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High Electromagnetic Shielding of a 2.5-Gbps
Plastic Transceiver Module Using Dispersive
Multiwall Carbon Nanotubes
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Abstract—A novel polyimide film, consisting of finely dispersed
multiwall carbon nanotubes (MWCNTSs) in an ionic liquid (IL),
is demonstrated to be high shielding effectiveness (SE) for use in
packaging a 2.5-Gbps plastic transceiver module. The IL-dispersed
MWCNT composite exhibits a high SE of 40 ~ 46 dB. By compar-
ison, the composite fabricated by nondispersive process requires
a higher loading of MWCNTs at 50 wt-% than the IL-dispersed
process at only 30 wt- %. The electromagnetic susceptibility (EMS)
performance is experimentally evaluated by the eye diagram and
bit-error-rate for a 2.5-Gbps lightwave transmission system. The
package housing fabricated by the dispersive MWCNT composites
shows an enhanced EMS performance, an improved mask margin,
and a lower-power penalty. These results indicate that the IL-dis-
persed MWCNT composites are suitable for packaging low-cost
and high-performance optical transceiver modules used in the fiber
to the home lightwave transmission systems.

Index Terms—Electromagnetic interference (EMI), electromag-
netic susceptibility (EMS), ionic liquid (IL) dispersive multiwall
carbon nanotubes (MWCNT), plastic optical transceiver modules,
shielding effectiveness (SE).

1. INTRODUCTION

HE electromagnetic susceptibility (EMS) or electromag-
T netic (EM) immunity of the optical transceiver modules to
the electromagnetic interference (EMI) is one of the major con-
cerns to maintain good signal quality of over gigabit transmission
rate [1]-[3]. Designing a high EM shielding package/housing is
desirable to improve the EMI and EMS performance of the op-
tical transceiver modules. It is well known that metallic package
may provide an excellent shielding effectiveness (SE). However,
the characteristics of low cost and ease manufacturing have pro-
moted the plastic composite package as the most suitable mate-
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rial for fabricating the optical transceiver modules for using in
the fiber to the home (FTTH) applications [3]—[8].

Plastics are inherently transparent to EM radiation and provide
no shielding effect against radiation emissions. In order to im-
prove the EM shielding for the plastic packaging, electronic con-
ductive materials have to be blended into the plastic hosts to gain
an adequate EM shielding property. Multiwall carbon nanotubes
(MWCNTSs) may be considered as one of the electronic conduc-
tive fillers because of their known properties of high electrical
conductivity, nanoscale diameter, high aspect ratio, and possibly
strengthened mechanical properties [9], [10]. The aspect ratio of
most MWCNTs is higher than 1000, which offers an intensive
interconnection in the MWCNT/plastic networks, in resulting a
high EM shielding. Recently, the MWCNTSs have been the focus
of considerable research and development for uses in nanoscale
electronic and optoelectronic applications, such as integrated
circuit (IC) interconnections [11], optical emission devices [12],
and optical transceiver modules [7], [8].

However, the high aspect ratio and low ionic character of
MWCNTs are not easily dispersed within the plastic hosts. The
lack of dispersing ability in the polymer matrices is caused by
internal van der Waals force among the MWCNTs and their
consequent aggregation [13]-[18]. Without a fine dispersion,
the MWCNTSs may form local clusters and poor homogeneity
existed in the MWCNT composite. As a consequence, the
weight percentage of the added MWCNTs is required in order
to achieve a good electrical conductivity and a comparable SE.
For developing a cost effective material, a fine dispersion of
MWCNTs in the polymer matrices is essential.

In this study, we present an EM shielding performance for a
plastic composite by employing polyimide (PI)-based disper-
sive MWCNTs. The MWCNT-PI films are prepared by using
a physical dispersive method of dispersing MWCNTs into PI
resin and thin films. The MWCNT-PI composites are then
formed by several stacked thin films. The resultant package of
the film composites with 30% weight percentage MWCNTSs
exhibits high SE of 40 ~ 46 dB in the far-field source. In ad-
dition, the package housing fabricated by dispersive MWCNT
composites shows an enhanced EMS performance, an im-
proved mask margin, and a lower power penalty for a 2.5-Gbps
lightwave transmission system. The IL-dispersed MWCNT
composites are proven to be suitable for packaging low-cost
and high-performance optical transceiver modules for use in
the FTTH lightwave transmission systems.

0733-8724/$25.00 © 2008 IEEE
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II. FABRICATION OF MWCNT COMPOSITES

A. Dispersion of Multiwwalled Carbon Nanotubes (MWCNTs)

MWCNTs are commercially available from the methods of
ADM [19] or CVD. The aspect ratio of these MWCNTs is
about 500 under SEM observation. The MWCNTs produced by
ADM have a needle-like shape, as shown in Fig. 1(a), not like
those produced by CVD, as shown in Fig. 1(b). Usually, CVD
produced carbon nanotubes are 95% pure and 50 ~ 60 nm
in diameter and 0.5 ~ 10 pgm in length. Although the raw
MWCNTs could be built into conductive networks in a com-
posite, the lack of the homogeneous dispersion of MWCNTSs
in the matrices is problematic for achieving in high-perfor-
mance composites. To avoid the generally serious MWCNTSs
self-aggregation and to improve the inorganic-organic network
adhesions are two key issues for determining their reinforce-
ment effects. MWCNTSs have a strong tendency for aggregation
and their difficulty to disperse in either water or any organic
solvents due to the inherent van der Waals attractions among
MWCNTs [13]-[18]. In literature, it has been reveled that the
carbon nanotubles may be dispersed by the methods of chem-
ical modification and physical adhesions [20]-[22]. The chem-
ical modification requires a treatment of acids, such as HNOs,
and H2SOy4, which may adversely damage the MWCNT struc-
ture, inevitably requires a great deal of surfactant addition in
the adhesion process [20].

In this study, we adopt the physical method for dispersing
the MWCNTs in ionic liquid (IL) dispersants [21], [22]. The
method involves an intensive grinding of the mixture of IL and
MWCNTs and followed by dissolving into N-methylpyrroli-
done (NMP) solvent. The van der Waals force and 7@ — =
stacking interactions between the MWCNTSs were mitigated
by the mixing with the imidazolium ions in the MWCNT-IL
hybrid solution [21]. The dispersion was efficiently reinforced
by taking advantage of a strong affinity of the imidazolium
cation ion toward the m-electronic MWCNT surface. The
dispersion mechanism in this work is that the organic cations
of the IL potentially interact with m-electronic compounds
through so-called “cation-7” interaction [21].

The examination using an UV-vis spectrometer has evi-
denced the uniformity of the MWCNT-IL suspension at the
absorption of 550-nm light. Fig. 2 shows the absorption of
various weight ratios of MWCNT-IL dispersions in the NMP.
It was found that the MWCNTs from CVD were easier to be
dispersed than that from ADM method. The difference is per-
haps reflecting their impurities that are contaminated from the
manufacturing. The MWCNTs from the CVD method are 95%
pure; whereas the ADM method generates MWCNTs with less
purity. The impurities include carbon nano capsules (CNC),
carbonaceous impurities or ash, and amorphous carbon [7]. In
our experiments, it requires more IL amount for dispersing the
ADM produced MWCNTSs. To fabricate the MWCNT-PI com-
posite, a poly (amic acid) resin precursor (PAA) was allowed
to mix with the finely dispersed MWCNT-IL suspension at the
MWCNT weigh percentage of 0.1 ~ 30%. After the vigorous
mixing, the slurry was casted onto a glass substrate and cured
into MWCNT-PI composite films. In Fig. 3, a SEM micrograph
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Fig. 1. (a) MWCNTs (ADM); (b) MWCNTs (CVD).
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Fig. 2. UV-vis spectrometer absorption of various weight ratios of
MWCNT-IL hybrid dispersed in NMP solvent at wavelength of 550 nm.

of MWCNT-PI composite is shown for the fine dispersion of
MWCNT embedded in the PI matrices.
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Fig. 3. SEM photo of MWCNT-PI composite.

B. Fabrication of MWCNT-Polyimide (PI) Composites

According to the basic EM shielding theory, the SE in-
creases as the material conductivity increases [7], [8]. The more
MWCNT material is added, the more overlapping conductive
MWCNT networking, and, hence, the higher conductivity and
the higher SE are expected. The conductivity of the MWCNT-PI
composite was measured by a four-terminal technique. Fig. 4
shows the relations between weight percentage of MWCNTSs
and electrical conductivity. The measured electrical conduc-
tivity for the IL-dispersed MWCNT-PI composite in Fig. 4(a)
is compared to the nondispersed MWCNT-LCP composite in
Fig. 4(b) [7], [8]. These comparisons indicate the effective-
ness for dispersing higher contents of MWCNTs in order to
increase electrical conductivity. The finely dispersed MWCNT
composites have demonstrated a remarkable improvement in
comparing to our previous reported [7], [8] and comparable to
the results reported by Kim [23], [24]. It is clearly indicates that
the fine dispersion of MWCNTs is the predominating factor for
fabricating the higher conductive materials.

III. SHIELDING EFFECTIVENESS MEASUREMENT

A. Shielding Effectiveness of MWCNT-PI Composite

The SE of the MWCNT-PI composite is measured by the
ASTM D4935-92 method [25]. In Fig. 5, the SE for a dispersed
MWCNT-PI in 850 pm thickness (30% weight percentage)
and nondispersed MWCNT-LCP in 1200 pm thickness (30%
and 50% weight percentages) are compared. The SE results
are higher than 40 dB under the frequency range between 1
and 3 GHz for the 30% weight percentage MWCNT-PI and
the comparable 50% weight percentage MWCNT-LCP. The
result indicates that the lower weight content of the dispersed
MWCNT-PI can achieve a higher SE. This implies a low cost
of MWCNT composites can be used to build the EMI shielding
module box of optical transceiver. According to the shielding
theory, a shielding effect is generally dependent on the in-
crease of electrical conductivity and film thickness. With the
higher electrical conductivity but a thinner film, the dispersed
MWCNT-PI (850 pm) was found to have a comparable SE
than that of the nondispersed MWCNT-LCP (1200 pm).
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B. SE of MWCNT-PI Module Box

The SE of the module box is measured by using a near field
method. A monopole type antenna, used as the radiant source,
was built into a module box of the MWCNT-PI composite in
order to measure the difference of reference level and shielding
level. The packaged radiation source is closer to the shielding
walls, and nearer to the situation of practical applications. By
adopting the setup of the FCC class B, the distance between the
receiver antenna and the shielding box was 3 m. This is a near
field measurement since the distance between radiation source
(packaged in a shield box) and shield material (walls of shield
box) was less than A/27 (where A is the wavelength). The
wave impedance in the near field measurements is function of
distance, rather than a constant for the far field. In our measure-
ments, the wavelength was 12 cm operating at 2.5 Gbps and the
distance between the packaged radiation source and the shield
wall was less than 2 cm. This falls into the near field conditions.
The SE measurement in a near field source was performed in a
fully anechoic electromagnetic compatibility (EMC) chamber
[31, [6], [7]. Because the hybrid absorbers combining the ferrite
tiles and foam absorbers were aligned on the metal-shielded
wall inside the chamber, good wave-absorbing performance
could be achieved from 30 MHz to 18 GHz for the EMC
chamber. The radiation source was put on a wooden table from
which an antenna was seated at a distance of 3 m for receiving
the radiated field. An electric monopole with a 2-cm length was
used to emulate the radiation energy inside the molded housing.

In Fig. 6(a), the received radiation under the situations of with
and without shielding boxes is shown to be 62 dBxV/m and
95 dBpV/m on average, respectively. Fig. 6(b) shows the result
of the SE behavior versus frequency. The SE of the MWCNT-PI
composites was measured from 20 to 37 dB in the frequency
range of 1 to 3 GHz.

IV. EMS PERFORMANCE

A. EMS Performance of an MWCNT-PI Packaged 2.5 Gb/s
Optical Receiver

Fig. 7 shows a setup for measuring the performance for a
2.5-Gbps optical receiver. The dimension of the package box
is 3 x 4 x 5.5 cm?® and the thickness of the wall is 850 yum.
Two drilled holes in one sidewall of the package box were used
to mount the connectors for two coaxial cables to transmit the
electrical data in differential pair. Another sidewall was drilled
one hole for the optical receptacle. A pattern generator (HP
70841B) was used to transmit 2.5-Gbps signal to the optical
receiver module under test through an optical transmitter. The
231 — 1 pseudo-random bit sequence (PRBS) pattern is given by
the pattern generator. The received signal is electrically returned
to an error detector (HP 70842B) and the eye patterns can also
be measured by a digital communication analyzer (HP83480A).
To perform the EMS measurement of the packaged optical re-
ceiver, the monopole radiator excited by the pattern generator is
used to interfere with the packed module at a distance of 4 cm.

Fig. 8 shows the eye-diagrams of a 2.5-Gbps optical receiver
in absence and presence of MWCNT-PI shield in box under an
interference of monopole voltage amplitude 2 Vpp. The trans-
mission speed is 2.5 Gbps and the used mask is OC-48. The eye
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Fig. 7. Setup for receiver performance measurement.

of with shielding box is apparently more open than that in the
absence of a shielding. The mask margin is improved from 43%
to 56% in the presence of MWCNT-PI shielding. Fig. 9 shows
the mask margins of with and without shielding under different
interference voltage amplitudes of the monopole type antenna.
An enhancement of 13% with shielding box was achieved.

The EMS performance of the proposed package is demon-
strated by the measurement of the bit-error-rate (BER) tests.
Fig. 10 shows the BER measurement for three different situa-
tions. Case A is the unpackaged module with a radiated inter-
ference; Case B is the packaged module with a radiated interfer-
ence; and Case C is the unpackaged module without a radiated
interference. As shown in Fig. 10, the received optical power is
about —16.5 dBm and —18 dBm for cases A and B, respectively,
in achieving the BER of 10~12, Comparing with the cases A and
B with strongly radiated noise, the optical power of packaged
module can be reduced about 1.5 dBm. Therefore, the optical
module fabricated by the IL-dispersed MWCNT-PI composites
significantly increases the EM immunity to the radiated interfer-
ence. Fig. 10 showed the bending of the line in BER 1072 for
unpackaged module without radiated interference (case C) and
the unbending line in BER 10! for packaged module with
radiated interference (case B). The box not only shielded the
intended interference source but also shielded the background
noise from the ambient environment.
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B. EMS Performance of an MWCNT-PI Packaged 2.5-Gbps
Optical Transmitter

In order to measure the performance of a 2.5-Gbps optical
transmitter, a pattern generator (HP 70841B) was used to
transmit 2.5-Gbps electrical signal to the optical transmitter
module. The output optical signal of the optical transmitter is
fed into a digital communication analyzer (HP83480A). For
the EMS measurement of the packaged optical transmitter,
the monopole radiator excited by the pattern generator is
also used to interfere with the packaged module at a distance
of 4 cm. Fig. 11 shows the mask margins with and without
shielding box under different interference voltage amplitudes
of the monopole type antenna. There observed approximately
a 5% enhancement with shielding box. The mask margin for a
2.5-Gbps optical transmitter under an interference of monopole
voltage amplitude of 0.75 Vpp was improved from 3% to 8%
with packaged box of the MWCNT-PI composites.

The mask margin with box shielding was higher than that
without box shielding even at zero monopole amplitude. This
was due to the box shielding onto the electronic circuit compo-
nents inside the box and the other nonintended interference from
the ambient electronic facility in the surrounding. In Fig. 9, it
was shown a larger mask margin difference than in Fig. 11. The
mask margin was related to the performance of the electronic
circuit under test. The optical receiver under test performed a
better mask margin than transmitter. For the internal signal noise
of the optical modules, there is the energy coupling between
the electronic circuit components inside the shielding box. For
the EMS test, the intended radiation source (monopole type an-
tenna) is out of the box. With and without the shielding box,
the level of the internal signal noise inside the optical module
should be the same. However, the changes of the mask margin
in Figs. 9 and 11 were caused by the external radiation source.

V. CONCLUSION

A novel polyimide film material, consisting of finely dis-
persed MWCNTSs, was developed for uses in packaging a
2.5-Gbps plastic transceiver module. The results showed
that the IL-dispersed MWCNT composites with 30% weight
percentage MWCNTs exhibited high SE of 40 ~ 46 dB. By
comparison, the previous works on MWCNT composites
fabricated by nondispersive process required a higher weight
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percentage (50%) of MWCNTs [7], [8]. Furthermore, the
IL-dispersed MWCNT composite offers a high electrical con-
ductivity and effective SE with a low loading of MWCNTs. The
newly developed package housing, fabricated by IL-dispersed
MWCNT composites, clearly improved EMS performance,
mask margin, and power penalty for a 2.5-Gbps lightwave
transmission system. This significantly improved result has
marked the achievement of using the dispersive MWCNT com-
posites for the high SE and suitability for packaging low-cost
and high-performance optical transceiver modules used in the
FTTH lightwave transmission systems.
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