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Free Space Optics

Beam Me Up, Scottie

Highlights 

· Free space optics (FSO) transmits information via an infrared laser in the unlicensed teraHerz spectrum. It provides an extremely fat pipe, soon to be 2.5Gbs, for last-mile connections, emergency backups, and metro network extensions or even as WDM solutions for SONET/SDH rings. 

· Being a license-free technology has some major advantages over fixed wireless solutions – it has higher capacity and the potential customer base is not limited to frequency license holders. We view FSO as more of a short-distance, low-cost technology, which complements fiber.

· The drivers for this market are: 1) a mere 5%-6% penetration of fiber to business buildings; 2) cost effective solution versus RF or fiber; and 3) significant capacity which can only be matched by a physical fiber link.

· FSO’s greatest advantages are its low cost per bit and time to market. A 500-meter point-to-point link may cost around $18,000, while a fixed wireless solution could cost $30,000. Laying out a new fiber can cost 10-30 times more and months of lost revenues.

· We see a whole range of vendors with different applications in mind. Some offer a stand-alone point-to-point system, while others offer a comprehensive local loop network. There’s also Terabeam, which is acting as both an equipment vendor and a service provider. 

· The technology has some drawbacks. It’s a line-of-sight technology and fog is its greatest enemy as the small moisture drops act like mirrors that diffract the beam. The system has limited distance capabilities versus the fixed wireless option and building sway can distort the beam alignment. 

· Our survey of major independent service providers suggests that they share similar views. Most vendors have highlighted the technological limitations side by side with the major cost advantages and concluded that we may see early deployments of very short links in just a few months. 

· We think FSO is at an early stage, with sales likely to grow from $100mn in 2000 to  $2bn in five years. But for now there’s no way for investors to play this market: the pure plays – Terabeam, AirFiber, Optical Access, LightPointe and others – are all privately held. Meanwhile, Lucent and Nortel are testing the potential via stakes in Terabeam and AirFiber.

Merrill Lynch & Co.
Global Securities Research & Economics Group
Global Fundamental Equity Research Department

An Alternative to Fiber

Free space optics (FSO) uses low power laser beams to transmit data via point-to-point (PTP) or mesh topologies through air. Market research estimates that the FSO market will grow from its current nascent state of $100mn sales in 2000 to become a strong niche market over the next five years, bringing in revenues of $2bn by 2005. 

This technology’s advantages are its rapid deployment, as no license is required, cost effectiveness, and its ability to deliver high capacity, up to 10Gbs. We view FSO as a short-distance, low-cost technology which complements fiber and which may prove more cost-effective for very short distances (up to 500 meters). Deciding when to deploy FSO may come down to price and the availability of other technologies. 

	Chart 1: FSO Market Projected Growth ($ mn)
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	Source: Strategis, Merrill Lynch 


How the Technology Works

FSO uses high-power lasers and a telescope to transmit single or multiple wavelengths of light through the atmosphere to another telescope that receives the information. The system is bi-directional, meaning each telescope can simultaneously transmit and receive information. 

In contrast to wireless, FSO is an optical technology that requires no spectrum licenses. The systems send the data in the teraHertz frequency range, where the FCC deems that licenses are not required (all frequencies above 600Ghz are unlicensed).

On a clear day, FSO systems can reach as far as 5km or more. Visibility data collected from major cities around the world suggest that these systems should be able to achieve better than 99.9% availability at varying distances in most environments.

Nevertheless, FSO does have its share of limitations, inherent in the spectrum it uses. As a ‘line of sight’ technology, FSO is vulnerable to the severance of connections because of bad weather and other factors discussed below: 

· Poor weather. Fog is a major problem as the small drops of moisture act like mirrors, which quickly dull and diffuse the laser beam. Nevertheless, we do see deployments in cities like San Francisco and Seattle, were the system is deployed in short distances to compensate for the signal loss.

· Physical obstructions. Birds can temporarily block the beam, but this tends to cause only short interruptions and transmissions are easily resumed. 

· Building sway. The movement of buildings can upset receiver and transmitter alignment. There are two ways to overcome this issue: 

1. Widening the beam’s angle. This is the most popular option with vendors, though it creates a less efficient system, as it demands greater transmission power. 

2. Adding motorized auto-tracking systems to the antennae. This is the optimal solution as it allows for the transmission of a very narrow beam and ensures that the alignment remains in tact for years. However, it results in hefty costs. 

· Scintillation. Heated air rising from the ground creates temperature variations among different air pockets. This can cause fluctuations in signal amplitude which lead to “image dancing” at the receiver end. However, this becomes less of an issue with links shorter than 500 meters and can be reduced or avoided by mounting units some distance away from vents, hot roofs and air-conditioning ducts, or by using multiple beam systems. 

Target the Short Distances

Given the extremely high capacity of the FSO systems, they are categorized as fiber replacement systems, which will probably be deployed when fiber is too expensive, and/or is not available. They are positioned in the same space of fixed wireless solutions, but, being an optical technology (license free), they appeal to a broader set of potential clients. 

· We believe that FSO will primarily be deployed in the local loop for last-mile PTP or mesh connections. One mile fiber deployment in urban areas could cost $300,000-$700,000 given the costs involved in digging tunnels and getting right-of-way. By contrast, a short FSO link of 155Mbs might cost only $18,000.

· FSO may also be deployed as a redundant link to backup fiber. Most operators deploying fiber for business applications connect two fibers to secure a reliable service plus backup in the event of outage. Instead of deploying two fiber links, operators could opt to deploy an FSO system as the redundant link. 

· Metro network extensions. FSO can be deployed to extend an existing metro ring or to connect new networks.

· Access: FSO can also be deployed in access applications such as gigabit Ethernet access. 

· Backhaul: FSO can be used for backhaul such as LMDS or cellular backhaul as well as gigabit Ethernet “off-net” to transport network backhaul

· Lastly, we see potential for FSO systems with WDM capabilities, targeting the independent players (such as XO), which aim to build their own fiber rings, yet may own only part of the ring. Such a solution could save rental payment to ILECs, which are likely to take advantage of this situation.

What do Operators Say?

We’ve asked some new operators in Europe and the US who currently use fixed wireless equipment about their intentions regarding FSO equipment. The response was virtually identical from all: operators expect to start commercially deploying FSO systems in a few months, once testing is completed. 

Operators like the fact that FSO will work through windows, eliminating the need to get roof access rights from their landlords. 

Operators also seem to agree that the low cost aspect is shaping their bias towards FSO over fixed wireless. FSO systems for short distances (up to 500 meters) will be 40% cheaper than fixed wireless systems, costing $18,000 versus a fixed wireless price tag of $30,000. And weather is less of a concern over short distances.

We believe that FSO could develop as a specialized niche market. We see many possible applications and many potential customers, as, unlike fixed wireless solutions, these systems require no frequency license. 

We conclude that deployment decisions will be driven by cost and reliability concerns. On this basis, FSO’s major price advantage should secure a solid niche for it in the short distance market where reliability is safeguarded.

Different Vendors, Different Strategies

We outline some of the key strategies of the different vendors, primarily to show the differences in their approaches to the market. All these companies are privately held.

 Physical Layer (PTP) Systems

In this topology, the FSO vendors provide a layer one product, to which the operators add routers and surrounding equipment as well as manage the system. 

For example, LightPointe, a notable player, has developed a PTP system that is an any-to-any solution, meaning that it is transparent to any protocol, topology, architecture and/or service suite. It enables the operator to deploy FSO without replacing existing equipment or changing the network.

The main advantages of the PTP players are their business focus, immediate cost effectiveness and ease of interoperability, which gives the service provider freedom to deploy systems as they see fit without engaging in any conflicts (such as IP versus ATM etc) or competition with router companies like Cisco. 

Their disadvantage is that, like any other physical layer system, there are no standards and the perceived barriers to entry may be low. We believe that, unless there is innovation and technical superiority, the technology will eventually be replicated, introducing competition and potential margin pressure.

It is important to note that PTP systems form the basis of al l other topologies.

 Complete Access Networks

The other group of companies offers a complete network for last-mile deployment. These players develop both FSO equipment, and custom-designed routing equipment as well as network management software. 

For instance, AirFiber has a product for a mesh network, while Optical Access provides a similar solution using many separate PTP links.

The different architectures of AirFiber and Optical Access have different capabilities. The AirFiber system uses a limited distance beam, allowing for transmission over short, quasi-fixed distances between various buildings. Optical Access uses both long- and short-range PTP systems, allowing connection between buildings 100 meters apart up to 1km apart. 

Also, while a mesh system allocates almost identical bandwidth to all the buildings in its area, solutions based on separate PTP components tend to be more flexible and match customer needs (and price) with a suitable system. 
In our opinion, there are no absolute rights or wrongs in this market. In city centers where many buildings are of a similar size, AirFiber’s solution will probably prove to be more cost effective. In areas where deployment is patchier and user profiles can be more disparate, we think that Optical Access’s solution will probably be more advantageous.

 Service Providers

Terabeam Networks has a unique business model, being both an equipment vendor and a service provider. Its solution uses a 1,550nm laser, an auto-tracking device, in-window installation and other goodies. This service has already been launched in Seattle, where Terabeam runs two loops with six customers, and is likely to be set up in other cities soon. 
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1.
An Alternative to Fiber

Free space optics (FSO) uses low power laser beams to transmit data via point-to-point or mesh topologies through air. Market research estimates that the FSO market will grow from its current nascent state of $100mn sales in 2000 to become a strong niche market over the next five years, bringing in revenues of $2bn by 2005. 

This technology’s advantages are its rapid deployment, as no license is required, cost effectiveness, and its ability to deliver high capacity, up to 10Gbs. We view FSO as a short-distance, low-cost technology which complements fiber and which may prove more cost-effective for very short distances (up to 500 meters). Deciding when to deploy FSO may come down to price and the availability of other technologies. 

	Chart 2: FSO Market Projected Growth ($ mn)
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	Source: Strategis, Merrill Lynch estimates


How the Technology Works

FSO uses high-power lasers and a telescope to transmit single or multiple wavelengths of light through the atmosphere to another telescope that receives the information. The system is bi-directional, meaning each telescope can simultaneously transmit and receive information. 

	Chart 3: A Free Space Optics Receiver/Transmitter

	

	Source: LightPointe


In contrast to wireless, FSO is an optical technology that requires no spectrum licenses. The systems send the data in the teraHertz frequency range, where the FCC deems that licenses are not required (all frequencies above 600Ghz are unlicensed).

1. Most vendors have designed their systems to work on the 780-920 nanometer ranges. These beams are classified as Class IIIb by the CDRH. This means that the beams can damage the human eye in the unlikely event of prolonged exposure to the beams. 

FSO solutions use a high-power lasers and a telescope to transmit wavelengths of light through the atmosphere 

2. A few operators like fSona and Terabeam, or the forthcoming product of LightPointe, have designed their systems for use on the lower frequency (but higher wavelength) of 1,550 nanometer range. This has the benefits of operating at a higher power, which translates into better durability in poor weather and better penetration through windows. The beams are classified as Class I, which means that they’re completely safe. However, this much performance will jack up the costs.

	Chart 4: The Electromagnetic Spectrum
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On a clear day, FSO systems can reach as far as 5km. Visibility data collected from major cities around the world suggests that these systems should be able to achieve better than 99.9% availability at varying distances in most environments.

This is a ‘line of sight’ technology…

Nevertheless, FSO does have its fair share of limitations, inherent in the spectrum it uses. As a ‘line of sight’ technology, FSO is vulnerable to the severance of connections because of bad weather and other factors discussed below:

· Poor weather. Fog is a major problem for the beams as the small drops of moisture act like mirrors, which quickly dull and diffuse the laser beam. Carriers use two options to try to overcome weather issues: installing the systems at much shorter distances; or using unlicensed frequency radio systems to back up the laser system when the weather is poor. Companies like LightPointe and AstroTerra have developed these kinds of backup systems.

	Table 1: Typical Weather Attenuation

	Weather Condition
	Attenuation

	Clear 
	5 to 15 dB/km

	Rain

	20 to 50 dB/km

	Snow
	50 to 150 dB/km

	Fog


	50 to 300 dB/km

	Source: AirFiber


…and the light beams are vulnerable to distortion and disruption

· Physical obstructions. Birds can temporarily block the beam, but this tends to cause no interruptions and transmission is easily resumed. 

· Building sway. Building movement can upset receiver and transmitter alignment. There are two ways to overcome this issue: 

1. Widening out the beam’s angle. This is the most popular option with vendors, but it creates a less efficient system, as it demands greater transmission power. Most companies choose a beam divergence of 3-6 millirads, or a beam diameter of 3 or 6 meters per 1,000 meters of distance – wide enough to cover for any building sway.

	Chart 5: Signal Power Loss Due to Light Beam Divergence in Free Space
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	Source: AirFiber


2. Adding motorized auto-tracking systems to the antennae. This is the optimal solution as it allows for the transmission of a very narrow beam and ensures that the alignment remains in tact for years. However, it results in hefty costs. Terabeam uses a narrow beam (1550nm) and therefore adds an auto-tracking system. 

· Scintillation. Heated air rising from the ground creates temperature variations among different air pockets. This can cause fluctuations in signal amplitude which lead to “image dancing” at the receiver end. However, this becomes less of an issue with links shorter than 500 meters and can be reduced or avoided by mounting units some distance away from vents, hot roofs and air-conditioning ducts. LightPointe uses a multibeam system to counteract scintillation. 

Target the Short Distances

Given the extremely high capacity of the FSO systems, they are categorized as fiber replacement systems, which will probably be deployed when fiber is too expensive, and/or is not available. They are positioned in the same space of fixed wireless solutions, but, being an optical technology (license free), they appeal to a broader set of potential clients.

· We believe that FSO will primarily be deployed in the local loop for last-mile PTP or mesh connections. Fiber deployment in urban areas could cost $300,000-$700,000 given the costs involved in digging tunnels and getting right-of-way. By contrast, a short FSO link of 155Mbs might cost only $15,000-$18,000.

· FSO may also be deployed as a redundant link to back up fiber. Most operators deploying fiber for business applications connect two fibers to secure a reliable service plus backup in the event of outage. Instead of deploying two fiber links, operators could opt to deploy an FSO system as the redundant link. 

· Metro network extensions. FSO can be deployed to extend an existing metro ring or to connect new networks.

· Access: FSO can also be deployed in access applications such as gigabit Ethernet access. Terabeam is using FSO to bypass local loop systems and to provide FSO-based high capacity links to businesses

· Backhaul: FSO can be used for backhaul such as LMDS or cellular backhaul as well as gigabit Ethernet “off-net” to transport network backhaul.

· Lastly, we see potential for FSO systems with WDM capabilities, targeting the independent players (such as XO), which aim to build their own fiber rings, yet may own only part of the ring. Such a solution could save rental payment to ILECs, which are likely to take advantage of this situation. 

Possible Deployment Topologies

FSO systems may encounter reliability problems over long distances and may prove more vulnerable to the weather than fixed wireless access technologies. 

FSO systems can potentially be deployed in point-to-point (PTP) and mesh configurations. 

 Point-to-Point: Redefining the Term “Fat Pipes”

Point-to-point systems have mainly been used to connect campus buildings, but has potential in the carrier space. This technology can theoretically cope with long distances (between 2km and 4km), while providing high data capacity rates of 155Mbps, 622Mbps or 1.25Gbps. 

The systems can easily scale up. Currently we see rates of 1.2Gbps, with 2.5Gbs and 10Gbps systems expected to be available shortly. These systems’ advantage is their high throughput, which cannot be matched by a fixed wireless system or any other technology except a physical fiber. 

We expect PTPs to be deployed for relatively short distances 

Although most vendors claim their PTPs can cope with long distances, we expect to see them primarily deployed for links of up to 500-700 meters. Over longer distances, FSO cannot deliver 3 nines availability of service (ie. 99.9% or less than 525 minutes (9 hours) downtime a year).

 Mesh: Better Reliability, Yet Higher Costs

AirFiber (affiliated with Nortel) is a startup, specializing in FSO. It claims that FSO’s inherent limitations mean that the technology is best used over very short distances in a mesh configuration.

A mesh configuration may imply less downtime

The following chart depicts a typical urban deployment. This example shows that a network consisting of few PTP links may have to deliver less than 99.999% reliability to some buildings (buildings C and D in this example). Under this scenario, building D, which is only 400 meters away from the point of presence (POP), could have 525 minutes without service, which is almost nine hours a year.

	Chart 6: Distance Related Reliability
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	Source: AirFiber


Therefore, AirFiber suggests that the distances involved should be cut back and advises working in a mesh environment. The chart below shows that in the same configuration, a mesh topology would trim building D’s downtime to five minutes a year versus nearly nine hours under the PTP deployment.

	Chart 7: Mesh Results in Better Availability
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	Source: AirFiber


We think that in a dense deployment, mesh will probably be a more cost effective solution and also more reliable. Yet in the short run, when an operator starts a new deployment in a certain location and needs to acquire customers quickly, PTP will probably provide a more cost effective solution as mesh requires a network of a few buildings almost right from the beginning.

2.
Operators Expect to Use FSO Over Short Distances

We’ve asked some new operators in Europe and the US who currently use fixed wireless equipment about their intentions regarding FSO equipment. The response was virtually identical from all operators. 

A low cost option for short distance use

Most operators say that they’re waiting for the next generation of products that use very low power beams and therefore don’t pose any health risks (although we note that most of the systems currently in use imply almost no risks to the human eye). 

Operators expect to start commercially deploying FSO systems in just a few months, once testing is completed. 

Operators like the fact that FSO will work through windows, eliminating the need to get roof access rights from their landlords. We believe that this may be a major advantage in dense urban areas, where distances between buildings are very short.

Operators also seem to agree that the low cost aspect is shaping their bias towards FSO over fixed wireless. FSO systems for short distances (up to 500 meters) will be 40% cheaper than fixed wireless systems, costing $18,000 versus a fixed wireless price tag of $30,000. And weather is less of a concern over short distances.

We believe that the lack of license requirement will boost FSO growth

We believe that FSO could develop as a specialized niche market. We see many possible applications and many potential customers, as, unlike fixed wireless solutions, these systems require no frequency license. 

We conclude that deployment decisions will be driven by cost and reliability concerns. On this basis, FSO’s major price advantage should secure a solid niche for it in the short distance market where reliability is safeguarded.

3.
Different Vendors, Different Strategies

There appear to be some major differences between the various FSO vendors’ business models. We outline some of the key strategies of the different vendors, primarily to show the differences in their approaches to the market. All these companies are privately held.

Some vendors offer only a PTP physical layer solution 

 Physical Layer (PTP) Systems

In this topology, the FSO vendors provide a layer one product, to which the operators add routers and surrounding equipment as well as manage the system. 

For example, LightPointe, a notable player, has developed a PTP system that is an any-to-any solution, meaning that it is transparent to any protocol, topology, architecture and/or service suite. It enables the operator to deploy FSO without replacing existing equipment or changing the network.

The main advantages of the PTP players are their business focus, immediate cost effectiveness and ease of interoperability, which gives the service provider freedom to deploy systems as they see fit without engaging in any conflicts (such as IP versus ATM etc) or competition with router companies like Cisco. 

Their disadvantage is that, like any other physical layer system, there are no standards and the perceived barriers to entry may be low. We believe that, unless there is innovation and technical superiority, the technology will eventually be replicated, introducing competition and potential margin pressure.

 Complete Access Networks

The other group of companies offers a complete network for last-mile deployment. These players develop both FSO equipment, custom-designed routing equipment as well as network management software. 

For instance, AirFiber has a product for a mesh network, while Optical Access provides a similar solution using many separate PTP links.

The different architectures of AirFiber and Optical Access have different capabilities. The AirFiber system uses a limited distance beam, allowing for transmission over short, quasi-fixed distances between various buildings. Optical Access uses both long- and short-range PTP systems, allowing connection between buildings 100 meters apart up to 1km apart. 

Also, while a mesh system allocates almost identical bandwidth to all the buildings in its area, solutions based on separate PTP components tend to be more flexible and match customer needs (and price) with a suitable system. 

In our opinion, there are no absolute rights or wrongs in this market. In city centers where many buildings are of a similar size, AirFiber’s solution will probably prove to be more cost effective. In areas where deployment is patchier and user profiles can be more disparate, we think that Optical Access’s solution will probably be more advantageous.

ATM versus IP

But the battle of the protocols still presides

Once again, we see two different schools when it comes to protocol use. The AirFiber system is ATM-based, bringing all the ATM accompaniments to its system: quality of service, service level agreements etc. Optical Access has instead chosen to focus on the IP/Ethernet protocols.

This debate is certainly not new in the access space. The IP/Ethernet group believes that ATM players are mistaken by looking in their rear-view mirror to see the ATM core network. Instead, they claim that as bandwidth in the local loop improves, it may be too expensive and difficult to provision each end user. Also in the case of ATM networks, 100M, 1G and 10G Ethernet links may mean massive conversion work between the various protocols. 

We believe that there is a strong agreement among all market players that eventually optical Ethernet will dominate the last mile. 

· A dozen carriers such as Yipes and Telseon (ELECs) have emerged, supported by carrier-class optical Ethernet equipment vendors like Extreme, Foundry and others. 

· ATM has clearly died as an access technology, taken over by Gigabit Ethernet and, in the core, by IP/MPLS routers.
· Ethernet is a universal standard with 350mn Ethernet ports already deployed.

· Ethernet is scalable from 10Mbps to 10Gbps with probably the best price/performance.

· It is easy to manage and, lastly, all data start as IP/Ethernet.

Still too early to predict the winners, but our bets are on the IP/Ethernet system

To summarize this debate, we believe that it’s too close to call the winners and losers. We would probably see both systems deployed in the intermediate term: ATM-based solutions by the traditional players, and IP-based solutions by the newcomers. In time, as data traffic continues to grow and more networks converge to IP, we expect the IP/Ethernet system to lead this race.

 Service Providers

Terabeam Networks has a unique business model, being both an equipment vendor and a service provider. Its solution uses a 1,550nm laser, an auto-tracking device, in-window installation and other goodies. The company launched commercial service in late February in Seattle, its first market, and is already serving a dozen customers. In late March, Terabeam announced it has begun building infrastructure to offer services in the core business center of Denver. The company expects this network to be running sometime this summer.

In addition, the company intends to sell its equipment to other operators.

4. 
Key Players

This section describes the main FSO players.

	Table 2: Key FSO Players

	
	Max Bandwidth
	Range
	Description

	AirFiber
	622Mbs
	0.4km
	Affiliated with Nortel. Mesh, Dense areas. Full access solution

	Canon
	622Mbs
	1-2km
	PTP, automatic tracking

	CBL
	155Mbs
	0.8-2km
	PTP

	fSona
	622Mbs (1.2G soon)
	2-4km
	PTP, auto tracking

	LightPointe
	622Mbs/1.25 Gbps (2.5G soon)
	1-4km
	PTP, protocol, topology and architecture transparent

	OrAccess
	622+Mbs
	1km
	WDM system, OC3-OC192, 

	Optical Access
	622Mbs 
	2-4km
	Mesh PTP, full access solution

	PAV Access
	622Mbs
	0.5-6km
	PTP and PMP

	Terabeam
	1.25Gbs
	1-2km diameter
	PMP, Affiliated with Lucent. A service provider and equipment vendor 

	Source: ML


Terabeam 

Founded in 1997, Terabeam Corporation has an integrated service provider/equipment provider strategy. As a service provider, the company is an ELEC (Ethernet LEC) that competes with service providers such as Yipes and Cogent but, unlike those companies, has the distinct advantage of delivering service to non-fibered buildings.

Terabeam is the only free space optic (FSO) company that is both selling equipment and providing a network service.  It is the company’s view that the acceptance of FSO by carriers will only come about when FSO is understood and demonstrated to be imminently scalable and manageable in their networks.  By operating its own FSO IP/Ethernet network, Terabeam is delivering now the type of plug and play access solutions that can be utilized by third parties.  Terabeam is currently demonstrating, in a live network with paying customers, remote network management capabilities that minimize labor and truck rolls and is receiving systematic feedback from customers of the network service that directly influence product evolution.  In short, Terabeam’s execution of both a service and equipment strategy allows it to iterate on future generations of FSO products and solutions faster, and to insure that its products and services can be integrated into both carrier networks and customer enterprise networks.

Terabeam boasts the most significant funding of any free space optical provider or manufacturer. The company is funded by a $576mn investment from Lucent and other investors and is considered to be one of the leaders in this space. In addition to its telecom service business, Terabeam has created a joint venture with Lucent, Terabeam Labs, to develop and sell FSO equipment.

Inventor and software developer Greg Amadon founded Terabeam with five former associates. In January 2000, Dan Hesse, former head of AT&T Wireless, joined the company as president and CEO, and quickly added a deep and seasoned management team.  Hesse assumed chairmanship of the company in September of 2000.

Products

Terabeam’s Fiberless Optic™ Network system features a point-to-point (hub-and-spoke) configuration using lasers at a wavelength of 1,550 nanometers, a wavelength that provides 65 times more power and approximately 18 more dB for link margin than other commonly-used FSO wavelengths for a comparable eye-safety classification.  This gives Terabeam a distinct advantage over some other free space optic solutions. At the heart of Terabeam’s technology is a transmitter/receiver that that can be placed behind a window in unrestricted office environments.   This equipment has no special power requirements.  It plugs into a normal wall outlet and directly into a customer’s local area network.

The transceiver directs invisible, eye-safe light directly through the office window or from a building rooftop to one of the company’s hub sites.  The hub sites are connected by either free space optics or fiber.  The signals eventually reach the point of presence (POP) in a city, the gateway to the nation’s fiber optic wire area networks (WAN).  Terabeam customers are able to send upstream traffic at speeds up to 1Gbps through a return point-to-point connection. The optical system is very directional and utilizes a small beam divergence so there is no possibility of interference.   The company claims its system is delivering 99.9% reliability.

In its service provider business, Terabeam has created a state of the art Gigabit Ethernet network.  Terabeam is a pioneer in implementing MPLS-based MAN Ethernet services and business solutions to its customers by exploiting key attributes of MPLS that include the flexibility and ubiquity of IP, simplicity of Ethernet, and greater scalability than other MAN technologies such as 802.1q used by other ELECs.   MPLS also supports differentiated service levels required by different customer application that previously could only be accomplished using more complicated and expensive ATM-based solutions, and additionally enables value add services such as Virtual Private Network Solutions. The inherent flexibility of MPLS will also facilitate and assure seamless integration of Terabeam’s unique integrated FSO solution into today’s legacy transport and data networks.

	Chart 8: AirFiber’s Rooftop Unit
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 Marketing and Selling

 Terabeam operated in stealth mode in Seattle for 30 months before debuting at PC Forum in Scottsdale, Arizona on March 13, 2000. Several months later, Terabeam delivered eight broadcast channels over a single light beam between the International Broadcast Center and the Olympic Aquatics Center in Sydney during the 2000 Olympics. 

The company launched commercial service in late February in Seattle, its first market, and is already serving a dozen customers. 

Among those customers is Four Seasons Olympic Hotel, Nordstrom.com, Avenue A and Simpson Investment Company (parent company of Simpson Paper Company and Simpson Timber Company). 

In late March, Terabeam announced it has begun building infrastructure to offer services in the core business center of Denver. The company expects this network to be running sometime this summer.

AirFiber 

AirFiber is one of the better known FSO players, mainly due to its early start (in mid-2000) as a “hot” technology, which was accelerated by Nortel’s lead in a $37.5mn investment in May 2000. The noise AirFiber generated generally went hand in hand with Lucent’s $450 million investment in Terabeam.  All of this occurred at the right time, though, forming the foundation for the media, carriers, and the investment to consider seriously free space optics as a viable and deployable technology. 

 Products

The OptiMesh system supports a mesh network of FSO links, each capable of 622Mbps transmission rates, which the company states will scale to 2.4Gbps in future. By late 2000, AirFiber’s products were available in two flavors under the “OptiMesh” banner – the “Four Transceiver Rooftop Node” and the “Two Transceiver Rooftop Node”. Nodes in the mesh network are typically installed on the tops of buildings in an urban or industrial environment and are linked together through ATM switching. When completed, the mesh network is able to transport voice, data, video and multimedia services. The links are generally approximately 200 meters from the other to maintain high availability.

The node contains either two or four optical transceivers, a drop to the building demarcation, a control microprocessor, a 6x6 ATM switch and the appropriate software. 

Separate from the actual node sits an integrated junction box and an optional battery box. This creates a physical demarcation point for all power and fiber from the building to the node. The junction box includes power, up to eight hours battery backup (optional), fiber optic termination, an Ethernet connection to the management interface, and outlet.

Rooftop systems are connected to the carrier’s fiber optic backbone and to the customer’s premises using standard OC-3/STM1 or OC-12/STM4 interfaces. AirFiber claims that multiple rooftop systems can be installed at one customer or building site for higher capacity. 

	Chart 9: AirFiber Mesh Network
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For management and monitoring, OptiMesh provides a central element management system (EMS). Configuration, fault management, performance management, and security are monitored and managed from one location – typically the network operations center (NOC). AirFiber products are managed through SNMP protocol, allowing SNMP-aware network management tools to monitor events, produce reports and configure AirFiber products. The EMS is compatible with the HP OpenView and Nortel Preside network management systems.

 Marketing and Selling

On February 8, 2001, the company announced it was cutting 20% of its workforce, mostly in sales and marketing. The company stated it would concentrate its efforts on sales and marketing in the Far East.

 Financial Strength

In April 2000, AirFiber raised $37.5mn led by Nortel Networks and Qualcomm. Nortel now markets the AirFiber unit as the “OPTerra Metro 2400 Open Air System”. Foundation Capital, Enterprise Partners have participated in previous funding as well.

LightPointe

Founded in January 1998, the company derives its roots in free space optics with expertise that dates back to the 1970s. Headquartered in San Diego, the company manufactures most of its products in Dresden, Germany, and has an atmospheric and optics lab in Boulder, Colorado. 

LightPointe claims it has several patents on technologies that provide carrier-class network reliability in diverse climatic conditions on for rooftop and window applications. To speed development, manufacturing and implementation, LightPointe acquired the Optical Products Division of Teleconnect in Dresden, Germany. Through this acquisition, LightPointe established its European subsidiary, LightPointe Europe GmbH. 

The Company was founded by Dr Heinz Willebrand a physicist who is also the CTO of the company. LightPointe’s CEO is John Griffin a 30 year veteran of the telecommunications industry and former general manager and President of ADC’s broadband wireless group.

 Products

Flight is LightPointe’s flagship product 

LightPointe designs and manufactures carrier class optical transmission equipment using Free Space Optics technology. Their product line called Flight, offers a range of solutions. LightPointe offers, Optical transport, FSO network management and FSO network planning products.

The company’s Flight optical transport systems provide a broad range of bandwidth options, including 20Mpbs, 100Mbps, 155Mbps, and 622Mpbs. The company was one of the first to announce commercial availability of a 1.25Gbps product for Gigabit Ethernet and other high bandwidth applications. All are protocol agnostic, allowing a carrier to choose its own switching and routing equipment for greater flexibility, whether it be SONET ring closure, network extension, Gigabit Ethernet backhaul, or 3G/PCS cell site interconnection.

Distances of the company’s links are scalable from 300 to 4,000 meters and offer automatic power control and beam tracking. LightPointe boasts the slogan “any to any FSO”, defined as: 1) protocol agnostic (works in ATM, SONET, IP and Gigabit Ethernet applications); 2) topology agnostic (can be deployed as point-to-point, mesh or multipoint-to-point); and 3) architecture agnostic (can be deployed in rooftop-to-rooftop, window-to-window or rooftop-to-window configuration). As far as we know, Flight products are the only on the market to offer a spatial and path diverse four beam system. LightPointe plans to begin shipping a 2.5Gbps WDM product during 3Q 2001 operating at a wavelength of 1,550nm.

In addition, LightPointe has focused on offering a broad range of network management and planning tools for carriers implementing free space optics into on a broad scale and was the first to provide a microwave backup system for enterprise point-to-point connections called free space optical radio or FORCE.
 Marketing and Selling

LightPointe’s early customers include The Smithsonian Institution in Washington DC, Barclays Bank in San Francisco and the New York City Fire Department. 
The company is currently in field trials and lab trials or tests with 15 carriers in the US and abroad. The company has successfully completed a field trial with a major US carrier and expects its first carrier deployments to begin in 2Q 2001. The company also plans to announce a series of alliance partner agreements in 2Q.
LightPointe claims over 1,000 installations deployed in 23 countries in a variety of applications including transmitting and receiving voice, data and multimedia information. LightPointe intends to market its products in North America, Asia Pacific, Latin America, Europe and the Middle East.

 Financial Strength

In September 2000, the company raised $12.2mn in venture funding from Sevin Rosen Funds, Ampersand Ventures and Telecom Partners. In January 2001, the company secured $6.5mn in working capital from CATX Ventures and Silicon Valley Bank.

Optical Access 

	Chart 10: Optical Access Router
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MRV Communications rolled three companies into one to create Optical Access in the third quarter of 2000. Earlier in the year, MRV acquired AstroTerra, an FSO manufacturer based in San Diego, as well as Jolt Communications Ltd. of Israel, and the optical routing division of Nbase/Xyplex.

Optical Access filed its initial S-1 application with the Securities and Exchange Commission in early October 2000. Its filing called for an offering of 20% of the company’s outstanding stock, intending to raise approximately $108mn. A revised S-1 was filed on December 18, 2000, with the terms of the offering significantly modified. The new filing calls for offering five million shares (of around 47 million outstanding) at an offer price of $11-$13 per share, proceeds of which will total $55mn-$65mn. 

One benefit Optical Access has is its nearly exclusive relationship with MRV Communications, providing the company with a steady stream of carryover business.

 Products

Prior to the acquisition and subsequent spin-off of the separate companies (Jolt and AstroTerra), the primary focus was on point-to-point or multiple point-to-point architectures. However, with the integration of the Nbase/Xyplex division, the company offers a complete solution of PTP links with specially designed routers. The system is designed to be deployed using FSO links coupled with small “OptiSwitch” units designed and developed by the optical router division of Nbase/Xyplex, which was rolled into Optical Access late last year. 

Optical Access pitches itself as a solutions company. It aims to avoid being a layer one player and offers a complete solution of point-to-point free space optical links, routers and applications to support the solution. In 1999, 100% of revenues that became Optical Access were from the sales of Nbase/Xyplex switching and router equipment. In 2000, 84% of revenues were from switching and routing equipment. The other 16% ($2.4mn) were sales of FSO equipment as a result of the AstroTerra and Jolt acquisitions.

The company advertises itself as an integrated FSO and layer 2/3 manufacturer. 

The company claims its Optical Access mesh offers bandwidth scalable from “56kbps to 2.5Gpbs and beyond” before application of dense wave division multiplexing. The company claims it offers one of the first built-in RF backup systems utilizing unlicensed radio-frequency bands at speeds of up to 10Mbps. It is apparently developing TereScope products that can support 16 channels DWDM technology, which would further enhance capacity to enable the company to provide speeds up to 40Gbps as well as the use of micro-electro-mechanical systems technology. Both of these products are due to be commercially available in the second half of 2001.
Management of the products occurs through the MegaVision network management system. The system provides software-based graphical network management and monitoring that is integrated with the optical transmission and switching products. The system allows service providers to provision their network from a centralized location and receives a comprehensive view of the network as well as fault isolation, configuration, performance and security management of the network.

 Marketing and Selling

The company claims 3,000 point-to-point optical wireless installations to date: 1,800 in Europe, 900 in the US and 300 in the Middle East. 

In terms of customers, one MRV subsidiary, iTouch Communications, an Internet infrastructure company, contributed 28% of 1999 revenues and 16% of 2000 revenues. 

Optical Access announced in late January 2001 that Skanova, an independent wholesale network provider within the Swedish Telia group, had signed a one-year agreement with Optical Access for its OptiSwitch (router and switching product). The announcement said this would enable Skanova to deploy Ethernet to the home, providing symmetric broadband access up to 100Mbs to service providers and end users in Sweden. Skanova said the OptiSwitch would be used for its nationwide build out of broadband access to residents in Sweden, beginning with in Stockholm.

On March 21, the company announced the introduction of its meshed wireless optical solutions.

 Financial Strength

Optical Access Inc planned to sell five million common shares, or 10.7% of its equity, at $11-$13 a share, in its proposed IPO, according to a regulatory filing released in late November, but withdrew the offering early in 2001. 

PAV Data Systems 

In America, PAV is the “quiet” free space optics company. Quiet because it is rarely mentioned in the media and has not participated in many trials in the US. However, PAV Data has many installations and is emerging in the 3G/PCS wireless backhaul application. 

PAV Data Systems distributes its product OEM in the US through a company called Infrared Communications Systems in Edmonds, Washington. 

 Products

The company boasts a large product line – in fact 50 separate models – of free space optical links. Most product variations include speed (1.5Mbps up to 622Mbps), distance (up to 6,000 meters) and type of application (FDDI, ATM, T1/E1, Ethernet, Fast Ethernet, Token Ring). All systems claim a bit error rate of better than 10 –10. Advertised MTBF for its systems is over 105,000 hours. 

Its latest addition to the product line is the SkyNet ATM 622Mbps. The new product is designed with a maximum range of 1km. The company stated the 622Mbps link is being field-tested in the UK and that manufacturing and shipment will commence sometime in 2Q 2001. The second new product is a SkyNet product specifically designed for the 3G wireless backhaul markets. 

Due to PAV’s lack of a true redundancy strategy (such as quad transmit lasers and receivers or radio backup), PAV uses a dramatic beam divergence, or the diameter of the infrared beam at a given distance, to compensate for potential atmospheric conditions or building sway. Whereas other companies choose a beam divergence of 3-6 millirads, or a beam diameter of 3-6 meters per 1,000 meters of distance, PAV has chosen a beam divergence of as much as 11 millirads. 

This could cause signal fade over large distances as the beam divergence is proportionate to signal fade (weakening of the infrared signal) at greater distances. To compensate for signal fade, the power of the laser must be increased, which is PAV’s strategy. However, because window-to-window architectures may be used in carrier applications, the power of the signal must be regulated to ensure safe operation.
 Marketing and Selling

PAV has a distribution agreement with an Italian company called Harpax, which over the last several months has been working with Italy’s second largest fixed-wireless telecoms company, Infostrada. This work has included field trials of PAV’s SkyNet series. 

Customers include IBM, Sprint, Pacific Bell, US Department of Defense, ING Bank, Lucent Poland, VodaCom South Africa, and the Gate Gourmet at Heathrow Airport. 

 Financial Strength

	Chart 11: FSO through Water
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In January 1999, Granville Baird invested approximately $3mn for 30% of the company. The company has received no other investment to date and is likely to grow and operate with its own capital.

CableFree Solutions 

CableFree Solutions is a privately held free space optics manufacturer based in Surrey in the UK. Interestingly, the company’s sales literature boasts of a product demonstration using an aquarium with FSO links on either side sending a signal though the tank. “Note that the fish, bubbles, seaweed and water do not affect the video transmission through the tank!” quotes the literature. 

 Products

The company claims availability between 99.997% and 99.7% depending on distance and location and a bit-error-rate of between 10-12 and 10-9. It does not, however, detail what type of weather conditions is required to obtain these availability statistics. To our knowledge, all products manufactured by CableFree include one transmit beam and one receive lens.

CableFree systems are configured with interchangeable plug-in modules that allow the link to be upgraded to match the rest of a network. Typically, a 10Mbps Ethernet network can be upgraded to 100Mbps single-channel, 2Mbps E1/G703 to E2 or multiple 2Mbps channels, a CCTV system from single to multiple video channels, or a complete change of use. CableFree has also concentrated on offering customers a wide variety of data interfaces depending on the application.

The CableFree Access product operates from 64kbps to 155Mbps at two different ranges, 2km and 4km. CableFree chooses what we consider to be an overly narrow beam divergence, factory set at either 0.5 or 0.25 millirads. In other words, the beam would be approximately half a meter or a quarter of a meter in diameter at one kilometer. Building and tower sway would need to be taken into consideration in longer installations and in windy environments. The Access product line operates at the 980nm wavelength. 

The CableFree 622 product operates from 64kbps to 622Mbps at 500 meters, 1 kilometer or 2 kilometers. Unlike the Access product, the 622’s beam divergence can be configured by the user between 0.5 and 5 millirads. The 622-product line operates at the 785nm wavelength.

Finally, the CableFree Gigabit supports data rates from 622Mbps to 1,500Mbps at ranges of 500 meters and 1 kilometer. Departing from the 622 products, CableFree chooses to factory set the beam divergence, typically to a very narrow 0.25 millirads. 

 Network Management Tools

	Chart 12: CableFree Link Manager
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	Source: CableFree Solutions


All CableFree systems contain an embedded management agent capable of providing remote configuration and diagnostic information. This agent monitors various system parameters and logs any errors. 

The CableFree Link Manager allows administrators to view performance of the links connected to a workstation running the Link Manager suite. Users can connect the system via RS232, SNMP or GSM dial-up modem. This basic software is used for monitoring single links, as well as diagnostic and installation information for installers

 Marketing and Selling

In March 2001, CableFree announced that 50 of its links had been installed or were in progress (between 1998 and 2001).

 Financial Strength

In October 2000, the company announced plans to scale capacity to meet expected demand of up to 10,000 units during 2001 through expansions of in-house manufacturing and outsourcing capacity in the UK, over a 4-6 month period.
In support of the capacity expansion, CableFree expects to invest more than $5mn in manpower, stock, capital equipment and plant expansions. Enlarging CableFree's production management and technical support staff will facilitate test, quality control and support of both current and future products.
fSona Communications Corp

Based in British Columbia, Canada, fSona Communications Corp has developed free space optical products solely with 1,550nm laser diodes. The company raised $18.5mn in funding in late November 2000.

 Products

The company’s technology is the result of the combination of technologies developed by British Telecom Labs and Laser Diode Systems Corp and those developed in-house.

The company has two products, one of which is the 155-2 (2 km); the other offers longer range 155-4 (4 km). Both products support both OC-3 and Fast Ethernet, so that both SONET and IP protocols can be used. 

The 2km unit uses 3.5 millirad beam divergence to compensate for building sway. However, the 4km product uses a much narrower 0.35 millirad beam divergence supplemented with a Gimbal tracking system

 Marketing and Selling

FSona stated in a recent press release that it is conducting extensive field tests, covering all types of atmospheric conditions as well as commercial trials with eight service providers and two enterprise customers in Canada, the US and Europe. Management says these tests have proven more than 99% availability in all types of weather, including driving rain and heavy fog.

Plaintree Systems 
Plaintree is an optical switching and FSO manufacturer in Toronto. The company became involved in the FSO space almost by accident. Although the company is almost 13 years old, its original business was in Ethernet switching. Plaintree was in financial difficulties, when Targa Inc, headed by David Watson, took it over in February 2000. Another acquisition last March of AT Schindler Inc, which produces infrared wireless local area network transmission devices under the FiRLAN line, introduced Plaintree to wireless networking. Since that time, the company has been developing several free space optical products. 

 Products

The WaveBridge 700 offers throughput of 100Mbps Fast Ethernet or ATM at 155Mbps. The unit can accept single mode fiber or an RJ-45 for the Ethernet. Beam divergence is in line with other competitors that do not offer redundancy or multiple beams, at 8-9 millirads. We do not have any information regarding the minimum distant and how power or alignment is attained and maintained. 

Plaintree’s key difference is its use of light emitting diodes, rather than lasers, which it claims is safer on the eyes than lasers are. All of its products are classified as Class 1 LEDs, “unconditionally eye-safe”. 

The company has stated that it plans to develop laser systems in the future. However, it’s also said that commercial LEDs cannot be operated at speeds greater than 155Mbps, which may prove to be a difficult obstacle when selling to carriers demanding progressively more bandwidth.

 Marketing and Selling

The company stated that its core focus is on the OC-3 (155Mbps) product. In addition, last month it apparently began designing its existing product line to handle GSM backhaul traffic. 

Over the course of the last four months, Plaintree signed distribution or sales agreements with many distributors and/or VARS. The company says it has links in Mexico City, Romania, the Middle East, Canada, Japan, the US, Hungary, and Australia. 

 Financial Strength

Plaintree Systems is traded in Canada on the Toronto Stock Exchange and in the US on the NASDAQ OTC BB (Ticker: LANPF). As of February 15, 2001, the company had $6.2mn in cash on hand after a private placement of $10mn in December. 

For the first nine months of fiscal 2001, Plaintree’s revenues were $1.4mn while the net loss was $1.6mn (a loss of CAD0.02 per share). This compares with fiscal 2000 revenues of $1.5mn.

Canon

Canon’s pricing is expensive compared to the rest of the market, listing 155Mpbs and 622Mbps links at $50,000 and $60,000 respectively. Distances vary from a maximum of 1,000 meters for the 622 link and 2,000 meters for the 155 link. The company’s website states that most sales are to the enterprise market, but that it is also involved in some carrier trials. 

	Chart 13: Canon’s Product
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CanoBeam is one of the only products to offer servo-based tracking for its FSO links. Canon has decided against integrating multiple transmit and receive lasers; rather, it uses servos to continually align the laser to compensate for building sway and high winds. 

The servos have the ability to move four degrees along the X- or Y-axis, which is about 140 meters horizontally or vertically at 2km (that’s some building sway!) and are designed to enable another feature of the CanoBeam – the link maintains a one-degree beam divergence no matter what the length of the beam through adjustment. This feature is called a “constant footprint”. In other words, the laser beam will be one meter in diameter whether the link is 100 meters or 1,000 meters in length. This is an interesting feature, although it is hard to believe the unit could be mounted on, say, a radio tower and maintain a “constant footprint” of 1 meter in high winds – even with the auto-tracking.

OrAccess 

OrAccess provides DWDM solutions for central backbone for traffic to commercial buildings, with eight light rays of 10Gbps each. 

The company plans to route various colors to various buildings or divides one color to various buildings. It can reach buildings within a radius of 400 meters and provide each of them with the desired communications capacity up to 10Gbps. 

The company states that its “WDM On Air” product is modular: from low bit rate at 1,310nm through to 1,550nm and up to DWDM very high bandwidth. The customer can choose any required combination using the same terminal units and has only to change opto-electronic modular cards. For example, the customer can combine OC-12 at 1,310nm and four WDM channels of OC-48 each at the 1,550nm region. According to the company, the products are protocol agnostic.

 Marketing and Selling

OrAccess says its technology is in the advanced stages of development, with technology (not product) trials under way at the OrAccess facilities in Israel. The company estimates that its first product will be available in January 2002.

 Financial Strength

Polaris Venture Capital, Cisco Systems and Sequoia Capital acquired 15% of the company for $3.5mn in venture funding, announced on April 5, 2000. The remaining shares are distributed between Ilan and Baruch Haber (30%), employees (23%), Weil and Lifschitz families and seven angel investors (17%).
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