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O-Net Technologies (Group) Limited [0877.HK]
An Impressive Name in the Global Supply Chain. Initiate with BUY.

O-Net Technologies (Group) Limited [0877.HK]. (O-Net) is a leading supplier of optical network-
ing products for the global optical telecommunications and data-communications markets. O-Net is
ranked No.3 in the passive component segment, with a 13% market share. Leveraging its R&D
labs in Silicon Valley and China, as well as acquisitions, O-Net now offers a wide variety of optical
component products, including EDFA and VOA, which are deployed mainly in telecom optical net-
works, including long-haul, metro ring and access ring (CATV, mobile networks, WiFi and fibre to
home). Its customer base has grown to include NSN (which merged with Alcatel Lucent in 2015),
Huawei, Ciena, ZTE, Fujitsu and FiberHome. To further strengthen the Company’s leadership in
the global technology industry, O-Net, along with 3SP and ITF, secured the supply of advanced
laser chips and optical components to widen the Company’s product range and improve its technol-
ogies through vertical integration. While these new businesses don'’t require high R&D and capital
expenditure, they will increasingly add to the company’s growth over time in our view. As a supplier
to leading global telecommunications and networking equipment makers, O-Net is one of the bene-
ficiaries of global 5G investment. Despite its recent share price underperformance, we believe the
current valuation of 12.5x 2018E PER and 10.5x 2019E PER offers a good entry point. We also
expect O-Net to declare a dividend for its 2018 results. Initiate with BUY for a target price of
HK$4.40 (based on 15x 2018E PER, in line with that of its peers).

e Solid growth from optical communications products with an increasing contribution
from new businesses. On the back of the Company’s core optical networking technology
platform, it has diversified from its core business to certain new businesses, including industri-
al applications and consumer electronics, and has re-positioned its strategic focus from solely
a telecoms passive component supplier to a high technology leader with advanced products
and solutions for cloud data centres, automation, sensing and industrial lasers, as well as
ADAS, with the aim of becoming a leading high-tech company.

e Resilient earnings growth despite macro uncertainties. O-Net should deliver solid EPS
growth of 5.6%/19.0%/27.3% in 2018E/2019E/2020E, driven by: a) market share gains, b)
new product launches, and c) an expanding customer base. We expect O-Net to continue to
gain market share, especially under industry consolidation, given li-Vi Inc’s acquisition of Fin-
isar and Lumentum’s acquisition of Oclaro.

e  One of the 5G beneficiaries. According to MI&S, IT hardware infrastructure spending at-
tributable to 5G will grow to approximately US$326bn by 2025, including data centres, edge
computing, and network transformation activities, but not including handsets. We believe
strong players in the global optical component market will benefit greatly once the 5G roll-out
starts. O-Net has a strong customer base, which is expected to benefit from global 5G invest-
ment.

e  Catalysts. Accelerated qualification of new products from major customers; increased spend-
ing by Internet giants for data centres; increasing policy support for the industry; increasing IR
activity; and news flow on LiDAR and VCSEL development.

® Risks. (1) Increasing competition, (2) slower-than-expected development of new products,
and (3) lower-than-expected 5G development.

Key Financials

(in HKDm)
Revenue 1,598.3 2,035.1 2,354.6 2,938.7 3,651.5
Change (YoY %) 40.8 27.3 15.7 24.8 24.3
Gross Profit 569.7 726.5 779.1 974.7 1,224.0
Gross Margin % 35.6 35.7 33.1 33.2 33.5
Net Profit 130.6 208.9 234.9 280.2 356.7
Net Margin % 8.2 10.3 10.0 9.5 9.8
EPS (Basic) 0.18 0.28 0.29 0.35 0.44
Change (YoY %) 52.8 51.3 5.6 19.0 27.3
DPS $0.000 $0.000 $0.029 $0.070 $0.089
ROE (%) 9.5 12.1 11.0 11.9 14.3
Dividend Yield (%) - - 0.80 1.90 2.42
PER (x) 20.0 13.2 12.5 10.5 8.3
PBR (x) 1.9 1.4 1.3 1.2 1.1
FCF Yield (%) -5.99% -9.55% 4.71% 0.42% 1.92%
Capex (m) (101.9) (246.5) (160.0) (150.0) (150.0)
Free cash flow per share (0.2) (0.4) 0.2 0.0 0.1
Net Gearing (%) 12.6 12.1 8.1 11.7 14.0
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Investment positives
(1) One of the leading optical communications component suppliers

O-Net is a HK-listed optical component player with a strong global presence. Its current
valuation is somewhat unjustified considering its strong growth in operating performance
and strong R&D capability. Its non-optical networking products are growing fast, and this

O-Net is a HK-listed optical growth momentum should continue. In our view, the potential of the Company’s existing
component play with a strong  business (especially the data-communications segment) and new business (industrial la-
global presence. sers, LiDAR, sensing and VCSEL) has not been fully appreciated by the market. After a

post-results earnings upward revision, O-Net is one of the few HK-listed companies benefit-
ting from increasing demand for equipment and components from 5G development and
high-speed communications development. Despite the recent rally, O-Net’s current valua-
tion is still lower than its historical mean. Increasing attention to O-Net may boost its share
price performance.

O-Net is among the top five global suppliers of passive optical components. It provides over
8,000 customized passive component products in over 40 categories to over 200 custom-
ers. O-Net is a key supplier to many leading global telecom equipment vendors and con-
tract manufacturers, including Alcatel-Lucent, Huawei, Fiberhome and Ciena. Riding on the
booming global optical network market, O-Net offers promising five-year growth potential.

Since 2013, O-net has started to develop active OC products aiming at tapping into the
datacom market, with target customers like Google, Alibaba and Tencent. O-Net entered
into datacom market in 2016, with its 10x10 TOSA & ROSA and 100G mini ICR for its tele-
com equipment customers. We expect this to help O-Net continue to gain market share with
existing telecom customers, like NSN and Huawei, and new customers like Cisco.

O-Net is engaged in the design, manufacturing and sales of standardized and customized
products through co-development with its customers.

The Company developed a proprietary technology platform and factory information system
that are scalable and thus flexible in catering to changing customer needs, enabling the
quick establishment of new product lines. The company manufactures all of its products in
its own manufacturing facilities. It maintains complete in-house manufacturing capability,
including component and module design, integration, production and testing. The Company
relies on its own sales force for domestic sales, and third-party distributors for sales in
North America, Europe, Japan, South Korea, India and Israel.

Datacom and telecom are the two major applications for optical network products. The in-
creasing adoption of cloud computing globally has resulted in strong demand for optical
network products for datacom applications that outperform the telecom applications market.
Data centres for cloud computing require higher network connection speeds than traditional
data centres, thus creating significant demand for high data-rate equipment and compo-
nents. However, we noted softness in demand for datacom products in Q4 2018, given the
slowdown in investment by major internet giants, such as Amazon and Microsoft. There are
concerns about the growth outlook for optical communication products in China, given
CAPEX cuts by China’s three telecommunications services providers, as the 4G investment
cycle has come to an end. We expect high CAPEX to be allocated to optical networks, giv-
en: a) the 5G roll-out, and b) continuing network upgrading due to increasing data traffic.

The pick-up in global 5G investment will offset the impact of softness in datacom products.
3
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Investment positives
(2) A 5G beneficiary

O-Net is a leading player in the optical communications segment, and 5G investment is an
important growth driver. To enter the 5G era, TSP networks require upgrades, including
storage, networking, the RAN, and backhaul. Cloud and enterprise data centres also need
to evolve to meet the higher demands of 5G devices and networks.

O-Net is one of the few HK- The upcoming 5G rollout presents a tremendous opportunity for the Company. Infostone
listed companies benefitting Communications Consultant estimates that there will be 1.5 to 3 times more Chinese base
from increasing demand for stations in the 5G era than in the 4G era, and 2 to 3 times more optical modules in each

equipment and components
from 5G development and high
-speed communications devel-
opment.

base station. Therefore, demand for optical components, like FSI, WDM, tunable filters,
CWDM/WD devices and ROADM systems, is expected to increase sharply in the 5G era,
which will create strong growth potential for O-Net.

The Company is monitoring 5G development closely, which is an obvious trend for the
whole industry, and will continue to invest in key transceiver products, focusing on the back-
haul, middle-haul and front-haul segments. Most of the Company’s major clients are active-
ly engaged in 5G development, providing a strong engine for the Company’s growth over
next several years.

Domestically, since 5G is an area supported by the Chinese government, it will create
growth potential for optical component manufacturers such as O-Net. We believe infrastruc-
ture-related segments such as 5G will be the main investment themes in 2019, and news
flow on 5G development in China is a major share price catalyst for O-Net.

(3) Strong M&A and investment capability

O-Net made a series of overseas acquisitions in the past several years to enhance the
O-Net’s management has Company’s R&D capability and supply chain for both its passive and active optical commu-
strong M&A and investment nications business. The related cases are as follows:
capability connected with a
clear development direction,
which should create further
benefits in the future. (b) ArtLC Photonics, based in Canada, is engaged principally in the custom design and

fabless development of proprietary photonic integration circuit chips.

(a) VIS Systems, based in Berlin, Germany, is engaged principally in the development of
high-speed optical interconnects.

(c) Avesys and 3S Photonics. 3S Photonics, based in Noazy, France, is engaged principally
in the development and manufacturing of InP and GaAa chips used in optical communica-
tions products. Avensys has a manufacturing base in Canada, which is engaged principally
in the development and manufacturing of fibre bragg gratings used in optical communica-
tions products.

O-Net is poised to become one of the few vertically integrated active component suppliers,
with capabilities in both chipsets (thanks to the acquisition of 3SP, ArtIC and VIS) and man-
ufacturing. O-Net concentrates on the expansion of core technologies, from component to
chip level and module to sub-system. The company established an R&D centre in Silicon
Valley in 2010, mainly for active product development. It also acquired the following: 1) the
design of EML (externally modulated lasers), DFB (distributed feedback lasers) and VCSEL
(vertical-cavity surface-emitting lasers) core network optical chips through its investment in
3SP, ArtIC and VIS; and 2) high-power passive optical component and sensing products
through its investment in ITF.

4
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Investment positives
(4) New business development

O-Net has been exploring new business through its core technology platforms. In the past
several years, the Company has built up several business divisions, including: a) e-
cigarettes, b) machine vision, c) LiDAR, and d) VCSEL.

O-Net started its automation for e-cigarettes in 2013. Using its in-house developed automa-
tion machine, O-Net produces heating coils for major e-cigarette manufacturers in China. O
-Net also supplies in-house developed automated e-liquid filling and assembly machines to
several e-cigarette manufactures in China.

Human inspectors working on assembly lines visually inspect parts to judge the quality of
workmanship. In contrast, machine vision systems use cameras and image processing soft-
ware to perform similar inspections. Machine vision inspection plays an important role in
achieving 100% quality control in manufacturing, reducing costs and ensuring a high level
of customer satisfaction. Machine vision systems consist of tasks such as counting objects
on a conveyor, reading serial numbers, and searching for surface defects. Manufacturers

O-Net is actively diversifying often prefer machine vision systems to visual inspections that require high speed, high

its b_usm_ess portfolio with po- magnification, around-the-clock operation, and/or repeated measurements. For example,

tential high-level growth. semiconductor fabrication depends on vision inspection technology, without which yields for
computer chips would be significantly reduced. Machine vision systems inspect silicon wa-
fers, processor chips, and sub-components, such as resistors and capacitors, at high speed
with precision and accuracy.

LiDAR (light detection and ranging), is a remote-sensing method that uses light in the form
of a pulsed laser to measure ranges. LiDAR is one of the key solutions for making high-
resolution images or maps in ADAS (advanced driving assistance systems). With the help
of LiDAR, autonomous vehicles travel smoothly and avoid collisions by detecting obstruc-
tions ahead. This increases safety for commuters and makes autonomous cars less prone
to accidents because the risk of human negligence and rash driving is absent. Autonomous
vehicles are expected to experience the highest growth in 10 years’ time.

A VCSEL is a semiconductor-based laser diode that emits a high-power optical laser beam
vertically from its top surface. A VCSEL device operates within a wave length of 850nm to
1310nm and at a transmission rate of 2.125 to 150Gbps. Currently, VCSELs are experienc-
ing rapid growth, as: a) more and more terminals, such as consumer electronic devices, are
using VCSELs in their 3D-sensing equipment; and b) VCSELs have many advantages over
other laser solutions, such as LEDs, Fabry Perot lasers (FP lasers), and distributed feed-
back lasers (DFB lasers). As a result, we believe the industry has large potential to grow, as
it offers a wide range of applications, especially image processing, and better performance
than other laser solutions. Also, the VCSEL industry in China is still in the early stages and
some key areas ,especially gallium arsenide, are underdeveloped in China. We believe that
the VCSEL industry in China will attract more attention and that gallium arsenide will be the
focus of VCSEL market.
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Business

O-Net is a high-technology leader, which can provide advanced innovative products and
solutions in various markets. Its products can be categorized into three major segments: (1)
optical networking, (2) smart manufacturing applications, and (3) consumer electronics.

(1) Optical Networking segment

Over the past 18 years, O-Net has been focusing on the optoelectronic businesses, in
which it possesses clear competitive advantages, established in (i) high-power optronic
products, such as EDFA, Raman amplifiers and line cards; (ii) passive component design
and packaging, including WDM, VOA and TF, and free space isolators; (iii) micro-optic Eta-
lon-based optical networking products, such as interleavers and wavelockers; and (iv) ac-
tive component products, including AOCs, QSFP form factor products, and related TOSA
and ROSA products, such as EML and VCSEL.

This segment generated approximately 79% of the Company’s FY2017 revenue. It special-
izes in the provision of passive and active optical networking products with broad features,
including optical bandwidth expansion, optical signal amplification, and wavelength perfor-
mance monitoring and protection. According to the Ovum Report (Apr 2017), O-Net is
ranked No.3 in the passive component segment, with a 13% market share. According to
the Ovum Report (Aug 2015), O-Net was the No.1 global supplier of free space optical iso-
lators, No.3 global supplier of WDM, and No.4 global supplier of EDFA.

The optical networking segment can be further categorized into two subsegments: (a) tele-
communications (aka “telecom”), and (b) data-communications (aka “datacom”).

Figure 1: O-Net’s Optical Networking segment revenue breakdown
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(a) Telecommunications subsegment

The telecommunications subsegment is O-Net'’s traditional core business, which refers pri-
marily to sales of optic modules to the telecom market.

In 2016-2017, the Company launched products including ICR, mini ICR for 100GbE coher-
ent, Raman amplifiers, linecards, 100GbE tunable filers, VOA, integrated coherent receiv-
ers, and tunable filters for 100GbE and 200GbE telecommunications applications.

Optics sales to the telecom market grew in 1H18, driven principally by key products, such
as EDFA (erbium doped fiber amplifier), FSI (fiber-optic sensor interrogation), linecards,
and WDM (wavelength division multiplexing). Sales of new 100GbE products, such as
100GbE mini ICR (intradyne coherent receivers), Raman amplifiers, linecards, TF (tunable
filter) and VOA (variable optical attenuators), are on the rise, as the installation of 100GbE
products is expanding rapidly throughout metropolitan networks in the telecommunications
market.

(b) Data-communications subsegment

The data-communications subsegment targets the data centre market, in which the Compa-
ny’s current focus is mainly on the development of high-speed transceivers and associated
components.

In 2015, the Company launched its first active optical networking products and tapped into
the data-communications market. In 2016-2017, the Company launched products including
100GbE AOC,10X10 TOSA & ROSA products, 100GbE QSFP28 AOC, and 100GbE
QSFP28 CWDM4 for 100GbE data centre applications.

The growth of datacom has been spurred by the upgrade of data centres by global-scale
web operators from 40GbE to 100GbE due to demand for higher-speed cloud services. In
addition, global data centre operators continue to announce new data centre builds, which
has driven the Company’s sales in the datacom market in 1H18. The Company’s advance-
ment of active component offerings continues with the launch of a high-speed 400GbE
QSFP56-DD5 (based on 8x50GbE PAM4 VCSEL, which meets the specifications for the
QSFP56-DD multi-source protocol), which can reduce data centre operating costs and en-
hance high-speed data transmission efficiency to better suit the requirements of mega-
scale cloud data centres.

To capture opportunities in the datacom market, the Company has adopted a strategy of
establishing a world-class technology and product R&D team in Silicon Valley, focusing on
high-end transceiver development and selective offerings of transceivers based on vertical
integration and unique technologies. Its objective is to become a market leader of passive
components for transceiver markets, including glass blocks and isolators, and developing
active components, such as 25G+ VCSEL (vertical-cavity surface-emitting lasers), EML
(electro-absorption modulated lasers) based 10X10, and future 100G solutions and VCSEL-
based 100G AOC (active optical cables) with outstanding transmission distance.
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Figure 2: Examples of O-Net’s telecom products
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Integrated Coherent Receiver (ICR) is a key
optoelectronic device in a digital coherent
transponder. The receiver has various func-
tional parts including a polarization beam
splitter (PBS), a polarization rotator, dual-
channel optical 90-degree hybrids, high-
speed photodiode (PD) arrays and trans-
impedance amplifiers (TIAs). It is one of the
key components in coherent transmission
systems, and can be used in 100Gbit/s DP-
QPSK optical communication systems data
rate optimization and submarine long haul
transmission.
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Interleaver refers to a three-port pas-
sive optical components that double
the number of channels per fiber by
combine two sets of dense wavelength
-division multiplexing (DWDM) chan-
nels (odd and even channels) into a
composite signal stream in an inter-
leaving way.

Optical Interleaver

Transmission Optical Sub Assembly (TOSA)
and Receiver Optical Sub Assembly (ROSA)
are used to transmit and receive optical
signal in fiber optic network system. A TOSA
contains a semiconductor laser diode (LD),
optical interface, monitor photodiode, metal
and/or plastic housing, and electrical inter-
face. A ROSA contains a photodiode (PD),
optical lens, preamplifier, and passive elec-
trical parts.

10x10 TOSA & ROSA
(for Metro and Datacom)

10GSFP ROSA
(for Metro and Access)

Variable optical attenuator (VOA)
refers to a device designed to attenu-
ate the intensity or power level of an
input optical beam in a controlled
manner to produce an output optical
beam with different attenuated intensi-
ties.

Erbium doped fiber amplifier (EDFA)
refers to an optical device that is used
to boost the intensity of optical signals
being carried through a fiber optic
communications system.

MSA Fixed Gain EDFA Module

Wavelength division multiplexing (WDM), namely, thin-filter WDM, refers
to a method of increasing the capacity of a network by transmitting signals
at different wavelengths. It simultaneously transmits signals on multiple
wavelengths over a single fiber, rather than just one wavelength

Raman Amplifier refers to an optical amplifi-
er based on Raman gain, which results from
the effect of stimulated Raman scattering. It
can be used in 40G/100G transmission as
well as long haul and ultra-long haul link.

Raman Amplifier Module
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(2) Smart Manufacturing Applications segment

O-Net has over 10 years of experience in designing and manufacturing automated produc-
tion lines. In the Smart Manufacturing Applications segment, the Company is now actively
expanding to supply automation solutions for the e-cigarette industry, and has invested
resources on machine vision systems and sensing products, as well as ultra-reliable fibre-
optic components and multi-kilowatt optical components for the fibre laser market, and com-
ponents and modules for LiDAR (light detection and ranging), used in the emerging ADAS
(advanced driver assistance systems) applications.

_Figure 3: O-Net’s Smart Manufacturing Applications segment revenue breakdown
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(a) Industrial Laser Business subsegment

Since 2015, O-Net entered the industrial laser industry through the acquisition of ITF, a
leading Canadian supplier of ultra-reliable fibre-optic components, such as Fiber Bragg
Grating (FBG) and high-power fused components and modules for fibre laser systems,
which has provided several applications for industrial fibre lasers across the different power
and wavelength spectrums, including macro/micro material processing, marking and en-
graving, and welding applications since 2006. In 2016, ITF Technologies expanded its offer-
ings to multi-kilowatt fibre lasers.

In 2017, the Company expanded its offerings in multi-kilowatt applications by offering
unique single-mode kilowatt fibre laser products with better beam quality, such as a class-
leading 2 kilowatt laser engine and 6 kilowatt laser combiners, as well as discrete optical
components capable of handling 3 kilowatts of power each, to capture opportunities in the
growing demand for multi-kilowatt high-power fibre lasers, particularly in the China market.

To address the laser processing industry, the Company’s industrial laser business will con-
tinue to be uniquely positioned by offering a broad range of fibre-based components and
systems necessary for both high-power fibre laser and lower-power applications. Coupled
with the ongoing development and introduction of additional components and modules for
multi-kilowatt high-power fibre lasers, the industrial laser business is positioning itself as a
key enabler in the transition of materials processing markets for fibre lasers, offering addi-
tional outlets for its broad base of discrete optical components, as well as mid- to high-
power fibre laser systems.
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(b) Machine Vision Business subsegment

O-Net started to develop machine vision solutions in 2013. In 2015, the Company rolled out
its first machine vision system and fibre sensor, and has continued to invest and expand its
product portfolio to cater for strong demand.

The Company aims to be a leading domestic machine vision solutions provider by providing
more automation solutions, such as offering advanced machine vision systems and sensing
products. Its machine vision business in 1H18 saw significant growth of 145.0% YoY.

The Company’s objective is to become a leading domestic machine vision solutions provid-
er, and to build on its success by providing automation solutions, such as machine vision
systems and sensing products. The development of these products began in 2013, with
products launched in 2015. It is continuing to expand through a new series of products to
tap opportunities in the rapidly growing domestic machine vision market.

(c) Automation Solutions Business for the e-cigarettes subsegment

O-Net is a leading supplier of the e-cigarette industry, supplying heating coils and automat-
ed E-liquid filling and assembly machines, and has continued to provide a variety of auto-
mation solutions for the e-cigarette manufacturing industry.

In 2013, O-Net Automation developed automation equipment for producing heating coils
and began to supply the heating coils produced by this equipment to e-cigarette makers in
China. As a result, the Company has established a stable relationship with a number of e-
cigarette makers and has become a leading supplier of heating coils in the e-cigarette in-
dustry. In 2015, the Company started to supply a new component — Cartomier — to the e-
cigarette industry.

(d) Other Smart Manufacturing Applications subsegment
This subsegment refers mainly to LiDAR business now.

In 2015, the Company was engaged by leading overseas internet content providers to de-
velope LiDAR products for driverless car applications. In 2016, O-Net established a produc-
tion line for the assembly of laser source modules. Its optical components for the laser
source modules of LIDAR have been qualified by a global technology giant. It is pursuing
cooperative ties with other LIiDAR players and securing additional customers. In 2017, the
Company launched a first-generation cost-effective laser source module for LiDAR, called
PANDA. PANDA is a new kind of pulsed laser product platform for LiDAR, which is based
on 1550nm fibre laser architecture for improved resolution, range, eye safety, and low pow-
er consumption in a cost-effective package, which are key requirements of the sensing sys-
tems in Level 5 autonomous vehicles. The PANDA module measures only 9cm x 9cm X
3cm thick, weighs less than 400 grams, and is designed to exceed the demands of the
most challenging real-world autonomous navigation, remote sensing and 3D mapping.

We think O-Net’s existing technology platform is compatible with LiDAR, because the com-
pany has 1) modules for LiDAR light sources, including pulse lasers (acquired from 3SP
Technologies), optical amplifiers and next-generation high-power, low-cost source develop-
ment, 2) a seed source for lasers, including 1550nm DFB lasers (also acquired from 3SP),
and 3) passive components, including multimode signal-pump combiners, fibre brag greet-
ings (FBG) and optical isolators. O-Net has already engaged with leading global autono-
mous driving companies as a LIDAR OEM supplier (Google).
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(3) Consumer Electronics segment

In its Consumer Electronics segment, O-Net provides coating services, mainly to OEM
smartphone manufacturers and touch devices cover glass manufacturers in China.

The Company is seizing opportunities in the emerging cell-phone market in China to devel-
op its consumer electronics business. This business division provides anti-reflective, anti-
fingerprint and colour lamination coating services. This business division has enjoyed signif-
icant revenue growth due to strong demand from the Chinese smartphone market.

In 2014, the Company designed and launched a coating machine (AR & AF coating ma-
chine) with a new coating process providing anti-reflective (AR) and anti-fingerprint (AF)
coating simultaneously, a breakthrough in professional coating applications. An AR coating
is an optical coating applied to the cover glass or camera cover lens of smartphones and
tablets to reduce reflection, eliminating glare and enabling the devices to be used efficiently
under bright lights and direct sunlight. An AF coating is a type of optical coating applied to
reduce fingerprint marks. In 2016, the Company established O-Net Coating and Materials
Technology Limited, a focus subsidiary, to secure more customers and seize greater busi-
ness opportunities.

Building on the strong demand for quality, high-end coating technologies for ceramic finger-
print sensors, ceramic casings for fingerprint resistance, and colour lamination for glass
casings for smartphone manufacturers, the Company is striving to secure more new cus-
tomers in various industries, including the consumer electronics industry, by leveraging the
Company’s expertise in coatings.

In addition to its coating business, in 2015, the Company invested in collaborative ventures
in prospective new businesses, one of whose new products is a 3D-sensing module, which
the Company plans to launch in 2018.

Revenue generated from the Consumer Electronics segment was HK$63.4m in 2016 and
HK$199.3m in 2017. We expect turnover in the consumer electronics segment to drop se-
quentially, given weakness in global smartphone shipments.

11
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Growth Strategies

In 2012, O-Net rolled out its “Diversify for Growth” strategy, which led to (i) the launch of
machine vision systems and sensors; (ii) the introduction of advanced industrial laser prod-
ucts; and (iii) the introduction of automation solutions for the e-cigarette industry. All of
these products and solutions, as the building blocks of its smart manufacturing applications,
have performed exceptionally well over the past few years, laying the groundwork for fur-
ther penetration into a wider swath of Industry 4.0 applications. The Company has also
tapped advanced driver assistance systems (ADAS), thus driving long-term growth riding
on the immense potential of this market.

In addition to its traditional business of optical networking for telecommunications applica-
tions, the Company continues to focus on other markets, including: (i) the cloud data centre

New products to drive growth infrastructure and DCI markets; (i) numerous automation-related businesses to capture
Industry 4.0 opportunities; (iii) the multi-kilowatt fibre laser industry; and (iv) LiDAR for
emerging ADAS applications.

In respect of the optical networking business, the Company will continue to introduce the
next generation of innovative products to seize opportunities in the rapidly evolving optical
components market, driven by growth engines such as demand from the cloud data centre
and DCI markets, and the upcoming deployment of 5G wireless communications.

As for smart manufacturing applications, the Company expects its various sectors to grow
impressively to become significant businesses, driven by its core technologies. The Compa-
ny is more optimistic about developments on the machine vision systems and fibre laser
systems fronts, most notably the launch of its leading machine vision systems and its
unique single-mode, multi-kilowatt fibre laser products with better beam quality, as these
businesses will serve as catalysts for its progress and growth.

In addition to launching high-speed optical transceivers to address the needs of both intra-
and inter-data centre connections, the Company has made significant strides in other
emerging fast-growth sectors, such as the design and manufacturing of laser chips for
pump lasers, high-speed optical transceivers and light detection and ranging (LiDAR) solu-
tions through the acquisition of 3SP Technologies S.A.S. (3SP), a specialist in indium phos-
phide (InP) and gallium arsenide (GaAs) based laser chips. The Company has also ad-
vanced in the design and manufacture of high-reliability optical components and modules
for the telecommunications market and high-power products for the industrial laser and
LiDAR market through the acquisition of ITF.

Growth through vertical acqui-
sitions

As shown in Figure 4, O-Net's R&D expenses remained above 11% as a percentage of
revenue in 2013-2016, which is higher than that of its peers and makes investors confident
in its future development. The Company’s R&D expenses as percentage of turnover will
remain at a relative high level of about 9% in 2017-2020.

O-Net will continue to seek acquisition opportunities to realize synergies with its optical net-
working and smart manufacturing applications business to accelerate business growth and
expand the scale of its business.
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Figure 4: O-Net’s cost structure
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Figure 5: O-Net’s revenue breakdown by geographic area
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Industry Overview
(1) Optical Networking

Optical components are usually classified by function into two categories: passive and ac-
tive. Passive optical components send an optical signal without altering the signal's basic
characteristics or transmission format. Typical passive optical components are WDMs
(wave-length division multiplexing), isolators, attenuators, amplifiers, couplers, connectors
and optical switches. In contrast, active optical components process an optical signal and
change its basic characteristics or transmission format. Examples of active optical compo-
nents are lasers, tunable lasers, transmitters, receivers, transceivers, media converters and
transponders. Many active optical components contain passive optical components.

An optical communication system (aka “optical network (ON) system”) uses (1) a transmit-
ter (LD (laser diode) or LED (light-emitting diode)), which encodes a message into an opti-
cal signal, (2) a channel (i.e. optical fibre), which carries the signal to its destination, and (3)

Figure 6: lllustration of Fibre-Optic Communication System
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a receiver (photodiode), which decodes the message from the received optical signal.
There are two types of ON: passive (PON) and active (AON).

The key technical difference between PON and AON is that a passive splitter is used for
PON. The splitter is basically a multi-mirror, which distributes the optical signal for the sub-
scriber line to fibre optic routes without any electrical current. An AON offers fibre-optic
transmission, combined with electrically powered switches or routers, to distribute signals.

A PON is a fibre-optical network that uses fibre and passive components, like splitters and
combiners, rather than active components, like amplifiers, repeaters and shaping circuits.
Structured as a point to multi-point (P2MP) network, a PON consists of an optical line termi-
nal (OLT) at the service provider’'s central office and a number of optical network terminals
(ONT), which are near the end users. Popular variants are EPON and GPON.

Figure 7: Optical Networking Industry Value Chain
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Figure 8: Top 10 Active Optical Component Players (2Q16 - 1Q17)
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Figure 9: Top 10 Passive Optical Component Players (2Q16 - 1Q17)
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Figure 10: Rankings of Top 10 competitive enterprises in the optical components and auxiliary equipment field in the global market

Years
Ranking | Company 2011 2012 2013 2014 2015 2016 2017 2018
1 Finisar Finisar Finisar Finisar Finisar Finisar Finisar Finisar
2 JDSU JDSU Avago JDSU Avago Avago Broadcom
3 Oclaro Avago JDSU Avago JDSU
4 Sumitomo Electric | Sumitomo Electric|Sumitomo Electric | Sumitomo Electric | Sumitomo Electric Accelink Accelink
5 Avago [TToeEe T Fujikura Fujitsu Accelink Sumitomo Electric |- Lumentam—] Sumitomo Electric
6 Furukawa Electric | Furukawa Electric Fujitsu Fujikura Fujikura Fujikura Fujikura Fujikura
7 NEOPhotonics Fujitsu Accelink Accelink Furukawa Electric | Furukawa Electric | Furukawa Electric | Furukawa Electric
8 Accelink Oplink Furukawa Electric | Furukawa Electric ”””””“i””l““!””||”|” NEOPhotonics NEOPhotonics Hisense
9 Opnext Accelink || Octaro [TTTITTTTTOAa I Fujisn  [TTTOCRTITIT  Fujitsu InnoLight
10 Oplink NEOPhotonics NEOPhotonics NEOPhotonics NEOPhotonics Fujitsu ||””””l”“”M””””l””

Source: ODC, CGIS Research

Figure 11: Domestic Telecom Business Supply Chain
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According to Orbis, the expected global fibre optical component market CAGR is expected
to be 10.37% from 2017 to 2021. According to the Ovum Report (Nov 2017), the expected
global optical component market revenue CAGR is 9.79% from 2017 to 2021, and revenue
is expected to reach US$15.84bn by 2021, while the telecom and datacom markets are
expected to have a CAGR of 9.86% and 13.39%, respectively.

Figure 13: Global Optical Component Market
USD m

Telecom Market  ® Datacom Market Access Market

(= S = )

2017 2018E 2019E 2020E 2021E

a) Telecom

The global optical components market for telecommunications applications has contracted
since 2017. Nevertheless, sales of optics to telecoms segments in North America and Eu-
rope have remained steady.

Global network operators, including Chinese operators, are accelerating their deployment
plans by implementing more field trials of 5G networks, with commercial deployment targets
in late 2019 to 2020. The upcoming 5G network rollout will drive the Company’s optical net-
working business in two dimensions: geographic extension and bandwidth throughput. Ac-
cording to Infostone Communications Consultant, it is estimated that there will be 1.5 to 3
times more Chinese base stations in the 5G era than in the 4G era, while the number of
optical modules in each base station in the 5G era vs. the 4G era is likely to be 2-3 times
larger. According to ODC, it is estimated that there will be 1.6 to 4.2 more optical modules
needed in the 5G era than in the 4G era.

Demand for optical components, like FSI, WDM, TF, CWDM/WDM devices and ROADM
(Reconfigurable Optical Add/Drop Multiplexers) systems, is very likely to sharply increase in
the 5G era.

(b) Datacom

According to LightCounting, sales of 400GbE optics will expand the cloud market segment
(including the cloud in China) from about US$2bn in 2017 at a CAGR of 20% to more than
US$6bn in 2023. According to Ovum (May 2017), 100GbE transceivers are the fastest-
growing products, with an expected 38% CAGR from 2016 to 2022, reaching US$6.6bn by
2022.
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DCI (data center interconnect) refers to a technology used to connect and enable network-
ing between two or more different data centres, enabling different data centres to share
resources, pass workloads, and work together. The migration toward cloud-based services
has increased demand for data centres, which is expected to boost the growth of the DCI
market.

Starting in 2013, major data centre operators transformed to a leaf-spine structure, causing
a rapid increase in demand for AOC (used to connect to servers and cabinet switches) and
PSM4/CWDM4 (used to connect to a leaf-spine structured system).

According to ACG research, the DCI revenue segment is projected to grow at a 20.6%
CAGR from 2016 to 2021, mainly because of the cloud. DCI continues to be a major driver
for the growth of the optical network and components market, which is attributable to (i) the
adoption of more cloud-based services applications; (ii) ongoing data centre construction,
with new technology upgrade cycles coming; and (iii) demand for interconnecting as a re-
sult of the growing number of geographically dispersed data centres.

According to Ovum, the DCI market was valued at US$3.2bn in 2017, shared by market
leaders Ciena, Huawei, Nokia, Infinera, Cisco etc. North America is by far the largest mar-
ket geographically.

(2) Smart Manufacturing Applications

(a) Industrial Laser Business

Laser technology has been used in industrial applications since the invention of the first
lasers back in the 1960’s. Fibre lasers are compact and energy efficient laser systems that
offer the best beam quality for applications where precision is important. As the technology
is based on an optical fibre, the absence of free-space optics and mechanical components
provides excellent system stability and long product life. Directing the laser radiation to the
point of application via an optical fibre ensures safe operation for humans and simplicity of
integration into robotics. Hence, in a diverse range of industries, replacing conventional
laser or non-laser technologies with fibre lasers can maximize process speed and precision,
while minimizing operation costs. Fibre laser has several advantages: (i) power efficiency;
(i) cost competitiveness; (iii) ease of maintenance; and (iv) relative durability.

As fibre lasers offer flexible operation on several wavelengths and allow access to multiple
markets, including materials processing, laser marking, sensor applications, laser spectros-
copy, medical applications, 3D printing and digital projections, the fibre laser market is cur-
rently experiencing the fastest growth rate among all laser technology segments.

According to ResearchAndMarkets.com, in 2017, the global industrial laser market record-
ed growth of 26% to US$4.3bn, with industrial fibre lasers leading the way, expanding 34%
to US$2.0bn. According to Allied Market Research, the global fibre laser market is expected
to reach US$3.1bn by 2022. According to IDTechEx, the global market for fibre lasers will
reach US$8.9bn by 2028.

Fibre lasers have become the first choice for the laser processing industry. In welding sys-
tems, 60% of laser welding equipment have incorporated fibre lasers.

Commercial applications of fibre lasers in sensing are typically limited to high-precision Li-
DAR for terrestrial mapping (which is another important O-Net business, see part (d)),
range finding and wind sensing.
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(b) Machine Vision Business

A machine vision system simulates human vision with computers, collecting, processing
and analyzing information from images. As industrial production becomes increasingly com-
plex, more and more micromachining processes have emerged. To ensure precision in
production, machine vision has been widely applied in the inspection, measurement and
insertion of parts and automation between different processes.

According to ResearchAndMarkets.com, against the backdrop of Industry 4.0, the machine
vision industry in China has grown by leaps and bounds over the past few years, resulting
in China becoming the world’s third-largest machine vision market, after the United States
and Japan. In 2017, the Chinese machine vision industry was worth RMB3.2bn, represent-
ing a YoY surge of 23.1%. As a large number of local Chinese manufacturers continue to
operate older facilities, the window of opportunity is immense. The size of the Chinese mar-
ket is expected to maintain a CAGR of 20.0% from 2018 to 2022.

(c) Automation Solutions Business for e-cigarettes

According to Prescient & Strategic Intelligence, the global e-cigarette market size was esti-
mated to be around US$15bn in 2017, with an expected CAGR of 27.3% in 2018-2023. The
search for alternatives to tobacco cigarettes due to rising health awareness among con-
sumers is fuelling the growth of the market.

Global tobacco companies are shifting their focus from traditional tobacco products to next-
generation vaping devices because they are being adopted by consumers as an alternative
to tobacco cigarettes. With the focus on replacing traditional tobacco cigarettes with safe
vaping technology, the e-cigarette market is expected to witness significant growth in the
near future. The Company’s e-cigarette business is expected to maintain its growth mo-
mentum and enjoy a multi-year-high growth cycle.

(d) LiDAR

LiDAR (light detection and ranging) is a surveying technology that measures distance by
scanning a target with a laser light beam, and creating a three-dimension high-resolution
image. After processing the signals to generate information about the target object, such as
its distance, position, height, speed, posture and shape, it can explore, track and identify
the target.

LiDAR is among the key solutions for making high-resolution images or maps used by
ADAS (advanced driving assistance systems). ADAS is believed to be one of the most sig-
nificant technologies to affect the evolution of the automobile. The market is expected to
enjoy significant growth in the long-term future, driven by the rise in automated and highly
automated vehicles on the road expected in 10 years’ time. In autonomous driving, LiDAR
is important for (1) identification of surroundings (e.g. signs, driveways) to locate the vehicle
on a map with high precision, and (2) identification of roadway objects and obstacles. Com-
pared to other sensors, such as cameras and radar, LIDAR adoption is very low (only in
testing autonomous vehicles), mainly because of expensive seed lasers. Google’s self-
driving car prototype used Velodyne’s 64-channel. Previously, a LiDAR solution cost about
US$75,000. However, we are seeing more LiDAR solution providers (such as Velodyne,
Quanergy, Innoviz, iboe, Magna, and TriLumina), whose target is to bring the cost down to
below US$1,000. Quanergy unveiled the first compact, low-cost, automotive-grade solid
state LiDAR sensor, and Velodyne announced it would work on a US$500 solid-state Li-
DAR.

The structure of LIDAR includes four main parts: (1) a laser pulse: pulse and continuous
wave lasers; (2) a transmitter laser: beam splitter, phase prism, galvanometer and transmis-
sion; (3) a receiver: determines distance + conducts exploration; and (4) a signal processor:
for calculation and assessment.
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Figure 14: The addressable market for fibre lasers
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Earnings forecast

e O-Net is projected to deliver net profit growth of 12.4%/19.3%/27.3% in
2018E/2019E/2020E, driven by: a) market share gains, b) new product launches,
and c) an expanding customer base. We expect O-Net to continue to gain market
share, especially under industry consolidation, given li-Vi’'s acquisition of Finisar
and Lumentum’s acquisition of Oracle.

e We expect revenue from the optical communications products segment to grow
Steady turnover growth pro- at a CAGR of 16.8% from 2017 to 2020E. Within the optical communications prod-
jected in 2018E & 2019E ucts segment, we believe that both the telecommunications and datacom seg-
ments will report good growth in 2017-2020E, given: a) the global 5G roll-out, b)

market share gains, and c) new product launches.

e We expect turnover in the consumer electronics segment to drop sequentially in
2017-2020E, given weakness in global smartphone shipments. We also expect
new business, such as industrial lasers, machine vision and LiDAR, to report
strong growth, given positive long-term trends. Industrial lasers, machine vision and
LiDAR are expected to be fast-growth areas in the TMT hardware segment, and O-Net
has key advantages, given its strong R&D and integrated model.

e We expect O-Net to control SG&A expenses to make sure that profitability will not be
dragged down. O-Net is expected to remain committed to new product development
and R&D, as the percentage of total turnover was as high as 11.75% to 13.45% in
2013-2016. We expect O-Net to invest about 9% of its annual turnover in R&D in
2018E-2020E.

e O-Net's core business is optical networking, automation and touch panels. lts optical
networking business supplies mainly passive optical networking subcomponents, com-
ponents, modules and subsystems used in telecom and data communication networks.
The Company was established in 2000 in Shenzhen, and completed its IPO on the
Hong Kong Stock Exchange in 2010. We saw a dip in O-Net’s revenue in 2013, as the
Company missed the earlier-than-expected 100G upgrade cycle. O-Net subsequently
moved its headquarters and manufacturing facilities from Nanshan to Pingshan.
Thanks to strong R&D capability, O-Net regained revenue growth momentum in 2014-
15 with new passive products.

e One concern about O-Net may be that its expansion in various areas in recent years
may have been too far and too fast, causing it to lose focus, and whether it can main-
tain its competitiveness in various segments. We believe the Company’s expansion
strategy has been logical and consistent. The expansion to the broader active optical
components market and datacom market has leveraged its solid experience in passive
optical components, and its expansion deeper into the opto-electronic business
(including industrial lasers, LIDAR, machine vision and VCSEL) has enhanced its verti-
cal integration. The expansion in the e-cigarette and coating segments was a more
diversified strategy, but the results have turned out to be quite successful, though the
coating business will be under pressure. On the margin side, we note that O-Net's
gross margin has stabilized since 2013, thanks to diverse product offerings. We expect
to see an increase in 2016-18E, thanks to the rising contribution from the better-margin
active component and coating business.

22




O +E R AERE

CHINA GALAXY INTERNATIONAL

Figure 16: Key Assumptions for O-Net

Turnover (HKDm)

Optical Networking Business 654.0 781.4 974.7 1,395.7 1,601.0 1,827.3 2,156.6 2,549.0
Automation and Sensing Business 0 34.7 108.0 63.0 95.9 140.9 207.9 319.2
Others 75 15.2 52.8 139.6 338.2 386.4 574.3 783.3
Total 661.5 831.3 1,135.5 1,598.3 2,035.1 2,354.6 2,938.7 3,651.5
YoY Change (%)

Optical Networking Business 19.5 24.7 43.2 14.7 141 18.0 18.2
Automation and Sensing Business n.a. n.a. (41.7) 52.2 47.0 47.5 53.6
Others 142.2 14.2 48.6 36.4
Total 257 36.6 40.8 27.3 15.7 24.8 24.3

Gross margin (%)

Optical Networking Business 31.9 31.9 443 325 36.1 36.6 34.6 35.1
Automation and Sensing Business 6.5 35.0 35.0 30.0 32.9 32.9 32.9 32.9
Others 9.0 28.0 28.0 25.0 32.0 32.0 26.0 26.0
Net margin (%) 2.0 52 7.3 8.2 10.3 10.0 9.5 9.8
Cost (HKDm)

S,G&A (128.5) (143.6) (183.5) (240.9) (307.0) (339.4) (419.7) (517.3)
Financial Expenses (7.7) (0.2) (0.8) 0 0 (5.7) (15.6) (26.0)
YoY Change (%)

S,G&A 1.7 27.8 31.3 274 10.6 23.7 233
Financial Expenses (97.7) 369.3 n.a. n.a. na. 1741 66.9
CAPEX (HKDm) 149.7 116.7 135.9 101.9 246.5 160.0 150.0 150.0
Net Gearing (%) 12.6 121 8.1 11.7 14.0

Source: Company Data, CGIS Research

Figure 17: O-Net’s profits and margins
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Figure 18: Earnings projection
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Income Statement (HKDm) FY2016
Revenue 1,598
Growth yoy% 40.8%
Gross Profit 570
Growth yoy% 57.1%
Selling General & Admin Exp. (429)
Others Operating Expenses/ltems 14
Operating Income 155
Growth yoy% n.a.
Interest Expense (15.6)
Interest and Invest. Income 16.6
Incomel(Loss) from Affiliates (1.5)
Other Non-Operating Inc. (Exp.) 0
Impairment of Goodwill -
Gain (Loss) On Sale Of Invest. -
Gain (Loss) On Sale Of Assets -
Income Tax Expense (26)
Minority Int. in Earnings 2
Net Income 131
Growth yoy% 58.2%
Balance Sheet (HKDm) FY2016
ASSETS
Cash And Equivalents 534
Receivables 647
Inventory 270
Other Current Assets 36
Total Current Assets 1,487

Net Property, Plant & Equipment 702
Long-term Investments -
Other Intangibles -
Deferred Tax Assets, LT -

Other Long-Term Assets 298
Goodwill -
Accounts Receivable Long-Term -
Total Long Term Assets 999
Total Assets 2,487
LIABILITIES & EQUITY
Accounts Payable 290
Accrued Exp. -
Short-term Borrowings 684

Curr. Port. of LT Debt -
Curr. Income Taxes Payable -
Unearned Revenue, Current -

Other Current Liabilities 21

Total Current Liabilities 995
Long-Term Debt 29
Def. Tax Liability, Non-Curr. 3
Other Non-Current Liabilities 30
Total Liabilities 1,058
Common Stock 7
Additional Paid In Capital -
Retained Earnings 1,414
Treasury Stock -
Comprehensive Inc. and Other -
Minority Interest 7.7
Total Equity 1,429
Total Liabilities And Equity 2,487

FY2017

2,035
27.3%
726
27.5%
(484)
24
266
72.1%
(26.0)
85
(0.0)

209
59.9%

408
975
377
20
1,781
916

1,323
3,104

367

654

2,355
15.7%
779
7.2%
(545)
67
301
12.8%
(30.0)
9.4
(0.0)

235
12.4%

575
1,031
437
23
2,065

1,412
3,477

2,939
24.8%
975
25.1%
677)
64
362
20.5%
(37.5)
9.2
(0.0)

280
19.3%

655
1,286
545
29
2,515
1,056

1,480
3,995

(5.9)
2,461
3,995

FY2018F FY2019F FY2020F

3,652
24.3%
1,224
25.6%
(837)
83
470
29.6%
(46.6)
2.1
(0.0)

357
27.3%

FY2017 FY2018F FY2019F FY2020F

1,598

1,173

Cash Flow Statement (HKDm)

Net Income
Depreciation & Amort.
Change in Working Capital
Cash from Ops.
Capital Expenditure
Sale of Property, Plant, and Equipment
Change in Investing Acitivities
Cash from Investing
Net increase in bank borrowings

Issuance of Common Stock
Common Dividends Paid
Special Dividend Paid
Other Financing Activities
Cash from Financing

Net Change in Cash

Ratios

Profitability
Return on Assets %
Return on Capital %
Return on Equity %

Margin Analysis
Gross Margin %
SG&A Margin %
EBIT Margin %
EBITDA Margin %
Net Income Margin %

Asset Turnover
Total Asset Turnover
Fixed Asset Turnover
Accounts Receivable Turnover
Inventory Turnover

Liquidity
Current Ratio
Quick Ratio
Avg. Days Sales Out.
Avg. Days Inventory Out.
Avg. Days Payable Out.
Avg. Cash Conversion Cycle
Net Debt to Equity

Growth Over Prior Year
Total Revenue
Net Income
Payout Ratio %

FY2016 FY2017 FY2018F FY2019F FY2020F
162 273 276 331 422

56 69 80 90 100

@73)  (359) (57) (259)  (316)
(54) (7 298 162 206

(102) (247)  (160) (150) (150)

(455) 499 (77) (96) (92)
(557) 252 (237) (246) (242)
639 (60) 103 188 229

18 0 0 0 0

0 0 0 (23) (56)

(12) (33) (6) (10) (13)

645 (93) 97 155 160

33 143 158 7 124
FY2016 FY2017 FY2018F FY2019F FY2020F

6.1% 7.5% 7.1% 7.5% 8.8%

8.3% 9.7% 9.3% 9.9% 11.6%
9.5% 12.1% 11.0% 11.9% 14.3%
35.6% 35.7% 33.1% 33.2% 33.5%
15.1% 15.1% 14.4% 14.3% 14.2%
10.7% 13.5% 13.2% 12.6% 12.9%
14.3% 17.0% 16.6% 15.8% 15.7%

8.2% 10.3% 10.0% 9.5% 9.8%

0.6x 0.7x 0.7x 0.7x 0.8x
1.6x 1.5x 1.7x 2.0x 2.4x
2.8x 2.5x 2.3x 2.5x 2.5x
5.9x 5.4x 5.4x 5.4x 5.4x
1.5x 1.7x 1.7x 1.7x 1.7x
1.2x 1.3x 1.3x 1.3x 1.3x
147.8 174.9 159.8 159.8 159.8
61.6 67.7 67.7 67.7 67.7
112.0 91.6 91.6 88.6 89.3
177.3 214.4 195.2 195.3 195.8
n.a. 12% 8% 12% 14%
40.8% 27.3% 15.7% 24.8% 24.3%
58.2% 59.9% 12.4% 19.3% 27.3%

0.0% 0.0% 10.0% 20.0% 20.0%
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Valuation

We believe the current valuation of 12.5x 2018E PER and 10.5x 2019E PER offers a good
entry point. We also expect O-Net to declare a dividend for its 2018 results. We initiate our
coverage of O-Net with a BUY recommendation and a target price of HK$4.40, based on a

Trading at a discount to its target 2018E PER of 15x. Our target PER is lower than the Company’s historical average of

listed global peers 27x since listing and the 15.5x of average of HK-listed telecommunications-related names.
The A-share-listed (excluding Datang Telecom) and overseas-listed telecommunications
equipment names are trading at an average PER of 20.4x and 22.4x, respectively, so our
target PE ratio is not excessive. This is supported by its estimated earnings CAGR of
17.0% in 2017-2020E.

Figure 19: O-Net’s P/E Band
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Figure 20: Peer Comparison

Company EVIEBITDA Div yield Share Price Performance
Price  MarketCap  2018F 2018F  2019F  2020F 2017 2017 2018F 2017 2017 2018F M 6M
Ley USSm X X X X X % % %
763 HK ZTE Corp 1536 11,129 na. 139 102 464 105 85 26 18 157 187 38 46 24 000 304 07 -40.0 41.7
2342HK Comba Telecom Systems Holdin 13 380 %1 232 156 134 129 106 08 08 08 31 05 14 000 065 98 47 54 -18.0
552 HK China Communications Servi-H 745 6,59 152 134 13 17 69 64 15 15 99 102 39 42 178 233 160 %42 50.6 29
6869 HK Yangtze Optical Fibre And-H 20.95 313 81 13 63 95 82 6.9 21 19 210 255 na. 180 na. 393 131 250 372 -41.6
1617 HK Nanfang Communication Holdin 447 640 165 128 110 157 133 122 57 na. 179 315 101 na. 189 302 -13.0 07 42 -19.2
6168 HK China U-Ton Holdings Ltd 087 3 na. na. na. na. na. na. 44 na. -46.5 na. -135 na. 0.00 na. 14 256 287 -18.7
3TTTHK China Fiber Optic Network Sy 0.70 192 na. na. na. na. na. na. 04 na. na. na. 38 na. 0.00 na. 0.0 0.0 0.0 0.0
8TTHK 0-Net Technologies Group Ltd 367 376 25 105 83 13 64 53 14 13 121 110 15 1 000 080 105 -19.2 -28.0 -26.6
1300 HK Trigiant Group Ltd 0.90 206 40 38 na. na. na. na. 0.5 na. 99 na. 6.6 na. 538 5.38 -11 -25.0 268 -15.1
941 HK China Mobile Ltd 7650 200,237 121 120 115 33 33 31 13 13 116 114 15 73 421 404 65 20 19 35
762 HK China Unicom Hong Kong Ltd 9.00 35,204 85 182 133 29 27 26 08 0.7 0.7 21 09 14 0.65 149 48 33 -173 -148
T8 HK China Telecom Corp Ltd-H 419 43,350 149 138 126 35 33 32 09 09 58 6.1 30 32 241 am 91 106 123 126
1883 HK Citic Telecom International 267 1,219 102 96 90 72 70 6.7 11 11 108 109 50 55 637 637 64 127 192 290
Average 155 124 108 122 16 6.7 18 12 63 96 26 50 21 28 65 41 6.9 93
000063 CH Zte Corp-A 1949 11,129 na. 197 B4 47 19 97 36 24 157 177 46 48 na. 019 117 02 318 464
600804 CH Dr Peng Telcom & Media Gr-A 8.07 1,664 43 266 264 53 55 54 16 16 114 64 22 21 na. 120 138 -29.8 503 526
300134 CH Shenzhen Tat Fook Technolo-A 8.92 986 na. na. na. na. na. na. 13 na. 92 na. 31 na. na. na. 16 257 324 458
600198 CH Datang Telecom Tech Co-A 6.59 837 6590 549 183 na. na. na. na. na. na. na.  -192 na. 0.00 na. 158 36 20 -41.5
600498 CH Fiberhome Telecom Tech Co-A 27.98 4,708 28 265 25 204 171 146 31 31 98 94 30 31 na. 152 -12 88 26 29
002396 CH Fujian Star-Net Communicat-A 17.55 1474 166 133 109 100 82 6.6 29 28 155 180 99 105 na. 134 79 -14.6 230 -18.7
002281 CH Accelink Technologies Co -A 26.06 2430 49 344 268 R4 B3 182 50 49 113 110 63 6.6 na. 0.75 -16 05 43 -114
600487 CH Hengtong Optic-Electric Co-A 17.55 4810 106 87 78 98 78 64 28 26 260 247 80 13 na. 258 07 -30.6 293 -39.2
002491 CH Tongding Interconnection I-A 789 1433 126 106 96 110 96 84 20 18 158 142 68 87 na. na. 135 217 414 374
600522 CH Jiangsu Zhongtian Technolo-A 769 3,395 105 82 69 13 5.7 46 13 12 21 114 6.9 118 na. 169 13 -170 211 -44.8
000070 CH Shenzhen Sdg Info Co Ltd-A 716 646 143 114 9.1 104 87 13 21 20 143 137 40 na. na. na. 138 94 -186 233
300299 CH Fuchun Communications Co L-A 481 504 na. na. na. na. na. na. 29 na 129 na 91 na. na. na. 382 38 99 285
000988 CH Huagong Tech Co Lid-A 12.00 1,737 22 158 26 na. na. na. 22 na. 17 na. 43 na. na. 03 6.6 -16.0 214 216
601869 CH Yangtze Optical Fibre And-A 37.29 313 16.6 139 118 na. na. na. 49 43 270 250 146 na. 0.0 11 26 -30.2 na. na.
Average 847 209 158 165 110 9.0 26 25 9.8 10.1 12 6.2 0.0 12 97 -134 2.2 323
PRYIM Prysmian Spa 16.23 4,947 111 8.6 14 9.1 14 6.8 19 18 155 182 26 4.1 na. 2718 40 263 286 383
INPRUS Juniper Networks Inc 2944 10,161 15.8 144 133 86 83 79 22 24 6.4 138 24 74 217 244 50 21 86 33
4063 P Shin-Etsu Chemical Co Ltd 9947.00 37,544 40 133 14 6.0 55 5.2 17 16 85 124 110 115 na. 19 89 6.8 -10.0 131
5803 JP Fujikura Ltd 488.00 1,274 88 6.7 63 6.1 56 52 06 06 64 6.8 09 54 na. 289 59 216 -36.0 509
MSI US Motorola Solutions Inc 13207 21,597 188 174 159 133 118 110 na. na. na. -7 04 107 157 160 128 26 204 462
CSCOoUS Cisco Systems Inc 4729 212614 155 143 135 108 102 100 49 58 148 334 11 137 271 193 79 04 101 35
ERICB SS Ericsson Lm-B Shs 76.68 28,276 392 205 158 143 96 86 27 26 294 30 711 09 na. 144 30 -26 183 04
LITEUS Lumentum Holdings Inc 421 2,803 99 89 90 65 54 56 28 26 185 85 199 163 0.00 na. -16.6 -35.7 -29.8 96
FNSRUS Finisar Corporation 23.03 2,703 260 151 135 104 80 14 17 15 183 64 33 na. 0.00 na. 139 134 378 132
COHRUS Coherent Inc 133.59 3,257 125 107 78 80 14 56 25 18 200 163 108 na. 0.00 na. 112 -29.7 -219 527
EMKR US Emcore Corp 441 121 na. na. na. na. 330 na. 11 na. 72 na. 6.8 na. 0.00 na. -100 95 -12.7 316
AAOIUS Applied Optoelectronics Inc 20.66 409 206 173 85 89 63 na. 12 11 264 na. 26 na. 0.00 na. 17 513 4.2 454
ACIAUS Acacia Communications Inc 44.70 1,808 553 319 25 311 192 150 36 35 82 6.5 41 06 0.00 na. 336 122 336 34
CIENUS Ciena Corp EINE) 4,667 42 181 156 115 94 83 26 28 870 10 236 245 000 000 101 198 335 564
INFN US Infinera Corp 439 768 na. na. 195 313 84 32 10 10 272 17 127 6.1 000 000 -17.8 512 513 -30.6
IPGP US Ipg Photonics Corp 14364 7,670 193 198 171 107 106 9.7 35 34 194 188 159 na. 0.00 na. 9.4 -16.1 -42.2 329
NPTN US Neophotonics Corp 798 367 na. na. 305 401 100 65 23 22 254 na. 140 na. 0.00 na. 30 -119 205 13
VIAV US Viavi Solutions Inc 991 2,264 166 145 137 109 94 9.6 32 30 26 123 -29 35 0.00 na. -11.0 -13.7 18 134
OCLRUS Oclaro Inc 8.07 1,385 A5 171 155 94 71 67 23 24 376 102 65 na. 0.00 na. 23 -15.9 -10.7 197
ACIAUS Acacia Communications Inc 44.70 1,808 553 319 25 311 192 150 36 35 82 6.5 4.1 06 0.00 na. 36 122 36 34
VI US [i-Vi Inc 313 2,367 153 119 98 98 87 84 23 21 113 134 54 6.9 0.00 na. 29 255 -16.6 207
3450 TT Elite Advanced Laser Corp 63.80 302 u4 115 13 54 52 43 24 18 196 118 91 93 na. 467 44 131 338 -45.8
3284717 Truelight Corp 24.00 59 na. na. na. na. na. na. 15 na. -39.0 na. 18 na. na. na. 174 -184 -109 412
49791T Luxnet Corp 19.25 64 na. na. na. na. na. na. 13 na. 424 na. -189 na. na. na. 254 -146 283 453
3081 7T Land Mark Optoelectronics 263.50 775 339 246 183 184 139 106 63 58 76 185 177 174 na. 210 210 31 -15.0 314
Average 24 164 145 142 104 8.1 25 25 12 11 19 19 038 208 9.0 -12.2 11 8.1
HSI Index Hang Seng Index 6.6 6.9 -13.2 116
HSCE Index Hang Seng China Ent Indx 5.7 45 -115 96
SHCOMP Index Shanghai Se Composite 10 13 177 224
MXCN Index Msci China 10.2 9.2 -18.1 -15.3
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Maijor risk factors

(i) Slower-than-expected 5G development. There is no fixed timetable for 5G roll-out
globally. Any delay in 5G roll-out may constrain the growth potential of optical communica-
tions equipment and component suppliers. However, we believe that the 5G roll-out will be
delayed only up to the end of 2019, as some countries, such as the US, have kicked off
spectrum allocation. Further news flow on 5G roll-out in China will attract market attention
to optical communications equipment names, including O-Net.

(ii) Slower-than-expected development of new products. New business and new prod-
ucts are the growth drivers for O-Net. Any delay in the launch of new products will drag
down the overall growth of O-Net. However, O-Net is committed to R&D for new products,
and several new products, such as machine vision, LIDAR and industrial lasers, are ex-
pected to report good growth in the coming years.

(iii) Foreign exchange risk. The Company operates internationally, so it is exposed to
foreign exchange risk arising from future commercial transactions, and recognized assets
and liabilities. The majority of the Company’s foreign currency transactions and balances
are denominated in USD and RMB. The maijor foreign exchange risk relates to the fluctua-
tion of the USD against the RMB. As at 31 December 2017, if the USD had weakened/
strengthened by 5% against RMB with all other variables held constant, profit before tax for
the year would have been HK$21,554,000 (2016: HK$14,637,000) lower/higher, mainly as
a result of foreign exchange losses/gains on translation of USD-denominated cash in banks
and trade and other receivables.

(iv) Increasing competition from new technology. This might have a negative impact on
existing suppliers. However, we don’'t see any new technology on the horizon to replace
optical communications.
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Company History

Figure 21: O-Net’s Milestones (excluding M&A activity and external investments)

O-Net was set up by Mandarin IT Fund I and Kaifa in July.
O-Net set up two wholly-owned subsidiaries, O-Net Shenzhen and O-Net Hong Kong, in October.
Set up passive optical components R&D team in March.
2001 | Develop of Optical Coating technology and Optical Precision Processing technology.
Launch of WDM.
Qualified as a supplier of Alcatel-Lucent.
Set up optical module and sub-systems R&D team.
Set up automation division for developing automation equipment for in-house production.
Develop of Mirco Optics technology.
2007 Qualified as a supplier of Huawei.
Develop of Radio Frequency technology.
2008 | Launch of VOA.
2010 O-Net listed on the Stock Exchange of Hong Kong Limited on 29 April 2010, with a net proceed of approximately HK$512.8m.
Launch of tunable dispersion compensators ("TDC") for 40Gbps Networks
2012 | Establishment of R&D center in Silicon Valley in August for developing products for data centers
Set up O-Net Automation Technology (Shenzhen) Limite, to explore the automation equipment market (machine vision and sensing
business).
Set up an R&D center in U.S.A for the development of next-generation active products.
Launch of its first Quad Small Form-factor Pluggable plus bidirection (“QSFP+ BiDi”) solution in December.
Launch of three patented coating machines in November.
Successfully designed an automated E-liquid Filling & Assembly Machine in July.
Set up a new division for optical coating business
Launch of EDFA for 100Gbps Networks
Launch of machine vision product in July.
Launch of 40G AOC & 100G ICR with AOC qualified by internet content player and data center solutions player.
On 2016 Jan 7, the Company adopted its new name as O-Net Technologies (Group) Limited.
New VP of R&D joined O-Net.
New Chief Scientist joined O-Net USA.
Set up a subsidiary, O-Net Coating for optical coating business.
Start to supply of LIDARs’ components & set up production line for assembly of LIiDARs.
Launch of 10X10 TOSA & ROSA, 100G mini ICR and AOC.
New VP of Operation joined O-Net.
2017 | On 2017 Sep 7, Launch of cost-effective Laser Light Source Module for LIDAR (PANDA) along with ITF to tap into the industrial
lasers industry.

2000

2004

2013

2014

2015

2016
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Figure 22: O-Net’s M&A activity and external investments

2013

Invested in a German company, VI Systems GmbH, to develop proprietary high speed optical interconnects and
proprietary VCSEL (Vertical Cavity Surface Emitting Laser).

Signed a subscription agreement with a Canadian company, ArtIC Photonics, Inc. to collaborate in the development of
proprietary PIC (Photonic Integrated Circuit) chips for the next generation optical products. Headquartered in Ottawa,
Canada, ArtIC is principally engaged in the custom design and fabless development of PIC chips for use in optical component
products for telecom and datacom markets. The cooperation presents potential for O-Net to capture the positive momentum in the
optical networking industry. It enables the Group to secure supply of core material for its advanced optical components and offer
competitive next generation products for the fast-emerging telecom and datacom markets.

Set up a joint venture, O-Net WaveTouch Limited, with a Danish company, OPDI Technologies A/S, to develop
“WaveTouch” technology for touchscreen products. Compared with the competing touch technologies in the market, the optical
WaveTouch technology provides for greater cost advantages in terms of mass production, particularly when deployed in large
touch screens. This technology can be applied to a wide range of electronics products including mobile devices, PDAs, game
consoles, multimedia players, cameras, GPS systems, auto control indicators, e-Books, pocket computers just to mention a few
electronic consumer products with a user interface. Headquartered in Denmark, OPDI is an international company specialising in
the R&D and production of photonic sensors, while O-Net Communications is a leader in optical communication technologies and
applications. Thus, both parties can complement each other’s professional strengths to optimise their competitive advantages and
create greater synergies.

2014

On 2014 Jan 27, the Company subscribed 6,304,116 preferred shares of ArtIC Photonics Inc., representing around 38% of the
issued share capital of ArtIC.

Signed a management contract of a French company, 3SP Technologies S.A.S. 3SP is principally engaged in research,
development, manufacturing and supplying of innovative chips and laser products for telecom and datacom market as well as
innovative high-end markets such as LIDAR for ADAS market. 3SP is the only manufacturer in the world which possesses the
capability to mass produce InP (Indium Phosphide) and GaAs (Gallium Arsenide) laser chips under the same roof. While O-Net is
one of the world’s top three largest companies of EDFA and Raman amplifiers, the acquisition of 3SP, which is also the main
supplier of 980nm pump laser worldwide, can seamlessly support O-Net’s EDFA business and solidify the Group’s leading
position in amplifier market. Moreover, the vertical integration also allows 3SP to proffer their expertise in chip technologies to the
Group’s another growth driver — transceiver, which will be widely used in datacom and telecom markets. In addition, the
diversified laser chip R&D capability of 3SP can help bolster O-Net’s fiber laser and LiDAR products development, which are
essential for the Group to tap the emerging market of ADAS.

2015

On 2015 Jan 30, the Company entered into the Sale and Purchase Agreement to purchase Avensys Inc. Avensys Inc., and its
wholly-owned subsidiary, ITF Laboratories Inc. designs, manufactures, distributes, and markets high reliability optical components
and modules as well as FBGs (Fiber Bragg Gratings) for the telecom market and high power devices and sub-assemblies for the
industrial market. They are pioneers in the development of packaged fiber-based sensors and instrumentation and possesses leading
edge intellectual property.

On 2015 Mar 12, ArtIC re-purchased and cancelled 2,888,900 common shares held by one of its shareholders. After the
cancellation, the Group held 45.7% of ownership interest in ArtIC. However, given the Group had over 50% of voting right in
ArtIC after the shares cancellation, and it had control over ArtIC according to the revised shareholders agreement, ArtIC became a
subsidiary of the Company from on 2015 Mar 12.

2017

On 2017 Apr 21, the Company entered into the Sale and Purchase Agreement to purchase 3SP to support O-Net’s EDFA and
transceiver as well as LIDAR businesses.

2018

On 2018 Oct 15, invested in and formed a strategic partnership with InLC Technology Inc., a Korea-based technology
company founded in 2009 focused on Liquid Crystal (LC) and Liquid-Crystal-on-Silicon (LCoS) WSS (Wavelength Selective
Switches) and DGE (Dynamic Gain Equalizers), and other products in wired telecom equipment manufacturing, in order to capture
numerous opportunities and huge potential in the optical networking sector for both the telecommunications and data-
communications markets.

The acquisition of 3SP has not yet been completed as at 2018 Jun 30, yet with expectation to be completed in 2018.
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According to Canadian news flow, when O-Net tried to acquire ITF at the very start in 2015, it went through Canadian national security
agencies’ scrutiny and was asked to divest of its interest in ITF Technologies because of its deep relations with the Chinese state.
The situation eased only when new Prime Minister Justin Trudeau's government came to power.

According to an announcement by Shenzhen Kaifa Technology Co., Ltd. [000021.CH] on April 12, 2018 [click here], it will sell part of
its shares of O-Net at an opportune time. On the one hand, losing its state-owned background and becoming a purely foreign-owned
enterprise may bring O-Net business amid China difficulties, and if Kaifa decides to sell the shares in the open market, it will put pres-
sure on O-Net’'s share price. On the other hand, ending its stated-owned background association may help O-Net’s overseas busi-
ness, expansion, and M&A activity.

Figure 23: O-Net’s Corporate Structure
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Selected Members of the Management Team

Figure 24: Selected Members of O-Net’s Management Team

Mr. Na Qinglin, Chairman of the Board, Chief Executive Officer and executive Director. Mr. Na joined O-Net as chief executive officer in January
2002 and was appointed as co-chairman in the same year. He is responsible for the Company’s overall corporate strategy, management team
development and daily operations. He worked at Salomon Smith Barney’s Hong Kong and New York office from 1995 to 2000. In 2000, he co-
founded became the co-managing partner of Mandarin Venture Partners in HK.
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Dr. Yu Qinrong, Vice President of Research and Development. Dr. Yu joined O-Net in 2016 and responsible for leading O-Net USA to design and develop
next-generation optical networking components and modules for telecommunication and data-communication markets. Prior to joining O-Net, Dr. Yu held
various senior technical positions at Intel Corporation, JDS Uniphase Corporation, and other photonics companies. He holds a master’s degree in Electrical
Engineering from Washington University, and a PhD. degree in Physics (Fiber Optics) from the University of Ottawa.

Dr. Liu Yi-Cheng, Vice President of Global Operations. Dr. Liu joined O-Net in March 2017 and is responsible overall manufacturing operations, including
production, engineering, supply chain management and asset control. He has over 21 years hand-on technical and management experience in optical
communications industry. Prior to joining O-Net, he held various senior management roles - the Vice President of Hong Kong Applied Science and
Technology Institute, the CEO of Hisense Broadband Multimedia Technologies Limited., the President of PCL Technologies (Suzhou) Co. and the Director
of SAE Magnetics (HK) Ltd.

Dr. Yu Aihua, Chief Scientist. Dr. Yu joined O-Net in 2004 and is responsible for overseeing the development of optical networking modules and subsystem
products, including Optical Amplifier. He has more than 35 years’ experience in the optical communications industry and optoelectronics areas since
graduating from Nanjing Institute of Technology (now Southeast University) in 1982, specializing in electrical engineering. He held the position of Chief
Research Officer of Essex University between 1992 and 1997. He has published more than 20 technical papers in the area of optoelectronics in international
technical journals.

Ms. Xie Hong, Vice President of Research and Development. Ms Xie joined O-Net in 2001 and responsible for overseeing the development of passive
optical components and devices and leading the R&D team in Hangzhou, China. She has extensive experience in optical communication industry. She
graduated with a Bachelor’s degree and completed her Master’s degree at Zhejiang University. She was a faculty member at Zhejiang University, teaching
optical engineering courses.

Dr. Kan Jiaxi, Chief Scientist. Dr. Kan joined O-Net in 2016 and responsible to develop next-generation high-speed transmission products for telecom and
datacom markets. Prior to joining O-Net, Dr. Kan held various senior technical roles at JDS Uniphase Corporation, Emcore Group, Intel Corporation, and
other world-leading optical networking and technology companies. He holds a bachelor’s degree in Electronic Physics from Shanghai University of Science
and Technology, a master’s degree in Optical Fiber Telecommunication System from Shanghai Jiao Tong University, and a PhD degree in Optical Fiber
Telecommunications from Technical University of Denmark.

Dr. Gong Zhigang, Vice President of Global Marketing. Dr. Gong joined O-Net in 2013 and he is responsible for advancing the product marketing and
product management operations of the communication business. Prior to joining the Company, he held various senior positions with JDSU, and was
entrusted with product line management and sales engineering management. He has extensive experience in product development, product management,
product marketing and sales engineering management in respect of the optical communication industry.

Dr. Hua Yimin, Vice President of Global Marketing. Dr. Hua joined O-Net in October 2011 and heads and oversees the R&D department in China. He has
more than 24 years of solid experience in telecommunication research and product management. Prior to joining O-Net, he worked in various overseas
companies as senior positions for heading the development of optical networking products and applications. He conducted two years of research in north
America after he obtained a PhD of Physics from Shanghai JiaoTong University in 1992.

Mr. Tan Boon Thong, Vice President of Sales. Mr. Tan joined O-Net and has been leading the Company’s international sales since 2002 and global sales and
marketing since 2004. Prior to joining O-Net, he worked as a project engineering in Shenzhen Kaifa since 1998. Prior to that he worked as technical staff at
Thomson Electric (Malaysia) Sdn. Bhd. and Seagate Technologies (Malaysia) Sdn. Bhd after he graduated with a Bachelor’s degree in physics from the
National University of Malaysia in 1994.

Mr. Kung Sze Wai, Vice President of Finance, Company Secretary of the Company. Mr. Kung joined O-Net in 2010 and he is an Associate member of the
Association of International Accountants and the Hong Kong Institute of Certified Public Accountants. Prior to joining O-Net, He had held various positions
including CFO, company secretary, and authorised representative in the Company listed in HKEX. He has over 20 years of experience in finance,
accounting, auditing, taxation and company secretarial services.

Dr. Shen Fei, Vice President of Automation Division. Dr. Shen joined O-Net in 2012 and has been responsible for overseeing new product development,
manufacturing and business development of Automation Division. Prior to joining O-Net, he headed the business and product development of vision
inspection and intelligent machine learning solutions at the advanced engineering center of Singapore Technologies Engineering Ltd. He has over 15 years of
extensive experience in research and development as well as product marketing in automation industry, with his expertise in vision inspection and intelligent
machine learning.
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and daily operations of ITF Technologies. He has over 28 years of solid experience in engineering, marketing, and management with some of the industry’s
leading technology companies, including tenures at Norden Systems (Northrop Grumman), Intel, TranSwitch, Vitesse, Infineon and Crimson Microsystems.
He also held several positions in sales and marketing team for 3SP GROUP between 2007 and 2014. Prior to joining 3SP GROUP, he held a position of
senior director of marketing for JDSU from 2005 to 2007. He obtained a master’s degree in electrical engineering from University of Bridgeport in 1988.
Mr. Nigel Holehouse, Vice President of Product Engineering of ITF. Mr. Holehouse joined ITF Technologies in 2004. He has over 28 years of solid
experience in the telecommunication, sensing and fiber lasers markets. Prior to joining ITF, he held several positions of co-founder, director of operations
and vice-president packaging engineering for Alfalight. He obtained a higher national diploma of applied physics from Sheffield City Polytechnic in 1982.
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Appendix: Glossary

EPON (Ethernet passive optical network). Developed by IEEE, an EPON is based on
Ethernet standard 802.3 and assumes that data starts and ends in the form of an Ethernet.
EPON provides symmetrical data rates in both downstream and upstream directions at 1.25
gigabits per second (Gbps).

GPON (gigabit passive optical network). Ratified by ITU as a master communications
standard, a GPON is the most current fibre-optic network allowing a scalable bit rate; the
industry has converged on the standard at a downstream rate of 2.5Gbps and upstream
rate of 1.25Gbps.

FTTx (fibre to the x). FTTx is a generic term that represents a form of broadband network
architecture using optical access to provide any or all parts of the local loop for last-mile
telecommunications. Commonly known variants include fibre-to-the-home (FTTH), fibre-to-
the-office (FTTO), fibre-to-the-building (FTTB), fibre-to-the-node (FTTN), etc.

MSA (multi-source agreement). The evolution of today’s optical transceivers and tran-
sponders is driven by MSAs, which have established standards for optical and electrical
characteristics, module form factors, and the pin functions of optical transmitters and receiv-
ers. In recent years, emerging MSAs have stipulated that optical system designers incorpo-
rate various diagnostic functions into transceivers, as well as the traditional monitoring and
control functions. These requirements are in addition to the overall drive to continue to mini-
mize the size and cost of optical transceiver design.

SAN (storage area network). A SAN is a high-performance network that enables connec-
tivity between servers and storage devices by removing the storage that was originally con-
nected to each server to form a shared pool of storage devices and allow multiple servers
to access data.

MAN (metropolitan area network). A MAN is a network that interconnects users with com-
puter resources in a geographic area. The set-up is similar to a local area network (LAN)
but spans an entire city and even surrounding areas. MANs are formed by connecting multi-
ple LANs; the connection of multiple MANs creates a WAN.

WAN (wide area network). A WAN is a type of computer network that covers a relatively
large geographical area to transmit data between different LANs, MANs and other localized
computer network architecture.

SONET (synchronous optical networking). SONET is a standardized digital communica-
tion protocol that is used to transmit a large volume of data over relatively long distances
via an optical intermediary. SONET is a product developed by the American National
Standards Institute (ANSI); the international equivalent is synchronous digital hierarchy
(SDH).

Backbone connectivity. Backbone connectivity for a data centre consists of one transceiv-
er module and one data transmission cable. While the transceiver receives and transmits
signals (i.e., data), the cable carries signals. The signals can be electrical or in the form of
light, while the cable can be made of copper wire or optical fibre. The connectivity offers a
backbone solution for data transmission by physically connecting machines (e.g. server-to-
switch, switch-to-switch, switch-to-router, and even server-to-server machines). Depending
on the transmission distance, the connectivity can be in-rack, rack-to-rack, row-to-row with-
in a data centre, and for data centre-to-data centre.
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Appendix: Glossary

Transmission cables. There are two types of cables commonly used for data transmission
in the wireline communication industry: copper wire and FO. The key difference is the trans-
mission rate (or bandwidth) that each offers, and the other difference is stability. Copper-
wire cables deliver a bandwidth ranging from 100 megabits per second (Mbps) to up to 1
gigabit per second (Gbps). At the high end, copper-wire cables can offer bandwidth of up to
10Gbps. FO cables, on the other hand, deliver bandwidth ranging from 1Gbps to 100Gbps,
and can reach as high as 400Gbps.

TOSA (transmitter optical sub-assembly). A TOSA comprises a laser diode, optical inter-
face, monitor photodiode, metal and/or plastic housing, and electrical interface. Other com-
ponents may be included, such as filter elements and isolators, depending on the required
functionality and application.

ROSA (receiver optical sub-assembly). A ROSA consists of a photodiode (pin diode),
optical interface, metal and/or plastic housing, and electrical interface. Depending on the
required functionality and application, other components may be included, such as amplifi-
ers.

BOSA (bidirectional optical sub-assembly). A BOSA consists of a TOSA, a ROSA and a
wavelength division multiplexing (WDM) filter.

Compound-semiconductors. Compound-semiconductors (compound-semis) refer to a
semiconductor consisting of two or more chemical elements on top of a silicon substrate.
The compound-semi can form binary (two elements, such as gallium arsenide [GaAs]), ter-
nary (three elements, such as indium gallium arsenide [InGaAs]), and quaternary (four ele-
ments, such as aluminium gallium indium phosphide [AllnGaP]) chemical elements. In
terms of technological applications, the compound-semi is commonly used in LEDs, micro-
wave communications, optical communications and solar panels.

LED (light emitting diode). An LED is a two-lead, positive-negative (p-n) junction diode
semiconductor light source that releases energy in the form of photons, when a suitable
voltage is applied to it. The colour of the light emitted is determined by the energy band gap
of the semiconductor. LEDs are often small in area/size (less than 1mm?) and are used in a
wide range of applications, such as light sensors, general lighting and aviation lighting, or
are packaged to form images on a jumbo television screen, traffic signals or automotive
headlamps.
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