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D ipole-assisted self-assembly of long
chain paraphenylene molecules on

mica surfaces results in arrays of optically
active nanoscopic fibers and rings as 
new building blocks for small-sized opto-
electronic devices. The needle-shaped
nanoaggregates possess two truly
nanoscopic dimensions (heights and
widths of a few tens to a few hundreds 
of nanometers), whereas their lengths
extend into the millimeter regime
[Fig.1(a)]. The dimensions of individual
aggregates as well as the density of
the aggregates on the surface can be
manipulated by use of appropriate
growth parameters such as deposition
rate or surface temperature. In addition,
upon ultraviolet (UV) light stimulation,
the aggregates show a strong, dichroic
blue light emission.

These nanoaggregates are therefore a
perfect playground for investigating the
influence of microscopic morphologic
changes onto near- and far-field optical
properties. Individual aggregates can be
addressed, manipulated and investigated,
but so can large numbers of identical
entities. For example, we have observed
that the spectra of an individual needle
depend on their position on the needle1

but also on the density of the needles on
the substrate.

As one chemically modifies the polar
mica surface before growth, organic rings
are grown [Fig. 1(b)]. The rings possess 
a narrow size distribution with mean
diameters of a few micrometers, whereas
their walls have widths of around 
100 nm and heights of a few hundred
nanometers. Polarized one- and two-
photon luminescence experiments reveal
that the molecules are oriented parallel
to the substrate surface and that they are
arranged radially along the rings.2

Among the applications of organic
nanofibers and microrings are nonlin-
ear optical activity (for example, fre-
quency doubling), waveguiding and

amplified spontaneous emission, or 
lasing. So far, we have shown strong
nonlinear optical activity upon fem-
tosecond stimulation3 as well as linear
waveguiding.4 Polarized two-photon
luminescence could be used to optically
determine molecular orientations along
the fibers or rings. Because of the single
crystalline nature of the aggregates,
such information can be backed up 
well with structural data from electron
or X-ray diffraction investigations.

In Fig. 1(c) we show an example for
blue light waveguiding along a selected
nanofiber. If the width of the fiber—
measured via atomic force microscopy
—is larger than 220 nm, this fiber can
serve as a nanoscopic single mode
waveguide for 425 nm light.4 This con-
cept has been demonstrated by exciting
a fiber locally with UV-light and moni-
toring the far-field light intensity at a
given point on the fiber—in our case a
nanoscopic break. Based on waveguiding
theory, the imaginary part of the dielec-
tric constant of a nanoaggregate can be
obtained in this way. Very recently, these

Figure 1. (a) Fluorescence image (100 � 100 �m2) of p-6P fibers on muscovite mica. In 
(b) p-6P microrings are shown. The image size in (b) is 23 � 23 �m2. (c) Waveguiding of 
blue light in p-6P nanofibers for fixed distance of 90 �m between excitation point (left) 
and scatterer (right).

results have been quantitatively con-
firmed by measuring the waveguiding
efficiency of nanofibers directly in the
near field of the fiber.

Since the oriented and tailored growth
of the organic aggregates relies not on
specific properties of our model system
but on properties that are common to a
large class of molecules (e.g., high polar-
izability, rod-like shape), a vast number
of microscopic optical experiments with
various molecules are easily envisioned
for the near future.

References

1. A. C. Simonsen and H.-G. Rubahn, Nano Letters 2, 12,
1379-82 (2002).

2. F. Balzer, J. Beerman, S. I. Bozhevolnyi, A. C. Simonsen
and H. -G. Rubahn, Nano Letters 3, 9, 1311-14
(2003).

3. F. Balzer, K. Al Shamery, R. Neuendorf and H. -G.
Rubahn, Chem. Phys. Lett. 368, 307–12 (2003).

4. F. Balzer, V. G. Bordo, A. C. Simonsen and H. -G.
Rubahn, Phys. Rev. B 67 115408 (2003).

5. F. Balzer, V. G. Bordo, A. C. Simonsen and H.-G.
Rubahn, Appl. Phys. Lett. 82 (2003) 10-2

Frank Balzer is with the Humboldt-Universität zu
Berlin, Institut für Physik/ASP, Berlin, Germany.
Horst-Günter Rubahn (rubahn@fysik.sdu.dk) is with
the Syddansk Universitet, Fysisk Institut, Odense,
Denmark.

(a) (b)

(c)

0 µm 45 µm 90 �m



pin’s sharp corners and tapering the
female alignment hole (by machining a
standard ferrule blank before termina-
tion), our modified alignment mecha-
nism drastically reduces debris
generation and the need for connector
cleaning. For this modified hole, the
added taper has a height (h) and width
(w) of 0.45 mm, and guide pin width (t)
of 0.70 mm.

Connectors were tested as blind-
mated backplane connectors in a circuit
pack-to-backplane configuration.
Durability data measure the insertion
loss change for all eight-fiber connector
positions simultaneously, for each indi-
vidual mate, over all 200 mates. For the
standard MPX, for the entire 200-mate
durability test, both connectors were
cleaned after every 25 mates.3 For modi-
fied MPX results, there was no connector
cleaning throughout the entire 200
mates. Between cleaning events, for the
standard MT ferrule design the results
show attenuation “spikes” resulting from
self-contamination. Contaminant-depen-
dent loss can essentially be removed with
each connector cleaning. Probability
plots show the measured probability dis-
tribution for MPX connector insertion
loss change for five sets of 200-mate
durability measurements for both stan-
dard and modified MT ferrule designs.
Five different pairs of standard MPX con-
nector pairs (with standard MT ferrules)
were each subjected to the 200-mate
durability test, which resulted in 8,000
insertion loss measurements. Data show a
significant non-Gaussian loss distribu-
tion vs. the linear Gaussian distribution
expected from mechanical tolerances of
the connector/ferrule and fiber
core/cladding eccentricities. The devia-
tion results from a self-contamination
driven increase in optical insertion loss.
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Five different pairs of MPX connectors
with modified MT ferrules were also 
subjected to 200-mate durability testing.
Data fall mostly along a straight line, i.e.,
roughly 99.7 percent of the loss measure-
ments have a Gaussian distribution, mir-
roring results expected from conventional
ceramic ferrule connectors.

For both ferrule designs, Fig. 1 shows
sample fiber end-face photos taken after
durability testing and surface cleaning.
Figure 1(b) displays evidence of “perma-
nent scarring,” i.e., the inability of the
fiber end face to completely return to its
“pre-testing” appearance—even with
cleaning—after 25 mates. Figure 1(d)
shows one of the eight-fiber end faces for
a modified MT ferrule after 200 mates
and after cleaning. There was no connec-
tor cleaning during the 200-mate dura-
bility test of the modified MT ferrules.
This end face shows no evidence of con-
tamination or mechanical damage and
looks as good as it did before testing.
When it does occur, end-face scarring
does not always appear to affect connec-
tor performance; its effects, however, are
not distinguishable from contamination
that does affect performance.

Changes to the modified MT ferrule
used in the MPX connector system did
not adversely affect other performance
parameters such as connector wear-out,
mechanical fit, random-mate loss and
temperature-dependent loss.
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Figure 1. Fiber end-face photos: (a) standard MT ferrule after 25 mates before cleaning, 
(b) standard MT ferrule after 25 mates after cleaning, (c) standard MT ferrule after 200 mates
after cleaning, (d) modified MT ferrule after 200 mates after cleaning.

Elimination of Self-
Contamination in High-
Density, Low-Loss, Single
Mode Fiber Array Connectors
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T. Strasser, M. Tsuda, H. Kobayashi and D. Carter

The telecommunications industry is
under unprecedented pressure to

increase the bit-rate-capacity footprint of
infrastructure and decrease deployment
costs. This has driven development of
higher density multifiber connectors with
eight or more interconnections in a single
ferrule.1 This type of connector is needed
to respond to a number of trends in the
development of dense wavelength divi-
sion multiplexing (DWDM) and commu-
nication equipment, including
high-density front-jumper interconnects
on line cards, high-density optical back-
planes and low cost transponder arrays.
Although critical to the future success of
the telecommunications industry, no con-
nector solution with performance equiva-
lent to conventional individual-fiber
ceramic ferrules has yet been developed.

We demonstrate, to our knowledge for
the first time, a manufacturable modifi-
cation of standard mechanically transfer-
able (MT) ferrule technology that enables
a high performance, low-loss, multifiber
connector that is virtually immune to
self-contamination. This modification, a
limited deviation from standard connec-
tor technology, is expected to have only a
modest impact on cost. Performance data
show the modified connectors enable
repeated matings—with or without
cleaning—while maintaining low inser-
tion loss. The technology, essentially
equivalent to existing ceramic ferrule
based connectors, is adaptable to optical
backplanes and other high-density opti-
cal interconnection applications.

Experiment and results
We demonstrate improved durability and
robustness of single mode (eight-fiber)
MPX2 connectors with MT ferrules.The
alignment mechanism ensures tight
mechanical tolerances for low-loss, single
mode optical fiber connections that are
properly mated. Telcordia’s GR1435-
CORE3 durability testing suggests mea-
suring insertion loss after connector
cleaning. By rounding the male guide
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