications
* In 2014 Ricoh hasan| & * I I I
expected to grow, | B l‘f — —
infrastructure market| 3
3 > 10 C
expansion of the Ri{ E KEY |P pLAYERS RI 0 H
El
development of autof = | RICOH : key patents
Group will accelerate| REHBEY
modules for ADAS ar] T Ricoh is the IP leader and has a strong IP position regarding the laser printing segment. Despite that, Ricoh s not recognized as a VCSEL player on the market.
first announcement H Even if its main segment remains the laser printing, Ricoh has started to enlarge its patent portfolic by mentioning and asserting WCSEL devices for new
has developed a high| trending applications such as atomic clocks, automotive LIDAR and image forming but also for some specific ones like ignition device for internal combustion
Machines, and Sensir| Legal statu: engine. On the technological side, Ricoh has recently filed numersus patents related to VCSEL array manufacturing and their related issues (thermal dissipation,
light and wavelength uniformity, power consumption, etc.)
=~ W
{QKnowmade sz JreAn, e
. ? 1° puishcationcate: 200122 s . .
et ot o ing 3 omonite St g il 1= ubleston ot 20019 e et e e
& ramnminaicm, system surface emitting taser device, surfsce P
Ut coNieg diwica ‘Stotus; Granted [1F) emitting laes seray, uptical seamming and stomic ceciiatos
Statu: Graead {5, 17} — v e vage Forming opeety Status: Groted {7, U5)
. %}m o — Lkh;!ﬁ&m o 1% publication date: 2006-08-05 Sz Granted [IF, Ush
" pubcaon Gata:  pumication date: 2005- et
Semicanduckos opical modelatos, an aptical Sustaca amitting lasee diode and 1t ,,m,m,m‘,::;';"‘,::':::'ﬂ':ﬂ;, 1 publicatian date: 3015 15-06
amplifies and s a matbod e o, ogtice sransision Sartaca.covitting Lisar edcencat, mathod for
L Gmiring divies Status: Graetad (. Us. €9} ‘Sentcn, eed apiseal ustching mthod it  surtace-eniting Sser
Status: Grarad 19, 5] ‘atatus, Granted 10, U6} sioensad, e atcesic asclllator
o Status: Grastad (AU, US 1P}, Darding [EP, B,
L]
QI Knowh
KEY PATENT FAMILIES RELATED TO VCSEL TECHNO
uses1aE11 usTEI00
A" prlication date: M01-02-16 AT ET 47 prlication date: MG-02-24
Lior diods and samicanductos Fght-mitting 1" psbcation date: 200405 11 a g o st
deicn peoducing wisitla-waalangth radiation o th Nasar diiede, and peoduction appaatus théssal.
Stanus: Graned [US) " band o 1.1-17 misomatees e epdlcal L proection method, opicsl modebe and upiical
. LA _ ok Lo SYSLom wiing Sch 3 |ar S08e 1 guitiication date: 2004-05-09 FEe———
1 putiiion st TR0 SAutu, Gramed 5] Arvay of sataca.sesittiog lssor Siodes haning raducod pre—
Surtace-umission laser dids upurabla i i dvied vecitiencs e capabi of parforeing Nigh nutzet
i e a4 T a0 ol ogpratian st method of fabicating tha sstara-
tobccenmtmaication systim wiing sach 3 laser o lusar diodo
Stanus: Granted [US) Sratug: ‘srann‘:drmsu:"
R Knowly VICSEL- Patent Lan o

{Q)KnowMade
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KEY IP PLAYERS

Main player of the 3D sensing or LIDAR have sizpzed

Publication year of patests mentionkng he spplication

#=ire by related to VCSEL

HHHHHBHHHBHHABHE

PHILIPS

Indhantrial

Optical maie

gt

Tty wprvowr

4 LUME

OSSRy
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KEY IP PLAYERS

IP Position of main market and IP players
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Key patents identification
What are the strongest, most blocking, promising ... patents?

Most relevant patents
In the following part, Knowmade has identified the modt relevant patents that will expire in the firit trimester of 2019 . Among thede patents a manwal Ke ate nt a nal Sis
selection of the most relevant blocking patents (granted patents) , seminal patents [most cited patents] and promising patents has been done, y p y
I — I I i ICSE
PATENTS INVOLVED IN LITIGATIONS KEY PATENTS RELATED TO MANUFACTURING ISSUES
. . .. Key patents related to yield improvement
] Optical Communication Products vs Finisar Corporation
a
Meth) J.#A.Eiille;"lw
The 030772011, Optical communication products fled a complalnt against Frisas conp. for patent infringemant. The complaint specifically aim at Finlsae  peoduent that relates 1o the st ',"““mw a—
dewignof Lasars and their comporeits. For wxample, technology o2 insus e relates 10 how Vertical-Caviey Surface Emitting Lasers (“VCSELI) werk 1* puabication date: 2006-01-16 -
Optical comeny i debonr Aot P i BRTEGYEE i 130d ASPOEVARSE 3 RS o ¢ Y Shatn: Pending (T), Abundoned TN, Ltk . DL 108] . A . =
Theie 0]/ 105 20 — 1 == s I
KEY PATENTS RELATED TO MﬂNU FACTURING ISSUES wd b | (6720
e K€Y Patents related to eyes safety A VL 1 0 3 e 1 0 it e g2 o g, 0 S C |
s, s er grokwribve e, b cars low sl by Rnps, vabvln e v L] =
e T deseplopenant of rerw markets and applications have Boost the development and REID actiiny related 1o thesr manufaciuring. Because the Laser is can mow be in direot contacy with an e "'“"‘"‘_‘":‘: ey, . Labrie : ':"':'I""':_"I‘"“":__" oy | =
haman oye, WCSEL for corvsumes and LiDAR applications have o be xafe and hasmiess for eyes a3 defined by cach povermment policies. S Jaaw,d—uul,‘hqalwthluﬂwpw — ,.:u,....,,“-w-,..,.mu -
A0 paterl Tamalies disocs by marisehed e sabety conoef e in their deription 2l g e oo e g
Fan sl it s el ]
Claim 1 i Eroederay wh n Epe of the vraion, @ Vet creny wrlee senng b (YOH| heving 0 e
Papnar— b ton b, o apesrars s ¢ i et egee st e g e bogh rekateiey -
- i ik & bigh ol o dviies Well g Indontry e
""".""“' ':':"“ Seminal and iecant patent related ta VOSEL manulsturing with eye satery selutiond SN ¥ d E w ’ ' ' | o
Enp-r T Dl e e re ) 7] WOLAN ¢ r
Limvaiivey ol e . 1 g . JO0- L2 11
Miicroaly eakdl e panrie] i r_‘,.,_,.,.;_r‘::‘.‘:. ™ PLN ‘:ﬂ:urfn Wrh dedl v aiws Seigeed For
werth® g s ik in mcpaenta i itk § bt s _ 1¥ pablranon e MO8 1182 Rapret et it Eeiutive
vecond indes of » phoizeictrton in 1o e M“:vul‘_.:!wdwuumnr:ﬁ ]
Layws there Sete] putal ¥ pukintion dete: BT 131 fm 17 prebbranes fate 27LF 107
. Tm::: """*“’:" igltitermm pry of bop redteg vl 1R razeaenit . - 138
o Krud
i M T .-uulml
AIIENT | RSALECR | | ALARINT AOADCON
R e s M 1 et e 218
Kot da Tl ey bt Wiy Linet 1* publamien anse 200813.53 vnel o punt i & bt st Pusrbagg
Sr o [Bumiagton - g e ’ . A
Dwviaw Yo e g st ed Sght
i Lrkhio ] TR (MUMATA] [EE T e = e T
—— 1¥ pebismon dis- -1 1 o — i)
1 praiblscatice clsie: EHN-0H- I Sl e e Tkt TR,
A 1 g e e b P pubdetation data: 2l 5010
i ewaTing gl cemiming devies mwhn:kmbm;zﬁ
ey g
(R Kt WSEL= Patant Lanchoapm Ansy Chober 018 | Wol. - MO 1m0

'(Q) KnowMade VCSEL- Patent Landscape Analysis | November 2018 | Ref. : KM 18007 9

© 2018 All rights reserved | www.knowmade.com



Patent database

Excel file containing all the patents analyzed in this report with technology segmen

This Excel database allows multi-criteria searches and includes patent publication number, hyperlinks to the original documents, priority date, title, abstract,
patent assignees, legal status and technical segment for each patent families.

Questel unique family

{Q)KnowMade

Legal status (Pending,

PRy
SA MP{_ E

Publication numbers Abstract Earliest application date Earliest publication date Expected expiry dates Current assignees Inventors inal document VCSEL applications VCSEL Techno
ID (FAN) Granted, Revoked,
81524222 IN2279/CHENP/2006  |6CN02279)Optical pick-up|stribution of the emissiol 2006-06-22 2007-06-08 2017-06-08 HILIPS ELECTRONICS ([NL]aria ([FR])VAN DER LEE Al LAPSED Open X
81523237 IN2345/CHENP/2006 ~ N02345)Improved optical fted by an information car 2006-06-26 2007-07-06 2017-07-06 HILIPS ELECTRONICS ([NL]aria ([FR])VAN DER LEE Al LAPSED Open
81474514 DE202018001341 | with improved optical a|R stack.At least the third 2017-12-14 2018-06-21 2028-06-21 APPLE ([US]) GRANTED Open
81474514 US20180287345 ith improved optical andts an upper DBR stack.At | 2017-12-14 2018-06-21 2037-12-14 APPLE [G]) DRADER MARC ([CA]) PENDING Open
81474514 W02018186996 ith improved optical and s an upper DBR stack (48) 2017-12-14 2018-06-21 2020-10-04 APPLE ([US]) JDRADER MARC ([CA])VE PENDING Open
) \\
81452769 USD379542 D379542)Flexible flashlig| 1996—02-% \O 1997-05-27 2011-05-27 SANYO ELECTRIC ([JP]) | Egashira Teruaki ([JP]) EXPIRED Open X
)\ A
81163208 D2006105249W0200610524bilized vertical extended Jventional frequency cont (®gﬂ 2006-10-05 2008-09-30 NOVALUX ([US]) HCHEGROV ANDREI V ([U§ LAPSED Open X
Cle
W\ S
81163208 KR20080003386 bilized vertical extended |ventional frequew 2006-03-30 2006-10-05 2011-04-30 NOVALUX ([US]) HCHEGROV ANDREI V ([RY LAPSED Open X “
e O
\ N\
81163208 CN101180778 ilized vertical extended g vergo@%nw cont 2006-03-30 2006-10-05 2010-08-25 NOVALUX LAPSED Open X
o 155
o <
81163208 JP2008535263 bilized vertical exten cy control elements, 2006-03-30 2006-10-05 2012-11-20 BARAKKUSU ROYALTY DE| Shugurovu Andrei Vee REVOKED Open
81163208 JP2008538163 bilized vertical extended juency control elements, 2006-03-30 2006-10-05 2012-03-21 BARAKKUSU ROYALTY DE Jansen MichaelDato Rene| REVOKED Open X
81163208 B75566EP 1875566EP18755(ized vertical extended cajventional frequency cont 2006-03-30 2006-10-05 2026-03-30 L INTELLECTUAL PROPERTYHCHEGROV ANDREI V ([UY GRANTED Open X
80941187 W02015011983 ertical-cavity surface-emif series wires (61) respect 2014-05-27 2015-01-29 2017-01-22 ATA MANUFACTURING ([|P])KONA TAKAYUKI ([JP]) LAPSED Open X
80941187 DE112014003371 14003371)Oberflachenemily connect every two VCS 2014-05-27 2015-01-29 2034-05-27 ATA MANUFACTURING ([|P])KONA TAKAYUKI ([JP]) PENDING Open X
80941187 ITW201512680TWI569026 pl resonant surface illumit series wires (61) respect 2014-05-27 2015-01-29 2034-05-27 ATA MANUFACTURING ([|P])KONA TAKAYUKI ([JP]) GRANTED Open X
80941187 W02015011983)P6137314tical cavity surface emittify connect every two VCS 2014-05-27 2015-01-29 2034-05-27 WURATA MANUFACTURINGubaraTakayuki HanalWAT| GRANTED Open X
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Name (Mr/Ms/Dr/Pr): Check
To pay your invoice using a check, please mail your check to the following address:
Job Title: KnowMade S.A.R.L.
2405 route des Dolines
Company: 06902 Valbonne Sophia Antipolis
FRANCE
Address: Money Transfer
To pay your invoice using a bank money wire transfer please contact your bank to complete this process. Here is the information that you will need
City: to submit the payment:
Payee: KnowMade S.A.R.L.
State: Bank: Banque Populaire Méditerranée, CAP 3000 Quartier du lac, 06700 St Laurent du Var, France
IBAN: FR76 1460 7003 6360 6214 5695 139
Postcode/Zip: BIC/SWIFT: CCBPFRPPMAR
Paypal
Country: In order to pay your invoice via PAYPAL, you must first register at www.paypal.com. Then you can send money to the KnowMade S.A.R.L. by entering

our E-mail address contact@knowmade.fr as the recipient and entering the invoice amount.
VAT ID Number for EU members:

RETURN ORDER BY
Tel: E-mail: contact@knowmade.fr

Mail: KnowMade S.A.R.L., 2405 route des Dolines, 06902 Valbonne Sophia Antipolis, FRANCE

Email: PRODUCT ORDER | hereby accept Knowmade’s Terms and Conditions of Sale

| ] €6,490 - Corporate license Signature:
D €5,990 - Single user license*

For price in dollars, please use the day’s exchange rate. For French

customer, add 20% for VAT.

Date:

All reports are delivered electronically in pdf format at payment
reception.

*Single user license means only one person at the companycan use the report.
Please be aware that our publication will be watermarked on each page with the
name of the recipient and of the organization (the name mentioned on the PO).
This watermark will also mention that the report sharing is not allowed.
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Terms and Conditions of Sales

DEFINITIONS

“Acceptance”: Action by which the Buyer accepts the terms and conditions of sale in their entirety. It is
done by signing the purchase order which mentions “I hereby accept Knowmade’s Terms and Conditions of
Sale”.

“Buyer”: Any business user (i.e. any person acting in the course of its business activities, for its business
needs) entering into the following general conditions to the exclusion of consumers acting in their personal
interests.

“Contracting Parties” or “Parties”: The Seller on the one hand and the Buyer on the other hand.

“Intellectual Property Rights” (“IPR”) means any rights held by the Seller in its Products, including any
patents, trademarks, registered models, designs, copyrights, inventions, commercial secrets and know-how,
technical information, company or trading names and any other intellectual property rights or similar in any
part of the world, notwithstanding the fact that they have been registered or not and including any pending
registration of one of the above mentioned rights.

“License”: For the reports and databases, 2 different licenses are proposed. The buyer has to choose one
license:

1. One user license: a single individual at the company can use the report.

2. Multi user license: the report can be used by unlimited users within the company. Subsidiaries are not
included.

“Products”: Reports are established in PowerPoint and delivered on a PDF format and the database may
include Excel files.

“Seller”: Based in Sophia Antipolis (France headquarters), Knowmade is a technology intelligence company
specialized in the research and analysis of scientific and technical information. We provide patent
landscapes and scientific state of the art with high added value to businesses and research laboratories. Our
intelligence digests play a key role to define your innovation and development strategy.

1. SCOPE

1.1 The Contracting Parties undertake to observe the following general conditions when agreed by the
Buyer and the Seller. ANY ADDITIONAL, DIFFERENT, OR CONFLICTING TERMS AND CONDITIONS IN ANY
OTHER DOCUMENTS ISSUED BY THE BUYER AT ANY TIME ARE HEREBY OBJECTED TO BY THE SELLER, SHALL
BE WHOLLY INAPPLICABLE TO ANY SALE MADE HEREUNDER AND SHALL NOT BE BINDING IN 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
Knowmade’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 [1] month from the order for Products already released; 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 Some weeks prior to the release date the Seller can propose a pre-release discount to the Buyer.

The Seller shall by no means be responsible for any delay in respect of article 2.2 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 The 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. 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.

3. PRICE, INVOICING AND PAYMENT

3.1 Prices 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. The prices may be reevaluated from
time to time. The effective price is deemed to be the one applicable at the time of the order.

3.2 Payments due by the Buyer shall be sent by cheque payable to Knowmade, PayPal or by electronic
transfer to the following account:

Banque Populaire Méditerranée, CAP 3000 Quartier du lac, 06700 St Laurent du Var, France

BIC or SWIFT code: CCBPFRPPMAR

IBAN: : FR76 1460 7003 6360 6214 5695 139

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 Payment 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 All 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 All 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 labor 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 [4] 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

saleability 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, labor
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 All 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. 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 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.

6.4 The Buyer shall define within its company point of contact for the needs of the contract. This person will
be the recipient of each new report in PDF format. This person shall also be responsible for respect of the
copyrights and will guaranty that the Products are not disseminated out of the company.

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 Grasse,
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.
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WHAT WE DO

Knowmade helps customers to understand
the competitive landscape, follow technology trends, and find out

opportunities and threats in terms of technology and patents. TechnIZ)aI:)eg?;z Patent landscape analysis
Prior art Scientific review
» Interpreting the competitive landscape and technology developments throughout Scientific findings IP portfolio assessment
patents and scientific information. Oppoga”rrt':giz Ef;gg;:ltiaggzra te analysis
Competitors Litigation & licensing support
» Turning patents and scientific information into business intelligence tools that give Newcomers SEARCH lI'I Patents linked to products

Technology scouting

you the capability to M&A targets :
Strategic Technology trends

* Understand your competitive environment : :
== = information K ANAL ZE C itive IP land
. nowMade ompetitive IP landscape
Be ahead of technology trends wisisn = EEOCHCENG  Market trends
e know technology

* Identif patent&& teﬁhnTIOgy oiportunities We know patents ALl  Reverse engineering
* Assess patent & technology risks

* Define your IP and R&D strategy
* Monetize your technologies and know-how
* Defend your business

» Strong technology expertise with an in-depth knowledge of patents.

» Highly specialized analysts in the following sectors: Make strategic decisions
Electronics, Telecommunications and Photonics . ds;gtg'” Zomiet't"’? ad"a”tt_ages
Compound semiconductors, Power electronics, Batteries, Memories, RF electronics, Wireless Pee an en_ ance |nngva on p_rocgss

.. . S . . Align R&D and IP with key business objectives
communications, Solid-state lighting & display, Photonics, MEMS Sensors & Actuators,

. . . Strengthen IP portfolio and acquire technologies
Semiconductor manufacturing, Packaging & Assembly. Anticipate risks and defend core businesses

Life Sciences, Healthcare and Agri-Food Explore new opportunities and monetize IP
Medical devices, Medical imaging, Microfluidics, Biotechnology, Pharmaceutics, Food-processing
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WHAT WE PROPOSE

Knowles MEMS
Microphones in Apple
iPhone 7 Plus

Q) KnowMade

Patent Landscape Analysis
Patent-to-Product Mapping
Patent Portfolio Analysis
Patent Watch

Dedicated
analyses

>

Off the shelf
reports and
analyses

Workshops
and trainings

\/
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Freedom®
to-operate
analysis

Prior art
search

Tailor-made analyses

to meet your business [JRCEMS pusans. e
needs and budgetary JaliEus o b

constraints

IP/lech
Jechnology Wwatch

scouting Service

Taylor made to respond
your requests

Direct interaction
between your team and
our experts at your site
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WHAT IS OUR ADDED VALUE

Patent Search Results Analysis

v’ Strong technical expertise of our v’ State of the art statistical tools

analysts with PhD degree

v' Technical expertise
* Highly specialized analysts in

* Comprehensive search queries v Innovative methodologies to your field
and keywords deliver relevant IP analysis « Benefit from knowledge

* Manual selection of relevant capitalization
and related patents v’ Business oriented data

« Manual segmentation by representation and graphics v’ In-depth IP analysis combined
technology & application with market data and reverse

engineering *

v’ Customer support

\ _/ \ _/ \— _J

* Our partners

\YOLE {hSYSTEMPIuS
‘}De’vei‘opnemenr HIHCONSULTING]

PlSE(j ( j‘ BLUMORPHO
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CUSTOM STUDY & CONSULTING

Tailor-made analysis to meet your needs and budgetary constraints

Prior art search

Evaluate the patentability of your invention in the
course of a patent filing.

Invalidate competitor’s patents in the course of
patent litigation or in anticipation of one.

Make third-party observations concerning the
patentability of competitor’s inventions.

Patent landscape analysis

Understand the competitive environment and the
technology trends from a patent perspective.
Identify key players, their IP strategy and their key
patents.

Know IP collaborations, licensing agreements and
litigation history.

Freedom-to-operate analysis

Assess the risks to infringe third-party patents.
Ensure that your products/processes can be safely
manufactured, sold and used in specific countries
without infringing patents held by others.

Litigation and licensing support
Evidence of infringement/non-infringement for
offensive/defensive support.

Defend your position in licensing negotiation or
patent litigation.

Q)KnowMade

Prior art
search

IP due
diligence

Scientific
literature
analysis

Freedom-=
to-operate
analysis

dfechnology
scouting

Litigation
& licensing
support

IP/Tech
watch
service

Patent assessment
Identify most valuable patents prior to patent
acquisition/sales, licensing agreement, capital
fundraising process, M&A or IP due diligence.
Estimate the financial value of your patent
portfolio.

IP due diligence
Assess the patent portfolio of a company and
reveal the SWOT matrix prior to patent
acquisition/sale, licensing agreement or M&A.

Scientific literature analysis
Pinpoint key research findings and new emerging
research fields, key laboratories and scientific
experts, industrial/academic research
collaborations, and identify prospective R&D
partners.

Technology scouting
Identify, qualify and get access to external
innovation.

IP & Technology watch service
Follow IP/technology trends, keep a watch on
your competitors and identify new entrants,
anticipate the changes, early detect business
opportunities and mitigate the risks.
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OFF THE SHELF REPORTS

« Pre-packaged » analysis

Knowmade team of experts work all year long to collect patent and scientific information, identify and analyze the trends, the
challenges, the emerging technologies, the competitive environments, and turn it into results to give you a complete picture of your

industry landscape.

Every year, Knowmade publishes a comprehensive collection of reports in various technology fields. These fact-based analyses can

provide you with the reliable information you need to advance your business and your competitive position.

PATENT LANDSCAPE ANALYSIS

Time evolution of patent publications

+ IP dynamics < Technology & Market interest dynamics
PATENT LANDSCAPE ANALYSIS i

Geo areas of interest for main IP players

« IP strategy of patent applicants. }

« Current patent owners and geo coverage of their enforceable patents.

Time evolution of patent publications

+ Potential future patent owners (IP challengers) and their market areas of interest.

Second wave of patent flings
+ Patent extensions

First wave of s
patent filings e
0
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PATENT LANDSCAPE ANALYSIS
IP profile of key players and description of their key patents

IP profile of key players
dynamics | Geo & Tech coverage | Strength & Weakness

INXP/FREESCALE SEMICONDUCTOR b7 4 |

== [ Key patents

.- | @ useofadouble encapsulation

PATENT LANDSCAPE ANALYSIS

Qualitative analysis patent portfolios

| 1P blocking potential of main players |

{Q)KnowMade
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PATENT LANDSCAPE ANALYSIS

Main IP players and their IP dynamics
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PATENT LANDSCAPE ANALYSIS
Patent categorization (technologies, applications) r
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IP strength vs. Technology readiness
level of main players
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STANDARD REPORTS

2018 reports collection

COMPOUND SEMICONDUCTORS

MEMORY

* Status of the GaN IP - Patent Activity 2018 + Patent Watch 2019*

* VCSEL - Patent Landscape 2018

* RF GaN - Patent Landscape 2018*

* Power SiC - Patent Landscape 2018*

* GaN - Patent Watch 2018

* Patent Trolls in the Semiconductor Market - Litigation Risk and Potential Targets 2017
* GaN Devices for Power Electronics - Patent Landscape 2015

* GaN-on-Silicon Substrate - Patent Landscape 2014

* GaN Substrate - Patent Landscape 2014

* FD-SOI - Patent Landscape 2014

POWER ELECTRONICS

* 3D Non-Volatile Memories - Patent Landscape 2018

* Patent Trolls in the Semiconductor Market - Litigation Risk and Potential Targets 2017
* TSV Stacked Memories - Patent Landscape 2016

* ReRAM and Memristor Technologies — Patent Landscape 2015

* Emerging Non-Volatile Memories (eNVM) - Patent Landscape 2014

BATTERY AND ENERGY MANAGEMENT

* Power SiC - Patent Landscape 2018*
* Wireless Power Charging - Patent Landscape 2017
* GaN Devices for Power Electronics - Patent Landscape 2015

RF DEVICES & TECHNOLOGIES

* Solid-state Batteries - Patent Landscape 2018*
* Status of the Battery IP - Patent Activity 2017

* Battery - Patent Watch 2018

* NMC Li-ion Batteries - Patent Landscape 2017
* Microbattery - Patent Landscape 2016

IMAGING

* RF GaN - Patent Landscape 2018*
* RF Front End Module - Patent Landscape 2018
* RF Acoustic Wave Filters - Patent Landscape 2017

LED/OLED LIGHTING & DISPLAYS

* MicroLED Display — Patent Landscape 2018
* Phosphors and QDs for LED Applications - Patent Landscape 2015
* Nanowire LED - Patent Landscape 2014

{Q)KnowMade

* VCSEL - Patent Landscape 2018

* iPhone X Proximity Sensor and Flood llluminator - Patent-to-Product Mapping 2018
* LiDAR for Automotive - Patent Landscape 2018

* MicroLED Display - Patent Landscape 2018

* Consumer Physics SCiO Molecular Sensor - Patent-to-Product Mapping 2017

* Biomedical Photoacoustic Imaging - Patent Landscape 2015

* Honeywell Microbolometer - Patent Portfolio Analysis 2015

* Capsule Endoscopy - Patent Landscape 2014

* Coming soon
Complete list of reports on www.knowmade.com
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STANDARD REPORTS

2018 reports collection

ADVANCED PACKAGING
* 3D Non-Volatile Memories - Patent Landscape 2018

* Fan-Out Wafer Level Packaging - Patent Landscape 2016
* TSV Stacked Memories - Patent Landscape 2016

MEMS & SENSORS

* MEMS Microphone - Patent Landscape 2018*

* LiDAR for Automotive - Patent Landscape 2018

* iPhone X Proximity Sensor and Flood Illuminator - Patent-to-Product Mapping 2018
* RF Acoustic Wave Filters - Patent Landscape 2017

* Pumps for Microfluidics - Patent Landscape 2017

* Knowles MEMS Microphones in Apple iPhone 7 Plus - Patent-to-Product Mapping 2017
* Microfluidic Technologies for Diagnostic Applications - Patent Landscape 2017

* Consumer Physics SCiO Molecular Sensor - Patent-to-Product Mapping 2017

* Miniaturized Gas Sensors - Patent Landscape 2016

* MEMS Microphone - Patent Infringement Risk Analysis 2015

* Capacitive Fingerprint Sensors - Patent Landscape 2015

* Capacitive Fingerprint Sensors - Patent Infringement Risk Analysis 2015

* Honeywell Microbolometer - Patent Portfolio Analysis 2015

* 9-Axis MEMS IMU - Patent Infringement Risk Analysis 2014

* Emerging MEMS - Patent Landscape 2014

Q) KnowMade

MEDTECH

* CTC Isolation - Patent Landscape 2018*

* Nanopore Sequencing - Patent Landscape 2018*

* OCT Medical Imaging - Patent Landscape 2018

* Fluidigm - Patent Portfolio Analysis 2017

* Pumps for Microfluidics - Patent Landscape 2017

* Microfluidic Technologies for Diagnostic Applications - Patent Landscape 2017
* 3D Cell Culture Technologies - Patent Landscape 2016

* Miniaturized Gas Sensors - Patent Landscape 2016

* Non-Invasive Glucose Monitoring - Patent Landscape 2015
* Biomedical Photoacoustic Imaging - Patent Landscape 2015
* Capsule Endoscopy - Patent Landscape 2014

* Coming soon
Complete list of reports on www.knowmade.com
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