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Today’s copper-based high-speed serial interfaces can deliver data at, multi-gigabit rates. Data transfer rates exceeding 
100 Gbps are possible by using multiple lanes in parallel, but are limited in the distance they can travel. One approach 
that improves the distance is to use optical interconnects rather than copper. Altera Corporation and Avago Technolo-
gies Inc. have jointly developed a solution that combines an FPGA and optical transmitter and receiver modules into a 
single integrated solution that can replace copper interconnects and multiple card-edge optical transceivers.

Introduction

The ever-increasing quantity of data moving around the datacenter and over the Internet is straining the infrastructure 
as it struggles to keep up. Core functions such as the storage subsystems, the data switches and routers, and even the 
computing systems are now I/O limited. External data movement is limited by how fast and how far data can move 
through the cables and other interconnects that tie all the switches, routers, and storage arrays together. 

Today’s copper-based high-speed serial interfaces can deliver data at multi-gigabit rates and data transfer rates exceeding 
100 Gbps are possible by using multiple channels in parallel. However that speed comes with a catch – limited distance. 
Basically, the higher the data rate the shorter the distance that the data can traverse without compromising signal 
integrity, power, and, channel material cost. 

To compensate for the degradation of the signal, complex signal processing is employed to equalize the signal on the 
transmit and receive sides. Such an approach, in conjunction with well-designed, but expensive, copper cables can 
provide an extended reach of a few meters, long enough to interconnect equipment in one rack. However, to move data 
between racks in a data center, or network center, requires much longer cables, and in many cases the cost and bulk of 
the cables is impractical.

Optical Interconnects

One approach that improves the reach distance is to use optical rather than copper interconnects. Fiber-optic links 
are entrenched in the data communications industry, but many of the links require power-hungry card-edge optical 
interface modules and still face electrical interconnect issues from the system logic to the optical module (Figure 1). The 
logic portion of the high-speed serial port is typically implemented inside a FPGA because the devices provide designers 
with fl exibility with respect to the board features, functions, and I/O options. However, the FPGA pin must then be 
connected to the optical module, which entails routing high speed traces on and through the PCB.
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Figure 2. For a 10-Gbps data transfer, the maximum distance the data can move varies widely,  depending on whether a copper 

(red) or optical (orange/yellow) interface is used.

Benefi ts of FPGAs

The fl exibility and reconfi gurability of FPGAs makes them an ideal solution for systems that demand a diverse set of 
high-speed I/O requirements. High-speed LVDS serial interfaces and serializer/deserializer (SERDES) ports capable of 
1 Gbps were the fi rst to be integrated on the FPGAs. Higher-speed SERDES capable of over 3 Gbps were next to be in-
tegrated, and today FPGAs incorporate SERDES ports capable of 10 Gbps and even faster data rates. For example, the 
new Altera 28nm Stratix V  FPGAs are capable of up to 28Gbps. Along with the high-speed I/O capabilities, the FPGAs 
provide millions of confi gurable gates, lots of on-chip static memory, and additional dedicated system resources such 
as processor cores, phase-locked loops (PLLs), digital signal processing (DSP) blocks, PCI Express® (PCIe®) channels, and 
memory controllers.

All the resources available on the FPGA allow designers to confi gure many system functions into the device’s logic, thus 
reducing the number of circuits required on the system board. Additionally, the confi gurable nature of the FPGA allows 
designers to update the logic functions to add or remove features, patch logic bugs, or improve performance.
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Figure 1. A typical circuit board from a network switch or router that shows the layout highlighting the distance between the I/O logic and the optical module
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Figure 3. Evaluation board containing an Altera FPGA with co-integrated Avago MicroPOD 12-channel optical transmitters and receivers (in red circle). 

Also on the board are traditional card-edge optical transceiver modules that designers can use for performance comparisons (in blue circle).

Although the distances from the FPGA to the optical modules are just inches, at data rates of 10 Gbps, even a few inches 
of traces on the PCB can degrade signal quality. Figure 2 shows the distance a 10-Gbps data stream can travel depending 
on the type of interface used (red for copper, orange/yellow for optical). Thus, to ensure the optical modules get the best 
possible signal, the challenge is to minimize the distance from the FPGA to the optical port’s input and output on the 
transmitter and receiver, respectively.

Integrated Optical Package

To minimize the distance between the FPGA and the optical module, and to reduce the power and build-of-materials 
of the entire chip-to-module link, Altera Corporation and Avago Technologies Inc. have jointly developed a solution 
that combines the FPGA and optical transmitter and receiver modules into a single integrated package that can replace 
multiple external card-edge optical transceivers (the blue circled region of the demonstration board shown in Figure 3). 
The optical FPGA technology demonstration uses an Altera Stratix IV GT FPGA, which off ers 32 high-speed SERDES ports 
that can each transfer data at 11 Gbps. A dozen of those ports are interfaced directly to the Avago MicroPODTM optical 
modules.

Each of the 12 optical lanes can be an independent port or the lanes can be part of a high-capacity channel to cost-
eff ectively provide the target bandwidth. This parallel optical implementation is analogous to the electronic-signaling 
approach of achieving a target bandwidth using a parallel lane electrical interface, such as multiple lanes of PCI Express. 
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Figure 5. The MicroPOD optical modules mount on the 

FPGA package using an LGA and require a footprint of 

just 8.2 mm by 7.8 mm.

Figure 4. The Altera FPGA package hosts the optical transmitter and receiver sockets, one on each of two corners (left). The 12-channel optical transmitter 

and receiver modules from Avago plug into each of the sockets, and the PRIZM LightTurn cable assemblies plug onto these modules (right). 

By incorporating high-speed optical modules onto the package that holds the FPGA, Altera was able to reduce the elec-
trical signal path from the I/O pad of the FPGA chip to the input of the optical transceiver to just a fraction of an inch. 
This shorter path reduces signal degradation and jitter, thus improving the signal integrity and reducing data errors 
caused by parasitic elements in the signal path. Moreover, since the chip-to-module interconnect distance is reduced 
signifi cantly, overall power consumption for both FPGA and module will be reduced as there is no need to burn power 
to equalize the signifi cant loss otherwise in the conventional non-integrated chip-to-module interconnects. The hybrid 
FPGA package, shown in Figure 4, has two corners reserved for the Avago Technologies MicroPODTM 12-channel optical 
transceivers – one corner hosts the 12 transmit channels and the other corner, the 12 receive channels.

In addition to the two socket sites, the main change in the FPGA package is in the routing of the signals. Rather than 
route the high-speed I/O pads to package pins, the pad signals are routed to the socket contact areas. The short routing 
distance keeps signal integrity high and the emitted electromagnetic interference very low.

The optical modules (Figure 5) are mounted on the FPGA package using land-grid-array (LGA) contacts on a 0.7424-mm 
pitch and each socket only requires an area of 8.2 mm by 7.8 mm. By mounting the LGA sockets in the corners of the 
FPGA, Altera was able to shrink the distance between the SERDES and the optical modules to less than a centimeter as 
compared to the 5-50 cm distances required when using edge-mounted optical modules. The socket integration inter-
facing also enables replacability, testability, and high-yield. 

Figure 6. The 12-channel optical cable and the PRIZM LT connector mount directly on the 

top of the optical modules. The combination forms a very compact high-speed interface 

capable of handling 120 Gbps.
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The optical side of the assembly (Figure 6) consists of a 12-fi ber cable connected to the tiny MicroPOD module. On the 
transmit side, the module contains the 12 low-power 850-nm VCSEL laser diodes (that each consume ~130 mW), and on 
the receive side it contains a monolithic GaAs PIN diode sensing array. The optical cables (sized to the desired length) 
come pre-attached to the PRIZM   LightTurn connectors, which bend the light by 90 degrees and align the fi bers with 
the VCSEL lasers, as shown in the lower left module image. The PRIZM LT connector is now available from multiple 
cable manufacturers.

Each of the 12 optical channels can handle data at rates of up to 10.3125 Gbps per lane, yielding an aggregate data 
bandwidth of 120 Gbps for the module. The highly integrated modules deliver the highest port density for an optical 
interface, and thanks to the low power consumption, the modules have an easy-to-manage thermal profi le. 

Diagnostic and Status Monitoring

One design challenge encountered with the optical modules was the concern regarding the mounting of heat-sensitive 
optics next to a hot FPGA die. To overcome that issue, Altera designed a unique heat sinking solution that keeps the 
optics well within the standard operating temperature range of 0° C to 70° C. The optical components were thermally 
isolated from the die by creating three separate heat sinks: one for each of the optical subassemblies and one for the die. 
We have verifi ed that the temperature of the optical module was within the desired range.

Additionally, the digital diagnostics monitoring (DDM) circuits communicating through the I2C bus allow designers 
to pull other diagnostics data from the optical modules. The diagnostic information available includes optical output 
power, laser bias current, and receiver input power. This allows the system to monitor the status of the optical module, 
know in real-time if there is an issue, and potentially prevent system issues or downtime. This is critical data for many ap-
plications, especially when running a datacenter where link downtimes could result in millions of dollars of lost revenue. 

Putting the Optical FPGAs to Work

For computer and storage-intensive applications such as data centers, the integration of optical interfaces into device 
packages could replace pluggable optics and reduce power by 70 to 80 percent while increasing port density and 
bandwidth by orders of magnitude. In backplane applications in the military, communication infrastructure, and 
broadcast areas, these connections will replace expensive board material and connectors, increase bandwidth signifi -
cantly, and eliminate the signal-integrity issues associated with using copper-based solutions while reducing the power 
consumption.  Optical modules such as the MicroPOD optical transmitters and receivers can deliver data over distances 
of up to about 100 meters using OM3-grade multimode optical fi ber, and link distances of 150 meters can be achieved 
with OM4-grade multimode fi ber.

Embedded optic modules help reduce the required faceplate or back-panel area and improve EMI containment. Such a 
combination helps reduce costs and simplifi es compliance to FCC regulations. The use of die cast MPO fi ber bulkhead 
adapters, available from Molex and other connector companies, further mitigates EMI issues by reducing the chassis 
openings to the minimum possible size. Furthermore, it is obvious that electrostatic discharge (ESD) to a front-panel 
mounted MPO connector is much less of a concern than for card-edge pluggable modules.

Blade server systems are dense modular server systems that provide tight integration amongst multiple (typically up 
to 16) servers with storage, switching, I/Os, cooling, and power sub-systems. Increased virtualization, cloud computing, 
and the steady increase in computational performance of individual CPUs and memory banks stresses traditional I/O 
technologies within bladed systems. Currently most systems employ a high-speed electrical interface between the 
server blades and the I/O modules through a complex electrical mid plane (Figure 7). This type of architecture presents 
complicated signal integrity and thermal challenges to system designers.
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Figure 7. In a typical blade-based server, multiple CPU cards tie into a mid plane, which also connects to Ethernet switch blades that 

provide the high-speed I/O ports.

Electrical I/O channels from the blade server mezzanine card could be replaced with optical I/O channels, and the com-
plicated electrical mid-plane replaced with a simple optical equivalent (Figure 8). An optical mid plane would provide 
all the high-speed connectivity between the servers and any other modules found in the system, including storage, 
memory, and I/Os, without the complications of electrical signal integrity, crosstalk, EMI, and ESD immunity. In addition, 
simple optical pass-through modules could interface to the mid plane to directly connect the server blades with external 
switches, storage, and memory.

Figure 8. Block diagram of server blade and mezzanine card showing layout and optical interconnect though the mid-plane.
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Conclusion

Embedded optics preserve the signal integrity required by the high-end systems, simplify EMI containment while 
reducing ESD exposure, and enable fl exible options for system cooling, because the optical connectors can be placed in 
close proximity to the host ASIC or on the FPGA package. Furthermore, as the trunks are typically 24 – 36 lanes wide, the 
embedded optics allow convenient bandwidth aggregation at the card edge for simple fi ber management and chassis 
interconnect. 

To extend the capacity beyond that of a single FPGA or ASIC, a multistage fabric is confi gured between multiple FPGAs 
or ASICs; a typical example being a three-stage Clos fabric. Although modestly scalable systems can be achieved in a 
single chassis using an electrical interface between the ASICs, large-scale systems require multiple chassis, and thus the 
need for optical interconnects. 

The Altera Optical FPGA takes the concept of embedded parallel optics and transitions it to the next level of integration. 
By doing the engineering involved in the design of Optical FPGAs, Altera and Avago have made it possible for FPGA 
users to realize the advantages of parallel optical interfaces without becoming experts in optical design. Users will then 
realize the tremendous increase in link distance, bandwidth, and decrease in power, possible when using optical fi ber 
instead of copper for high speed communications.

Further Information

White paper: Overcome Copper Limits with Optical FPGA Interfaces: 
www.altera.com/literature/wp/wp-01161-optical-fpga.pdf
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