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The fiber optic data transmission system plays an important role in broadband communication. According to the market
trend, data traffic is significantly increasing and larger throughput of communication systems is required. Many electro-
optical conversion devices (so called optical transceivers) are used in the system. Because of that, the electro-
magnetic noise radiation becomes a serious issue. Although the noise level is proportional to the number of
transceivers, a qualitative relationship between the number of transceivers and emission level is not clear. Furthermore,
since there’'s no general design guideline to suppress electro-magnetic interference (EMI), it is difficult to solve this
problem once it emerges. In these circumstances, recent dispersion control technology, such as Electro-magnetic
Band Gap (EBG), is a potential solution for this problem. In this paper, the methods of how to predict the total emission
level with the superimposed effect of hundreds of transceivers and how to determine the EMI suppression design target
are described. Then, the method of how to reach the targeted noise level with a newly introduced shielding scheme is
explained. Finally, the result of an in-house prototype test is summarized, which proves the verification of the EBG

structure by utilizing FEM/FDTD simulation.
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1. Introduction

Optical transceivers are used for high speed fiber optic
digital communication. The commercial application has
already been implemented in current optical networks. It
is often said that “noise free” is one benefit of optical com-
munication systems. However, this is not necessarily true
in the case of an electro-optical conversion function block.
Since a photon is just the carrier of the signal in the optical
fiber, a conversion process from the electrical signal to
photonic signal and vice versa is required. During this
process of converting electrons to photons, a certain
amount of high frequency noise can spread into the space,
and it may cause electro-magnetic interference (EMI).
State-of-the-art data processing equipment, such as a
router, can handle more than 300 Tbit/s data throughput.
This equipment may require hundreds of optical trans-
ceivers and the noise generated may increase with the
number of implemented transceivers. To prevent each
transceiver from having an interference problem, itis a re-
quirement to meet the industrial regulation specified by
CFR® or CISPR®. As shown in this study, an optical trans-
ceiver has a complex relationship regarding EMI issues,
and its prevention is the main topic of this paper.

Our major interests are, 1) how much EMI suppres-
sion for the individual transceiver is required according to
the case of larger systems, and 2) how to suppress EMI
emission level from the module with regard to the target
determined above. Basically, this paper consists of three
parts. First, the EMI emission performance of our current
optical transceiver is shown, and the issues are described.
Second, the superimposed effect for the radiation is esti-
mated, when a number of transceivers are operated. This
trial is basically done by mathematical analysis instead of

actual testing. A simple simulation model can be suffi-
ciently demonstrated to predict the effect and determine
our design target from the result. And thirdly, a new shield-
ing scheme utilizing Electro-magnetic Band Gap (EBG)
technology is introduced, starting from its basic concept
and design process. Finally, the evaluation result is demon-
strated.

2. EMI Issue of an Optical Transceiver

A typical optical transceiver is indicated in Fig. 1. It is
an electro-optical data converter with an intelligent con-
troller and data processer. Another prominent feature is
the so called “pluggable®” package. This form factor
makes it possible to easily insert (or extract) the trans-
ceivers into an available slot on the system line card.

2-1 Optical transceiver

A typical optical transceiver consists of a packaged
semiconductor laser diode and photodetector connected
to a printed circuit board assembly (PCBA). On the PCBA,
there is a driver circuit for the laser diode, and an amplifier
circuit for the received data. Figure 1 also illustrates the in-
ternal structure and relationship of each element. Compo-
nents are covered by a metal chassis and the optical
transceiver is plugged into the host cage system. The chas-
sis and cage system are connected to the frame ground of
the system.

In general terms, the key for noise suppression is to
guarantee the sufficient contact of those metal surfaces:
chassis to the cage and cage to the frame ground.
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Fig. 1. External view of the optical transceiver “SFP+”

2-2 EMI performance of a single transceiver

The trapezoid waveform is used in the digital data
transmission system and it has discrete frequency compo-
nents. Table 1 shows the high speed fiber optic applica-
tions. This table also shows data rate, clock frequency
(fundamental harmonic frequency), and the 2"¢ and 4*
order harmonic frequencies. EMI occurs when the electric
circuit in the transceiver operates at a data rate near to
10 Gbit/s.

A consecutive bit sequence is streaming on the actual
communication system. Its pattern may have “random” fre-
quency spectrum for a long period of time but that may
not be the case for a short period. The worst case should
be a consecutive “1010” bit sequence. Figure 2 shows an ex-
perimental result for EMI of a typical Small Factor Plug-
gable Plus (SFP+) transceiver operating under IEEE802.3ae
(so called 10 Gigabit Ethernet™) bit rate and 10 GFC
(10 Gbit/s Fiber Channel™) bit rate with a “1010” bit
stream. This experiment was conducted according to
47 CFR part 15. Although 60 dBpV/m is specified as the
upper limit, 6 dB margin should be considered as a guard
band to offset any measurement error. So “less than
54 dBpV/m” is the design target. In Fig. 2, H means hori-
zontal polarized wave, and V means vertical polarized wave,
respectively. Both polarization modes are imposed in
accordance with the regulation. As shown in Fig. 2, only
the 2" and 4™ order harmonics were observed. This is be-
cause of distortion of the waveform, known as duty cycle
distortion, by the offset of the cross point.

This result shows that the 21.0375 GHz component
has the smallest margin 12 dB below the design target. It is

not clear if this margin of the single transceiver measure-
ment would be sufficient in the case of a large system.

As long as the total system has to meet the regulation:
less than 54dBpV/m regardless of the number of trans-
ceivers, it is quite important to know the relationship be-
tween the emission level and the number of transceivers.

Table 1. High speed fiber optic communication standard

Fundamental | 2" order 4™ order
Data rate . X .
[Gbit/s] harmonics | harmonics | harmonics
[GHZ] [GHZz] [GHZz]
IEEE802.3ae| 10.3125 5.15625 10.3125 20.625

10GFC 10.51875 5.0625 10.51875 21.3125
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Fig. 2. EMI test result of the individual transceiver

3. Prediction of the Superimposed Noise Emission

The first step is to know the allowable limit of the
radiation level of the individual transceiver, especially in
the case of a large system which has hundreds of optical
transceivers. As the number of transceivers increases, total
emission will increase. However, the quantitative assump-
tion of the emission level is not so easy since this phenom-
enon must be treated as the wave propagation. The
installed position of the each transceiver and phase of each
signal may be difficult to consider. To estimate the effect
of these parameters, all the combinations have to be con-
sidered. Therefore, probability is used and this issue should
be handled as the expectation in probability logic. This is
a classic problem which was first researched in the 18th
century by Lord Rayleigh, known as Rayleigh fading®. In
the following section, an effective simulation model is de-
scribed with some assumptions applied for this calculation.
To reduce the complexity of the calculation, a theoretical
formula was used®. Finally, the result with a target is pre-
sented: allowable noise radiation level for an individual
transceiver.

3-1 Simulation model

The simulation model is shown in Fig. 3. This model
is called the “3 m method” in the anechoic chamber. In
this method, the device under test (DUT) is set on a table
that is 1 m above ground. A small dipole array shown in
Fig. 3 is set as the noise source to represent the transceiver
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array. For the measurement setup, first the table is rotated
to search for the highest peak and then the antenna is ad-
justed up and down to find the peak point and peak level.
To simplify this action, the DUT is set 1 m above the
ground plane and the observance cylindrical plane is set
3 m away from the DUT to find the peak, instead of the
rotary table and antenna swing in the actual measurement.
3-2 Simulation method

Electro-Magnetic full wave simulation, such as FDTD™
or FEM™, is a versatile tool for this kind of problem. How-
ever, it may require huge resources because of the model
size. To facilitate the simulation, the following theoretical
formula was used.

e—ij

E= 4R
{—(p XRo)xRo +[ij + (k;)zl {2(p*Ro)Ro+ (pXRo)XRo]}

e k[0
H="4mer 7z [‘H kRJpXRO

Where;

2

Electric field vector [V/m]

Magnetic field vector [A/m]

Wave number [1/m]

Dipole moment [V/m]

Unit vector from antenna to an observer [m]
Distance from antenna to an observer [m]
Dielectric constant [F/m]

Free space impedance [Q2]

Imaginary unit
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Fig. 3. Simulation model

3-3 Simulation results

This calculation has been carried out with our original
FORTRAN™ program. The applied condition was:

1) 1,000,000 cases of random phase shift combinations.

2) Observance point moved at 5 mm and 0.45 degree
pitch. The result is shown in Fig. 4. Several cases of the

transceiver array, from N = 8 through N = 256, is plotted.
The horizontal axis shows the electric field intensity in the
arbitrary unit and vertical axis shows the statistical number.
The probability distribution of each case looks similar in
shape and is nearly a normal distribution. Since the expec-
tation value could be estimated from this result, we calcu-
lated the “likelihood” next.

Figure 5 is the tendency of the probable field intensity
versus the number of transceivers. In this figure, 99.9%
probability is applied. This probability is equivalent to 3.09
sigma in a normal distribution. As the number of trans-
ceivers increases, the total intensity also increases but the
absolute value of the peak level is not proportional to the
number of transceivers. According to our investigation, if
the number of transceivers is doubled, the intensity peak
is 1.41 times (square root of 2) larger than the previous
value. This is almost equivalent to the superposition of a
random phase wave. This result is confirmed by the follow-
ing simple calculation. When the number of noise sources
is n, we defined the electromagnetic energy and the maxi-
mum intensity of electric field as Pn and En. If the number
of noise sources becomes 2n, the total electromagnetic
energy P2n = 2Pn. From the relation of Pnoc|Ex|?, the equality
|Eon| = 21/2|Ex | is obtained.

The equivalent single emission level can be calculated
to meet “total emission level less than 54 dBpV/m.” As a
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Fig. 4. Simulation result of various array number from N=8 to N=256
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Fig. 5. Relationship of the field intensity and the number of noise source
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first step, the case of 100 transceivers was chosen. This
means an approximate 30 dB enhancement from the sin-
gle emission. Therefore, an emission level of 25 dBpV/m
was determined as the new target.

Referring back to Fig. 2, another suppression scheme
is required especially at the 21.0375 GHz range.

4. Novel Shielding for Further EMI Suppression

To meet the requirement, the EMI physics should be
understood so as to take the most effective actions for solv-
ing the current problem. The use of a microwave absorber
is one feasible solution. However, this is not a cost effective
solution. Therefore, it was necessary to focus on a new dis-
persion control scheme, such as the composite right and
left handed (CRLH) meta-materials. CRLH is presented as
a general transmission line possessing both left-handed
(series capacitors and shunt inductors) and right-handed
(series inductors and shunt capacitors) structures” and
the electromagnetic band gap (EBG) which is a region of
frequency where the electromagnetic wave cannot propa-
gate®. They have been researched and effectively applied
for microwave components, such as antennas, filters, and
of course, for noise suppression. One benefit is that the
scheme can be realized by periodic structures where no
special material is required and can be built into the chassis.

This section describes the results with EBG structure.
First, issues of the current design are explained. Then,
there is one potential solution based on the EBG structure.
Secondly, the theoretical background of EBG and the
actual structure are described. After some analytical review,
an FEM simulation model and simulation result are pre-
sented. Lastly, details of an actual sample and experimental
result are presented.

4-1 Weak point of the current shielding
To find out the fundamental issue, experiments were

carried out in an “ideal” box for emission measurement: a

transceiver surrounded by metal to eliminate any cause of

radiation from the joint of the chassis and other mechanical

parts. This is the best possible measurement box. Figure 6

shows the schematic of the test setup and Fig. 7 shows the

result.

Through the experiment, the following facts were
found.

1) EMI for the 2"! order harmonics range (10.3125 or
10.51875 GHz) is significantly improved by surround-
ing the chassis with metal. The emission level was
below the measurement limit. This situation can be re-
alized by improving the “shielding finger” design.

2) EMI for the 4™ order harmonics range (20.625 or
20.375 GHz) is difficult to suppress. No significant
change occurred.

Since the transceiver chassis looks like a rectangular
tube, it is possible to presume the chassis as a waveguide
with 13.8 mm x 8.7 mm cross section. If this estimation is
valid, its cut-off frequency is 10.87 GHz. Therefore, theo-
retically it is conceivable that the 2" order noise from the
transceiver is not expected to propagate but the 4™ order
can propagate.

Furthermore, since the optical transceiver has an
electrical connector and optical connectors, it is difficult
to seal the front end area. This may affect the shielding
quality for the 4™ order harmonics because any small gap
more than a few mm could be detrimental to performance
at frequencies more than 20 GHz. For this reason, the 4"
order harmonics should be decayed inside of the chassis
to suppress the total noise emission. To realize this, an EBG
periodic structure is employed instead of applying a more
costly microwave absorber.

Fig. 6. Transceiver surrounded by metal
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Fig. 7. EMI Result of the possible best shielding

4-2 Background of EBG

A two dimensional EBG was invented in the 1990’s®.
Its basic concept was found in the 1950’s19-0D in wave-
guide applications. Because of the similarity of the optical
transceiver and waveguide, the waveguide technology can
be well suited for the optical transceiver’s EMI suppression
at specified frequencies. Referring to (12), a diaphragm in
the middle of a waveguide composes the transmission line
which can be expressed as a circuit consisting of shunt in-
ductors and series capacitors, the so called left handed
transmission line. It may be possible to generate a stop
band if a periodic structure of these diaphragms is success-
fully designed according to Floquet’s theorem?. However,
there are so many unknown parasitic elements, such as
conductors, dielectric substance and inductance close to
the EBG periodic structure. Therefore, this structure was
designed by FDTD analysis.

The EBG structure and evaluation model are shown
in Fig. 8. Eight diaphragms are set up in the waveguide.
Here, the depth of diaphragms is an important parameter.
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The depth should be one-quarter wavelength of the target
frequency, about 20 GHz®. When the frequency of the
incident wave target is 20 GHz, the top surface becomes a
high impedance surface, and the incident wave is reflected
by mode mismatch in the waveguide. The reflection char-
acteristic depends on the number of diaphragms. The
more the diaphragms increase, the more propagation de-
creases exponentially. The space between each diaphragm
should be sufficiently smaller than the target wavelength®.
For these reasons, the size of the diaphragm was determined
to be 12 mm x 3.9 mm x 0.6 mm with a spacing of 0.6 mm.
These pitch and thickness values were determined based
on manufacturability with Zinc die casting. A small dipole,
as a noise source, is put into the wave guide on the left side
24.6 mm apart from the EBG. The transmitted wave was
measured at “observer” position.

Figure 9 shows the field potential ratio at an observa-
tion point defined in Fig. 8. The horizontal axis is fre-
quency and the vertical axis is a power ratio which is
defined as voltage at the observer position over the output
voltage from the dipole. This result shows the energy com-
ponent of 21 GHz to 24 GHz is decayed when transmitted
to the observer. Therefore, there is a possibility of the ex-
istence of the stop band at this frequency range. As men-
tioned in the previous sections, our target suppression
frequency is more than 20.625 GHz. Although the stop
band was slightly different from the target frequency, it
gave us good foresight into the prospects for improvement.
Therefore, more detailed simulations were conducted by
FEM analysis.
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Fig. 8. Simulation model for EBG
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Fig. 9. Scattering parameter result of FDTD simulation

4-3 Simulation Model and Result

The model has the chassis (top and bottom), host con-
nector, electro-optical sub-assembly, PCBA, surface mount
devices, optical connector, and external chassis (extreme
box). Those dimensions were imported from the CAD" sys-
tem. Figure 10 shows the result of the electric field distri-
bution at 20.3125 GHz with and without the corrugated
structures. Compared to Fig. 9 in the previous chapter, sig-
nificant noise reduction effect was observed. The electric
field is trapped inside the EBG and there is less electro-
magnetic noise/field than that without the EBG scheme.

Without EBG

I el per_m

Fig. 10. Field distribution result of the transceiver with EBG. Above;
without the EBG structure, below; with EBG structure. Red area
indicates the field intensity is high. Although this result includes
both near and far field, with corrugated structure shows the field
distribution is “calm and quiet.”

4-4 Experiment results

Photo 1 shows the photograph of an actual sample.
The EMI test was conducted with all the electro-optical
components built into that chassis.

Figure 11 summarizes the peak emission values. Fre-
quency ranges are per IEEE803.2ae and 10 GFC. Signifi-
cant improvement is observed especially at 20.3125 GHz
and 21.0375 GHz of horizontal polarization. Although the
ultimate goal of 25 dBpV/m was not yet reached, addi-
tional improvement is being pursued to achieve it. Next,
the reason why only the horizontal polarization shows good
suppression will be investigated with the expectation that
this will lead to further improvement.

EBG structure

Photo 1. Photograph of the transceiver prototype with corrugated EBG chassis
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Fig. 11. Comparison of the emission level at the various frequencies

5. Conclusion

A new EMI suppression scheme has been demon-
strated. First, the suppression target of an individual trans-
ceiver was estimated by calculating superimposed noise
emission. Second, the EBG structure on the transceiver
chassis was designed utilizing FDTD/FEM simulation and
its effectiveness was confirmed by a prototype test.

The EMI suppression issue will become more impor-
tant as port densities continue to increase. Technologies
described in this paper promise the improvement of EMI
with EBG as a new scheme for better performance.

Technical Term

*#1 10 Gigabit Ethernet: One of the communication stan-
dards connecting the computer system to another.

*2 10 Gbit/s Fiber Channel: One of the Gbit/s network
technologies.

*3 FDTD: Finite-Difference Time-Domain method. One
of the electromagnetic analysis methods.

*#4 FEM: Finite Element Method. One of the numerical
analysis methods.

*#5 FORTRAN: One of the programming languages.

*#6 CAD: Computer Aided Design. Design using a com-
puter.
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