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Galvanic Isolation And EMI/EMC
Immunity between Switch and
Controller in Mid-to-Large Drive
Applications with Plastic Optic Fiber

Plastic Optic Fiber (POF) emerged in the late 1970s and found its first application in power
electronics with the release by HP of connectors which provided a path to use POF as an isolation
technology to provide both galvanic isolation between two PCBs as well as isolation from EMI/EMC.

By Michael O’'Gorman, Application Engineering Manager, Firecomms

Today POF links are a key part of mid-range
and large drives providing the protection
needed by the controllers from the elec-
tronic noise generated by the switching
technology of choice (Thyristors, IGBTs and
SiC devices). Looking at the connectors it is
not obvious that much has changed. The
from factor looks identical but under the
hood this technology has grown significant-
ly to meet the demands of the 21st century
Power Electronics Industry.

Under the hood new ASICs have revolution-
ized the performance taking the solutions
from 40 kBd to 50 MBd with TX drivers fully
integrated and enhanced EMI/EMC immu-
nity.

Today this market is multi-sourced with
four major manufacturers of the fiber (Mit-
subishi-Rayon, Toray, Asahi-Kasei and Sino-
Optic) as well as multiple global suppliers of
the optical connectors/transceivers such as
Firecomms. The RedLink connectors from
Firecomms have seen significant develop-
ments that are not obvious to the casual
observer. Comparing the original Plastic
Optic Fiber and the original HP transceiver
datasheets to the parts available today, the
first item that a keen reliability engineer will
spot is the increase in temperature range.

The original parts were limited to 0 to +70
°C. Today you have both fibers and trans-
ceivers rated to an industrial temperature
range of operation in ambient tempera-
tures of -40 to +85 °C and higher for some
options. This development was driven by
the demands of the applications. A loco-
motive sitting on a side-track in Alaska will
experience severe cold while the same lo-
comotive crossing the central desert of Cali-
fornia at midday will need to tolerate very
high ambient temperatures. This demand
is equally relevant to Solar Energy farms
located in deserts or Wind Farms located
in our oceans not to mention HVDC tech-
nology in remote power plants as well as
the SVG and SVC units required to balance
the power lines in all of these installations.

Thousands and thousands of hours of engi-
neering and reliability testing has produced
plastic optic fiber links suitable for use in
21st century Smart Grid applications.

A deeper dive under the hood will reveal
that the majority of transmitters used to-
day use RCLED technology instead of the
original LED technology. The original LEDs
were slow devices with long rise and fall
times and they needed relatively high cur-
rents to generate the optical power needed
to provide stable links with long lifetimes.
With the arrival of commercially available
industrial Resonant Cavity LEDs (RCLED)
in the early 2000's the transceiver manu-
facturers were able to make faster devices
which use a lot less current to achieve the
same optical power levels. Today you can
get 10 and 50 MBd transceivers that use
a fraction of the current consumption re-
quired by the original 40kBd and 1MBd LED
based transmitters to achieve the same op-
tical powers. Reducing current is obviously
important for saving the planet by reducing
the energy demand of the devices built with
these parts but also has a significant benefit
to long term reliability as every reduction in
current consumption results in a fourfold
increase in transmitter lifetime. Increasing
the product lifetime leads to lower OPEX
and CAPEX, due to direct reduction in field
maintenance costs. In summary the trans-
mitters available today are faster, have less
skew (less part to part variability), use less
current to generate the same optical pow-
er, last longer and therefore require less
maintenance.

The improvements are not limited to the
transmitter side of the link. The receiver
end of the POF link has also seen significant
development in the last 15 years. Originally,
the HP receivers were based on Bi-CMOS
technology with a single integrated photo-
diode. Firecomms ASICs are designed on
pure CMOS process nodes, that allows for
integration of more intelligence into the re-
ceiver solution. These custom Firecomms

ASICs integrate all of the functions neces-
sary to convert the optical signal to a digital
output signal. At the front end the physical
interface uses a dual-photo-diode scheme
to detect the light. A photo diode de-
tects the light and a mirror photo-diode is
screened from the light, both elements ex-
perience all of the electronic and magnetic
fields emanating from the nearby switches,
e.g.an IGBT.

Figure 1: Insulated-Gate Bipolar Transistor
(IGBT) Drive Board

The photo-diode signals are fed into a dif-
ferential amplifier which cancels the com-
mon electronic/magnetic noise and as a
result forwards the clean optical signal now
converted to a clean electrical signal. The
electrical signal is amplified, put through
a comparator and finally through a line
driver stage conditioning it for release to a
TTL, LVTTL or LVDS data bus as a standard
electronic signal. The receivers available to-
day feature dual operation from both tradi-
tional 5V power supply rails as well as 3.3V
supplies and can therefore interface di-
rectly to older TTL logic ICs as well as mod-
ern standard 3.3V based Micro-controllers,
FPGAs, ASICs and PHY ICs. In summary, the
receivers available today compared to an
historic ROSA leverage CMOS based ASICS
that have excellent EMI immunity thanks to
the differential photo-diode front end, the
fully integrated signals path and the ability
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to adapt automatically to the supply line and
output the correct logic level for the next step
in the signal path.

Fundamentally with the introduction of
CMOS ASICs into both the transmitter to
drive the RCLED and the receiver to cleanly
detect the light, the POF transceiver today
provides a true digital bridge from one elec-
tronic bus to another across a plastic optic
fiber giving galvanic, electrical and magnetic
noise field immunity from DC to 50 MBd with
a minimal application circuit.

The introduction of ASICs integrated into the
optical components, the digital bridges of-
fers customers the possibility to use POF for
galvanic isolation and EMI rejection not just
in the equipment layer of their system but
as illustrated in all three of the system lay-
ers from the equipment, to the networking
of drives and with the Fast Ethernet devices
even out to the IT layer providing protection
between the drive network and the wider IT
network.

At a PCB level the digital bridges automati-
cally configure to match the power rail avail-
able and by extension the correct logic levels
of the PCB that they sit on. They can be used
for alarm signals holding a static light on or
light off for years and years without error or
can be used in the traditional way for PWM
delivery from drive controller to switch. How-
ever this technology has wider scope with the
new higher speeds which can also be used to
network the drives helping to co-ordinate
multiple drives across a network of devices.

The new generation of DC-50 MBd devices
have extended the benefits of noise immu-
nity beyond singular IGBT or SiC control to in-
clude the networking of multiple controllers
with superior noise immunity that traditional
copper wire cannot provide. The simple con-
nectivity of POF with proven reliability can
network any number of drives.

Beyond 50MBd, it is also important to note
that POF can also support higher speed such
as Fast Ethernet and right up to 250 MBd.

Figure 2: Silicon Carbide (SiC) Core Driver Board

The majority of FPGAs used today support a
native LVDS port operating at 200 Mbps and
this will interface directly to a POF transceiver
offering fully duplex datacomms links sup-
porting real time monitoring of power sys-
tems in locomotives, smart grids, and power
monitoring in data-centers. The datacomms
links over POF support real time protocols
such as EtherCAT and Profinet as well as pro-
prietary links.

To summarize, Plastic Optic Fiber and the
humble HP connector have come a long way.
Today, it can support not just a basic PWM
signal between driver controller and thyris-
tor but an array of IGBTs and SiC devices. The
POF link can also be used in the next levels
of control hierarchy, to network a number of
drive controllers together for higher efficien-
cy and again in the third layer where the drive
network controller meets the wider IT system
network. POF can offer real-time compatible
links operating at internet speeds providing
complete galvanic isolation between the IT
systems and the electrical plant. All three lay-
ers of operating come with proven reliability,
simple and robust fiber termination, eye safe
visible red light, low current consumption
and operation over industrial temperatures
in harsh environments. Plastic Optic Fiber
links are, therefore, ideal for use in 21st cen-
tury Smart Grids.
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Figure 3: Galvanically Isolated Smart Grid Networking Solution
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