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The 2002 International Electronics 
Manufacturing Initiative (iNEMI) 
Optoelectronics roadmap antici-
pated a cross-over in cost-perfor-
mance whereby a system using 
optical transmission of high speed 
signals would have lower overall 
“cost” than a pure electrical system 
of equivalent function. In 2003,  
iNEMI formed a task group to in-
vestigate this cross-over point via 
cost modelling analysis. The activi-
ties to date have been to adapt and 
verify an existing cost model for 
Copper-based PCBs and develop 
an electrical backplane technology 
roadmap to 40 GHz, with logical 
combinations of bus type, connec-
tors and signal conditioning chip 
sets. 

iNEMI is currently reviewing the 
relevant optical technologies, in-
cluding optical fibre, fibre flex or 
embedded polymer waveguide, op-
tical connectors and transceivers 
to develop the equivalent optical 
roadmap. The following article is 
based on iNEMI’s efforts to develop 
cost and performance models to 
compare different designs of elec-
trical and optical backplanes.

While electronics continually ad-
vances in the face of increased 
performance requirements, the 
industry is debating the limits of 
the electron. Starting with high-
end telecom systems as one fron-
tier pushing the bandwidth limits 
of Copper, this iNEMI team has 
focused on the backplane (Figures 
1 and 2), the crossroads for signals 
being switched between an array 
of daughter cards. The maximum 
capability of the backplane deter-
mines the performance of the sys-
tem, in this case measured as high 
as about ten gigabits per second 
(Gbps) of switching capacity. With-
in today’s backplane, we see layers 

of Copper, whose characteristics 
mostly determine how many Gbps 
can be switched. 

Going Faster

“Going faster” in a Copper back-
plane entails any combination of 
the following: 

• Making the Copper thicker; 
• Making the dielectric layer thin-
ner;
• Using dielectrics with lower loss 
tangents; 
• Adding more signal layers;

• Minimising the signal length; 
• Maximising distance between 
signals; 
• Making the board larger (wider 
and longer) to handle more signals 
per layer.

Meanwhile, we observe that a sin-
gle optical fibre has a far higher 
transfer rate in Gbps than a whole 
Copper backplane. Why not make 
the backplane out of fibre? Today, 
some backplanes have a surface 
layer of fibre, so that is certainly 
possible. But these fibres provide 
point-to-point connections, not 
true bus-based backplane perfor-
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Figure 2 – Typical electrical backplane consisting of PWB and backplane 
connectors

Figure 1 – Typical “Optical Backplane” used in telecom equipment uses 
pass-through connectors and “patch-panel” connections implemented 
with fibre cable jumpers (source: Teradyne)
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mance. Further, the cost can be 
enormous, since each fibre end 
needs to be connected to a unique 
optical module, or spliced to an-
other fibre, entailing assembly 
time and module costs.

But, there are other ways to carry 
photons. Optical waveguide re-
search holds the promise of elec-
tronic-like circuit board struc-
tures, complete with optical vias, 
patternable signal layers, bus ar-
chitecture, and simple assembly 
methods. However, this technol-
ogy leap requires complementary 
developments, including new con-
nectors (optical), optical modules 
with laser and detector arrays that 
align with optical vias, and turn-
ing light at a 90-degree angle. Most 
of these technology hurdles have 
been proven in the lab at this time. 
Whether they can be commer-
cialised depends on a number of 
factors, including the following: 

• Market need for optical perfor-
mance levels;
• Manufacturability;
• Reliability;
• Connector cost;
• Assembly cost;
• Optical PCB cost.

The iNEMI optical PCB 
cost modelling project

The iNEMI optical PCB cost mod-
elling project is focusing on this 
last issue, as an extension of prior 
iNEMI project work. It’s a “what-if” 
analysis: “What if there’s a market 
need? Before we go testing reli-
ability and working out the manu-
facturing scale-up issues, we need 
to know the cost relationship.” To 
this end, the iNEMI team has de-
veloped a Copper-based backplane 
cost model as a starting point. The 
team has validated the model with 
two medium-sized US PCB com-
panies familiar with the backplane 
business, along with two North 
American telecommunication sys-
tem OEMs who routinely purchase 
backplanes. The original iNEMI 
cost comparison goal was to show a 
cost-performance crossover point, 
highlighting where optical PCBs 

would be more cost effective than 
copper, such as the conceptual 
graph in Figure 3. 

However, these comparisons to 
optical PCBs are not yet under-
taken. Mainly, the iNEMI team 
has realised that there will be 
other differences between Copper 
and optical systems besides the 
circuit boards (i.e., daughter card 
construction as optoelectronic or 
just electronic, connector types, 
assembly techniques, and so on). 
As a result, the team will evalu-
ate the cost of whole systems: one 
with a Copper backplane versus 
one with an optoelectronic back-
plane. Further, this comparison 
will be conducted for 3-4 telecom 
systems with varying performance 
levels, in other words “black box” 
rough designs for today’s and 
tomorrow’s telecom systems. The 
following, the second in a series 

of reports on the progress of this 
iNEMI team, reviews the optical 
PCB technologies under consid-
eration for future analysis. 

Optoelectronic circuit board
 challenges

Accommodating two systems on 
one circuit board presents unique 
challenges, as shown in Figure 4. 
The electrical and optical layers 
must be integrated into a single 
laminated unit. The waveguide 
layers can be fabricated from ei-
ther plastic or glass, and can be 
either on the top surface or em-
bedded within the PCB. Particu-
larly challenging, though, is get-
ting the optical signal out of the 
circuit board, since turning light 
90° can cause significant losses. 
Through the PCB edge, there’s no 
need to bend the light through a 

Figure 3 - The iNEMI cost modelling goal is to find the crossover point 
between Copper and optical PCBs 

Figure 4 - Challenges of optoelectronic circuit boards 
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right angle vertically, so edge con-
nectors, if feasible given the system 
design, would be preferable. For 
surface modules and components, 
connection to the optical waveguide 
layer requires reflecting light 90° 
vertically, via a mirror. With light, 
the alignment of transmitters, 
waveguides, and receivers becomes 
a critical factor in whether a system 
works properly. So, the PCB and 
surface and edge components need 
to either meet precision manufac-
turing dimensions, or be adjustable 
dimensionally during assembly. 

Optical technologies for PCBs

Tables 1 and 2 provide a detailed 
breakdown of optical technologies, 
including both waveguides and fi-

bre. Table 1 shows the overall ca-
pabilities of each, while Table 2 fo-
cuses on performance details. 

As listed in Table 1, the various opti-
cal technologies can be categorised 
by (1) coupling methods, or how 
they integrate with optical signals 
a system, (2) the applications where 
they are best suited or have found 
commercial success, (3) the compa-
nies or organisations who own in-
tellectual property or are practicing 
the technology, and (4) the maturity 
level of the technology, whether still 
in R&D or in full-scale production. 

As listed in Table 2, the performance 
capability and rough cost of the op-
tical technologies ranges widely. 
By column, (1) Field Size refers to 
the format for creating the wave-

guides, whether on a large panel, 
wafer, or something in between. 
(2) Attenuation describes the light 
absorption for each of the materi-
als implemented, for two different 
wavelengths; (3) WG (waveguide) 
Type means whether the technol-
ogy could be embedded as a layer 
within a PCB, or whether it would 
be limited to the surface (rib); (4) 
Mode structure refers to whether 
the technology can carry one wave-
length at a time or multiple wave-
lengths; (5) Waveguide pitch docu-
ments the ballpark lower limit on 
feature size as reported by the pro-
ducer or by technologists; (6) NRE 
(nonrecurring engineering) cost 
per layer refers to the mask cost or 
other engineering required for pat-
terning each layer of the waveguide. 
For wafer processing, this would be 
the lithography mask. For emboss-
ing, this would reflect the cost of 
the unique embossing tool; (7) Cost 
per square foot per layer attempts to 
capture the fabrication cost of each 
layer, including materials, equip-
ment, labour, and tooling. The 
sources for these costs include the 
publicly known costs for common 
processes such as wafer processing, 
the producer of a technology, or 
from cost models. 

Future work

The iNEMI team is currently evalu-
ating the system costs of various 
“black box designs,” for both elec-

tronic and optoelec-
tronic circuit board 
implementations. 
The team is gathering 
information on sys-
tem design, optoelec-
tronics assembly, and 
connector costs. The 
forum is open to new 
members who have 
data that can make 
the comparison more 
accurate.

This article is based on a 

“work-in-progress report” 

given at Electronic Cir-

cuits World Convention 

10/APEX 2005

Table 2 - Optical waveguide and fibre technologies - details 

Table 1 - Optical waveguide and fibre technologies - overview 


