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Interconnects operating at multi-gigabit per second line rates have become ubiquitous 

in the enterprise, storage and server markets. Yet, the demand for higher bandwidth is still 

growing. Server connectivity aggregating bandwidths of 40 Gb/s per interconnect are already 

being considered by multiple system developers. The critical parameters system designers 

deal with when deciding on what type of interconnect to use are cost, reach and bandwidth. 

The price to pay for a communication link depends on the number of links needed and how 

that cost distributes over an entire system. Central offices, data centers, storage facilities, 

and server farms require large bandwidth over short distances and constitute the highest 

concentration of interconnects. Hence, they represent the most cost-sensitive point in the 

network. Short-distance links extendover less than 300 meters and connect equipment in 
different buildings, rooms, and racks of equipment. 

Two technologies are used to realize short-distance interconnects: Electrical and 

optical cabling. The choice of technology is governed by performance and price. Electrical 

wires are generally, but not always, less expensive than optics for reaches and rates at which 

either technology can be used. Electrical signals get distorted when they propagate through 

electrical wires , this distortion is larger the higher the line rate and the longer the distance of 

propagation. This type of limitation applies for any communication system: the product of the 

bandwidth and the distance of propagation are approximately constant for any one short-

distance communication technology. Optical signals propagating over optical fibers are 

similarly limited, but the reach is significantly larger with optical fibers than electrical wires 

for a given line rate. For this reason, electrical signals are used for short distances (tens of 

meters) and optics for long distances (beyond tens of meters). In order to increase the 

aggregate bandwidth of an electrical interconnect, multiple wires are run in parallel while the 

signaling rate per wire is kept low to limit the distortion. Similar approaches are being used 

in optics and this technology is commonly known as multi-channel or parallel optics.  

Electrical cabling (also referred to as “copper interconnects”) has dominated these 

short-distance applications because of cost and simplicity of implementing (electrical cables 

are typical passive and contain only electrical wires, albeit with precision electrical connectors 

attached). The drive to higher speeds and increasing distance of reach (due to ever 

expanding data center sizes) has resulted in the gradual introduction of optical interconnects 

in recent years. A number of electronic equalization techniques have been employed to 

extend the reach of copper solutions, but this task is getting progressively more difficult, 

resulting in more expensive and more power consuming solutions. Present-day standards 

that regulate interconnect components and architectures (e.g. Gigabit Ethernet, Fibre 

Channel, InfiniBand) specify line rates per channel between 1 GBaud and 10 GBaud, with 40 

GBaud are already being explored. At multi-gigabit-per-second line rates, copper solutions 
are limited to reaches of several meters. 
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For multi-gigabit interconnects in high-performance computing and data center 

applications, designers have the option of using a parallel cable interconnect with one, four, 

eight, twelve or sixteen channels in each direction (optical and electrical). The connection 

system with broadest field deployment is the electrical four-channel architecture. The 

electrical connector used for the four-channel interconnects is based on the 10-Gigabit 

Ethernet specification and commonly know as the 10-GBASE-CX4 connector, or simply the 

“CX4” connector system.  

Switch and server manufacturers favor the CX4 card implementation, because the 

cost of both the CX4 connector receptacle installed on the printed-circuit board and the CX4 

plug-equipped electrical cable is relatively low and there are multiple manufacturers of these 

components. The CX4 electrical interconnect system is commercially used for short-distance 

electrical interconnects up to 5 GBaud per channel, 20 GBaud total bandwidth in each 

direction over distances up to ten meters. However, as bandwidth increases to 10 GBaud per 

channel, in most applications copper interconnects will have to give way to optics. Over 

recent years, the industry has been exploring different ways to extend the reach of copper 
interconnects. These approaches are illustrated in Figure 1 below. 

In Figure 1, the central, starting solution is a CX4 board using electrical cables as the least 

expensive and simplest solution for short-distance interconnects. From this parting point the 

diagram illustrates two directions of technological development by adding optics. The 

horizontal track, to the 

right of the starting point, 

involves increasing the 

complexity of the printed-

circuit board, while 

upward from the starting 

block represents increase 

in the complexity of the 

system, while maintaining 

the printed-circuit board 
intact. 

Moving to the 

right horizontally, the 

first approach uses 

traditional fiber-optic 

modules mounted onto 

the printed-circuit boards and uses optical fibers to connect to the other ports. Incidentally, 

these fiber-optic modules are larger than the CX4 connector, requiring a special connector 
and its own of signals on the printed circuit board.  

Pluggable module technology, in which a cage that can accept an optical or electrical 

module with the same form factor, is a way to bridge the gap between copper interconnect 

and optical interconnects. Once inserted, the module made electrical connection to the 

adapter printed-circuit board via an edge-connector in the back of the cage. Examples of this 

approach are the SFP, XFP, and QSFP form-factors. Module that can plug into such cages can 

be passive electrical, active electrical equalization modules, or optical modules. The 

disadvantage of this solution for very high-density interconnects---is size. The cage and 

cage-back-end connector made the pluggable optical transceivers quite large in comparison 

with the CX4 electrical receptacle. In some cases, the size difference became a prohibitive 

element for host channel adapters. For example, two pluggable solutions with 20 Gb/s 

Figure 1 
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bandwidth each (e.g. QSFP) would generally not fit onto the common InfiniBand host-channel 
adapter cards. 

Moving upward in the diagram keeps the host printed-circuit board design unchanged 

(with a CX4 connector receptacle on it) and shifts the complexity to the optical module as a 

separate product that plugs into the CX4 receptacle from the outside. The optical module 

converts the electrical signal into optics. This product is referred as a "media adapter" and if 

fiber-optic cable was permanently connected to it, the product is commonly referred to as an 

active optical cable. The media adapter and active optical cables suffer from several 

limitations: the size of the modules makes them hang far from the adapter card and hence 

become subject to damage from impact or require custom lengths specified and cannot pass 
through patch panels as is often needed in a data center. 

The best of both directions from both the optics and card manufacturing costs point of 

view, is clearly to stay in the central, 

starting box of Figure 1 that represents a 

low-cost solution in which the printed 

circuit board remains unchanged, while an 

optical cable is plugged directly into the 

card. XLoom Communications has recently 

introduced the AVDAT 4X™ optical 

connector to enable exactly that. AVDAT 

4X is a miniature optical connector that is 

a drop-in replacement for the CX4 

connector receptacle (see Figure 2). It 

converts an electrical port into an optical 
port on an interface card.  

The AVDAT 4X connector has been designed to fit within the keep-out areas specified 

for the CX4 electrical connector receptacle and is designed to be electrically compatible with 

the printed-circuit-board traces used by the CX4 electrical connector receptacle. This 

connector can be used on interface cards for various application-standards, such as, 

InfiniBand, Ethernet, and Fibre Channel.  

The AVDAT 4X optical engine is manufactured using XLoom-proprietary wafer-level 

optical assembly technology that features simultaneous optical alignment and chip assembly 

on many devices. This in turn enables dramatic manufacturing cost savings both in labor and 
in materials.  

The use of the AVDAT 4X optical connector is illustrated in Figure 3 where an 

exemplary host-channel adapter board is populated with one CX4 electrical receptacle and 

one AVDAT 4X optical connector 

receptacle. Figure 4 shows the 

comparison between electrical and optical 

cables connected to a multiplicity of 

electrical and optical ports. The AVDAT 4X 

connector uses standard MPO-type optical 

connectors and 12-fiber fibber cables. An 

important advantage of the AVDAT 4X 

connector relative to the competing 

solutions that plug into the CX4 port is 

that the body of the AVDAT 4X and the 

optical connector plug are narrower than 

Figure 2 

Figure 3 
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the active cable and media converter bodies and hence the AVDAT 4X use allows more space 

for handling the cable connector for insertion. From heat management perspective, the 

AVDAT 4X mounted on the host printed-circuit board is a dramatically better solution than 

the active cable and media converters because it cools by heat conduction through the front 

panel and the printed-circuit board, while the competing solutions rely predominantly on heat 

convection. Furthermore, once the steady-sate operation of an array of AVDAT 4X units 

mounted on a card is established, there is no thermal shock and hence no optical 

performance variation experienced when the optical connector is inserted. This is not the 

case with the insertion of the active cable and the media converter, which start heating up 

only after they have been inserted.  

InfiniBand and Fibre Channel 

interface adapter cards allow for plugging-in 

either a passive electrical cable or active 

media (equalized electrical cables, media 

adapters, active optical cables described 

above). Active media require power and 

control signals. The interface adapter card 

provides power to the active cable, receives 

and provides several control and monitoring 

signals, and detects the type of externally 

connected module (passive or active). 

These functions are collectively referred to 

as “media detection” circuitry and reside on 

the interface card. The active media have 

media identification circuitry that enable it 

to communicate with the interface card and 

receive power. The AVDAT 4X optical 

connector features media identification circuitry and is compatible with InfiniBand and Fibre-

Channel media detection specifications. The use of the AVDAT 4X connector is transparent for 

the interface adapter card designer: it operates as any other active media plugged into the 
CX4 connector receptacle would. 

The AVDAT 4X is a new optical connector that enables low-cost optical connectivity in 

the data centers. The connector is a drop-in replacement for the CX4 electrical-connector 

receptacle, while it maintains all of the functions of an optical interface. It’s size and ease of 

mounting levels the playing field between optics and electrical interconnects. The classic 

optical transceiver, which requires its own connectors and spaces on a printed-circuit board, 

is no longer needed. It has been replaced by an optical connector - the AVDAT 4X optical 
connector. 
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