Conference Paper

by Prof.Dr. Lukas Novotny, University of Rochester
NFO-7:7" International Conference on Near-Field Optics and Related Techniques

University of Rochester, Rochester, NY (August 24 -28,2002)

The seventh conference in the NFO conference series, held here in Rochester, provided
to be the principal forum for advances in sub-wavelength optics, near-field optical -
microscopy, local field enhancement, instrumental developments and the ever-increasing
range of applications. This conference brought together the diverse scientific
communities working on the theory and application of near-field optics (NFO) and
related techniques.

Many of the technologies earmarked for significant growth in the coming decades
are critically dependent on credible nanometer-scale measurements and analysis.
Therefore, physicists, chemists, biologists, and engineers are joining forces to observe,
and understand, and control nanometer scale structures and events through the use of
NFO. Efforts in the NFO over the past ten years have demonstrated that spatial resolution
down to approximately 20nm can be achieved, offering mgmﬁcant improvement over

“conventional optical methods such as tunneling and force microscopy. The broad range
of capabilities, including high spatial resolution spectroscopy, orientational sensitivity,
ultra-fast detection, and the ability of operating in UHV, ambient and even liquid
conditions while maintaining molecular sensitivity and resolution, leads to the
assumption that the NFO communities are joining forces for a breakthrough technology.

At the conference, we were able to create an environment for open exchange or
topical research information and to stimulate discussion on novel concepts and-fields of
application. Nearly 250 international scientists participated, as well as the leading
manufacturers of scanning probe techniques and optical microscopy. New application
areas were presented and various novel ideas emerged. I would also like to emphasize
three factors which added to the overall success of the conference and proved that the
mission of the NFO-7 has been fulfilled. Those factors were: 1) the quality of the
presented work, 2) the quality of the presentations, and 3) the comradeship within the
NFO community I am positive that these factors will carry over to the next NFO
conference in Seoul 2004, whlch hopefully will bring together the same quality of

scientific work.

I would like to express my gratitude to the DOE, Chemical Sciences, Geosciences
and Biosciences Division, Office of Basic Energy Sciences, Office of Science for
supporting this very successful conference with the award DE-FG-02-ER15371 and hope
that the DOE will be continuously involved and interested in the field of near-field optics.
I apologize for any delays in the submission of this conference paper.




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Hotel Accomodations

Special room rates, for single or double occupancy, are being extended to NFO-7
conference attendees at the Holiday Inn Rochester Airport ($79/night + tax) and
the Radisson Hotel Rochester Airport ($85/night + tax). To make your reservations
and receive the special conference rate please follow mstructlons on the NFO-7
website.

Transportation

Bus service will be provided during the conference from the contracted hotels to
the University campus, as well as to the George Eastman House, conference
excursion, and conference banquet.

Local Map

NFO-7 Contact Information

Registration and Logistics: - Submissions:

University of Rochester Betsy Benedict

Conference & Events Office University of Rochester

Re: NFO-7 Conference NFO-7, The Institute of Optics
33A Wallis Hall Box 270186

Rochester, NY 14627, USA. - Rochester, NY 14627, USA.
Phone: (716) 275-4111 . , Phone: (716) 275-7720

Fax: (716) 275-8531 Fax: (716) 244-4936

E-Mail: nfo7 @services.rochester.edu E-Mail: nfo7 @ optics.rochester.edu
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Objective

The current trend towards nanoscience and nanotechnology makes it necessary
to address the key issues of optics on the nanometer scale. The interaction of

light with matter renders unique information about the structural and dynamic
properties of matter and is of great importance for the study of biological and solid-
state nano-structures. Near-field optics and nano-optics in general address the key
issues of optics on the nanomster scale covering technology and basic sciences.

The NFO conference series Is the principal forum for advances in sub-wavelength
optics and the growing field of nano-optics in general. Scientists from different
fields are joining forces to observe, inderstand, and control nanometer scale
structures and phenomena through the use of NFO. The goal of this conference

is to create an environment for open exchange of topical research information and
to stimulate discussion on novel concepts and fields of application. All contributions
relevant to NFO that are directed towards these goals wm be welcomed for
presentation.

Conference Topics

o Light in confined structures
- 0 Novel concepts in near-field optics
o Advances in instrumentation
o Local field enhancement
o Cavity nano-optics ,
o Nonlinear and ultrafast phenomena
o Nanofabrication and manipuiation.
o Theory and modeling
o Nano-optics of single molecules and quantum dots
o Applications in material science
o Applications in biology ‘
o Applications in chemistry
o Industrial applications

Conference Program

The complete conference program and schedule of social events can be accessed
through the NFO-7 website at http:/www.optics.rochester.edu/events/nfo7.

Location

NFO-7 welcomes participants to Rochester, located in Upstate Western New.York
on Lake Ontario -- just 1.5 hours from Niagara Falls and 3 hours from Toronto by
car. The conference will be held at the University of Rochester, which is only 10
minutes from the Rochester International Airport. Serviced by all major airlines,
Rochester is roughly one hour from airports in New York City, Boston, Philadelphia,
Baltimore, and Washington DC.

Registration Information -

The NFO-7 conference kicks off with an evening reception at the famed George
Eastman House on Sunday, August 11 at 6:00pm. The conference ends at noon
on Thursday, August 15 and is immediately followed by an optional excursion to
Niagara Falls. Registration fee includes the welcome reception, Genesee Country
Museum excursion, conference banquet, abstract book, shuttle service, and
meals (excl. breakfast). Please see the NFO-7 websne for complete conference
agenda and to obtain a registration form

_Registration Fees:
Early Bird (by June 1, 2002) $ 400 (USD)
Regular (after June 1, 2002) $ 600 (USD)
Student* Early Bird (by June 1, 2002) . $ 250 (USD)
Student* Regular (after June 1, 2002) $ 450 (USD)
Guest* $ 180 (USD)
Niagara Falls excursion $ 80(USD)

*Advisors of students (undergraduate or graduate) must sign and submlt a "student status
confirmation form (available on NFO-7 website).

**Guest fee covers welcome reception, conference banquet, Genesee Country
Museum excursion, and shuttle service.

Register directly onfine or download a registration form at:

http://www.optics.rochester.edu/events/nfo7

Cancellations
Written cancellations received before 15 July, 2002 will be subject to an adminis-
trative charge of $ 50 (USD). No refunds will be given after this date.

Submission of Abstracts

Conference participants are invited to submit abstracts for consideration for oral or
poster presentation. Abstracts should be written electronically using the templates
(Word or LaTeX) which are accessible through the NFO-7 webpage.

Abstracts should be submitted electronically as e-mail attachments to
nfo7@optics.rochester.edu. Further instructions can be found on the NFO-7
waebsite, Your abstract should be received before 1 April, 2002.

Manuscripts for NFO-7 Proceedings

The Journal of Microscopy will publish a limited number of papers presented at
NFO-7. Authors of accepted abstracts are invited to submit a manuscript (6 page
limit) which will be revievied dunng the NFO-7 conference. Please refer to the
instructions on the NFO-7 website for further information. Manuscript submission
deadline is 11 August, 2002 (at the conference).
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Schilegel Hall Rotunda
R ) Hubble Audiorium
Lander Auditorium
Wilson Commons

SUNDAY, AUGUST 11th

6:30pm

. | 8 o For ofher locations,
A » _ , 8:30pm - see map on the back cover
: MQNDAY,-_‘AUGUST 12t‘h - TUESDAY, AUGUST 13th
; ) ‘ ' ' 8:00 — - , n
Effects Of Coherence on the Spectra Coherence and Manipulation
of Optical Field of Spin States in
- Semiconductor nanostructures
E.Wolf H—— J. Gupta
‘Cavity :\Igno-optlcs & advances » Theory
| Novel Concepts | ., . . . & Pl nsim. -
in Near-Field Optics | "o moration Modeling terial Sciences -
; - 10:00 - '
EEr————— e 10:30 _
. Lightin | Advances } | Novel Conceptsin | Applications in
Confmed Structures | in Instrumentatlon Near-Field Optics Material Sciences
12:10 '
_, 130 o industrial
~ »Lightin . Advances Novel Concepts in | Applications -
B Confined Structures | in Instrumentatlon Near-FleId Optics | &Appncat.ons :
330
. , 4:00 o
Light in | Applicationsin Novel Concepts in
‘Confmed Structures | Biology e . 5 :
, : & I:\lear Field Optics Modeling

6:00

'7:00




Quantum Information- Dynamics of Biophysical Processes
Science @ .- Studied with '
| Multiphoton Microscopy

Theory and

Modeling &

Local Field
Enhancement

~;‘_,N'a:i<‘5vfébri°.3“°"' BB  Non-linear
ceovand ot | and
R Lo : ‘Ultrafast Phenomena |

Nanofabrication and - Non-linear and

Local Field Manipulation & - - Ultrafast Phenomena
Enhancement 'Nano-Optics of = . & Local field
' WMand QD .~ enhancement

Final Remarks

Lander Auditorium
George Eastman House
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112 Robin Hill Road ¢ Santa Barbara, CA 93117 e Tel: 805-967-1400 e Fax: 805-967-7717 ¢ Website: M&i&&!ﬁ WWW.Veeco.com

Digital Instruments, Veeco Metrology Group

Digital Instruments, Veeco Metrology Group
112 Robin Hill Road
Santa Barbara, CA 93117
805-967-1400
Fax: 805-967-7717
- www.di.com and www.veeco.com

Digital Instruments, Veeco Metrology Group will exhibit its Aurora-3™ Near-Field Scanning Optical
Microscope (NSOM), which significantly extends the capabilities of the standard-setting Aurora family of
near-field microscopy systems. Digital Instruments Aurora-3, the most advanced NSOM platform available,

_combines industry-leading, patented tumng-fork technology with several new features to bring greater ease-
of use to the researcher.

The Aurora-3 combines optical characterization with scanning probe microscopy (SPM) technology to
overcome the diffraction limit of conventional optical equipment. A real-time linearized scanner provides
accurate, one-step tip positioning, which is particularly important in such applications as single-molecule
fluorescence. With its compatibility with the award winning Explorer SPM head, optional atomic force
microscopy capabilities are also possible. Despite all of this, the Aurora-3 has a conveniently small footprint.:
These and the other ease-of-use features of the Aurora-3 will certainly bring the advantages of NSOM
techmques to a greater number of general research studies. LT .

Aurora-3
Next-Generation NSOM

Metrolo v Group


http://www.veeco.com
http://www.di.com
http://www.veeco.com

_precise
versatile
easy touse

AlphasNomM

high-resolution microscopes
_inone instrument

Confocal,l.aser SCannin‘g Microscopé (CLSMm) -
with sub um-depth-resolution

Scanning Nearfield Optical Microscope' (SNOM)
using unique Cantilever-SNOM-Sensors

Atomic Force Microscope (AFM)
providing local stiffness and adhesion
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- Nanonics Imaging, LTD. Dr. Eric Ammann
Manhat Technology Park, Malacha,

- Jerusalem 914877, ISRAEL

- 972-2-6789-573 '

972-2-648-0827

info @nanonics.co.il

_ NIST - Advanced Technology Program.

* Robert Bloksberg-Fireovid

- 100 Bureau Drive MS 4730, Galthersburg, MD
- 20899-3571, USA

©301-975-4787
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" Dr. Jeff Doran, Stefan Kaemmer

112 Robin Hill Road Santa Barbara, CA 931 17,
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JPK Instruments.
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© +49-30-5331-12073
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Jaehnke @jpk.com, Kamps @jpk.com,
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" WITec Wissens Instruments and Technology

GmbH. Dr. KlausWeishaupt, Olaf Hollricher
Hoervelsinge Weg 6 D—89()81 Ulm, GERMANY

" +49-731-140-700

+49-731-140-7020
info @witec.de’

RHK Technology, INC. Mark F]owers

1050 East Maple Road, Troy, MI 48083, USA‘

- 248-577-5426

248-577-5433
- flowers@rhk-tech.com

‘ The exhibit wxll be held in room 209 of the Computer o
N Sczence Butldmg o ) _

’Move in Monday, August 12 6: 30A M to ]0 00A M

. Exhibit Hours e

Monday, August 12 ]0 00A M to 4 OOPM
Tuesday, August 13 10:00 A.M. to 4:00 P.M..
Wednesday, August 14 10:00 A.M. to 12:00 P.M.

Breakdown Wednesday, August 14 12:00 PM.t0 5:00 '

P.M.
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chedule

Parallel sessions schedule

Monday August 12

Pick up at the hotels starting at 7:00am - 9:00am every 1/2 hour and drop off at Hutchison Hall ' F

8:00
27

 Invited speaker. Hubble Auditorium ' : I
Effects of Coherence on the Spectra of Optical Fields
Emil Wolf

Single-molecule near-field optical energy transfer

In-situ imaging of magnetic domains in ultra thin

Wednesday.

9: 00 microscopy films by near-field and far-field magneto-opucal
32 B. Hecht, W. Trabesmger, A. Kramer, U.P. Wild, microscopy
and M. Kreiter G. Meyer, T. Crecelius, G. Kaindl, and A. Bauer
o Optical switching due to whispering gallery modes . Iy e g
9:20 in dielectric microspheres coated by a Kerr material Op t.tcall ar.zd mid-infy rar}eg scatten;zgt‘typ e near-field
34 M. Haraguchi, M. Fukui, Y. Tamaki, and T optical microscopy at 19 nm resouzon
; om ’ ’ : T. Taubner, R. Hillenbrand, and F. Keilmann
QOkamoto
Development of photothermal near-field scanning
9:40 Spontaneous emission in nanoscopic dielectrics optical microscope
36 H. Schniepp and V. Sandoghdar Masanori Fujinami, Kiminori Toya, Hiromi
Murakawa, and Tsuguo Sawada
Coffee break outside on the plaza (see map). Visit our technical exhibition room, Computer Science Building
10:00 room 209 (see map) for a chance to win a prize. The prize will be awarded at the conference banquet on

Eigenfield patterns of opttcally resonant

Subsurface solid immersion microscopy for photonic

van Hulst, and J. Brugger

10:30 nanoparticles mapped by phase-contrast near-field nanostructures
38 ‘microscopy Bennett Goldberg, Steven Ippolito, Zhiheng Liu, and
R. Hillenbrand and F Keilmann M. Selim Unlii
10:50 Surface plasmon polariton waveguiding in random Bandwidth enhancement for shear-force feedback by
40' surface nanostructures exploiting the nonlinear probe-sample interaction
S. 1. Bozhevolnyi, V. S. Volkov, and K. Leosson C.L. Jahncke and H.D Hallen
11:10 g;ft 1: lnfu g‘:o::‘i.';"y distribution in a photonic Polymer NFO probe made by a nanomolding method.
2 P. Kramper and V. Sandoghdar G. M. Kim, E. ten Have, F. Segerink, B.J. Kim, N. F.

* Abstracts of the talks given in Hubble auditorium are located on even pages, abstracts of the talks in Lander auditorium
are on odd pages.
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Ultrafast spectroscopy in the spatial domain: sub-10 ;
11:30 ﬁ;?:gzzebzifla; ‘:;”z:u‘z:;fgace plasmons in Fast optical dual-beam technique to characterize
U thermal axial elongation of near-field probes
44 D. §.Kim, S.C.Hohng, Y.H.Ahn, V. Malyarchuk . : :
R Muller, Ch Lienau, I.W.Park, JH.Kim, and Q H. | A-LaRosa, B. Biehler, and A. Sinharay
Park e * S o :
11:50 Waveguiding through atwo dzmenswnal metallic Scanning probe microscopy using quartz crystal -
46" photonic crystal - : resonator ’
Fadi Baida, Daniel Van Labeke, and Y Pagam Yongho Seo and Wonho Jhe
12:10 ‘Lunch. Lunch boxes can be pteked up at the outside pIa..a th our techmcal exhtbmon room, Computer
RRRE | N g o Scrence Bmldmg room 209 (see map). '

Near-field measurement of short range correlation - -

Absorption of evanescent Itght by Cs atoms ofan’

1:30 in optical waves transmitted through random media '+
48 || V.Emiliani, FIntonti, D.Wiersma, M.Colocci, g”f};"(’)’ "I{:’ﬁfs‘fl‘z' ;’:é’fr’";’g ot
M.Cazayous, A.Lagendijk, and F.Aliev - ) J
Optical charactenzanon of holey fibers usmg NSOM |1
| §:)50 gcwl;qll“lﬁ‘; n, W. S B Klesb T MM W gzsgsf;zj fz‘;l;:scmmaenmuon >
man, rocklesby, onro, . .
Belardi, and D.J Richardson M. Wellhofer, O. Hollricher, and O. Marti
’ : - .-i || Characterization and fabrication of fully metal
2:10 Light wave propagation through submtcrometer - =1} -coated scanmng near-field optical mtcroscopy SiO; -
5'2 htgh-dtelectnc contrast systems . . r tips -
R. Quidant, J. C. Weeber andA Dereux 'L: Aeschimann, T. Akiyama, R. Eckert, H.
E Heinzelmann, U. Staufer, and N. F. De Rooij
N 2.30 3-dimensional field distribution from nanometer ‘:1;3;;’; Z‘;;ZZZO‘;Z;%{ z;:;arﬁ eld OP ttcal .
| By ' le slit studied by NSOM = -~ e ’ :
N 54 sing H. U. Danzebrink, C. Dal Savio, Th. Dziomba, D
|| C. H. Wei, W S. Fann, J. Tegenfeldt and R. Austin ‘Kazantsev, B. Giittler, and H.-A. FuB ‘
‘ . .|| Mapping evanescent field Of integrated waveguide - § - RPN .
_ ubwavelength-sized aperture fabrication in
| 2:50 :;ztl;:;ape rtureless scannmg nearf eld optical aluminum by a self terminated corrosion process mA
56 - - icroscope the evanescent field :
3| S. Aubert, A. Bruyant. R. Bachelot G Léronde] P. D. Haeflizer and A. Stemmer /
o . Royer, V. Minier, and J. Broquin ... - ST geranc .«
: “ Study of the influence of the optical tmpedance e C
Al 3:10 matchmg onto near-field optical microscopy Highly efficient near-field probes .
58"~ || imaging in polarization mode Shu-Guo Tang and Tom D. Milster
A. Gademann, I. V. Shvets, and C. Durkan, L . '
|
‘ 3:30 - Coffee Break. Exhibitions are open. "

Abstracts of the talks given in Hubb]e auditorium are located on even pages, abstracts of the talks in Lander auditorium

are on odd pages.
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» , ; ; , Quantitative fluorescence microscopy on single
molecules at the cell membrane performed with a
4:00 f:f: (eim:er;;i::udtes of surface P lasmon P oIanton near-field scanning optical microscope.
60 (Vs gvglkov wnd S. I Bosheveln Biirbel I. de Bakker, M.F. Garcfa-Paraj6, N.F. van
y] - Hulst, F. de Lange, A. Cambi, B. Joosten and C. G
Figdor
o \ ' L i Unraveling the fluorescence emission of the red
4:20 Q‘lzﬁg:e&:f Iiiﬁ:‘ﬁ;)ughao\ﬁ;hifﬁ:g}losagﬁ'if r:man d Jfluorescent protein DsRed using NSOM /
62 DinPine Teai ’ M. Koopman, E.M.H.P. van Dijk, M.F. Garcia- |
& Parajo, and N.F. van Hulst
| Nanometer-sized metal clad optical waveguides Watching single molecule DNA synthesis with zero-
&40 |l T. Onuld, . Tani, T. Tokizaki, Y. Watanabe, K. mode waveg "’dI‘g
Nishio, and T. Tsuchiya M. Levene, J. Korlach, S Turner H. Cralghead and
W. W. Webb
ZZ‘Z:’:;;:S_ band &ap structures as spatial .fme wave Surface-enhanced Raman spectroscopy of single
5:00 . : biomolecules
66 I?/Ia(]: :;Ig::f’ gh ier:;?xn’JDWS ;a?r r]? JV H. Kim, and Thomas Huser, Chad E. Talley, Christopher W.
0. }i' Park Hollars, and Stephen M. Lane
The observation of PC12 with non-optically probing
l 5:20 }Y_J;Z:ce plasmon propagation in structured metal near-field microscopy
68 Jan Seidel, Stefan Grafstrom, and Lukas MEng Y. Kawata, M. Murakami, C. Egami, T. Tsuboi, and
S. Terakawa
A light source for nano-optical devices: electric Fluorescence apertureless near-field optical
il 5:40 current excitation of 2-dimensional optical wave in .  for biological imagi
550 | o e s e o bl e o was® |
0 J. Takahara, A. Eda, K. Nakamura, M. Yokoyama, || - 0\ on ace, sard, an
and Tetsuro Kobayashi
6:00 Group photo. Please proceed to the photo location (see map on the back) ' I

Buses to hotels. Pick up at Hutchison Hall starting at 6:00pm - 9:30pm and drop off at hotels every 1/2 hours.
Last bus leaves at 9:30pm.

12
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Tuesda y August 13

Plck up at Hotels startmg at 7 00am 9 00am and drop off at Hutchlson Hall J
8:00 B L Invzted speaker ‘Hubble Audttonum : :
2'9 ¥ Coherence and manipulation of spin states in semiconductor nanostructures.
: , o . J ay Gupta )
9:00 Near fi e;dbq}{tcs clz(miiquc}nn’:z ‘:I; tics: an assignation Spontaneous coherent emission of light
7" arrangea oy jour Kinds of proton R. Carminati, K. Joulain, J.P. Mulet, and J.J. Greffet
Ole Keller ,
9:20 Principle of apertureless near-field optical A novel scanning near-field microwave microscope
7; : microscopy: Tip vibration and global illumination Steven M. Anlage, Atif Imtiaz, Sheng-Chlang Lee,
R. Fikri, D. Barchiesi, and P. Royer and Alexandre Tselev
Dissipative shear force on nanoscale probes induced || Mesoscopic structures and dynamics of MEH-PPV
9:40 by electromagnetic field fluctuations - M- thin films by ptcosecond scanmng near-field opncal, -
| 76 Jorge R. Zurita-Sanchez, Jean-Jacques Greffet and microscopy
I Lukas Novotny s , i N. Tamai, Y. Nabetam Y. Ma and J. Shen
10:00 s Coﬂee break/ Technical exhibition. -
‘ If you have not done so or would hke fo increase your winning chances, visit our techmcal exhibition room.
Fourier polanmetry of mesostructure in thm polymer
films =~
10:30 Chamctenzatmn aruli nw:lilz{icatton oft};e P lqsmon Lori S. Goldner, Michael J. Fasolka, Jeeseong , :
78 ,r; S&aggf sina s":ig\f éo dnangp artic ? L Hwang, Kathryn Beers, Garnett W. Bryant, -
T AR el ogh . o Augustine M Urbas, Peter DeRege, Tlmothy Swager.
' o o and Edwin L. Thomas
o Anisotropy and periodicity in the electron density -
o Realtzatzon of evanescent and propagating Bessel
10:50 || beams: the role of the E, component o f the electric distribution and the well width ﬂuctuatwns ina
80 || field on confinement . .- k %mYn;umnwifll Ra V. Umansky, and L Bar-
T. GrOSJean and D Courjon : yo P paport ¥
Joseph
Detection of local density of states using near-field
11:10 |} emission measurements. Apphcatzon to local

ljz

spectroscopy.
R. Carminati, K. Joulam J.P. Mulet and J. J Greffet

polymer-dispersed ligquid crystal films

Optical microscopic studies of nanoscale dynamzcs in
D. A. Higgins, X. Liao, J. E. Hall, and E. Mei

* Abstracts of the talks given in Hubble auditorium are located on even pages, abstracts of the ta]ks in Lander audltonum
are on odd pages. »
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A new generation of near-field probes fabricated by

Crystallization study of organic light emitting devices
by polarization modulation near-field optzcal

;::30 focused ion beams microcopy . .
Erik J. Sénchez, John T. Krug, II, and X. Sunney Xle Pei-Kuen Wei, Shen-Yu Hsu, sth-Ll Chou, and
‘Waun Shain Fann -
T : . Clustering of photoluminescence in InGaN films
11:50 Three-dimensional imaging in near-field optics grown by MOCVD and MBE
86" P Scott Carney, John C Schotland, and Vadim A J.0. White, M.S. Jeong, 1.Y. Kim, K. Samiee, Y.W.
Markel Kim, J.M. Myoung, K. Kim, EX. Suh, M.G.
Cheong, C.S. Kim, C.-H. Hong, and H.J. Lee
12:10 Lunch. Please pick up your lunch box. Visit our technical exhibition room (see map).

SNOM imaging of photonic nanopatterns, metal

Near-field vibrational spectroscopy for nanoscale

1:30 islands and molecular aggregates chemical analysis
88 U. C.-Fischer, J.. Heimel, H J. Maas, A. Naber, H. L

Fuchs, J. C. Weeber, and A. Dereux , C. A. Michaels, S. J. Stranick, and D. B. Chase

In situ characterization of opttcal near- f eld probes Near-field Raman imaging of defects in molecular -
1:50 in aperture NSOM crystals with subdiffraction resolution:: _ .
90 A. Drezet, S. Huant, and J. C. Woehl (CHANGED P. G. Gucciardi, S. Trusso, C. Vasi, S. Patane, and

TO POSTER TuP49) Allegrini

Enhanced light confinement in a near-field optical Catalytic hydrogenation of benzene on single
2:10 || probe with at triangular aperture catalytic sites studied by near-field Raman
9” D. Molenda, U. C. Fischer, H.-J. Maas, C. Hoppener, || spectroscopy

H. Fuchs, and A. Naber . || Christian Fokas, Renato Zenobi, and Volker Deckert

Imaging ferroelectric domains by electro-opttcally Photo-initiated energy transfer in nanostructured
2:30 modulated near-field microscopy complexes observed by near-field optical microscopy
94 T. Otto, S. Grafstrom, F. Schlaphof, H. Chaib, and Gregory A. Wurtz, Jasmina Hramsavljewc, Jin-Seo

L.M. Eng Im, and Gary P. Wiederrecht

Investigation of aperture SNOM levers fabricated by . . . ' . .
2:50 FIB patterning and wet chemical etching Light delzvery Jor heat assisted magnetic recording

W. A. Challener, C. D. Mihalcea, K. R. Mountfield,

96 J. Renger, S. Grafstrém, and L.M. Eng, B. Schmldt and K. Sendur

and L. Bischoff, and B. Kéhler

: Near-field super-resolution effects of a ZnO nano
3:10 Scannmg near-ﬁeld optical quantum computer thin film
98 - S. K. Sekatskii, M. Chergui, and G. Dietler Wei Chih Lin, Hsun Hao Chang, Yu Hsuan Lm
: ‘Yuan Hsin Fy, and Din Ping Tsai

3:30 Coffee break / Technical exhibition

* Abstracts of the talks given in Hubble auditorium are located on even pages, abstracts of the talks in Lander audxtonum
are on odd pages. .
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4:00 Near-field radtatton efﬁaency a bow-tie antenna in Local tmagmg of photomc structures: tmage contrast
| 1 00 ... || ‘the presence of recording media from Impedance Mismatch
L K. Sendur and W. A. Challener G. W Bryant, A. L. Campillo, and JW.P. Hsu
4:20 Towards single-photon tunneling - . Optical near fields and the degree of polarization | -
) 62 LI. Smolyaninov, C.C. Dav1s AV. Zayats and A T. Setala, A. Shevchenko, M. Kalvola and A. T.
o Gungor : Friberg
Giant optical transmrsswn through a sub- wavelength 3D Electro-magnetic modeling of apertureless
4:40 aperture SNOM/AFM cantilever probes -
104 Tineke Thio, G.D. Lewen K. M Pellerin, R.A. Linke, ‘L Vaccaro, H. P. Herzn and R. Diin dhker
|| HJ. Lezec, and T.W. Ebbesen &
5:00 Polarizing effects of near field probes determmed by Comparison of linear and second harmonic images
1 66 multiple heterodyne detection of dielectric dots in near-field optical microscopy
P.Tortora, L.Vaccaro, R: Dandliker, and H P Herzig || Thierry Laroche and Daniel Van Labeke
|| Near-field optics using super-resoluuon near- ﬁeld Three dimensional simulation of optical waves in a
5:20 optical structures subwavelength- sized aperture in a thick metallic
108 D. P. Tsai, W. C. Lin, H. Y. Lin, F. H. Ho, H. H screen
Chang, Y. H. Fu, and Y. H. Lin Kazuo Tanaka, Mengyun Yan, and Masahnro Tanaka
Near field nano- elltpsometer for ultra thin f Im Resonance shift effects in apertureless scannmg
5:40 characterization. near-field optical microscopy
110 Qiwen Zhan and James R Leger ;{1 (;As Parto, P. Johanfs_oa, ST P. Apell, and T. Lopez-
Buses to hotels. Pick up at Hutchison Hall stan‘mg até6: 00pm - 9:30pm and drop off at hotels every 1/2 hours.
last bus leaves at 9 30pm
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Wednesda y August 14

Pick up at Hotels starting at 7:00am - 9 00am and drop oﬁ‘ at Hutchzson Hall

8:00
30

Invited speaker. Hubble auditorium. ,
Quantum information science.
Ian Walmsley

Design of near-field optical probes w1th htgh Jield

CASSE formation and operating characteristics of

Do not forget to visit our technical exhibition room.

:0 . X
?129 ZZL?;’;ZZ;ZZX {l ';Zj:g flrence time domain high resolution aperture SNOM probes
John T. Krug, I, Erik J. Sonchez, and X. Sunney Xie || - T°duant, A- Bouhelier, and D. W. Pohl
! Enhanced photoisomerization and light induced
9:20 zl;arf veld Raman spectroscopy using a sharp metal mass-transport in the near-field of trradtated metallic
114 nano-objects
. A Hartschuh N. Anderson, and L. Novotny P. Karageorgiev, B. Stiller, and L Brehmer
L , . Fabrication of 25-nm Zn Dot with selective
9:40 2:::;:%’5(3;" adenine molecule by tip-enhanced Pphotodissociation of adsorption-phase dietylzinc by
p . optical near field
116 2;1 ﬁw;:z:),uYé Ishida, H. Watanabe, N. Hayazawa, T. Yatsui, M. Ueda, Y. Yamamoto, T. Kawazoe, M.
: Y Kourogi, and M. Ohtsu
10:00 Coffee break. l

Mapping single molecular fluorescence lifetime near

Optical spectroscopy on individual porphyrin wheels
10:30 || metal probes C.R. L. P. N. Jeukens, K. Takazawa, P. C. M.
118 E.M.H.P. van Dijk, A.C. Krijgsman, W.H.J. Rensen, || Christianen, J. C. Maan, M. C. Lensen, J. A. A! W.
M.F. Garcfa-Paraj6, L. Kuipers, and N.F. van Hulst Elemans, A. E. Rowan, and R. J. M. Nolte
Probing the optical near-field enhancement at a Near-field and confocal surface enhanced resonance
10:50 >, . Raman spectroscopy from room temperature to
120 metal tip using a single florescent molecule cryogenic temperatures
B. Hecht, A. Kramer, W. Trabesinger, and U.P. Wild A. . Meixner, T. Vosgrone, and P. Anger
T Near-field imaging of surface plasmon on Au nano-
32 10 szeZ;f) igglh;fsztgﬂﬁz?ve tips in Raman structures fabricated by scanning probe lithography

A. Bek, R. Vogelgesang, and K. Kern

Jeongyong Kim, Ki-Bong Song, Jun-Ho Kim, Seong

Q Lee, and Kang-Ho Park

* Abstracts of the talks given in Hubble auditorium are located on even pages, abstracts of the talks in Lander auditorium
are on odd pages.
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11:30 Second-harmonic generation at metal tips in j]YIC:; field optical structurmg of ultra thm teipoly mer
124 apertureless near-field optical microscopy S. Trogisch, Ch. Loppacher, S. Grafstrom, L M.
- S. Takahashi and A. V. Zayats Eng, F. Braun, T. Pompe, and B. Voit
il Surface plasmon nano optics Fabrication of a temperature-controllable B-doped
11:50 J. R. Krenn, H. Ditlbacher, G. Schider, A Hohenau Si probe for optzcal near- f eld photochemical vapor
126 A. Leitner, and F. R. Aussenegg deposition
' T-W. Kim, T. Yatsui, M. Kourogi, and M. Ohtsu
Characterizing the electric field enhancement and T ol .
12:10 || fluorescence quenching induced by a sharp gold tip. ;Vdea]; rﬁu gl‘;“;p (ejctosco e? . }I){ ‘]3 %‘;’::g; d:;'; '
128 M. R. Beversluis, A. Bouhelier, A. Hartschuh and L S .Huant’- ’ ’
Novotny :
12:30 Phonon-enhanced near-fi eld mreractton observed
1 3(') with infrared s-SNOM =
- || R. Hillenbrand, T. Taubner, and F. Keilmann -
S Conference excursion to Genésse Country thlage and Museums. Pick up your lunch boxes at the plaza before
12:45 ‘entering the bus. You may eat your lunch on the bus. Buses are leaving from Hutchison Hall at 12:45pm.

Buses are coming back to the hotels at 5:05pm.
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Thursda y August 15

Pick up at Hotels starting at 7:00am - 9 :00am and drop off at Hutchison Hall’ |

8:00
31

Invited speaker. Hubble auditorium.
Dynamics of biophysical processes studied with multlphoton microscopy.
Ahmed Heikal

Time resolved motion of a femfosecond pulse - o o
9:00 inside a microresonator Understanding local measurement of dichroism and
132° H. Gersen, D.J.W. Klunder, J. P. Korterik, A. birefringence in thin polymer films
Driessen, N.F. van Hulst, and L. (Kobus) G. W. Bryant-and L. S. Goldner -
Kuipers
9:20 CARS microscopy: 3D vibrational imaging of Numerical analysis of plasma resonances in noble metal
134 || living cells nanostructures
X. Sunney Xie and Ji-Xin Cheng Hiroharu Tamaru, Hitoshi Kuwata, and Kenjiro Miyano
Near-field second-harmonic generation excited || Manifestation of an electric dipole order induced by
9:40 by local field enhancement optical near fields
136 A. Bouhelier, M. Beversluis, A. Hartschuh, and A. Shojiguchi, K. Kobayashi, K. Kitahara, S. Sangu, and
L. Novotny M. Ohtsu
10:00 Coffee break. '

Femtosecond coherent near- ﬁeld spectroscopy
of single quantum dots

The electrodynamics of fluorescing molecules interacting

19:30 1| Tobias Giinther, Kerstin Mller, Christoph with metallic nano-cavities

Lienau, Thomas Elsaesser, Soheyla Eshlaghi, J. Enderlein

and Andreas Wieck

Near-field second harmonic microscopy with Near-field autocorrelation spectroscopy: Quantum
10:50 half-metal-coated tip: application to imaging of || mechanical level repulsion in interface quantum dots
140 Jerroelectric domains Francesca Intonti, Valentina Emiliani, Christoph Lienau,

HY. Liang, LI. Smolyaninov, C.C. Davis, R. Thomas Elsaesser, Vincenzo Savona, Erich Runge, and

Ramesh, and C.H. Lee Roland Zimmermann

- Vibrational modes of an individual single wall carbon

11:10 Gradient-field Raman: selection rules in the nanotube observed by near-field enhanced Raman
142 near field ‘ spectroscopy

H. D. Hallen, E. J. Ayars, and C. L. Jahncke Norihiko Hayazawa, Takaaki Yano, Yasushi Inouye, and

Satoshi Kawata

* Abstracts of the talks given in Hubble auditorium are located on even pages, abstracts of the talks in Lander auditorium
are on odd pages.
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()

Investigation of local field enhancement at the
end of SNOM tips using photosensitive

-azobenzene-containing materials

F. H’Dhili, R. Bachelot, G. Lérondel, D.
Barchiesi, R. Fikri, A. Rumyantseva, P. Royer,
and N. Landraud

.Scanning near-field optical microscopy using
semiconductor nanocrystals as a local fluorescence and
fluorescence resonance energy transfer source

G. T. Shubeita, S. K. Sekatskii, G. Dietler, 1. Potapova,
A. Mews, and Th. Basché

11:50

Near-field Raman imaging of organic molecules

by an apertureless metallic probe scanning

Real-space mapping of exciton and bi-exciton wave
Junctions in GaAs quantum dot by near-field optical

146 optical microscope imaging spectroscopy
, Norihiko Hayazawa, Yasushi Inouye, Zouheir T. Saiki, K. Matsuda S. Nomura M. Mlhara, and K.
Sekkat, and Satoshi Kawata ' Aoyagi
12:10 Plasm(,)n condenser with a mzcroscatterf or Spontaneous emission of an atom placed near nanobodies
148 optical far/near field conversion _ ‘V.V. Klimov
T. Yatsui, T. Abe, M. Kourogi, and M. Ohtsu_—_ |
. a ‘ Raman spectroscopy of fullerene- or perylene- filled
12:30 nanotubes

150

Débarre A., Jafﬁol R, Juhen C., Nutare]h D., Rlchard A,
and Tchénio P.

- Buses to hotels for those not going to Nlagara Falls. Pick up every half hour from Hutchzson Hall 12:30-2: 00pm and

drop off at the hotels

1:30

Excursion to Niagara Falls for those who s1gned up. - : :
Lunch box is provided. Buses are leaving from Hutchison hall at 1:00pm. Do not cross the border into
Canada. You may not be allowed to enter the US again. Depart Niagara Falls no later than 6:30pm. If you're
not on the bus we won't wait for you — people have scheduled flights. Arrive to the hotels at approximately

8:00pm . . S
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| POSTER SESSIONS SCHEDULE
Monday

MoP00

MoP01

 MoP02
MoP03
MoP04"

" MoP0S

' MoP06

MoP07

, MoPOS ,

MoP09
MoP10
MoP11
MoP12
MoP13
MoP14

MoP15

20

Imaging with a scaner-probe near field optical microscope

-.'V. Ruiz-Cortes, S. Zavala, P. Negrete-Regagnon, E. R. Mndez, and H. M. Escamilla

Dependence of the resolution of a Scanning Near-F ield Optical Microscopy Tip on optical fiber
parameters. ;
L. Alvarez, A. Sauceda, and M. Xiao -

Photon interaction between two atoms in near-field contact
Jacob Broe and Ole Keller

Comment on a controlling method of spms of atoms wnh opttcal near fields
A. Shojiguchi and K. Kitahara =

Near-field optical imaging mechanism as a windowed Fourier transform
Qing Zhou, Hong Dai, and Xing Zhu

Deconvolution method for i improving aperture-scannmg near-field magneto-optical i tmages
F. Kiend! and G. Guntherodt

Extraordinary light transmission through sub-wavelength slits: waveguiding and optical vortices
H. F. Schouten, T. D. Visser, D. Lenstra, and H. Blok

Near-field optical virtual probe based on confinement field distribution
Jia Wang, Tao Hong, Liqun Sun, and Dacheng Li

'Existence of phase modulation phenomena in the light scattered by a vibrating ttp in aperturless

SNOM
P.-M. Adam, S. Aubert, R. Bachelot, D. Barchiesi, J.-L. Bijeon,
A. Bruyant, S. Hudlet, G. Lerondel, P. Royer, and A. A. Stashkevich

Nanoscale environments in Sol-Gel-derived silicates by single molecule spectroscopy
D. A. Higgins and M. M. Collinson

Single-molecule detection of Rhodamine-6G using cantilever-SNOM-sensors
F. Vargas, G. Tarrach, O. Hollricher, and O. Marti

Towards near-field detection of single molecules between nanoelectrodes
. A. Drezet, J. -F. Motte, S. Huant, J. C. Woehl, H. B. Weber, and H. v. Lohneysen

Time-resolved quantum beats in single InAs quantum dots
Young-Jun Yu, Sang-Kee Eah, Han-Eol Noh, Wonho Jhe, and Y. Arakawa

Optical response of semiconductor quantum dots beyond the electric dipole approximation
Jorge R. Zurita-Sanchez and Lukas Novotny

. Numerical study of the lifetime of an atom close to a lossy nanostructure.

M. Thomas, R. Carminati, J.J. Greffet, R. Arias, and M. Nieto-Vesperinas

Single Molecular Spectroscopy Using Hybrid SNOM/STM Equipped with ITO/Au-coated Optical
Fiber Probe

K. Nakajima, J. G. Noh, T. Isoshima, M. Hara, B. H. Lee, and D. Fujita

152
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__

Mops7

MoP16

MoP17

MoP18
MoP19
MoP20
MOP21
MQPZZ
‘ MOP23
 MoP24
MoP25
MoP26

MoP27

MoP28

MoP38

MoP29

MoP30

MoP31

Orientation dependence of ‘florescence lifetimes of a dipolar emmer near an interface 168
* M. Kreiter, M: Prummer, B.Hecht, and U.P. Wild ) C

A parabolu' mirror objecnve with htgh numencal aperture for local ﬁeld enhancement in near-field 169
optical microscopy =

“+ M.'A. Lieb, A. Drechsler, C. Débus and A. J. Meixner , and L. Novotny

Optics on metal-dielectric films - 170

S. Gresillon, S. Ducourtieux, J.<C. Rivoal, P. Gadenne S. Bu1l X Qu]m and V.M. Shalaev

Study of optical properties of periodic array with carbon with NSOM e - m
" Hojin Cho, Wonho Jhe, Shillim Dong, and Kwanak Gu L ‘

Study of the focused laser spots generated by different laser beam eondmons at various interfaces 172

Yuan Hsing Fu, Fu Han Ho, and Din Ping Tsai ‘ '

Near field simulations and measurements of surface plasmons on perforated metallic thin films o173

Hsia Yu Lin, Din Ping Tsai, and Wei-Chih Liu .

Local field enhancement at particles on surfaces in nanostructuring and laser cleaning _ 174

C. Bartels, O. Dubbers, .-J. Munzer, M. Mosbacher, P. Leiderer, A. Pack, and R. Wannemacher‘

Optimal parameters for Raman spectroscopy by apertureless near ﬁeld enhancement _ 175
- R.Vogelgesang, A. Bek, and K. Kern ‘

Local field enhancement on a near-fi eld apertured tip by the use of LOCOS A o 176

Ki-Bong Song, Sung-Q Lee, Junho Kim, Jeongyong Kim, and Kang-Ho Park ’

Plasmon coupled tip-enhanced near-field optical microscopy - 177

A. Bouhelier, M. Beversluis and L. Novotny, and J. Renger ' ' ’

Phase and intensity contrast in apertureless scanning near-field optical microscopy 178

A.Bruyant, S. Aubert, G. Lérondel, R.Bachelot, S.Hudlet, and P.Royer -

Near-field distributions and localized surface plasmon of metalhc nanostructures in a thin ﬁlm 179

Wei-Chih Liu and Din Ping Tsai . )

Transverse optical field localization in nanhnear penodtc optlcal nanostructures Jor enhanced 180

second-harmonic generation

W. Nakagawa, G. Klemens, A. Nesci, and Y Fainman-

Near-field observation of the field diffracted by metallic nanoparticles excn‘ed near resonance 181
Gregory A, Wurtz, Jasmina Hramsavljevxc, Jin-Seo Im, and Gary P. Wiederrecht B

Greatly enhanced light transmission through a“c” shaped metalltc nano-aperture for near fi eld 182 v
optical applications o

. Xiaolei Shi, Lambertus Hesselink, and Robert Thomt@m ’

Near-field Imaging of magnetic domains: linear and nonlmear approaches .. ' e . - 183
W. Dickson, S. Takahashi, and A. V. Zayats A .
Cold atoms manipulation with optical near-fi eld modulated by htgh mdex nanostructures 184
G. Leveque, C. Meier, R. Mathevet, C. Robilliard, J. Weiner, C. Girard, and J. C. Weeber

SNOM and Leed study of the 3C-SiC growth on Si(100) with improved interface quality 185

C. Cepek, E. Magnano, P. Schiavuta, M. Sancrottl, S. Prato, B. Troian, and M. Bressanutti
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MoP32

MoP33
MoP34
MoP35
MoP36
Moi’37

MoP38

MoP39

MoP40

MoP41

MoP52

MoP42
MoP43

MoP44

‘MoP45

MoP46

.MoP53

MoP54

22

Applications of SNOM in the material science: the case of SnO2 thin films deposited by Sol-Gel
B. Troian, S. Prato, E. Bontempi, L. E. Depero, D. Barreca, L. Armelao, E. Tondello, C. Canevali, R.
Scotti, and F. Morazzoni

Near-field observation of carrier in GaAs quantum structures under high magnetic fields
T. Tokizaki, H. Yokoyama, T. Onuki, and T. Tsuchiya

-Scanning near-field dielectric microscopy at microwave frequencies for materials characterization

S. J. Stranick, S. A. Buntin, and C. A. Michaels

Near-field photoconductivity and ﬂuorescence imaging on blends of conjugated polymers
R. Riehn, R. Stevenson, J.J.M. Halls, D. Richards, D.-J. Kang, M. Blamire, and F. Cacialli

Observation of Dye- contammg Nano-domains by near-field optical microscope

Noritaka Yamamoto, Toshiko Mizokuro, Hiroyuki Mochizuki, and Takashi Hiraga, and Shin Horiuchi -

Magnetic characterization of microscopic particles by MO-SNOM
J. Schoenmaker, M. S. I__,ancarotte, L. N. Nobrega, A. D. Santos, and Y. Souche

Super-RENS: field inhomogeneities in the readout layer and plasmons
R. Fikri, D. Barchiesi, and P. Royer

Near-field pump-probe luminescence spectroscopy of CuCl quantum cubes in ultraviolet region
T. Kawazoe, K. Kobayashi, S. Sangu, and M. Ohtsu

Fluorescent poI)eIectronte-surfactant complexes studied by near-field optical and atomic force
microscopy
X. Liao and D. A. Higgins

~ Near-field U v lzthography of a conjugated polymer

Robert Riehn, Ana Charas, Jorge Morgado, and Franco Cacialli

Near-field scanning optical microscopy and near-field photocurrent analysis of nickel-silicon carbide
contacts
M.P. Ackland, P.R. Dunstan, W.Y. Lee, and S.P. Wilks

Development of “nano-FISH” method for DNA and chromosome analyses using SNOM/AFM
T. Ohtani, J. M. Kim, T. Yoshino, S. Sugiyama, S. Hagiwara, T. Hirose, and H. Muramatsu

Scanning nebr field optical microscopy of cells in liquid
R. Januskevicius, D. J. Arndt-Jovin, and T. M. Jovin

An apertureless near-field microscope and its advantages in unraveling the structure of the
photosynthetic membrane
C. C. Gradinaru, G. A. Blab, P. Martinsson, Th. Schmidt, T. J. Aartsma, and T. Oosterkamp

High-resolution near-field optical imaging of a cell membrane in aqueous solution
C. Hoppener, D. Molenda, H. Fuchs, and A. Naber

Spectroscopic imaging of nanoscale rafts in biomimetic lipid bilayers using near-field scanmng
optical microscopy

Jeeseong Hwang, Fuyuki Tokumasu, Takayuki Arie, Albert J. Jin, Paul D. Smith, Gerald W.
Feigenson, Lori S. Goldner, and James A. Dvorak

Size and distribution of lipid rafts: atomic force and near field microscopy study.of GM1 domains in
model membranes }
P. Burgos, R. S. Taylor, Z. Lu, M. L. Viriot, and L. J. Johnston

Single molecule spectroscopy of autofluorescent proteins
J. Hofkens, M. Cotlet, S. Habuchi, and F.C. De Schryver

186

187
183
189
190
191
192
'193

194

195

196

197

198

199

- 200

201

202
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MoP55  Tracing of secretovry vesicles of PCI2 cells using total internal reflection ﬂuorescehee microscopy 204 .
De-Ming Yang, Chien-Chang Huang, Lung-Sen Kao, Hsia Yu Lin, Din Ping Tsai, and Chung-Chih -
Lin

MoP47  Simulation and experiments on trapping biological molecule by near- ﬁeld optical probe ' 205
~ Jia Wang, Zhaohui Hu, and Jinwen Liang : .
‘MoP48  Near field photo-fabrication of thin film using locally enhanced fi eId at a metallic tip » 206
) Y. Inouye, A. Tarun, N. Hayazawa, and S. Kawata o .
MoP49  Optical detection of nana—pamcles : T R 207
F.Ignatovich, A.Hartschuh, and L.Novotny , o '
MoP50  Tunnel-electron-Induced oxygen movement in YBa2Cu307-6 measured with near- ﬁeld optical 208
. microscopy :
S. H. Huerth and H. D. Hallen Sy oo v
. MoP51  Atom optics with nanostructured near-field ltght potenttals theory and applzcanons - 209
c G. L’eveque, C. Meier, R. Mathevet, C. Robilliard, J. Weiner, C. Girard, and J. C Weeber -
‘MoP56  Photopolymers for nanofabrication in the near opncal f eld , 210
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Effects of Coherence on the Spectra of Optical Fields

Emil Wolf, Department of Physics and Astronomy and the Institute of Optics, University of Rochester,
Rochester, NY 14627, USA

’

It is generally taken for granted that the spectrum of light remains unchanged on
propagation in free space. Researches carried out in the last few years, both theoretical
and experimental, have revealed that this is not always so. Specifically it was

demonstrated that the spectrum of a radiated field depends not only on the source

~ spectrum but also on the spatial coherence properties of the source. We will discuss these

~ developments and we will note their implications for near field optics. We will also

describe a very recent discovery which revealed that  in fully coherent fields drastic

spectral changes take place in the neighborhood'of phase singularities.



. Invited Talks Abstracts

Coherence and manipulation of spin states in semiconductor nanostructures

Jay A. Gupta and D. D. Awschalom'

Department of Physics, University of California, Santa Barbara, CA 93106

The potential of semiconductor quantum dots as media for spin-based storage of
quantum information is based on hopes that carrier confinement may reduce decoherence
' mechamsms through spatlal locahzatmn and. attendant dlscretlzatron of the electromc
energy . spectrum Time-resolved optncal expenments have been performed to study
“carrier spin dynamrcs in a variety. of quantum dot systems, mcludmg chemically-
, synthesrzed CdSe nanocrystals rangmg from 2.2-8 nm in drameter and CdS,‘Sel_x

3 Nanosecond-scale spin precession lifetimes that persist to

| nanocrystal-doped glasses
room temperature in these quantum dots are limited by mhomogeneous dephasing under
an apphed transverse magnetrc field. Compansons of transverse and longitudinal spin
relaxation’ m these systems reveal different dynamncal tlmescales ev1denced through
studies of temperature and field dependencies. ‘

The manipulation of spin states in nanocrystal-doped glasses is demonstrated with
measurements of the AC Stark shift produced when an intense pump pulse is tuned below
‘the semiconductor bandgap Optxcally—mduced spm sphttmgs are then reahzed through
the pronounced polarlzauon dependence of dxrectly-observed meV-scale shlfts Recent
experlments in semiconductor quantum wells mdxcate that these spm sphttmgs can be
‘described as an effectrve hght-mduced magnetrc ﬁeld whose duratlon is limited only by
 the laser pulse duratlon of ~150fs.* We »have demonstrated that this hght-mduced field
can coherently rotate- electron spins up to ~ /2 radrans provrdmg opportumtres for all-

optical tipping pulses in electron spm resonance experiments.

! Work supported by the DARPA, ONR, and NSF.

2JA. Gupta, X. Peng, A.P. Alivisatos and D. D. Awschalom, Phys. Rev. B 59, R10421 (1999).
3 J.A. Gupta and D.D. Awschalom, Phys. Rev. B 63, 085303, (2001).
41A ‘Gupta, R, Knobel, N. Samarth and D.D. Awschalom, Science 292, 2458 (2001).
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Quantum Information Science

IanA. Walmsley r
University»of Oxford, Clarendon Laboratory, Parks Rd. Oxford OX1 3PU, UK

Landauer’s deceptively simple statement that information processing is physics has recently led to some
remarkable changes in the way we view communications, computing and cryptography. By employing
quantum physics instead of classical physics several things that were thought impossible have now proven -
possible. Quantum communications links, for example, are impossible to eavesdrop. And quantum
computers can turn algorithms that are euphemistically labeled “difficult” for a Pentium into calculations
that are “simple”. The details of what constitutes “difficult” and what “easy” are the subject of complexity
theory, but it suffices to know that a problem like finding the factors of a 1024-digit number would take
longer than the age of the universe on a computer designed according to the laws of classical physics, and
can be done in the blink of an eye on a quantum computer. If we can ever build one.

Quantum information processing offers a qualitatively different way in which’to think about
manipulating information. But it is also a necessary way to think about information. Moore’s law famously
indicates that the number of transistors per die increases exponentially with time. The implication is that
there will be about one electron pet transistor by the year 2016, and that this lone electron will be confined
to a region small enough that it will act as a quantum mechanical parncle and not as a classical charged
billiard ball. Fortunately, as quantum physics becomes more important in designing computers, we can do
well by domg right. .

This talk will provide an overview of the sorts of enhancements that quantum physics can provide for

- technology, and a short survey of applications and potential applications. These include quantum -

interferometry and metrology, microscopy, communications, cryptography, frequency standards and clock
synchronization, as well as computation and information processing. [1]

The rudimentary features of quantum mechanics needed to implement the technologies are mterfermce
and entanglement, and one of the ma)or thrusts of the field has been to develop methods for the generation
and measurement of these properties in systems that are both easy to control and have appropriate scaling
properties. One of the critical issues in this area is how to design systems and control. schemes that are
robust with respect to unavoidable environmental noise. The critical practical issues that confront real-
world implementation of these concepts are many, and important performance parameters that mxght limit
the utility of quantum-enhanced technologies will also be examined.

References

{1} A number of books at various levels provide a2 good starting point for exploring the subject. A
comprehensive M. Nielsen and 1. L Chuang, Quantum Information and Quantum Computation,
(Cambridge University Press, 2001), and that edited by D. Bouwmeester, A. K. Ekert and A. Zeilinger, The
Physics of Quantum Information, (Springer, Berlin, 2000) There are also numerous review articles in
journals, such as Fortschritte der Physik, 48 (9) (2000); Special Focus Issue on Experimental Proposals for
Quantum Computation, eds. S. L. Braunstein and H.-K. Lo. A journal is now devoted to thls subject area:

Quantum Information & Computation, Rinton Press, Princeton, NJ,

—
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Dynamlcs of Bmphysncal Processes Studied with Multiphoton
Mlcroscopy

Ahmed A. Heikal and Watt W. Webb '~~~
School of Applied and Engineering Physics, Cornell University, Clark Hall, Ithaca, NY 14853.

Multiphoton (MP) fluorescence microscopy (MPFM) [1] provides several advantages over one photon
(lP) fluorescence microscopy for biological studies. The inherent high three-dimensional spatial resolution
in MPFM originates from the nonlinear dependence of MP-fluorescence on the illumination intensity. As a
result, the excitation volume is limited to the focus of the excitation laser, which minimizes out-of-focus
photobleaching and photodamage Such localized excitation also eliminates the detection pinhole that is

“required for 1P-confocal microscopy for depth discrimination, and ‘thereby provides simpler fluorescence
- detection. Since infrared lasers are usually used in MPFM, large penetratxon depth can be achieved for deep
. tissue 1magmg Finally, light scattering is also minimized because the MP-fluorescence detection
.. wavelength is always to the blue of the excitation wavelength. These unique features make MPFM the
.method of choice for visualizing individual cells deep within living tissues or. organs such as intact brain.
Understanding .of numerous biological processes on the molecular level can be elucidated usmg MP-
fluorescence spectroscopy, dynamlcs, and nncroscopy ,

“This tutonal wxll focus on the molecular background of multlphoton excltatxon, methodology, and its
biological applications. Multiphoton excitation will be discussed in terms of molecular symmetry, resonant
and non-resonant pathways, mtensxty-dependence, and the polarization selectivity of the excitation laser.
Because the nonlinear properties of fluorescent markers are critical for MP-fluorescence, speclal attention
will be focused on selected fluorophores. Of particular interest are intrinsically fluorescent proteins (IFP),
from Aequorea victoria jellyfish (green) or Discosoma coral (red), which are noninvasive and site-specific
fluorescent markers as well as pH indicators for biological research [2,3]. We will also outline a new design
strategy, based on donor-acceptor-donor conjugated configuration, for molecular systems with large MP-

“excitation cross-section [4,5]. Finally, we will evaluate the potentxal of ‘quantum dots and nanopameles as
fluorescent markers for bxologlcal apphcatlons

The applxcatlon aspect of this tutonal will focus on the cxplonatton of endogenous autofluorescence in
live cells and tissues for studying energy metabolism by functional imaging of the native reduced
nicotinamide adenine dinucleotide (NADH) and flavin adenine dinucleotide (FAD). Two-photon (2P)
redox fluorescence -microscopy of these biomolecules . allows for noninvasive monitoring of the
mitochondrial respiratory chain using 2PFM [6,7). As an example, we will focus on our recent studies of in
vivo activity of mitochondrial respiratory chain various native nervous tissues [7] and single cardiac cells
[6]. Finally, we will review recent advances in multiphoton-excitation techmques and applications.
Innovative approaches for excitation volume conﬁnement will be dxscussed along with related applications.

References

Jw. Denk,J H. Stnclder andW W. Webb, Science 248, 73 (1990) R '

“[2] A. A. Heikal, S. T. Hess, G. S. Baxrd R Y Tsnen‘andW W Webb, Proc. Natl Acad Scz U S 4 97
11996 (2000). ' SR o

T [BIA A Heikal, S. T. Hess andW w. Webb Chem Phys 274 37 (2001) ;

“[4] M. Albota, D. Beljonne, J.-L. Bredas, J. E. Ehrlich, J-Y, Fu, A. A. Heikal, S. F, Hess, T, Kogej, M D
Levin, S. R. Marder, D. McCord-Maughon,J W. Perry, H. Rockel, M. Rumi, G. Subramaniam, W. W.
Webb, X.-L. Wu and C. Xu, Science (Washington, D. C) 281, 1653 (1998).

[5] A. A. Heikal, S. Huang, M. Halik, S. R. Marder, W. Wenseleers,.l W Perryand W, W Webb Bzophys
J. 82, 493a (2002).

[6] S. Huang, A. A. Heikal and W. W. Webb, Biophys. J. 82, 2811 (2002).

[7] K. A. Kasischke, H. D. Vishwasrao, A. A. Heikal and W.W. Webb, Neuron, submitted.
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Single-molecule near-field optical energy transfer microscopy

B. Hecht
Nano-Optics group, Institut of Physics, University of Basel, CH-4056 Basel, Switzerland.
W. Trabesinger, A. Kramer, and U.P. Wild
Physical Chemistry Laboratory, Swzss Federal Institute of Technology, CH- 8093 Zurich, Suntzerland.
M. Kreiter
Maz Planck. Institut fir Polymerforschung, D-55128 Mainz, Germany.

The nano-optical interaction between an atomic force microscopy (AFM) tip and a single dipolar emitter
is investigated [1]. Changes of the excited state lifetime and the fluorescence rate of a single fluorescent
molecule are recorded simultaneously as a function of the tip posmon relative to the molecule. A sketch
of the setup is shown in Fig. 1 (a). It consists of a sample-scanning confocal optical microscope based on
an inverted microscope (Zeiss Axiovert 135) in combination with a tip-scanning AFM (Digital Instruments,
Bioscope). An actively mode-locked Nd:YAG laser (Coherent Antares), frequency-doubled to 532 nm with
150 ps pulse width and 76 MHz repetition rate serves as a light source. ‘For online acquisition of fluorescence
lifetime data during scans, time-correlated single photon counting in combination with an averaging scheme
is employed. Specifically, the output of a time-to-amplitude converter is converted into a continuous step
function and averaged by a low-pass filter. Details are described elsewhere [2]. AFM measurements are
performed in contact mode with commercial cantilevers (Digital Instruments, DNP) with 813N4 tips in the
shape of a quadratic pyramid (base length 4 jim, height 3.3 um).”

A sub-diffraction-limited area of decreased fluorescence (b,d) and shortened lifetime (c, €) is observed
for both, gold-coated (b, c) and bare (d, e) SisN,; tips. The results are discussed in terms of molecular

‘fluorescence in a system of stratified media. The outlined methodology holds promise for applications in

ultra high-resolution near-field optical imaging at the level of single fluorophores.

Figure 1: (a) Sketch of the experimental setup. A ps pulsed laser is used to excite the fluorescence of single
molecules in a 20nm thin polymer film. Fluorescence rate and lifetime are recorded simultaneously and
continuously as an AFM tip scans over a molecule of interest. (b),(d) Fluorescence rate as a function of the
tip position for a gold-coated and a bare SisNs AFM tip, respectively. (c),(e) Excited-state lifetime as a
function of the tip position for a gold-coated and a bare SigN; AFM tip, respectively. Scale bar =200 nm.

References ‘ |
[1] W. Trabesinger, A. Kramer, M. Kreiter, B. Hecht, and U.P. Wild, submitted.

[2] W. Trabesinger, C.GA. HiiBner, B. Hecht, and U.P. Wild, submitted.
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In-situ Imaging of Magnetic Domains in Ultrathin Films
by Near-Field and Far-Field Magneto-Optical Microscopy

G‘ Meyer, T. Creceltus G. Kaindl, and A. Bauer
Freie Umversxtat Berlin, Insitut fiir Experimentalphysik, ArmmaIIee 14, 141 95 Berlin
Germany , o

. We Hat/e studxed in-situ Vthe magnettc-domam structures and magrtenzétlon-reversal processes cf .
ultrathin Fe/Cu(100) films in ultrahigh vacuum (UHV) by magneto-optxcal Kerr effect (MOKE), Kemr -

microscopy, and scanning near-field magneto optical microscopy (SNOM). The films were a few

- 'monolayers thick and were grown at 80 K on a Cu(100) single crystal. With SNOM, we were able to image
" details of domain structures which could not be resolved by far-field Kerr microscopy (Fig. 1). Since

magneto optics is not affected by external magnetic fields SNOM could be used to study locally the
magnetization-reversal process. The “experiments were performed in ‘'a UHV chamber "designed for

combined MOKE, Kerr microscopy and SNOM measurements at variable temperature (20 K to 450 K) and
in external magnetic fields up to 1500 Oe [1]. The chamber is part of a three-chamber UHV system, with -
the other two- chambers ‘being equxpped with ﬁlm-preparatlon facilities as well as a scanmng tunnehng ‘

mlcroscope (STM)

The SNOM is operated in shared aperture mode Tip-sample dxstance is controlled by either detecting

‘ shear-forces or by stabilizing the intensity of the reflected optical signal. We found the latter method to be

partxcularly appropriate for scanning crystal surfaces in UHV. Magneto—optical contrast in SNOM images

is obtained by means of a Sagnac-Interferometer [2]. In comparison to a conventional crossed-polarizers . -

setup, a Sagnac interferometer has the advantage that it is inherently insensitive to reclprocal eﬁ‘ects e.g.

bxrefnngence which oﬁen lead to artifacts in magneto-opncal SNOM

We expect that the combmanon of near-ﬁeld and far-field magneto—optical microscopy will enable usto’

further clarify the domain structures in ultrathin magnetic films, especially at spm-reonentatlon transitions

" ‘where micro-domain states play an important role. Recently, we succeeded in imaging such micro-domain
" states in Fe/Cu(100) films at various external magnetic fields. Thns will probably lead to a better
X understandmg of the spm-reonentatxon transmon m these ﬁlms ' ‘

Fig. 1: 15 x 15 pm® SNOM image of a demagnetized
* state in a 3 monolayers thick Fe/Cu(100) film. Light and
_ dark areas represent domains of magnetization pomtmg
-in opposxte dn'ectlons perpendxcular to the surface.

References

[11G. Meyer,TCrecehus, G. Kamdl andA Bauer,.l Magn Magn Mater. 240 76-78 (2002)
[2] B.L. Petersen, A. Bauer, G. Meyer, T. Crecelius, and G. Kaindl, Appl. Phys. Lett. 73, 538 (1998).
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Optical switching due to whispering gallery modes in dielectric micro-
spheres coated by a Kerr material

M. Haraguchi, M. Fukui, Y. Tamaki, T. Okamoto, University of Tokushima, 2-1 Minami-Josanjima,
Tokushima 770-8506, Japan.

Micro-size optical resonators, e.g., dielectric micro-spheres, may lead to the realization of new micro-

. size optical devices with a Kerr nonlinear material. We have found that the whispering gallery modes

(WGM) in a dielectric microsphere can be efficiently excited through a near-field coupling and the optical
self-switching phenomena can be induced in the nonlinear microsphere, using the Finite-Difference Time-
Domain (FDTD) method [1]. For device applications like signal processings, it is important to confirm that
the switching phenomena of nonlinear spheres can be controlled by a control light. In this study, we have
evaluated optical characteristics of spheres, coated by a film having a Kerr-nonlinearity, on a substrate.
Note that the optical response of the spheres is controlled by the signal and the control lights. It may be
possible to dominantly control such a response by the control light. We propose a new micro-size nonlinear
optical modulator consisting of such a nonlinear sphere.

We employ the configuration in which a Ipm-size sphere is set on a dielectric prism in vacuum, as
shown in Fig.1. The refractive indices of the sphere and the prism are 2.52 and 1.51, respectively. The
linear refractive index of the Kerr material is also 2.52. The 3rd order nonlinear susceptibility of the Kerr-
material ¥® is 7x10™ [m*V?].  All the refractive indices and ¥® are assumed to be wavelength-
independent. The incident angle of the signal light is fixed at 55°. We evaluate reflectance for the signal
light. .The control light is input from the direction parallel to the surface of the prism, as shown in
Fig.~¥ref{figl}. The signal and control lights are assumed to be a Gaussian beam with beam waists of
1.5pm on the prism surface for the signal light and of 1pm at the side of the sphere for the contro! light,
respectively. The center of the beam spot of the signal light is positioned at the contact point between the
prism and the sphere. We employ the TM-polarized and TE-polarized lights.

Reflectance for the signal light is sensitive to the excitation condition of the WGM. When the control
light is incident, reflectance for the signal light, which is coupling with the WGM, can be varied because
the control light can modify the refractive index of the Kerr materials, leading to the extinction of the
WGM. When the wavelength of the incident light is adjusted to the characteristic wavelength of the WGM
of the sphere, reflectance for the signal light can be switched by using the control light whose intensity is
about two-order smaller than that of the signal light. The on/off ratio is about 10. Our results indicate that a
new micro-size nonlinear optical switch or modulator may be realized by using a nonlinear sphere.

' \ Signal light
| i TE ot TM
prism - : n=1.51 v ‘ ‘
: ge t | ) V
< Control hgh::, Figure 1: The configuration employed here. The sphere is

. coated by a Kerr material film with a thickness of 60nm.
Kerr material : : s =

vacuum

d=lpm
References

{1] M. Haraguchi, T. Okamoto and M. Fukui, 3¥ Asia-Pacific Wrokshop on Near Field Nano Optics,
Melbourne, Dec. 2001, (should be published on the special issue of IEICE Trans. on Electronics).
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Optical and mid-infrared scattering-type near-ﬁeld optlcal mlcroscopy
~ . at 10 nm resolutlon

' T. Taubner, R. HtIIenbrand and F. Kezlmann
Max-PIanck Insmut ﬁ4r onchemte D-821 52 Martznsrzed Germany, taubner@bzochem mpg.de

We compare two’ apermreless scattermg-type SNOMs whlch we operate at dlfferent wavelengths, 0.6 pm
and 10 pm. By imaging of a common test sample we proove that- -~ © -

“+.-a spatlal resolution of 10 nm is reached at both widely different wavelengths, .
‘+ thei 1mage contrast depends on the same mechanism at both wavelengths

Scattenng-type scanmng near-ﬁeld opncal mlcroscopy (s-SNOM) uses the optlcal near-ﬁeld interaction
betwecn an illuminated metal:or dielectric probe tip and the sample surface[1-5]. Its spatial resolution is not
limited by diffraction but rather by the actual size of the.scattering probe tip (< 20 nm). The experiments have
readxly achxeved a wavelength-related resolution of A/100, a value not possnble with aperture-based SNOMs.

Our mxcroscopes use tappmg-mode AFM with commerclally avallable, metalhzed cantilever tnps These act
as scattering probes which are illuminated by mid-infrared{3] or visible[4,5] light. We detect the scattered light

interferometrically, in the visible by using a heterodyne setup already reported[4,5), while our infrared s-SNOM

has recently been extended by a homodyne receiver. The interferometric detection serves to detect phase and
amplitude of the scattered light seneratelv and simuitaneonsiv. and thus allows to also map near-field phase
contrast. We emplo. 1R: A=9.7 pm vis: A=633 nm quency, a method to
effectively suppress ' ' :

We show examples of imaging (thc optical amplxtude) of a nanostructured sample in both mlcroscopes The
achieved resolution is =10 nm. Common to both the mid-infrared and the visible wavelengths, the 25 nm high
Au islands are the brightest objects, while the PS particles appear darker than the Si substrate. The observed
brightness agrees with an electrostatic model which predicts a simple analytical relation to the local refractive
index of the sample material{4]. This categorizes s-SNOM contrast into the matenal classes of metals,
semiconductors, and polymers enabling a simple material recognmon on a 10 nm scale[5). - '
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Spontaneous Emission in Nanoscopic Dielectrics

H. Schniepp and V. Sandoghdar
Swzss Federal Institute of T echnology (ET H), 8093 Zurich, Switzerland

It is well-known that the fluorescence hfetlme of an emitter can be strongly modified when its
electromagnetic surrounding is changed by introducing interfaces, mirrors, resonators, etc. There have been
also theoretical and experimental reports on the modification of the spontaneous emission of emitters in the
near field of a sharp scanning probe txp, or a sample with lateral nanostructures. Here we present a
systematic study of the spontaneous emission rate for atoms placed inside subwavelength dielectric
particles. By fluorescence lifetime measurements on single nanoparticles we have demonstrated for the first
time the change of paradigm from the super-wavelength regime of Mie resonances to the nanoscopic realm
of Rayleigh scattering.

As a model system we use polystyrene nanospheres (n=1 59) doped with europium ions emmlng ata
wavelength of 0=615nm. Spheres of various diameters ranging from 100nm to 2000nm were spin coated to
produce a very sparse distribution on the surface of a cover glass. In order to perform well-defined control
experiments, we have combined atomic force microscopy and fluorescence confocal microscopy to make
measurements to select isolated nanospheres. As predicted by the theory [1], the radiative spontaneous
decay rate drops as the sphere diameter is decreased (Fig. 1, circles). To provide further evidence for the
radiative nature of the effect we reduced the index contrast at the surface of the spheres by covering the
sample with a droplet of water (#=1.33, triangles) or immersion oil (n=1.52, squares) and repeating the
measurements on the same particles studied in the dry state. Again we find a very good agreement between
the measurements and the theoretical calculations. The comparison between theory and experiment for the

* different media also allows us to separate radiative and non-radiative parts of the decay process.

Fig. 1: Symbols display
JSluorescence decay rates
from single Eu’*-doped
“dielectric spheres
normalized to the decay
rates in a bulk dielectric.
Measurements were done
Jor particles on a glass
substrate exposed to air

Normalized radiative decay rate

B : ‘ , (lower  curve), water

0.4 —f _ 4 (middle curve) and
. o . immersion oil  (upper

v . v ——r——r—r—r— r curve). The lines are

100 1000 results of calculations

Sphere diameter [nm] [1].

In addition, we found that isolated doublets of 100nm spheres show significantly higher decay rates than
the isolated single spheres of the same diameter. This underlines the sensitivity of the spontaneous emission
process to the electromagnetic boundary conditions at the nanometer scale as well as the necessity of well-
controlled experiments with sufficient spatial resolution. In conclusion, our results demonstrate that the
fluorescence lifetimes of emitters placed inside a dielectric change substantially and in a systematic way
when the medium size is decreased to-sub-wavelength ‘dimensions where no longer resonarnces .are
supported by the object [2).
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Development of Photothermal Near—ﬁeld Scanmng Optlcal Mlcroscope

Masanori F ujinami, memorz Toya, Hzromx Murakawa Tsuguo Sawada,
The University of Tokyo, Department of Advanced Materials Science, Hongo, Tokyo 113-0033, Japan.
E-mail: fujinami@k.u-tokyo.ac.jp

Much attention to a near-field scanning optical microscope (NSOM) has been paid in this decade by
overcoming the diffraction limit to reach nanometeric size and, fluorescence, photo-luminescence, Raman
scattering, “and their time-resolved measurements have been combined. with NSOM Photothermal
spectroscopy ‘is ‘a highly. sensitive' and versatile technique. In this study, we have developed a
photothermal(PT)-NSOM and investigated the performance. Photothermal spectroscopy relies on
absorption of optical radiation by molecule and subsequent non-radiative relaxation. The optical and
mechanical "effects induced by heat are measured as thermal lens spectroscopy (TLS), photoacoustic
spectroscopy, etc. Therefore, the methods based on photothermal effect become apphcable to ﬂuorescent
and non-fluorescent molecules. The detection limit in TLS is estimated to be in the order of 10®
absorbance and, in addition, a thermal lens microscope ‘enables us to detect single molecule detection,

which is comparable to a laser-induced fluorescence microscope. Generation of heat by non-radiative

relaxation induces the change in refractive index of matrix. Laser beam with Gaussian intensity profile is
usually used as an excitation light, so that refractive index gradient, called as a thermal lens, plays a role as
a concave lens for the probe beam with another wavelength. - As a result, the intensity of center of the probe
beam linearly depends on the size of the concave lens and the quantitative analysis can be done to measure

_ The schematic diagram of PT-NSOM
based on an invérted optical microscope is
shown in Fig. 1. The molecules were
excited by the evanescent wave emitted
from the small aperture of the optical fiber = =~
probe. - In order to measure the thermal lens, . PZT actuator
two types of methods ifor ‘incident of the: -~ "~
probe beam were investigated. One is .
coaxial mode to introduce "the “excitation -
and the probe beams intothe fiber probe. -~ Sagpie TR
It is known in the near-field light theory r‘ FZT stage
that the propagated light cannot be e :
_ removed completely even if the light is Objectivelens } . N T

Focusing lens

He-Ne laser
633 nmlg mw

emitted from the aperture with a diameter - . 7
of less than wavelength. It is, therefore, ©0 T Noteh

APD

expected that the transmitted component of ' - fiter
the probe beam -is deflected by the Flgune I: Schemmc dlagram of phototherma -FNSOM
refractive index gradient induced. Another Lase ON .OFF
method is that the probe beam is introduced by the objective lens with high b

. 'NA (=1.45). The central intensity of the reflected probe beam should be ’ 3’

changed by the refractive index gradient and was measured e !

In both of the methods, the photothermal sxgnal for the thin film of sunset
‘yetlow FCF on a glass can be obtained, as shown in Fig. 2. Further, we have .
succeeded in measurement of the photothermal image for'a thin Au/glass
sample. - These results are the first. evidence of detection of photothermal::
signal in NSOM. Fast modulation frequency for excitation laser beam and
short time constant in lock-in-amplifier are reqmred in order to obtain the
photothermal signal image with high space. resolution, so that the Time (s?
improvement of S/N ratio is now in progress. Fig. 2 Photothermal

- signal of PT-SNOM

; I, ;Signal intens'ity(a.u.)
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Eigenfield patterns of optically resonant nanoparticles mapped by
' phase—contrast near-field microscopy

R. Hillenbrand, F. Keilmann
Max-PIanck Instttut fiir Biochemie, D-82152 Martinsried, Germany, htIIenbr@blochem mpg.de

In small metal particles light can resonantly excite collective oscillation modes of conduction electrons,
This plasmon resonance results in strong scattering and enhanced near-fields that have been subject .of
several near-field studies [1-4]. By using a scattering-type near-field optical micoscope, mapping both
amplitude and phase, we succeeded to resolve the optical field patterns on the surface of single gold
particles excited into plasmon resonance {5].

Our microscope ‘uses a commercial cantilevered tip as écattering near-field probe, illuminated by
focused light @633 nm. The backscattered light is detected by a heterodyne Mach-Zehnder interferometer

-in order to simultaneously map both amplitude s and phase ¢ of the backscattered light. Higher harmonic
- demodulation of the signal suppresses unavoidable background (i.e. scattering from the sample, cantilever

beam and the tip’s shaft)[6]. This allows to asses the pure near-field information at 10 nm spatial resolution
without height induced artifacts. '

. We preéent amplitude and phase images of particles excited dominantly in dipolar or, as in Fig. 1(a),
quadrupolar mode. Note the occurrence of field singularities (marked by circles), observed for the first time

- in a non-propagating near field [5]. Particularly strong, highly confined near-fields were found in narrow

gaps between resonant particles (Fig. 1(b)), a promising site for a future observation of single molecules by
spatially-resolved. surface-enhanced Raman scattering or nonlinear spectroscopy.

Figure 1:

(a) Near-field images of a gold particle in
optical resonance, amplitude (top) and phase
(bottom, 360° full scale). The images exhibit a
quadrupolar plasmon mode, recognizable by a
dark line in the amplitude image accompanied
by a phase jump of 180°.

(b) Highly confined optical field in a gap
between closely packed gold particles (top:
topography, bottom: optical amplitude).

@k
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Subsurface Solid Immersion Microscopy for Photonic Nanostructures

_ Bennett Goldberg, Steven Ippolito, Zhiheng Liv, and M. Selim Unli,
" Boston University, Boston, MA 02215

Near-field microscopy- is limited by the small transmission of sub-wavelength apertures (10° - 10°® for
a<100nm) and by the serial scan process with relatively slow image acquisition rates. These factors restrict the
utility of NSOM to experiments where proximity of the probe provides new information or where the source is
bright, largely time independent and long lived. As a result, time resolved, pump probe, Raman and non-linear
spectroscopies are not widespread with resolution below 100nm.

Over the past ‘decade solid immersion microscopy
has emerged to provide tremendous imaging Fig !. Schematic diagram of numerical
capability to complement the restrictions of optical = aperture increasing lens (NAIL), . . -
scanned probe techniques. The technique is based = combining the samplé and semi-sphere . m

" upon using a transparent (at the wavelength of as super SIL for subsurface solid . —
interest) semi-spherical lens where the object space is  immersion microscopy. o L
‘either at the interface of the lens and the material ' L
under study, or embedded within a similar material. ‘

The solids used are high index materials (2.0 < n <'3.5) and with the combination of the reduction of the

; wavelength by Un, and an increase in the numerical aperture, diffraction limited resolution increases of greater than

10 (~n?) in the lateral direction and greater than 30 (~n’) in the longitudinal direction have been demonstrated,

'together with factors of 10 i increase in hght gathenng ablllty [1-4) :

We have recently apphed‘sohd immersion
~, techniques to subsurface microscopy, where the
wavelength in the medium is defined by the
sample under study, and thus the only method to
improve the spatial resolution is to increase the

. “collected solid angle, ie., the N4 must be
*increased. This is because thé large index » in the

. object space in standard subsurface microscopy
of planar samples does not increase the NA due -

: . of refraction at the planar boundary. Recently,
o we ‘have * implemented a solid immersion
.- Figure 2. Images taken by Hamamatsu HAMOS-ZOO IC - rmcroscopy technique for subsurface magmg

. Failure Analysis System, demonstrate how a NAIL improves - " [4]. ‘A Numerical Aperture Increasing Lens
‘resolution well beyond the state-of-the-art in through-the- -~ (NAIL) is placed on the surface of a sample as

substrate imaging of Si circuits. (a) Image obtained using the . - jljustrated in Fig. 1 with parameters chosen such
100X objective having NA=0.5 and (b) image with the 10X that the object space coincides with the aplanatic
objective (NA=0.25) and NAIL inereasing the NA t033. . points of the NAIL's spherical surface. The
" “convex lens surface effectively transforms the
combined lens and planar sample mto an mtegrated super-sphere solid immersion lens: Figure 2 shows the direct
comparison using imaging through the backside substrate of a silicon SRAM IC. The NAIL subsurface immersion
microscopy increases the lateral resolution by a factor of 12 laterally and over 100 longitudinally.
We will present new results on using subsurface solid immersion microscopy to demonstrate the n’
improvement in longitudinal resolution, as well as new work on quantum dot and photonic bandgap systems. In
- quantum dot systems, we have lmplemented backside 1magmg to. provrde high-throughput time-resolved
spectroscopy of single quantum dots, especially i in the density regnme where dot-to-dot coupling is unponant
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Surface Plasmon Polariton Waveguiding in Random Surface
Nanostructures

S. I Bozhevolnyi, V. S. Volkov, |
Instztute of Physics, Aalborg University, DK-9220 Aalborg, Denmark

K. Leosson,
Micro Managed Photons A/S, COM, DTU Bldg. 845v, DK-2800 Kgs. Lyngby, Denmark

Strong (An_derson) localization of light in random media, i.e., capturing light in a random cavity, is
one of the most fascinating optical phenomena. Strong localization of light happens due to interference in
recurrent multiple scattering in random (non-absorbing) media and is expected when the scattering mean
free path [ decreases below the light wavelength. The value of ! diverges in the limit of both short and long
wavelengths [1] implying that the localization effect can be realized only in a limited wavelength interval,
similar to the photonic band gap effect (PBG) in periodic media [2]. In fact, there are many similarities
between these phenomena: both are related to interference in multiple light scattering, lead to the inhibi-
tion of light propagation and exhibit a threshold character with respect to the dielectric contrast. Given
the similarities between the phenomenon of strong localization and the PBG effect, we realized that one
should be able to employ channels and cavities in (non-absorbing) strongly scattering random media for
essentially the same purposes as those in the PBG structures, i.e., for light guiding along line defects. One
might suggest that the localization can be realized in a broader wavelength range than the PBG effect, since
the former is not as directly governed by the geometrical characteristics of structured media as the latter.
Furthermore, the absence of symmetry in random structures facilitates matching the modes propagating in
differently oriented channels and thereby may reduce the associated bend loss.

‘We propose to use channels in strongly scattering non-absorbing random media for guiding electromag-
netic waves and demonstrate this concept using near-field microscopy of surface plasmon polaritons (SPP’s)
propagating along the gold film surface covered with randomly located scatterers [3]. In the wavelength
range of 720 — 790 nm, we observe complete inhibition of the SPP propagation inside the random structures

. composed of individual (~ 50 — nm-wide) gold bumps (and their clusters) placed on a 40 — nm-thick gold

film with the bump density of 75 um~2. We demonstrate well-defined SPP guiding along corrugation free
2 — pym-wide channels in random structures and virtually loss-free bending by 20° (Fig. 1).

& o
*‘3
’k S
%3 ‘s??
Figure 1: Gray-scale (a) topographical and (b) near-field optical images (32 x 22 um?) taken at A = 750 nm :
showing SPP guiding along straight (left), 10°- (middle) and 20°-bent (right) line defects.

References

[1] S. John, in Scattering and Locahzatzon of Classical waves in Random Media, edxted by P Sheng (World
Scientific, Singapore, 1990), p.1.

[2] J. D. Joannopoulos, R. D. Meade, and J. N. Winn, Photonic Crystals (Princeton Press, NJ, 1995).
[3] S. I. Bozhevolnyi, V. S. Volkov, and K. Leosson, submitted to Phys. Rev. Lett.



Monday morning. Lander auditorium.

Bandwidth enhancement for shear-force feedback by exploiting the
~ nonlinear probe-sample interaction

C.L. Jahncke

St lawrence Umversxty, Canton NY 13617 ‘

HD Hallen

- North Carolina State University, Raleigh, NC 7695-8202. -

... The combination of a high Q oscillators (200-700) with a

relatively low resonant frequency (30-40kHz) as is the case
. with high-Q tuning forks[1] used in near-field optical
~microscopy limits the feedback bandwidth." As feedback
.gains are increased, the system oscillates at'a frequency that
is approximately the width of the resonance peak - typically
.10’s of Hertz. The oscillation is asymmetric (figure 1) as a
_result of the nonlinear interaction between the probe and the

sample. When the probe is too far from the surface, it takes

_longer to find the surface due to the slow recovery time of

.the high Q oscillator. Alternately, when the probe is close to'

the surface, the vibration is rapidly quenched. ‘We exploit -
: the nonlinear interaction between the probe and the sample
. to‘increase the bandwrdth of the feedback loop

Ampljtdde (nm) ..

Flgure 1 Asymmemc oscillations indicating.

Py

4 nd

T

tlme (secon&s)

. the nonlmear Up-sample interaction

The nonhnear np-sample mteractron can be modelcd asa tappmg force producing an accurate
representation of resonance curves at different probe sample separations[2].- We use this model to study the
system dynamics by alternately adding in and removing the tapping force from the simple driven damped

_harmonic oscillator equation. We look at the 1/e fall and rise time of the signal respectively. We find that
at resonance, the time response of the probe with the tapping off is much slower than the time response of -
the probe wrth the tapping on (figure 2a). -However, as we move off resonance to either the low frequency
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Figure 2: a) Model of the time response of the ,
probe with tapping on and tappmg off. b) Time
. for the probe to find a surface given an 8msec
' ramp away from the surface. The resonance - .. -
curve is overlaid i ina and b for reference ,
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or the high frequency side, we see an
improvement in the time response. Additionally
the time response for the two directions becomes
the same on the high frequency side. We perform
several experiments to investigate the time
response of the feedback system. Figure 2b shows
the time for the probe to find the feedback setpoint
as an 8msec ramp pulse pulls the probe away from
the surface. The gains are carefully optimized in
-each case to prevent overshoot. This experiment

is analogous to the tapping off case for our model

. and we see similar behavior. Our experiments

show that the time response is faster and the time
for the in and out motion of probe becomes the
same on'the high frequency side of the resonance
curve resulting in increased bandwidth.
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Mapping the Intensity Distribution in a Photonic Crystal Microcavity

: P. Kramper
Universitdt Konstanz, F achberezch Physik & Optik-Zentrum Konstanz 78457 Konstanz, Germany,

V Sandoghdar
Swiss Federal Institute of Technology (ETH), 8093 Ziirich, Switzerland.

Photonic crystals have been the subject of intensive studies in the past few years. A point defect in a
photonic crystal results in a resonance in the band gap and confinement of light to a region smaller than one
wavelength. A linear array of such point defects creates a photonic band gap waveguide and the
combination of such waveguldes will in turn produce a wealth of optlcal elements such as beam splitters
and interferometers. -

In this paper we present a combmatlon of direct laser spectroscopy and scanning . probe optical
microscopy to perform measurements of sharp resonances in a .deep two-dimensional .photonic crystal
microresonator. Photonic crystals were fabricated by electrochemical preparation of macroporous silicon.
The structure in our experiment consists of a triangular crystal of air cylinders with a depth of 100 pm and
a lattice constant of 1.5 um providing a band gap around 4 pm [1]. Two line defects and an isolated point
defect were incorporated in the crystal as shown in Fig. 1b).

- In a first experiment we excited the spectrally sharp and locally highly confined modes of the point
defect microcavity by focusing the beam of a widely tunable continuous-wave optical parametric oscillator
(OPO) on the photonic crystal as shown in Fig. 1a). An uncoated tapered fluoride glass monomode fiber
(nearfield probe 1) is used as a local detector. By raster scanning the fiber tip against the exit plane, we map
the spatial distribution of the light transmitted by the photonic crystal with a resolution of one optical
wavelength. Then by repeating these measurements for different laser wavelengths, we recorded two sharp
resonances with quality factors of 190 and 640 [2]. Two-dimensional Finite Difference Time Domain
calculations were performed for the experimentally investigated microresonator structure. The spectrum
reproduces the two resonances and agrees very well with the measured ones.

In order to visualize the modes in the cavity, we have added a second near-field probe at the top side of
the photonic crystal. The fiber extracts locally the energy out of the cavity mode. By scanning the fiber

" across the surface we have mapped the intensity distribution® directly to be well beyond one optical

wavelength (see fig. 1c). By tuning the OPO to an off-resonant wavelength the signal vanishes as expected.
We compare our results with those of the calculations and discuss possible imaging mechanisms.

Figure 1: a) Setup for near-field intensity mapping. b) The invcstigated microresonator structure. c) Intesity
distribution as seen by the near-field probe #2 on resonance.
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Polymer NFO probe made by a nanomolding method

G. M sz E ten Have’, F Segermk BJ Ktmz N. F van Hulstz andJ Brugger

M Ecole Polytechmque F ederale de Lausanne (EPFL) CH 1 01 5 Lausanne Switzerland
: MESA+ Research Instztute, Umverszty of TWente, 7500 AE Enschede, The Netherlands

Many polymers have the ability to conform themselves to surface contours down to few nanometers. We studied
the filling of transparent epoxy type EPON SU-8 into nanoscale apertures made in a thin metal film as a new method
for polymer/metal NFO structures. As shown [1], topographically flat structures with a high optical contrast can be
obtained. Mold replica processes combining , silicon micromachining with the photo-curable SU-8 offer great
potemlal for low-cost nanostructure fabrication. This has led to the successful implementation of plastic probes for
atomic force microscopes [2] and to some initial attempts for NFO apphcanons [3]. Besides offering a route for mass-
) productron the transparent pyramidal probes are expected to |mprove light-transmission thanks to a wider geometry

near the aperture. ‘

- After a series of initial experiments combining silicon MEMS, mold geometry tuning by oxidation, antistiction
. coating by self-assembled monolayer (SAM), and mechanical release steps, we propose here following new method:
~ .. Themoldis fabricated on silicon wafer by self-terminating etchingand defines the pyramidal geometry of the actual
' probe. Thenon -uniform SiO; growth at regions with high curvature was used to create pits with a well defined radius
ranging between 50-250 nm f#]. A SAM of dodecyltrichrorosilane was then formed on the mold surface as anti-
" stiction coating, and a' 150-nm thin layer of opaque Al layer was deposited. A focused ion beam drilled well-defined
50-100 nm apertures in the Al film directly inside the mold. SU-8 was spin -coated on the wafer, which filled the mold
and the nano-apertures in the Al layer. A second layer SU-8 was structured by llthography to form the probe shape.
“The subsequent stage of bonding with optical fiber and releasing of the fabricated probe from the tip mold follows
- essentially the procedure described earlier [3]. Since the SAM reduces the adhesion force between the surfaces of
mold and metal layer the probe is released together w:th the apertured metal layer

The major lmprovement is the possnblllty to fabricate NFO apertures directly on wafer scale durmg the micro -
fabrication process and not on free-standing tlps The structures are currently bemg tested. First results indicate 8
lateral optlcal resolutlon in the 100 nm range :

: S Sl B
(a) o (o

Figuré 1: Schematic view of prbbe fabrication : (a) aperture making on the Figure 2: FIB image of aperture
mold, (b) SU-8 probe structuring, (c) reIeasing the probe with apertured made on the mold

L metal
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Ultrafast SpectroScopy in the Spatial Domain: Sub-10 fs
Radlatlve Decay Times of Surface Plasmons in Plasmonic Band
Gap Structures

. D. 8. Kim, S.-C. Hohng, and Y. H. Ahn -
School of Physics, Seoul National University, Seoul 151-74{2, Korea
V. Malyarchuk , R. Miiller and Ch. Lienau
Maz-Bom-Inst1tute fiir Nichtlineare Optik und Kurzzeitspektroskopie, D-12489 Berlin, Germany

J. W. Park and J. H. Kim
- Korea Research Instztute of Standards and Science, Yunsung, P. O. Boz 102, Taejon 305-600, Korea.

Q. H. Park
Department of Physics, Korea Unwerszty, Seoul 186-701, Korea.

Plasmonic bandgap structures have been proposed to find applications in novel nano-optic devices, e.g.

" as spectral filter or near-field light sources {1]. To this end, a microscopic understanding of their unusual

optical properties, specifically plasmonic excitations, is needed. In this paper, we propose and demonstrate

a novel experimental approach to directly measure the coherence properties of surface plasmons (SP) in
plasmonic band gap structures, determining the line-shapes of near and far-field transmission spectra.

We locally photo-excite SP at the air-metal interface of grating, and measure the coherent SP propagation
across the metal nanostructure by probing the light intensiy in another grating (Fig 1a). The experiments
are performed near the air-metal {1, 0] SP resonance. Shown in Fig. 1b are the near-field scan images of
the non-illuminated grating at two different excitation wavelengths, In both cases, light intensity rapidly
decreases as we probe deeper into the grating. This is due to the radiative loss of SP in the presence of
the periodic array of holes. The measured SP coherence lengths can be shorter than 2 u and are strongly
wavelength-dependent as evident in Fig. 1(b) and 1(c). Since SP velocity is very close to the speed of light,
this short coherence length is indicative of ultrashort radiative lifetime of SP in these structures. The short
radiative lifetime is consistent with the time delay experienced by femtosecond pulses propagating through
the grating, as shown in Fig. 1(d). Our experiments show that the decay of the coherent SP polarization
in peridioc nanohole arrays are Tj-dominated, given by the radiative SP decay. We will also show that the
origin of this ultrafast radiation is a resonant Rayleigh-type of scattering.

(d)

Intensity (arb. units)

Excitation

=860 o R v e v

Figure 1: (a) Schematics of our experiment (b) Near field scan images at excitation wavelengths of 765
nm (top) and 860 nm (bottom). (c) Logarithmic plot of cross-sectional scans at various excitation wave-
lengths, from top to bottom, 860, 840, 800, 780, 760 and 740 nm. {d) Transmission through a sapphire
substrate (solid lines) a nanohole array evaporated onto the sapphire substrate {(dashed lines), showing a 7
femtoseconds tune delay.

References
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Fast Optical Dual-Beam Technique to characterize
Thermal Axial Elongation of Near-field Probes

A La Rosa, B. Biehler, A, Sinharay
Department of Physics, Portland State University, Portland, OR 97207

We use purely optical means to monitor in real time the thermal elongation that
‘near-field optlcal probes undergo upon the application of pulsed hght This new
approach overcomes the limited frequency bandwidth encountered in methods
" based on electromc feedback responses. With the use of two laser beams, one

serving as a heat source -and the other to' monitor the corresponding probe -

elongation in an interferometric optical set up, we are able to measure for the first
time thermal time constants in the microsecond regime. This work is relevant to
NSOM applxcatlons that use modulated hght
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Waveguiding through a two dimensional metallic photonic crystal

Fadi Baida, Daniel Van Labeke*,Y. Pagani
Laboratoire d’ Optique P.M. Duffieux
Université de Franche Comté
CNRS, UMR 6603
Institut des Microtechniques de Franche Comté

Route dé Gray, 25030 Besangon,France
*Email :daniel.vanlabeke@univ-feomte.fr

Most of the experiments on photonic crystals are performed with dielectric structires. Recently

" Bozhevolnyi et al. have presented very interesting results demonstrating photonic band gap effects in
metallic planar photonic crystals {1-4).  The surface plasmon is produced by attenuated total reflection in
the Kretschmann configuration on a glass-gold -air stmcture Thc planar photonic crystal is made with gold
dots (200nm diameter, height 45 nm). . g :

Propagation of the Plasmon through the
structure is studied “with a near-field’
microscope in the -detection mode (STOM- -
PSTM). ,

We present 2D-FDTD [5] simulations of
those experiments. The structure is a 2D
triangular lattice of infinite metallic rods
where various channels are created by
suppressing series of rods. The crystal
parameters are the same than in the
experiments (period 400nm, rod diameter .

- 200nm). The permittivity of gold is described T ERYELYTEYIRS

" by a Drude model. We study the injection * ' »
and the propagation of light through linear
waveguides of various widths and for
different incident wavelengths. We also
study the propagation in a 90° bent line
defect. We show that the optical properties
depend on the direction of injection. The two
cases of I'M and IK directions are
compared. An example is presented in
figures (a-f).

Our simulations succeed to reproduce
most of the experimental results: a guiding
effect is obtained through linear and bent
structures. The quantitative comparison will
be discussed.

nvd iive higsdinks

Figure: Propagation through a 90° bent line defect with injection along 'M direction. (a) A=727nm, (b)
A=750nm, (¢) A=785nm, (d) %=815nm and (¢) A=850nm.
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Scanning probe microscopies using quartz}crystal resonator

; R Yongho Seo, Wonho Jhe, ‘
Center for Near-field Atom-photon Technology and School of Physics,
- Seoul National University, Seoul 151-747, Korea.

After the invention of the tuning fork based-NSOM, the quartz crystal tuning fork has.been investigated
for a force sensor in field of scanning probe microscopy including NSOM, Recently, Seo et al.[1] realized a
high-frequency dithering probe using a quartz crystal resonator (QCR), which is operated at several-MHz
resonance frequency and is known to be one of the highest-frequency dithering piezo-electric devices. How-
_ ever, because of its high stiffness (~ 10* N/m for tuning fork and ~ 105 N/m for QCR), there has been a
'limitation as a sensitive force sensor. On the other hand, its small dithering amplitude (< 0.1 nm) and high
Q-value (10* ~ 10‘) are important advantages for high force sensitivity. We demonstrate various scanmng
probe rmcroscopxes using tuning fork a,nd QCR. :

We employed a QCR with a resonance frequency of fo =2 MHz as'an NSOM shear force’ sensor. . In
~order to allow the optical fiber to guide the light down to the fiber tip near the sample surface and also to be
mechanically connected to the QCR, we perforated the QCR near its center and then inserted the tapered
fiber tip into the hole. Figure l(a.) shows NSOM images of a grating with 0.8 pm pitch. The scanned area

. ‘and scanning time are 10 x 10 pm? and 0.5 s, respectively. Notice it is the fastest NSOM image (scanmng

speed = 1.3 mm/s).

The tuning fork based electrostatic force microscopy (EFM) and magnetxc force microscopy (MFM) were

. developed. Electrochemically etched Ni tip was attached at a prong of the tuning fork (fo = 32 kHz). By
applying dc field at the tip (10 V), the ferro-electric polarization of PZT thin film can be manipulated
within 100 nm line width. Its image was obtain by scanning the same area keeping the gap (10 nm) between
~_the tip and PZT, constantly. Figure. l(b) shows an EFM i nnage of PZT thm film after some characters was
written. Its scanned area is 8 x 8 pm?.

With the same method ‘a Co tip was attached to the tuning fork a.nd an MFM image was obtamed in
~11ft-mode MFM image of commercxal hard disk is shown in Fig. l(c) Its sca.nned area is 30 x 30 pm?.

-~ Figure 1: NSOM image of an optical grating (left), electrostatxc force mlcroscopy unage of PZT thin film
(center) and magnetic force rmcroscopy 1mage of hard disk (nght) :

References : ,
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Near-Field measurement of short fange _corlv}'elati(")h' in optical
waves transmitted through Random Media

V. Emiliani, F. Intonti, D. Wiersma and M. Colocci, LENS and INFM, Florence, Italy 50125.
M. Cazayous, University Paul Sabatier, 31062 Toulouse, France
A. Lagendijk, Univ. of Twente, Enschede, The Netherlands
F. Aliev, Univ. of Puerto Rico, San Juan, Puerto Rico 00931

A wave propagating in a random media undergoes multiple scattering from the inhomogeneities which
give rise to a complicated, irregular intensity bulk speckle pattern. The statistical properties of such pattern
are described by the correlation function C = (6I8I'), where &8I is the fluctuation of the intensity with
respect. to its average value. The leading contribution to C is the short-range correlation term and is
given, in the weak scattering regime, by the square of the field correlation function: Cy = |(EE")|2. The
spatial dependence of Cj, for a monochromatic source is given by (sinkAr/kAr)2exp(—Ar/ls) [1], where
k is the wave vector and I, the transport mean path. This expression:-predicts the formation of isotropic
speckles with the size of the transport mean path with further intensity modulation on the scale length of
the wavelength. While the first property has been experimentally verified for optical waves, the second has
been so far observed only for microwave radiations [1].

In this paper, near field images of the speckle pattern formed after diffusion through a disordered medium are
presented. The subwavelength spatial oscillations predicted by the theory are resolved and their dependence
on the excitation wavelength is verified.

The sample studied is a disordered structure of porous silica glass with connected pores (100nmsize). Light
from a He-Ne (632 nm) and a diode Laser (780 nm) is transmitted through a pulled coated near field
probe. The diffusely transmitted light from the sample is collected in far field and detected with a GaAs
photomultiplier. Near field optical maps are recorded by scanning the sample in respect to the near field
probe. The wavelength dependence is obtained by changing the excitation beam in consecutive scans so that
the same sample region is scanned in the two measurements. Fig. 1(a) shows the 2D near filed map of the
speckle patterns for excitation wavelength of 780 nm. Fig. 1(b) shows the spatial dependence of C obtained
for excitation at 780 nm and 632 nm. In the same figure the experimental curves are compared with the
theoretical ones (solid lines). The agreement between experimental results and theoretical prediction, is the
first evidence of the short range correlation term for optical waves.
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Figure 1: (a)2D map of the transmitted light for 780 nm incident wavelengtﬁ. (b) Plot of the experimental
C(Ar)) for the wavelengths reported in the figure, compared with the theory.
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Absorption of evanescent light by Cs atoms
of an optically forbidden transition

S. Tojo, M Hasuo, and T Fujimoto, Kyoto University, Graduate School of Engmeemng,
Kyoto Japan, 606‘-8501

Near the critical angle we have observed the reﬁection spectra of the electric quadrupole transition, that
is an optically forbidden transition, of cesium 628;/; — 52Ds /2 with the hyperfine structure of the ground
. state resolved.. To observe those spectra a highly-sensitive measurement was needed since the oscillator
strength of the optically forbidden transition is smaller than that of an electric dipole tra.nsition by ~ 107,

‘The frequency of the external-cavity diode laser light is scanned over the Cs quadrupo]e line (685nm)
with frequency modulatlon “The p-polarized laser beam is incident on the prism of Pyrex glass. The
incident angle of the laser light is varied over a small interval around the critical angle. This prism serves
as one side of the cell which contains a cesium vapor. The reflected laser light and the reference laser light
are simultaneously detected by a balance receiver consisting of two photodiodes; this gives the difference
‘between the signal beam intensity and the reference beam intensity. Another part of the laser light goes
through the reference cell, the absorption spectrum of which is to be compared with the reﬁectlon spectrum

Figure 1 (the solid line) shows a reflected spectrum of 6°S; /2(F = 4) — 52D5/2(F’) transition. The
recorded spectrum is the first derivative of the absorption line owing to the frequency modulation. The
incident angle detuning from the critical angle is +2.1 mrad. The temperature is 558K and the atom density
is 2.19%10%2m~3;

- We calculate the reflection spectrum on the bases of Fresnel’s low {1} and compare it with the experi-
mental absorption spectrum in Fig. 1 (the dashed hne) Here, the oscillator strength is estimated from the
absorption spectrum by the reference cell, i.e., f = 4.92 x 10~7 . As shown in Fig. 2, we compare between
the experiment and the calculation against the incident angle from under the critical angle (the ™' sign) to -
over that (the *4’ sign). The absorption of the evanescent light is enhanced about a factor 2 from that of
the ca.lculatlon on the assumptxon of an electric dipole transitlon
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Flgure 1: The ﬁrst denvatlve of- the reﬁectxon Fxgure 2 Dependence of sxgna.l amphtude on the
" spectra at +2 1 mrad over the critical angle. . angular detuning. R ¥ : S
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Optical Characterization Of Holey Fibers Using NSOM techniques

C.W.J Hillman, W.S. Brocklesby, T.M Monro, W. Belardi and D.J Richardson
Optoelectronics Research Centre, University of Southampton. Southampton. UK. SO17 1BJ,

A holey fiber (HF) is an optical fiber whose optical propérties and confinement mechanism are defined
by air holes that run the entire length of fiber, rather than a traditional high index core and low index
cladding. These fibers can offer many variations on the traditional mode profiles of core/clad fibers. One
area of particular interest is the ability to produce tight confinement of the optlcal mode, and thus high
effective nonlinearity when compared to standard fibers.

In order to understand the properties of holey fibers, it is necessary to know the structural profiles and
optical mode profiles in some detail. Each different pattern of holes will have individual optical mode
properties, which can be calculated using knowledge of the exact physical structure of the fiber. The
current work describes how we can use NSOM-based techniques to measure the optical mode structure.
This is compared with: the calculated mode structure, which relies on' very accurate atomic force
microscope (AFM) images of the physical structure.

Most characterization of holey fibers relies upon mode measurement by imaging the end of the fiber,
and structure measurement using scanning electron microscopy. Both these techniques have drawbacks.
Holey fiber modes can be extremely small, making imaging difficult. One of the interesting things about
holey fiber modes is that they can have evanescent components in radial directions, where the light extends
into the air holes in the fiber. These cannot propagate through -a traditional imaging system. These
components can be available to a near field measurement. The physical profile needs to be accurate to
better than 10nm in order for the mode calculations to be effective - this resolution is much more easily

obtained through AFM than SEM
1 techniques.

To obtain' a direct experimental
measurement of the near field mode
profile[1], we have applied technologies
developed for scanning near field optical
microscopy (NSOM). The greyscale
image in Fig.1 shows the data collected
in a NSOM scan with an aluminized tip
held 10nm above the fiber surface. The
inset plots a cross-section from both the
NSOM data and theoretical predictions
made using the hybrid orthogonal
function method described in Ref. [2].
Good agreement can be seen. The small

* discrepancy between the modes can be
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Figure 1 - Contour plot of topography and grey mf:asurements the experimental 7 /e .
scale/contour plot of measured mode profile. Inset shows width was 0.710pm, as opposed to our
comparison of theory and measured data. theoretical estimate of 0.632um. NSOM

techniques can be used to explore the
field at small distances inside the holes,

"and also to explore the transition from guided mode to free space propagation. These NSOM-based

techniques will ultimately prove invaluable tools with which to better characterize the umque and excmng
properties of this new class of optical fiber.
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Near-ﬁeld Probe Characterization by
Nanoscoplc Holes -

M. Wellhéfer, O. Hollricher,
WiITec GmbH Hérvelsinger Weg 6, D-89081 Ulm G’ermany
: O. Marti,
Unwerszty of Ulm, Dept Exp. Physics, Albert-Einstein-Allee 11, D- 8906'9 Ulm, Germany.

Resolutxoﬁ in near-field optical microscopy is a point of intensive dlscusswn The maximum resolution
in a near-field image is determined by aperture size, probe-sample distance and the sample itself. But there

. are also effects due to nonlinear interaction between the electromagnetxc (optlcal) waves and the surface '
. that often make image interpretation very complicate.

There have been several attempts to determine the aperture size of a near-field tlp by far-field methods

“but none of these methods can deliver the real shape and size of the effective optical aperture. Our approach
-is to develop a'sample thh defined nanoscopxc holes in an opaque metal layer

o By scanning the tip across such a hole one obtams a transmission pattern, from whlch the size and form 2

of the optical aperture can be determined. Important is, that the diameter of the nanoscopic hole is smaller
than (or at least equal to) the probe under test. Many problems have their origin in the fact that the size
and shape of the used near-field aperture can only be roughly estimated.

We show first results of a calibration test sa.mplé The SNOM measurements are performed in transmis-
sion geometry, illumination mode. Deconvolution of the obtained optical near-field i images with the sample
geometry can give an idea of the shape and size of" the effective optical aperture. -
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Light wave propagation through
submicrometer high-dielectric contrast systems

R. Quidant, J. C. Weeber and A. Dereuz
Eguipe Optique Submicronique, Laboratoire de Physigue de I’Université de Bourgogne, Dijon, F-21078.

The miniaturization of optical circuitry has become of crucial interest as the limited speed of electrons
within electric connections will soon be restrictive in high-rate information technologies. One alternative
to allow the control of light wave propagation at the submicrometer scale is the use of optical confinement
provided by high-dielectric contrast materials.

In this study, guiding properties of TiO2 on glass systems featuring submicrometer transverse sections
are investigated using a Photon Scanning Tunneling Microscope (PSTM). For this purpose, an original
coupling technique based on a local evenescent light source has been developed. First results show strong
confinement of guided light in 200 nm wide wires and their ability for defining twisted optical paths within
compact volumes [1, 2]. Different geometries are considered: linear wires, splitters with high-opening angles
(figure 1.a) and micro-rings. Furthermore, a resonant non-radiative photonic transfer through a periodic
alignment of mesoscopic TiQ, particles is demonstrated (figure 1.b-c). Experiments in agreement with
calculations based on the Green dyadic method reveal a strong influence of the particles shape and sizes on
the propagation efficiency [3].
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Figure 1: (a) PSTM image of a mode sustained by a 200 nm wide and 150 nm high waveguide (propagating
from the right to the left), splitted by a 45° full opening angle junction; (b) SEM images of a 15 um long
periodic alignment of mesoscopic particles positioned at the end of a micro-guide. (c) 3D PSTM image of
the light transfer through the discrete structure when the mode of the input micro-guide is excited..
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Charactenzatlon and fabrication of fully metal coated Scanning Near-
" Field Optlcal Microscopy SiO, tlps

L. Aeschimann®¥, T. Akiyama ®, R. Eckert Y, H. Heinzelmann ¥, U. Staufer *, N. F. De Rooij ¥

a) University of Neuchdtel, Institute of Microtechnology, Jaquet-Droz 1, 2000 Neuchdtel, Switzerland,
b) Swiss Center for Electronics and Microtechnplogy CSEM, Jagquet-Droz 1, 2000 Neuchdtel, Switzerland.

In spite of the considerable progress achieved in -fabricating scanning near-field optical microscopy

(SNOM) probes, the process to prepare smooth tip surfaces with aperture sizes under 100nm is still
expensive and time consuming.’ Recently, silicon cantilever-based SNOM probes with aluminum-coated
quartz tips have been batch fabricated using micro machining technology [1, 2]. The fabrication process of
such probes was reconsidered and optlmlzed in view of reproducibility, efficiency and cost. The new probe
tips are again made of SlOz, 12um in height, fabricated at the end of silicon cantilevers. A hole is located
undemeath the tip base in ‘the cantilever for light insertion from the backside. Different designs of
cantilevers have bcen realized for dynamxc and contact mode lmagmg (Flg 1).

~-The: tlp apcx is fully covered w1th a metal layer in'the range of 60nm thickness. Still, far-field

measurements showed the typical polarization behavior of conventional SNOM aperture probes. In order to
elucidate these observations, several experiments were performed: The light transmittance was measured

. on several tip arrays where we varied different parameters like metal coating and tip cone openmg angle.’

For each metal we have tested (Al, Ir, Au, Cr), high light transmission was observed (10%=10*). The

measured transmittance values for the different coatings follow the same tendency as the skin depth. We -
* also found that a smaller cone opening angle of the tip leads to a higher light transmittance through the tip.

This fact was verified again for different metal coatings and confirmed by thedretical modeling [3].
Consequently, the fabrication process has been optimized to get sharper tips.

It may be expected that the tip heats up upon light irradiation. This could even lead to melting or enhanced
oxidation which could change the optical properties of the tip. We, therefore, analyzed the tip coating with
transmission electron microscopy before and after light transmission (Fig. 1). It could be shown that the

m

- Figure 1:Two different designs of silicon cantilevers with SNOM tips' (left). 'f‘iansm:ssndn electron
microscope images ‘before I) and after HII) illumination of the tip. The typical diffraction pattems TI) for
paraliel and crossed polanzatlon in the far-field of the tlp end were observed.
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3-dimensional field dlStI‘lbllthIl l\flg)gl 1v}lamometer smgle slit studied by

, C. H. Wei, W. S. Fann,
Institute of Atomic and Molecular Sciences, Academia Sinica, and Department of Physics,
National Taiwan Umverszty, P.0. Bozx 23-166, Taipei, Taiwan, Republic of China.
J. Tegenfeldt, R. Austin, -

Depaﬂfnent of Physics, Princeton Umverszty, Princeton

The EM wave field distribution under different conditions has been studied since the 19th century.
Fraunhofer studied the field distribution far away from the slit plane. Fresnel studied the field distribution
within a tenth of the wavelength. After Bethe’s work[l], many theoretical methods were used to attack
this problem such as multipole-multipole expansion and finite difference time domain (FDTD) computer
simulations. Despite a large number of theoretical investigations, few experiments have been performed
to examine the EM wave field distribution from nano-size aperture at optical wavelength region. Recent
developments in nano-lithography and near-field scanning optical microscopy (NSOM) allow us to explore
optics on this length scales. We use a NSOM to map out the 3D EM wave field distribution from narrow
rectangular slits defined in an aluminum film. Our experiment results may provide information to improve
the theoretical understanding of light in this condition and may help to study light-matter interaction at
the nanometer scale. There are also potentlal applications in other fields such as spectroscopy of biological
molecules [2]. A

We use a modified NSOM system operating in light collection mode. In this system, we have two
operation modes. One is feedback-on mode and the other is feedback-off mode. In feedback-on mode,
we use optical shear-force feedback mechanism to maintain constant tip-sample distance and obtain both
topographical and optical NSOM images. In feedback-off mode, we modify the bias-voltage of piezo tube,
by which we can control the tip-sample distance to an accuracy of 1 nm, and obtain a 3D EM-wave field
distribution. .

Nanoslits have been prepared by e-beam micro lithography and subsequent reactive ion etching. Slits
have been made with widths in the range 50nm to 1000nm. Laser light with 532nm wavelenigth is incident
on the slit with polarization (E field) parallel to the slit (p-polarized wave) or the E-field perpendicular to
slit (s-polarized wave). An aluminum coated, pulled glass fiber tip is used to detect the field distribution of
the transmitted light.

Field distribution NSOM images of dlfferent light polarization, slit w1dth and tip-sample distances are |
presented. We find that with the same slit and tip-sample distance, the FWHM of the field distribution
of a transmitted p-polarizéd wave is narrower than that of a transmitted s-polarized wave. However, the
maximum intensity of the transmitted s-polarized wave is two or three times the maximum intensity of the
transmitted p-polarized wave. The intensity as a function of tip-sample distance is also discussed.
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A compact Sensor-Head for Near-Field Optical Microscopy and
_Spectroscopy

H U Danzebnnk C Dal Savxo, Th. Dziomba, D. Kazantsev, B. Giittler, Physzkahsch Technische
Bundesanstalt (PTB), Bundesallee 1 00, 38116 Braunschweig, Germany.

H.-A. Fup3, Surface Imaging Systems (S.1.S.) GmbH, Kaiserstrafe 100, 52134 Herzogenrath, Germany.

A compact sensor head based on a scanning force microscope (SFM) using cantilever probes has been
developed [1]. The idea is to replace the microscope objective of a conventional optical microscope by this
compact module and tum the optical microscope into a scarmmg force and near-field optical microscope
with subwavelength resolution (see Fig. /).

The heart of our instrument is the sensor head which replaces one of the microscope objectives in the
turret. Within the sensor head miniaturised mechanical alignment components allow adjustment of both the
optical parts relative to each other and ‘the cantilever holder which incorporates the dither piezo for
dynamic SFM mode. The optical components consist of a number of specially designed mirror optics. In
- the whole sensor head no refractive elements like lenses are used. Therefore it is possible to use the head ~
-.depending on the material ‘of the near-field probe - in a wide spectral range from ultraviolet to the far
. infrared. For illumination of the near-field probe aperture — presently a microfabricated silicon cantilever
probe — the measurement beam from a compact Nd:YAG laser (A-= 1064 nm) is coupled into the back of
the cantilever using our mirror optics. Light transmitted through the small probe aperture interacts with the
sample surface and is collected in transm:ssnon and reflection. .

_ In order to analyze the optlcal mformatxon the microscope is combmed with a Fourier transform
‘spectrometer. To demonstrate the lateral resolution and mechanical stability of the scanning system, we
will present images of two kinds of PL-active semiconductor samples at room as well as low temperatures.
First, images of structures in a metal layer on an InGaAsP wafer surface, fabricated by e-beam lithography,
will be shown. Furthermore, images of self-assembled InAs quantum dots on a GaAs substrate have been

- obtained. The resulting near-field and far-field optical PL spectra achnevcd with the same sensor head will
be discussed. . . :

" Figure 1: Photographs showing views of the sensor head which is pldgged into the inicroséope’s turret.
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Mapping evanescent field of integrated waveguide
with an apertureless scanning near-field optical microscope

. S. Aubert, A. Bruyant, R. Bachelot, G. Lérondel, P. Royer
Université de technologie de Troyes, Laboratoire de nanotechnologie et d’instrumentation optique,
12, rue Marie Curie — BP 2060 — 10010 Troyes cedex - France
.V. Minier
Groupement d’électromagnétisme expérimental et d'optoélectronigue,
16, chemin du vieux chéne — 38240 Meylan — France
J. Broguin

" Institut de Microélectronique, Electromdgnetzsme et Photomque,
23, rue des martyrs — BP 257 — 38016 - Grenoble - France

Advances in integrated optics require new. characterization techniques. Recent works with photoh

". scanning tunneling microscope (PSTM) demonstrated the performance of near-field optical microscopy for

‘waveguide study [1] In this paper we show feasibility of such experiment with an apertureless scanning
near-field optical microscope {2,3,4] (ASNOM).

The evanescent field at the top surface of an integrated waveguide is mapped. The guide has been
realized by ion exchange technology (Ag'/Na") [S). The core, 5 pm wide, is located 2jum beneath the
surface. No topography related to wavegnide is seen as shown in fig 1A. Preliminary results show
unamblguously a mode beating as shown in fig 1B.

The advantages of the ASNOM are discussed notably in terms of resolution and probe features.
Additionally process of image formation is analyzed. Especially fringes pattern appearing in the image (fig
1C) reveals the intrinsic interferometric nature of the signal, due to interference between field scattered by
the tip and the background field related to gmde losses.

y

Figure 1: ASNOM image recorded above an Ag /Na ion exchange waveguxde (20 pm x 85 pm).
(A) Simultaneously recorded AFM image. (B) Near-field optical image of the evanescent field.

(C) Zoomed view (10 pum x 10 pm) of the near-field image showing 45° tilted fringes
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Subwavelength-sized aperture fabrication in aluminum by a self-
, .terminated corrosion process in the evanescent field

: s D. Haefliger and A. Stemmer, - '
Nanotechnology Group, Swiss Federal Institute of Te echnology Zurrch
. Tannenstrasse 3, 8092 Zurich, Switzerland

Broad apphcatlon of aperture scanning near-ﬁeld optlcal microscopy (SNOM) experiences some

. difficulties in producing inexpensive probes of high reproducible quality. Here a simple method to fabricate

* apertures of high quality for scanning near-field optical microscope probes based on aluminum-coated

silicon nitride cantilevers is presented [1]. The process takes advantage of a reliable, one-step, low-power,

*laser-thermal oxidation process of aluminum in water [2]. The fabrication process circumvents the need of

expensive vacuum equipment such as focussed ion beam and reactive ion etching devices, and avoids
complex lithography processes. mcludmg the use of resist layers and etchants. C

" The crucial step of our aperture fabrication method consists of dlrect exposure of an alummum-coated
probe tip to an optical evanescent field that is created at a glass-water interface by total internal reflection
~of a laser beam. The aluminum forms a thin passivating oxide layer (ALO,-2H,0) when immersed into
neutral water at room temperature. By heating the aluminum close to 373 K due to absorption of the laser
" radiation (A’ = 488nm), this passivation thén is inhibited and corrosion of the metal occurs [2]. Due to the
irradiance decaying exponentially with increasing distance from the interface, the evanescent field acts as
heat source of limited spatial extent. The aluminum is removed from the probe tip at the front-most part up
. to a point where the radiation intensity falls below a certain threshold required for corrosion. The extent of
- the evanescent field thus defines the height of the tip, which is uncovered from the aluminum coating. The
self-terminating process yields apertures with protrudmg silicon nitride tips of highly reproducible height
“'(Fig. 1). Control of the tip height is achieved by varying the power and angle of incidence of the laser
- beam, as both define the intensity profile of the evanescent field. The diameter of the aperture depends on
the geometry of the silicon nitride substrate, which is defined by the cantilever fabrication process. A
: remarkably flat aperture rim is observed. We expect this method to be applxcable to probes made of
polymers, as the process temperature does not exceed 373K, 7 : S

The suxtabxhty of the aperture probes for SNOM :magmg is verified on a hlgh-contrast topography-free
test sample [3]. Near-field optical resolution in transmission mode of 85 nm is achieved.

Figure 1: Lateral view of SNOM probe tips. a) Unprocessed probe. Probes in b) and c) are fabricated at a
laser incidence of 63° exposed 10 sec. and 15 sec. to the evanescent field (peak intensity: 2.5 mWipm’).
The protruding silicon nitride tips both measure 20 nm, providing evidence for the self-terminating .
property of the process. d) A lower angle of incidence of 62° produces an evanescent field of higher
. penetration depth resulting in a longer protrusion of 30 nm height (aperture diameter is 38 nm).

References

[1] D. Haefliger and A. Stemmer, Appl Phys. Lett., inpress . ..
{2] D. Haefliger and A. Stemmer, Appl. Phys. A 74, 115 (2002).
[3]1T. Kalkbrenner,M Graf, C. Durkan, J. Mlynek, and V. Sandoghdar Appl. Phys. Lett. 16, 1206 (2000)

57




Monday afternoon. Huble auditorium.

58

Study of the influence of the optical impedance matching onto Near-
Field Optical Microscopy Imaging in Polarisation mode

A. Gademann, 1. V. Shvets, Trinity College Dublin, Physics Department, Dublin 2, Ireland.
C. Durkan, University of Cambridge, Department of Engzneermg Trumpington Street
Cambridge CB2 1PZ, United Kingdom.

Here we report results of dependency of near field optxcal 1mages on polansatlon of light and optical
impedance matchmg between the probe and the sample

Our instrument is a reflection mode Scanmng Near-Field Optical Microscope (SNOM) operated with a
635nm diode laser. The feedback system is based on shear-force measurement method proposed by Kantor
et al [1)‘and uses a piezoelectric tumng fork with one arm fixed to the base as a sensing element. The
detection part is based on an elliptical mirror, the sample and tip are located in one of the focal points and
the photo multiplier tube is in the second one, as proposed by C. Durkan [2]. The controller records two
images simultaneously, one topographic image and one optical image. This makes it easier to separate real
optical information from topography contrast.

The sample used was an array of metal lines (Cr, Au) on glass with a width of 1000 nm and separation
in the submicrometer range. The sample effectively forms an optical electromagnetic transmission line and
we can therefore monitor the optical coupling from the SNOM probe into individual transmission lines.
Transmission lines can support three types of electromagnetic modes: Transverse Electric and Magnetic
(TEM) at any frequency, and also Transverse Electric (TE) and Transverse Magnetic (TM) modes above
the cut-off frequency. The cut off frequency is determined by the separation between the lines. Due to the
cut-off frequency the sample could only support TEM modes, at the wavelength used in the experiment:
635 nm. In this study we investigated what effect light with a polarisation perpendicular and parallel to the
line has on the recorded image. The effect was explained by optical coupling from a wavegmde into a
transmission lme dependent on the impedance mismatch [3,4].

The work presented here shows influence of the line spacing on the couphng of light from SNOM probe
to the transmission line. This is done by using samples with dlﬁ'erent size line spacmg and therefore having
a range of values of optical impedance. ;

Results on both types of samples will be shown and analysed. This study shows that the theory used for
describing microwave structures can be adapted to optical frequencies. This should improve understanding

of the near-field regime and can be of i unportance for development of unconventional probes for Scanning
Near-Field Optical Microscopy. .
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Highly efficient near-field prubes

Shu-Guo Tang Tom D. Milster, Optical Data Storage Center/ Optical Sciences Center, University of
- Arizona, Tucson, Arizona, 85721, USA .

Both solid immersion lenses (SIL) and aperture probes are currently being developed as near-field
techniques to be used in optical data storage systems {1], [2]. SIL systems, while offering substantially
improved spot size, do not have the resolution observed from aperture probes. However, aperture probes
suffer from low throughput, limiting the optical efficiency. This paper presents a new technique that
combines a SIL and a dielectric aperture probe. The combination aperture can achieve higher performance
(in terms of spot size and efficiency) for optical data storage and mrcroscopy than those observed when the
SIL or the aperture probe is used alone

~ The basic geometry of the combmatlon aperture isa comcal drelectrlc probe attached to the bottom ofa
SIL with refractive index 1.843. As shown in Fig. 1(a), light from an objective lens of 0.5 NA is focused
‘through the small aperture probe and propagates to the recording layers. The entrance diameter and the exit
diameter of the probe are 320 nm and 200 nm, respectwely The probe height is 400 nm. Details of the
probe design can be found in Reference [3]. We use a 488 nm wavelength Argon laser as the light source,

and thus the effective NA ( NAger ) of the APSIL is 2.4.

- Our prior experiment demonstrates that the APSIL éxhibits a resolution of 200 nm full-width 1/ €* spot
size, 50% optical efficiency in reflection and high-density recording capability [4]. Figure 1(b) shows three
series of marks written with spacing of approximately 1 um along the vertical groove wall of the recording
medium by the systems of combination aperture, far field and SIL, respectively, when using a Imw at 1ms
pulse. ~ 300 nm diameter marks can be recorded from the combination aperture system, which are smaller
than those from the systems of far-field and SIL. In fact, our recent experiment result shows as small as 100
nm diameter marks can be recorded in an optimal wrrtmg condition of the polarization and the focus
position. In addition, the modulation transfer function (MTF) of the - combination aperture system is
obtamed expenmentally The cut-off frequency is. well beyond 4 pm : .

vertical

combination far field SiL
aperture - mark diameter mark diameter

. mark diameter. ~ 750 +/- 80 nm ~ 500 +/-60 nm

- ?~300+l-60nm

Frgurel (a) Geometry of a combination’ aperture (b) Data mark recordmg from the
systems of combination aperture far-field and Sil.
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Experimental Studiés of Surface Plasmon Polariton
Band Gap Effect

V. 8. Volkov, 8. I. Bozhevolnyi,
Institute of Physics, Aalborg University, DK-9220 Aalborg, Denmark.

Surface plasmon polaritons (SPPs) represent quasi-two-dimensional waves, which can exist at a metal-
dielectric interface. The SPP fields decay exponentially into both media and exhibit an extremely high
sensitivity to interface properties. Given the variety of photonic band gap (PBG) structures (composed of
regions with' periodic modulation of refractive index) developed for light control, one may suggest to

-employ periodically located surface scatterers for the SPP control and manipulation. The SPP band gap

(SPPBG) effect [1] and the SPP guiding [2] along line defects in a periodically corrugated gold film surface
have been recently demonstrated by use of near-field optical microscopy. Here we report the results of our
further investigations of the SPPBG effect.

Using near-field optical microscopy, we investigate the reflection of SPPs propagating at corrugated
gold-film surfaces with areas of surface scatterers arranged in triangular lattices of different periods (520
nm, 480 nm, 440 nm, and 410 nm) and their guiding along straight 20-um-long line defects. The obtained
results reveal the dependence of the manifestation of the SPPBG effect (SPP reflection and guiding) on the
parameters of the surface structures (period, fill factor and the lattice orientation). We found that the
SPPBG effect is stronger along GK direction for all investigated periodic structures. Our results

- demonstrate that the SPPBG effect becomes less pronounced with the decreasing of the fill factor and
.. disappears for the fill factor less than 0.2. We show also that the center of the SPPBG shifts towards shorter

wavelengths with the decrease in the lattice period. Typical results demonstrating the SPPBG effect for a
520-nm-period triangular lattice of gold scatterers are shown in Fig.1. Pronounced SPP reflection by the
periodic surface structure together with the efficient SPP guiding along line defects along GK direction is
seen on the near-field optical image taken at A=740 nm (Fig.1b). It is also seen that the SPP guiding along
defects and attenuation inside the SPPBG structure gradually deteriorates with the decrease (not shown)

“and increase of the light wavelength (Fig.Ic).

Figure 1: Gray-scale (a) _topogfaphical and near-field optical images (24 X 24 um®) taken with the incident
(from below) SPP being resonantly excited at (b) 740 nm and (c) 842 nm.
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Quantitative fluorescence microscopy on single molecules at the cell
membrane performed with a near-field scanning optical microscope.

Barbel I. de Bakker, M.F. Garcia-Parajé, N.F. van Hulst, Applied Oftic;s' group &MESA+ Research
Institute, University of Twente, P.O. Box 21 7. 75004E Enschede The Netherlands.

F. de Lange A. Cambz, BJoosten. C.G Fzgdor, Tumor ImmunologyLaboratory.
Umversrty Hospital Nijmegen, The Netherlands

The statement scxennﬁc hfe is complex holds i in general but apphes especxally to blologlcal processes.
The recent trend in Biology to turn from macro- to nano-science e.d. from bulk to single molecule studies
,‘wnll help in unraveling these complex and highly diverse mechanisms. We use near-field scanning optical
. microscopy (NSOM) to reveal the assembly and functioning of individual bio-molecules.
. The molecules of our interest are trans-membrane proteins, LFA-1 and DCSIGN, which are present on
the surface of T- and Dendritic-cells. These cells defend our body against bacteria and viruses. Activation
of the trans-membrane proteins at the cell membrane ensures well-directed traveling of the cells from the
blood stream to the place of infection and signaling to other cells to eliminate the invaders. It is thought that
LFA-1 and DCSIGN mediate the process of cell- traveling and -signaling by changing their distribution and
assembly on the membrane. The questions to address are: how are LFA-1 / DC-SIGN —proteins distributed
on the cell membrane? And, what is their packing density both in activated and non-activated state? For.
visualization, the proteins are fluorescently labeled in two ways: fusion to the green fluorescent protein or
by external CyS-antlbody labeling.
Our setup is a combined near-field- and confocal- scanning optical microscope with a large scan range
(40 x 40 x 26 pm in x,y,2). The confocal part of the setup is used to get a general view of the cell under
. study. Then the near-field probe is positioned to the place of interest. The high spatial resolution provided
by NSOM allows studymg the stoichiometry of single proteins present at the membrane. The advantages of
. NSOM over confocal mncroscopy are the higher spatial resolution and the small excitation volume, which
_reduces the cell background (1 Besides single molecule sensitivity the setup allows multi-color excitation
and —detection, useful to. simultaneously co-localize different molecules. In addition, polarization sensitive
detectxon provides mformanon about the three-dimensional orientation of individual molecules.-
Here we will present our most recent results of quantitative fluorescence microscopy obtamed with
- NSOM. We will discuss the distribution of individual proteins at the cell membrane and a quantitative
analysis of the mdxvxdual components within clusters of proteins.

Confocal |
¥

) 18 pm -3 )

Figure: The right image is a bright field image of a dendritic cell. The confocal image in the middle shows
Cy5-labeled proteins at the cell membrane. A zoom in with NSOM provides both a topographical and an
optical image as shown in the two 1mages on the leﬁ s1de The opucal NSOM 1mage shows ﬂuorescent
spots with a FWHM of 75nm :
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Novel Neér-_ﬁeld Aperture on the AgO, Thin Film

Fu-Han Ho, Hsun-Hao Chang, Yu-Hsaun Lih, Din-Ping Tsai
Department of Physics, National Taiwan University, Taipei 10617, Taiwan

For near-field scanning optical microscopy (NSOM), “aperture” is needed.as a collector or an emitter
to probe into the near-field zone with spatial resolution beyond the diffraction limit. A new and better way
to have some kind of the aperture is then always requested by the further applications of the NSOM. In this
paper, AgO, thin-film with 15nm thickness was studied for its capability of generating an effective aperture.
We investigate the optical properties and structure changes of the AgO, film. An optical static tester that is
an optical microscope -with a reflection-mode pump-probe system and CCD [1] was used for our

-experiments. For the AgO, films with one interface in air, we found two kinds of structures produced by

different input energies. The local changes of the film by focused laser beam were imaged directly by CCD
and SEM. Figure 1(a) showed a crystalline dot can'be found at the film when the laser energy in the range
of tens milliwatts (mW), and the pulse duration around hundreds nanoseconds (ns). After the increasing of
the pulse duration above thousands of nanoseconds (ns), a ring (or hole) can be produced as shown in Fig.1

{(b). The sizes of both structures were not clear on the images of the CCD due to strong scattering, however,

the SEM mxcrograph showed the sizes of both structures could be less than 100 nm individually. Results
demonstrated the sizes of them could be controlled by the input laser powers and pulse duration. The
reflectance of both structures can be extremely high at proper laser power, but they behaved differently.
Similar results were found on the AgO, films sandwiched by protection layers.

Productions of the dots or rings (or holes) shown in the Fig. 1 may be considered as a nanoscatters or

nanoaperfures at the nanometer thin film. Applications of these “apertures” on the near-field optical

recording has attracted manifold attention recently [2,3). Our experiments have successfully demonstrated
that AgO, thin-films can work as a maskmg or active layer in a near-field optical disk [4]. The carrier-to-
noise ratio (CNR) of the 100 nom mark size can be more than 20dB. We have also found the properties of
photonic switch and amplifier on making an artificial structure of Ag dots on AgO, nanometer thin film.
Results showed the switching time of these structures were in'the range of the microseconds. The unique
local optical interactions and thermal propesties of the AgO, thin films may have great potential for various
applications on submicron photonic devices.

(b)

Figure 1: SEM micrographs of (&) crystalline dots formed on the AgO thxn-ﬁlm (b) rings (or holes)
structures.
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Unraveling the fluorescence emission of the red fluorescent protein
‘DsRed‘ using NSOM

M. Koopman, E. M H P. van Dyk M. F. G'arcm—Parajo and N.F. van Hulst
Applied Optics group, MESA® Research Institute & Faculty of Applied Physics, University of Twente,
. P.O. Box 217, 7500 AE Enschede, The Netherlands

The green fluorescent protein from the Aquerea victoria (avGFP) and its mutants have become invaluable
markers for monitoring protein localisation and gene expression in vivo. The main advantage of all these
" naturally fluorescent proteins is that they provide visible strong fluorescence that can be genetically
encoded into many other proteins. Recently, a new red fluorescent protein (DsRed) from the coral
Discosoma was cloned [1]. DsRed has an emission maximum at 583 nm, exhibits bright red fluorescence
_and is highly resistant against photobleachmg In combination with other GFP mutants, DsRed appears to
“be ‘excellent candidate for multicolour labelling and fluorescence resonance energy transfer (FR.ET)
applications. However it has become clear that the protein forms closely packed tetramers and there is
mdlcatlon for mcomplete protein maturation w1th unknown proportion of immature green specnes [2 3]

We have applied a smgle molecule sensitive near-ﬁeld scanning optlcal microscopy (NSOM) to
elucidate the nature of the fluorescence emission in the DsRed. The NSOM is well suited for this study,
because the evanescent excitation enables us to minimize the background from the thick aqueous gel in
‘which the proteins are ngndly embedded. Therefore we are able to collect the ﬂuorescence emission of
individual DsRed molecules in time using excitation powers lower than 500 W/cm?, which minimises the
risk of premature bleaching. The time trajectories clearly show different discrete levels, an indication of the

. tetrameric nature of DsRed. In addition, we have excellent control of the excitation/ detection polarization
50 we ‘can determine the relative emission dipole and thus onentatnon of all subunits. We use this
information to reveal the type of interaction between different components of the tetrameric unit. Our
results indicate that energy transfer between identical monomers occurs efficiently with red emission
arising equally likely from any of the chromophonc units. Photo-dlssocmtxon of one of the chromophores
‘weakly: quenches the emission of adjacent ones. Dual colour excitation (at 488 nm and 568 nm) single
molecule microscopy has been performed to reveal the number and dlsmbutlon of red vs..green species
within each tetramer. We find that 86% of the DsRed contain at least one green species with a red-to-green
ratio of 1.2-1.5'[4]. Based on our findings, ohgomer suppression would not only be advantageous for
~protem fusnon apphcatwns but would also enhance the ﬂuorescence properties of individual monomers.
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Flgure 1: Fluorescence time trajectory and dlstnbutlon of red versus green species m the DsRed tetramer
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Nanometer-sized Metal Clad Optical Waveguldes

T Onuki, T. Tani, T. Tokizaki,
National Institute of Advanced Industrial Science and Technology, Tsukuba, Ibaraki 305-8568, Japan.

Y. Watanabe, K. Nishio, T. Tsuchiya,
1 Tokyo University of Science, Noda, Chiba 278-8510, Japan.

The cross sectional size of a conventional waveguide is restricted by the diffraction limit. To overcome
the limit, the utilization of metals as the core or the clad has been proposed [1]. In the waveguide with
metal, light field couples with the surface plasmon on the interface between the metal and a dielectric
material. - The coupled mode (surface plasmon polariton:  SPP) can propagate in the waveguide, even
though the core size is much smaller than the wavelength. We have realized a structure of nano-
waveguides using anodic oxidation with a scanmng near-field optical microscope (SNOM) [2], and also
confirmed the SPP propagatxon in the waveguide using the same SNOM.

A nanometer-scale core is fabricated by anodic oxidation using a SNOM probe tip on a composne metal
film, which consists of a 30-nm-thick titanium (Ti) film on a 30-nm-thick silver (Ag) film. When the
positive bias voltage (V) is applied to the sample against the tip under the tip approaching, the metal film
is locally oxidized under the tip.” The thickness of the oxide can be controlled by changmg V- F1g 1(a) is .
the AFM image of the oxide (TiO,) structure as a waveguide core, which was fabricated by moving the tip
* with the speed of 10 nm/sec and V,, of 30 V. The length, the thickness and the width are 6 um, 70 nm and
350 nm, respectively. Since the bottom of the core contacts the Ag layer, the SPP is excited .on the
interface between the TiO, core and the Ag clad layer. In order to observe the SPP propagation, we
fabricate a dot-like structure at the left end of the waveguide with a higher bias voltage. At the dot
structure the Ag layer may be oxidized, and the signal light converted from the SPP is scattered from the
hole in the Ag layer.

The waveguide is observed by transmission mode SNOM. Figure 2(b) shows the SNOM image using
light with the wavelength of 532 nm and the polarization parallel to the waveguide, and Fig.3 shows the
intensity profile along the waveguide. The transmission change (AT/T,) increases along the waveguide
toward the dot structure. This behavior is understood by the SPP propagation: The SPP is excited by the
near-field on the aperture of the SNOM tip, and is propagated in the waveguide. At the dot structure, the
SPP is scattered and converted to the signal light. When the probe tip is closer to the dot structure, we
expect stronger signal because of lower propagation loss. Subtracting the background signal that is directly
incident from the tip aperture to the detector, we can fit the behavior by an exponential curve (dashed line)
and estimate the propagation length of the SPP of 2 um. We have already measured the propagation length
of 6 um at the wavelength of 830 nm [2]). The wavelength dependence is understood by a numerical
simulation taking account of the dispersion of the SPP.
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Fig.2 Intensity profile of SNOM 1mage along the wavegu:dc
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‘Watching Single Molecule DNA Synthesis wnth
Zero-mode Waveguides

M. Levene,J Korlach, S. Turner, H. Craighead and W. W. Webb
Apphed and Engineering Physicss, Cornell Umverstty Ithaca, NY
14853

The ability to observe the synthesis of a single molecule of double-stranded DNA from a single-
* stranded template constitutes a rapid and robust technique for DNA sequencing as well as providing a
platform for basic research into the kinetics of the underlying enzymology. An effective system requires
the development of fluorescent nucleotide analogs that are compatible with DNA polymerase and an
.optical system  capable of observing individual nucleotide incorporation events in the presence of
‘micromolar ligand concentrations. Such high concentrations of nucleotides are required to maintain the
proper functioning and processivity of the polymerase, allowing for read lengths of up to a megabase.
Typical far-field observation volumes are 1000 times larger than required for adequate background
rejection, and conventional near-field approaches may suffer from low optical efficiency and non-trivial
extensions to a highly paml]el system. We have developed a simple system to achieve sub-wavelength
" observation volumes using zero-mode waveguides comprised of small holes in a metal film. In this case,
~ the core of the waveguide contains the solution under study, and the surrounding metal film forms the
cladding. Metal-clad waveguides with lateral dimensions far below the threshold for optical propagation of
a single mode permit only evanescent light penetration a few tens of nanometers into the guide. For 50nm
- diameter circular waveguides, the entire volume of illumination near the entrance pupil of the guide is on
the order of tens of zeptoliters (107 1), 10,000 times smaller than that of a typical high numerical aperture
. objective. Such small volumes enable single molecule observation even of micromolar solutions of
" fluorescent species ‘present in - the -core “of the waveguide. The typical setup for using - zero-mode
waveguides is shown in figure 1. Using these waveguides and suitable fluorescent nucleotide analogs, we
observed DNA polymerase activity appropriate for single molecule sequencing. This work was supported
by DOE grant DE-FG02-99ER62809, NSF grant DBI-0080792 and NCRR-NIH grant P41<RR04224.

- Solution Containing FIuOrescéhf Nucleotide Analogs

Objective

¢

Dichroic Mirror ~ * *

: ‘fmuminationi :

Collected Fluorescence

Figure 1: Optical system for single molecule DNA sequencing.
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Plasmonic Band Gap Structures as Spatial Sine Wave Generators

- S. C. Hohng, Y. C. Yoon, and D. S. Kim
School of Physics, Seoul National University, Seoul 151-742, Korea
V. Malyarchuk and Ch. Lienau .
Maz-Born-Institute fiir Nichtlineare Optik und Kurzzeitspektroskopie, D-12489 Berlin, Germany.
J. W. Park and J. H. Kim
Korea Research Institute of Standards and Science, Yunsung, P. O. Box 102, Tae]on 305-600, Korea.

Q. H. Park
Department of Physzcs, Korea Umvers:ty, Seoul 186-701, Korea ~

Recently, Ebbesen et al {1} showed that metal films pnnctured with periodic hole arrays permit a dra-
matically enhanced transmission of light near surface plasmon (SP) resonances. In this contribution, we
demonstrate that the Ebbesen structure, under certain conditions, can be used as a spatial sine-wave genera-
tor in the far-field regime. The complicated near-field pattern becomes drastically simplified in the far-field,
because only the zero-th and the first diffraction order of the grating contribute.

“We employ a near-field scanning optical microscope in the transmission geometry to study a gold film
grown on a sapphire substrate, punctured with a periodic array of holes with 200 nm diameter and 770
nm period. Fig. 1(a) shows a topography of our sample taken with a metal-coated tip with a sub-100 nm
resolution. ' We excite the sample near the air-metal [1, 0] SP résonance. A complicated near-field image
is shown in Fig. 1(b), arising from a coherent superposition of plasmons assiocated with many different
diffraction orders of the grating. As we increase the tip-to-sample distance z, the complicated pattern
quickly becomes sinusoidal within a distance of 1-2 wavelengths as shown in Fig. 1(c). The orientation
of the stripes is perpendicular to the polarization direction, and the cross-sectional scan shown in Fig. 1
(d) displays a nearly perfect sinusoidal behavior. This spatially sinusoidal pattern can persist up to z=15
4 when the spot size is 30 u. The far-field pattern, at normal incidence, becomes homogeneous when we
increase the excitation wavelength { Fig. 1(e)).

As we deviate from normal incidence, the sinusoidal pattern can persist to longer wavelengths, which
suggests possible contributions from half-wavelength diffraction modes. Our results show that the plasmonic
band gap structure can be an efficient, polarization-controlled, spat,lal sine-function generator that can be
very useful in the lithography of periodic patterns.

(b)

(d)

z-4 z=4
A=760 nm x_7so nm A=800 nm

Figure 1: (a) AFM image of our sample (b) A near field scan image at A = 760nm. (c) A far field scan
at z=4 p. arrow=polarization direction. (d) cross sectional scan of (c). (e) A far-field scan at z=4 p and
A = 800nm
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Surface-Enhanced Raman Spectroscopy of Single Biomolecules

Thomas Huser, Chad E. Talley, Christopher W. Hollars
Dep. of Chemistry and Materials Science, Lawrence Livermore National Laboratory, Livermore, CA 94550

Stephen M. Lane
Dep. of Physzcs and Advanced Technologies, Lawrence Livermore Nattonal Laboratory, Livermore, CA
, 94550

Surface-enhanced Raman spectroscopy (SERS) using single metal nanoparticles adsorbed onto a solid
support provides a unique tool for investigating biological systems. - Biological molecules such as amino
acids, nucleic acids;, DNA and proteins are attached to the metal nanoparticles using thiol chemistry to
- confine the molecules to the surface in a well-defined orientation. By carefully selecting the molecular
_orientation with respect to the nanoparticle surface, specific interactions, such as protein conformational
-changes and protein-protein association, can be monitored through their Raman spectra. Additionally,
-dynamics on the millisecond timescale are characterized using a single channel photodetector to monitor
‘distinct Raman frequencies that correspond to specific molecular orientations or. binding events. ‘Results
from these studies at the single molecule level will be reported and progress of their apphcatlon to single
' cells wxll be discussed. : . , G

™
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_ Surface Plasmon Propagation in Structured Metal Films

Jan Seidel, Stefan Grafstrém, and Lukas M. Eng
Institut fiir Angewandte Photophysik, Technische Universitit Dresden, D-01062 Dresden, Germany
- jseidel@iapp.de, www.iapp.de

Propagation of optical-frequency surface plasmons at metal / dielectric interfaces as well as their interaction
with defined surface structures are of interest for applications in integrated optics. Investigations concerning the
_propagation of such surface excitations and their physical characteristics when interacting with well-defined
surface structures are presented. Near-field optical methods are needed to directly reveal the properties of these
travelling surface waves, such as the optical transmission across barriers of defined width (see figure) or the
-coupling to free-space electromagnetic waves. These characteristics can be immediately determined using an
attenuated—total-reﬂectlon (ATR) excitation set up together with fiber probes for near-field optical detection.
* We show results for various structures written into a silver film with a focused ion beam (FIB). Additionally the
- influence of different types of near-field probes (metallic versus non-metallic) on both surface plasmon imaging
and scattering is discussed.

Agfilm —__}

glass ;\
500nm —
LR

Figure: A groove measuring 500 nm in width in a thin silver film (60 nm thickness) showing reflection (inter-
Jerence pattern) and transmission (about 75% of the incident intensity) of the surface plasmon, ,
which was excited at 633 nm. The propagation direction is given by the surface plasmon wave vector
k//.
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The observation of PC12 with Nonoptically Probing Near-Field Microscopy

Y Kawata, M. Murakami, and C. Egami .
Shizuoka University, Department of Mechanical Engineering,
. . Johoku, Hamamatsu 432-8561, Japan
E—mall kawata@eng shizuoka.ac.jp
T. Tsuboi and S. Terakawa
Hamamatsu Umverszty School of Medzcme Photon Medical Research Center
_ Handa, Hamamatsu, 431-3192, Japan

~ We have developed the nonoptlcally probmg near-ﬁeld mncroscope by usmg organic films
as a detection system of light distribution. In the system the optical ﬁe]ds near specimens are
converted to the topographlcal change of a photosensmve ﬁlm and then the topography of the
film is detected with an atomic force microscope (AFM) Urethane-urea copolymer films are
used for the conversion material from the optical fields to the topographical change. Since the
developed techmque does not require the scanmng of a probe tip, it is possible to observe of
living or moving biological spectmens or very fast phenomena. We have succeeded in imaging
of biological specimens with the resolution of subwavelength resolution [1,2].

We observed rat pheochromocytoma cells (PC12) as specimens. PC12 cells were cultured on
an urethane-urea copolymer film. “The growmg process of neurites, after nerve growth factor
(NGF ) was given, was imaged with the developed technique, We also tried to observe exocytotic
response, depolanzmg stlmulatlon was given by applying a solution with high concentration of
KCl. - Figure ‘1 :shows a typical image of differentiated (NGF-treated) PCI2 cells. We also
observed many granules (< 350 nm in dlameter) Wthh were emitted termmal e

[ 1: Differentiated PC12 cell | [ 2: Observation of a neurite
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A Light Source for Nano-Optical Devices
:Electric Current Excitation of 2-Dimensional Optical Wave in Nano Metal-Gap

J. Takahara', A. Eda’, K. Nakamura®, M. Yokoyama’ and Tetsuro Kobayashi'
'Osaka University, Graduate School of Engineering Science, T oyonaka, Osaka, 560-8531, JAPAN.
2Osaka University, Graduate School of Engineering, Suita, Osaka, 565-0871, JAPAN.
E-Mail: takahara@ee.es.osaka-u.acjp

We have proposed “low-dimensional optical waveguides™ theoretically in order to guide nano-sized optical
beam (<<A)[1]). Low-dimensional optical wave is the key concept for realizing nano-optical devices. The
drawback of low-dimensional optical waveguide is a difficulty to excite suitable mode for the formation of
nano-sized optical beam. This is because wavenumber & and mode profile of low-dimensional optical wave
are different from 3-dimensional (3D) optical wave, 1 e. propagating light wave in free space.

" The purpose of this study is to propose the excitation method for _low-dxmensxonal optical wave. In this
paper, we propose a new kind of light source for nano-optical devices, i.e. a source of low-dimensional optical
wave, and report the experimental results. We have reported that 2-dimensional (2D) optical wave can be
guided along microstructures embedded in nano metal-gap [2]. Metal-gap structures are thought to be 2D
optical waveguides or the waveguides of a coupled mode of surface plasmon polariton (SPP). Here, we
propose a metal-gap structure including lominescent materials as a source of 2D optical wave. Besides, we
report the experimental results of novel light emission from the 2D optical wave source.

The metal-gap structure including luminescent materials is shown in Fig 1, where 100nm-thick organic
heterostructure is sandwiched by Au and Mg/Ag layers. The luminescent materials of o-NPD and Alq; are
known as organic LED materials. Broad-spectrum light emission (Ag=450-700nm) with the peak position of
Ao=509nm was observed by applying voltage to metal (~20V). The polarization of the light emission was
measured at Ag=490 and 550nm as shown in Fig. 2. TM polarization, i.e. electric field was perpendicular to

the interface, was observed at Ag=550nm although the emission at Ag=490 nm was not polarized.

Propagation mode analysis shows that Fano mode (TM) is the dominant propagation mode at A¢=550nm
although propagation modes of 3D optical wave are prohibited due to cut-off. Therefore, such polarization is
attributed to the direct excitation of 2D optical wave by electric current. These structures are applicable toa
low-dimensional optical wave source in nano-optical devices in the future.

Ao=550mm

T T R P

11 490nm
[ B 1 [ T T
0 30 60 90
. ,  Angk 6 Qegree)
Figure 1: Cross sectional view of metal-gap structure Figure 2 : Polarization of the emission -
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Fluorescence Apertureless Near—ﬁeld Optlcal Mlcroscope for Blologleal
' Imaging

J. M. Gerton, L. A. Wade, G. A. Lessard, and S. R. Quake,
Calj forma Instltute of Technology, Applied Physics Department Pasadena, CA
: 91125.

An apertureless near-field optical microscope has been developed with resolution better than 30 nm.
The apparatus combines an epifluorescénce microscope and an atomic force mlcroscope (AFM) to obtain
optical contrast with resolution limited by the sharpness of the AFM probe. The mlcroscope is being
developed to probe single fluorescent molecules which are convenient and ubiquitous labels in biological
systems such as DNA and proteins.- Smgle molecule targets will also serve as optical point-sources for the
uneqmvocal measurement ‘of the microscope resolution. In" order to -optimize the sensitivity of the
microscope toward the single molecule level, 20 nm diameter fluorescent particles of organic dye have
been used as targets in a variety of studies. Optical images of these particles are broadened to 40 — 50 nm
FWHM, yielding a resolution no worse than 30 nm.. Significantly, AFM images of these particles are
broadened by the same amount due to tip-shape artifacts which result from probing an object that is
macroscopxc on the scale of the AFM probe.

In prewous work [l], we showed that opncal contrast is provided by a modulation of the fluorescence
rate when a metal-coated AFM: probe is brought into the near-field of an illuminated fluorescent sample. A
two-dimensional optical image is generated by rastering the AFM probe, in tapping mode, over a surface
on which the sample resides, while sxmultaneously collecting fluorescence and probe-tip location data. The
physics of the optical contrast mechanism is being investigated by comparison of the optical modulation
amplitude under different illumination conditions. In particular, both evanescent and non-evanescent fields
of varying polarization will be used. The results of these studies should help to distinguish two possible
sources ‘of the optical contrast: non-radiative coupling of the fluorescent sample to the AFM probe, and
perturbation of the illumination-laser field by the AFM probe. Such insight should aid in optimizing the

sensitivity of the mxcroscopc, so that it may be used at the single-molecule level and applied to a wide

range of problems in blology and other fields, such as proteomics and molecular-scale electronics.
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NEAR-FIELD OPTICS AND QUANTUM OPTICS AN
ASSIGNATION ARRAN GED BY FOUR KIND OF PHOTONS

Ole Keller
 Institute of Physics, Aalborg University
Pontoppidanstrede 103, DK-9220 Aalborg @st, Denmark
e-mail: okeller@physics.auc.dk

In quantum optics information on the electrodynamics of atoms, molecules, mesoscopic particles, - - -,
usually is obtained through correlation measurements performed far from these objects. In the far field the
statistical response of the detector in principle gives an unambiguous fingerprint of the quantum statistics of
the source particle, possibly blurred by the vacuum fluctuations in the field. The “only” role of the photon
is to transfer the information between source and detector (with the vacuum speed of light) [1].

- Photons emitted from an atom statistically are born not only inside the atom but also in the entire
near-field zone of the atom. In near-field optics we normally study optlcal interactions on semiclassical
ground, i.e. without quantizing the electromagnetic field.

In the present communication I shall describe recent theoretical efforts to understand qua.nt.um optical
correlations in the near-field zone of a source particle. In this zone the space-time birth domain statistics
of the photon is mixed with the quantum mechanical statistics of the source particle. The four kind of
photons (scalar, longitudinal, two transverse) appearmg ina mamfestly invariant relahvxstlc description [2]
all participate in the correlation.

It appears that information on the spatial localizability of photons {3}-[7], and on single-photon tunnel-
ing might be obtained from near-field correlation studies. Also a novel view on polychromatic photon wave
mechanics [3, 5, 7], and on the position operator problem for photons seems to emerge in the horizon.
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‘Spontaneous coherent emission of li‘g'ht &

R. Carminati, K. Joulain, J.P. Mulet and J.J. Greffet®
Laboratoire EM2C, Ecole Centrale Paris, :
CNRS, 92295 Chatenay-Malabry Ceder, France
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- The Institute of Optics, ‘Rochester, NY 14627, USA "

- It is usually taken for granted that light spontaneously emitted by a thermal source such as a light bulb

' is spatially mcoherent In other words, it is generally assumed that fields produced by dlfferent points of a
“thermal source cannot interfere. By contrast, different points of a radio antenna emit waves that interfere

constructxvely in paxtxcular directions producing well-defined angular_lobes. - The intensity emitted by a

* thermal source is the sum of the intensities emitted by different points so that it cannot be directional.
“Thus, the difference in directionality of light emltted by a laser and a thermal source is a direct consequence
“of the difference of spatial coherence of the fields in the plane of the source.- Since the currents generat-

ing the thermally emitted fields are due to uncorrelated random thermal motion, it seems that a thermal
:source cannot be spatially coherent or directional. However, it has been shown recently by Carminati et

al. (1999)[1] and Shchegrov et al. (2000) [2] that the field generated by a plane interface at temperature
T may have a large coherence length and can be quasi monochromatic in the near-field. In other words, a
thermal source is partially coherent in the near-field.

" This paves the way for the construction of a thermal source that could radiate light within narrow an-
gular lobes as an antenna instead of having the usual quasi lambertian angular behaviour. In this paper, we
will report experimental measurements demonstrating that it is indeed possible to build an infrared antenna
by ruling a grating on a polar material such as’a semiconductor[3]. Such an antenna radiates infrared light
in a narrow solid angle when it is heated as shown in Figure 1. This is a signature of the spatial coherence
of the source. We will discuss the physical origin of the spatial coherence of the thermal source. We will
in particular show that this effect is due to the excitation of a surface phonon-polariton, a mixed vibration
which is half a photon and half a phonon. '

Another rema.rkable property of this source is that the emissivity is enhanced by a fa.ctor of 20 compared
to the emissivity of a flat surface. No ‘enhancement is observed for s-polarized light. Finally, we will show
that the emission spectrum depends on the observation direction. This behaviour was first predicted by E.

- Wolf.[4] as a consequence of spatial correlations of random sources. ‘This behaviour is trivial for coherent

sources like an antenna but has been observed so far only for secondary partially coherent sources.

All the above propertlw are fundamentally related to the surface~phonon polariton and can be summa-
rized by its dispersion relation. We will report measurements of the reflectivity spectra that allowed us to
measure the dispersion relatlon[3] Using this dispersion relation, we will discuss: ‘possible applications to
the design of efficient photovoltaic cells, infrared sources in the far field and in the near field and enhanced
radiative heat transfer at short distances. :
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Principle of apertureless near-field optical microscopy: Tip
vibration and
global -illumination

R. sz'm D. Ba'rchzesz, P. Royer
Université de Technologie de Troyes, Nanotechnology and Optical Instrumentation Laboratory (LNIO)
12 rue Marie Curie - BP 2060 - FR-10010 Troyes cedex

Apertureless scanning near-field optical microscopy (ASNOM) involves an interaction of a thin metallic
tip near the sample with the incident light. Therefore the perturbation of the probe on the detected near-field
is no more negligible {1]. Modulation of the probe position relative to the sample is used to separate the
tiny near-field signal from the background. The modulated signal is measured using lock-in detection and
multiple of the modulation frequency are available. A theoretical study of the tip modulation has been
recently performed [2] (and Refs. therein) but the experimental field used in that paper is nonphysical and
is not modified by the presence of the probe.

Here, we study numerically two-dimensional ASNOM by ta.kmg into account the real vibration and
scanning of the tip. Finite element calculations of the detected signal was performed to investigate f, 2f
and 3f detection, and Total Internal Reflection illumination (TIR) condition as well as External Reflection
illumination (ER). .

We demonstrate that the perturbation of the probe on the far field detected sxgnal differs strongly in
both cases. Moreover, the modulation of the probe position cannot be considered separately from the near-
field diffracted by the sample, especially if it is made of resonant particles. The finite element approach
with excitation or forcing function term enables a physical description of the detected intensity level [3].
Moreover, adaptative mesh enables error and computer memory control.

Figure 1: Intensity in ASNOM with TIR and ER illumination.
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A Novel Scannmg Near-Fleld Mlcrowave Mlcroscope

Steven M Anlage Ati if Imtiaz, Sheng-Chzang Lee and AIexandre Tselev
Center - for Superconductivity Research, Physics Department,
University of Maryland,

College Park, MD 20742-4111 USA.

The new frontiers of phySiés in condensed matter and materials science is on nano-meter length
scales. Class1cal techmques of probing the electncal propertles of materials are limited in resolution to the
; wavelength of the 1nc1dent electromagnetic wave. We report here a novel near-ﬁeld microscope that is
capable of operation at radio and mxcrowave frequencnes [1-4). The spatial resolunon is comparable to
NSOM in the scanning capac:tance mode of the microscope [5].. Our ob_]ecnve is to image materials

L contrast at microwave frequencies on nm lengthA scales. To demonstrate the capabilities of this microscope,
. we have imaged La, /Ca33MnO; colossal magxieto—resistive (CMR) thin films. These materials are
known to phase segregate into antxferromagnetnc msulatmg and ferromagnetic metallic regions on the scale

-~ of 10’s of nm. We will present evndence of sheet resxstance material contrast on short length scales in

. .CMR films using the near-field microwave microscope thh STM-feedback distance control. We will -

discuss the data on these films in the light of a transrission line model of the microscope that we have
developed. The microscope is an attractive platform for measuring local losses and local nonlinear

properties of a rich variety of correlated-electron materials.
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Dissipative shear force on hén(_)scale probes induced by
electromagnetic field fluctuations

Jorge R. Zurita-Sdnchez', Jean-Jacques Greffet >* and Lukas Novotny!

VUniversity of Rochester, The Institute of Optics, Rochester, NY 14627.
2 Laboratoire d’Energétique Moléculaire et Macroscopique, Combustion, Ecole Centrale Paris, France.
3 Currently on sabbatical at University of Rochester, The Institute of Optics, Rochester, NY 14627.

Most near-field microscopes use shear force scheme to control the tip sample distance. Causes for this
effect are not clearly understood. Recent experiments using oscillating nanoscale probes in ultra-high vac-
uum environments show that the probes experience a dissipative force that substantially increases as the
probe approaches to a planar surface [1, 2, 3]. This shows that there is a mechanism that is not related to
chemical binding nor friction due to adsorbed molecules: Possible mechanisms have been suggested in Refs.
{1, 2, 3, 4]. (e.g. electromagnetic field fluctuations, electron tunneling). Here, we explore the possibility of
the electromagnetic coupling between two interfaces. To model the tip-surface interaction we consider two
dielectric half-spaces with complex dielectric constants separated by a constant vacuum gap. We calculate
the dissipative force per unit area acting on one of the half-spaces which is harmonically oscillating paraliel
to the surface of the fixed hali-space. We focus on the dissipation originated from the electromagnetic field
fluctuations which depends on the vacuum gap and the temperature. We derive a theoretical expression for
the shear force and evaluate it numerically using experimental data for the dielectric constant. We compare
with experimental data measured by other groups.
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- Mesoscopic Structures and Dynamics of MEH-PPV Thin Films by
~ Picosecond Scanmng Near-field Optical Mlcroscopy

» N Tamai, Y. Nabetani
Department of Chemistry, School of Science, Kwansei Gakuin University
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Y. Ma, J. Shen
Key Lab. of Supramolecular Structure and Materials, College of Chemzstry,
lem University, 11 9—Jte Fang Road Changchun, P. R. China

Recently, much’ attentlon has been pald for the apphcatlon of conjugated polymers such
. as poly-p-phenylene vmylene (PPV) and its derivatives for organic LEDs. In most of these
studies, a spin coating technique has been widely used to prepare thin films. However,
_ luminescence properties of PPV :derivatives are strongly dependent on the spin coatmg
- conditions [1]. For the application of PPV derivatives to LEDs, analyses of mesoscopic

- .. structures, defects, and luminescence prOpemes in small domains of spin coatmg thin films

are indispensable. In the present study, we have examined’ the mesoscopic structure and
- dynamics of the’ conductive polymer, poly[2-methoxy, -(2’-ethyl-hexyloxy-p—phenylene
-~ vinylene)] (MEH-PPV) on. glass and ITO substrates by pxcosecond tlme-resolved
,' “ﬂuorescence SNOM [2]). '

‘Dilute (0.022 wt%) chloroform and xylene solutlons are used for spm coatmg on various
substrates. Humidity in the sample preparation condition is adjusted by using saturated
- inorganic solution of CaCl, and NH,C1. From the topographic and fluorescence images, it
was found that the ring-shaped assemblies (wheels) with a diameter of sub pm to a few pm
~ are formed only from chloroform solution on substrates. This wheel is characteristic for high
* humidity conditions, and no wheel structure is observed from xylene solution. This result
suggests that the small water droplets induced by solvent evaporatron play an important role
for the formation of wheel structure [3).

- ‘Fluorescence dynamics and fluorescence spectra in sub-wavelength small domains of the
wheel structure prepared from chloroform and the rock-like structure from xylene have been
- examined -and compared. In the wheel structure, luminescence decay of the single-chain
“exciton was found to be faster in the circumference of the wheel than in the surroundings or

the inside of the wheel. The luminescence spectrum in the circumference is red-shifted as
_compared with the surroundmgs These results are interpreted in terms of exciton migration
among the polymers and trapping by the aggregate of MEH-PPV. On the other hand,

luminescence decays of the thin film prepared from xylene solution were almost independent .

of the observed position. - 'Morphology-related intrapolymer interaction and excited-state
dynarmcs in sub-wavelength domams will be dlscussed on the bh51s of these results
References |

[1]11. D. W. Samuel, G. Rumbles, C.J. Colhson, R H Fnend S. C. Moratti, and A. B.
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Characterization and modification of the plasmon resonances in
a single gold nanoparticle

.T. Kalkbrenner ‘
Universitit Konstanz, Fachbereich Physik & Optik-Zentrum Konstanz, 7845 7 Konstanz, Germany, .
&
R 4 Sandoghdar
Swiss Federal Institute of Technology (ETH), 8093 Ziirich, Switzerland

The optical propér’ties of metallic nanoparticles have gained increasing interest in the past years. In this
paper we present the first demonstration of optical tomography on a single gold nanoparticle, allowing us to
identify its optncal axes. We then show how the plasmon resonances of the gold particle can be modified

- when it is placed in front of a flat substrate. Finally, we discuss our results on optical near-field imaging of

a sample by recording the changes in the plasmon resonance width and center frequency.

The starting point of our work is the procedure that we had reported previously for mounting an
individual gold nanoparticle at the end of a tapered fiber tip {1]. We then use shear force control to position
the particle against a desired surface. By illuminating the system with white light, we record the plasmon
resonance in the scattered signal (fig. 1b). In addition, however, we also rotate the polarization of the
incident light as well as the tip itself to separate the contributions from different axes of the gold particle,

“which in general is not perfectly spherical (see fig. 1a). This tomography measurement allows us to
“detremine the orientation of the long and short axes of an ellipsoid nanoparticle. After this thorough

characterization of the system, the dipolar plasmon mode of one of the particle’s principal axes is excited
by tuning the polarization to the appropriate angle. By approaching the particle to a surface and recording a
spectrum of the scattered light at each distance, we have observed modification of the linewidth as well as
the line center of the plasmon resonance. Fig. 1 ¢) shows the change in posmon and width of the plasmon
while an 80 nm-particle is approached to a glass substrate.

Furthermore, we have performed a novel form of SNOM by momtormg the modifications of the
plasmon resonances as the particle is scanned across a sample. By plotting the changes in the position and
width of the line at each scan pixel, we have obtained optical images of the sample.

a)

polarization

white ligh

spectrometer ) z fom]

Figure 1: a) Schematics of the experiment. b) Plasmon resonance of a single gold nanopamclé at the end of
a tapered fiber tip. ¢) Changes in the lineshift (circles) and linewidth (triangles) of the plasmon resonance
while approachmg the particle to a glass surface.

Having demonstrated that one can characterize and manipulate the plasmon resonances of a single metallic

“nanoparticle in front of a substrate, in future we plan to apply our know-how to perform well-controlled

investigations of Surface Enhanced Raman Scattering (SERS) [2] at the single molecule level.

References

{1} T. Kalkbrenner, M. Ramstein, J. Mlynek, and V. Sandogdar, J. of Microsc. 202, 72 (2001).
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Fourier Polarimetry of Mesostructure in Thin Polymer Films

Lori S. Goldner, Michael J. Fasolka, Jeeseong Hwang, Kathryn Beers, Garnett W. Bryant
National Institute of Standards and Technology, Gaithersburg, MD 20899.
V Augustine M Urbas, Peter DeRege, Timothy Swager, Edwin L. Thomas -
Dept of Materials Science and Engmeermg, Massachusetts Instztute of Technology, Cambridge, MA 02319

Recent advances in near-field techniques permit measurements of local birefringence and
dichroism only in specific limits — for example, when the dichroism of the tip is sufficiently small and the
fast and dichroic axis of the sample are aligned [Refs 1-2). We overcome these difficulties and extend
NSOM polarimetry to a more general case, demonstrating how to take into account substantial tip
dichroism and birefringence without loss of accuracy, and how to approach the more general case of films
with separate dichroic and fast axes. We demonstrate the adaptation of Fourier polarimetry to NSOM and
perform, for the first time, complete measurements of the local dichroism, alignment of the dichroic axis,
‘birefringence, alignment of the fast axis, and topography. ‘We show that the limit of accuracy of these
measurements depends on (1) changes in the tip dichroism during a scan and (2) the noise floor of the

" experiment. In a separate paper in this volume we discuss near-field modeling of our results. :

_ To demonstrate these techniques, we use two self-assembled thin-film polymer systems. Polymer

. self-assembly presents an attractive means of creating the micro- and nano-patterned spatial arrays required
for many opto-electronic and coatings technologies. The ordering processes studied here are microphase
separatlon. exhibited by block copolymers (BCs) and crystalhzat:on, common in many polymer species.

_ Below are the first opueal images of BC mxcrophase domain morphology Optical, topographic,
‘and dlchrmsm measurements within a single grain of a 100 am thick polystyrene-b-polylsoprene (PS-b-PI)
photomc BC [Ref. 3] are shown (a-d). OsOj stains the PI domains. Domains, grains, and defects in these
‘materials are characterized using both birefringence and dichroism measurements. Images e-h are optical,
topographic, and birefringence measurements of a 100nm-thick isotactic PS spherulite. The radial
- arrangement of crystallite lamella, defect structures located near the crystal nucleus, and possible chain
alignment in the “depletion zone” at the spherulite periphery are evident. We will discuss this data as well
as dichroism data, and show how in all cases the acquisition of dichroism data, with a separate optical axis,
is imperative to correct mterpretauon of birefringence data.

~ Tast axis alignment {rad) , 5 birelringent delay (rad)

=

[ | Figure 1: a-d, images of BC film including dichroism and dichroic axis maps; e-h ixﬁages of PS spherulites
| ’ showing birefringence and fast axis maps. Transmission in units of PMT current. All images 4um square.

il
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[3] A Urbas et al, Adv. Mater. 12, 82 (2000).

79




8 Tuesday morning. Hubble auditorium.

80

Realization of evanescent and propagating' Bessel
beams: the role of the E, component of the electric
| -~ field on confinement |

T Grosjean, D. Courjon,
Laboratoire d’Optique: P.M. Duffieuz,
Université de Franche-Comté, France

In the previous NFO meeting, we have proposed to use confined evanescent light beams
as “virtual” or “immaterial” tips. Unfortunately, this technique was handicapped by the
need of using perfectly radially-polarized light beams. In this communication, we propose
first a simple, stable and cheap method allowing the generation of beams of any polarization
and more especially of purely radially-polarized light beams. Second, we demonstrate both
theoretically and experimentally that for very opened systems (far and near—field imaging
systems such as confocal and near-field microscopes) the polarization is a limiting factor of
resolution and light confinement. Finally, we will present the very first experimental results

- . dealing with virtual tips.
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Anisotropy and periodicity in the electron density distribution and the well
width fluctuations in a quantum well

- ¥_Yayon, M. Rappaport, V. Umansky énd I Bar-Joseph
Department of Condensed Matter Physics, The 'Weiz.mdnn Ins‘t(itute of Science, Rehovot 76100, Israel

The two-dimensional electron system (2DES) formed in° MBE grown modulation-doped quantum well
(QW) is a major platform for studying the physics of mteractmg electrons. Irregularmes in the crystal
structure are always present in this system and.introduce a disorder potential even in the highest quality
samples. It was therefore natural that with the evolution of scanning-probe experimental techniques a
considerable effort was directed to resolving spatial inhomogeneities in the system properties. Near-field
spectroscopy has proven to be particularly useful in that context. The high spatial resolution that can be
obtained, typically 100-200 nm, and the wealth of information contained in the optical spectrum made it a
favorable technique for studying the local properties of semiconductor QWs..

In this work we use near-field photolummescence (PL) spectroscopy to study spatial correIatzons in the
electron distribution and in the fluctuations of the QW width. The PL spectrum of 2DES at low electron
“densities consists of two sharp peeks, the neutral (X) and the negatively charged (X') exciton. Our ability to

- - extract the electron distribution derives from the fact that the local X* PL intensity is directly proportional to .

the local electron density [1]. In addition, using thé fact that the X PL energy depends quadratically on the
" local QW width we can extract the well width fluctuations. Hence, by scannmg the sample with our near-
* field scanning optical microscope (NSOM) at low temperatures and measuring the spectrum at each point,
we-obtain simultaneously a two-dnmensxonal tmage of the electron densnty dlstnbutlon and of the well
width fluctuations.

To unveil possible order in these seemingly random images we have studxed thelr two-dimensional
autocorrelatton functnon Examlmng the behavnor of electron density autocorrelatlon function (Flg 1b) we

can observe the existence of periodic narrow stripes of higher electron density along the 1 10 crystal
direction. By deconvolving the tip response function we find that their width is smaller than 150 nm and

their period is 1.3 pm. We conclude that the electron distribution in the plane of the QW is anisotropic and
periodic. This surprising finding should affect our understanding of various electron behaviors and in .

particular, the recent finding of anisotropy 'in transport at high Landau levels [2] We also find a
pronounced symmetry in the well width image (Fig. 2b). It is seen that the narrow regions of the QW (high
- exciton energy) are arranged in a perlodtc ‘cubic lattice structure, which is rotated approxnmately by 45

v degrees ‘relative to llO “This symmetry was observed in several Qw samples It is important to
emphasrze, however, that - the ﬂuctuatlons in electron densxty are not correlated with those of the QW
© width.

‘To find the source of this ordered behavior we conducted atormc force rmcroscopy measurements of the
sample surface and compared it to the near-field measurement. We conclude that elongated structural

- mounds, which are intrinsic to MBE growth, are responsible for the creation of those electron densnty and )
- well wxdth textures.
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Detection of Local Density of States usmg near-ﬁeld emission
. measurements.
Application to local spectroscopy.

R. Carmmatz, K. Joulain, J.P. Mulet and J.J. Grejfet"
Laboratoire EM2C, Ecole Centrale Paris, )
CNRS, 92295 Chatenay-Malabry Cedez, France

¢ also with University of Rochester,
The Institute of Optics, Rochester, NY 14627, USA

It is well-known that the measurements made in STM yield the local density of electronic states. It has
been shown by Carminati and Saenz[1] that a unified scattering formalism allows to express within the same
framework the signal obtained in STM and in SNOM. This result suggests that the SNOM can measure the
local density of electromagnetic states. Recent results have reported measurements of the electromagnetic
LDOS using PSTM measurements(?) which has then been compared to numerical simulations of the LDOS.
In this paper, we show that an apertureless microscope used to detect the spontaneous emission by the
sample yields the electromagnetic LDOS. The signal is generally dependent on the tip as it is in STM.
Within the assumption that the tip can be approximated by a point-like scatterer, it appears that the signal
is within a good approximation proportional to the electromagnetic LDOS. v

The starting point of our discussion is the genera! form of the flux established in ref.[1] and ref.[4]). We
apply this general expression of the signal to the particular case of an apertureless set-up. In order to
obtain the emission signal of the sample, we use the fluctuation-dissipation theorem. This allows to express
the field spontaneously emitted by the sample using the Green’s function of the system. The relationship
between the signal and the LDOS follows directly from this analysis.

In order to discuss possible applications, we consider the case of an ionic crystal. In the near-field, the
emission is completely dominated by the contribution of surface waves called surface-phonon polaritons as
it has been shown in ref.[3]. A unique feature of the spectrum of the emitted near-field is that it has very
large and narrow peaks.at some particular frequencies. In other words, the electromagnetic LDOS has a
few pronounced peaks. From the measurements of this density of states, we will show that it is possible to
recover the complete dielectric constant of the material using a Kramers-Kronig analysis. This paves the
way to a local spectroscopic technique to characterize materials with ionic structure.

References
{1] R. Carminati, J.J. Saenz, Phys.Rev.Lett. 84, 5156 (2000).

[2] C.Chicanne et al. Phys.Rev.Lett. 88, 097402 (2002).
[3] A.V. Shchegrov, K. Joulain, R. Carminati and J.J. Greflet, Phys.Rev.Lett. 85, 1548 (2000)7'
[4] J.A. Porto, R. Carminati and J.J. Greffet, J.Appl. Phys. 88, 4845 (2000).



{ Tuesday morning. Lander auditorium.

| 'Optical Microséopic Studies of Nanoscale Dynamics.in Polymer-
Dlspersed qumd Crystal Fllms :

D.A. Higgins, X. Liao, J. E. Hall, E. Mei, Department of Chemz.my, Kansas State Umverszty, Manhattan,
: - KS 66506 :

Near-field scanning optical microscopy (NSOM) is used to study local electric-field-induced molecular
rebrientation dynamics'in native and dyc-doped polymer-dispefsed liquid crystal (PDLC) thin films.[1,2]
PDLC ﬁlms were prcpared by spin castmg an aqueous emulsion containing nematic liquid crystal and

' poly(vmyl alcohol) (PVA) onto indium-tin-oxide coated glass substrates. Dye-doped versions were

‘ prepared by dissolving fluorescent BODIPY dyes into the liquid crystalline phase: Initial characterization

- by topographic, birefringence, and fluorescence NSOM imaging shows the films are comprised of '
-micrometer-sized liquid crystal droplets encapsulated in a thin PVA film. Although dominated by far-field

"_contrast, static optical images of the droplets can be used to obtain iﬁfomation on the local liquid crystal .
and dye organization in droplets of different sizes and Shgpes. Fig. 1 shows representative images. In order
to study local liquid crystal and dye feoriema;ion dynamics, an electric field was applied to-the sample
using the aldminum-coated NSOM probe. Field-induced reorientation of the liquid crystal and dye
molecules within the droplets were then detected optically. Dramatic spatial variations in the dynamics are
observed in frequency-dependent imaging experiments, and in frequency- and time-domain single-point
measurements. These spatial variations are interpreted to reflect spatial variations in the local viscoelastic
properties of the liquid crystalline phase, based on previously published models. Unlike the static imaging
results, the dynamics data show high-resolution features. It is therefore concluded the reorientation -
processes dominating the optical c;onifast occur in the near-field regime. The results are shown to arise
from the confinement of field-induced reorientation dynamics to the upper regions of individual liquid
crystal droplets, nearest the NSOM probe. Studies of the dye-doped PDLCs show dramatic field-dependent
changes in the dye order parameter. In addition, the field-dependence of the order parameter is observed to
vary spatially within individual droplets for dyeskthat are weakly aligned by the liquid crystal. These
results are interpreted to reflect spatial variations in the extent of dye interactions with the applied electric
field and with the surrounding liquid crystal host.

Flgure 1: Slmultaneously-recorded (A) topography, (B) birefringence, and (C) fluorescence images of dye-
doped PDLC droplets.
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A new generation of near-field probes fabricated by focused ion beams

Erik J. Sanchez, John T. Krug, II, X. Sunney Xie
Harvard Umvers:ty, Department of Chemistry and Chemical Biology
Cambridge, MA 02138.

We present the design and fabrication of NSOM probes with high field enhancement to reproducibly
achieve sub 20 nm optical/topographic imaging resolution. This work is an extension of our initial work on
tip enhanced nonlinear optical microscopy (TENOM). (See Ref. 1.) These probes are fabricated using a
high-resolution focused ion bean (FIB) system. The fabrication is guided by 3-D finite difference time
domain (FDTD) simulations to optimize the geometry of the NSOM probe for intensity enhancement factors
as high as ~8000. (See Ref. 2.) We have imaged thylakoid membrane layers containing PSII and PSI protein
assemblies with FIB milled probes, and were able to observe distinctly different local emission spectra. This
portends a spectroscopic mapping of photosynthetic membranes. In addition to utilizing the FIB for milling
the probe, we have used ion and electron beam assisted deposition (IBAD/EBAD) of SiOx on the nanometer
scale. Such deposition is typically carried out in the semiconductor industry for nanometric repair. We
have analyzed the chemical composition of the deposited materials, and deposited SiOx layers at the ends of
our probes. These “spacer layers™ serve to minimize fluorescence quenching of the sample by the probe.
This new generation of apertureless NSOM probes, combined with the dielectric spacers, will allow the
imaging of isolated or aggregated chromaphoric proteins with high spatial resolution and high sensitivity.
The probe and spacer layer fabrication methodology will be of general interest for nano-optics.
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‘ Crysfallization Study of Organic Light Emitting Devices by Polarization
Modulation Near-Field Optical Microcopy

Pei-Kuen Wei', Shen-Yu Hsu', Hsieh-Li Chou', WunShain Fann®
! Institute of Applied Science and Engineering Research, Academia Sinica.
-2 Institute of Atomic and Molecular Sciences, Academia Sinica

128, Section 2, Academia Road, Taipei, Taiwan 11529, R. O. C.

 We present a new setup of collection-mode polarization modulated near-field optical

- microcopy for actually measuring ‘the mesoscale crystallization of thin films. Previous

polarization modulation NSOMs (PM-NSOM) were operated in transmission ‘mode. [1] Two
. major problems should be solved for the polarization signals. First, the ‘birefringence in the
fiber is a severe problem for PM- NSOM it will destroy polanzatlon state of the incident light.
Second, there is a large depolanzatlon effect when hght passing through the probe tip. In
comparison to transmnssxpn mode near-field optical microcopy, our new collection mode
.microscopy provides no axial polarization, free of fiber birefringence and flexibility for
* tuning wavelength. The Jones matrix calculation verifies that sample s crystalhzatlon can be
obtained by simply subtracting the polarization vector from tlp s anisotropy. We‘ve used this
setup to measure the crystallization of organic light emlttmg devices (OLEDs). The OLED:s,
espec1ally the hole-transport-layer (naphthaphenylene benzidine (N_PB)), are easily subject to
crystallization.[2] The crystallization is related to the dichroic ratio when a rotated linearly
polarized light passing through it. Figure 1 shows the mesoscale crystalline domains and
dichroic ratios of NPB films before and after annealing. The performances of OLEDs (L-V
and FV curves) vs. the crystallization for different annealed samples are also measured. Detail
comparisons will be presented in the conference.

0.05

"Dichroic' image of NPB ﬂlm

before heating. Dichroic image of NPB film: after

thermal annealing
[1]P. K. Wei and W. S. Fann, J. of Microscopy. 202, 148 (2001) '
[2] Z. Q. Gao, W. Y. Lai, T. C. Wong, C. S. Lee, 1. Bello, and S. T. Lee, Appl. Phys. Lett. ‘14,
3269 (1999) ’
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Three-dimensional imaging in near-field optics

P Scott Carney '
Umverszty of Illinois at Urbana-Champaign, Department of Electrical and Computer Engmeenng, Urbana,
IL 61801 -
John C Schotland, Vadim A Markel
Optical Radiology Laboratory, Department of Radiology, Washington University in Saint Louzs

We report on recent advances in three-dimensional structure calculation for near-field optics. We have
reported semi-analytic solutions for the linearized inverse problem in the literature [1, 2, 3]. The algorithms
that result from our analysis are computationally efficient regularized and stable.

In this.talk we will address inclusion of polarization effects, boundary conditions and sampling which
have not been addressed in our publications. We will also discuss experimental progress in the power
extmctxon{ 2] and frustrated total mternal reflection modalities [1]
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Clusteljmg of Photoluminescence in InGaN Films
Grown by MOCVD and MBE

J 0 Whtte, M. S Jeong, J Y sz, K Samlee Y.W. Kim, JM. Myoung, K sz
University of Illinois, Fredenck Seitz Laboratory and Elect. and Computer Engineering Depanment
Urbana, IL 61801.

EK Suh MG Cheong, C.S. Kim, C.-H, Hong, H.J. Lee,
Semzconductor Physncs Research Center Chonbuk Natlonal University, Chonju 361-756, Korea.

We have grown 0.3 pm thick InGaN films by MBE, and 1-2 nm thick InGaN quantum wells by
MOCVD. In both types of sample, high photoluminescence efficiency is often accompanied by a high
spatial mtensnty variation. The intensity is not random on all length scales, but is concentrated in micron-
sized regxons

The origin of the spatlal variation is investigated by near-field scanning opncal mlcroscopy,
spectroscopy, and cross-sectional transmission electron microscopy. We find that the variation is not due
to fluctuations of indium content because there is no corresponding shift in wavelength.- The combination
of high-resolution optlcal and electron microscopy provxdes evidence that the spatlal variation results from
an underlying variation in dislocation density.

Fig. 1 10x10 pm*2 topographic (1) and photoluminescence (r) images of a multiple quantum well
sample of INGaN/GaN. Note that the photoluminescence is strongest in the vicinity of the pits, and
decreases with distance away from the pits. Transmission electron microscopy reveals that the pits
act as a getter, removmg dxslocatlons from the surrounding region, thus enhancing the luminescence.

The clustering is qﬁantiﬁ‘ch by calculaﬁng the iniage entropy and space bandwidth product of the near-
field images. We find that the image entropy decreases as the indium content increases, reflecting the
- organization of photoluminescence into micron-sized clusters. »
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SNOM Imaging of Photonic Nanopatterns,
Metal Islands and Molecular Aggregates

- U. C. Fischer, J. Heimel, H J. Maas, A. Naber, H. Fuchs, University of -
Muenster, 48149 Muenster, Germany.

J. C. Weeber, A. Dereux, Univérsity of Burgundy, 21004 Dijon, France.

In Scanning Near-Field Optical Microscopy (SNOM), a nanoscopic_source of
light is scanned at a small distance accross the surface of the object. The emis-
sion of the source;, modulated by the object, serves as a signal for SNOM. The
SNOM image as obtained with a point dipole as a source is defined as a photonic
nanopattern. This photonic nanopattern can be calculated numerically on the
basis of the Greens Dyadic method. The photonic nanopattern depends on' the
orientation of the dipole, its distance to the object, on the local properties of
the object and on the detection scheme of the SNOM. With the tetrahedral tip
<~ (T-tip) as a source, images of metal test objects can be interpreted as photonic

: nanopatterns with a dipole inclined at an angle of 45° and a distance of 10 - 20
nm to the surface of the object Ref. [1]. The nanopatterns of small metal ob-
jects have a completely different appearance exhibiting finer details than those
of dielectric objects with a real and positive dielectric function, indicating, that
the excitation of surface plasmons of a wavelength in the order of 40 - 60 nm
determine the shape of the observed photonic nanopatterns. Details smaller.
than half this wavelength are also resolved in SNOM images of metal grains
Ref. [2, 3] or aggregates of dye molecules on a gold substrate. Numerical calcu-
lations indeed give a hint, that a metallic substrate may lead to higher resolved
details in the photonic nanopatterns of objects adsorbed on the metal substrate.
We expect that the contrast in the SNOM signal of dye molecules adsorbed ona .
metal film depends mainly on the real part of the polarisability of the molecules
Ref. [4, 5] which, for the selected dye aggregates, show characteristic features
in a bandwidth of only 10 nm. This property and the high resolution in the
SNOM images is the basis of our attempt to SNOM imaging of dye molecules
at molecular resolution. ’

o,
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Near-field Vibrational Spectroscopy for Nanoscale Chemical Analysis

C. A chhaeIs, S. J. Stranick,
. National Institute of Standards and Technology, Gaithersburg, MD 20899.

.+~ D.B.Chase,
DuPont Central Research and Development, Wilmington, DE 19880

The ability to measure chemical bond changes on the nanometer scale is of critical importance for the
characterization of surfaces relevant to catalysis, materials and biological problems. Our goal has been to
develop a technique for the in-situ, non-destructive, nanoscale chemical imaging of surfaces. The strategy
for realizing this goal involves coupling the high spatial resolution of near-field. scanning optical
microscopy (NSOM) [1,2] with the chemical speclﬁcxty of vibrational spectroscopy [3]. The ¢ombination
of the sub-diffraction spatial resolution attainable in the near-field with the high chemical specificity of
infrared absorptxon and/or Raman. spectroscopy promises a powerful new analytlcal capability that

" overcomes critical measurement limitations of both far-field Raman and mfrared microscopes (low spatial

resolutnon) and scanned probe mxcroscopes (lack of chemncal specxﬁcnty)

Imtlal apphcatlons of thlS technique have been focused on’ measuring lateral variations in chemical
~ composition for thin organic films such-as polystyrene (PS)/polyethylacrylate (PEA) polymer blends, a

- model system for the study of degradation and corrosion of organic coatings. Figure 1(a) shows the far-

field IR absorbance spectra of PS (solid line) and PEA (dashed line) in the CH stretching region along with
. the spectrum. of the broadband IR laser (gray) tuned to the center wavelength (A = 3.36.um) used to acquire
this data, Flgure 1(b) shows an 8 x 8 pm near-field spectral image frame of the PS/PEA film acquired at
2980 cm ! with a ~ 300, nm diameter aperture probe. The broadband nature of the light source allows for

‘the analysis of the relative importance of scattering/near-field coupling effects and absorption as sources of

*_near-field image contrast based on their respective variation with: wavelength.  Scattering/near-field

_ coupling effects dominate the image contrast for this sample although analysis of the spatial and spectral

variations in near-ﬁeld transmission contrast over many image frames suggest the that minority phase
(bright features) composmon is PS rich, in agreement wnh the results of a selective etchmg/AFM analysis
of a similar sample. : :
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Figure 1. (a) Far-field absorbance spectra of PS (sohd lme) and PEA (dashed line) along with laser
spectrum (gray) used to acqulre near-field IR transmission images of a thin PS/PEA blend ﬁlm (b) 8x 8
Hm near—ﬁeld transmlsswn 1mage of PS/PEA blend film acquired at 2980 em™.
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In Situ Characterization of Optical Near-field Probes
in Aperture NSOM

A. Drezet, S. Huant, and J. C. Woehl,
Laboratozre de Spectrométrie Physique, Université Joseph Fourier Gﬂenoble et CNRS,
38402 Samt Martin d’Héres, ‘France.

The optical resolution of an aperture near-field scanning optical microscope (NSOM) is linked to two
- critical parameters: the aperture diameter and the feedback distance. Accessing these parameters exper-
imentally is difficult, however, and often depends on the quality and applicability of external calibration
curves. Information about the aperture diameter of the fiber tip is normally deduced from its optical trans-
mission or from the angle dependence of its far field emission {1]. Less frequently, it is obtained through
direct observation under an electron microscope. The tip-sample distance for a certain feedback setpoint can
be evaluated by defining a reference point for zero distance (like a tunneling current between the tip’s metal
coating and a specially prepared sample surface) and by using the known behavior of the piezo scanner [2].
However, it is unclear how a calibration curve obtained under such specific conditions changes for near-field
imaging of other surfaces. There is also no guarantee that the optical aperture remains unchanged during
the measurements, e.g. by inadvertent contact with the sample surface.

We present a method that allows the characterization of the near-field tip and of the feedback dis-
tance in situ, i.e. under the actual experimental conditions and on a tip by tip basis. It uses the unique
spectroscopic properties of nanometric test objects: fluorescent nanospheres. Due to the isotropic distri-

- bution of randomly oriented molecular transition dipole moments inside the sphere, such an object acts
as a volume detector of the average square of the electric field mtensxty emanating from the fiber tip.
Fluorescence images of rather
large nanospheres do not
present enough features for
such an analysis. Nanospheres
that are small compared to
the optical aperture, how-
ever, allow a detailed analy-
sis in terms of aperture di-
ameter and feedback dis-
tance. We will illustrate this
behavior with experimental
results for various feedback
' . . . conditions. A simple but
Topography (left) and fluorescence image (right) of fluorescent nanospheres. realistic model of the opti-
~ cal probe will be presented
which allows a determination of fiber tip and feedback parameters during a NSOM experiment. Qur method
is universal, easy to implement and provides, together with the usual far-field measurements {1] a complete,
i.e., far-field and near-field characterization of an aperture tip.
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Near-Fleld Raman nmagmg of defects in molecular crystals with sub-
diffraction resolution.

PG Guccxardt S Trusso, C Vast, CNR - Istztuto peri Processz Chzmzco-Fts:c: .sez. di Messina,
Via La Farina 237, 1-98123 Messina, Italy.

S. Patane I N F.M, szarnmenta di Fisica della Materia e Tecnologie Fisiche Avanzate, Universita di
. Messina, Salita Sperone 31 1-98166 Messina, Ialy.

M. Allegrlm INFM, Dtparnmento di Fzslca, Umverstta di Pisa, Via Buonan'on 2, 1-56127 Pisa, Italy.

In this paper we report on ‘the development of an aperture Near-Fleld Optlcal Mncroscope (SNOM) for
‘fast Raman imaging of organic materials. The apparatus, using pulled, metallized optical fiber probes,
works in reflection mode and is optimized for what concers: both the light collection and detection
, schemes. A single-grating, short’ focal lenght monochromator is preferred since it prov1des a high
luminosity, in spite of the low spectral resolution (tens of cm™). A photomultlplxer working in photon
counting mode, permits to achieve higher detection efficiencies with respect to conventional (non-
intensified) CCD cameras. Thus, spectral analysis as well as fast and detailed Raman imaging (128x128
* points) can be performed with mtegratxon times of 100 ms per point, without the need of any field
enhancement effect. Simultaneous ‘acquisition of the topography, elastic scattering and Raman scattering
- maps, allows for unambiguous identification of different species chemical. The comparative analysis of the
- three images permits to identify and eleminate the eventual occurrence of fictitious conmbutlons in the
Raman map (artifacts).

The results .we Teport on concern two high Raman-efﬁclency molecular samples a 1.7, 8 8-
. tetracyanoquinodimethane (TCNQ) crystal showing surface defects, and a TCNQ thin film characterized by

. the presence of sub-micrometer sized organometallic copper-salt complexes {1]. In the first case (fig. 1a)
. the effects of the surface deformation are studied,:while in the second sample (fig. 1b) we are able to
- chemically image the formation of salt complexes, based on the different Raman activity of the two
- species. Sub-diffraction resolution is achieved in both studies.” A comparative analysis with independent
‘MicroRaman maps, supports the SNOM results’ assessmg the superior spatial resolution of the Near-Field
“technique. :
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Figure 1: (a) SNOM analysxs of a surface defect ina T CNQ crystal The Raman actmty at l445 cm™in the
surroundings (~ 230 nm) of the defect is depleted- probably because of stress relaxation effects. (b).
Integration times as short as 100 ms can be used to dlscnmmate local Cu-TCNQ complexes ina TCNQ
" thin film with sub-200 nm resolution.
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Enhanced Light Confinement in a Near-Field Optical Probe
with’ a Trlangular Aperture

D. Molenda, U. C. Fzscher, H.-J. Maas, C. Hoppener, H. Fuchs, and A. Naber
Physics Institute, Wilhelm-Klemm-Str. 10, D-48149 Miinster, Germany

v

For most applications, the resolution capability of conventional near-field optical aperture probes on the
basis of metal-coated tapered glass fibers is limited to ~80-100 nm [1]. One reason for this is the low
transmission efficiency of aperture fiber probes which is a result of a relatively small full taper angle of
20°-40° [1]. A second reason for the limited resolution capability is the unfavourable distribution of the
light electric field in close vicinity to the aperture. In a circular aperture, the incoming field is strongly
enhanced at opposing metallic edges, thus producing at least two well-separated near-field optical light
sources of equal brightness. Apparently, a substantial improvement of eptical resolution would result if it
were possible to enhance the field at one edge clearly more than at the others. This can, however, only be
accomplished by reducing the symmetry of the aperture.

We introduce here a new concept for an aperture probe which exhibits considerably ‘improved

" properties regarding transmission as well as light confinement [2]. A fundamental feature of this probe is an

aperture with a shape of an equilateral triangle. By means of a new optical characterization method [3), we
are able to show, thata tnangnlar aperture (TA) has a clearly predominant field enhancement at only one of
its three edges when it is illuminated with light of suitable polarization. Thus, compared to a circular
aperture of equivalent size, the optical resolution capability is approxlmately doubled without a
corresponding loss of brightness.

We have developed a simple method which allows us to fabricate TA Probes with a small aperture size
and a full taper angle of ~90°. The glass body has a shape of a tetrahedron and an ultra-sharp tip with a
radius of curvature of only a few nanometers. Afier rotational evaporation of the glass body with ~100 nm
aluminum, an aperture at the very,end of the coated tip is created by controlled squeezing against a smooth
substrate. The ultra-sharp corner enables us to form routinely even small apertures with high accuracy.
From the geometry of the glass up, the apertures are expected to have a shape of an cquxlateral triangle. It is
demonstrated, that a TA probe is particularly suited to fluorescence measurements ina resolut:on range
clearly < 40 nm.

Figure 1: SEM images of a Tﬁangular-Apernxre Probe. Size of images: 1.4 pm.
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| Catalytic Hydrogenation of Benzene on Single Catalytic Sites
- -studied by Near-Field Raman Spectroscopy

Christian Fokas and Renato Zenobi, Department of Chemistry, Swiss Federal Institute of Technology,
: .+ ETH-Hénggerberg, HCI, CH-8093 Ziirich, Switzerland.

Volker Deckert, Institut fiir Angewandte Photophysile TU Dresden, D-01062 Dresden, Germany.

Heterogeneous catalysrs is s of great mdustnal 1mportance but for many wrdely used catalytic processes,

" fundamental understanding is incomplete. One difficulty is that catalytic processes often take place at
elevated pressure and temperature that prevent their study with the tools of ultrahigh vacuum surface
science. 'A second problem is that reactions take place at nanometer sized catalytic metal grains finely

* ¢ dispersed on an inert support material. Methods with excellent spatial resolution and yleldmg a high degree

of molecular information are thus requlred In this presentation, we show how scanning near-field optical
microscopy (SNOM) coupled ‘with surface-enhanced . Raman _spectroscopy (SERS), a vibrational
'spectroscopy method, can be used to analyze chemical transformations at single catalytic sites [1]. '

The reaction we have chosen for study is the hydrogenation of benzene to cyclohexane taking place on a
) palladlum catalyst, C¢Hs + 3Hz — CgHj2. A comprehensive set of Raman spectra was recorded for normal
" and deuterated benzene, cyclohexane, but also possible intermediates such as cyclohexene, 1,3-
cyclohexadrene and 1 ,4-cyclohexadiene, both for bulk liquids as well as for surface adsorbed compounds.
This is important for unambiguous assignemnt of the reactands, intermediates, and products on the catalyst.
The catalyst surface itself was produced by photolithographic etching, followed by metal deposition into
the e_tched pitches [2].  This results in isolated, individually addressable metal grains on its surface. The
grains consisted of silver (for enhancement of the Raman scattering) covered with a very thin layer of
palladium (for catalytlc activity). Near-field Raman spectroscopy was done with a spatial resolution in the
50 - 100 nm range, using a modified near-field instrument (Aurora, Veeco/Thermomicroscopes) and high
optical throughput, etched aperture probes. It was possible to operate the entire set-up under reactive
conditions,

The Raman spectra revealed the presence of surface bound molecular. species that were chermcally
distinct from either the reactants or the products. ‘A surprise was the discovery that even pure silver grains
show some catalytic activity for benzene hydrogenation. A possible chemisorbed surface species formed
by a* Diels-Alder reaction was -observed when 1 3-cyclohexad1ene was adsorbed on the catalyst,
Furthermore, this compound produced a fluorescent species on the nonreactive part of the support surface,
whose Spatxa] distribution was also imaged by SNOM. Finally, SNOM / Raman line scans over a single
catalytic site reveal the spatial distribution of the SERS enhancement as well as the association of reactive
intermediates with the catalytic sxtes

I
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- Imaging ferroelectric domains by
electro-optlcally modulated near-field mlcroscopy

T. Otto, S. Grafstrém, F. Schlaphoj: H. Chaib, and L.M. Eng,
University of Technology Dresden, Institute of Applied Photophysics, 01062 Dresden, Germany
otto@iapp.de , www.iapp.de

We report on a novel method for imaging domains in a ferroelectric crystal by means of electro-optical
near-field microscopy, which makes use of the symmetry breaking induced by the electro-optic effect (see
Fig. 1a). The sample is illuminated locally through a glass fiber tip while the transmitted power is collected
with a microscope objective. The spatial contrast is due to the birefringence associated with the ferroelec-
tric polarization. We exploit the electro-optic effect for modulating this birefringence by applying an alter-

" nating electric field between the tip (made conductive by a thin chromium layer) and the sample back elec-

trode. This makes phase-sensitive detection applicable, providing a very high sensitivity. At the same time,
the electro-optlc modulation breaks the symmetry between antiparallel domains, thereby making such do-

- mains optically distinguishable. We show that the three-dimensional optical indicatrix orientation of a fer-

roelectric system may be obtained from one single image scan (see Fig. 1b). The resolution achieved at
domain boundaries in BaTiO; was estimated to be about 250 nm. Note that this result applies for a tip hav-
ing no additional aperture beside the fiber core. Therefore, the high resolution is determined by the small
volume underneath the tip which is affected by the modulated electric field rather than the optical spot size.

. A 'simple theoretical model based on Fresnel's law together with the optical and electro-optical constants

taken from the literature {2] is in good agreement with the experiment.

etched fiber tip, costed modulated valtage
with chromium thin film -» dynamic meas.,
{transperent +conductive) lodk-in technique

Ba'{pto,b-sngle aystal
with nmrally grown
domain pattern

f
R AN 4

by an alternating external electric field

which leads to a modulation of the
transmitted light intensity that is de-
tected with its amplitude and phase.

Figure 1:
(a) Principle of EO-SNOM. k(b) EO-SNOM image on a BaTiO, single
The optical properties are modulated crystal taken with a chromium-coated

fiber tip ( aperture equals approx. fiber
core of d = Sum): In addition to a- and ¢-
domains, one can also clearly distinguish
antiparallel a- and c-domains.

. References

[1] T. Otto, Diploma Thesis, TU Dresden (2001).
[2] ‘M. Zgonik, P. Bernasconi, M. Duelli, R. Schlesser and P. Giinter, Phys Rev. B 50, 5941 (1994).


mailto:otto@iapp.de

- Photo-initiated Energy Transfer in Nanostructured Complexes
Observed by Near-Fleld Optlcal Microscopy

Gregory A. Wurtz, Jasmina Hramsav{;ewc Jin-Seo Im and Gary P. Wiederrecht,
Chemistry Division, Argonne National Laborafory,_Argonne, Hiinois 60439-4831.

Metallic particles of nanometric size manifest a variety of remarkable behaviors. Depending on
whether these particles form semicontinuous films or well defined arrays they can show strong localization
of electromagnetic modes or support controlled propagation of the light below the diffraction limit [1, 2].
Complex systems made from metallic nanopamcles are extensively used in spectroscopic techniques where
‘they trigger non-linear effects as in' surface ‘enhanced Raman spectroscopy (SERS) leading to signal
-enhancement from adsorbed sptcies of many orders on magnitude (10 is typical).- Although little has been
"done to characterize the near-fields originally responsnble for effects like SERS, it is clear that the ability to
characterize optical fields produced by nanostructured objects is of primarily importance to comprehend,
control, manipulate and eventually design devices or efﬁcnently lmplement expenments based upon near-
field interactions.

We report the characterization of the field dlstnbutlon around metalltc nanometer-sized particles using

scanning near-field optical microscopy (SNOM). Specnal attention has been paid to the optical interaction -

. between the particle and the J-aggregate from cyanine dyes adsorbed on the particle’s surface. Comparmg
results obtained on bare particles and J-aggregate coated particles we show that the near-field contrast is
sensitive to optically induced energy transfer occurring between the particle and the J-aggregates. For bare
silver particles a large field enhancement is observed at a wavelength of 404 nm in TM polarization. Both
distribution and intensity of the scattering pattem are interpreted to be the result of the contribution of the
particle plasmon resonance to the diffracted field [3]. Near-field iinages reveal that this enhanced field is
efficiently absorbed by the J-aggregates upon optical excitation of the particle’s plasmon band. We will
discuss our near-field observations on the bases of far-field time resolved measurements that suggest that a
charge transfer follows optical absorption from the particle [4].

This work was supported by the Division of Chemical Scxences, Office of Basnc Energy Sciences, U. S.
Department of Energy under contract W-31 109-Eng-38 : B
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Investigation of aperture SNOM levers
fabricated by FIB patterning and wet chemical etching

: J. Renger, S. Grafstrom, and L. M. Eng '
Institut fiir Angewandte Photophysik, TU Dresden, D-01062 Dresden, Germany
renger@iapp.de, www.iapp.de

B. Schmidt and L. Bischoff, Forschungszentrum Rossendorf, D-01314 Dresden, Germany
B. Kéhler, Fraunhofer Institut fiir Zerstorungsfreie Priifverfahren - EADQ, D-01326 Dresden, Germany

Aperture probes for near-field opncal mlcroscopy are currently limited in tip geometry due to the etching
process involved.in the production of fiber tips {1} or the principal crystallographic planes when dealmg with
Silicon-based SNOM tips integrated into a microfabricated cantilever [2]. Also, the reproducibility in tip

* production is still small. Therefore, a novel concept for the micofabrication of aperture SNOM probes with user-
defined shapes and aperture sizes has been proposed by Schmidt, Bischoff and Eng [3]. These tips are directly
incorporated into a cantilever the properties of which may be varied in a broad range. We believe that these
SNOM-levers will offer novel applications in biology and material science.

To produce such cantilevers with an integrated optical tip, focused ion beam (FIB) 3Dopattémmg was used to
define both the tip and cantilever as a monolithic structure in the silicon substrate. By varying the ion dose of
implanted Gallium’ (Ga) ions we are able to construct levers with various force constants at small cantilever
lengths of < 20 um (see Fig. 1a). A point-like FIB irradiation of Silicon leading to hole erosion by sputtering,

" "allows us to produce tips having a truncated Gaussian shape of high aspect ratio (see Fig. 1b). Various forms are
possible, including open and closed tips. This method allows to achieve hollow tips of less than 100 nm in
diameter. The cantilever and tip structure predefined by Ga'-FIB implantation and sputtering is subsequently
etched in KOH:H,O solution to remove the surroundmg, non-irradiated Silicon. Ga-doped areas are more
resistant against the etchant during the wet anisotropic etching process [4] so that the SNOM lever finally is
formed as a free-standing structure. :

We present investigations of the mechamca! and optical properties of the levers and the tips, respectively.
The micromechanical cantilever structures with lateral dimensions of a few microns and a thickness of only
some tens of nanometers were tested interferometrically to deduce their lowest mechanical resonance frequency
which was found to be in the range of 0.5 to 5 MHz, depending on their lateral dimensions and the cross
sectional shape. The corresponding spring constants range from 0.01 to ~1 N/m therefore offering the
incorporation in many applications. For studying the optical properties the light- transmission through as-
constructed apertures within a flat extended support was investigated for different apertures and cone sizes.

Fig. 1: (a) FIB microfabricated cantilevers of different sizes, and (b) hollow aperture tips of different shapes.
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Light Delivery for Heat Assisted Magnetic Recording

W. A. Challener, C..D. Mihalcea, K. R. Mountfield and K. Sendur
» ~. Seagate Technology, Pitisburgh, PA- 15203 -~ -~

_Storage densities of magnetic hard disc drives have exceeded 100 Gbpsi in the laboratory,
corresponding to bit cell dimensions of 170 nm by 37 nm. The dimensions of the magnetic grains in each
bit cell have also been reduced to maintain a sufficient signal-to-noise ratio. As grain size is reduced, the
magnetic anisotropy of the grains must be correspondingly increased to maintain thermal stability of the
magnetic state of the grain. The large anisotropies of these grains at the highest storage densities require

- recording fields near the limits available with conventional recording technology. To reach much higher
- .densities one proposal[1] is to preheat the bit cell to reduce the anisotropy of the grains during recording.
Optical power densities for recording conventional magneto-optic media are on the order of 10
mW/pm Heat assisted magnetrc recordmg with a focused optlcal spot in the far field has been
‘demonstrated at these optical power densities.[1,2] We are investigating techmques to deliver optical
power with high efficiency to bit cells in the media with dimensions less than 50 nm. ‘

Surface plasmon enhanced optical transmission through sub-wavelength holes[3] may be one
method to obtain the required power densities. In one experiment a collimated laser beam at 660 nmn was
incident upon a 50 nm gold film through a glass substrate (Kretschmann ‘configuration) in which there was
a 10 x 10 array of holes in the gold film. The diameter of each hole was 50 nm and the angle of incidence
was varied to excite the surface plasmon in the gold film. At resonance the intensity of the transmitted
light was about twenty-ﬁve times larger than would be expected by the total cross sectional area of the hole
array. S

' This work'was performed under the support of the U. S. Department of Commerce Natnonal Institute of
Standards and Technology, . Advanced T echnology Program Cooperatxve Agreement Number
70NANBIH3056 N
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Figure 1: Optical power transmxtted through an array of 50 nm holes in a gold film thh a 50 nm thxckness
vs. angle of mcldence at 660 nm wavelength . et
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Scanning Near-field Optical Quantum Computer

S. K. Sekatskii, M. Chergui, G. Dietler, Institut de Physique de la Matiére Condensée Université de
_Lausanne, BSP, CH 1015 Lausanne — Dorigny, Switzerland

An idea to use the Fluorescence Resonance Energy Transfer (FRET) between a single fluorescence
“center of the SNOM tip and the sample for the drastic improvement of the spatial resolution and other
characteristics of Near-field Optical Microscopy has been introduced a few years ago [1], and recently the
first FRET SNOM images were demonstrated [2}. Here we show that similar approach, when applied at
liquid helium' temperatures with the rare-earth dopant ions in crystals as the fluorescence centers, can be
used for quantum computing, preparatlon of non local multiparticle entangled states and other experiments
in the field of the quantum mecanics foundation [3].

It was earlier demonstrated that the transverse relaxation time T (decoherence time) is close to the

- radiation decay time and lies in a micro- or even millisecond region for a number of rare-earth ions in
crystallme matrices at llquxd helium temperature. For example, the value T; = 2.6 ms was reported for the
’Fy - °D, transition of Eu*" ion in Y,SiOs crystal [4). Under these circumstances FRET, which is usually

. completely incoherent and irreversible process, becomes a coherent and reversible one. (Indeed, coherent
interactions have been already observed for doublet and quartet Nd** ions in CaF, crystal [5]). Electronic
excitation flows between donor and acceptor back and forth with a period of Tpee; = A58 /ol d,.
Here dp,4 are donor’s and acceptor’s dipole moments, 7 — distancé between them and factors ¢, x-take into
account relative orientation of the interacting dipoles and overlapping of their spectra. We show that for a
typical case the characteristic Forster distance (at such a distance the FRET rate is the same as the donor’s
radiation decay rate) is equal to ~20 nm. Thus the parameters involved (time scale of a few microseconds
and distance scale of a few nanometers) fall well within the reach of modern AFM/SNOM technology. Let
us illustrate how the proposed approach can be used for the preparation of non local multiparticle entangled
states [3]. First, one prepares excited donor center located in the probe microscope’s tip apex; acceptor
centers located in the sample are unexcited. Then we can apply the HV pulse onto the tip carrying piezo in
such a manner that afier its end we will have two - particle donor — acceptor system in any desired quantumn

state, including e. g the Bell state | B >=(1/42 Y| D A > +|DA" >). Here asterisk denotes the
electronic excitation location. To create this Bell’s state, the pulse should be such that the donor — acceptor

distance r(t) has the following dynamics : I(Zakd Ap/! 22 (1))dt = /2 ; we name it 72/2 — pulse. For

example, for the aforementioned Eu*" ions in Y,SiOs crystal, initially located at the distance of 2 pm from
each other, one needs the HV pulse of an amplitude of 199 V and duration of 20 us to implement such a
7 /2 ~ pulse. Repeating this process with already entangled donor and other acceptors we will be able to
prepare three — particle entangled states, four — particle entangled states, and so on. These states can be
extremely nonlocal because there is sufficient time to increase the interparticle distance up to a few
‘millimeters and more. Thus, these states have obvious connections with the experiments aiming the
verification of the quantum mechanics foundations. Modifications of the proposed scheme can be used for
quantum computing and related problems, which also will be discussed at the Conference.
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Near-field super—resolutlon effects ofa ZnO nano thin film

Wet Chih Lin, Hsun Hao Chang, Yu Hsuan Lin, Yuan Hsin Fu, Din Ping Tsai
‘ Department of Physics, National Taiwan University
Taipei, Taiwan 10617

<

7 Super—resolutlon near—ﬁeld structure (super-RENS) was first reported by Tominaga et al. in 1998. They
have successfully shown that.a multi-layered structure of polycarbonate/SlN (170 nm)/Sb (15 nm)/SiN (20
nm)/Ge;Sb,Tes (15 nm)/SiN (20 nm) on a digital versatile disk (DVD) gives the estimated recorded marks
of 90 nm at a constant linear velocity of 2.0 m/s. The carrier-to-noise ratio (CNR) can be more than 10 dB.
Super-RENS is considered a more feasible way of the near-field opt1cal recording with simpk recording

+head design, less mechamc damage, and hlgh recordmg speed

s We mvestxgate the possxblhty of a new type near-field super-resolution optical structure, polycarbonate/

- ZnS-8i07 /Zn0J/ZnS-Si0; /Ge ;Sb,Tes/ZnS-8iO; . Figure 1(a) shows the structure of the new type super-
RENS that we investigated. The active layer is a 15 nm ZnO, thin film The actlve layer of ZnOy and -
recordmg layer of Ge2Sb;Tes are both the as-deposited thin films sputtered by a RF-reactive Jion-sputter.
The carrierto-noise ratio (CNR) is obtained by using DVD optical disk tester from Pulstec Inc. (DDU-
1000, wave length = 637 nm, NA = 0.6). Figure 1(b) shows the preliminary result of CNR values of various
recorded mark size for the phase-change DVD disk consists of polycarbonate/ZnS-SiO,/ZnS-
Si0,/Ge;Sb; Tes/ZnS-Si0, and ZnO, type super-RENS. The write power, erase power, bottom power, and

-the readout power are 5.8 mW, 0 mW, 0 mW, and 3 mW, respectively. The NA of objective is 0.6, and the
:wavelength of laser is 637 nm, the results of CNR clearly show the multl-layered thin film structure is
- - feasible for the super-resolution beyond the diffraction limit.

o =@ PC/ZnS-$I0 fZnOIZnS-$i0 /Ge Sb, Te 2nS-5i0,
. : N ’ E 4 —I‘- Pcan&sﬂ,m;" 0/Zn8-8iQ,
Polycarbonate = 4. T
" ZnS-S|02(13Dnm) g 204

| ZnO(15nm) Mg ¢

N ZnS-SiO,(40nm) oj o

- |Ge,Sbh,Te, (20“"‘) © A0 200 300 450 500
| Zn$-sf0,20nm) |  MarkSize(om)
@ . m

'b Fig. ‘l('a) is 4the'schex’ne of the structure of a new type super-RENS, polycarbonate / ZnS-SiOy/ ZnOy/ ZnS- -
$10,/Ge,Sb,Tes /ZnS-Si0;. Fig 1(b) is the CNR values of various recorded mark size for the phase-change
DVD disk and ZnOx super—RENS i
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Near-field radiation efficiency of a bow-tie antenna in the
presence of recording media

L K. Sendur, W. A. Challener, Seagate Research, Pittsburgh, PA 15203-2116.

‘Conventioral magnetic recording techniques will likely reach physical limits to storage density which
are due to the super-paramagnetic effect. Some recent studies have investigated heat assisted magnetic
recording (HAMR) to overcome this limit. The HAMR, technique uses a focused optical beam from a laser
to reduce the coercivity of the medium. For future storage densities, intense optxcal spots well below the
diffraction limit are required in a HAMR system.

Recent advances in near-field optics suggest spatial resolution significantly better than the diffraction

‘limit. We have investigated the bow-tie antenna as a near-field optical transducer which combines spatial

resolution well-below the diffraction limit with transmission efficiencies approaching unity. Efficiency of this
antenna was illustrated in the microwave region via laboratory experiments, and the possible application
of this antenna at optical frequencies was discussed. Although the concept of using this antenna seems.
very promising, the underlying physics at optical frequencies is different and more complicated than the
microwave region due to surface plasmon effects in. metallic films. A verification of this performance at
optical frequencies and a better understanding of the underlying physics is very desirable.

In a recent study, Oesterschulze et al. [1] proposed a high transmission probe based on a bow-tie antenna.
They presented numerical simulations of various geometries involving hollow pyramidal silicon dioxide tips
that are partly covered with aluminum resulting in a tilted bow-tie antenna. These simulations at optical
frequenmes illustrated improved transmission efficiencies for the new probe design compared to the conven-
tional aperture tips.

In this study we investigate the possible utilization of the bow-tie antenna to obtain intense optxca.l
spots below the diffraction limit. We use commercially available finite-difference time-domain (FDTD) elec-
tromagnetic modeling (EM) software in our numerical simulations. First, the modeling capabilities of the
FDTD software at optical frequencies are investigated by comparing the results with the analytical solutions
of Mie scattering of various metals. Such a verification at optical frequencies is crucial, since some EM soft-
ware makes assumptions which are not valid at optical frequencies. Next, we present numerical simulations
for various geometries involving the bow-tie antenna. Our numerical simulations suggest that the near-field
radiation pattern of a bow-tie antenna is significantly affected by the presence of recording media. Further-
more, we investigate the effects of composing material, frequency, antenna geometry, and configuration on
the near-field radiation pattern using numerical sxmulatlons Optical spot sizes and transmission efficiencies
for various configurations are reported.
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Local Imaging of Photonic Structures: Image Contrast from
Impedance Mismatch

G. W. Bryant,
National Institute of Standards and Technology, Gaithersburg, MD 20899-8423.
A. L. Campillo,
Department of Physics, University of Virginia, Charlottesville, VA 22903.

- . J.W. P. Hsu,
Bell Labomtomes, Lucent Technologzes, Murray Hzll NJ 07974

Image contrast remains an ubiquitous issue for near-field optical microscopy. Local imaging of even the
simplest photonic structures can produce surprising results that must be analyzed carefully to correctly
identify the contrast mechanisms.

Photonic stfuctures made from square arrays of air holes in SiN membranes are locally imaged by near-
ﬁeld scanning optical microscopy (NSOM) in illumination mode[1]. Holes with diameters smaller than and
larger than the wavelength of light are investigated. Counterintuitively, holes appear dark and the film is
bright in transmission images for both hole sizes. The contrast is opposite to the expectation based on film
reflectivity. As shown in Fig. 1, finite-element calculations[l] of the NSOM transmission images of a single
hole in a SiN film agree well with the experimental images. Surprisingly, the image contrast is determined
almost entirely by how light is emitted by the tip. The film appears brighter than a hole in the NSOM
‘image because more light is emitted from the tip when the film is imaged. Simulations of a tip above a thin
uniform film show that the core flux, transmitted flux and reflected flux all have the same dependence on
film index. The drastic increase in core flux when the tip is over a film results from the reduction in tip/air
impedance mismatch when light in the tip core is forward focused out of the core by the high index film in
front of the tip aperture. :

This is an example in which contrast is a direct consequence of strong tlp/sample coupling’ that modifies

- tip emission and is not a consequence of subsequent scattering of the tip field by the sample. These results

lead to the remarkable conclus1on that substantlal increases in tlp throughput can be achieved sxmply by
«blockmg the txp aperture : .
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position (nm)

Figure 1: (a) The calculated NSOM transmission scan of a thin SlN film wnth a 100 nm radius hole and
the calculated flux ‘emitted from the core. Scans are parallel and perpendicular to the tip polarization.. (b)
Calculated: dependence of the flux emxtted by, the tip core, transmltted to the far-field, and diffracted back
around the tlp on the mdex of a 40 nm umform ﬁlm placed 20 nm m front of the tip aperture.
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Towards single-photon tunnelling

LI Smolyaninov, C.C. Davis,
University of Maryland, ECE Department, College Park, MD 20742

A.V. Zayats,
Queen’s University of Belfast, Belfast, BT7 INN, UK.

- A. Gungor,
Fatih University, Istanbul, Turkey.

Current progress in nanotechnology is based on such novel quantum electronic devices as single-electron
transistors, quantum dots, quantum wires, etc. At the same time, there is a strong tendency to replace
"slow” electronic devices with "fast” photonic ones. This drive is especially evident in the areas of com-
puting and communication. Here we report strong evidence of a single-photon t;unnelmg effect, a direct
analogue of single-electron tunneling.

Classical realization of light tunneling is based on a glass surface 1llummated in the total internal reflec-
tion geometry, e.g., using a prism. In this case, all incident light is reflected and only an evanescent field
(exponentially decaying from the surface) exists over a smooth surface. If for example a tapered glass fiber is
placed sufficiently close to the glass-air interface, the evanescent field is transformed into propagating waves
in the fiber. Thus, optical tunneling through an air gap (which can be considered as a tunnel barrier) occurs.

If a nanometer-scale object exhibiting well defined localized electromag;neticJ modes is placed in the tun-
nel gap, tunneling from the sample into the fiber tip is facilitated at the frequency of tunneling photons
which is in resonance with some localized optical mode of such object. Similar to single-electron tunneling,
which is observed in systems in which tunneling electrons significantly modify the energy spectrum of lo-
cal density of states (LDOS), tunneling photons can significantly modify the LDOS spectrum of a system
exhibiting third-order nonlinear effects through local changes of the dielectric constant. As a consequence
of the refractive index change, the polarizability and, therefore, the LDOS of the system are medified.
Excitation of localized electromagnetic modes (in simple case, localized surface plasmons) may lead to very
large local electromagnetic field intensity enhancement because of the very small volume of these modes,
thus requiring a very low illuminating light intensity for observing nonlinear effects.

In this scenario, the photon which is close to the resonance of the LDOS spectrum tunnels through a
barrier via a localized surface plasmon (LSP). The electric field of this LSP acting on the nonlinear material
results in a shift of the LDOS spectrum according to the refractive index change, thus blocking tunneling
of subsequent photons. Only when the LSP is radiated and after the nonlinear material is relaxed into its
initial state, the LDOS resonance at this wavelength is recovered, and another photon can tunnel. There-
fore, the temporal béhavior of the tunneling is governed by the time of nonlinear mater1a1 thermalization
and the localized surface plasmon lifetime.

The measurements of light tunneling through individual subwavelength pinholes in a thick gold ﬁlm
covered with a layer of polydiacetylene provide strong evidence of single-photon tunneling. While the de-
pendencies obtained for larger pinholes were linear, transmission of some small pinholes exhibited saturation
and even staircase-like behavior. The experimental data has been fitted assuming the intensity dependent
LDOS resonances analogous to the model described abave. The fitting curves obtained with one and two
intensity dependent local plasmon resonances show good agreement with the experiment. Single-photon
tunneling effect may find many applications in the emerging fields of quantum communication and infor-
mation processing and can be used for light manipulation in active elements of photonic circuits.
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Optical Near Fields and the Degree of Polarization

T. Setild, A. Shevchenko, M. Kaivola,
Optzcs and Molecular Materials, Helsinki University of Technology,
' P. O. Boz 2200, FIN-02015 HUT, Finland

: A. T. Friberg,
Department of Microelectronic and Information Technology, Royal Institute of Technology,
Electrum 229, SE-164 40 Kista, Sweden

The degree of polarization is an important quantity for characterizing electromagnetic fields, as it de-
scribes the correlations that prevail between the orthogonal components of the electric field. Conventionally,
the state of polarization of a fluctuating electromagnetic field is considered in terms of the 2 x 2 coherence
matrix or the related four Stokes parameters. The two-dimensional formalism applies to fields having planar
wavefronts, such as well-collimated and uniform optical beams or radiated wide-angle far fields, which can
locally be considered as planar. However, the two-dimensional techniques are inadequate to descnbe the
partial polarxzatxon of a.rbltrary fields and optical near fields, in particular. :

For arbitrary electromagnenc ﬁelds, the 3 x 3 coherence matrix contains all information required to-
describe the partial polarization of the field [1]. Analogously to the 2D case, we expand the coherence
matrix in terms of proper basis matrices, which we choose to be the Gell-Mann matrices or the eight
generators of the SU(3) symmetry group. By doing so, the nine expansion coefficients are seen to have

. physical interpretations similar to those of the four Stokes parameters in the 2D formalism, and therefore,
we may interpret the coefficients as the generalized Stokes parameters. Using this analogy with the 2D case, -
we are led to a formula for the degree of polarization, P, of three-dimensional fields [2, 3, 4],

w(®2) 1] 15, A2 .
,Paz {tr(cba).”J- 3 JA,,% J» o 1)

‘Here <I>3 is the 3 x 3 coherence matnx, tr stands for the trace operation, and A; (j = 0...8) are the
nine generalized Stokes ‘parameters. From the first form of Eq. (1) we immediately see that the degree of
polarization is invariant under unitary transformations, and thus, it is independent of the orientation of the
orthogonal coordinate system. It can also be shown that the value Eq. (1) gives for the degree of polarization
is bounded to the interval 0 < P3 < 1. More importantly, physxcal insight into the 3D degree of polarization
can be gained by expressing P; explicitly in terms of the degrees of correlatlon, lu,,l (z J =z,¥, z), between
the orthogonal electric field components It can be shown that [4], - : .

I”’zyl $zabyy + Gz az + liysl? ¢W¢zz o e ; (2)
¢zz¢yy + GrzPz. + ¢yy¢zz ) .

where ¢ (i = z,9,2) stand for the diagonal elements of the coherence matrix, ie., the mtensmes of the
field components. Equation (2) states that the square of the degree of polarization is always greater than
or equal to the average of the squared correlations weighted by the corresponding intensities. The equality

. holds for such an orientation for which the diagonal elements are the same. In that case, the square of
the degree of polarization reduces to the pure average of the squared correlations. We emphasme that the
dimensionality (2D vs. 3D) is a crucial issue as regards the quantitative value and the interpretation of the
degree of polarization. :
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Giant Optical Transinission through a Sub-Wavelength Aperture

Tineke Thio, G.D. Lewen, K.M. Pellerin, R.A. Linke, NEC Research Institute, Princeton NJ 0854.
H.J. Lezec and T.W. Ebbesen, ISIS, Université Louis Pasteur, 67000 Strasbourg, France.

The transmission of light through an apefture in a metal film is very small when the aperture diameter d
is smaller than the optical wavelength A; deep in the sub-wavelength regime (d<<)) the transmission T,
normalised to the aperture area, is expected to scale as T//~(d/A)*. The low throughput makes it difficult to
use apertured probes for high-resolution applications which al“so require high intensities.

However, when the aperture is placed in a metal film which has periodic surface corrugations, the
optical'transmission can be enhanced by up to several orders of magnitude, and can be as large as T/f—3
that is, three times more light is transmitted than is diréctly impinging on the aperture, desplte the fact that
the aperture diameter is wel] in the subwavelength regime. [1]

The astonishingly high transmission efficiency is a consequence of a resonant interaction between the
incident light and surface plasmon polaritons at the corrugated surface. The interaction is allowed by the
periodic surface corrugation, and the resonant wavelengths are determined by the lattice constant of the
corrugation, as well as the dielectric constant of the adjacent medium. The resonant wavelength is thus
tunable.

Conversely, the single hole acts as a probe of the surface plasmon modes at the metal surface. The
information we have gleaned about the surface plasmon modes have enabled us to optimise the surface
corrugation geometry for maximum transmission enhancement through the central aperture. The structure
with the highest transmission enhancement is a set of ring grdoves around the central aperture, where the
groove width is half the radial periodicity, and the groove depth is a few times the skin depth of the metal.
Furthermore, we find that the light coupling into the hole is optimised when the shape of the aperture
entrance matches that of the surrounding corrugation. The resolution of the device is determined by the

- exit diameter.

This phenomenon holds an immense poténtial for applications which require both high resolution and
high throughput. This includes high-speed applications suh as high-density optical data storage, and
NSOM of low-efficiency processes such as Raman scattering or non-linear optical effects.
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‘More information at http://www.neci.nj.nec.com/homepages/thio/
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3D Electro-magnetic modeling of apertureless SNOM/AFM cantilever
\ ' -~ probes

L.Yaccaro, H. P. Herzig, R. Déndliker,
Institute of Microtechnology, University of Neuchdtel, Neuchdtel, Switzerland.

In spite of the significant progress observed in the fabrication of near-field probes, the procedure to obtain a
~.smooth tip surface with a clear sub-100 nm aperture is expensive and time consuming. Recently,
apertureless silicon cantilever-based probes for near-field scanning optical microscopy have been batch
 fabricated using micromachining technology [1]. The probes comprise a 25 pm quartz conical near-field tip
- on a silicon cantilever.' Transmission electron microscopy reveals a 60 nm thick polycrystalline aluminum
- layer, that completely covers the quartz tip. Far-field measurements show the typical polarization properties
of conventional SNOM aperture probes. An optical transmission of 10 ** has been measured in the far field

-and an excellent resolution is obtained in the near-field {2). o ‘ .
Numerical simulations have been performed to demonstrate that when the light is focused on the rear paft
- of the cantilever a region of high intensity is localized at the tip apex. The study has been carried out using
of a program that solves the Maxwell equations in integral form (MAFIA4, CST GmbH, Germany).

_ Three-dimensional modeling confirms the non-zero optical  transmission. More specifically two non-
degenerate hybrid modes, EH and HE, are propagating into the structure’. As displayed in the figure, the
energy dxstnbuuon plotted at different dlstances in the x-y plane above the apex shows a strong

; . confinement of the field for EH modes. Its width

- will be discussed as a function of ‘different

:i  geometrical parameteis, such as i(‘:om'. angle, tip
- diameter etc. For the HE modes two very sharp
peaks appear on the side of the tip apex. And,
-already at very short distance, they merge into

- the two' giant lobes that are emerging from the
- side of the cone. These results correspond to the

different behavior of s- and p-/polarization in
scatte.ring of evanescent -waves - from

subwavelength structures [3]. _

Figure 1: Field intensity plotted at different _ The far field energy pattern calculated at 400 nm

distances from the ﬁp apex above the apex is in very good agreement with

v - the experimental data for both modes (cf. [2]). ‘
References | T

11G. Schurmarm w. Noell U. Staufer,N F.de ROOI_], R Eckert, J M Freyland H Hemzelmann Appl
Opt., 40, 5040 (2001). -

[2] R Eckert, JM. Freyland, H. Gersen H Hemzelmann G. Schurmann W Noell U Staufer NF de
Rooij, 4ppl. Phys. Lett. 77, 3695 (2000).

[3] O.).F. Martin, C: Girard, A. Dereux , J. Opt Soc. Am. 413, 1801 (1996).

! The first letter indicated which field is prevalent in the z-component.
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Polarizing effects of near field probes determined by multiple
heterodyne detection

P.Tortora, L.Vaccaro, R. Dd'ndlik_er, H. P. Herzig,
Institute of Microtechnology, University of Neuchdtel, Neuchdtel, Switzerland.

Photon scanning tunneling microscopy [PSTM] has been recently used in many fields of optics to
determine the evolution of electromagnetic-waves in the near-field zone, revealing to be a reliable and sub-
wavelength resolving technique. Many of the experiments involving PSTM have showed unexpected as
well as unusual optical effects. In particular, PSTM has been recently used to study the propagation of the
different modes within optical waveguides [1]. After exciting in the same waveguide TE and TM modes, an
unexpected beat pattern was detected in the evanescent field at the waveguide-air interface. The same result

* has been reached employing a PSTM set-up integrated with a heterodyne technique [2], that allows
~ simultaneous amplitude and phase méas_urement of the local optical field with subwavelength resolution.

Here, phase mapping shows the appearance of phase singularities across the waveguide in correspondence
with the beating locations. As reported by [3] we believe that the observed results are induced by the near
field detection, with the fiber probe generally used in PSTM In fact, the polarization effects in the near field
conversion by SNOM . probes are not well understood [4]. In this framework it appears important to
introduce the notion of vectorial optical transfer functions.

A new set-up will be presented, aiming the measurement of the vectorial near-field probe optical transfer
function. It consists, basically, of a four beat signal heterodyne technique. In this new set-up both signal
and reference beams contain TE and TM components of equivalent intensity. Every component of the two
beams is modulated at a different frequency (o, .. ®,) by means of four acousto-optic modulators. The tip
of the fiber probe interacts in free space with the signal beam. The coupled light interferes with the
reference signal producing four beat signals modulated at ;- w; (for i=1,2 and j=3,4). This provides a
labeling that allows to distinguish amplitude and phase properties of the coupling, depehding on the
orientation between the E vector and the tip axis. By appropriate orientation of E-vector with respect to the
tip axis we can determine the Jones matrix (and hence the transfer function) of the total system "tip-fiber".

* We aim to exploit this method to determine the polarization state in optical near fields, information not yet

experimentally accessible [5]..
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Companson of linear and second harmonic i 1mages of dlelectrlc dots in
near—ﬁeld optical mrcroscopy
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Institut des Microtec'hniques de Franche Comté
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Several groups have succeeded to performe near-ﬁeld optrcal microscopy with non-lmear processes =
" "Their results are so encouraging that non-linear near-field microscopy could be a new tool to probe -
 surfaces with a high lateral resolution. =
In this paper we use a perturbative approximation of the Rayleigh method to compare the linear and
non-linear (second harmonic) Scanning Near Field Optical Microscopy images. The sample is a two-
dimensional grating of KDP dots. They are illuminated by external reflection and a SNOM image is
obtained by a tip used in the collection mode. For the calculation, a plane wave expansion at the two
frequencies, @ and 2mare used in vacuum and in the sample. Then the boundary conditions are matched for
the fields at @which leads to the transmitted field. The second harmonics polarisation is thus deduced and
we can calculate the near-field at 2w.
Figures below show the images of the same square dot (10nm hcrght 200nm wrdth) obtained with a
near-field detection at © and 20 respectrvely The lmages are very different.

£ a0

.»7,_3’..‘~_,,

' Flgure Nearield i images of a KDP dot (10nm height, 200nm width) obtainedin near-field mrcroscopy at’
oo wand 2w : Extemal 1Ilummanon at 1064nm, SNOM in collection mode. :

We will also discuss the mﬂuence of the vanous paramcters on xmage formatron and compare our results

with other theoretical studies and expenmcntal works . ,

References ‘ ' ' ‘

[1] S.I. Bozhevolnyi, B. Vohnsen, K. Pederscn, Opt Comm 150 49 —-—55 (1998)

[21Y. Shen, J. Swiatkiewicz, J. Winiartz, P. Markowicz, Appl. Phys. Lett. 77pp2946 2948 (2000)

[3] A.V. Zayats, V. Sandoghdar, Opt. Comm. 178 pp245-249 (2000).

[4]D. Van Labeke, D. Barchiesi, J.Opt. Soc. Am. A9 pp 732-739 (1992)

107




108

Tuesday afternoon. Hubble auditrium.

Near-field optics using super-resolution near-field optical structures

D. P. Tsai, W. C. Lin, H. Y. Lin; F. H. Ho, H. H. Chang, Y. H. Fu, Y. H. Lin
Department of Physics, Nattonal Taiwan University, Taipei 106, Taiwan

Super-resolution near-ficld optical structure was first applied in the near-field recording by Tominaga
et al.[1-2]. An active layer of Sb or AgO, thin film was prepared along with a dielectric spacing layer to
perform similar function of a fiber probe. However, the detailed mechanism of the active layer is still the
key issue of the study and application of the super-resolution near-field optical structures[3-8]. In this
paper, the near-field optics of the surface plasmons enhanced super-resolution near-field optical structures,
substrate/ ZnS-Si0; (170 nm)/ AgOy (15 nm)/ ZnS-8i0; (40 nm) or substrate/ ZnS-Si0, (170 nm)/ ZnO (15
nm)/ ZnS-SiO, (40 nm) have been studied theoretically and experimentally. Nonlinear near-field optical
effects and enhencement of the nearfield intensity were found. Fig. 1(a) is the nearfield optical
measurements of the intensity profile of the focused spot on a glass slip and a cover glass slip coated the

" super-resolution strucutre. A strong peak enhancement of the transmission intensity is clear shown. Fig.

1(b) displays the near-field transmission values of peak intensity at various incident power for a focused
laser spot on both super-resolution structure and reference glass slip. The excited localized surface
plasmons were proposed as the fundamental working mechanism of the super-resolution near-field optical

_structutres. Apphcatxons of the ultrahigh density near-field optical recording, nanolithography, and

nanoscopy using various super-resolution nearfield optical structutres demonstrate the novelty of this
technique.
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Figure 1. (a) The near-field optical measurements of the intensity profile of the focused spot on reference
glass slip and super-resolution strucutre. (b) The near-field transmission values of peak intensity at
various incident power for super-resolution structure and reference glass slip.
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Three Dlmensmnal Slmulatlon of Optlcal Waves in a
Subwavelength— sized Aperture in a Thlck Metalllc Screen

| Kazuo Tanaka, Mengyun Yan, and Masahiro Tanaka,
Department of Electromcs and Computer E'ngzneenng of szu Unwerszty, Yanagzdo 1-1, Gifu City Japan
: o : S 501 1 193 v

The mteractxon between an obj Ject and optical near—ﬁeld ina subwavelength—sxzed aperture in the metallic
screen is one of the fundamental physical processes in the near-field optics (NFO) [1]. So, the investigation
of electromagnetic near-fields in a small aperture in a metallic screen is very important subject of NFO.
Furthermore, three-dimensional (3D) analysis of electromagnetic fields in an aperture in a metallic screen
is one of the fundamental problems in electromagnetic theory and has been treated in many papers such
as famous Bethe’s paper (2, 3] so far. However, most of the papers treated the case where the screen is the
perfect conductor that is infinitely thin or that has finite thickness. In this paper, diffraction of optical waves

by a subwavelength-sized aperture in a thick metallic (dielectric of complex permittivity) screen is simulated-

by the 3D volume integral equation. We consider the scattering problem as follows: A small square-shaped
aperture whose area is given by a, X a; is made in the thick metallic screen (slab) with thickness w. The size
of metallic screen is infinite and its relative complex-valued permittivity is given by €;. The optical plane
wave is assumed to be incident from the region below the metallic screen shown, We solve the problem by
using the volume integral (Lippman-Shwinger) equation. Since the size of the metallic screen has infinite
size, the original form of the volume integral equation cannot be used. We derive the new form of the
integral equation by which we can treat the problem as that the screen has a finite size. Descretizing the
integral equation by the conventional method, we employed the Generalized Minimum Residual Method
(GMRES) with fast Fourier transformation (FFT) in order to solve the system of the simultaneous linear
equations,- We can treat the problem that has about a million unknowns by this technique with conventional

PC. Numerical results were confirmed by using the reciprocity relation. The parameter of the problem is

given by as follows: the wavelength is A = 488nm incident angle is §; = ; = 0.0 (vertical incidence),
incident electric vector E;(x) is parallel to the x-axis, aperture size is about az x a, ~ 0.190.19 wavelength
(about 9393 nm). and complex permittivity of the metallic screen is given by £,=-7.38- j7.18 (silver). We
show examples of distributions of total electnc near-ﬁelds on the aperture are given in Fig. 1 for various

- shapes of the aperture.

(@

Figure 1: Total electric near-field distributions on the (a) square-shaped, (b) circular-shaped and (c)
triangular-shaped aperture in a metallic screen of silver (¢ = ~7.38 — 57.18). Three areas of apertures
are nearly same. The thickness of the metallic screen is w = 0.3 wavelength (about 147 nm). Electric vector
of the incident wave is horizontal direction (A—488nm)
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Near-field nano-ellipsometer for ultrathin film characterization

Qiwen Zhan and James R. Leger
Department of Electrical and Computer Engineering, University of Minnesota
200 Union Street SE, Minneapolis, MN 55455

Ab;tract .

We describe a near-field ellipsometer for accurate characterization of ultrathin dielectric films. Optical tunneling
through dielectric films mimics the absorption in metallic films, enabling accurate measurement of the index of
refraction of dielectric film in the ultrathin regime. The possibility of achieving a refractive index resolution of 0.001

for films as thin as 1 nm is shown by regression modeling. A solid-immersion nano-ellipsometer that incorporates

this near-field ellipsometric technique with a solid-immersion lens is constructed. Experimental results are included
to demonstrate the viability of this technique. Such a nano-ellipsometer can accurately characterize thin films
ranging in thickness from sub-nanometer to microns with transversal resolution on the order of 100 nm. '

2
/



Resonance shift effects in apertureless. scanmng near-field optical
: ‘microscopy .

J.A. Porto !, P Johansson 2 , S.P. Apell 1, and T. Ldpez-Rios 8
! Department of Applzed Physzcs, Chalmers Umverszty of Technology and Goteborg University, 5-41296
- Gotebory, Sweden
2 Department of Natural Sciences, University of Orebro, S-701 82 Orebro, Sweden .
3Labor‘atozre d’Etudes des Proprzetes Electroniques des Solides, (LEPES/CNRS), BP 166' 38042 Grenoble
Cedex 9, France :. .-

Scanning near-field optical microscopy (SNOM) [1] has attracted considerable attention as'a technique
. to obtain optical images of objects with subwavelength resolution. One of the most promising techniques
is apertureless SNOM, where light is focused at the tip-of a scanning probe microscope (SPM) and the
field enhancement near the tip is used to obtain subwavelength resolution. In this work we consider a
metallic apertureless ‘tip-and a metallic surface and study the effects associated with the shift in energy of
the resonances of the tip-surface system as the tip approaches the surface.
The  tip ‘is modeled with a finite-size sphere, whose radius corresponds approx1mately to the radius of
curvature of the real tip. The main features of the theory employed are: (i) retardation effects are included,
(ii) higher multipoles of the sphere ‘are ta.ken into account, and (111) the multlple scattermg between the
sphere 'and the surface is considered [2]. -
A main result is that the maximum of the signal (far-ﬁe]d scattered mtenmty) as a functlon of the tip-
surface distance may appear at much larger distances than the maximum of the local-field enhancement,
*contrary to what ‘is sometimes assumed. In some cases, the maximum of the signal appears at tip-surface
distances of 10 nm while the maximum local-field enhancement is at a tip-surface distance of approximately
1 nm (see Fig. 1). Different ‘multipoles are responSIble for each maximum: the maximum of the signal is
associated with lower multlpoles while the maximum of local field enhancement is associated with much
higher multipoles. This behavior is associated with the shift in energy of the resonances of the coupled
* system tip-surface as the t1p approaches the surface.. : . , -
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Flgure 1: Scattered far-field amphtude (a) and local-ﬁeld enhancement (b) as a functlon of the tlp-surfa.ce
distance for a gold tlp and a gold surface for a photon energy of 24 eV
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Design of near-field optical probes with high field enhancement by finite
difference time domain electrbmagnetic simulation

John T. Krug, Ii Erik J. Sanchez, and X. Sunney Xie
" Harvard University Department of Chemistry and Chemical Biology,
Cambridge, MA 02138

Aperture near-field scanning optical microscopy (NSOM) provides a means for generating sub-
diffraction limited optical images. (Seée Ref's. }3.) This technique typically utilizes aluminum coated,
tapered optical fibers as imaging probes. The finite skin depth of metals at optical frequencies, however,
places a fundamental limit on the spatial resolution obtainable with these probes (~30 nm). This
fundamental limitation is aggravated by several practical problems with the aperture approach including
probe heating, low power throughput, and difficulty in probe preparation.

Shortly after the development of the mature aperture NSOM technique, a number of groups began work
on means of generating near-field images with apertureless probes. (See Ref's. 4-6.) Early apertureless

'NSOM experiments utilized the probe as an elastic scattering center, and the signal was detected at the

excitation frequency in the far field. The complex dependence of the far-field signal on the topographic
features of the sample renders interpretation of image contrast extremely difficult. . Unlike these
approaches, our new approach uses the apertureless probe to provide a highly localized excitation source

for a particular molecular transition. (See Ref. 7.) The spectroscopic response of the sample, such as

fluorescence, Raman or nonlinear response, provides an optical signal at a frgé]uency different from that of
the excitation, and is detected in the far field. This approach generates images that are relatively simple to
interpret at resolutions better than ~20 nm, though it requires very large ﬁeld enhancements that can only
be achieved with well-tailored probe geometries.

We report the three dimensional electromagnetic simulation of gold nanoparticles with specific
geometries as a means to the rational design of apertureless NSOM probes. (See Ref. 8.) Analytical
solutions for field enhancement by spheroidal particles are used to provide physical insight for probe
design. These solutions indicate that probes need to be not only sharp, but also finite in length in order to
generate the highest field enhancement. Finite difference time domain (FDTD) simulations of gold
particles illuminated by near infrared radiation are performed. The FDTD method is applicable to any
arbitrary geometry of object, and recent improvements in the affordability of computational power have
made previously cost-prohibitive computations easily affordable. (See Ref. 9) We verify the validity of the
3-D FDTD method for the simulation of apertureless NSOM probes by comparing the analytical solutions
of scattering by a gold sphere to the results produced with FDTD simulation.

Intensity enhancements for right trigonal pyramids are found to be ~8000, much higher than for similar
length conical particles, which in turn perform better than quasiinfinite conical probes previously used.
The particles we design with FDTD can be made using current nanofabrication techniques, and therefore
hold great promise as apertureless NSOM probes. These right trigonal pyramids are particularly well
suited to use in tip enhanced nonlinear optical microscopy (TENOM) or near-field Raman microscopy.
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CASSE Formation and Operating Characteristics of
high resolution Aperture SNOM Probes

‘J.'Toqu'ant, A. Bouhelier', and D. W. Pohl} -
Institute of Physics, University of Basel,
KIingerergstrqsse 82, CH-4056 Basel, Switzerland

Controlled all solid state electrolysns (CASSE) allows to open and close apertures at the apex of silver-
coated SNOM probes-with high precision and rcprodumbxllty We integrated this technique into a

* - standard SNOM, the probe being mounted in imaging position. A small part of the sample stage is

reserved for the solid electrolyte Control of light transmission during formation provides a measure
for the aperture size. The opening process is stopped at a predetermmed level of transmxssnvnty (Fig.1
lhs.).

Immediately after fornumon, the . probe is ready for imaging: The sample stage just has to be

" . transferred from the electrolyte position to the sample position. This minimizes corrosion effects of the
metal coating and avoids risky manipulations after aperture formation. The SNOM images obtained so

far provide resolution in the 40 nm range with good contrast and reproducibility.
Deteriorations of the aperture after extended usage -usually can be repalred by returning to the

o electrolytlc formation position. Inversion of the electrolytic process results in deposition of silver at

the tip apex and subsequent closure of the aperture (Fig.! rhs.). It tumed out that the deposition
process is less well controllable than that of removal. However, there is no need to stop it at a well
defined aperture size. Instead, after complete closure, the aperture can be re-opened by the readlly
-controllable removal process. The repair ‘capability greatly facilitates SNOM imaging studies since
‘aperture deterioration no longer lmphes complete mtcrruptnon and txme-consummg re-mounting
procedures.
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Fig.1: 2-piezo‘ extension, ciirrent thfough electrolyte (T) and light flux
- through aperture probe (®) during aperture formation (left opening, nght
h closmg) ‘
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683 (2001)

® Present address: University of Rochester, The Institute of Optics, Wilmot Building, Rochester, NY 14627,

113




114

ednesday morning. Hubble auditorium.

Near-field .Raman,spectr_oscopyf using a sharp metal tip

A. Hartschuh, N. Anderson, L. Novotny,
University of Rochester, The Institute of Optics, Rochester, NY 14627.

Combined with near-field techniques, Raman spectroscopy is a promising tool for identifying and an-
alyzing the molecular composition of complex materials, providing spatially resolved chemical maps with
nanoscale resolution. Basic drawback of Raman methods is the comparatively low scattering cross-section
precluding the detection of single scatterers. However, this drawback can be overcome using surface en-
hanced raman scattering (SERS). SERS has been shown to provide enormous enhancement factors of up to

101 allowmg for Raman spectroscopy even on the single molecule level [1, 2].

Despxte all the activity in SERS, questions concerning the basic mechanisms still remain. It is accepted
that the largest contribution stems from enhanced electric fields at metal surfaces amounting up to 10! -
10'? [3]. But, in order to explain the reported factors of 10'®, additional mechanisms, e.g. chemisorption

" and charge transfer induced resonance Raman, have to be involved. The electnc field enhancement factor

critically depends on the details of the surface structure, e.g. metal particle size and shape, as well as on
the respective polarization direction of the incident light field. Whereas single spherical particles produce

rather weak signals, dimer - conﬁguratlons with hght fields pola.rued along the long dimer axis appear to be -

1mportant 2,3, 4].

By placing a laser illuminated tip over a particle film, we mimic these configurations and lumt SERS to
the area close to the tip position. A focused Hermite-Gaussian (1,0) beam is used to produce a longitudinal
electric field along the tip axis, which is required for field-enhancement [5, 6]. While raster scanning the
sample, the topography and Raman signals are recorded simultaneously.

In order to evaluate the resulting enhancement factors for a particular tip-particle configuration, the
exact number, position and orientation of the contributing Raman scatterers have to be known. In the case
of dye molecules, this can usually not be determined {7, 8]. Single-wall carbon nanotubes (SWNTs) render a
characteristic Raman signal which can be enhanced by at least 10!2 if in contact with fractal silver colloidal
clusters [9]. Furthermore, the well defined size and shape of SWNTs offer the possibility to simultaneously
localize single scatterers topographically, detect the corresponding Raman signal and to characterize the
topographic features of the surrounding surface.

The results of our studies on SWNTs might help in optimizing metal tip controlled SERS, thus allowing for
the chemical analysis of more complex molecular structures. ’
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Enhanced photOisomerization and light induced mass-transport in the
“near-field of irradiated metallic nano-objects

P. F‘Kam‘g'éorgxev * B. Stiller, L. Brehmer
. Physics of Condensed Matter, Instztute of Physics, University of Potsdam '
“PO. Bax 601553, 14415 Potsdam, Germany

" Photoexcitation of chemical reaction with resolution below the diffraction limit can be achieved in the
~far-field using a two-photon reaction activated by diffraction-limited laser-spot, or in the near-field using a
- sub-wavelength.aperture. We present an altematlve method based on interaction of lnght wnh a conductive

T nano-object L PR o e ; ;

The lllummanon of metallic nano-pamcle causes a strongly localized electromagnetlc field close to the
particle (i.e. near-field). Depending on the lxght wavelength and on the material and shape of the particle,
the mtensxty of the near-field can be 10° higher than the irradiating intensity. The photoexcitation of
organic molecules by such an extremely enhanced near-field have been experimentally observed through

. surface-enhanced Raman scattering, luminescence and second harmonic generation. As the photoexcntatlon

is the first step of any photochemical reaction, one might expect that the ‘subsequent interstate crossing of

- suitable molecules in the vicinity of illuminated metallic nano-object would be also enhanced. In other
... words, the enhanced near-field could be used to achieve a strongly localized photochemical reaction.

To check out this assumption we used azobenzene-containing polymers which can undergo reversible

. isomerization under illumination of specific spectral band. During photoisomerization an electron density

redistribution takes place causing a change in both the magnitude and direction of the molecular dipole

_moment. Since in the sample the azogroups were noncentrosymmetrically oriented along the normal to the

_ substrate, the changing normal component of the-dipole moment ‘caused a change of a surface potentxal
" which was detected by Scanning Kelvin Microscope (SKM). - e

It was found, that a strongly localized change of the surface potential occurred when a conductive SKM
tip was scanned a fixed distance from the surface (noncontact mode) while simultaneously irradiating the
sample with light of low intensity at definite wavelength. The magnitude of the photoinduced change of the
surface potential had a significant maximum at ca. 11 nm tip-surface distance, No alteratlons in topography
were observed.

~ We rtank the expenment descrlbed above to the first example of artlﬁclally enhanced photo-
1somenzatton in the vicinity of illuminated metallic nano-object.

The further development of this method is excmtlon of photoprocess taking place solely i in the near-
field of the illuminated object. Light-induced mass-transport effect (molecular migration) which occurs in
some azobenzene-containing systems under the influence of light. intensity gradient was used for this
purpose. Since at uniform illumination of a surface with deposited nano-particles the light intensity gradient

_-exists only near to the partlcles, one might expect that azo-molecules wxll rmgrate solely in the vicinity of
" the particles. . - , :

It was found, that after illumination, a knolls arise around gold nano-particles deposited on the surface
of azobenzene-containing film. The angular distribution of the matter in the circular knolls depends on the
polarization of the light, as well as on the distance between the partxcles Presumably the coupllng of the

. _plasmons in nearby particles influences the knolls shape. . , :

* Corresponding author. E-mail: ppkara@rz.uni-potsdam.de
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Detection of an Adenine Molecule
by Tip-Enhanced Raman NSOM

S. Kawata"*** Y. Ishida", H. Watanabe', N. Hayazawa"®, and Y. Inouye**®
Iy} Osaka University, Department of Applied Physzcs, Suita, Osaka 565-0871, Japan
2) Handai FRC, Suita, Osaka 565-0871, Japan
3) RIKEN, Wako, Saitama, 351-0198, Japan
4) CREST, Japan Science and Technology Corporation, Japan
5) Fuji Photo Film Co., Minami-ashigara, Kanagawa 250-0193, Japan
6) Osaka University, School of Frontier Bioscience, Suita, Osaka 565-0871, Japan

When a laser beam is focused at a metallic probe tip located in the near field of sample molécule, plasmon
polariton is excited at the probe tip to generate confined strong photon field, resulting in the giant amplification
of photon scattering [1,2]. If the molecule is Raman active, the spectral shift is detected due to the molecular
vibration [3-5). In this presentation, we show our experimental result of Raman spectrum of a DNA-base
Adenine molecule, detected by the metallic probe tip. The probe is a Silicon Nitride AFM cantilever, coated with
30nm-thick silver film. The excitation light source’is a frequency-doubled Nd:YVO4 laser. The light beam is
focused by a high NA objective lens (NA~1.4) through an annular aperture (NA>1) to form an evanéscent spot
in the sample film [6]. The probe scans in this evanescent spot to form an image of the molecular distribution as
a spectral map. A cooled CCD images a spectrum dispersed by the grating spectrometer with a notch filter at
every position of the sample.

Figure 1 (a) shows the detected Raman spectrum of Adenme nanocrystal. Height of the nanocrystal is 7 nm
and width is 30 nm. A quite few number of spectral lines are observed, as marked by arrows, when the probe t1p
is near enough to the sample (AFM operation is made in contact mode). These lines except the one at 924 cm
are assigned as the vibrational modes, inherent to Ademne molecule, accordmg to the molecular orbital
calculation. For ‘examples, two majors lines, one at 739 cm™ and the other 1328 cm™ are the ring breathing mode

“and combination of C-N stretching mode and C-C stretchmg mode. anure 2 shows the structural formula,

The line 924 cm™' is assigned as a line of glass substrate This was proved from the expenmental result shown
in Fig. 1 (b), which is the same as Fig. 1 (a) except that measurement was made when the tip is far from the
sample. This result indicates not only that the lines except 924 cm™ are all due to the Raman scattering by
Adenine molecule located near the probe tip, but also that the Raman spectrum is detected only when the probe
is in the near field of the molecule of interest, otherwise the photon field is not enhanced to scatters Raman-
shifted photons.
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- Figure 1: Raman spectra of adenine molecules Figure 2: Vibrational modes of adenine
obtained (a) with a tip and (b) without tip. at (a) 739 cm™ and (b) 1328 ¢cm™
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Fabrication of 25-nm Zn Dot with Selective Photodissociation of

Adsorption-phase Dietylzinc by Optical Near Field

 T. Yatsui,” M. Ueda,” Y. Yamamoto,” T. Kawazoe,” M. Kourogi,”" and M. Ohtsu®"”
a) ERATO, Japan Science and Technology Corporation, Machida, Tokyo, 1 94-0004, Japan.
b) Interdisciplinary Graduate School of Science and Engineering, Tokyo Insmute of Technology,
Yokohama, Kanagawa, 226-8502 Japan

For realizing nanometer-scale ’photonic devices and their integration, it is required that
nanometer-scale structures are fabricated with nanometric precision. To meet this requirement,
we have realized fabrication of 60-nm scale Zn dots with photodissociated gas-phase diethylzinc
(DEZn) by optical near field [1}. However, the migration of dissociated Zn limits the lateral size, -
To overcome this difficulty, we report here successful fabrication of nanometer-scale Zn dot by
two-step process; nanometer-scale nucleation and selective deposntion on prenucleated Zn wnth
photodissociation of adsorption-phase DEZn by optical near field.

The fiber probe used for photodissociation by optical near field was a sharpened UV fiber
probe with an apex diameter of 30 nm. For selective photodissociation of adsorption-phase ,
DEZn, we used He-Cd laser (325 nm) as a light source, because gas-phase DEZn is absorbed
hardly at A > 300 nm and the absorption spectrum of adsorption-phase DEZn is red-shifted
with respect to that of gas-phase [2]. Furthermore, since the extent of molecular adsorption on

Znis Iarger than that on a substrate 3, the selective growth of adsorption-phase ‘DEZn on

prenucleated Zn is expected. As 2 comparison, the second harmonic of Ar’ laser (A = 244 nm)
was used as a light source that resonates the absorption band of gas-phase DEZn. The
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. separation between fiber probe and sapphire substrate was kept within several nanometers by -

shear-force feedback technique. During deposition, the partial pressure of DEZn was 10 mTorr.

Figures 1(a) and 1(b) show the topographical images of deposited Zn using A = 325 and 244 . -

nm, respectively. In Fig. 1(c), the solid and dashed curves are the respective cross sectional
proﬁles through the Zn dots deposited at A = 325 and 244 nm. The dashed curve has tails both.
sides of the peak. These tails correspond to the Zn deposited by photodissociation of gas-phase

DEZn. However, the solid curve has no tails and its full width and half maximum and height are.

25 and 16 nm, respectively; thus it is clear that the 325 nm propagating light leaked from the
probe did not dissociate the gas-phase DEZn. These results indicate that the nanometer-scale

nucleation was occurred by optical near field for a2 325 nm light. Furthermore, the deposition is -

grown by molecules adsorbed on prenucleated Zn. Since high-quality ZnO s fabricated by |
oxidizing Zn, such a nanometric precision of the deposition mechanism could be used to’
fabricate size- and position-controlled nanometer-scale opto-electronic devices.

-200 -100 é 100 200

: ) Position [nm]
Figure 1: Bird’s eye views of shear-force topographical image of Zn deposited by using (a) 7. 325
nm and (b) A = 244 nm. (c) Cross sectional profiles through the deposited Zn dots in (a) and (b).
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Mapping single molecular fluorescence lifetime near metal probes

E.MH.P. van Dijk, A.C. Krygsman ‘W.H.J. Rensen, M.F. Garcia-Parajé, L. Kuipers & N.F. van Hulst
Applied Optics group, MESA™ Research Institute, Faculty of Applied Physics, University of Twente,
P.O.Box 217, 75004E Enschede, the Netherlands

Sharp metal probes are being used by a number of groups in an effort to break the diffraction limit
[1-3]. The experiments involve bringing a sharp metal probe close to the sample of interest. Excitation light
impinging at the end of the probe can induce a very localized enhancement of the field. Different
mechanisms for enhancement have been reported. In one case, light with a polarization parallel to the probe
axis induces charge oscillations that accumulate at the probe apex (lighting rod effect)[1]. This effect is
highly dependent on the geometry of the probe and the polarization of the excitation light. An alternative
route to enhancement. is probably based on localized collective electron oscillations, e.g. plasmons [2].
Where 'the enhancement is hxghly depended on the material of the’ probe and the excitation wavelength
used.

The enhanced localized field can in principle be mapped with single fluorescent molecules. They
are used as local nano-reporters of the field strength near the probe. Since the molecules are randomly
orientated in the sample they allow the mapping of the field components in all directions [4]. In a
conventional single molecule experiment the number of emitted fluorescent photons is assumed to be
propomonal to the intensity of the field. However, this assumption does not hold when a metal object is
brought in the vicinity of the fluorescent molecule. Due to the electromagnetic interaction of the emitting
dipole with the metal, the spontancous emission rate can be enhanced or inhibited, depending on the exact
geometry of the metal and the distance to the molecule. This interaction will lead to an enhancement or
quenching of the fluorescence, an effect that is not exclusively related to the local field around the probe.
The only way to separate ficld enhancement effects from fluorescence emission modification is to measure
the lifetime of the excited state [5]. «

In this contribution we will present simultaneous measurements of the fluorescence intensity and
excited state lifetime as a function of the x, y and z position (fig.1) of the probe with respect to single
molecules. Dielectric and metal probes were illuminated at various excitation wavelengths. Direct
correlation of the fluorescence intensity and decay rate for individual molecules in real time allow us to
distinguish between the different physical phenomena that occur when a metal is brought near a single
molecule.

Figure 1: schematic representation of the experiment.
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Optical Spectroscopy on Individual Porphyrin Wheels

C.RL P N Jeukens, K Takazawa P C M Chrzsnanen J.C Maan
High Field Magnet Laboratory, Research Institute for Materials, University of Nijmegen, Toernooiveld 1,
6525 ED Nijmegen, The Netherlands

M. C. Lensen, J. A. A. W. Elemans, A. E. Rowan, R. J. M. Nolte, ’
Organic Chemistry, University of Nymegen Toernoozveld 1 6525 ED Nymegen, The Netherlands

We report local spectroscopic studies of micron sized, ring-shaped molecular assemblies of which the
constituent molecules (hexakis porphyrinato benzene, see Fig. 1a) are strongly ordered. The absorption and
emission spectra of these ordered porphyrin wheels show a polarization, which is directed along the tangent
of the ring, enabljng the determination of the internal molecular arrangement. Control of the size and
internal molecular order of such porphyrm wheels is of considerable interest to understand and mimic
energy transport of natural light harvesting antenna systems and to develop future nanoscale applications.

The ring-shaped assemblies are’ studied using two techniques: 1) SNOM, providing high spatially
resolved {~ 100 ‘nm), polarized emission images; and 2) confocal mlcroscopy, provndmg polarization
dependent emission and absorption spectra of an individual ring.

By dropcasting a chloroform solution of the porphyrin molecules on a substrate, the molecules self-
assemble into ring-shaped architectures that have a diameter in the range 0.110 pm. From polarization

. measurements we find that the substrate has a large influence on ‘the internal degree of order. Using a

. hydrophilic substrate leads to a high degree of order (see Fig: 1b) within the wheel without the need of

. .additional treatments such as annealing. Moreover, the lack of any emission intensity in the central part of

the wheel clearly shows that no porphyrin molecules are present within the nng, indicating a ring formation

. mechanism due to the deposition of the molecules around gas-bubbles arising from the evaporatlon of the

""" solvent. Analysis of the polarization dependent absorption and emission spectra of individual rings shows

that the optical dipoles of the molecules are éligncd tangentially to the ring (see Fig. 1c). From this fact we

deduce the ordering of the molecules in the ring. Fmally, we observe that the absorption as well as the
emission spectra are ring-size dependent. The.large rings (~ 10 pm) 'show no polarization in emission,

while the absorptlon spectrum shows a small red-shift with respect to the molecular solution, i.c. there is no

macroscopic ordering, although there is sorfie interaction between the porphyrine molecules. In contrast,

the smaller rings (< 4 pm) show a strongly polarized emission, and a broad, strongly red-shifted absorption
spectrum, i.e. a high degree of macroscopic order as a result of a strong interaction between the molecules.

Figure 1; a) Molecular structure of hexakis porphyrinato benzene, b) Fluorescence images of the porphyrin
wheels after vertically (left) and horizontally (right) polarized excitation and detection and
c) Alignment of the optical dipoles of the molecules in the ring.
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Probing the opti_(_:él near-field enhancement at a metal tip
using a single fluorescent molecule

B, Heeht
Nano-Optics group. Institut of Physics. University of Busel, CH-4056 Basel. Switzerlund.
A. Kramer, W. Tvabesinger and U.P. Wild
Physical Chenistiy Laboratory. Swiss Federal Iustitute of Technology. CH-8093 Zurich, Switzerlund,

The optical near-fickd in the vicinity of a metal tips of gold and Pt/lr is mapped using a single-molecnle
as an optical probe {1].. The sctup consists of a sample-scanning confocal optical microscope on top of
which a scauning probe microscope is mouuted [2]. Linearly polarized light from a tunable dye laser
(A=578.5 mm) is foensed to a nearly diffraction-limited spot on the sample by a microscope objective. The

" sample fluorescence is foenused onto a single photon comnting avalanche photo diode. A holographic noteh

120

filter and a subsequent cut-off filter block the Rayleigh-scattered light. Sample scanning is accomplished by
a piezo bimorph scanner, tip scanning by a piczo tube. Shear foree interaction between tip and sample is
used for the gapwidth control. The shear foree detection relies on a quarts tuning fork as sensing element
[3]. During an (!X]S(‘lfimvnt a single wolecule is contimonsly illuminated while the inetal tip séans over it.
The flunorescence rate of the molecule is recorded as a function of the tip position.

We observe an enhaneeinent of the fluorescence signal by a factor of 5.740.3 as compared to the flnorecence
in absence of the tip. This is clearly larger than the fourfold euhancement that can arise from constrnctive
interference if the tip acts as a simple mirror. Considering the tip apex as a nanoparticle of nouregular
shape. we suggest that, in the case of gold tips, the enbancement is due to resonant plasmon excitation.
Consistently, no ecnhancement has been observed using Pt /Ir tips.

cts/1.8 ms
60

-

\
'g- 305nm
J

Figure 1: (a) Sketeh of the experimental setup. - An etehed gold tip is scanned over a single finorescent
molecude held fixed in the focus of a laser beam.  The Huorescence rate of the molecule is continmously
recorded as a function of the tip position. (b) Moleenlar finorescence as a function of the tip position. {¢)
Cut aloug the dashed line in (b). ‘A Gawnssian fit is used to extract both, the width of the spot and the
intensity enhancement factor, ' )
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Near-Field and Confocal Surface Enhanced Resonance Raman
Spectroscopy from Room Temperature to Cryogenic Temperatures

A J Mévmer T. Vosgrine and P Anger,
Physikalische Chemie, Universitdt Siegen,
57068 Siegen, Germany

Since the pioneering work of Kneipp [l] Nie [2], Brus [3], and Kill [4) surface enhanced Raman
~ spectroscopy (SERS) at the single molecule level has attracted considerable attention. In SERS the Raman
scattering cross section of molecules adsorbed on silver or gold nano-particles is enhanced by so many

orders of magnitude that fingerprint vibrational spectra can be recorded at the single-molecule level under

ambient conditions. In order to record Raman spectra with high spatial resolution the enhancement of the
electromagnetic field by a silver coated AFM cantilever opposite to & silver film coated with dye has been
used. Recently Zenobi et al.[5] have reported Raman signals with a spatial resolution on the order of 50 nm
and al Kawata et al.[6] have observed local fluctuations in the SERRS spectra of a R6G-coated silver film
ona30 nm scale at the junction between a silver tip and a silver film. :

, We investigate surface enhanced Raman spectra of rhodamme dyes dlspersed on 1solated silver nano-

. particles or nano-clusters. For excitation we have used an aperture probe or a diffraction limited confocal
laser spot. Spectra in the rang from 200 cm™! to 4000 cm” at room temperature down to 9 Kelvin have been
“recorded. Many of the lines can be associated with the structure of the adsorbed molecule. Frequency shifts
of distinct modes are due to changes of the force constants of the respective chemical bonds in the structure
“of the adsorbed molecule. The appearance or disappearance of lines is the result of a distorted molecular
structure such that the selection rules valid for the free molecule no longer apply. These effects may also
occur suddenly from one spectrum to the next an are caused by changing chemical interactions between the
dye molecule and.the local irregular micro environment on the Ag-particle. They may also provide
evndence for the effects leadmg to chemlcal enhancement [7] of the Raman scattenng cross section.
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Near Field Enhancement of Conductive Tips
in Raman Spectroscopy of Carbon Nanotubes

A. Bek, R. Vogelgesang, and K. Kern
Maz-Planck Institute for Solid State Research, 70569 Stuttgart, Germany

Optical spectroscopy at the single molecule level has attracted considerable attention in recent years.
Whereas fluorescence and luminescence spectroscopy of single molecules has generated a wealth of new
results, Raman spectroscopy has not yet attracted as much attention due mainly to the many orders of
magnitude lower cross-sections for the scattering process.

In view of the nanoscopic target sample size, especially when compared to the typical wavelengths of op-
tical radiation, taking advantage of near-field optical effects holds great promise. Indeed, a few experimental
investigations of single molecule Raman spectroscopy have been reported, which utilized highly localized
near field enhancement effects of laser light in the nm-sized volume near the tip apex of an aperture-less
scanning near-field optical microscope (such as conductive scanning tunneling microscope (STM) tips or
atomic force microscope (AFM) tips with a conductive coatmg) to help overcome the limitations of minute
cross-sections.[1, 2, 3, 4]

A prerequisite for the optimal application of this scheme is the detailed understandxng of the interactions
between the incident exciting radiation and the sample, as well as other matenal in the neighborhood,
na.mely, sample holder/substrate and the field enhancing tip.

We investigate the Raman spectra of carbon nano tubes - a relatlvely robust and strong scatterer
- located in the vicinity of field enhancing conductive tips.. To minimize the influence of the sample
holder/substrate matter we use free standing nano tubes attached to commercial AFM tips, which also
allow to handle the specimens with comparative ease. In addition, they may be used as a regular AFM
probe to map simultaneously the surface topology of the field enhancing tip. We report on the Raman
scattering intensity in variation of the relative location of the carbon nano tube and the field enhancing tip

" as well as direction and polarization of the incident radiation. The experimental results are compared with

theoretical predictions.
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~ Near-field imaging of surface plasmon on Au nano-structures
“fabricated by scanning probe lithography

Jeongyong Kim,' Ki-Bong Song, Jun-Ho Kim, Seong Q Lee and Kang-Ho Park
‘Basic Research Laboratory, Electronics and Telecommunications Research Institute,
Kajeong-dong 161, Yusong, Taejon 305-600, Korea

Recently it is reported that metal films with penodxc hole arrays has unusually high transmission due to
surface plasmon (SP) modes excited by photon i impinging with specific_ energy,[l] while detaxls of spatial
distributions of SP modes on the films are to be known. Near field scanning optical microscopy (NSOM)
can provide a direct view of the field distribution of SP modes due to its hxgh spatial resolutlon [2]

“'We use 2 NSOM to image spatial modes of SP on metalllc nano-structures fabricated by scanmng probe
“lithography technique, which has advantages of low cost and simplicity. A few nanometer hlgh oxide

layers are fabricated on Si or Ti films using nano-oxidation technique with an atomic force microscope

‘(AFM) and consequently the film is covered with thin layer of Au by thermal evaporation. In result,

periodic nano-metal-grating structures are formed. The line width can be made smaller than 50 nm and
arbitrary metallic grating patterns with varying period or shape can be fabricated. Figure 1(a) shows an
AFM image of a line grating produced by nano-oxidation and Au deposition. The period of the line
corrugation is chosen to be 318 nm, the half of the laser. wavelength (635 nm), to optimize the coupling
with SP modes.” Various patterns of metal nano-structures and gratmgs are fabncated and the result of

~ NSOM imaging will be presented.

As a preliminary experiment, we fabricated the isolated metal mounds on an Au thin (~ 30 nm) film and
imaged the field distribution with NSOM {3] The series of mounds are produced by applymg 20 ps, 20V
electric pulses to WgC-coated probes in AFM non-contact mode. The size of the mounds is about 20 nm in
height and 50 - 100 nm in width. Figure l(b) displays a NSOM transmission images. Strong enhancement

- of light transmission on the metal mounds is observed as bright spots. The width of spots is measured to be

as small as 80 nm confirming the high spatial resolution of NSOM." - The peak intensity on the mounds is

a . about 10 times higher than the background intensity, strongly suggestmg that the excltatlon of SP modes
‘ plays a role in observed enhancement of llght transmxsslon :

- Intensity ‘(cis)‘

1] -
~0.0..0.2:04.06 0810 1.2 14 186
- Transverse position (um)

Figure 1: (a) AFMi image of a line gratmg lmage size is 6 x 6 (..(b) NSOM transmission image of
metallic mounds fabncated by SPL. Image size is § x 5 0. (c) Cross secnon along the white line i in b)
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Second-harmonic Generation at Metal Tips in Apertureless
Scanning Near-field Optical Microscopy

: S. Takahashi, A. V. Zayats,
School of Mathematics and Physzcs, The Queens Umverszty of Belfast BT7 INN, United Kingdom.

Apertureless scanning near-field optical microscopy (SNOM) has recently attracted much attention due
to its potentiality of high spatial resolution. Among variety of apertureless approaches, an application of
second harmonic generation (SHG) at a metal tip apex is a promising technique for llght confinement on
the nanoscale [1, 2, 3). :

Second-harmonic generation is known to be a surface sensitive spectroscopic technique, and its intensity
is proportional to the fourth power of the local electric field of the excitation light. SHG at metal surfaces
exhibiting nanoscale defect structure can be strongly enhanced due to localised surface plasmons and/or
lightning-rod effects at surface defects. In analogy to this, sharp metal tips of the apertureless SNOM
can be regarded as good candidates for achieving nanoscopic sources of second-harmonic light. If the field
enhancement effects are induced at or by a probe tip, the strongly confined source of the SH light can be
realised in the tip-surface junction [1, 3].

Here we present the investigations of the second-harmonic generation at sharp metal tips in the near-field
proximity to a surface. Polarisation and distance dependencies of second-harmonic generation have been
investigated and compared to respective dependencies for scattered fundamental light. The experimental
data for different tip materials are compared in order to elucidate the mechanisms of the electromagnetic
field enhancement and light confinement in terms of the contribution of localised surface plasmons at the

‘tip apex and the influence of the tip interaction with a surfa,ce

Second-harmonic generation and excitation light scattermg at the tip apex under two illumination con-
ditions has been studied such as direct illumination in the far-field and evanescent wave illumination in the
near-field proximity to a surface. The experimental data reveal the polarisation characteristics of linear and
SHG scattering depending on the topographic features of the tip. Under the direct far-field illumination,
the scattering centre of fundamental and SH light can be different from one another, while in the near-field
they are predominantly the same. The electromagnetic interaction between a tip and a surface results in
much less influence of the tip surface quality on the near-field SHG in contrast to the far-field SHG. The
polarisation contrast achieved with SHG exceeds the contrast of linear scattering. Such polarisation char-
acteristics are important for apertureless near-field optical imaging of ferroelectric and magnetic materials
as well as for nonlinear magneto-optical studies and applications on the nanoscale.
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Near-field Optical Structuring of Ultrathin Térpolymer Films

"’S. Trogisch, Ch. Loppacher, S. Grajfstrom and LM Eng
University of Technology Dresden, Institute of Applied Photophysics, D-01062 Dresden
trogisch@iapp.de, www.iapp.de

F Braun, T. Pbmpé, and B. Voit, Institute of Polymer Research Dresden ve.‘V., D-01069 Dresden

‘We report on the near-field structuring of novel terpolymers [1]. Two different types of terpolymers were used,
each containing siloxane groups for covalent bonding to the substrate, spacer groups, and photoreactive groups. The
- photoreactive part was either a diazosulfonate group, which decomposes under UV 1rrad1atxon, or an amine group
protected by a photolabile part. The two polymers behave like a negative or positive resist, permitting further
functionalization of nonirradiated and -irradiated areas, respectively Therefore, these polymers are promising
materials for nanotechnological applxcatlons, such as surface metalhzatlon or mmatlon of supramolecular
chemistry on. the nanometer scale.

Films were spin-coated onto glass slides or s:hcon substrates w1th a nommal thlckness between 5 and 100 nm.
Similar film thicknesses were measured :with ellipsometry and a scanning-force-microscopy scratching method. The
. chemical composition on any stage of the polymer modification process was monitored by x-ray photoelectron

spectroscopy (XPS) providing quantitative analysis for larger sample areas. The local chemical composition,

however, could be inspected with p-Raman spectroscopy as well as scanning probe techniques, such as Kelvin force
microscopy revealing the sample surface potential, near-field optical extinction ‘spectroscopy [2] measuring the
local optical absorption, or even tip-enhanced Raman spectroscopy [3].

The presented results show a reduction of the local optical absorption as a function of the UV power absorbed
within the diazo-terpolymer film. Furthermore, we show that only nonirradiated film parts provide functional sites

for metal salt complexation and development of metallic structures [4] Note that such processes like as-deposited

polymer films have not yet been reported in the literature, - *. -
. UV structuring by confocal and near-field ophcal microscopy was successful for the amino-terpolymer. The
latter was achieved with tapered optical multimode fibers (ca. 100 nm aperture) providing enough optical
_transmission in order to remove the protection group of the amine-functionalized polymer Uncovered amine groups
were ‘then marked with Fluorescein Isothiocyanate (FITC) and subsequently imaged in a confocal fluorescence
‘microscope (see Fig. 1). We believe that this kind of optical structuring is applicable down to 50 nm.

- Figl: ‘ ‘ ' : ‘

* :Near- ﬁeId optical structurmg of a ultra-thm amino-terpolymer f ilm -
using a tapered multimode fiber for illumination. UV illumination of
the protection: group allows the Fluorescein Isothiocyanate (FITC)
dye to adsorb to the amine groups, as proven with confocal
Sluorescence microscopy.
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Surface Plasmon Nano—Optics

J. R. Krenn,'H. Ditlbacher, G. Schider, A. Hohenayu, A. Leiiner, F. R. Aussenegg
Karl-Franzens-University Graz, Universitdtsplatz 5, A-8010 Graz, Austria
' www. uni-graz. at/expwww/nanooptics

" Within the last decade near—field optical microscopy has contributed significantly to the insight in op-
tical effects based on surface plasmons (SPs). These mixed photon-plasmon excitations at metal surfaces
are especially appealing due to their nanoscale sized optical fields [1], strong field enhancement and their
temporal response on a sub-10 fs time scale [2]. Therefore SPs seem suitable for realizing ultrafast minia-
turized optical elements with spatial dimensions well below the diffraction limit.

Of central importance for such elements is guiding and roﬁting of light 'signals. We demonstrate exper-

. imentally by direct imaging with near—field optical microscopy that a gold nanowire with a width of only

200 nm can serve as a SP waveguide over a distance of a few um, at a wavelength of 800 nm.

Furthermore we report the experimental realization of SP mirrors’ and ’beamsplitters’, which we use
to build a SP interferometer. As an example, Fig.1a shows a ’mirror’ constituted by a two—dimensional
photonic crystal built up from gold nanostructures. This ’mirror’ reflects a (locally excited) SP practically
without loss in intensity and directionality. To image the SP field distribution we recorded the fluorescence
signal of a thin molecule layer close to the sample surface with conventional microscopy (Fig.1b). This

_ technique [3] allows the fast (real-time) and reliable imaging of SPs in metal nano— and microstructures. It

thus constitutes, albeit not allowing superresolution, a tool complementary to near-field optical microscopy
for the investigation of SP effects.

 Figure 1: (&) Scanning electron microscope image of a SP ’mirror’: two SPs are locally launched by focussing'

a laser beam on a vertically aligned gold nanowire (focus position marked by circle); the SP directions are
indicated by the arrows. (b) Corresponding fluorescence image, the SP propagating to the right is reflected
by the ’mirror’; light wavelength 800 nm.
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) Fabribation o:f\zi teuiperature-eontrOllable‘B-doped Si probe for optical

near-field photochemical vapor deposition

T-W.Kim, T. Yatsut, M. Kourbgi * M. Ohtsu*, Japan science and Te echrzology Coporation, 687-1
_ Tsuruma, Machida, Tokyo, Japan 194-0004 .
* AIso at: Interdtsczplmary Graduate School of Science and Engineering, Tokyo Institute of Technology,
4259, Nagatsuta, Mtdorr-(cu, Yokohama, Kananga, Japan 226-8502

" Recently, optical near-field photochemical vapor deposition (NF 0-PCVD) attracts much attention
" as a useful technique to realize nanopotonic near field optical devices. NFO-PCVD method has been
successfully used in the fabrication -of such nanometric matter as Al, Zn, and ZnO [1]. Because the
aperture size directly affects the throughput of optical near field and the resultant size of nanometric
matter deposited, it'is required to maintain the same aperture size of the fiber probe throughout the
integration of near-field optical devices. Material deposition occurred at the aperture of fiber probe,

..caused by the dissociation of adsorbed metal-organic molecules, is thought. as one of the reasons to

- change the aperture size and/or the throughput of optical near field dunng the process of NFO-PCVD.
From this viewpoint, control of the adsorptron of metal-orgamc molecules onto the probe aperture
becomes important. '

We have .developed a temperature-controllable B-doped Si- probe in order to prevent the

' deposmon of the adsorbed source molecules onto the aperture of fiber probe The idea is based on the

- facts that increasing substrate temperature above 80 °C reduces the adsorptron of Diethylzinc -
molecules on the substrate surface [2] and heavrly Bdoped Si layer plays as a good current-induced
 heater [3]. The probes are fabncated using anisotropic etchmg of n-type silicon on insulator (SOI) and .
thermal diffusion of boron Frgure 1 illustrates the schematic dxagram of cross-sectional view and the -

scanning electronic microscopy (SEM) image of the fabricated B-doped Si probe The fabricated
* B-doped Si probe has the aperture size of about 80 nm and the height of 1.8 Tin. By mduemg electric

- power of 1 Watt, temperature of B-doped Si probe can be raised -above 80 °C. In this paper, we
: .describe the fabrication method of a temperature-controllable B-doped Si probc and drscuss the

" “applicability of the probe for NFO-PCVD
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Figurel: schematic dragram of cross-secttonal view and » (Top view)
SEM image of the fabrlcated B-doped Si probe (top vrew) '
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Characterizing the electric field enhancement and fluorescence
quenching induced by a sharp gold tip.

M. R. Beversluis, A. Bouhelier, A. Hartschuh, and L. Novotny
University of Rochester, The Institute of Optics, Rochester, NY 14627.

Enhanced electric fields produced at the apex of a sharp gold tip can be used to locally induce two-photon
excitation fluorescence of molecules, such as PIC J-Aggregates [1]. Although the underlying mechanism of
the enhancement is mostly understood, details regarding the dependence of fluorescence quenching and the
magnitude of the field enhancement on the tip size and shape are still being characterized [2, 3].

It has been suggested that the strong longitudinal field produced in highly focused higher order laser
mode can drive the field enhancement at a sharp gold tip {4]. Using this technique, we have recorded fluo-
rescence images with sub-20 nm resolution, as shown in Fig. 1(a). In Fig. 1(b), the fluorescence appears at
the edges of the aggregates (see arrow) suggesting that the fluorescence is quenched due to the proximity of
the metallic tip. The competition between the field enhancement and the fluorescence quenching at a sharp
gold tip can be understood by measuring the fluorescence rate dependence on the distance between the tip
and sample.

Fhfthermore,‘the near-field contrast also depends on the background signal arising due to nonlinear
interactions between the gold and the ultrafast excitation pulses, giving rise to second-harmonic and white-
light continuum generation. We have found that this component can be altered by changing tip shapes.

Figure 1: (a) Near-field image (2 by 3 micron area) of PIC J-Aggregates with 20 nm spatial resolution, show-
ing both near-field and far-field fluorescence. (b) Taken with a different tip, another image of J-Aggregates
(1 by 1.5 micron area) shows fluorescence which appears to either side of the aggregates, suggesting a
quenching mechanism. " ‘
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Near-Field Spectfoscepy of single I1-VI Quantum Dots

M. Brun, N. :Chevahei, J. C. Woehl, H. Manette and S. Huant
Laboratoire de Spectrométrie Physique, Université Joseph Fourier Grenoble et CNRS
“P.O. Boz 87, 38402 Samt Martin d ’Heres cede:c, F’rance

We have carried out a near-field optical spectroscopy of a single CdTe/ZnTe quantum dot using our
low-temperature (4.2 K) Near-Field Scannmg Optical Mlcroscope NSOM - described at NFO-6 [1].

The CdTe/ ZnTe system has two interesting properties w1th respect to the extensively studied InAs/GaAs
system, which make it a good candlda.te for NSOM studies. First, there is so far no trace of a so-called
“wetting layer” (a very thin supporting qua.ntum ‘well that connects the dots) in photoluminescence (PL)
spectra. The absence of such & layer minimizes inter-dot carrier diffusion and, therefore, helps in maintain-
ing the high spatial resolution of NSOM. Second, the valence band-offset is extremely small in such a way
" that the hole ground state is not the quantum-confined state in the dot, but rather the acceptor state in the
barriers. As a consequence, we expect part of the photo-excited holes to be trapped by these acceptors to
give rise to a steady-state population of excess electrons in the dots. This favors the formation of negative
‘excitons. Therefore, a rich phenomenology is revealed in NSOM studies of such dots.

After having demonstrated the ability of our mxcroseope to actually resolve a single dot in the CdTe/ZnTe
system using a “standard” tapered tlp, we will descrlbe in detail the spectroscoplc propertles of the dot as
a function of the excitation power. '

While the PL spectrum at low excitation power reveals only one single sharp peak due to the radiative
recombination of excitons (X) in the single dot, several additional sharp peaks are observed with increasing
excitation density. The dominant features are ascribed to exciton complexes and charged exciton complexes
such as negatively-charged excitons (X ), neutral (2X and 3X) and negative (2X~ and 3X ) biexcitons
and triexcitons [2]. Exciton charging arises due to efficient hole trapping by. residual acceptors in the barrier
material. A novel spectral feature appearing close to the X = peak is assigned to X2~ negative excitons, i.e.,
excitons having trapped two additional electrons. This feature is found to shift to the red with increasing
power: this is thought to be due to a spm-screemng eﬂ‘ect of the multx~cha.rged zero-dxmensnona.l exciton
complex ) . . : . : .

.Finally, we wﬂl describe prelxmmary studxes of another very promising II-VI quantum dot system, namely
CdSe nanocristals (nanoX) [3]. These nanoX can be produced in different sizes (from 1 nm to 10 nm in
dlameter) which determine their emission properties. They have a very large PL efficiency at room tem-
perature. Using their typical “blinking effect” [4], we will show that our NSOM is able to discriminate single
nanoX dispersed on a thin PMMA film, or inside the film, from clusters of nanoX. Having isolated a single
nanocristal under the optical tip, we are currently measunng its nea,r-ﬁeld PL a.t room temperature and we

-will present our fist data at the conference i »
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Phonon-enhanced near-field interaction
- observed with infrared s-SNOM

R. Hillenbrand, T. Taubner, and F. Keilmann
. Max-Planck-Institut fiir Biochemie, D-82152 Martinsried, Germany, keilmann@biochem.mpg.de

We demonstrate in theory and experiment that the optical near-field interaction can be strongly
enhanced by lattice vibrations or phonons. This effect is analoguous to the well-known plasmon enhancement
due to metallic conduk:tivity. In contrast however, phonon enhancement is stronger and yields a higher Q
resonance compared to plasmon enhancement, because phonons have much longer collisional lifetime compared
to metal electrons. :

Our experiment consists of imaging a partly gold-covered SiC surface in our scanning near-field optical
microscope[ 1,2}, at various illumination wavelengths in'the mid-infrared. This instrument has recently been
equipped to measure scattering amplitude and phase separately and simultaneously. We observe strong scattering
signals in a narrow spectral region near 11 pm. The graph plots the scattering amplitude enhancement 1), relative
to a gold surface, taken from a lérge series of images[3].
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Theoretically, we calculate the near-field microscopic amplitude contrast 1 of SiC relative to gold, by

- employing our model of dipole/mirror dipole interaction outlined earlier 1,2]. This modelling uses the complex
ployn, po po g

dielectric functions of both materials. Taking account of the 2* harmonic signal demodulation (needed in the
experiment to suppress background scattering [2]), we obtain a resonant response (which we plot sqa]ed downto
60%) expressing the phonon-enhanced near-field interaction.  *

This near-field study of SiC demonstrates a resonant light-matter interaction of unprecedented dynamic
range and spectral sharpness. It adds a new, phonon-related mechanism of field enhancement with forseeable use
in near-field microscopy as well as in sensor and photonic applications.
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1] B. Knoll and F. Keilmann, Nature, 399, 134 (1998).
{2} B. Knoll and F. Keilmann, Applied Physics Letters, 77, 3980 (2000).

" [3] R. Hillenbrand, T. Taubner, and F. Keilmann, Nature, in press.
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Time resolved motion of a femtosecond pulse inside a microresonator

H. Gersen', D.J.W. Klunder?, J. P. Korterik', A. Driessen’, N.F. van Hulst', L. (Kobus) Kuzpers
U Applied Optics group, MESA™ Research Institute
% Lightwave Devices Group, MESA® Research Institute,
University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands

Demands on speed and capacity for telecommunication and computer Interference
. applications are increasing exponentially, while simultaneously  the signal
_ dimensions of the components have to decrease to the micro- or even the
nanometer scale. In the optical domain, development of truly integrated
optical devices, and especially microcavities, are key in order to meet
these challenges.

As the development of photonic devices advances, so too will the need
to monitor the transient behavior of optical pulses as they propagate
through such devices. However, peeking inside a photonic structure is far
from ftrivial as conventional optical microscopy is limited by the
diffraction limit. What occurs inside the device therefore remains mostly
hidden. Recently we demonstrated [1] a non-invasive technique based on

an optical photon scanning tunneling microscope (PSTM) that can be used Figure 1 : Schematic
to “visualize” pulses as they propagate through an optical device with both representation of .the pulse
temporal and spatial resolution. : tracking experiment.

Figure 1 schematically depicts how we extended a heterodyne detection phase-sensitive PSTM, which
“allows the measurement of both the amphtude and phase of propagating light [2], to perform local time-
resolved measurements. At a reference time given by the position of an optical delay the position of a pulse
is pinpointed. With this technique we have recently been able to observed time-resolved “ballistic” motion
of ultrashort optical wave packets within a cylindrical microresonator. Figure 2 shows a measurement at a
fixed reference time in which a 120 femtosecond pulse has just passed a ring-resonator. It is clearly visible
that part of the pulse is coupled to two different modes in the resonator. By repeating this measurement for
different reference times the motion of the pulse in the cavity is followed in time. Our most recent results
will be presented at the meeting.- ' -

*‘amplitude |

Figure 2 : Visualization of the time resolved motion of a femtosecond pulse (120 fs, A = 1300 nm)
through a cylindrical ring-resonator (radius 25 pm) measured by PSTM. From left to right the
simultaneously measured topography of the structure (~250 x 70 pm) and the optical amplitude and
phase of the pulses. The optical amplitude clearly shows that part of the pulse which passes the

_ resonator is coupled into the resonator. Two different modes can be distinguished.
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Understanding Local Measurement of Dichroism and
Blrefrmgence in Thin Polymer Films

G. W B‘ryant L S G’oldner,
Natzonal Instztute of Standards and Technology, Gazthersburg, MD 20899—8423

Founer polarlmetry has been adapted to near-ﬁeld scannmg optical mlcroscopy (NSOM) and complete
measurements of local dichroism, alignment of the dichroic axis, birefringence, independent alignment of
the fast axis, and topography have been performed for the first time. The experimental methods and appli-
cations to block copolymer thin films are discussed in another presentation. In this presentation, we show
how the measured local dichroism and local bu'efrmgence is related to local sample properties.

Slmulatlons are performed to determme the contrast mechanisms that contribute to the measured local
dichroism and local birefringence in block copolymer thin films. The block copolymer thin films are modeled
as thin films with alternating parallel stripes of different polymers. A metal-coated optical-fiber NSOM tip
in illumination mode is modeled. - A- finite-element time-domain approach is used to obtain transmitted
fields. Simulations are performed for linear polarization of the probe field parallel and perpendicular to the
stripes. Differences in transmission for the two polarizations give the local dichroism. Differences in the
field phase for the two polanzatxons give the local birefringence.

Three contrast mechamsms are simulated: index contrast between polymer stnpes, absorption contrast
between polymer stripes, and topographlc contrast' between stripes. Recently it was shown(1] that a large-
index film near an NSOM tip can significantly reduce the tip/air impedance mismatch, leading to a higher
flux from the tip when the probe is over the film. In this case, the image contrast follows the emitted flux
from the tip. However, for block copolymer thin films, scattering in the film, rather than modification of the
tip output, is the dominant contrast mechanism. For example, when index variation is the contrast mech-
anism, the calculated dichroism and pola.rlzatlon dependence of the tip output show the opposite variation

for scans across the alternating stripes. For typical copolymer films, the index contrast.is a few percent.

The calculated dichroism is also a few percent. This is s1gmﬁcantly smaller than the observed dichroism,
indicating that larger scattering effects, due to absorption and topography, are important. We find that
absorption can provide larger dichroism. Near an interface between regions of low and high absorption,
the polanzatxon dependence of the transmitted flux depends on how the tip field overlaps the two regions.

For tip polarization parallel to the interface, there is a rapid variationin transmitted fiux as the tip scans

the interface. The transmitted flux changes more slowly for tip polarization perpendicular to the interface.
This determines the dichroism, which is nearly zero‘at an interface, of opposite sign on the two sides of
the interface and nearly zero far from the mterface Topographic contrast can also produce large dichroism
in films with parallel stripes. Again, the dichroism changes sign near an interface and is zero far from an
interface.  The dominant effect is the polarization dependence of diffraction by ‘the topographic grating.

The effects of topographic : and absorption contrast are dxstmgmshable because transmission and reflectivity

dxchroxsm have the same 31gn for absorptxon contrast a.nd the opposn;e sngn for topographxc contrast.
These results are dlscussed in deta.xl and the understa.ndmg we obtain i is used to analyze the contrast in
the local dichroism and local bxtefrlngence ‘measurements of block copolymer thin films.
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CARS Microscopy: 3D Vibrational Imaging’ of Living Cells

X Sunnethe Ji-Xin Chen
Department of Chemistry and Chemical Biology, Harvard Umverstty Cambridge, MA 02138, USA

Coherent anti-Stokes Raman scattering (CARS) microscopy allows 3D imaging with inherent chemical
selectivity based on vibrational spectra of molecules. (See Ref. 1) To overcome the major drawback of this
technique, the presence of a large non-resonant background arising from the electronic contributions, we
demonstrated polarization CARS (P-CARS) microscopy. P-CARS effectively suppresses the non-resonant
background by taking advantage of the polanzatnon difference between the resonant signal and the non-resonant
background. (See Ref. 2.) With P-CARS mlcroscopy, we are able to image the protem dlstnbutlon in living cells
with high contrast. ( Figure 1a&b.).

Figure 1. (a) Spontaneous Raman and polarization CARS spectra
of N-methylacetamnde (insert). The P-CARS amide I band at 1652
cm’ shows a high signal to background ratio. (b) P-CARS image
of an epithelial cell based on the contrast of the amide I band. The
non-resonant background from water is effectively suppressed with
the intensity profile across the line shown below. :

Our theoretical study of CARS microscopy based
on a Green’s function formulation shows that the
CARS farfield radiation pattern depends on sample
size and shape. (See Ref. 3.) Epi-detection allows
high-sensitivity imaging of small cellular organelles
such as mitochondria by avoiding the large forward

: signal from water, while forward-detection can be
used for vxsuahzmg large features such as nuclear membrane. (See Ref.’s 45.)
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Figure 2. Laser-scanning CARS images of NIH3T3 fibroblasts cells (a) Forward -detected image of acell in
interphase, tuned to 2870 ¢cm™ (lipid C-H stretching). (b) Simultaneously epi-detected image of the same cell
as in (a); (c) Forward-detected image of a cell in metaphase, tuned to 1090 cmi™ (DNA backbone vibration).
(d) Forward-detected image of cells in apoptosis, tuned to 2870 cm™.

To achieve high speed imaging of living cells and tissues, we developed a laser-scanning CARS
_microscope that raster scans the collinearly overlapped pump and Stokes beams (See Ref. 6.). With this new
microscope, both forward- and epi-detected images can be simultaneously recorded with high vibrational
contrast and high spatial resolution. We carried out vibrational characterization of apoptosis in NIH3T3
fibroblast cells at a rate of several seconds per frame. (See Ref. 6.) Figure 2 shows CARS images of NIH3T3
fibroblastcells in interphase, mitosis and apoptosis. These advances show that CARS microscopy is becoming a
powerful tool for biological imaging. .
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Numerical Analys1s of Plasma Resonances
in Noble Metal Nanostructures

Hiroharu Tamaru, Hitoshi Kuwata Kenjiro Miyano,
- Research Center for Advanced Science and Technology, The ‘University of Tokyo, Tokyo 153-8904, Japan.

Finite Difference Time Domain (FDTD) method [1] has become a powerful tool for investigation of the
optical interactions with materials in the near-field region due to its wide appllcatxon allowing arbitrary
morphology to be taken into account. : .

Despite its vast usefulness, the method is known to have some difficulties with calculations in some situ-
ations; One is the handling of good but not perfect conductors in which the imaginary part of the dielectric .
function is large, and another is the case of plasma resonance where the real part of the dielectric functions

‘becomes small. Both of these are very much relevant to one of the most interesting aspects of the near-
field optical interactions that involves noble metal nanostructures such as the case where Ag nanoparticles
theract with each other and with light to exhibit the strong field enhancements ‘and sca.ttermg cross sections.

"In this work, FDTD calculations of the resonances of some 100 nm sized Ag and Au particles will be
'dxscussed ‘The dispersion relation of these metals are approximated by the Drude dispersion. Full visible
range spectra for the near-zone or far-zone fields are calculated by means of Fourier transformation of the
impulse response from the system. The resonance frequencies obtained are used as the criteria for the
correctness of the calculation, since they are revealed to be one of the most sensitive quantities that are
calculated by this method. Mie’s theory of hght scattermg is employed as the exact analytical references
for the calculation of spheres. ; ,

Different formulations of the FDTD méthod results in different degree of correctness in the calculation
of this resonance. In either case, the time step At is shown to be the most sensitive parameter in the
calculations. Specificly, the error in resonance frequency ‘6w tends to scale almost linearly with respect to
At in some formulations. As an example with a Ag sphere of 100 nm in diameter, even when the Yee cell
size is chosen to be as small as 1/80 of the resonance wavelength, the time step had to be decreased to 1/10
of that of the Courrant’s condmon to obtam the resonance frequency w1thm a few percent of that of the
analytical result. ,

With these cares taken into account, bl-sphere conﬁgurat:ons have been studied in detail. The coupled
system interact strongly when the sphere spacings are within a few nanometers; the odd and even coupled
modes become active according to the excitation polarization. These results have been shown to well account

” for the actual experiments performed for individual bx-spheres identified by scanning electron microscope [2).

‘Other morphologies of interests are nanorods {3]. The effect of the depolarization factor arising from its
morphology to its resonance frequency and its local field enhancement should be an ideal system to study
the relation between the sphere case and the metal tip case as in the probes of the scattering type SNOM.

‘ References
(1] K. S. Yee, IEEE Trans. Antennas Propagat AP-14, 302 (1966)
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Near-field second-harmonic generation excited by local field
enhancement :

A. Bouhelier, M. Beverslm’s, A. Hartschuh, and L. Novotny,
University of Rochester, The Institute of Optics, Rochester, NY 14627.

. The field near a sharp metal tip can be strongly enhanced if irradiated with an optical field polarized
along the tip axis [1, 2]. Illumination from side of the tip is widely used but give rise to a strong background
and large illumination area [3, 4]. Tightly focused higher-order beams provide an alternative to side illu-
mination. A strong longitudinal field is created at the focus which can give rise to field enhancement (5].
We demonstrate that the enhanced field produces local second:<harmonic (SH) generation at the tip surface
thereby creating a highly confined photon source. A theoretical model for the excitation and emission of
SH radiation at the tip is developed and it is found that this source can be represented by a single on-axis
oscillating dipole. The model is experimentally verified by imaging the spatial field distribution of strongly
focused laser modes as seen in Fig. 1. Whereas the SH generated at a tip is mostly sensitive to the field
oriented along its long axis, The SH excited by a small gold particle is sensitive to the total field strength,
i.e. the transverse contribution plus the longitudinal one. '

Figure 1: Tip-induced SH image of the focal fields of a strongly converging Gaussian HGoo beam (a), and
a Hermite-Gaussian HG)o beam (b). The lobes are oriented in direction of the incident polarization. (c)
and (d) show the calculated longitudinal field distributions (Eg,,) just above the glass surface suggesting
that SH generation at the metal tip is induced by the longitudinal field. Scale bars: 250nm.
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Mamfestatlon of an electrlc dlpole order mduced by optlcal near fields

A Shq:guchr K. Kobayashi*, K. Kttahara. S Sangu M. Ohtsu* ®,
-International Christian University, 10-2-3, Mitaka, Tokyo 181-8585, Japan
A) ERATO/JST, 687-1 Tsuruma, Machida, Tokyo 194-0004, Japan,
B) T okyo Institute of Te echnology, 4259 Nagatuta, Mtdon-ku Yokohama Kanagawa 226-85 02, Japan.

o meg to the recent progress in ﬁne processmg technology it becomes possible to investigate the
.. interaction via optical near fields among materials in nano meter scale [1]. Since one of the remarkable
characters of optical near fields is non-propagating property, it is more suitable to use localized functions as
a basis set than to use plane waves to describe optical near fields. We present a phenomenological model of
a near field photon-matter system using such a localized function to describe optical near fields. We
suppose quantum dots chain as a matter system and model it as one-dlmensnonal N two-level system (in
- other words, excltons) with a periodic boundary condition. A localized photon .is described as a harmonic
~oscillator localized in each site, and only allowed to hop to the nearest neighbor sites. As a result of the
‘interaction, quantum dots emit and absorb locallzed photons A Hamlltoman of the system conssts of three
parts as follows:
: . H (H,+H,))+H,,
Here H descnbes localized photons, H, describes excitons, and Hiy, represents the locahzed photon-excrton
interaction. Each Hamtltoman can be expressed as
i ' -eZa_ a, +V2(a", a, +a, ‘a.),

) asl

mesEnh,

B "" oeeo
" H, UZ(a b +b'a ),
where n indicates the site number, and a, (a,,") and b, (b,,’) represent anmhtlanon (creation) operators of a

localized photon and an exciton, respectively. -
We investigate dynamical properties of the system driven by the Hamiltonian. ‘As shown in Fig. 1, we

predict a coherent oscillation of dipoles of the whole system started from an initial condition, and show that

we can classify each drpolc oscnllatlon of the system into four groups dependmg on the parameters of the
Hamtltcman _
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Flgure 1 Ttme evolutxon of the dipole moment dxstrlbutlon The vertxcal and hortzontal axes represent the
dipole moment and the site number of quantum dots.
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Moreover radiation probabllxty of each state is examined in Frg 2. It indicates that the state w1th the
coherent oscillation is close to the Dicke’s superradiant state. We wxll dlscuss the ordering mechamsm in
detail.
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Femtosecond coherent near-field spectroscopy of single quantum dots

Tobias Giinther, Kerstin Miiller, Chnstoph Lienau, Thomas Elsaesser
Max-Born-Institut fiir Nichtlineare Optik und Kurzzeitspektroskopie D-12489 Berlin, Germany

Soheyla Eshlaghi, Andreas Wieck
Lehrstuhl fiir Angewandte Festkorperphysik, Universitit Bochum, D-44870 Bochum

Quantum dots currently attract much interest as model systems for artificial solid state atoms and as
probes of wavefunction localization in disordered media. The potential of using their optical excitations as
bits for -semiconductor-based -.implementations of quantum information processing is under intense
investigation. Such implementations rely on the ability to probe and control optical nonlinearities in single
and coupled quantum dots on ultrafast time scales, a research field that remains to be explored.

In this paper, we describe and demonstrate a novel technique, combining near-field optics and
femtosecond pump-probe spectroscopy to analyze the nonlinear optical response of single quantum dots on
ultrafast time scales [1]. We investigate single natural quantum dots (QD) formed at interface fluctuations
of a 5 nm (100)GaAs quantum well. Differential reflectivity (AR) spectra are resolved with < 200 nm and
100 fs in a near-field pump-probe setup at 12 K at time delays At between pump and probe laser.

For At>0, the AR spectra show ultrasharp (50 peV) Lorentzian resonancs from single QDs (Fig. (d)).
The slow decay of AR with time constants of 30 — 100 ps reflects the QD population lifetime (a). The early
time AR dynamics are unexpected, when modeling the QD as an artifical atom. We find a long persistence
of AR at negative At (b) and pronounced spectral oscillations around the excitionic QD resonance (c). -
These are clear signatures of the perturbed free induction decay of the coherent QD polarization: Coulomb
scattering with photoexcited carriers leads to additional damping of the QD polanzanon (e). The now
established ability to dynamically probe the QD polarization opens new ways for measuring and controlling
polarization interactions on femtosecond time scales. Possible applications for quantum information
processing will be discussed.
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Figure 1: (a) Time evolution of AR for three different dot resonances. The slow decay reflects the QD lifetime of 30 to 100 ps. (b) At
negative delay times, At<0, a pronounced AR signal persists for up to -10 ps, reflecting the perturbed free induction decay of the
coherent QD polarization. (¢) Near-field AR/R-spectra at different At<0 show pronounced speciral oscillations around the excitonic
resonance: Coulomb scattering with photoexcited carriers leads to additional damping of the QD polarization. (d) Schematic energy
diagram. (¢) QD polarization dynamics.
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The electrodynamics of fluorescing molecules

_interacting with metallic nano-cavities

J Endeflein; Institute fur Biolugie'al Information Processing 1, Forscllungszentrum Jiilich
. D-52425 Jiilich, Germany

It is well known that the ﬂuorescence emission properties of molecules can be dramatically changed by
the presence of metals within wavelength distance [1,2]. Due to the electromagnetic interaction of the emit-
ting dye with the metal, the spontaneous emission rate can be enhanced or inhibited, depending on the exact
dye-metal geometry {3). When considering fluorescence near metals, three effects have to be taken into ac-
_count: (i) the changed intensity of the exciting electric field, due to the interaction of the incident light with
the metal; (ii) the altered lifetime of the excited state of the molecule due to ns electromagnetlc interaction
with the metal; (iii) the partial absorption of emitted energy by the metal

The photOphysxcal propemes of fluorescing molecules near metalllc layers have been extensively studied
both experimentally [2] and theoretically [4], showing the well known effects of fluorescence lifetime modi-
fication, fluorescence quenching, and enhanced photostability. Although it was shown that under favorite
conditions (proper fluorophore/metal distance) fluorescence quenching by the metal is compensated by lo-
cally enhanced field intensity and enhanced photostablhty, no dramatnc change in total fluorescence yield is
observed. :

The situation changes dramatically when considering the fluorescence of molecules near nanoscopic me-
tallic particles or within metallic nanocavities. The paper presents a quantitative treatment of fluorescence
emission of single molecules in a nanometrically structured metallic environment within the framework of
classical electrodynamics, which has proven to be extremely successful in treating similar problems in the
past, see e.g. [4]. In particular, the fluorescence excitation and emission of fluorescing molecules within
closed metallic nanocavities are studied [5]. It is found that under favorite geometrical conditions, the fluo-
~ rescence properties of the molecules are significantly enhanced, increasing their detectable fluorescence

_ brightness and photostability by one to two orders of magnitude. These effects become even more pro-

" nounced when considering multi-photon excitation of fluorescence. Furthermore, significant changes in ab-
sorption and emission spectra are predicted: Besides the pure fundamental interest in the interaction between
~ molecular dipole emitters and metallic nanocavities, the found results have far reaching consequences for
" many pracncal applications, such as devising new lasing materials, or ﬂuorescent labels with unusual proper-
nes e - il TE
[1] E. M. Purcell, Phys. Rev., 69, 681 (1947). - ...

[2} K. H. Drexhage, Progress in Optics X1, 165 (1974)..
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Near-field second harmonic microscopy with half-metal-coated tip:
application to imaging of ferroelectric domains

HY. Liang, Il Smolyaninov, C.C. Davis, R. Ramesh, C.H. Lee
- University of Maryland, ECE Dept., College Park, MD 20742

Optical second harmonic generation (SHG) is a sensitive technique for characterization and investigation
of the symmetry properties of different samples [1] It is known to be affected by crystal structure, magnetic
and ferroelectric order, mechanical strain, etc. Recently we have introduced a near-field optical SHG
microscopy technique for imaging of ferroelectric thin films with a bare tapered fiber tip, extemally
illuminated with femtosecond laser pulses. Our results indicated rcsolutlon of the order of 80nm and
sensitivity to local crystal symmetry. [2] .

In our new experiment, we used weakly focused light from a Ti:sapphire laser regenerative amplifier
(working at 810 nm, repetition rate 100kHz, 100 fs puse duration and ~5pJ pulse energy) to illuminate the
ferroelectric sample, with an incident angle around 50°. A half-metal-coated tip was used to replace the
uncoated tip we used in our previous work [2]. The tip was drawn by a standard heating and pulling
procedure from a single mode fiber, then coated with a layer of gold, about . 100nm thick, on one side The
-other side was transparent. The light collection efficiency of this tip is comparable to that of the uncoated

~ tip when properly mounted, and it has the potential of working as one electrode of ferroelectric memory
cell. The tip was scanned over the sample surface with a constant tlp-surface distance of a few nanometers
-using shear - force feedback control.. Therefore, surface topography images- were obtained while
snmultaneous]y recording the SH near-field distribution.

-One concern with this kind of a tip is whether it itself generates SH light. To check this, we studied the
distance dependence of SH signal. At a tip-sample distance of several wavelengths, the SH signal dropped
down to almost zero, which indicated that the SH was from the sample instead of the tip. At the same time,
we noticed a strong enhancement of SH intensity in the near field region. Within ~ 1ptm tip-sample distance
range, the SH dropped sharply from ~400 counts/second in the near-field of the sample to ~80
counts/second far from the sample. This obvious near-field behavior gives this kind of a tip a potential to
obtain higher quality near-field SH images.

In order to apply this tip to the study of ferroelectric domain switching dynamics, we need to relate the
SH signal with different remnant polarization of the ferroelectric domains. Similar to our previous work
with uncoated tips [3}, we performed the study of polarization behavior of near-field SHG using a poled
BaTiO3 single crystal. Phase-matched SHG is prohibited in BaTiO3 because of its strong dispersion. As a
result, the measured signal originates from the surface, resembling the case of a thin film. For each poling
direction of the crystal, we have got different symmetry of the SH signal, and different intensity of SHG. In
contrast to our previous work with uncoated tips, near-field SHG detected with half-coated tip is much
stronger in the case of S- polarized excitation light. Large differences between SH signal for dnﬁ'erent
crystal poling directions enable us to recover the local poling dn-ectlon in thin ferroelectric films.

This work was supported in part by the University of Maryland NSF-MRSEC.
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835 (2000)
3. LI Smolyaninov, H. Y. Liang, C. H. Lee, C. C. Davis, V. Nagarajan, R. Ramesh Journal of
Microscopy 202, 250 (2000)
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Near-field autocorrelation spectroscopy:
Quantum mechamcal level repulsnon in mterface quantum dots
Francesca lntonn VaIentma Emiliani, Christoph Lienau, Thomas Elsaesser
Max-Born-Institut fiir Nichtlineare Optik und Kurzzeitspektroskopie D-12489 Berlin, Germany

Vincenzo Savona, Erich Runge, Roland Zimmermann
Institut fiir Physik, Humboldt Universitdt, D-10117 Berlin, Germany

Localized stateé play a key role for the optical and transport propertics of disordered quantum systems, -

" e.g., thin quantum wells (QW). Here, exciton localization within a spatially fluctuating, interface-roughness
induced disorder potential gives rise to inhomogeneous broadening of far-field spectra. In experiments with
high spatial and spectral resolution the spectra break up into narrow emission spikes (Fig (b)) from excitons

- localized_ in single quantum dots (QD). So far, it has been difficult to infer from such spectra precise

mformanon about the underlymg dlsorder potenual or the nature of the excitonic QD wavefunctions.

In this paper we demonstrate that near-ﬂcld autocorrelation spectroscopy is a particular sensitive probe

of both the underlying disorder potential and the localization length of the excitonic wavefunction. The
technique is based on a statistical analysis of the two-energy autocorrelation function of a large ensemble of
near-field PL spectra. We discuss near-field autocorrelation spectra R.(AE) of thin (311)A and (100) GaAs

QW and compare these data to a two-dimensional quantum theory of the exciton motion. On a (311)A QW
(Fig. (c)), we find clear experimental evidence that ‘the non-negligible spatial overlap of excitonic .

wavefunctions gives rise to a level-repulsion of the excitonic eigenenergies[1}. This quantum-mechanical
hallmark of Anderson localization manifests itself in a prounced dip in R.(AE) at energies between 1 and 3
" 'meV (Fig (c), inset). Here, a single disorder correlation length of 17 nm reproduces the expcnmental data
well. The system displays weak localization and the wavefunctions extend over several minima of the
disorder potential, clearly evidenced by an analysns of the energy-dependent exciton Jocalization length and

: by the level repulsion dip. Autocorrelation spectra on (100) QWs are markedly different and show .

characteristic features of strong locahzatlon, where several exciton eigenstates -are localized within a single
. potential mimimum and these minima have sxmxlar shapc and size. Apphcatlons of these new techmque to
other types of nanostructures are discussed.

oy
o

{a) © =
\ﬂ/ . ‘?_- L RAE) - R **(aE)
.. g,
, £
) | g 3
: ,; . "é
®
=z £
[7]
-8 3
Z - go
& 2 R .
170 171 172 “o § .10 15 20 25
Energy (eV) ER s AE (meV) :
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Gradient-Field Raman: Selection Rules in the Near Field
H. D. Hallen,* E. J. Ayars** and C. L. Jahncke***

* Physics Depa}tment, North Carolina State University, Raleigh, NC 27695-8202
** Physics Department, Walla Walla College, College Place, WA 99324
*** Physics Department, St. Lawrence University, Canton, NY 13617

The metal aperture at the apex of a near-field scanning optical microscope (NSOM) probe locally
concentrates the electric field. As these evanescent fields decay on a nanometer length-scale, strong field
gradients are produced. These gradients have profound éffects on the Raman spectra of samples within
them, leading to a “Gradient-Field Raman” (GFR) effect. It leads to new selection rules for surface
enhanced Raman spectroscopy (SERS), for example see {1,2] and references within, and also to differences

" between far-field and near-field Raman spectroscopy measured with a near-field optical microscope. [3,4)

We describe how a strong gradient of the electric field can alter the Raman spectra, and investigate its
implications on selection rules. Heuristically, the field gradient causes the Coulomb force on a polarized
bond to vary during the vibration, providing a new coupling mechanism between the field and the

'vibration. These selection rules differ markedly from the usual Raman selectlon rules, and allow Raman-

like observation of strong IR (not normally Raman) vibrations.

In NSOM, a sharpened optical fiber is coated with aluminum to form an aperture. The probe is
positioned near the surface under lateral force feedback. The NSOM is used in illumination mode, with
514 nm Ar jon laser light coupled into the fiber probe. Reflected light is collimated with a 0.50 NA lens,
passed through a holographic filter, focused into a Czerny-Turner spectrometer, and finally collected onto a
cooled (-45 C) CCD camera. ‘New peaks not observed in the far-field spectra observed as the probe
approaches the surface. Using difference spectra to highlight the changes, we find the distance dependence
for the B1 peak of KTP. This vibration is the strong IR absorption mode at 712 cm [5] but is not Raman-
allowed in the geometry of our far-field experiment. The probe-sample distance dependence of the peaks is
shown in Fig. 1, along with the best-fit Raman and GFR models. The GFR describes the data quite well
except for the derivative-like variation near 90 nm, which we attribute to coupling with plasmons on the Al
probe coatmg {6]
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Figure 1. The probe-sample distance-dependence
of the NSOM-Raman difference spectra is
compared to the standard Raman and GFR
models.
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- Vibrational Modes of an Individual Single Wall Carbon Nanotube
Observed by Near-field Enhanced Raman Spectroscopy

Norikiko Hayazawa’*, Tukaaki Yano”, Yasushi Inouye”*%, and Satoshi Kawata" %
- )Department of Applied Physics, Osaka Umver.rzaf Suita, Osaka 563-0871, Japan '
' 2)CREST, Japan Corparatzon o/ Science and Iéc/mo/og Japan ‘
. 3)Handai FRC, Suita, Osaka 565-0871, Japan
4)&'/100/ omemzerEm.s'clence, Osaka Umversza/ Suita, Osaka 565-0871, Japan
.fM’IKE/V Hatko, Saltama, 357-0198, Japarz o

Local vibrational modes of an individual Single Wall Carbon Nanotube (SWNT) were observed by near-field
enhanced Raman Spectroscopy. We demonstrated the near-field enhanced Raman spectroscopy with the use of a met- -
allized cantilever tip and a highly p-polanzed light illumination onto the tip[1,2]. P-polarized light field excites surface
plasmon polaritons localized at the very tip apex which result in the enhanced elctric field well localized at the tip. This
- localized enhanced electric field is utlhzed for the near~ﬁeld Raman excxtatlon, allowmg for the observation of the
" loca! vibrational modes of single wall carbon nanotubes. Jeee e :

Due to the strong coupling between electron and phonons in the resonance Raman effect the umque 1D electric
density of states (EDOS) of SWNTs play an important role in the unusual resonant Raman spectra of SWNTs associ-
ated with the bandgap (E) that is equal to the energy difference (E D between the two van Hove singularities [3]. Thus,

* Raman spectroscopy has been reahzed to be one of the powerful tools to investigate the propertles of SWNTs because
_Raman spectroscopy can allow for the in-situ direct observation of molecular vibration modes. The very large EDOS at
" the van Hove singularities‘with the illumination of the correspbnding laser energy Tesult in the high intensities of
resonant Raman effect of SWNTs Accordmg to the calculatlon [4] of £, at the excltauon wavelength of 532 nm (2.33
eV) for the diameter range d from 1.22 to 1.51 nm, only the small resonance of ;- can be expected.

* Figure 1a shows the near-field enhanced Raman spectrum of a SWNT. Remarkable tangentlal G-band peaks of
SWNT which is split into 2 peaks at 1593 cm 'and 1569 cm” and small D-band peak at 1331 cm are observed due to
the locahzed enhanced electric field atthe np apex The observed G-bands are well fitted by the Lorentzian line shape
and are lacking in the Brelt-Wigner- : ‘ "
~ Fano (BWF) line shape [3] that is - ,
observed in the resonant Raman 400 ' 1331cm-! S
spectra of metallic nanotubes. These ' ¢ ,
G-band features follow the facts that £ 300 L 14 cm-t

*1 593cm'1

only the serniccndueting nanOtubeE ~ i ‘ } ‘ »‘ ‘ L ‘ | ‘j IF " | ' by
is in resonance. On the other hand, £ 200 wi" MM“ ‘ ,f‘ ke i w A 1“‘;“‘”,‘ e 1}
in Fig.1b, the far-field l}aman spec-8, il J . o % ” i "‘; ' ' '
trum of a SWNT including some im-2 1004 ‘ | 15690m-1 |
 purities (amorphouscarbon)mthoutg : e St L e e e .
‘a probe exhibits no distinguishable’s ) IR S .
peak because of no enhancement by 05 ] L I T 1 T
the probe. The laser power and the 1100 1200 1300 1400 1500 1600 - 1700 7
exposure time of each spectrum are " . * L . Stokes-shift [cm-1]
1.65 mW and 1 mmute, respectxvely Flgurel a Near-ﬁeld and b, far-ﬁeld Raman spectra of an mdmdual SWNT.
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Investigation of local field ehhancement at the end of SNOM tips using
photosensitive azobenzene-containing materials

F. H’Dhili, R. Bachelot, G. Lérondel, D. Barchiesi, R. Fikri, A. Rumyantseva and P. Royer
Laboratoire de Nanotechnologie et d'Instrumentation Optique, Université de Technologie de Troyes, 12
rue Marie Curie - BP 2060 - 10010 Troyes Cedex, France

N. Landraud
Laboratozre de Physique de la Matiére Condensée, UMR 7643-CNRS, Ecole Pontechmque, 91128
Palaiseau Cedex, France

Recent theoretical works have shown that strong Field Enhancement (FE) can be obtained at the
extremity of a metallic apertureless SNOM tip under laser illumination (for example see Refs {1-3]). FE
occurs in the tip near-field, within an area of tens of nanometers of diameter. This effect is very promising
for the SNOM community because the tip apex could act as a sub-wavelength size optical source.

We introduce a method to experimentally investigate the FE. The method is based on the use of
photosensitive samples {4,5). The experiment is schematically depicted in Fig. 1a. A metallic apertureless
SNOM probe is approached at a few nanometers distance from a photosensitive sample (azobenzene-
containing material [6]). The probe-sample junction is then illuminated by a laser beam. The
photosensitivity of the sample permits us to make a “snapshot” of the spatial distribution of ‘optical
intensity in the vicihity of the probe. This distribution is coded by surface topography, which is
characterized, after exposure and in sifu, by Atomic Force Microscopy using the same probe.

The obtained results validate the concept of optical nanosource at the extremity of an apertureless
metallic SNOM tip. We study the influence of various parameters, including the probe geometry, the probe
material and the polarization state of the incident field. The experimental data are found to be in agreement
with numerical calculations of the tip near-field. Additionally we discuss the nature of the local interaction
between the enhanced electromagnetic field and the azobenzene molecules. Finally we present preliminary
results of apertureless near-field optical lithography based on local field enhancement (see example Fig.

1b).
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- Figure 1 : (a) Prmcxple of the experiment (b) AFM image showmg the letter ‘L" written by apertureless

near-field optical lithography.
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Scanning Nehr-ﬂeld Opticérl Microscopy vlei»ng Semiconductor
Nanocrystals as a Local Fluorescence and Fluorescence Resonance
Energy Transfer Source - '

6. T Shubena S K Sekatskn G Dzetler Instztut de Physrque de la Matiére Condensée Université de
Lausanne, BSP, CH 1015 Lausanne — Dorigny, Switzerland
I Potapova A Mews Th. Basché, Institut fiir Physikalische Chemie Johannes Gutenberg-Universitdt
: Mainz, 55095 Mainz, Germany

Semiconductor nanocrystals, especially CdSe ones, are considered as very prospective objects for all
kinds of the fluorescence microscopy due to their excellent photophysrcal properties and for the possibility
. to tune their fluorescence spectra by changing their sizes through varymg their synthesis conditions (see, e.

~ 8 [1]). In particular, essentially better photostability in comparison to dye molecules is anticipated for
- CdSe nanocrystals, which makes them especially suitable to be used in applications aiming the use of a

.single fluorescence center as a light source. This is very important for -the recently proposed {2]
~ Fluorescence Resonance Energy Transfer Scanning Near-field Optical Microscopy (FRET SNOM), where
donor fluorescent centers located in the tip apex are used to excite the fluorescence of acceptor centers of
the sample (or vice versa). When a single fluorescence center located in the tip apex is used as an excitation
“source, the spatral resolution can be mcreased up to 2 4 nm (Forster radms) with the sensmvrty exceeding
.- that of a usual apertured SNOM {2]. e v X

Here we report an expenmental ‘realization of the local fluorescent probe based on CdSe nanocrystals.
CdSe nanocrystals possessing a narrow size distribution and a high fluorescence quantum yield were
- synthesized and coated by thin protective ZnS layers in Mainz University (see [3) and references therein for

- details). Local fluorescent probes were prepared by dipping and extraction of the standard apertured SNOM
- fiber probe having an aperture of 100 — 200 nm into.a solution of CdSe nanocrystals and 1 ~2 vol % of
"PMMA or polystyrene in toluene. After such a procedure and subSequent rapid drying of the solvent we
obtain the SNOM fiber probe coated with a 30 — 100 nm -=-thick layer of the polymer: contammg
nanocrystals with the concentration of 10'® - 10'® cm™. The existence of such a layer was confirmed using
scanning electron microscopy and experiments wrth the srmllarly prepared local ﬂuorescent probes based
on dye molecules [4]. ,

Local probes were excited by coupling the 458 nm spectral line of cw Ar ion laser into the opposite end
of the fiber probe. They were scanned in the vicinity of the sample in a usual manner using the tuning fork
- based shear-force distance regulation. When we record the optical image of a sample in the spectral range
of the fluorescence of the CdSe nanocrystals, we exploit our probes as local fluorescent probes. (See, e. g.
Ref. [5] for a discussion of local fluorescence probes and their prospectives). These same probes can be
exploited 'as FRET. SNOM probes when one records fluorescence from the sample stained with dye
molecules capable to work as acceptors for the CdSe nanocrystal donors. Dyes suitable to function as
acceptors ina CdSe-dye FRET paxr were selected by us earlxer w

leferent samples were studred using these local probes based -on the CdSe nanocrystals, and the
corresponding experimental results will be discussed. In particular, the dependence of the ﬂuorescence
intensity on the local refraction index of the sample was recorded.
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- Near-field Raman Imaging of Organic Molecules
by an Apertureless Metallic Probe Scanning Optical Microscope
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" Near-field Raman Imaging of organic molecules is demonstrated by an apertureless near-
field scanning optical microscope {11, the tip of which is a silver-layer-coated cantilever
of an atomic force microscop.é (AFM). The virtue of the enhanced electric field at the tip
apex due to the surface plasmon polariton excitations enhances the Raman scattering
cross-sections [2, 3]. This phenomenon allows us to reveal from near-field Raman images
the molecular vibrational distributions of Rhodamine6G and Crystal Violet molecules
beyond the diffraction limit of a light. These molecular vibrations cannot be distinguished
by AFM topographic images. Fig. 1 (a) is obtained at 607 cm” which corresponds to the

~ Stokes-shifted-line of the C-C-C in-plane bending vibration mode of Rhodamine6G, Fig.
1 (b) is obtained at 908 cm which corresponds to the Stokes shifted-line of the C-H out-
of-plane bending vibration mode of Crystal Violet, and Fig. 1 (c) is a corresponding topo-
graphic image in AFM operation. '
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o

Rhodamine6G, (b) A Near-field Raman image obtained at 908 cm''; CH out-of-plane bending
mode of Crystal Violet, and (c) the corresponding topographic image. It took 10 minutes to _
obtain one image where 1 um by 1 pm scanning area consisted of 64 by 64 pixels.
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Real-Space Mappmg of Exciton and Blexciton Wave Functions
in GaAs Quantum Dot by Near-Field Optlcal Imaging Spectroscopy .
{ T Saxkz and K. Matsuda
Kanagawa Academy.of Science and Technology, Kawasakt, Kanagawa, Japan
S. Nomura ' ’ '

Umverstty of Ikukuba, Tsukuba, Ibarakx, Japan ’
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RIKEN, Wako, Saitama, Japan

The near-field optical,étudies of semiconductor single quantum dots (QDs) or quantum wires have

provided insight into their intrinsic properties, by eliminating the ensemble averaging. Beyond such -

single-constituent spectroscopy, the next challenge of NSOM measurement is to directly illustrate and
control the internal features of the quantum confined systems [1]. Theoretical works predict that if the spatial

resolutnon of near-field scanning optical microscopy. (NSOM) reaches the length scale of the quantum -

structures, the NSOM allows a mapping of real-space distribution of eigenstates (wave functions) [2]. In this
paper, we demonstrate near-ﬁeld imaging spectroscopy of a single GaAs island-like QD with a spatial
resolutlon of 35 nm and map out center-of-mass wave functions of exciton and biexciton.

.The sample investigated was 1sland-hke QDs formed at the interface of a GaAs quantum well

structure. An aperture-type NSOM probe was prepared by the chemical etching technique for the tapering
and by the impact method for the aperture formation. Photoluminescence (PL) imaging spectroscopy was
carried out in illumination-collection mode operation of NSOM at a cryogenic temperature (8K).

- Figure 1{a) shows a near-field PL spectrum at one point of the sample. The spectrum exhibits

three sharp peaks, which were identified as an exciton (X), a biexciton (XX), and a first-excited exciton (X*).
Optical images in Fig. 1(b) and 1(c) were obtained by mappmg the PL intensity with respect to the peaks X'

and XX, respectlvely Since the island structure revealed .in Fig. 1(b) (~100 nm) is beyond our spatial
resolution (35 nm), these images successfully map out the center-of-mass wave functions of the exciton and
biexciton states. The difference in the spatial distribution bctween two images is expected to be associated

-with the d:ﬁ'erence in the “dead layer effect”. As shown in Fxg 1(d), we also map the emission from .

ﬁrst-exclted excnon, whose transmon to the ground state lS mhlblted in the far—ﬁeld regime.
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Figure 1: (a) Near-field PL spectrum of smgle GaAs xshnd strucmre (quantum dot) at 8K. (b)d) Near-

field PL images recorded at the energies of exiciton' (X), blexcnon (XX), and ﬁrst-exclted exciton (X‘), .

respecuvely Image size: 200 nm X 200nm
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Plasmon Condenser with a Microscatter
for Optical Far/Near field Conversion

T. Yatsui,” T. Abe,” M. Kourogi,"” and M, Ohtsu™"
a) ERATO, Japan Science and I’échnolagy Corporation, Machida, Tokyo, 194-0004, Japan.
b) Interdisciplinary Graduate School of Science and Engincering, Tokyo Institute of Technology,
Yokohama, Kanagawa, 226-8502, Japan.

To realize nanometer-scale photonic devices and their integration [1], coupling them with
external conventional diffraction-limited photonic devices is required by using a nanometer-scale
optical waveguide for far/near -field conversion. To meet this requirement, we have reported
plasmon waveguide using a metallized silicon wedge structure that converts far-field light to
optical near field via one-dimensional (1D) plasmon mode [2]. To couple with 1D plasmon mode
efficiently, we propose here a plasmon condenser with a microscatter that focus two-dimensional
(2D) surface plasmon (SP) and converts to 1D plasmon mode efficiently.

As a plasmon condenser, carbon columns were aligned by focused ion beam. They were
positioned on a circumference of a radius R in order to compensate for phase-matching of the
scattered plasmon waves at the focal point. The angular pesition of the nth column is given by the
expression kR-kRcos(a)=2mn [see Fig. 1(a)]. Furthermore, to enhance the efficiency of light
scattering a microscatter was deposited at focal point of the plasmon condenser. To excite 2D SP
mode and increase the near-field optical energy at the microscatter, S0-nm-thickness gold film
was coated. In order to investigate the plasmon enhancement due to the microscatter, we
compared the spatial distributions of palsmon condenser without and with the microscatter. The
spatial distributions of optical near-field energy were observed by the collection mode near-field
optical microscope taken at A = 785 nm and arrangement for 2D SP excitation in Kretschmann
configration. ’

Figures 1(b) and 1(c) show respectxve topographical and the near-field optical i lmages of the
plasmon condenser without the microscatter. Figures 1(d) and 1(e) are for the plasmon condenser
with the microscatter. In Fig. 1(f), curves A, B, and C show the cross sectional profiles along -
dashed white lines A-A’, B-B’ {in Fig. 1(c)}, and C-C” {in Fig. 1(e)], respectively, where the pick-
up intensity were normalized by the incident power of 2D SP in front of the plasmon condenser.
Note that the peak intensity of curves B and C are twice and 7 times that of curve A, respectively,
and full width at half maximum of curve C is 350 nm. These results confirm that plasmon
condenser focuses 2D SP and the microscatter enhances the light scattering. By using these
structures in the far/near -field conversion devu:e, higher conversion efﬁciency from 2D SPto 1D
plasmon mode is expected.
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Figure 1: (a) Modeling of plasmon condenser with a microscatter. (b) Topographical image of
plasmon condenser. (¢) Near-field optical image on (b). (d) Topographical image of plasmon
condenser with a microscatter. (¢) Near-field optical image on (d). (f) Curves A, B, and C show the
cross sectional profiles along the dashed white lines of A-A’, B-B*, and C-C’, respectively.
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Spontaneous emission of an atom placed near nanobodies
‘ V.V. Klimov -
P. N. Lebedev Physical Institute, RAS, 53 Lenin Prospect, Moscow 117924, Russia.

The influence of nanonobodies of different shapes (sphere, cylinder, ‘cone, spheroid) and
made of different materials (dielectric, metal, 'left-handed’) on decay rate of an atom is considered.

The results of calculations performed within the framework of quantum and classical electrodynamics -

are presented both in analytic and graphical forms and can be readily used for planning experiments
and analysis of experimental data. The results obtained show that one can use nanobodies to control
effectively the decay rate of spontaneous emission. For example, the decay rate of an excited atom
with dipole orientation, which is normal.to surface of nanospheroid or nanocylinder, can be enhanced
by factor 10 - 100 in comparison with free space rate. More substantial enhancement of decay rate
* occurs for special (negative) values of permittivity. It corresponds to excitation of surface plasmons
inside nanobody. On the other hand, the decay of an excited atom whose transition dipole moment is
directed tangentially to the nanobody surface substantially slows down. The probability of nonradia-
tive decay of the excited state is shown to increase substantially in the presence of nanobodies pos-
sessing losses. -
Let us now consider the observation of an individual molecule with the aid of an apertureless
scanning microscope with a needle tip modeled by a prolate nanospheroid wherein plasmon reso-

" nances can be excited {1]. We consider that the process of excitation of the object molecule and the

process of emission of light by it are separated both in time and frequency. It means that the molecule
excitation process is off resonance with the nanoscope needle, whereas the emission band of the
molecule falls within the resonance region of the nanospheroid as a needle. With this formulation, the
problem reduces to the determination of the rate of the radiative loss suffered by the preexcited
molecule in the presence of the nanotip possessing resonance properties due to the plasmons excited
therein. In Figl. one can see scan signal of nanoscope near molecule with different orientations. From
these figures one can see that it is possible to achieve space resolution about 2-3 nm. More over it is
possible to determine the orientation of dipole through dip in scan image.

6o
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_-Figure 1. Scan images (relative decay rate) of a molecule for its different orientations. Arrows indi-
cate the position and orientation of the dipole. .
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Raman spectroscopy of fullerene- or perylene- filled nanotubes

. Débarre A.., Jaffiol R.., Julien C., Nutarelli D., Richard A., Tchénio P.,
. Laboratoire Aimé Cotton, C.N.R.S. Il, Bat. 505, 91405 Orsay Cedex, France

To imp[ove the spatial resolution in NFO, schemes that take advantage of the field enhancement under
an opaque tip, often called apertureless approaches, were proposed[1,2,3,4].: When imaging, resolutions
.. below ten nanometers where obtained. But, for spectroscopic applications in fluorescence, the dynamlcs of

" the light emission is strongly affected [5] and for most of the chromophores, the fluorescence is quenched
when a hlgh resolution is required. The case of Raman spectroscopy, where the enetgy is not stored for a
long time in an highly excited state ‘seems more favorable and several recent expenments [6, 7] did

observed enhanced Raman scattenng under metalhc tips.

There are close connections between fluorescence or Raman experiments under opaque tips and those
. -that have been perfonned on rough substrates for more than twenty years. Typical enhanced factors under a

_ tip are still much smaller than those obtained on optimized Surface Enhanced Raman scattering(SERS)
substrates. Understanding how nanostructures enhance Raman scattering can lead to a beiter design of NFO
probes for Raman application.

Classical SERS substrate are noble metal (silver, gold usually). films or colloids in solution or deposited
on a dielectric substrate. Carbon nanotubes-is another kind of nanomaterial that present remarkable
" “electrical and mechanical properties. Their ability to enhance Raman signals has not yet been investigated.
Recently, several groups have succeeded in filling these structures with different chemical species[8,9]. In

this lecture, we report on Raman scattermg of nanotubes filled with fullerenes or perylene molecules. First,’

- we will present the hyperspectral imaging method that allows us to study these very heterogeneous

systems. This original method is'close to the techniques used in single-molecule ‘spectroscopy. It combines

- a high spatial resolution Raman imaging (confocal mlcroscope) with sample dilution. In each pomt of the
1mage, a complete Raman spectrum over a 3000cm’ wide domain is acquired. After processing this 3D

image, regions of interest can be selected. Then, we will discuss Raman spectra on nanotubes filled with

" different chemical species. Preliminary results suggest that strong Raman signals can be obtained with
traces of material which supports enhancement of Raman scattering from species inside or near the tube.
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Imaging with a scatter-probe near field optical microscope

. V. Ruiz-Cortés, S. Zavala, P. Negrete-Regagnon, E. R. Mndez, H. M. Escamilla
Depto. de Optica, Divisidn de Fisica Apliada
Centro de Investigacidén Cientifica y de Educaci on Sugrior de Ensenada (CICESE)
Km,. 107 Carr. Tijuana-Ensenada, 22860 Ensenada, B.C., Mezico .

Nano-scale optical technology is currently a highly active area of researc h. Near-field geometffers
opportunities to study optical interactions involving both a propagating optical field and an evanescent
field. Near field optical microscopy has been successful in demonstrating the possibility of beating the
diffraction limit of conven tional optical systems.In near field optics the resolution is primarily determined
by the size of the probe and resolutions of about A/10 or lower are routinely achieved with these instruments.

Most of the near-field optics arrangements employ a tapered optical fiber to illuminate or/and collect
the light reflected or transmitted by the sample. The resolution is, in this case, primarily determined by
the size of the tip, and efforts are been made to produce sharper ones. T ehnology has no wmatured to
the point where near-field microscopes are employed in a wide variety of applications in biology, material
science and surface metrology.

A minor trend in near field microscopy consists of using scatters, rather than tapered optical waveguides
employed by more conven tionalsystems. Using a scanning near-field optical microscope with a metallic
probe tip, we investigate the formation of near-field optical images. The scatter-probe is used only for con-
verting an evanescent field to a propagating field and the detection system is in the far-field. This situation
models the usual experimental set up employed in scatter-probe near-field microscopy.

We will present a numerical study of a scanning scatter-probe near-field optical microscope. We will
describe the numerical technique employed in our studies of the problem and some representativ e results of
our findings.

The method of calculation is based on the "in tegralapproach” formalism describe by Maradudin et.
al [1], with some small modifications to be able to deal with multivalued surfaces and multiply connected
domains. With this formalism, one is able to calculate the intensity reaching the far field of the sample for
a particular position of the probe. By displacing the probe horizontally by small increments, and solving
the scattering equations for each one of the positions it is possible to calculate images under various combi-
nations of geometries of incidence and scattering. The image is then formed using the calculated signal for
each position of the probe as it is scanned over the sample at constant height.
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Dependence of the 'res01utibn of ei'Sca»I}mirrg Near-Field Optical
) Microscopy Tip on‘optical fiber parameters.

. L Alvarez, A. Sauceda _
Instituto de Ingemema, Umverszdad Auténoma de Baja California, CP 21280, Me:mcalz, Baja California,
Mézico.
B oo ‘ M. Xiao
C'entro de Czenczas de'la Matena Condensada, Universidad Nacional Autonoma de Me:mco, CP 22800,
Ensenada, Baja C’alzfomza, Mézico.

In Scanning Near—Fleld Optical Microscopy (SNOM) a tapered optrcal fiber scans a sa.mple surface to

obtain resolution beyond the Rayleigh limit. In contrast to conventional microscopy, this particular mi-
croscopy does not appear to be diffraction limited and some work has been done with the aim of finding its
actual resolution limit. In the case of a metal covered tip, the easier way is to use diffraction theory for a
»subwavelength aperture pierced in a perfectly conductmg metal screen, where the metal screen represents
the metal cover of the optical fiber. o : : , - S

-Since the optlcal fiber is not con81dered in the. models ‘such works are lumted to dlscussmg resolution as
a function of the aperture size. In a work of Buckland et al. [1], the problem of the resolution of a collection
mode SNOM tip, whether metal covered or not, is approached using a modal treatment. In the case of
a'metal-covered tip, the discussion is based on the analysis of the modes of a conducting wall cylindrical
waveguidé. In the case of a naked tip, the dlscussion is based on the ana.lysrs of the guided modes of the
optical fiber. In both cases, the assumption is made that the aperture size is so small that it was possible to

discard all the modes with the exception of the fundamental mode. Therefore, it is an interesting problem

. to discuss the resolution of a SNOM tip using the complete set of modes. It is desxrable that the model
includes both the metal cover and the optical fiber.

" In a previous article 2], a model for the dlﬂ’ra.ctlon through a subwavelength aperture on the top of
an optical fiber was developed. Such a model, based on the Direct Moment Method (DMM), uses both
the set of modes of the metal wall cylindrical waveguide and the complete orthonormal set of modes of an
optical fiber. The model was intended for studying the light transmission through the SNOM tip, taking
into account not only the size of the aperture, but also the characteristics of the optical fiber.. In this work,
the same model will be used to discuss the limit of resolution of a SNOM tip with no restrictions on the
size of the aperture. The model will allow discussion of the dependence of the resolutron on the ra.dms of
the core and the permittivity of both core and claddmg '
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PHOTON INTERACTION BETWEEN TWO ATOMS IN
' NEAR—FIELD CONTACT '

Jacob Broe and Olé Keller,
Instztute of Physics, Aalborg University, Pontoppzdanstraede 108, 9220 Aalborg Ost, Denmark

In near-field optics a study of the interaction of two atoms (molecules) in near-field contact during the

~ exchange of photons, is of fundamental interest.” Concrete prob]ems where such a study is crucial for the
"~ understanding could be, .

1. the detection of of photon in the near-field of its source. In this situation one atom acts as the source
and the other as the detector [1], :

2. in a micoroscopic investigation of the resolution problem, where both atoms act as sources,

3. in a study of the optical tunneling problem, which is related to the lack og photon localizability. {2]

/ A theoretical study of this interaction necessarily must be based upon a microscopic and quantum elec-
trodyna.mmaJ description. One often used approach is to formulate the problem in the multipole gauge
(Power-Zinau-Woolley gauge) [3, 4]. This gauge has the disadvantage that the photon propagation can not

'be seen directly from the fundamental equations, but this problem can be removed by reformulating the
‘ approach in the so-called propagator gauge (], related in some respects closely to the multipole gauge.

In this presentatxon we will formulate the two-atom problem in the propagator gauge, and present a
closer study of the electrodynamics of a single atom, because many of the problems here also enter the two-
atom problem. Because of the close relation between the propagator and multipole gauges, it will further

. be demonstrated how many of the divergences obtained in many calculations in the multipole gauge [3] are

due to the almost universally used assumption that the atom is point-like.
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Comment on a controlling method of spins of atoms
with optical near fields
A. Shojiguchi, K. Kitahara, International Christit;n University, Mitaka, Tokyo 181-8585 .

If two evanescent waves respectively propagating in the direction of the x-axis and of the y-axis are
built on top of a dielectric surface, a pattern of circle polarization whose polarization axis is in the z-axis
will be made on a straight line on the surface [1). This is a special circle polarization whose polarization
axis is orthogonal with the propagating direction. If an alkali-atom beam runs along with the straight line of

., this circle polarization pattern, the z-component of angular momentum of the atom increases by 1 due to
_the induced absorption. If the initial state of the atom is S;,, the valence electron is either in the up-spin
, state (J, M) = (1/2, 1/2) or in the down-spin state (J, M) = (1/2,-1/2). Atoms in the up-spin state and the
.down-spin state change to a state Py, and to a state Py, respectively. However, if we inhibit the transition
to the state P, by selecting frequency of the evanescent wave, we can make atoms of the up-spin state (J,
M) = (172, 172) stable. Finally, atoms in the state Py; relax to the state S, of the up or down-spin state.
.- Thus, by repeating the pumping and relaxing processes we can make all the atoms in the up-spin state (see
_-Fig.1). This is a procedure proposed by Kitahara and Hori 2] to arrange the spins of atoms in the same
. du'ectlon

- The probability of the spontaneous emission of atoms near an mterface is different from the one in
- vacuum because the probability depends on the direction of the emitted photon. Moreover, since the atoms
- are very close to-the dielectric surface, the difference cannot be negligible. In order to take account of the
" “surface effect, we expand the electromagnetic waves in terms of the Carniglia-Mandel mode [3], whichis a
- normal mode of the electromagnetic waves with the boundary condition of an infinite plane surface to form
a complete orthonormal set. Then we calculate the transition probability from the Py, state to the up-spin
state (wyp) or to the down-spm state (Woown), perturbauvely The greater the ratio R(n, 2) = Wyp/Wioun
becomes, the faster the up-spin atoms are collected. The ratio R(n, Z) depends on the distance from surface
_-to the atoms (2) as well as the refraction index (n) of the dielectric surface. A result on the transition from
" the state 6Py to 6S; of **Ce atoms is shown in Fig. 2. It follows from the figure that the ratio R(n, 7)
~_takes its maximum value at n =1.5 and then monotonically decreases with z. We find that the ratlo R(n, z)is

’ enhanced due to the surface effect by 30% than the value estimated in Ref. {2]. ..
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Near-firld optical imaging mechanism as a windowed Fourier
‘Transform

Qing Zhou, Hong Dai.
Departmem of Physics, Yunnan University, Kunming 650091, China

Xing Zhu
State Key Lab for Mesoscopic Physzcs,Pekmg University, Beymg 100871, Chma

(

In near-field optical microscopy, the task of the fiber probe is to capture the radiation from the sample.
“The process contains two aspects. On the one hand, when the probe is introduced on the sample surface, it
disturbs the existed field. It interacts with that field and establishes a new field distribution. The new field
distribution contains high frequency information (i.e. evanescent field) from sample because of near field,
so high resolution is available. On the other hand, the size of probe tip is finite and constant (infinite
impossible), so the tip is seen as a windowed function smoothmg the received signal. Therefore, the
detected resolution depends on an assembly of the tip size, distance between tlp and sample, relative
position and material characteristics of both tip and sample.

Computing simulations presented below can show this using three-dimensional. FDTD method. The

computing model consists of three cubic dielectric blocks whose height and each side is 125nm and 75nm,

. respectively. The permittivity of the blocks is 12.25 (refractive index=3.5). A plane wave (A =500nm)

illuminates the probe at normal incidence to the bottom (in z-dxrectlon) We assume the direction of the
incident light polarization is the electric field polarization along the y-axis.

Figure 1 shows near-field distribution of sample without probe. The more distant from the sample
surface, the less the part of high frequency .

Figure 2 shows near-field distribution of sample with probe The tip disturbs the ficld distribution.
The received signal is different from the original field of sample. However the signal contains high
frequency information on sample in near-field region. The relation between the undisturbed and disturbed
fields is not simple. Therefore, the near-field optical microscopic image must be interpreted carefully.
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Deconvolution Method for Improving’Aperture-Scanning =
- Near-Field Magneto-Optical Images

F. Kiendl, G. Giintherody, Il. Physikalisches Institut der RWTH Aachen, 52056 Aachen, Germany.
e~ma11 Fabian. Klendl@physxk rwth-aachen de

In the aperture mode of magneto-optical scanning near-field microscopy (MO-SNOM) the resolution is deter-
mined by the size and geometry of the aperture[1]. Reducing the size of apertures makes their fabrication dispropor-
tionally more difficult and curbs the available intensity[2]. Therefore, there is a need to increase the resolution for a
given aperture. '

" We propose a computational image post-processing rnethod[3] to increase the resolution and thereby the contrast
of a ‘given magneto-optical near-field image. In many scanning measurement set-ups (¢.g., confocal[4] or magnetic

force microscopes(5, 6]), the detector is much larger than the structures to be resolved, and the information is recov-

ered by a deconvolution technique: Such a technique, however, requires an appropnate model of the measurement

... process. In this work we put forward a model for the image acquisition process in our magneto-optical SNOM set-

up[7] that allows us to apply a deconvolution technique to our images: We divide the sample into grid squares that
are much smaller than the aperture and regard each acquired pixel as a superposition of intensity contributions from
many grid squares.  While a typical aperture illuminates an area of 50-100.nm diameter at any given time, it can be
scanned across the sample with a much higher precision. As most sample grid squares are therefore illuminated more
than once during an entire scan, the acquired image can be regarded as a convolution of the true sample information
with the aperture geometry. To deconvolve the aperture geometry from a given acquired i image, we set up a linear
equation system in the mtensxty contributions from the individual sample grid squares..

We demonstrate the potcntlal benefit and computational feasibility of this method on a test structure. Analyzing
the impact of image acquisition disturbances on the deconvolution result, we find that actual images must be de-
noised properly before deconvolution. We find that de-noising methods based on wavelet analysis[8] are far superior
to Fourier analysis for this purpose. They empower us to deconvolve actual magneto-optlcal images from our experi-
mental set-up.

Once the sample has been removed from the SNOM, e.g., to change the fip or to acquire reference images using
a different magnetic microscope, it is difficult to retrieve the previously imaged area in subsequent measurements. To
overcome this problem, we have prepared samples with a topographically visible coordinate system.
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Extraordinary Light Transmissit)n through Sub-wavelength Slits:
Waveguiding and Optical Vortices

H.F. Schouten, T.D. Visser, D. Lenstra
Dept. of Physics and Astronomy, Vrije Universiteit,
De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands .
H. Blok
_ Dept. of Electrical Engineering, Technische Universiteit Delft,
Mekelweg 4, 2628 CD, Delft, The Netherlands

Using a rigorous scattering model we compute the field around sub-wavelength slits in a metal plate

‘which has both finite conductivity and finite thickness. The transmission through these slits is studied as
- function of several parameters such as the slit width and the thickness and conductivity of the plate. We
found that the recently observed enhanced transmission [1] can also occur for a single slit. We explain this

extraordinary. behavior in terms of waveguiding and optical vortices. We also study the case of two shts in
a metal plate, a.nd investigate the light transmission as a function of their proximity.

IR N N

ALAARRRE S o AAL S AR AAANANAA
AR PPISOUY DEDSSOSEIY SOYSSa S A
AIFIFAARAAAARALA L AAASL 2 LARKKKEEEE & &
wwwww31111;A EAAL L  AARKEEEFEEREFE
::;;aq;ngaﬂ K%&&"E?“F“‘F‘E
AFIFIFIYFAXART 7 T CERFREEECEECEECERENR
AAFYyFIIFRIIFZIATRRAA AU A LCEECERER
AXXE X IFIYPFAATFRARAPARRE Y v € EECEEEEERAKA
AARAA AT F &+ 5 P XA R ALEREE S U TR EEEFEROA
PARAAAFT AT AN I FJAARCREECEC R ERERE AR A A
rrsaxAR Ay I yyfecrec R R RERAAS AL
Q***ﬁﬂﬂﬂﬂﬁjh)*x*kkéﬁﬁgWkkkk&$$1
AR AA A DA KR KR KRAAAAAL QA

¥Ivwywe ke €F
kk&&¢4&$*¢$d¥*v*W*‘e$$A4++A$ﬁ$1

a‘rR‘-«'**Iﬁlb/r&kkrkwvv*vy,wﬂﬂ‘s\ﬁ%#&'ﬁ'ﬁﬁ%
O o O kkwsekwwwx*axﬂﬂ1«4%¢¢¢¢
AAAALERAEREREEEEC Lk y gy IPAAARAAAAA AL A
AAEALLLREREEEKEERECE APIARRAARAAA LA AL
14\%%4«*-%*&»%\&-#!'1:((.59»’!11\1-1\%4\4-4\-&&#&
AARARAARALADLARREREARAAAARALALALALNRARKEK

Figure 1: The power flow near a 200 nm wide slit in a 100 nm thick silver plate, illuminated from below by
a plane wave with a wavelength of 500 nm and polarized along the slit. Notice the vortices (a, b, d and e)
and saddle points (c and f).
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Near-field Optlcal Virtual Probe based on Confinement Field Dnstnbutlon

JiaWang Tao Hong - quun Sun Dacheng Li
Department of Precision Instruments, State Key Laboratory of Precision Measurement Technology and
 Instruments, Tsmghua University, Beijing 100084, P. R. China
E-mail: wj-dpi@mail.tsinghua.edu.cn
Near-field optical virtual probe is a'’kind of immaterial tip based on the principle of near-field evanescent wave
interference. The evanescent wave interference and the aperture play very s1gmﬁcant roles in generating near-field
optical virtual probe. Two evanescent waves in opposrte direction will interfere to generate the confinement field.
The central peak carries most of energy. An aperture can be used to suppress the sidelobe in the optical field
distribution to form near-field optical virtual probe. In this paper the optical field disuiburron of near-field optical
virtual probe has been numerically simulated by 3-D finite-difference time-domain (FDTD). The characteristics of
near-field optxcal visual probe have been revealed. The transrmssron efﬁcxency of optical virtual probe is higher
than popular nano-aperture metal-coated fiber probe i Jn near-field scanmng optxcal nmicroscopy. FWHM of the
central peak of the confinement ﬁeld, in other words, the’ size of optical vmual probe is constant whatever the

"distance increases in-a certain range. It is° feasible that the critical nano-separauon control in NSOM can be
* relaxed, so the scratch between the probe and media can be avorded ‘Some parameters of the optical virtual probe,

such as the shape and size of aperture, polarization and etc. have been analyzed The results also show that:
sidelobe suppressxon will depend on opumlzauon of apenure function of optical virtual probe. This kind of probe -

isl llke]y to be used in near-field high-density optical data storage, nano-lithography, near-field optical imaging and

spectral detection, near-field optical manipulation of nano-scale specimen and etc..
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Existence of phase modulation phenomena in the light
scattered by a v1bratmg tip in aperturless SNOM

P.-M. Adam, S. Aubert R. Bachelot D. Barchiesi, J.-L. Bz’jeon,
A. Bruyant, S. Hudlet, G. Lérondel, P. Royer

, Unwerszté de technologie de Troyes, Laboratoire de Nanotechnologie et d’Instrumentation Optzque
' 10010 Troyes, France.

. A. A. Stashkevich :
Unwerszte Paris 18, Institut Galilée, 99430 Villetaneuse, France.

The understanding of the image formation in apertureless SNOM is still a big challenge. The purpose
of our work is to study the particular influence of the phase modulation of light scattered by the vibrating
tip, especially when a background signal emsts in experimental set-up.

The scheme of near ﬁeld expenments ‘that we consider can be described as follows. A monochromatic
light wave goes throw a transparent 'sample. The structures of this sample are responsible for formation
of near field and far field. This optical information is thus partially contained in the light diffracted by an
AFM vibrating tip. At large distance a fixed photo-sensitive device collected this field eventually in addltlon
to a non-modulated background field.

First, we analyse the field diffracted by the probe and 1llum1nat1ng the detector. The process of diffrac-
tion of a plane-wave Fourier component by the vertical vibrating tip leads to a generation of two phase shifts.
The first one is created as a result of a variation of distance between a fixed sample and the tip and the
second is due to the variation of distance between the tip and the photo-detector. For an evanescent spectral
component the phase shift is complex. Thus the optical signal coming from the tip is both -amplitude and
phase- modulated. The first aspect of problem as been analysed for example in [1}{2][3]. The second aspect
of problem is not often analysed in literature because it can be detected on the electrical signal generated
by the photo-detector only if a background optical signal (for example created by spurious scattering in the
sample) adds to the signal diffracted and modulated by the tip.

Our theoretical and experimental analysis shows that the contribution of the phase modulation is sig-
nificant. It can noticeably change the form of the curve describing the intensity of signal as a function of
the tip modulation amplitude. For some particular amplitudes and detector posmons, the signal becoming
strictly equa.l to zero only because of phase modulation effects.
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Nanoscale Environments in Sol-Gel-Derived Silicates by Single
 Molecule Spectroscopy

D. A. Higgins, M. M. Collinson, Department of Ch'emisir'y, Kansas State University, Manhattan, KS, 66506.

7 Smgle molecule spectroscopic methods are employed to charactenze the nanoscale environments found
in thin silicate films prepared by the sol-gel process.[1] A range of organically-modified silicate thin films
were prepared by spin casting sols of different chemical composition onto glass substrates. Sols were
prepared by cohydrolysis of organically-modified sﬂncate precursors with tetracthy! orthosilicate (TEOS).
Others were prepared by separate hydrolys1s of these same materials. The orgamcally-modlﬁed silicates
employed include isobutyltrimethoxysilane (BTMOS) and cyanopropyltrimethoxysilane (CNS). CNS,

.- BTMOS, and TEOS were combined in different ratios during sol preparation to yield films of dramatically

 different nanoscale properties. ‘The highly solvatochromic dye nile red was doped into these films at

¢ nanomolar levels and its fluorescence was used to probe the nanoscale film environments. Single molecule”

“fluorescence spectra obtamed from these samples were analyzed usmg a modlﬁed Marcus analysis.
Informanon on thc transmon energy in the “equilibrium” envrronment, nommally reflecting the local

' polanty and on the local reorganization energy, nommally reflecting the environmental "rigidity" is
obtained. The data show dramatic variations in the molecular-scale properties as a function of preparation
' . condmons and film composmon Films prepared from a senes of BTMOS 'I'EOS mixtures show strong

: evidence for molecule-scale phase separation. In contrast, those prepared from a range of CNS:TEOS

" mixtures show gradual variations in environmental polarity and rigidity, consistent with molecular-scale
mixing of the precursors throughout the range of samples studzed Overall all samples show the film

" environments bécome dramancally more fluid and less polar wuh mcreasmg organic content. The temporal
emission behavior exhibited by individual molecules is also shown to reflect material phase separation and
environmental rigidity. An image obtained from phase-separated TEOS, CNS and B'I'MOS materials is

* showni in Fig. 1. Molecules emrapped at ﬁxed locatlons in the films appear as round spots, those exhibiting

substantial dynamics due to translational, rotational, and spectral diffusion appear as “streaks”.- These -
image streaks designate film regions of substantially increased fluidity.

. Frgure l Fluorescence 1mage of a dye~doped separately-hydrolyzed TEOS CN S: BTMOS (50 25 25) ﬂlm. e

i
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Smgle molecule detection of Rhodamlne 6G using
cantilever-SNOM- Sensors

F. Vargas, G. Tarrach
Facultad de Fisica, P. Umvers:dad Catdlica de Chile. Av. Vicuiia Mackenna 4860, 690441 1 Santzago Chile
O. Hollricher, -
-WlITec GmbH, Hirvelsinger Weg, D-89081, Ulm, Germany
O. Marti
Abtezlung Experzmentelle Phys:k, Universitit Ulm, D—89068 UIm Germany

In the present work we were able to achieve fluorescent single-molecule detection (SMD) by Scanning
Near-field Optical Microscopy (SNOM) using a new kind of tip, namely the "cantilever-SNOM sensor"
manufactured by WITec GmbH. These sensors consist of a Si cantilever such as commonly used for Atomic Force
Microscopy (AFM), but with a hollow aluminium pyramid as a tip. The pyramid has a small aperture at its apex.
The laser light is focused into the backside of the hollow tip and a fraction of the light emerges from the aperture.
The cantilever-SNOM sensors were used in an «-SNOM from the same company, which offers the possibility to
work simoultaniously in AFM and SNOM mode.

The dye molecules we studied were Rhodamine-6G protected from oxidation by a thin polymer ﬁlm The
samples were prepared using the following polymers with a layer thickness of 7-10 nm: Polymethyl Methacrilate
(PMMA), Polystarine (PS), and Polyvinyl Chloride (PVC). It turned out that PVC gives the most effective
protection, but that the protective effect of PMMA is also quite reasonable and more convenient for comparison with
the results of other groups. Typically, bleaching still ocurrs at the beginning of exposure, but rapidly reaches a
stationary state where the remaining active molecules stay active over a very long time period. Without protection,
the bleaching process goes on until there is not a single emitting molecule left.

In a first step, we imaged single molecules with far-field confocal microscopy. Several long-term
transitions were observed with dark intervals of up to half a second. During the dark state, the fluorescence intensity
dropped to the background level, which means that we can really speak of "on-off" transitions and could not find
any "on-dim" transition, like observed in other systems

confocal intensity " near-field intensity s confocal intensity

near-field intensity

D2um ) 02pm. ) " ‘\, A
——

Then we used the SNOM mode in order to abtain high-resolution images with the cantilever SNOM sensor.
It turned out that we could achieve similar intensity levels as in the confocal mode, but with about 50 nm spatial
resolution on a single fluorescent molecule. Although the images have a superimposed secondary image, a cross
section through the intensity map demonstrates, that the secondary spot is of considerably less intensity than the
primary spot (see ﬁgure) Therefore, the sensors have proved to be useful and to perform well for single-molecule
detection.
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Towards Near-field Detection of Single Molecules
between Nanoelectrodes

< A Drezet, J.-F. Motte, S. Huant, and J. C. Woehl,
‘Laboratoire de’ Spectrométne Physique, Université Joseph Fourier Grenoble et CNRS
88402 Saint Martin d’Héres, France.

- H. B. Weber and H. v. Léhneysen, .
Instztut fiir Nanotechnologze, Forschungszentmm Karlsruhe, 76021 Karlsruhe, Germany.

The ultimate goal in molecular electronics is to replace lithographic chip fabrication based on silicon,
copper, end aluminum by much smaller building blocks obtained from molecular engineering - the so-called
"bottom-up” approach. One possible molecular component for an information processing device consists of

. a single molecule connected to metallic electrodes. For the interpretation of electronic transport properties
....of such a setup we need to understand how the molecular electronic structure changes under application
. - of the huge electric fields. While methods in high resolution optical spectroscopy have proven to provide
.information about electric field effects on the electronic structure with unprecedented detail, it is not evident
to use them in strong and inhomogeneous fields. : For this purpose, the electrode surfaces have to be very
close to each other (on the order of um), a.nd thelr posxtxon rela.twe to the mthlgated spot must be known

. wzth high accuracy. ~

o Nea.r-ﬁeld sca.nmng optlca.l mlcroscopy prowdes Just thxs adva.ntage the sa.mple can be illuminated

* with a spot of a size much smaller than the diffraction limit [1}, and the geometry of the surrounding

) L . nanoelectrode surfaces (and thus the field at the

illuminated area) can be determined from the

. sample topography (force image) which is ob-

tained in parallel. We are therefore applying

" this technique for the optical detection and, ulti-

" ‘mately, Stark spectroscopy at low temperatures

" of single molecules dispersed between um spaced

-+ "nanoelectrodes fabricated by e-beam lithogra-

phy. Our contribution will outline the various

steps taken in order to achieve this goal. The
~instrumental setup has been tested by using flu- -

orescent microspheres which show a nice correla-

tion between emission and topography. Room

temperature detection of single molecules de-

. - o : - . posited onto & PMMA surface has been achieved,
Topographic image of gold na.noeleetrodm and is currently carried out between a pair of -
- nanofabricated metallic electrodes (thickness: 30
nm) whxeh we were able to image at room temperature in topography mode using our NSOM (see figure).

References
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Time-Resolved Quantum Beats in Single InAs Quantum Dots

Young-Jun Yu, Sang-Kee Eah, Han-Eol Noh, and Wenho Jhe
" Center for near-field atom-photon technology and Depariment of Physics, Seoul National University, Seoul 151-742, Korea

» Y. Arakawa
Institute of Industrial Sci_ence. University of Tokyo, 7-22-1 Roppongi Minato-ku, Tyoko 106-8558, Japan

We report on the observation of quantum beats in single InAs Quantum dots (QDs) with a low
temperature near-field scanning optical microscope. The sample is self-assembled InAs/GaAs QDs grown
by molecular-beam-epitaxy of single layer, lateral size ~20 nm, height ~2 nm, and density ~100 m?. To do
single QDs spectroscopy we covered the sample with 70 nm aluminum using 100 nm diameter polysterene
spheres as a mask. The number of quantum dots is ~7 in the 100 nm apertures. To locate an aperture, we
used a fiber axicon lens made of uncoated fiber tip sharpened by chemical etching method. We Kept the tip
~10 nm above the sample using only a tuning fork and a lock-in-amplifier. Both the tip and sample was

cooled down to 5 K using a continuous flow type cryostat.

We used pulses at 1.65 eV from a Ti:sapphire laser to excite carriers at GaAs surrounding InAs QDs.
The excitation laser was sent through the fiber, and the luminescence was collected using the same fiber.
The luminescence was dispersed by a 0.3-meter spectrometer with spectral resolution of 0.3 meV, and then
detected by a charge-coupled device for time-integrated PL spectra. A silicon avalanche photodiode was
used for time-resolved spectroscopy with temporal resolution of 250 ps

Figure 1 shows the time integrated PL spectra for excitation power of 100 nW measured at the fiber tip
at the temperature of 7 K. The full width at half maximum (FWHM) of each single QD PL peak is 0.25 and
0.3 meV, respectively at 7 K and 0.5 meV at 70 K. The FWHM of single QD PL peak are almost same size
at 7 K and 70 K. This result was obtained with uncoated fiber tip sharpened by a chemical etching method,
which exhibits a lens effect in the near-field region. Figure 2 shows the time-resolved PL spectra of the
single QD, where quantum-beat like oscillations in the time-resolved PL spectra of the single QD are
clearly observed.
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Figure 1. Time-integrated PL spectra of single QDs at 7 K, 70 K. Figure 2. Time-resolved PL spectra of single QD
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~Optical response of semiconductor ‘quantum dots
beyond the electrlc dxpole approx:matlon

Jorge R. Zurita-Sdnchez and Lukas Novotny,
University of Rochester, The Institute of Optics, Rochester, NY 14627.

We present a theoretical mvestlgatlon of a semiconductor quantum dot interacting with a strongly lo-
calized optical field as encountered in high-resolution near-field optical microscopy. The strong gradients of
these localized fields suggest that higher order multipolar interactions will affect the standard electric dipole
transition rates and selection rules. For a semiconductor quantum dot in the strong confinement limit, we
calculate the interband electric quadrupole absorption rate and the associated selection rules. It is found

and QD.

that the electric quadrupole absorption rate is comparable with the absorptlon rate calculated in the electric

dipole approximation. This implies that near-field optical techniques ¢an extend the range of spectroscopxc
measurements beyond the standard dipole approximation. However, we also show that spatial resolutlon
cannot be improved by the selective excitation of elecmc quadrupole transmons

‘Also, we derive the magnetic dipole selection rules and the ma.gnetlc dlpole absorptlon rate. We ﬁnd that
electric dipole and magnetic dlpole transitions are exclusive and therefore can be spectrally dlstlngmshed
" The magnitudes of electric and magnetic absorption rates are compa.red for exc1tatxon ‘witha strongly focused
“azimuthally polarized beam. It turns out that spatial optical resolution can be increased by detectlng the

ratio of magnetic and electnc a.bsorptlon rates Rmolutlon is only limlted by the punty of the laser mode
used for exc1tatlon : ;
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Nufnerjcal study of the lifetime of an atom close to
a lossy nanostructure.

M. Thomas, R. Carminati,
Laboratoire EMQC Ecole Centrale Paris, CNRS, 92295 Chatenay-Malabry Cedex, France
J.J. Greffet,
Umverszty of Rochester, The Institute of Optics, Rochester, NY 146‘27

R. Arias, M. Nieto-Vesperinas,
Instztuto de Ciencia de Materiales, CSIC, C’antoblanco, Madrid 28049, Spazn

One of the most promising technique ixi _near-ﬁeld optics uses s sharp tip to enhance locally the electro-
magnetic field[1]. A major goal for this technique is to achieve spectroscopy of a single molecule. While the
tip produces a strong enhancement of the field, it also introduces new channels for the desexcitation of the
molecule. The modification of the lifetime of the fluorescence has been well understood since the seminal
work of Chance et al. Using an ellipsoid particle as a model for the tip and an electrostatic approximation, it

. has been shown qualitatively that there is a competition between the enhancement factor and the induced

losses in the tip[2]. These phenomena have been studied in detail for the case of an aperture probe by
Bian et al.(3] and analysed by Novotny[4].- A quantitative model and a qualitative understanding of these

. competing processes for apertureless microscopes is still an open question. The purpose of this work is to

present a first step towards a quantitative model based on a numerical solution of the problem.

The relevant quantity to study in this context is the Green tensor of the system. On one hand, it
yields the lifetime of the molecule. On the other hand, its trace yields the local density of states. From a
practical point of view, calculating the Green tensor amounts to computing the electric field scattered by
the environment at the location of a dipolar source. From this approach, an energy budget allows to derive
a relationship between the power emitted by the dipole source and the power scattered and absorbed by
the enviroment. This amounts to establishing a near-field expression of the optical theorem, from which
the influence of both scattering and absorption on the lifetime can be separated.

In order to be able to deal with any possible shape of the scatterer (tip) and to take losses into account,
we have used surface-integral equations. The numerical scheme used to solve these equations is the stan-
dard moment method. We use this technique to evaluate the influence of both absorption and scattering,
i.e. of non-radiative and radiative decay channels. We discuss the effect of the shape and of the dielectric
properties of the tip on the lifetime of the emitting atom or molecule. In particular, we study the effect of
the coupling with resonant modes inside the tip.

References
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{4] L. Novotny, Appl. Phys. Lett., 69, 3806 (1996).
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Single Molecular Spectroscopy Using Hybrid SNOM/STM
Equlpped Wlth ITO/Au-coated Optical Fiber Probe

K. Nakajtma. J.G. Noh T. lsoshzma M Hara,

Local Spano Temporal Functions laboratory Frontier Research System,

RIKEN, Wako, Saztama 351-0198, JAPAN. -
B. H. Lee,

Materials Fabrtcanon Laboratory, RIKEN, Wako, Saztama 351-0198, JAPAN.

‘ . D. Fujita,
Nanophysxcs Research Group, Nanomatenals Laboratory,

Na{ipnal Institute for Materials Science, Sengen, Tsukuba 305-0047, JAPAN .

. As widely known, the spatial resolution of SNOM is severely limited by .its aperture size. However, as
reported by the authors [1], hybrid SNOM/STM system with “doubly metal-coated optical fiber probe”
could overcome this limitation, with which the gap-distance was decreased down to 1 nm due to STM
feedback control, resulting in the: high-resolution feature of SNOM imaging (1/50). Meanwhile, the
throughput of such a probe was extremely low because of the metal coating on the aperture. Espccially in
the case of fluorescence detection, the problem was not merely the low transmittance but in adittion a “non-
radiative energy transfer” from the molecule to the metallized aperture. In order to avoid this problem, we

- -"have developed a novel probe, where the metal coating on the aperture was -
- replaced with indium-tin-oxide (ITO) coating. =l

The SNOM/STM observation was performed ﬁrstly on CdSe nano-
particles those were dispersed on an ITO thin film. “Illumination-collection 3
mode” was adopted for the SNOM operation. In the obtained fluorescence S -
image, we could observe individual bright spots with FWHM of about 20 8400
. nm (Figure 1), which might be assigned as the fluorescence from smgle 2
nanoparticles. ~ As - compared ~ with  the actual aperture .
size of 150 nm (evaluated by SEM pictures), thc spot sizes were extremely - ,
small. Thus, we can conclude that the high spatial resolution beyond the 375 |
aperture size was achieved by our new ITO/Au-coated probe as well as

smgle -molecular-level high sensmvnty [2] : o e . g -

: - Cross-sectional

It is a long-term controversial problem in the hghtqllummatxon STM Figure 1 G
that how photons can reach to tunneling junction if the light illumination profile of the fluorescence
-~ +is carried out from the side. Our ITO/Au-coated probe will give some fromasmgle nanopamcle

."answers against this question’because n is possane to .excite 'nm-

- scale 'local area by our probe. In this study, we adopted a self-. @60 m

~ assembled monolayer of GFP-apocytochrome 5562 molecule which _

'1s reconstituted with SH-terminated heme molecule as an appropriate
sample system. Preceding an actual appllcanon, we performed a

conventional light-illumination STS as shown in Figure 2, where the

photocurrent - generation = was . observed synchronously ~ with

mechanical chopped laser-ilumination. In the session, we will give

results obtained by combining these two techniques. ’

- Tunneling Current (nA)

References
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Orientation dependence of fluorescence lifetimes of a dlpolar
emltter near an interface

M. Krez'ter', M. Prummer, B.Hecht!, U.P. Wz‘ld
Physical Chemistry Laboratory, Swiss Federal Institute,of Technology, CH-8098 Zurich, Switzerland.

Understanding the behavior of single fluorescent molecules in inhomogeneous media is of importance for
Nano-optics since single molecules come very close to ideal dipolar point sources. In this paper we study the
excited state lifetime of single molecules embedded in a 20 nm PMMA film as a function of the angle between
surface normal and dipole moment. Strong changes in the excited state lifetime of the molecules are expected
because their optical near field interacts with the nearby interface with a coupling strength modulated by the
dipole orientation. Our experiments are consistent with the behavior predicted by theory [1, 2] as displayed

-.in Fig. 1. The rather large scattering of the data cannot be explained by measurement uncertainties but

must be due to local, molecular scale inhomogeneities in the polymer matrix. Experiments were performed
with a fluorescence scanning confocal optical microscope [3] using a pulsed, frequency doubled NdYag laser

. (Antares, Coherent, 532 nm, 150 ps) for excitation. A circular disk with a diameter of 3 mm blocks the

inner part of the beam and implements annular illumination geometry {3). A dichroic mirror directs the
light into a microscope objective where it is focused onto the interface. This illumination mode creates
strong longitudinal electric field components which are instrumental for probing the out-of plane angle of

the dipole moments.
P, Ins™}=a + b sin()’ +

a=020310.012
'b=0.226 £ 0.016
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Figure 1: (a) Upper panel: calculated intensity of the electrical field components for annular illumination
(1 pm?). The double arrow indicates the E-field of the incident beam (x-axis). Lower panel: Experimental
data. The two images were recorded with linearly polarized light, the double arrows indicate the electrical
field vector. The two dipoles A and B are perpendicular and parallel to the sample plane, respectively. (b).

- Fluorescence decay rate of Dil molecules as a function of sin?# where 8 is the angle between the dipole

moment and the surface normal. The straight line is a linear fit to the data, the fitting parameters are
indicated in the graph.
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A parabolic mirror objective with high numerical aperture for local
field enhancement in near-ﬁeld optlcal mlcroscopy

M. A Lieb, A. Drechsler C Debus andA .l Mezxner Physzkallsche Chemie, Universitit Siegen,
Adolf-Reichwein-Str. 2, 57068 Siegen, Germany.
- L. Novotny, University of Rochester, The Institute of Optics, Rochester, NY 14627.

Parabolic mirrors with high numerical aperture (NA) have been used as efficient light collection devices
in the early cryogenic single-molecule work [1], but for microscopy and imaging they have been avoided
due to poor off-axis imaging properties. However, in a stage scanning confocal setup one can ensure that
the light is always focused on the optical axis. It is possible to fabricate a concave parabolic mirror with an
aperture close to unity ‘and hence it (1) can produce a tight diffraction hmnted spot, (2) can efficiently

collect the radiation of a pomt hght source in the focal spot, (3) has minimal chromatic aberrations, (4) can

" be used to illuminate opaque samples without hmdermg the access and (5) can be cooled down to cryogenic

temperatures wnthout loss of performance

Vector-field simulatio‘ns for a'parabohc mirror illuminated by a radially polarized beam (donut mode)

. show a strong, highly ‘confined electrical field component along the optical axis which is about 10 times
- more intensive than the'in-plane components which are also present near the focus [2] (Figure 1, lefi-hand
~ side). This makes 'it ‘a well suited tool for, local field-enhancement in near-field optics. Simulations

- (generalized multipole technique) of the electromagnetic fields near a sharp tip, which is placed in the focal

spot of the mxrror show a ﬁeld enhancement by a factor in the order of 10* (Fxgure 1, right-hand side).

In €xcess of these theoretxcal results the authors have built a parabohc mirror mrcroscope and show

smgle molecule results, which proof very good performance of the confocal setup [3]

X

Figure 1. Intensity. distribution in the focal reglon of a hlgh NA parabohc mirror lllummated wnth a
radially polarized beam on an air-glass -interface. Diffraction: limited spot (left) and 10* times
enhanced field at a Gold tip illuminated with a wavelength A = 800 nm (right). ,

References.
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Optics on metal-dielectric films

- 8. Grésillon, S. Ducourtieuz, J.-C. Rivoal,
Laboratoire de spectroscopie en lumiére polarisée, ESPCI, 10 rue Vaugquelin, 75005 Paris, FRANCE.

- P. Gadenne, S. Buil, X. Qulin,
LMOV Versailles-Saint Quentin University, 78085 Versailles, FRANCE

‘ V. M. Shalaev,
School of Electncal and Computer Engineering, Purdue Umverszty, West Lafayette, IN 47907.

The optical field on a metal—dielect'ric films is strongly enhanced and highly localized. Because of their

' composite structures, the surface-plasmons generated by an incident field are localized in subwavelength-size

areas called "hot-spots”, a processus slightly similar to the localisation of plasmons on the edge of metal
particles. The electric field in these resonant hot-spots exceed by several order of magnitude the incident
applied field. Finally, the structure of the film shows resonances for any given wavelength, from the visible

to the far-infrared when the film metal coverage is close to the percolation threshold [1].

Probing the near-field zone is the best way to investigate the subwavelength prbperties of these films.
The near-field optical microscope with apertureless tip developed in our laboratory was successfully used
to verify the theoretical prediction of localization, enhancement and wavelength dependency [2]. Further

_ analysis have shown recently that hot-spot positions changes dramatically with the polarization of the inci-

dent light (3], which can be of peculiar importance to address the hot-spot on specific areas, for example to
use them to excite single molecules or nanoparticles. Unexpected result of our studies was the observation
of a local chirality, which cannot be explained by the 2-D model and implies to take into account the third
dimension of the film. :

These high enhancements are even stronger in non-linear optics, increasing with the order of non-linearity.
In collaboration with the Photonic and Optoelectronic Group in Munich (Germany), we have investigated
the far field 2nd harmonic emission of metal-dielectric film when illuminated by short laser pulses [4]. This
emission shows a broad spatial distribution, which is supposed to be even broader for higher order of the
non-hnea.nty We have also observed a white light emission which is still under xnvestxgatlon

We are actually improving our near-field set-up to measure non-linear effects in the near-field zone and
we will soon study these properties with subwavelength resolution.

References
[1] V. M. Shalaev and A. K. Sa.rychev, Physical Review B 57, 13265 (1998).

[2] S. Grésillon et al., Physical Review Letters 82, 4520 (1999).
[3] 8. Ducourtieux et al., Physical Review B 64, 165403 (2001).
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Study of Optical Properties of Periodic Array with Carbon with NSOM

: * Hojin Cho and Wonho Jhe
School of Physics and Center for Near-field Atom-photon Technology

Seoul National University, School of Phystcs and Center for Near-field Atom-photon Technology,
ShillimDong, KwanakGu,, Seoul, Korea. 151-742 -

Several studies of the light transmittance enhancement have been reported in periodic hole array. Ref[1]

- Generally the material used for these experiments are metal like Al, Ag, and etc. There are two candidates
for the possible origin of these abnormal phenomena: surface plasmon effect Reﬂ2] or dxffractlon effect of
the periodical structure.

In our expenmcnts with very elongated periodic carbon nanotubes, we have observed similar remarkable
light transmittance in comparison with the existing theory Ref[3). We expect that nanoscopic study with a
near-filed scanning optical rmcroscope exhlbxts ‘more obvious physics behind this extraordinary
phenomena

References
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Study of the focused laser spots generated by different laser beam
_conditions at various interfaces

Yuan Hsing Fu, Fu Han Ho, Din Ping Tsai
Department of Physics, National Taiwan University
1 Sec 4, Roosevelt Road, Taipei 106, Taiwan

Research on the focal region is an interesting topic in both fundamental and applied physics. For
optical imaging, confocal microscopy, laser tweezers and optical data storage, the high numerical aperture
lens is used to have a small focused laser spot. Understanding of the details of the focused laser spot in
various conditions is an important issue. For high numerical aperture systems the effects due to the
intrinsic vector characters of the electric fields is no longer trivial, and a vector diffraction theory is needed
for the analysis. Experimental probing of the focal region is urgently requested by many theoretical models

_of the approximation method to demonstrate their validity. ' In this paper, three-dimensional near-field

imaging of the focused Yaser spot at various conditions was studied both theoretically and experimentally.

The experimental setup shown in Fig. 1(a) is based on a tuning-fork tapping-mode near-field scanning
microscope (NSOM) system. High numerical aperture lens (NA 0.85) was used to focus various incident
lights, and near-field optical fiber probe was used to measure the intensity of the focalfield. Fig. 1(b)
shows the results of the polarization effects in the distribution of the focused field. Changes due to the
modification of the incident field and focusing system were observed experimentally. Three-dimensional
imaging of the focused laser spots of different incident laser beams and at various interfaces are the focuses
of the study as well. C

@) ®) Measurements at focusmg pomt

' Objective lens  Fogal plane
60X, NA=0.85 l Out of focus

= 7 ‘Nompolarization

12" x(um)

Figure 1: (a) Near-field probing of the focused spot, (b) Experimenta!l results of the images of a focused
spot with wavelength of 632.8 nm, and NA = 0.85 in different polarization.
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Near field simulations and measurements of surface plasmons on
A perforated metalhc thm films

Hsia Yu Lm, Din Ping Ts'ai
Department of Phys:cs, Nauonal Tazwan University, Taipei 10617, Taiwan
Wei- Chzh Liu R

- Department of Physics, Na;iorial Taiwan Normal Uhiversity, Taipéi 116, Taiwan .

Manipulating photons by artificial devices is a-promising way to control the optical output through
.. metallic or dielectric -films. The results reported by Ebbesen et al.[1) showed extraordinary optical
transmission of sub-wavelength hole arrays in metallic films. : The optical energy can be exchanged in the *
. -form of the propagating or evanescent field on these micro or nano structures radiatively or non-radiatively, -
’ respectlvely The key issue is the dispersion function of the structures which could couple the light into -

. the excited plasmons[2]. In our experiments, an artificial nanolithography performed by an atomic force
microscope was used to make hole arrays or perlodxc grooves on the surface of the metallic thin film.
Periodic holes with different depths, diameters, and penods exhibited mtcrestmg near-field or far-field

“optical effects on the ‘interactions between the photons and the nanostructures., Optical transmission
spectra of different patterns demonstrated the various surface plasmon excitations. Computer simulations
of finite-difference time-domain (FDTD) [3] were used to calculate the near-field distributions and optical

_ transmission on variable nanostructures. Highly enhanced local fields and dispersion relations were

studled for surface plasmon polanton and locahzed surfacc plasmon of the periodic nanostructures as well.
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Figure 1: Transmission spectra of the ongmal and perforated 100 nm gold films.
Inset is the SEM mxcrograph of the hole arrays.
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Local field enhancement at particies on surfaces -
" in nanostructuring and laser cleaning

2 C. Bartels, O. Dubbers, H.-J. Minzer, M. Mosbacher, P. Leiderer,
Universit ™ at Konstanz Center for Miern Optics, Fach M 676, 78457 Konstanz, Germany.
A. Pack, R. Wannemacher,
Institut fr"E‘zpemmentalphyszk I/ FKO Universitit Leipzig, Linnstr. 5, 04103 Leipzig, Germany

¢

Local field enhancement at small particles (diameter about the size of the w aelength or belo w)was
used to produce nanostructures on silicon, InSb and glass surfaces by illumination with short and ultrashort
laser pulses (FWHM = 8 ns, A=532 nm/ FWHM = 30 ps, A=583 nm/ FWHM=150 fs, A=800 nm/). The
investigated particles include dielectric (polyst yrene,Si0;) as well as metallic (gold) colloidal spheres of
different size ranging from 50 nm to 3 um. Addlt'ionally to spherical particles w eilluminated triangular
gold structures as well.

The enhancement of the laser intensity in the near ﬁeld of the particles results in a local ablation of the
substrate material: These ablation sites have been investigated by scanning electron microscopy (SEM) and -
atomic force microscopy (AFM). We found a strong dependence of the structures’ shape on the laser pulse
duration which can be ascribed to the heat diffusion during the illumination time.

‘In addition a comparison with theoretical computations of the near field of the partlcle-substrate system

shows that the shape of the ablated sites in good agreement reflects the field distribution. In order to
investigate the origin of certain deviations between calculated field distributions and the shape of the
ablated sites we systematically studled the influence of the partlcle shape on the process. -

_The results of these experiments fac1htate the understanding of ‘the local field enha.ncement in a systems of

(deformed) spherical particles on plane substrates and have important vconsequences not only as a possible
nanostructuring method but also for technically relevant processes such as laser induced particle removal

_from surfaces.
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Optimal Parameters,for ‘Raman Spect‘roscopy
by Apertureless Near Field Enhancement

R. Vogelgesang, A. Beic, and K. Kern
Maz-Planck Institute for Solid State Research, 70569 Stuttgart, Germany.

Fluorescence, Raman and other types of optical spectroscopy at the single molecule level have attracted
considerable attention in recent years. Compared to elastic scattering processes, the cross-sections of the
- underlying physical processes are exceedingly small a.nd specxﬁc measures must be taken to render optical

- spectroscopy of nanoscopic samples feasible. :

To achieve recordable signal levels, taking advantage in a controlled fashion of highly localized and strong
field enhancements effects such as those acting at seemingly random surface spots in surface enhanced Raman
spectroscopy holds great promise. Not only does a spatially. tightly confined field .avoid overheating and
possibly destroying a large sample volume; the desired spectral signals are also more easily discriminated
from spurious signals generated in the nearby environment of a sample region of interest. In this context,
near-field optical effects are a natural choice and to date two main approaches have emerged. Based on
apertures of sizes down to ~ 50 nm, scanning near-field optical microscopy (SNOM) has evolved into a well-
* established method, limited only by the exponentially diminishing throughput of ever smaller apertures.
"An alternative approach, which holds promise of spatial resolution of & 1 nm, is apertureless SNOM which

utilizes highly localized near field enhancement effects of laser radiation in the nm-sized volume near the
tip apex.[1] L

To investigate the potenma.l of controlled Raman spectroscopy of mdmdua.l molecules by apertureless
'SNOM, we study carbon nanotubes attached to commercial AFM tips located in the vicinity of another,
field enhancing conductive tip. Depending on the relative location of the two tips, the Raman spectrum of
the tube is expected to be enhanced, as the tube is subJected to field strengths of varying degree.

In order to determine the optimal expenmenta.l parameters for this setup, we study the interactions of
the incident exciting radiation and sample holding field enhancing tips theoretically. We solve the three-

dimensional vectorial Helmholtz equation using the multiple multipole method. The dependence of the
electric field strength on geometry, material and relative location of the two tips as well as direction and
polanzatlon of the incident radiation is investigated.

References
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Local field enhancement on a near-field apertured tip by the use of

LOCOS
Ki-Bong Song, Sung-Q Lee, Junho Kim, Jeongyong Kim" and Kang—Ho Park
Basic Research Laboratory, Electronics and Telecommunications Research Institute,
Yu Sung P.O. Box 106, Daejeon 305-600 Korea

To increase the optical throughput of ‘a near field aperture, several fabrication techniques have been
proposed so far [1-4). However, although the enhancement of the throughput of the near field aperture has
been realized owing to a geometrical change near the aperture, which has weakened the optical loss at the ~
apex of the aperture, and the optical interaction between incident light and the tip material (such as self
focusing effect [3] or the excitation of surface plasmon mode [4]), problems such as sxmple fabrication flow
and higher optical throughput remain.

In this paper we present a simple fabncatlon process of high throughput near-field apertured tip using
local oxidation of Si (LOCOS) [5]. The hlgh throughput structure was fabricated with two key growth
mechanisms at a low temperature less than 1050°C. One i is that the growth rate of oxide at a flat surface of
Si is hlgher than that at an angled corner due to the compresswe stress at the corner structure. Another
named a bird’s beak (or LOCOS), whlch is more important mechanism, is that the growth rate of the oxide
at a Si/Si3N4 interface is lower than that at the air/Si interface because the stress field at the Si/SisN4
interface is stronger than that at air/Si interface. In figure 1(b) (c), we can clearly see the near-field
apertured tip as small as 150nm, in which the structure of the bird’s beak effect apertured tip at its foot was
a parabolic shape for the enhancement of the throughput. :Fmally, detailed fabrication process and
experimental results for the enhanced throughput on the apertured tip will be presented.
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Fig. 1. (a) Fabrication process (b) SEM image of the near-ﬁeld apertured tip using owa $ oeak earect \c)
Cross-sectional view of the stripe tip.
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Plasmon ee‘upled,“tip_-‘enhantced —:near‘-ﬁel‘d ',o"ﬁtica{lh microscopy

o A. Boubhelier, M. Beversluis,and L. Novotny,
Umverszty of Rochester, The Institute of Optzcs, Rochester, NY 14627

: -J. Renger; . .
Technische Universitit Dresden Institut fiir Angewandte Photophysik D-01062 Dresden, Germany

Scanning near-field optlcal microscopy aims at optically resolving subwavelength structures. The most

common ‘technique relies on the local excitation of the sample surface by the optical fields near a nano- -

aperture which is commonly produced ‘at the end of a glass fiber tlp[l] ‘Alternatively, high resolution
microscopy can also be achieved by using the local field enhancement produced at the end of a sharp
metal tip when illuminated by a highly focused laser beam|2, 3]. By combining these techniques in the
form of a sharp metallic tip at the end of an overcoated fiber, we propose a new method that does not

- require the delicate technologles to produce nano-apertures[4 5], nor require the intense external focused
beam rwponsxble for the field enhancement. Past the cut-off point, the mode inside the fiber-no longer
propagates, and an evanescent field is created. The large wavevectors of this evanescent field match the
resonance conditions for surface plasmon excitation on the surrounding silver layer. The surface plasmons
then travel along the metal coating towards the tip apex. If the probe is excited by a radially polarized
mode a strongly enhanced field is expected at the tip apex. Figure 1 shows the field calculated at the end
of an Au coated glass tip when an dipole situated inside the fiber and oriented along the tip axis is excited.
The electromagnetxc field associated with surface plasmons can be used as a local optlcal near-ﬁeld source
to investigate ﬂuorescence samples such as single molecules.

Figure 1: Calculated total field at the end of‘gold coeted glass tip excited by an dipole situated inside the
fiber and onented along the tlp axis. The mtensxty cha.nges by a factor 1 62 between contour lmes Scan is
©120%120 nm2. S L s S s .
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'Phase and Intensity Contrast in Apertureless Scannmg
Near-Field Optncal Microscopy

A.Bruyant, S. Aubert, G. Lerondel R.Bachelot, S.Hudlet and P.Royer
Umverszte de technologie de Troyes, Laboratoire de Nanotechnologie et d’Instrumentation Optique.
BP 2060 1001 0 TROYES cedex France

Scanning near-field optical microscopy (SNOM) is an imaging technique that can achieve an optical
resolution beyond the diffraction limit. Apertureless scanning near-field optical microscopy [1] [2] [3]
(ASNOM), also known as “scattering type” SNOM has numerous potential advantages such as an
improved resolution, no wavelength limitation, polarization analysis... ;

The field scattered by the tip of an ASNOM is generally modulated via a vibrating mode atomic force

~ microscope regulation. However, as pointed out in Ref. [4], a lock-in detection of the signal does not
: completely remove the influence of the Background Scattered Light (BSL) issued from the whole detection
'zone since it may interferer with the modulated scattered ﬁe]d

-In our configuration' (Fig. 1a) we show that the BSL can be seen as a reference field. The ASNOM

: behaves then as an interferometer allowing local optical phase measurement (Fig. 1b). The approach curves

(Fig. 1c) recorded in the presence or in the absence of BSL lead to a detection of the intensity or the

: amphtude A simple numerical model is presented and discussed. This study completes the understanding

of imaging in ASNOM
a) A b) C) o
Detection _‘é“
RZI e T T v
= z (pm)
o &
g
< 28]
Detection angle "
D7 o 07 o4 os ;.(u;‘])

Figure 1: a) Samples are illuminated in total internal reflection b) At the top: image of the demodulated
signal obtained when the tip is scanning the prism surface. The fringes are due to the interference between
the modulated scattered field and the BSL. Below: numerical simulation of the fringes pattern c) Approach
curves in the case of a weak BSL (at the top) and in the case of a strong BSL (below). } '
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Near-field dlstnbutlons and localized surface plasmon
of metalhc nanostructures in a thin ﬁlm

Wez-Chth Liu
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) Din Ping Tsai
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Surface plasmon polariton and localized surface plasmon resonance of metallic nanostructures were
~ studied with finite-difference time-domain (FDTD) simulations. Enhanced local fields and surface
plasmons were found around deep grooves in a metallic thin film and nano-size silver particles. With
- periodical structures, the surface plasmons have global, extended near-field distributions and the localized
" surface plasmons are highly concentrated around the nano-structures.f1] Localized surface plasmon
" exhibits a very broad resonant peak in the transmission spectrum(Fig. 1), which related to its highly
locahzed nature and can be apply to describe optlcal responses of nompenodxc structures.

‘ " For randomly dlstrﬂmted nanostructures, the localized surface plasmons are the predominate resonances
, ,W1th incident hght Our simulations showed that enhanced local fields and localized surface plasmons

. resonances were excited in clusters of silver nanoparticles embedded in a dielectric thin film. The near-field
, mtensnty of silver nanoparticle cluster on the thin film surface also exhibits nonlinear behavior with
_ increasing particle densities. Our research has significant implications on applications on near-field optical
storages and nanophotomc devices. Especially for the super-resolution near-field structure (Super-
RENS){2], which is a promising hxgh-densxty near-ﬁeld optical disk and could generate optical near-field
effects without a' probe[34), our research on localized surface plasmon may mdxcate its physical
mechamsm and extend its applications. .

P

" Transmission

Penod [m nmj

- Fig.1 Transmxttance coeﬁiclents as ﬁmctlons of the penod for a deep-groove gratmg on a metallic thin
film. Thethxclmessoftheﬁlmsxsﬁ'om 104t0 116 nm. - ,
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Transverse optical field localization in nonlinear periodic optical
nanostructures for enhanced second-harmonic generation

W. Nakagawa, G. Klemens, A. Nesci and Y. Fainman, Dept. of Electrital and Computer Engmeermg
University of California, San Dtego La Jolla CA, 92093 ’

Recent advances in nanofabrication technologies have enabled the construction of a wide range of
subwavelength optical nanostructures, facilitating a number of novel applications. In this work, we analyze
transverse localization of the optical field in subwavelength periodic optical nanostructures, and investigate
the application of this effect to the enhancement of optical nonlinear phenomena.

Previously, we have described transverse field localization in periodic optical nanostructures [1]. These
nanostructures can be viewed as a coupled array of waveguides, with localization of the waveguide modes in
the high refractive index regions of the structure. An example of such a nanostructure is shown schemaueally
in Fig. 1a. The optical field distribution inside the nanostructure for a TE-polarized normally-incident

- ultrashort pulse, computed using the Rigorous Coupled-Wave Analysis method [2,3], is shown in Fig. 1b. In
"'the result of Fig. 1b, elevation of the peak intensity due to the temporal locahzatlon of the energy in the

pulse, as well as the transverse localization of the energy in the nanostructure, is observed. For structures
composed of nonlinear optical materials, we expect that significant enhancement of nonlinear optical effects
can be achieved. through this localization of the field. In addition, using a more complex nanostructure
having multiple features in each period, phase matching for SHG can be realized concurrently with field
localization. To more rigorously analyze the second harmonic generation process in this nanostructure, we
have developed a modeling tool based on the RCWA method [2] extended to analyze SHG in the undepleted
pump approximation [4]. Using this tool to analyze an optimized nanostructure, we predict a s1gmﬁcant
enhancement in the transmitted SHG output as compared to the bulk nonlinear material.

Due to the design degrees of freedom provided by a nanostructure composed of two or more constituent

~ optical materials, it is possible to achieve both transverse localization and phase matching concurrently. An

additional benefit of this approach is that the nanostructures are compatible with standard microfabrication
techniques, facilitating their incorporation into integrated optical systems. In the future, our goal is to
measure the amplitude and phase of the optical field surrounding the nanostructure using a heterodyne
scanning near-field optical microscope and an ultrashort pulse laser, as well as to experimentally
characterize the SHG output of the phase-matched nanostructure.
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Figure 1: Periodic subwavelength optical nanostructure exhibiting transverse field
localization: (a) schematic diagram; (b) modeling results showing a TE-polarized
ultrashort pulse propagating in one period of the infinitely periodic structure.
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'Near-Field Observation of the Field Diffracted by Metalllc
' Nanopartlcles Excited Near Resonance ’

Gregory A. Wurtz, Jasmina Hranisavljevic, Jin-Seo Im and Gary P. Wiederrecht,
Chemistry Division, Argonne National Laboratory, Argonne, Illinois 6Qfl3 9-4831.

~ We report an investigation of the field scattered by isolated metallic nanopélrticles on a glass substrate
by apertureless near-field optical microscopy. The expenmental configuration used is depicted in Fig. 1.
* The studied sample (gold or silver particles) is illuminated in total internal reflection at a wavelength of 400
“‘nm and the resulting scattermg diagram is far-field radiated using a silicon tip. The near-field contrast (both
distribution and intensity) is shown to be strongly sensitive to the polarization of the incident light (see
Fig.2). A large field enhancement has been observed for Ag in TM polarization (Fig.2(a)). Complementary
experiments made on Au particles suggest that the particle plasmon resonance contributes strongly to the
" intensity of the field around the particle for Ag: The interaction of this intense field (mainly polarized along
- * the probe axis) with the near-field probe leads to coherent scattering of the two local light sources (i.e. the
' Ag particle and the probe extremity) affecting dramatically the near-field contrast as shown in Fig. 2(2) [1].
-+ Furthermore, by analyzmg the polarization state of the unexpected spatially extended scattering pattern
- shown in Fig.2 it is found that, regardless of the incident polarization, Fig.2 contams a spatlally conﬁned
component of the field that vibrates perpendicularly to the substrate.
This work was supported by the Division of Chemical Sciences, Office of Basic Energy Sciences,
U.s. Department of Energy under contract W-3l 109-Eng-38
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Greatly Enhanced Light Transmission Through a “C”-shaped Metallic
Nano-aperture for Near Field Optical Applications

Xiaolei Shi, Lambertus Hesselink, Stanford University, Department of Electrical
Engineering, Palo Alto, CA 94305

Robert Thornton, Siros technologies, Inc., San Jose, CA 95134

Conventional tapered fiber near field optical probe.[1] uses an aperture at a fiber tip to provide a high
spatial resolution beyond diffraction limit. However, this probe has very low power transmission due to
propagation mode cutoff [2]. By studying how an aperture’s geometry affects its power transmission, we
find a very exciting “C”-shaped aperture geometry that shows ~1000x higher transmission efficiency than a
conventional square aperture of size A/10 while maintaining a comparable near field spot size.

- Our study started with a Finite difference time domain (FDTD) [3] numerical simulation. The incident
light is a planewave linearly polarized in the x direction of wavelength 1um. Aperture is in a planar metallic
screen. Fig.1 shows near field intensity distribution of the “C”-aperture at 48nm in comparison with that of a

. 100nm square aperture. The aperture geometries are overlaid on the intensity distribution. About 3 orders
field enhancement from the “C”-aperture is clearly shown in Fig.1 and the near field spot sizes from the two

-apertures are comparable. By optimizing the “C”- aperture geometry, even sma]ler spot size and higher near

field intensity have been achieved.

[- 35 5L PR . A CL A W RULAN
g ofm T
;' s E . :
& 10 o n
B s o =
£ 20 Fa Simulation: Squsre apertures . [ &
ﬁ <18 E-® Simultion: "Caperugy - -
$ .30 E.° Esserimont: Square spertnres: g
; © Expetiment: “C -aperture {I-]
.°_ S5 EL o b e 12 b o b,

. 5 6 7 -84-!0-
Fig. 1. Comparison of intensity (|E[?) distribution at 48nm __ ApertureSize/\ (dB)
away from (a) “C”-aperture; (b) 100nm square. The lines F18- 2. Comparison ofpo:ver throughput from
show the aperture geometry. Incident light is a planewave Square apertures and the “C™-aperture from both
linearly polarized in the x direction. microwave experiments and FDTD s1mulatlon

Microwave experiments were carried out at wavelength Scm. Apertures were fabncated in 1.5mm thick
copper plates. Power throughput, i.e, total transmitted power normalized to total incident power over an
aperture’s physical area, is measured and plotted in Fig.2 together with simulations results. The microwave
experiments confirms the ~1000x power throughput enhancement from the “C”-aperture. Further, by

- measuring copper plate’s thickness effect on the power throughput, we find that the high transmission from

the “C”-aperture is mainly due to the existence of propagation TE,, mode [4].

In summary, based on both FDTD simulation and microwave experiment, we report a unique “C”-
aperture des1gn that provides ~1000x higher transmission than a A/10 sized square aperture. The high
transmission is mainly due to propagation TE;q mode. The “C”-aperture is expected to play an important
role in future high capacity data storage and other near field optical applications.
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Near-field Imaging of Magnetic Domains: Linear and
Nonlinear Approaches

| W. Dickson, S. Takahashi, A. V. Zayats,
School of Mathematics and Physics, The Queen’s University of Belfast, BT7 1NN, United Kingdom.

Magnetic properties of thin films, multilayered structures, and related magnetism of surfaces and in-
terfaces attract enormous interests owing to their numerous applications as well as from a fundamental
point of view. Ultimately, the performance of magnetic materials is determined by their properties at the
microscopic level, particularly by the sizes of magnetic domains and their motion in applied fields. Because
of the rapid improvements in the areal density and performance of the magnetic materials and devices, it
is important to develop high-resolution techniques to characterise the micromagnetic and magneto-optical
properties of these materials in order to adopt a bottom-up a.pproa.ch in the search for new materials with

improved characterwtncs , -

Scanning near-field optxcal microscopy is a promising technique for both nonéconta.ct imaging of magnetic
materials and magneto-optical applications such as data writing and reading. It opens up a new avenue
of research in the future of high-density data storage. Optical approaches to characterisation of magnetic

" materials rely on the magneto-optical Kerr (or Faraday) effects which manifest themselves in a rotation of

polarisation of reflected (or transmitted) light [1]. Significant enhancement of the contrast can be obtained
using the nonlinear magneto-optical eﬂ'ects based on observation of magnetisation induced second-ha.rmomc
generation [2] i

. We present here the detailed expenmental studxes of near-field magneto-optical resolution of domain
1magmg with linear and second-harmonic generation techniques. Image formation mechanisms in the case
of magnetic films of different thicknesses and magnetisation directions (in-plane and out-of-plane) are in-
vestxgated in different polarisation conﬁguratlons

The diffraction effects on the domain walls ‘are visible even in the near-field proximity to the surface
of the thick magnetic films limiting the resolution of linear magneto-optical measurements in agreement
with the theoretical predictions [3]. The resolution depends not only on the measured light polarisation
component but also on the orientation of the incident light polarisation with respect to the domain wall.
Since in many cases domain patterns exhibit complex geometrical structures, the optical resolution of the

 domain imaging is different depending on the domain wall orientation with respect to the polarisation of
the incident light. This leads to complex images and difficulties in the magneto-optical image interpre-
- tation. Domain wall structure itself also influences the diffraction on the domain wall. As domain walls
structure changes even along the same domain, it additionally complicates the near-field images. Never-
theless, in the case of thin magnetic films, the optical resolution is comparable to the resolution obtained
with magnetic force microscopy. Combination of linear and second-harmonic imaging of magnetic domains
could allow easy discrimination between in-plane and out-of-plane components of the domain magnetisation.
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Cold aioms manipulation with optical near-field modulated by
high index nanostructures

G.. Lévéque, C. Meier, R. Mathevet, C. Robilliard, J. Weiner

Laboratoire de Collisions, Agrégats et Réactivité

UMR 5589 du CNRS et I’Université Paul Sabatier
81062 Toulouse Cedex 4 France

C. Girard
Centre d’Elaboration de Matériauz et d’Etudes Structurales
29, rue Jeanne Marvzg, BP 4847
- 831055 Toulouse' Cedez { France
J. C. Weeber Laboratoire de Physique de I’Université de Bourgogne
9 avenue A. Savary, F-21078
Dijon, France

The coherent manipulation of neutral atoms by confined optical near-fields is a growing field of research
with possible applications ranging from atomic interferometry to “integrated atom optics”. In this poster,
we expose a numerical study of the interaction of cold cesium atoms with an optical near-field acting as a
periodically modulated atomic-optic grating (Fig.1). Repulsive and diffractive effects are obtained by the
confinement of an evanescent wave by a nanometric array of high index dielectric objects [1, 2]. In the first
part, the main steps of the calculation are presented. This general approach permits a precise study of
different aspects of atom-field interaction. In particular, different atomic models of increasing sophistication
can be employed. A full calculation of several polarization components of the light field is necessary to study
influence of the atomic fine structure. A comparison of different illumination polarization modes is presented.

We have carried out a systematic study of the effect of various realistic parameters on the diffraction
figure. This study is in support of an experimental program now under development in our laboratory in
Toulouse.The results of these simulations together with a description of the experiment will be presented.

Figure 1: Diffraction of cold atoms by periodic optical potential modulated by dielectric nano-objects.
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Snom and Leed study of the 3C-SiC growth on Si(100)
wrth 1mproved interface quality -

C. Cepek'* E. Magnano P. Schiavuta®, M. Sancrotti'” , S. Prato ‘B. Troian®, M. Bressanutti’
Laboratono Nazionale TASC-INFM, Trieste, Italy.
Universita’ di Padova, Italy
3Universita® Cattolica, Brescia, Italy.
*A.P.E. Research s.r.L,; Area Science Park, Trieste, Italy

Silicon carbide is one of the most-promising materials for many electronic and opto-electronic
applications. In spite of all the efforts done by the scientific community, nowadays only few SiC-based
- semiconductors are realized, because of the high difficulties to grow single-crystals and single-polytypes
" with sufficient quality for electronic applications. Particular attention has been focused on the possibility to
grow epxtaxrally 3C-SiC single crystals on Si surfaces, in order to open a way to Si-SiC device integration.
In this case, it is crucial to control both, the cristallinity and the SiC-Si interface morphology after the
growth of the SiC film:

We performed a systematlc structural-morphologrcal (LEED and SNOM) mvestrgatron of the early

~stages of growth of SiC films on Si(100)-(2x1) by co-deposition of C¢ molecules and Si atoms. We -

spanned over a wide range of parameters that influence the growth. process, including substrate deposition
and post-deposition annealing temperature and relative effusion fluxes of Cey and Si. The long range order
of the grown sample have been checked in situ by LEED, whrle the interface quahty ex sttu by SNOM

Here we wrll present the results obtamed by SNOM mlcroscopy Due to the SiC transparency in the

visible light, this technique has the unique capability to study at the same time the morphology of the SiC-

-:Si interface and the topography of the grown film. In particular in reflection mode at 650 nm the optical
" “image reveals the presence of some micron sized defects. The figure 1b shows enhanced reﬂectlvrty with
mterferenoe fnnges due to the presence of the prts at the mterface

a - : b

Figure 1:. SNOM topographrc image (a) and reflection image (b) of SiC film on Si (100).
The scan area is 10um x 10um.

Our results show that it is poss1ble to find out the right grown conditions in order to obtain well ordered
samples (3x1 LEED pattern) in which negligible pits are present at the interface and neghglble holes are
vrsrble on the surface (SNOM).
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Applications of SNOM in the material science:
the case of SnO; thin films deposited by Sol-Gel

) B. Troian, S. Prato s
A.P.E. Research s.r.l., Area Science Park, s.s. 14, Km 163,5 Basovizza 1-34012 Trieste (Italy)

E. Bontempi, L. E. Depero
INSTM and Laboratorio di Strutturistica Chimica, Dipartimento di Ingegneria Meccanica,
Universita di Brescia, Via Branze 38, I- 25123 Brescia (Italy)

.D. Barreca, L. Armelao and E. Tondello
Centro di Studio sulla Stabilita e Reattivita dei Composti di Coordinazione del CNR - Dipartimento di Chimica
Inorganica, Metallorganica ed Analitica - Universita di Padova, Via Marzolo 1, 1-35131 Padova (Italy)

_ C. Canevali, R. Scotti.and F. Morazzoni
Dipartimento di Scienza dei Materiali, Universita degli Studi di Milano-Bicocca, Via Cozzi 53, I-20125 Milano (Italy)

Thin films are nowadays employed in many fields, from sensors to electronics, from magnetic to polymeric
applications. Due to the strong influence of interfaces, layer thickness, density and morphology on the efficiency of thin

. films based devices, a careful structure characterisation involving complementary techniques is mandatory. The main
‘aspects to investigate in the thin films are structure, microstructure, morphology and interfaces quality.

In this work samples of tin oxide films, for sensing applications, were deposited with the aim of investigating their
structural and morphological properties. Nanostructured (3-6 nm) thin films were obtained by sol-gel route using
tetra(ten-butoxy)tm(lV) and bls(acetylaoetmato)platmum(ll) as metal precursors (1].

The structural characterisation was performed by means of Glancing Incidence X-ray Diffraction (GIXRD), while’
the morphological characterisation by Atomic Force Microscopy (AFM) and Scanning Near-Field Optical Microscopy
(SNOM).

In particular, in this poster, we will discuss SNOM results in order to characterise the surface topography, the
average roughness of the films, and, in particular, the defects buried into the thin film.

The film interface quality will be evaluated by the comparison between SNOM and AFM: the SNOM images will
show the presence of nanoclusters and “bubbles” with sub-micron diameter. These results show the potentiality of
SNOM in the interface characterisation.
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Near-field Observation of Carrier Diffusion in GaAs Quantum Structures
under High Magnetic Fields

T. Tokizaki **, H. Yokoyama **,

“ National Institute of Advanced Industrial Sc:ence and Technology, Tsukuba, Ibaraki 305-8568, Japan.
b Core Research for E volutzonal Science and Technology (CREST), Wako Saitama 351-0198, Japan.
T. Onuki, T. Tsuchiya,

. Science University of Tokyo, Noda, Chiba 278-8510, Japan.

e In modulatlon-doped smgle hetero-structures two-dxmensronal electron gas (2DEG) systems have been
- investigated for novel quantum phenomena such as quantum Hall effects. The high mobility of the 2DEG is
expected to show new phenomena related to the carrier diffusion. In this paper, the photo-luminescence has
been observed for the 2DEG system 'using a scanning near-field optxcal microscope (SNOM) under high
magnetic fields. The’ lummescence intensity strongly depends on the field, and the behavior is understood by
the suppression of the carrier diffusion in the magnetic field. :
In the sample, the 2DEG (n. = 2x10"! cm?) is confined on the hetero-mterface between the GaAlAs and the
GaAs layer The SNOM is operated i in the illumination-collection mode at the temperature >5 K and the
magnetic field <6 T, which is applied perpendicular to the 2DEG layer. The sample is excited using 633-nm-
laser light.  Figure 1'shows the luminescence spectra concerned with the 2DEG under the several magnetic
fields. The data are measured at 8 K using Probe A with the aperture diameter D ~300 nm. We observe the
‘magnetic-field induced peak energy shift, which is ongmated from the magnetic interaction of the excitons.
Moreover, the luminescence intensity is strongly enhanced with the magnetic field. Figure 2 shows the field
~ and the temperature dependence of the luminescence intensity measured with Probe A and B with D ~200 nm.
-While the intensity is srgmﬁcantly increased below 2 T for both probes at <10 K, the maximum intensity
depends on the aperture size. -On the other hand, at the higher temperature of 77 K, the field dependence
becomes gentler.. These behaviors are understood by taking account of the carrier diffusion. Since the
diffusion length is ~um for this sample, most of carriers excited under the probe are diffused out of the
aperture area, and it causes the decrease of the luminescence intensity, However, when the magnetic field is
applied, the carriers receive the Lorentz force and the diffusion is suppressed. If the carriers are confined in
the cyclotron orbit with the diameter of 51 nm for 1 T, we ‘can expect more than hundred-trmes enhancement
of the intensity inside the aperture area, and the enhancement is more effective for the smaller aperture. At
higher temperatures, thermal phonons scatter ‘the carriers in the cyclotron orbxt, and weaken the confinement
effect under lower magnetic fields. =~

The authors would like to thank Dr K Suzuki and Dr. Y. Hn'ayama of NTT Basrc Research Laboratones

for the dxscusswn and the preparatlon of the samples

1
= 6 s
s P
s 5"
P £
5 38
3 .
2 ]
£ z
21 g
o0 1 i i 1 T AT T > l;- .Ib.‘ :l" 1. I .
1.50151152153154155 PT84 88
- ~ Photon Energy : [eV]:. S <t Hagnetic Field - [T)
Fig.1: Lummescence spectra concemed : F|g2 - Magnetic field dependence of the lumi-

with 2DEG under several magnetic fields. nescence intensity measured by Probe A and B.

Application in Matherial Science.

187




188

Application in Matherial Science.

Monday posters abstracts.

Scannmg Near-field Dielectric Microscopy at Microwave Frequencies
for Materials Characterization

_ S. J. Stranick, S. A. Buntin, and C. A. Michaels .
National Institute of Standards and Technology, Gaithersburg, MD 20899.

One of the common characteristics of recently developed, advanced dielectric materials is that they
possess critical dimensions on short length scales (sub-micrometer) and that the components with these
dimensions must be homogeneous and of high quality (defect free) for the intended dielectric performance
to be achieved. Given that these critical dimensions are well below that of the radiation wavelength

‘analysis by conventional dielectric probes, which look at materials on a macroscopic dimension, is no

longer sufficient. Alternatively, a near-field microscope takes advantage of the non-propagating
electromagnetic fields (evanescent fields) present at a sample’s surface when exposed to an electromagnetic
wave. This results in an improvement in the spatial resolution below that of the radiation wavelength.

In our near-field microwave probe, radiation up to 20 GHz is coupled evanescently to the sample
surface using a sharp proximal probe that is part of a resonant cavity/transmission line structure, Fig. la.
Analysis of reflected and transmitted signals is performed using an HP8510 C Network Analyzer allowmg
the extraction of dielectric response information, Fig. 1b. The probe-sample separation is controlled using
shear-force feedback giving the microscope the ability to map out the topographic structure of the sample
surface. The importance of going to microwave frequencies is to gain access to information concerning the
dielectric nature of materials. Additionally, valid measurements of a dielectric response should be made at
the intended operational frequency 1-40 GHz for wireless communications. Our current focus is on the
validation of this form of microwave microscopy and dielectric spectroscopy. Geometric effects, organic
contamination, and resonant effects can mask the true dielectric properties of a sample. These effects will
be magnified when moving to smaller and smaller sample volumes/sizes. '

- This form of dielectric microscopy represents both a significant advance in the achlevable spatxal
resolution [1] and more importantly a dramatic increase in the speed at which dielectric characterizations
can be made (higher throughput measurement) [2]. Characterize of the dnelectnc response of variable-
composmon oxxde and polymeric samples will be highlighted. .

(@

Fraguency {

Figure 1: Schematic of the transmission line cavity structure used in the microwave evanescent probe
microscope (a) and the representative network analyzer measurements of one of the modes of the
evanescent probe microscope’s resonator (b).
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Near-field photoconductivity and fluorescence imaging
on blends of 'conjugated polymers |

s “‘R. Riehn, R. Stevenson, J.J.M. Halls,
Cavendish Laboratory, Uruverszty of Cambridge, Cambridge CB3 OHE, UK.
D. Richards,
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Department of Matenals Science and Metallurgy, University of Cambrtdge, Cambndge CB2 307, UK.
F. Cacialli,
Department of Physzcs, University College London, London WCIE 6BT, UK.

The field of conjugated polymer devices has reached a level of matunty such that they may now be
considered as viable alternatives to other, more traditional optoelectromc technolognes The performance of
these devices may be further improved by fabncatxng a compositionally and structurally optimized blend

.for the active layer, which can either create relatively large - interfacial surface areas for efficient
photovoltaics, or enable independent optimization of the electronic transport and luminescence properties

- of polymer light-emitting diodes. Blending does not produce a homogeneous ﬁlm instead, phase separation
occurs on length scales from tens of nanometers to several microns, dependmg on the preparation

‘ condmons adopted. Understandmg the optoelectromc properties of .these blends at the length-scale of the
phase separation is highly desxrable for both a quantltatxve descrlptlon of device operation, and further
performance optlmrzatron RURE : :

.- We report combmed scanning near-ﬁeld optrcal mlcroscopy (SNOM) and near-ﬁeld photocurrent

(NPC) imaging of a bmary conjugated polymer blend; we find phase separatxon on a scale of about 5 pym,
with a good correspondence between topographtc, fluorescence, and photocurrent images. The
photocurrent was measured for field strengths up to 12 kV/cm with the field applied between gold
electrodes thermally evaporated on_top of the polymer film, and spaced approxrmately 150 pm apart.
‘Measurements were performed with near-field |llummatron, through 100 nm apertures fabricated in
aluminium coated etched optrcal fibre probes using focused ion beam (FIB) mrllmg, with excitation at 488
nm, a wavelength at whlch only one of the two polymers absorbs hght. Under this illumination regions that

are hrgh in the topography image show high luminescence and photocurrent

The photoluminescence (PL) efficiencies in the different regions of the sample were determmed by
- calculating ‘the absorbed energy using the Bethe- -Bouwkamp model, to describe the electromagnetic

o radiation from the near-ﬁeld probe, and the known chemical compositions of the different phases of the

- polymer blend The calculat:on also allowed us to conclude that the photocurrent generation efficiencies
o (current/absorbed photons) of the different polymer phases are comparable within the limits of confidence
- of this experiment (10 %). . - '
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Observation of Dye-containing Nano-domains by near-field optical
microscope

Noritaka Yamamoto, Toshiko Mizokuro, Hiroyuki Mochizuki, and Takashi Hiraga,
»Photonics Research Institute, National Institute of Advanced Industrial Science and Technology (AIST)
KANSAL 1-8-31Midorigaoka, Ikeda, Osaka 563-8577, Japan,
. Shin Horiuchi
Macromolecular Technology Center, National Institute of Advanced Industrtal Science and Technology
: (AIST)
1-1-4 Higashi, Tsukuba, Ibaraki 305-8562; Japan

Most polymers are lmm:scxble wnth each other; so heterogeneous blends organize themselves into
large-scale structures when they are cast into thin films. The blending of polymers is a useful means of
combining and improving the properties of already existing polymers in the development of new
materials. The properties of such blends are strongly determined by the properties of the interphase. The
polymer alloy system, which has two immiscible polymers, is more interesting because it forms ordered
nano-structure. The attractive material, which has a novel property, is often related to optical material and
nano structure. We also deal with a vacuum technique, termed the *vapor transportation method”, as a
promising technique for preparing a novel class of polymeric organic thin films. The purpose of this study

‘is to give an overview of the present status and the future prospects of the development of orgamc thin
- films both in fundamental understanding and in industrial technology.

Figure 1 shows a micro phase separation structure in thin solid films with Polystyrene :
(PS)/Polymethyl methacrylate (PMMA) alloy system by TEM. PS (diameter of several tens of nm) was

dispersed in the PMMA matrix. In this case, amounts of PS are smaller than PMMA. Adding a PS with

lower molecular weight than the alloy and a PMMA of the same controls the domain size and distances
between the domains, respectively. Then the films were treated by the previously reported technique -

under vacaum condition, where an organic dye was dispersed into the PS selectively [1].

Furthermore, a SNOM technique was developed to study interdiffusion between films of PS/PMMA
with a thickness of a few nanometers, which is in the range of the interphase thickness of any
heterogeneous blends. Finally, simultaneous SNOM spectrosoopxc and AFM measurements were used to
study the molecular orientation in the dispersed phase in companbxhzed PS/PMMA blends. The technique
was found to be useful in studying interfacial optical interactions in compatibilized blends. Photoexcited
energy transfers between domains are promlses well for the molecular optoelectro devices.

References

Flg 1 TEM image of a sample.
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Magnetic Characterization of Microscopic Particles by MO-SNOM

“J. Schoénmaker, M. S. Lancarotte, L. N. Nobrega and A. D. Santos, Instituto de Fisica, Universidade de
Sédo Paulo, Sdo Paulo, Brazil, CP 66318, ZIP 05315-970. -

Y. Souche, Laboratoire Louis NéeI-CNRS Grenoble, France.

The magncnc matenal techmcal “applications are progresswely bemg mlmatunzed As a consequence,
the research commumty needs to develop new instrumentation to study the magnetic properties in a sub-
micron or nanoscopic scale. In this paper we present the development of a Scanning Near-Field Optical
Microscope (SNOM) devoted to the study of magnetic thin films. We have incorporated the capability of
analyzing the light polanzatlon to get magnetlc mformanon by means of the transverse magneto-optical
Kerr effect (MO)

The MO-SNOM operates basncally as a tuning fork AFM where the tip is made of a tapered optical

_ fiber. The fiber is laterally Al coated, in order to have a sub-micron aperture at its end. The light source is a

“diode-laser. The sample's diffracted light is collected by an avalanche photodiode, giving us a near-field
optical i 1mage snmultaneously to the topographlc one. The lateral optical resoluuon is better than 100 nm.

By the light polanzauon analysis we can either measure the hysteresis Ioops with sub-micron spatial
-resolution (Fig. 1a) or to construct the image point-by-point for some particular magnetic properties, as p.e.,
the differential susceptibility (Fig. 1b). Here, we will present experimental results for magnetic particles of
. Cory.4Fe46Si1sB1o amorphous thin films prepaxed by magnetron sputtering over electron lithographic mask.
The particles ranged from 32x32 to ix1 pm?. Although the transverse Kerr effect is not quantitative for
magnetic measurements, the sensitivity of the MO-SNOM for hysteretic properties is high and the MO-

- SNOM can become a powerful instrument to study the magnetic properties of thin films in a sub-micron

spatial scale.

1]

TEETELE L] . ; : N b)
a) ’ B
Figure 1) TMOKE Hystercs:s loops (2) and Differential Susceptibility image (b) obtained by the MO-
SNOM on a 16x16 pm* amorphous Coyo 4Fes ¢Si 5B particle.
~This work was supported by the Brazilian Agency FAPESP.
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Super-RENS: field inhomogeneities in the readout layer and
plasmons

: _ R. Fikri, D. Bafchiesz’, P. Royer
Université de Technologie de Troyes, Nanotechnology and Optical Instrumentation Laboratory (LNIO)
12 rue Marie Curie - BP 2060 - FR-10010 Troyes cedex

Phase-Change (PC) ultra-thin layers provide a very promising family of re-writable media for the in-
dustry of high density storage. Indeed the phase transition between the amorphous and the crystalline
states due to the temperature gradient in the PC layer occurs rapidly (a few nanoseconds) and reversibly.
Moreover, as the two states present well distinct optical indices, such materials enables a high speed optical
writing and reading of the information. One of the most exciting solution to overpass the diffraction limit
has been proposed by J. Tominaga et al [1], called super-RENS. In this technique, a Sb readout layer is
placed in the optical near field just below the PC recording layer. The Sb film locally melts when illuminated
by a focused laser beam, providing an optical nano-aperture (window) in the Sb opaque film.

The size of the aperture is very small compared to the laser spot (typically 10 to 20 times smaller

-in diameter). The origin and the shape of the aperture are not completely understood, but it has been

192

explained in terms of local and surface plasmon [2], which have been put in evidence theoretically by the
FDTD method [3]. We analyze the plasmon resonance by crystalline nano-structures inside the amorphous
layer, by a method based on the Born approximation [4] and the diffraction by the whole multilayer by finite
element method [6]. The finite element method with adaptive mesh is able to describe both nanometric bit
and micrometric multilayer of the super-RENS with low cost gridding. Both method are complementary
and can lead to a better understanding of the super-RENS and the thermal effects could be introduced in
this description, to get a realistic description of the setup and therefore to an improvement of the structures.

s polerization, iog,,, €I

1M 200 300 400

Figure 1: Intensity in the superRENS layers in s and p polarization.
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Near-field Pump-probe Luminescence SpectrbSCOpy of
CuCl quantum cubes in ultravnolet region

T. Kawazoe, K Kobayashz S. Sangu,
Japan Sc:ence and Technology Corporanon (JST), 687-1 Tsuruma, Machzda, _Tokyo 194-0004, Japan
M. Ohtsu,
SRS Japan Science and Technology Corporation (JST), and also '
Tokyo Institute of Technology, 4259 Nagatsuta, Mzdon-ku, Yokohama 226-8502, Japan

The coupled quantum-dots system exhibits more umque properues in contrast with the smgle quantum-
dot system The optical near-field interaction [1] is interesting, as it can govern the coupling strength
among. quantum dots. - Recently, we observed optically forbidden energy transfer between CuCl quantum

cubes (QCs) via optical near-field interaction [2]. . We consider that a nanometric optical switch based ona

new operation principle can be realized by controllmg this energy transfer.

The quantized exciton energy levels of (1,1,1)in a 4.6 nm CuCl QC and (2 1, l) ina6.3nm QC resonate '

with each other, as shown in Fig.1 (a) [3]." For this type of resonant condition, the energy transfer between
_ QC via the optical near-field occurs for less than 100 ps, assuming that the separation between two QCs is
equal to 10 nm. This energy transfer time is much shorter than the exciton lifetime and is longer than the
inter-sub-level transition time. Therefore, most of the exciton in a 4. 6-nm CuCl QC transfers to the
“netghbonng 6.3-nm QC. Thus, a 4.6-nm QC, located close to.a 6.3-nm QC cannot emit light. However,

when (1,1,1) level in a 6.3-nm QC is pumped by a laser, the’ energy transfer form ad, 6-nm QCtoa 6 3-nm

QCis obstructed due to the state filling effect of 6. 3-anC
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Figure I (a) Schematxc drawmgs of closely located CuCl QCs with the effectxve side lengths of 4.6 nm
and 6,3 nm.’(b) Far- and near- field luminescence spectra of CuCl QCs embedded in a NaCl matrix. (c);

Spatial distributions of the near-field lummescence mtenstty (d) Dxfferenual lurmnescence spectrum. -

The luminescence from 24.6nm and 6.3 nm QCs are shown in the nearoﬂeld lummescence spectrum in
the lower part in Fig.1 (b). For the experiment of the near-field pump-probe luminescence spectroscopy,
SH of Ti-sapphire laser (385nm) and He-Cd laser (325nm) are used as pump and ptobe light ‘source,
respeetwely ‘The experimental result, -observed at the posmon indicated broken circle in Fig. 1 (¢), is
shown in Fig. 1 (d) as a differential luminescence spectrum. The luminescence from a 4.6 im QC
increased by the" pump of 6.3 nm QC (wavelength of 385 nm), as shown by an allow in Fig 1(d). Tlns is
the first demonstratlon of the control of the energy transfer between QCs. -
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Fluorescent Polyelectrolyte-Surfactant Complexes Studied by Near-
Field Optical and Atomic Force Microscopies

X. Liao, D. A. Higgins, Department of Chemistry, Kansas State University, Manhattan, KS, 66506.

Near-field scanning optical microscopy (NSOM) and atomic force microscopy (AFM) are used to study
nonstoichiometric polyelectrolyte-surfactant complexes (PSCs).[1] Fluorescent thin films prepared by
complexation of poly(vinyl sulfate) (PVS) and a cationic indocarbocyanine surfactant dye (Dil) are
investigated. The results are compared to those obtained from more common PSC films prepared using
PVS and alkyltrimethylammonium bromide (C TAB). The latter samples were doped with a hydrophobic
dye (nile red) for NSOM fluorescence imaging and spectroscopy. In both systems, local film morphology
and chemical composition were studied as a function of surfactant:anionic-site stoichiometry. In the PVS-
C,TAB system, film characteristics were also investigated as a function of surfactant alkane chain length
(for n=12, 14, 16, 18). AFM and NSOM images obtained from these samples show a clear evolution of
PSC film morphology with surfactant content and chain length. PVS alone forms a “porous” film -
containing polymer “network” structures. Pore formation is attributed to film shrinkage and substrate
dewetting during drying in this case. At low surfactant content (i.e., 1:100 stoichiometry), the films
become much more uniform, having root-mean-square roughnesses of < 0.5 nm, despite the fact that the
surfactant concentrations in each solution employed were all above the critical aggregation concentration
(CAC). At moderate surfactant loading (< 10:100 stoichiometry), small topographic protrusions (10-40 nm
in height) appear across the films. Fluorescence NSOM images show these protrusions incorporate both
dye and surfactant. Fig. 1 shows representative images obtained. Fluorescence spectroscopy on the PVS-
Dil system shows the dye is present in an aggregated form. As a result, the protrusions are concluded to be
polymer-surfactant micelles and/or micelles aggregates. At highest surfactant loading (25:100 and 50:100
stoichiometries), clear evidence for lamellar polymer-surfactant bilayer formation is obtained. The bilayers
exhibit heights on the order of 4-5 nm. Surfactant-dependent dewetting of the glass substrate surface is
also observed at these high loadings. Finally, AFM images of the lamellar structures for 50:100 films show
the presence of interesting, defected bilayer regions. The possible origins of these defected regions and
their associated bilayer height variations are discussed.

Figure 1: NSOM fluorescence (A) and topography (B) of a PVS-C,;TAB (1:100) thin film. AFM image
' (C) of a PVS-C,;TAB (10:100) thin film. :

References
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NEAR-FIELD UV LITHOGRAPHY OF A CONJUGATED
POLYMER

Roben Riehn,
Cavendtsh Laboratory, University of Cambridge, CB3 OHE Cambndge, UK

Ana Charas, Jorge Morgado,
Instituto Superzor Engenharia Quimica, Lisbon, Portugal
| C : F ranco Cacialli

Department of Physics, Umvers:ty College London, London, UK RN
Cavendtsh Laboratory, Umvers:ty o Cambndge. CB3 OHE Cambridge, UK

We prepared nanoscopic features of the conjugated polymer poly(p-phenylene vinylene) (PPV) by near-
field optical lithography of its soluble precursor. We used a:scanning near-field optical microscope
" (NSOM/SNOM) of our own design and construction to illuminate thin films with the 325 nm line of a

HeCd laser. The irradiation renders the precursor polymer insoluble, which allows the development of
- features by subsequent wash-off of the unexposed precursor in methanol. Following thermal conversion of
the precursor, the process results in fully conJugated features of the semnconductmg polymer surrounded by

- air.

The resolution achieved for a 40 nm thick ptecursor' film is about 160 nm. We demonstrated the
fabrication of functional 2-dimensional patterns, including photonic crystals with artificial defects and
templates for surface energy induced phase separation of a conjugated polymer blend. We also showed
specific properties of patterning a negative resist using near-field optical lithography.

We conclude our discussion by comparing the experimentally obtamed shapes and sizes of lithographic
features with those predicted by a Bethe-Bouwkamp simulation. We find that highest resolutwn can only
be obtained for films that are thin compared to the apetture size.

M o

] 2.00 4.00 6.00

Figure 1: Pattern prepared by near-field UV lithography of the precursor of the conjugated polymer
poly(p-phenylene vinylene) (PPV) The underlying grid has a spacing of 300 nm, and the
polymer film was about 40 nm in thickness.
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Near-Field Scanning Optical Microscopy and Near-Field Photocurrent
Analysis of Nickel-Silicon Carbide Contacts

_ : M.P. Ackland, P.R. Dunstan,
Dept. of Physics, University of Wales Swansea, Singleton Park, Swansea, SA2 8PP, UK

, W.Y. Lee, S.P. Wilks, .
Dep:r. of Electrical &Electronic Engineering, University of Wales Swansea, Singleton Park, Swansea,
SA2 8PP, UK

An aperture near-ficld scanning optical microscope has been used in the study of nickel contacts on the
wide band-gap semiconductor, -silicon carbide. -Shear-force topological maps have been recorded
simultaneously with detailed photo-response images of both the reflected and transmitted light, to clearly
reveal the differing surface structure of various types of contact.

Samples of both Schottky and Ohmic nature were studied, where the underlying interface dictates the
electrical properties. Initial comparisons have been made between the different surface structures and
photo-response of the samples, with efforts made to decouple the topographic and optical data. We
performed near-field photoelectric (photocurrent) experiments to probe a Schottky diode whilst under bias
to characterize the variation in structure, photo-response and photo-induced current simultaneously across a
contact. By stimulating the photocurrent directly using the evanescent field of the NSOM tip, we have
observed localized variations in the contact properties on the nanoscale.
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Development of “nano-FISH” method for DNA and Chromosome
-analyses using SNOM/AFM

T Ohtani, J. M Kim, T. Yoshino, S. Sugiyama, S. Hagiwara,
National Food Research Institute, Tsukuba, Ibaraki 305-8642 Japan
T Hirose, .
Japan Atomic Energy Research Institute, T akasakt Gunma 370-1292 Japan

H. Muramatsu
Sezko Instruments Inc Matsudo Chtba 270-2222 Japan,

The locations of genes on a genome as well as DNA sequences seem to play a principal role in gene
“expression. Detecting the precise location of a gene transfer is a major factor for guaranteeing transduction
by gene modification or mutation. There is a need for a novel method, ‘which would enable the location of a

. specific gene on a given genome to be directly and precisely detected. The final objective of this study is to -

establish a novel method, termed “nano-FISH”, that directly defines the location of a specific gene on a

DNA fiber and a chromosome with a high resolution using a scanning near-field optical microscope/atomic

* force microscope (SNOM/AFM). The method exceeds the limited resolution of conventional FISH
(Fluorescence in situ hybndlzatxon) achieved using an optical microscope. Specifically, the novel method

" should break through the optical limit of the conventional method. The high-resolution fluorescent images
of DNA fibers and chromosomes were observed usmg a SNOM/AFM in the first step.

Simultaneous topographic ; and fluorescent imaging of a DNA fiber was succeeded for the first time
‘using our experimental set up. And a double-stranded anda denatured single-stranded DNA molecules can
“be- distinguished comparing with topographic and fluorescent i 1mages because, YOYO-1 dye stains only

double strand DNA fibers. Very small quantlty of YOYO-l is_possible to be mtercalated or externally
bonded in the single-stranded DNA [1].

Figure 1 shows topographic and fluorescent images of barley chromosomes stained with YOYO-1.
Topographic image (c) showed that the surface .
was relatively flat and no significant height
difference between the high-fluorescent region
and the low intensity region of the chromosome |
was detected. Thus the high fluorescent intensity
of the region is not the effects of chromosome
thickness but considered to reflect internal
structure of the chromosome [2].
 Images of the specific genes on DNA fibers
and chromosome will be demonstrated in NFQO-7.
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‘Figure 1: SNOM/AFM images of the barley
chromosomes stained with YOYO-1 dye.

(a) Topographic image. The height range is 200 nm.

(b) Fluorescent image in the same portion of (a). The height
range is 5.0x103 mV,

(c) Topographic image of a part of a chromosome (a). 200 nm.

(d) Fluorescent image of (c). 300 mV. Bars = lym
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Abstract for the 7th International Conference on Near-field Optics and
Related Techniques

Scanning near field optical microscopy of .cell's in liquid

R. Januskevicius, D. J. Amdt-Jovin, T. M. Jovin,
Department of Molecular Biology, Max Planck Institute for Biophysical Chemistry,
Am Fassberg 11, Goettingen, D-37077, Germany.

A scanning near  field optical microscope has been constructed and applied to
fluorescence imaging of biological samples in liquid, including live cells. Our homemade

- SNOM is mounted on a Zeiss Axiovert135 TV fluorescence microscope. For feedback we use

tuning fork shear force and a RHK controller. The scanning tip is produced from a 125 pm
optical fiber (Siecor, 8.3 um core diameter) by a heating and pulling sequence in a commercial
Sutter P-2000 pipette puller and coating with Al. A PI nanostage is used. The X-Y scanning of
the sample Coarse Z axis adjustment is hydraulic and fine positioning with pz tube units. The
depth of liquid is maintained very small in order to minimize the loss in Q factor. We have
designed a simple and stable construction with a liquid depth of 40 pm. Near-field images of
fixed and living cells obtained in liquid are presented. Human epithelial A431 cells, stably

transfected with a GFP fusion protein of the epidermal growth factor transmembrane receptor
protein, were scanned for topography and sitribution of membrane fluorescence.
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An apertureless near-field microscope and its advantages in unraveling
the structure of the photosynthetlc membrane

C. C. Gradinaru, G. 4. Blab, P. Martinsson, Th. Schmidt, T. J. Aartsma
Department of Biophysics, Huygens Laboratory, Leiden Universiyt, 2333 CA Leiden, The Netherlands

T. Oosterkamp
Interface Physics Group, Kamerlmgh Onnes Laboratory, Leiden Umvers:ty 2300 RA Leiden, The
Netherlands

A widespread trend nowadays is to combine two or more scanning probe techniques in order to shed
light into the relationship between structure and function of various samples under study:.atoms, molecules,
polymers, proteins, etc. The system we are investigating is the photosynthetic apparatus of plants and
(some) bacteria, which is constituted of protein complexes embedded in a lipid membrane and is
responsible for the conversion of light into chemical energy. While the individual proteins have been
extensively characterized (for many of them the crystal structure is available), the way they are distributed
in the membrane, interact with each other, or react to external factors is still largely unknown.

The combination of atomic-force microscopy (AFM) and apertureless scanning near-field optical
microscopy (SNOM) looks likev a natural choice for investigating this system, as many of its units are light
sensitive and have lateral sizes in the order of 5-15 nm (unreachable by “classic” SNOM). A commercial
instrument, the Digital Instruments Bioscope, was adapted to allow simultaneous acquisition of topography
and fluorescence data from the sample. Several AFM tips were tested for the enhancement effect, including
narrow multi-wall carbon nanotubes and whisker-type, gold-coated tips. The test samples were monolayers
of quantum dots and electro luminescent polymers; their fluorescence was detected using two-photon
excitation conditions with femtosecond laser pulses in the near infrared (700-1000 nm). Preliminary results
on fragments of the thylakoid membrane found in the chloroplasts of the green plants are also presented,
thus opening the way for a du'cct straightforward visualization of the architecture and function of the
photosynthetic machmery ,
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- High-Resolution Near-Field Optical Imaging of a
| Cell Membrane in Aqueous Solution

C. Hoppener, D. Molenda, H F uchs, and A. Naber,
. Physics Institute, Wilhelm-Klemm-Str. 10, D-48149 Miinster, Germany.

Over the past 10 years several distance control techniques for SNOM have been developed from which
today the shear-force method in conjunction with a piezoelectric quartz tuning fork as force sensor is the
most popular one. For soft samples under liquid, however, this method turned out to be not as well-suited
as under ambient conditions. Up to now, SNOM measurements of biological samples under liquid are very
rare due to the lack of a sensitive distance control.

Recently it has been shown that a tuning fork can also be used for a force feedback configuration in
which the attached probe oscillates in a direction normal to the surface (tapping mode like force feedback)
[1, 2]. We have shown that such a technique is especially well-suited for a distance control under liquid
since in this mode there is no need to immerse the force sensor in the liquid [2]. The preserved high force
sensitivity. of the tuning fork enabled us to image reliably even soft biological material [2] or double-
stranded DNA (Figure 1) under liquid.

By means of this technique, we are able to show for the first time hxgh-resolunon near-ﬁeld optical
images of a cell membrane, the nuclear envelope, in an aqueous solution. The nuclear envelope encloses
the nucleus of a eukaryotic cell and is perforated by supramolecular protcm complexes, so-called nuclear
pore complexes (NPCs), which regulate the transport of molecules in and out of the nucleus. Since the
distance of neighboring NPCs is only ~120 nm, conventional optical microscopes are not able to resolve
single NPCs in their native environment. In contrast to that, our near-field fluorescence measurements of
~60 nm resoluuon clearly show fluorescence signals of single dye-labeled NPCs embedded in the nuclear -
envelope.

Figure 1: Topographic images of double-stranded DNA on mica under ambient conditions (left) and under
liquid (right) measured with a tapping mode like distance control on the basis of a tuning fork as force
sensor and an bare tapered glass fiber as force tip. Only the fiber tip was immersed in the liquid (~1 mm).
Size of images: 500 nm x 500 nm; Grayscale: 2 nm.
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Spectroscopxc Imaging of Nanoscale Rafts in Blomlmetlc Lipid Bilayers
Usmg Near-field Scannmg Optlcal Mlcroscopy

Jeeseong Hwang Fuyuki Tokumasu Takayuszrze AIben.l Jm PaulD Smith?, Gerald W,
. . Feigenson’, LonS Goldner', and JamesA Dvorak2

Ozptzcal Technology Dz vision, Nanonal lnsntute o Standards and Technology, Gaithersburg, MD 20899.
Biophysical Parasitology Section, Laboratory of Malaria Research, National Institute of Allergy and
Infectious Disease, National Institutes of Health, Bethesda, MD 20892,
Dtvzszon of Bioengineering and Physical Science, ORS, Office of the Dtrector, Natzonal Insmutes of
-~ Health, Bethesda, MD 20892. . :
‘Departmem of Molecular Bwlogy & Genetzcs, Camell Umverszty lthaca, NY 14853

We used nea:-ﬁeld optxcal mxcroscopy to 1mage nanoscale domains in biomimetic lipid membranes
composed ‘of bilayers of binary or tertiary mixtures of 1, 2-dipalmitoyl-sn-glycero-3-phosphocholine
- (DPPC), 1, 2-dilauroyl-sn-glycero-3-phosphocholine (DLPC), and cholesterol. ‘At room temperature, the
membranes displayed phase separations indicative of nanoscale domain structures that are thought to have
relevance to functional cell-surface rafts. We labeled the lipids with the fluorescent lipid analogs Bodipy-
-PC and dil:Cy to identify unambiguously the presence and distribution of speclﬁc membrane components.
- Simultaneous multicolor imaging at the wavelengths of the emission maxima of the fluorescent analogs
- revealed a non-correlated patchy distribution of Bodipy-PC and dil:Cy indicative of a domain separation of
the lipid bilayer, The 100-300 nm size distribution of these patches is consistent with both the size of lipid
domain clusters and thermodynamic parameters estimated by atomic force mxcroscopy (AFM). Energy
-transfer studies of the fluorescent lipid analogs are also in progress to elucidate phase mixing in the domain
‘boundary regions. - Our studies were performed ‘either on a homebuilt wet cell NSOM or on a prototype
.- NSOM/AFM we are developing for biomedical research.: Simultaneous detections of topography and
- fluorescence information of nanoscopic membrane domams by NSOM wﬂl also help better understandmgs
-of the raﬁ structure in nauve membranes / i

@ o

Figure 1: Near-field images of a DLPC(30%YDPPC(70%) bilayer doped with Cholesterol(18 mol%),

Bodipy-PC (0.1 mol%), and dil:C; (0.1 mol%). All images 6 wm square. (a) topography (b) transmission -

at 7»—488¢5nm (b) ﬂuorescence at 515nm<2\.<530nm (d) ﬂuorescence at 7\>560nm. :
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Size and distribution of lipid rafts: atomic force and near field
microscopy study of Gy domains in model membranes

P Burgos ®®, R. S. Taylor®, Z. Lu®, M. L Vmot L. J. Johnston®

“National Research Counczl of Canada, Steacie Institute of Molecular Science SIMS, Ottawa, Ont., KIA OR6
bCentre National de la Recherche Scientifique, ENSIC-DCPR, Nancy, France
‘National Research Council of Canada, Institute for Microstructural sciences, Ottawa, Ont., K1A OR6

Recent work has given rise to a fundamentally new way of thinking about biological membranes.
Contrary to earlier views, lipids don’t always mix homogeneously in membranes, but are organized into
domains and microdomains of different sizes. Characterization of these domains is essential to understand
their role in membrane’ processes. Glycolipids, such as ganglioside Guy, are receptors for numerous
biologically active agents and are likely to be involved in the formation of specialized microdomains, «rafts»,
which are enriched in sphingolipids and cholesterol, and exhibit properties similar to a liquid ordered phase.
Since specific proteins have the propensity to be included or excluded from rafts, these domains are proposed
to play an important role in membrane transport and signal transduction [1].

Determination, at the mesoscopic scale, of raft distribution in hpxd mixtures has been performed
based on indirect techniques (AFM, FRET, epifluorescence microscopy) and has led to conflicting results
[2,3,4,5] : membrane models provide evidence of raft micron-sized domain, although in natural membranes,

their sizes are postulated to be far beyond the resolution of conventional optical microscopy.

. Langmuir-Blodgett (LB) films are a useful membrane model and have provided information on
lipid-lipid and lipid-protein interactions. Our LB films are prepared from equimolar mixtures of
cholesterol/sphingomyelin/dioleoylphosphatidylcholine as a mimic for the natural rafts found in membranes
[4). The characterization of the structure of LB films with near field fluorescence microscopy and atomic
force microscopy offers the possibility of obtaining topographic and optical information ranging from
nanometer to micrometer resolution. We developed methods for making bent, doubled etched probes that
have transmission efﬁclency (close to 10’%) suitable for fluorescence applications.

The results show that the addition of 1% Gy to the monolayer leads to the formation of glycolipid
enriched domains that mimic rafts. They are localized in the more ordered sphingomyelin/cholesterol rich
phase and are heterogencously distributed in this phase. The lipid properties are sufficient to direct the
formation of these rafts in membranes without requiring the presence of protein. For the first time, our recent
data suggest that sub-micron domains rafi-like domams are found in model membranes and adopt a circular

~ shape with a dlameter around 100-200 am.
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Single molecule spectroscopy of autbfldbresc,ent proteins
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K.U.Leuven, Depanment of Organic Chemistry, Laboratory for Photochemistry and Photophysics
- CeIestynenlaan 200 F, 3001 Heverlee Belgium.

In recent years, the Green Fluorescent Protein (wild-type GFP) from the Pacific jellyfish Aequorea
victoria has become one of the most .widely studied and exploited proteins in cell and developmental
biology. Due to the brilliant intrinsic green_fluorescence that can be enhanced or even spectrally shifted
from blue to yellow by mutagenesis, GFP technology has established a universal method for introducing a
ﬂuorescent tag into nearly any blologlcal structure without affectmg the native function.

_ v Recently, the emission color palette offered by GFPs has extended to higher wavelengths by the
dtscovery in the reef coral Discosoma genus of a red fluorescent protem (DsRed) with similar structure
compared to GFP and with the capacity to be cloned and expressed.in vivo. However, biophysical and
_biochemical studies revealed several drawbacks of DsRed when has to be used as a fluorescent marker.
Analytical ultracentrifugation and time-resolved fluorescence ‘anisotropy . experiments revealed the
. occurrence of DsRed as a tetramer at dilute concentrations [1,2). Moreover, the final red - emitting
chromophore appears through a slow and incomplete maturation process, resulting in tetramers containing
one or. more green precursor chromophores even for the so called mature DsRed samples and, as a result,
~ energy transfer can occur between the above mentioned chromophores [1).

Single molecule spectroscopy (SMS) experiments performed on 543-nm CW excitation point to the
existence of DsRed as a tetramer and reveal the presence of a blinking phenomenon in the ms time range
[3]). Collective effects involving the red chromophores within the individual tetramers were observed.
Time-resolved data reveal the presence of a population of 25 % of the immature green chromophores which
relates to tetramers containing only this immature green form and which is responsible for the weak
fluorescence emitted by DsRed at 500-nm when excited at 460-nm [4). The remaining 75 % of the
immature green chromophores are involved in an energy transfer process to the red chromophores within
the tetramers that contain them. Time-and spectrally resolved detection at single molecule level reveals,
upon 543-nm excitation of individual DsRed tetramers, the existence of a photoconversion process of the

red chromophorc emitting at 583-nm into a super red species that emits weakly at 595-nm. The same -

phenomenon is further corroborated at the ensemble level with the observation of the creation of a super
red form and a blue absorbing species upon irradiation with 532-nm pulsed light at lugh excitation power

M)
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Tracing of secretory vesicles of PC12 cells using total internal reflection.
fluorescence microscopy o

De-Ming Yang
Department of Medical Research & Education, Taipei Veterans General Hospital, Taipei 112, Taiwan
Chien-Chang Huang, Lung-Sen Kao
Institute of Biochemistry, Department of Life Science, National Yang-Mmg University, Taipei 112,
Taiwan
Hsia Yu Lin, Din Ping Tsai
-Department of Physics, National Taiwan University, Tazpet 10617, Taiwan
Chung-Chih Lin
Department of Life Sciences, Chung Shan Medical University, Taichung 402, Taiwan

The secretory vesicles and organelles near the cell surface of a neuroendocrine PC12 cell were
monitored by total internal reflection fluorescence microscopy (TIRFM) [1]. The secretory vesicles were
labeled by over-expressing one of the small G proteins that is involved in the fusion of secretory vesicles to
plasma membrane, GFP-Rab3 fusion protein, in PC12 cells. Mitochondria were monitored by a specific
indicator MitoTracker Green [2]. The images acquired from a fast cooled CCD were compared and
analyzed. Time-dependent changes of fusion events and fluorescence intensity of a defined area were
analyzed. Within the small evanescent range (about 200 nm), the movement of vesicles near the cell
surface was monitored. Figure | shows an example of the movement of the secretory vesicle of PC12 cell
upon high K* stimulation and the fusion between one vesicle with another vesicle which already docked on
the membrane. The TIRFM provides an opportunity to specifically trace and analyze the exocytotic events
and vesicle dynamics near cell membrane without interference of signals from other parts of the cell.

Figure 1: The vesicle fusion event occurred after high K* stimulation. GFP-Rab3 A fusion protein was
overexpressed in PC12 cells. Upon high K* stimulation, one secretory vesicle (arrows) first moved away
ﬁ-om the focal plan, then back to the focal plan and fused with the vesicle (arrowheads) on the plasma
membrane.
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Simulation and Experiments on T)fepping Bivol()gical Molecule by
" Near-field Optical Probe

Jia Wang", Zhaohui Hu, Jinwen Liang
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Departmerit bf Precisidn Instruments, Tsinghua University, Beijing 100084, P. R. China
: * E-mail: wj-dpi@mail.tsinghua.edu.cn

Near-field Optics has been developed and used in various ﬁelds, such as optical lmagmg at

' 'resoluuon beyond the diffraction limit, ﬂuorescenoc detection in the local field, optical data

storage, and so on. ‘Research on near-field optical manipulation has attracted attention of

scientists.. The theones of mear-field ‘optical manipulation :for atom!" and dielectric particle™!

have been discussed. Some experimental results of trapping and moving the Mie parucles in an
evanescent ﬁeld along a channeled wavegmde have been shown

In this paper we ‘calculate the dxsmbunon of e]ectromagnetw field near a :Ap“er optical fiber
probe by the method of 3.-D ﬁmte-dxﬂ"enence time-domain (FDTD). . From the distribution of field,
the distribution of- opt1cal force to particle can be calculated. Interaction between the optical

near-field and dielectric and biological pamcle will be discussed based on the slmulanon results.
“Then we discuss the different distribution of optical force to different size of the opucal fiber
prebe and the particle on scale of micrometers to nanometers. The result shows the possibility to
spatially trap a nanometer-size particle with nanometer-size optical fiber probe in the optical
near-field and to 2-D trap a particle with micrometric optxcal ﬁber probe. Some expenmental
“results on manipulation of different-size dielectric particles and bxologlcal molecule by near-field
optics will be provided. The experimental results show that the optical forces on the dielectric
particle agree with the simulation results and it is also possible to trap a biological particle.
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Near Field Photo-fabrication of Thin Film
Using Locally Enhanced Field at a Metallic Tip

Y. Inouye'*? A. Tarun®, N. Hayazawa®®, and S. Kawata®**"
1) Osaka University, School of Frontter Bioscience, Suita, Osaka 565-0871 , Japan
2) Handai FRC, Suita, Osaka 565-0871, Japan
3) CREST, Japan Sciénce and Technology Corporation, Japan
4) Osaka University, Department of Applied Physics, Suita, Osaka 565-0871, Japan
5) RIKEN, Wako, Saitama, 351-0198, Japan

An apertureless-metallic-tip of near field scanning optical microscopy (NSOM) enhances the electric
field strongly at the tip apex besides achieving ultimate spatial résolution that is as small as the size of the
tip apex [1,2]. Due to these features, we attained 15 nm spatial resolution in near ficld Raman
spectroscopy and imaging of aggregated molecules [3-5). The locally enhanced field can also induce
photochemical reaction at nanometric scale.

In this presentation, we répon on near field lithogi'aphy on a photore'sist film using a platinum-
covered cantilever and a blue semiconductor laser [6]. The metallized cantilever (tip radius: ~20 nm) was
brought onto positive g-Line photoresist film (thickness: 110 nm) which was coated on a cover slip using

-a spinner. Then, a focused beam from a blue semiconductor laser (A = 405 nm) was irradiated on the tip-
,ﬁlm contact point.

Figure 1 shows a topographic image of the developed photoresist film obtained with an atomic force
microscope. Structures of 100 nm-width trench were obtained with energy dose of 6.3 ml/cm®

Considering that the threshold of energy dose was 28.5 ml/cm?® in far-field process, energy dose in
“near-field process exceeds the threshold locally due to the local field enhancement of the tip, and

photoresist film was exposed at nanometric scale. Figure 2 shows dependence of linewidth of the
fabricated trench on energy dose irradiated on a film. The experimental result shows that apertureless-
metallic-tip NSOM is one of the promising technologies for next generation of photofabrication.

0+ - :
02 4 6 810 PR , ]
o el -0 5 10 _ 15
‘ _— , , . exposure energy [mJ/Cm2]
Fig.1 AFM image of photoresist : Fig.2 = Dependence of linewidth on
' film exposed in the near field. _ energy dose.
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Optical detection of nano-particles.

. F.Ignatovitch, A.Hartscfzdh, L.Novotﬁy,
Um'versity of Rochester, The Institute uof Optics, Rochester, NY 146'27.

"The methods of detectlon and recogmtlon of particles more than half a wavelength are well established.
However as partlcle size enters nanometer region, the sensitivity of those methods decreases rapidly. This
is due to the fact, that as partlcles gets smaller, they exhibit dipole-like llght scattering pattern and thus
become indistinguishable. . : i :

We developed a method of nano-particles recogmtlon which is based on detectmg optical gradient
forces 1, 2] exerted on a particle by a tightly focused laser beam.

Our optlcal setup resembles one used in a basic optical tweezers experunent [3, 4]. Nanometer sized par-

‘ticles under test are guided in a microfluidic channel through a tightly focused laser beam. The particle’s

position with respect to the focus is monitored by detecting the scattered light. A feedback loop perma-
nently adjusts the laser intensity and thereby ensures that the particle’s path remains unaffected by the
gradient force of the trap. The feedback signal provides & unique ﬁngerprmt for the particle’s size and shape.

This method was developed in apphcatlon to a virus recognition biosensor program In the near future
the above scheme will be mtegrated in a chip-scale dev1ce, allowing real-time bio-warfare sensing in a
battleﬁeld : .
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Tunnel-Electron-Induced Oxygen Movement in YBa,Cu,0,.,
Measured with Near-Field Optical Microscopy

S. H. Huerth and H. D. Hallen
North Carolina State University
Raleigh, NC 27695

The movement of atoms induced by electron motion, electromigration or electron-induced-motion
(EIM), has been studied in many systems. In the case of the classic electron-wind mechanism, the atom
motion is in the same direction as the current. We show here that this is not necessarily the case when few-
eV electrons are used in an electron-excitation mechanism. In this case, the local electron interaction
enhances the diffusion of the atoms. Naively, this localization of an electron interaction in a conductor
seems unlikely, but it will occur when the electron can excite a carrier from a localized state on the atom
rather than from the extended conduction states. The excitation places the atom in an unstable
configuration, a Franck-Condon excitation, and it may move before relaxation if a vacancy is adjacent.
Excitation from a localized state entails a threshold energy for the injected electron, which we measure for
the case of oxygen motion in Ytirium barium cuprate (YBCO) and will present here. To better understand
the mechanism of oxygen movement in YBCO while avoiding complications due to grain boundaries, we

_ use a near-field scanning optical microscope (NSOM). . The metal cladding of the NSOM probe provides a

scanning tunneling microscope (STM) tip to pull (inject) electrons from (into) an industrial quality sample
of YBCO. This induces movement of oxygen. We have shown that reflection-mode near-field scanning
optical microscope can be used to image oxygen movement in YBCO. [1,2] Optical NSOM images taken
before and after EIM are compared to eliminate the native background oxygen concentration variations and
determine the amount of oxygen moved in the lattice and where the movement occurred, Fig. 1. It is
interesting that the motion of oxygen described here shares many of the same qualitative features as the
motion of vacancies in gold films with injection of few-eV tunnel electrons. [3,4] Both have energy
thresholds, related to their respective band structures. The EIM is limited to a single grain in both cases,
indicating that few-eV electrons are scattered strongly at
grain boundaries in quite disparate materials. There are
differences, however. The topographies of the gold films
change as the atoms move, whereas the oxygen atoms in
YBCO move in a fixed lattice with no detectable
topographic change. The EIM of oxygen in YBCO
- changes in its superconducting properties, since they
depend on the oxygen concentration. [5,6] We thank
Brian Moeckly of Conductus for providing the YBCO.
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Figure 1: Top: background oxygen variation. Eh]ysBl?ele?:‘;,kH)o 39‘;3 )Ija‘hfop and R.A. Buhrman,

Bottom: -Drift-corrected difference image (6] B.H. Mocckly, R.A. Buhrman and P.E. Sulewski
showing the change in oxygen concentration iy » RA. .E. ,
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-Atom optics with nanostructured near-field llght potentials:
L theory and applications
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Laboratoire de Collisions, Agrégats et Réactivité -
UMR 5589 du CNRS et I’Université Paul Sabatier
81062 Toulouse Cedexr 4 France

C. Girard
~ Centre d’Elaboration de Matéiauz et d’Etudes Structurales
.29, rue Jeanne Marvig, BP 4847
81055 Toulouse Cedex 4 France

. - _J. C. Weeber '
. .. Laboratoire de Physique de 1’Université de Bourgogne
L 9 avenue A. Savary, F-21078 -
Dijon, France

As a first step in the development of atom and molecule manipulation by optical near fields, we develop a
versatile calculational approach to the study of ultracold atom diffractive scattering from light-field gratings.
We combine computation of the .optical near field generated by evanescent waves close to the surface of
periodic nanostructured arrays with advanced atom wavepacket propagation techniques. Nanometric 1-D
and 2-D arrays with subwavelength periodicity deposited on a transparent surface and optically coupled to
an evanescent wave source exhibit intensity and polarisation gradients [1] on the length scale of the object
and can produce strong near-field periodic modulation in the optical potential above the structure. As a
specific and experimentally:practical example [2] we calculate the diffraction of cold Cs atoms dropped onto
a periodic optical potential crafted from a 2-D nanostructured array. For an "out of plane” configuration we
calculate 2 wide diffraction angle(~ 2 degrees) and about 60% of the initial atom flux in diffraction orders
+1, an encouraging result for future experiments. Calculated simulations over a wide range of experimental
parameters indicate that positive experimental results should be robust.
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Photopb_lymers for nanofabrication in the near optical field
Carole Ecoffet 1(2), Renaud Bachelot(2), Fehkra H'dilli(2) Pascal Royer(2), Gregory A. Wurtz (4),

Départemem de Photochimie Génerale CNRS UMR7525-ENSCMu ; 3, rue Alfred Werner ; F-68093 Mulhouse-
Chrystelle Triger
Département de Photochimie Génerale CNRS UMR7525-ENSCMu ; 3, rue Alfred Werner ; F-68093 Mulhouse-
Renaud Bachelot, Fehkra H'dilli, Pascal Royer,
Laboratoire de Nanotechnologxe et d’Instrumentation Optigue, Université de Technologie de Troyes ; 12, rue
Marie Curie ; F-10010 Troyes
Photosynthesis / Nanophotonics Group Chemistry Division Argonne National Laboratory Building 200 - 9700
South Cass Avenue - IL 60439-4831

Photopolymers are interesting material that can be easily patterned by light. When the illumination is made
trough a classical optics set-up, the resolution is limited by diffraction.

But this limitation can be over passed when illumination is made trough near optical field set-up. Thus, ultra
thin polymer spots were obtained by photopolymerization by evanescent waves. In this procedure, the area of
interaction of the actinic light with the reactive formulation is confined within a layer of few hundreds of
nanometers. The confinement of the light is achieved by Total Internal Reflection (TIR) of the light at the
interface between the material and a high index prism {1]. This method is particularly suitable for the fabrication
of micro parts and thin films (30 to 800 nm).

The concept of photopolymerization by evanescent waves is interesting from a technical point a view
beacause it makes possible the fabrication of smaller structures than the one available by classical optical set-up.
Besides, from a fundamental physical point of view, it is possible to make a copy of the near optical field and
then to study it by other microscopy methods such as AFM. And finally the fact that illumination occurs over a

- very small volume allows studying the influence of diffusion processes during photopolymerisation.

Process of photopol ymerisation was also applied to polymerization under a SNOM tip [2] and polymerization
under metallic layers is under achievement. Results concerning different systems will be given.
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Local Fluorescent Probes for the Fluorescence Resonance Energy
Transfer Scanning Near-Field Optical Microscopy

G. T. Shubeita, S. K . Sekatskii, G. Dtetler, Institut de Physique de la Matiére Condensée Université de
Lausanne, BSP, CH 1015 Lausanne - Dorigny, Switzerland

V. S. Lrokhov, Institute of Spectroscopy, Russian Academy of Sczences Troitsk, Moscow Region, 142190

Russta

Whlle the resolunon of Scanmng Near-field Opncal Mlcroscopy (SNOM) is limited by the size of the
.- aperture for light collection or transmission to about 100 nm, other approaches to near-field imaging are
necessary. Fluorescence Resonance Energy Transfer (FRET) ~ based SNOM was proposed [1] to enhance
* both the resolution and the sensitivity of the method. It exploits the dipole-dipole energy transfer between a
_donor.and an acceptor in a FRET chromophore pair where the donor is mcorporated at the apex of the

scanning probe and the acceptor is labeling the sample (or vice-versa). When imaging using the acceptor

fluorescence resolution is no longer limited by the size of the aperture but rather by the Forster radius for

energy transfer, which is typically of the order of 2-5 nm,
’ Nanolocal FRET SNOM measurements [2] and
FRET SNOM images [3] based on this idea have been
-reported. Here, the first FRET-SNOM images with sub-
" aperture-size resolution will be presented {4]. Islands of the
~ donor.dye DCM deposited on-a glass slide were imaged
using the fluorescence of the donor dye OM57 deposnted
by dipping a fiber tip having an aperture of 200 nm in a
solution of both the dye and the polymer PMMA which
served both as a photobleaching inhibitor and a medium for
_ better mechanical stability. Moreover, the “self-sharpening
pencil” behavior could be realized for such a probe: the

apical . layers of the FRET-active tip coating are"

mechanically worn - out and ~ hence an active apex
: containing fresh acccptor molecules -is contmuously
‘exposed -to continue imaging. That the probe contains
acceptor rather than donor molecules guarantees that only
- the molecules lying within a few nanometers of the apex
. are excited by FRET ‘and are hence eventually
' photobleached. Exactly these molecules are continuously
refreshed by the “pencil self-sharpening” mechanism.

From the geometry of the tip one estimates that some tené )

of acceptor molecules are involved in imaging, which,
allowing for the experimental condmons leads to an
expected collected signal of ~750-2250 s™. This is in an

~order of magnitude agreement with the measured signal of -
1000 photon/s. Moreover, good reproducibility ‘of small -
details of the light mtensxty distribution along the DCM

“clusters” (see the inset in Fig. 1) can be considered as an
*indication of a spatxal resolutxon exceedmg the size of the

. probe aperture, -
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“(indicated by an arrow) recorded for the
left-to-right and right-to-left movements
of the tip. The size of one pixel is 43 nm,

Fig.1. FRET SNOM image of donor
molecule “clusters” .on a glass slide
surface. In the insert we show details of
the raw images of one of the clusters

the minimal size of a structure in the
scan direction (determined by the photon
integration time) is ~170 nm.
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Super-Resolution Near-field Cover Glass Slip or Mount, a Novel
Application of the Localized Surface Plasmon For Near-field Imaging

Yu Hsuan Lin, , Yuan Hsin Fu, Hsia Yu. Lin, Wei Chi Lin, Hsun Hao Chang, Din Ping Tsai
Department of Physics. National Taiwan University, Taipei 10617, Taiwan
A novel application of localized surface plasmon (LSP) has been developed to made a new type of
cover glass slips or mounts with the near-field super-resolution imaging capability for use with a laser
scanning microscope (LSM). An active layer of AgOx was prepared on the ﬁormal cover glass slips
or mounts, and protected by a thin (less than A/10) layer of dielectric film. This innovaﬁon allows an
easy‘usage of the common laser scanning optical microscope to achieve near-field super-resolution
imaging of nano-structures on ihe.slips or mounts. Fig. 1 is the optical 'irﬁaging results 6f this

innovative method. Reflection images of the latex particles with diameters of 500 nm, 200 nm and

“100 nm, respective]‘y, were measured by using our super-resolution nearfield cover glass slip.

Features of the 100 nm standard latex particle can be clearly resolved. This novel innovation is
expected to be used in various near-field imaging of medical and bio-samples in different environments

with great simplicity, fast speed of laser scanning, and very low cost.

Polystyrene LT $500nm
nanospherc 7 \\ ~
x: — _] QZOOnm
Y e #100nm
A ‘& oo {5 =T sonmi
] t—1 Fd  substrate
360nm 173nm 100nm B
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Fig 5. Near-field images of the standard latex particles with diameters of 500 nm, 200 nm and 100 nm,
respectively, by using our innovative near-field super-resolution cover glass slip.
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Near-field optical properties of a thin-film photonic transistor

{

Wei Chih Lin, Chien Wen Huang, Yu Hsuan Lin, Din Ping Tsai
Department of Physics, National Taiwan University, Taipei 10617, Taiwan

Wei-Chih Liu
Department of Physics, National Taiwan Normal University, Taipei 116, Taiwan

.~ Super-resolution near-field structured photonic transistor was reported by Tominaga et al.[1] recently.
. Intensity of the incident signals could be amplified by the other input light at the focused spot of PC/ZnS-
Si0)/AgOx/ZnS-Si0y/GeSbTe/ZnS-8i0, structure. h this paper, we investigate the nearfield optical
properties of the super-resolution near-field structured photonic transistor Samples of glass/ZnS-
SiQ,/AgOx/ZnS-Si0; and glass/ZnS-SlQ/Ang /ZnS-Si0,/GeSbTe/ZnS-Si0; have been experimentally
studied by a tapping-mode near-field scanning optical microscope. Nearield nonlinear optical effects of
~the transmitted light on both samples were found. Strong enhancement was observed in near field as well.
Results show both surface plasmon (SP) and localized surface’ plasmon (LSP) should be active in the
enhanced effects we found. Images of the near-field scanning optlcal microscope clearly illustrate the
effects of the short and Iong-range interactions of the plasmons. The working mechanism of the super-
-resolution ‘nearfield structured photonic transistor is studied. Fig. 1(a) is the micrograph of the ZnS-
: SlQ(20nm)/Ag0x(1Snm)/ZnS-SlQ(ZOnm) The nano-composites are ‘believed to be the nano-scatters
shown in the Fig. 1(b), and the FDTD simulation indicates that these Ag scatters are sources of the
enhancement at the focused spot. S
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Figure 1. (a) TEM micrograph of the ZnS-Si0,(20nm) AgOx(15nm)/ZnS-Si0y(20nm) super-resolution
near-field structure. (b) Two-dimensional FDTD simulation of a ZnS-Si0x(20nm)/ AgOx (]5nm)/ZnS-StOz
(20nm) super-resolution nearfield structure under a focused laser beam.
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Radiatiike heat transfer in the near-field.

J.P.Mulet, K.Joulain, R. Carminats,
Laboratoire EM2C, Ecole Centrale Paris, CNRS, 92295 Chtenay-Malabry Cedea:, France

J.J. Greffet,
Umverszty of Rochester, The Institute of Optics, Rochester, NY 146‘27

It has been shown recently by Carminati et.al.[1] and Shchegrov et al.[2] that the field emitted by a
thermal source made of a polar material at a distance of the order of 10 to 100 nm is enhanced by more
than four orders of magnitude and is partially coherent. The reason for this large enhancement is that close
to the interfaces, the local density of states increases dramatically due to the presence of surface-phonon
polaritons. These are composite particles composed of a phonon and a photon bounded to the interface.
Whenever a material supporting these excitations is heated, surface phonon-polaritons are emitted.

The purpose of this paper is to discuss the implications of this phenomenon for the radiative heat transfer

‘between objects separated by distances in the range of the nanometer. It has been known for many years

that radiative heat transfer can be enhanced across small distances due to evanescent waves (or tunneling
photons). We have recently pointed out that this enhancement is strongly amplified when surface-phonon
polaritons are excited to the extent that they are responsible for almost all the radiative heat transfer. The
heat transfer mechanism can be viewed as an electromagnetic coupling of phonons across the gap.

We will consider two different geometries. First, we study the heat transfer between two half spaces
as a function of the distance. We show how the flux varies with the distance. It will also be shown that
most of the radiative flux is exchanged at some particular frequency. A behaviour completely different
from what happens in far field. The second application is the study of the heat transfer between a small
spherical particle and an interface in the presence of surface phonon-polaritons(3]. This can be viewed as a
first model describing the radiative flux between a near-field probe tip and an interface. We examine the
distance dependence of the power exchanged between the sphere and the interface. We have found that the
radiative heat transfer overcomes the conductive heat transfer in air for spacings lower than 100 nm. This
means that the radiative heat transfer has been enhanced by more than four orders of magnitude. This
opens the possibility of locally heating or cooling a material radiatively.
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Intensity vs. Ampiitude Detection
in Scatterlng-type Near-field Optical Microscopy
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S. Patané, E. Cefali,
INFM and Dtpammem‘o di Ftszca MTFA, Universita’ di Messina, Salna Sperone 31, 98166 Messina, Italy

P.G. Gucciardi
CNR lsututo peri Processz Chtmzco Fisici, Sez. di Messina, Via La Farma 237 1-98123 Messma, Iraly

) Sharp dielectric or metallxc nps are used in scattenng (or apertureless) NSOM as nanometer-size scatterers
~_of the optical field produced by laser light in the vicinity of the surface. Scattering properties are strongly
sensitive to nanoscale features of the surface when the mutual distance is of the order of a few nm. Near-
- field optical microscopy in the visible region has been performed with artifact-free resolution in the 10-nm

“range [1,2]. Two-photon fluorescence in biological samples has been evidenced [3], on the scale of 20-30
nm. Single molecule emission has been also used as the near-ﬁeld source [4].

‘ ngh resolunon, obtained w:th the elastic scattenng expenment, rcquxres ‘the detecuon of small light

~ . intensities with a poor signal to background ratio and result in a challenging task. -Such light can be

extracted from the background light since, if a small modulation is superimposed to the tip-sample distance,
the signal presents terms at the second and hlgher harmonics of the modulation frequency [5], detectable

by lock-in techniques. This point is a crucial one in order to obtain genuine near-field contrast, nét affected

by topographical artifacts due to the surface tracking of the probe, performed in order to maintain a
constant distance from the surface. Optical interferometry provides the key to enhance the sensitivity of the
_ system. Interference of the scattered light with a reference beam, detected with a Michelson [6] or a Mach-
‘Zehnder (heterodyne) [2] configuration, provides a signal that scales with the electric field amplitude
instead of its square (light mtensny) Within the Mie’s approximation, this leads to a scattering signal that
~ scales with the third power of the size of the scattering center instead of the s1xth power, that is the case of
the mtensxty detecuon _ A . .

. We have explored and characterized dxfferent nllummauon and collection geometnes as well as dxfferent

N modulation techniques and interferometric configurations. In particular, on-axis illumination-and collection
~ with a Nomarski interferometer has provided 15 nm resolution (10%-90% criterion) [1], while grazing
illumination looks more promising for obtammg hlgh fields requlred for specttoscopy expenments

i 'Fxscher pattems fabncated with 500 nm dlameter spheres have been xmaged by our scattenng-NSOM The

" current status of our apparatus will be described. The system allows simple positioning and monitoring of
tip, sample and laser spot as well as ease of detection mode (amplitude vs. intensity) switching. Results of
comparison between the latter two detection modes will be discussed in terms of contrast, resolution, and
artifact content. One important conclusion is that axial configuration setups [1,3,6,7] (when used in elastic
scattering mode) are inherently concerned by the interference between the reflected light and the photons
scattered by the tip. This could explam the unexpectedly lugh performance that can be atxamed wnth no
addmonal mtcrferometer setup. S e
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MMP Calculation of the electromagnetic field enhancement
at sharp noble metal tips for tip-enhanced Raman scattering

V. Deckert, J. Reriger, and LM. Eng
Institut fiir Angewandte Photophysik, TU Dresden, D-01062 Dresden, Germany
deckent@iapp.de, www.iapp.de

Scattering near-field optical microscopy (S-SNOM) has the potential to become an alternative to aperture
SNOM (A-SNOM). The method is especially promising in combination with Raman spectroscopy to obtain
chemical information. As Raman scattering already suffers from a very low cross-section in standard setups, the
light restrictions imposed by an A-SNOM instrument are a major limitation. Only selected molecules with a
comparably high Raman scattering yield have been investigated by SNOM. However, the Raman signal can be
enhanced by several orders of magnitude in the neighborhood of small metal particles - the so-called surface
enhanced Raman scattering (SERS) [1]. The concept of S-SNOM with Raman ephancing metal particles

" combines the advantages of S-SNOM techniques, easier instrumental implementation without the need of
.delicate near-field probes and a somewhat higher lateral resolution, and the advantages of SERS with its high

signal intensities.

Important for an optimum Raman signal enhancement is knowledge on the tip material and geometry. Clearly
the noble metals like Ag and Au are the candidates of choice when inducing elcctmmagnctlc field enhancement
via local plasmon excitation. For a fixed excitation wavelength 1, the major challenges therefore are to find both
the optimal tip geometry provndmc the highest Raman enhancement, and the most smtable lllununatlon/detectxon
arrangement »

Several groups already proved the successful use of massive metal tips to enhance Raman scattéring wnth a.
resolution of down to ~20 nm|[2,3]. However, no theoretical investigation has been reported yet, calculating the
strength and orientation aspects of the local ficld enhancement for a specific tip geometry and material. Both
these two pamneters are important when optmnzmv thc collectlon of the Raman scattered light.

We present theorencal investigations based on the multiple multipole (MMP) approach {4} in order to calcu-
late the electromagnetic field enhancement at sharp noble metal tips, mostly Ag, for different optical gecometries
as well as a broad spectral range. Excitation is done for different illumination geometries (sidewise, bottom, etc.)
allowing also the modeling of objectives with both high and low numerical apertures. Also the incident beam
shape, whether being a plane wave or having a Gaussian shape, seems to severely affect the local field enhance-
ment. Furthermore, calculations are presented for different polarization orientations.

This approach allows us either to estimate the optimal optfcal resonance frequency for a given tip shape or,
vice versa, to optimize the tip geometry and material for a given set-up and laser excitation wavelength 1. There-
fore theoretical results have to be compared with tip shapes being expenmentally reallzable
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Transient opticval'jelemelnts:: application to near-field microscopy

D. Simanovskﬂ -D. Palanker, K. Cohn, T. Smith

7 Stahford University, Hansen Experimental Physics Laboratory
- Stant'ord CA 94305

We present two new methods of near-field ‘infrared microscopy based on transient optical
.elements. Photoinduced carrier generation in semiconductors is used to create 2- and 3-dimensional
reflecting and refracting structures that can provide infrared light confinement on subwavelength scale.
Both methods use short pulse Ti:S laser as a pump source to generate elec(ron hole plasma in
semiconductors and picosécond OPA as an infraréd light source. -

The' first technique --transient ‘aperture (TA) resembles:a fundamemal near-field conflgurauon
-when light is squeezed through a subwavelength aperturé in a nontransparent screen. To generate the TA

' subpicosecond, laser pulse illuminates a large area of the semiconductor film except for a small region in

‘the middle that is'shadowed. This illumination results in creating a large transient mirror (TM) with a small
transparent aperture that acts as a near-field probe [1]. We studied the optical properties of the TM and TA
experimentally and performed initial experiments on near-field imaging with the TA,
The second technique is based on a concept of a solid immersion microscopy [2]. Many solids
"have refractive index much higher than 1, providing dlffraction limited resolution several times better than
" in air. To benefit from using of high refractive index material focusmg element mast be incorporated in
“this material, We used photolnduced reﬂectivlty to generate a transient Fresnel lens on the surface of
.semiconductor wafer to focus infrared light on the other side of the wafer, where a sample was positioned.
Two materials were tested: GaP and Si with refractive indices 3 and 3.4 respectively. In both cases second
harmonic of Ti:S laser (400 nm) was used to generate a lens, that was optimnzed to focus infrared radiation
at a specific wavelength in a spectral range from 6 to 10 pm. Test images of polystyrene microbeads were
- obtained that demonstrate resolution better than A/5. e -
. We will discuss such issues as ultimate resolution, contrast parameters and chromatic aberrations
typical for both systems we present. Other new appllcatlons of transient optical elements will be also
considered. : o = - : : :
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A
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Figure 1: Layout of a hear field microscope with a photolnduoed aperture
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-Localized Photon Picture vs. Effective Interaction Picture:
Towards a Nanometric Photonic Device '

K Kobayashi, S. Sangu, T. Kawazoe, ERATO Localized Photon Project, Japan Science and Technology,
687-1 Tsuruma, Machida, Tokyo 194-0004, Japan
A. Shojiguchi, K. Kitahara, Division of Natural Sciences, International Christian University,
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M. Ohtsu, Japan Science and Technology, and also
Interdisciplinary Graduate School of Science and Engineering,
Tokyo Instttute of Technology, 4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8502, Japan

In near-ﬁeld optical microscopy and spectroscopy, localization and tunneling of photons have played
essential roles, and are now realized as key issues for nanometric photonic devices. For example, the principles
of operation of our proposed device [1] are based on excitation energy transfer induced by localized optical near
fields between nanometric quantum dots (QDs) [2], and irreversible signal transmissions are guaranteed by the
exciton-phonon coupling. Here we report on two alternative approaches: localized photon picture and effective
interaction picture to discuss physics behind the devices.

When we explicitly include localized photonic degrees of freedom, we can describe dynamics of a relevant
system that are governed by localized photons. The theory predicts, for example, a coherent dipole oscillation of
a linear chain of two-level QDs, after local manipulation of initial states of some of the QDs [3]. We find that
this kind of phenomenon originates in the fermionic nature and nonlinear effects of excitons. In order to
understand such phenomenon more deeply, we use an effective interaction picture [4). Taking the trace with
respect to localized photonic degrees of freedom, we can derive an effective optical near-field interaction

between QDs as Hg =~ J, P(l P(j), where P(l) and J, are the dipole operator of the i-th QD and the
<i.j>

couplmg strength between the nearest neighbor QDs, respectwe]y It follows from this Hamxltoman that the

dipole moments of the system tend to align parallel or antiparallel, depending on the sign of the coupling J,,.

The above approaches can be extended to include exciton-phonon coupling in addition to the optical near-
field coupling. Using the density operator method, we obtain equations of motion for such a system, and
estimate a time scale of exciton population tunneling as a few to 100 picoseconds for CuCl QDs, depending on
the sizes and the separation distances of the QDs. This time scale ideally corresponds to the switching speed of
our proposed nano-switch.

Figure 1: Typical switching behavior obtained for 3-QD system as a model of a nanometric photonic switch.
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NSOM probes wrth strongly enhanced optrcal transmxssron
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The optical transmission of a single, subwavelength aperture in a metal film is strongly enhanced when
- the metal surface surrounding the aperture has a,periodic corrugation. [1] The transmission enhancement is
mediated by a resonance of the incident light with surface plasmon polaritons. The resonance leads to a
strong enhancement of the electric fields at the entrance of the hole. Since the interaction occurs through
~ grating couplmg at the corrugated surface, the resonant wavelengths are proportional to the corrugation
periodicity P, and are thus tunable At the transmission peak, three trmes more light is transmitted through
the hole than is drrectly falling onto its area Thrs is mdependent of aperture size, so the total throughput
‘scales as T~ d2 (where d is the hole drameter), ‘rather than the T~d6 dependence predrcted by the Bethe-
Bouwkamp model.. So the relatrve transmission enhancement (the ratro of the transmission with and
without the enhancement) grows as d becomes smaller

The optrmaI corrugatlon geometry consists of a set of conccntnc crrcular grooves around the central
-aperture, equally spaced in the radra] direction and with a depth correspondmg to about three times the skin
depth fo the metal. The reason is that for the unpolarised hght we have used in our expenments the
Huygens wave associated with the small aperture has axial symmetry, and is therefore best matched to the
surface plasmon modes on a cylindrically symmetnc surface corrugatlon rather than one with translational
symmetry.' Such a “bu]lseye” pattern is well suited for fabrication at the tip of an opnc fiber, for use in
near-field microscopy.

We present results on a fiber tip with an enhanced device, of which the resolution is determined by the
- exit diameter of the aperture. For NSOM use on rough surfaces, it is useful to have a device with a very
small footprint. From our preliminary measurements on the minimum corrugated area necessary to obtain
the enhanced transmission, we find that at Jeast four rings are required to obtain the full enhancement: as
the number of rings is increased from one to four, the enhanced transmission peak becomes both higher and
narrower. This size effect cenfirms again the importance of the penodrcrty of the surface corrugation. We
discuss other strategies to minimise the devrce footpnnt ‘
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Z-scan analysis for the optical nonlinearity of the AgO,-type
super-resolution near-field structure

Hsun Hao Chang, Fu Han Ho, Pei Wang®, Din Ping Tsai
Department of Physics, National Taiwan University, Taipei, Taiwan, 10617
“Department of Physics, Unii)ersiiy of Science and technology of China, Hefei, Anhui, 23 0026

Near-field optical storage using Ang ~type super-resolutnon near-ﬁeld structure (Super-RENS)
attracts many attentions recently{l]. One of the key issues of the AgOy-type Super-RENS is the
’workmg mechanism and optical properties of the sandwiched AgOy thin film. Tsai etal. [2] have
reported the strongly enhanced nearfield intensities measured by a tuning-fork tapping-mode
near-field scanning optical microscope (TFTM-NSOM). Ensemble of the excited localized surface
plasrhons at the focused spot was propbsed for the origin of the enhancement of the near-field intensity,
and the nano marks size beyond the diffraction limit.

In this pa;ier, the nonlinear optical properties of the AgO.type Super-RENS thin films were
studied using Z-scan technique[34] with a. 0.7ns, 532nm laser. pulse. The changes of the
transmnssnon, and the nonlinear absorption properties / ‘were observed and studned “Nonlinear
refractive index I; can be obtained through close-apérture Zscan as well. The causes of these
changes come fromphotochemical reaction, thermal effects and optlcal response. Results shown in
Fig. 1 indicated that the transmittance of Z-scan at the focal position had astrong enhancement at
proper incident laser power '
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Figure. 1 Z-scan normalized transmittance of the AgO, layer at different incident pulse laser power.
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Numerical Studies of Optical Sw1tchmg and Optlcal Blstabxllty
Phenomena of Mesoscoplc scale-spheres

T. Okaroto, M. Haraguchi, M. Fukui, University of Tokushima, Faculty of Engineering, Tokushima, JAPAN 770-8506.

It is apparent that an enhancement of light intensity can be expected to occur in and around spheres
coated by Kerr-materials in which the so-called whispering gallery modes (WGM's) are excited. This
enhancement may lead to the realization of optical switching and optical bistable devices in mesoscopic
scale. It is well known that when the real part of the dielectric constant of spheres is negative, even if the

* size of spheres is consnderably ‘smaller than a wavelength of an incident light, the WGM's are readily

excited and then there exists a strong near-field light in the surrounder of spheres. We are, therefore,
concerned with CuCl whose dielectric function has the abnormal dispersion based on a Z;-exciton.
Namely, it has a negative real part of the dielectric constant around a characteristic wavelength of the Z,-
exciton. The structure employed here is shown in Fig.l. - The first aim of this study is to numerically
calculate nonlinear responses of CuCl-spheres by using the Mie-theory modified to analyze nonlinear
phenomena. The second one is to examine opncal sw1tchmg and optlcal bxstabxhty due to the WGM's

exc1ted in such spheres

We employ the Lorentz model as the dielectric function in trems of the Z-exciton of CuCl. For the
CuCl-sphere, the WGM is a surface mode of IS-type and its characteristic wavelength is 410.154 nm.
Figure 2 shows a typxcal result on the ratio of |E[AE|® as a functions of the incident light intensity /
~ measured at point A in Fig.1, where E is electric field at point A in Fig.1 and E; is electric field of the
incident light . At k-410 154 nm, where A is the wavelength of the incident light, the optical switching
occurs. At A=410.204 nm, we can observe the optxcal bxstabxhty These results suggest that fundamental
" optical devices related to optical mformatnon processing can be realized by employmg Kerr-nonlinear

spheres ina mesoscopxc scale ‘ (
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Two-photon Excitation of Excitons in CuCl -
o in Total Reflection Geometry

M. Hasuo, A. Shimamoto and T. Fujimoto,
Kyoto University, Graduate School of Engineering, Kyoto, 606-8501, Japan.

/

It is well-known that the evanescent light accompanying the totally reflected light at an interface of
dielectric mediums with a high refractive index n; and a low refractive index no -has interesting features:
One is its small penetration depth of the order of wavelength of the light that is given as

(1)
ko\/n sin®6 - n3

where ko is the wavenumber of the light in vacuum and 6 is the incident angle of the light: Another feature
of the evanescent light is its wavenumber parallel to the surface that is determined by n; and 8 as

k= konl sin 6. . (2)

In linear spectroscopy, electronic excitations such as surface plasmons and surface polaritons, which can not
be excited by usual propagating light wave, have been examined by using these features [1). On the other
hand, systematic study of the second harmonic generation at an interface was done by N.Bloembergen et.al
{2]. The wavenumber of the evanescent field plays an essential role in the nonlinear optical phenomena
through the phase matching condition. In principle, these situations may be applicable to the two-photon
excitation of excitons. However, as far as we know, two-photon spectroscopy on exciton systems with
.evanescent light field has not been reported so far.

Here, we report the measurement of emission spectra of CuCl deposited on a TiO2 (rutile) prism sur-
face(110) associated with the two-photon excitation of the exciton system in total-reflection geometry. We
choose CuCl as a nonlinear optical medium with a low refractive index because characteristics of the ex-
citons and exciton-polaritons have been well studied by linear and nonlinear spectroscopy [3, 4, 5]. Asa
medium with a high refractive index TiO; single crystal is chosen not only by its very high refractive index
but also by its birefringence. We can control the penetration depth and the wavenumber of the evanescent
field by only changing the polarization of the incident light.

As the experimental result, the I; bound exciton luminescence which resonantly appears at the two-
photon excitation of the Z3 and Z; 2 excitons was observed. The dependence of the intensities of the I,
bound exciton luminescence on the polarization of the excitation light was explained by the field intensity
and the penetration depth of the evanescent light in CuCl accompanying the totally reflected light at the
CuCl/ TiO; interface.
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Whlte hght contmuum generated by gold tips.

M. R Beversluis, A Hartschuh and L. Novotny
University of Rochester, The Institute of Optics, Rochester, N Y 14627.

Non-linear optical interactions can be used to increase resolution in near-field microscopy, but can also
introduce new sources of unwanted background signal. In the presence of highly non-linear materials, such
as gold, a whlte-hght continuum can be generated. Because the origin is not yet well understood, we have

measured the spectral, spatlal and temporal properties of this white light generated by a sharp gold tip

in a focused ultrashort laser pulse. We found a continuous spectrum from the excitation wavelength to its
second harmonic. Furthermore, characteristic of its nonlinear origin, the total white light intensity has a
quadratic dependence on the excitation power. Unexpectedly the temporal behavior is slow, in contrast to
white light continuum generation due to self-phase modulation '[1). We measured an exponential decay of
the white-light mtensxty with a lifetime of 800 bs, which suggests that another mechanism is responsible.

We also found that the white light is excited by light polarized along the tip axis, and when the tip is
scanned through a highly focused laser beam, the white light mtensny maps out the longltudmally polanzed
component, as shown in Flgure 1. :

Flgure 1: VVhlte light mtensxty as'a functxon of tip posxtlon within the focus of Gaussian (a) and Hermite-
Gaussmn (b) excitation beams (1 5 by 1.5 micron area)
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Action of Ultra-Short Laser Pulses on Surface in the Near Field

M.Libenson, G. Martsmovsky
AW A Vavzlav State Optical Institute, Bzrzhevaya Lmtya 12, St. -Petersburg, Russia

Scanmng near-field optical microscope (SNOM) excels as a unique instrument for -
investigation of optical properties of a surface with lateral resolution of several hundredths of the
wavelength used. Using of ultra short laser pulses (USLP) supplements SNOM with high temporal
resolution, thus achieving the maximum localization of the light both in space and time [1-3). The light
action of the above conditions has a number of peculiarities that were the subject of the present paper.

- To analyze the light action it is necessary to know the field structure and its characteristics in
the ‘immediate vicinity of the probe when its output aperture d is much smaller ‘than the light
wavelength A In these conditions the concept of near-field is associated with the region where non-
propagating waves exist. The amplitudes of these waves fade out exponentially with the distance z
from the probe aperture. The exponential decay straightforwardly follows from the Heisenberg
principle of uncertainty applied to a photon-like particle. The angular spectrum of such a source in the
near field contains both propagating and non-propagating components.. The non-propagating
components carry information about geometrical features of the radiating aperture, which are smaller
than A2, and rapidly vanish at distance z >d from the probe aperture [4). Only propagating
components of a solitary probe can be registered in the far field. However, these components do not
transfer any information about high spatial frequency portion of the spectrum that corresponds to
configuration and features of a sub-wavelength object.' As the result, it is impossible to reconstruct
these parameters the way it was proposed in some recent papers (see, for examples, {5, 6]).

The most interesting aspect of USLP action in the case of high spatial localization is related to
the peculiarities of photoexcitation of nonequilibrium carriers in metals and semiconductors. In
particular, it results from small duration of the light pulse (1, < 1 ps), which is not enough for the
excited .carriers to transfer their excessive energy to the lattice. Under this condition the electron
temperature can reach tens and hundreds of kK which results in considerable thermal additive to the
carrier photoemission from the medium surface. When the pulse ends the thermo-emission becomes the
only mechanism of the electron liberation. The uniqueness of the near-field action in this case is
determined by the submicron size of the subsurface region from which the emission takes place. For
the laser pulse duration of 100 fs the characteristic diffusion length of the excited nonequilibrium
carriers amounts to about 30 nm. The Arrenius type dependence of the emission current density on the
temperature can noticeable reduces the effective size of the emitting area. The emission current is also
influenced by local relief of the surface, its electro-physical properties and presence of adsorbed layers.

We have developed a simple theory for pulsed laser local photoexcitation in metals and
semiconductors by a single ultra short pulse and analyzed isolated heating of free electrons in the
metal. It allowed estimation of emission current density in the area of the near-field interaction. By
registering the emission signal with optical or electrical methods and using the opportunity for
application of an electrical potential to the metal cladding of the near-field probe the combination of

'USLP and SNOM makes it possible to acquire additional information about the surface local properties

and achieve "emission” contrast.

The work was supported by the Russian Foundation for Basic Research grants 00-02-16716
and 01-02-16872.
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Surface Plasmon enhvahiced Second-Order Nonlinear Optical Study
~~on Monomolecular Layers

.. -K. Kajikawa, Ryo Naraoka and T. liyama,
Tokyo Institute of T echnology Yokohama 226-8502 Japan ,

2=+ Inthese years, much attention has been directed towards the surface p]asmon resonance (SPR) Since
SPR yields considerable enhancement of the electric field, the nonlinear optical (NLO) effect is clearly
observed if the NLO medium is very thin such as a monomolecular layer[1,2]. In this paper, we will report
our recent results on large second-order NLO effects in a monomolecular layer adsorbed on a gold thin film

- ‘with the SPR enhancement. The second-order nonlinear susceptibility obtained by the linear electro-optic

- -measurement with enhancement of the electric field by SPR was compared with that by second-harmonic

~ generation (SHG) study. The optical geometry used for the linear electrooptxc measurement is depicted in

Figure 1(a). The electric field was applied between the electrodes with the gap of 12 pm. The reflectivity
difference AR due to the electric ﬁeId was plotted as a function of the angle of incidence as shown in Figure
“1(b). ‘Best fit to the theoretical expression (solid line) gives the susceptibility value x@,=33. pm v,
which is in good agreement with that obtained from SHG measurement x‘z’m=58 pm V' for the
monomolecular layer[2]
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Figure 1 Optical geometry (2) and AR os a ‘ﬁi?xctidn of the angle of incidence @®)..
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Chemical analysis of the phase boundary between two liquids through
near-field optical nlicroscopy ‘
M De Serio, A. Bader, R. Zenobi, Laboratory of Organic Chemistry, ETH Honggerberg,
CH-8093 Ziirich, Switzerland.
V. Deckert, Institut of Applied Photophysics, Technische Universitdt Dresden, Germany.

_ Scanning near-field optical microscopy has already been successfully ‘applied in combination with

‘Raman spectroscopy [1]. In this way the improved resolution is combined with spectroscopic analysis to

provide chemical information for the sample of interest.

Our attempt aims at applying this technique to the study of the boundary betwecn two hqulds An
important property of near-field probes is the high resolution or small depth of focus in tip direction. This -

‘means that the interface can be approached in small steps over a wide range. Gradual structural changes at

variable distances from the interface can be spectrally analysed. Traditionally the investigation of the

interface is based on methods that differ from the above; they exploit second order optical effects such as

Sum Frequency Generation (SFG) or Second Harmonic Generation (SHG) [2]. These processes are
forbidden in media that have inversion symmetry and thus they are only sensitive to the interface where this

~‘'symmetry is, by definition, broken.

The first binary system examined was the phase boundary between p-xylene and glycol in order to
investigate the feasibility and the potential of the method. The interface is moved in steps of 3 um towards
the near-field probe and a spectrum is recorded at each step. The experiment was performed with an
uncoated and a coated tip (see fig. 1). An abrupt change of the xylene intensities (for example at 1200 cm™)
is observed only when a coated tip is used, proving that a subwavelength aperture is crucial in achieving
higher resolution.

The exchange phenomena between two liquids and the stability of a multiphase system are mainly
controlled by the properties of the interface. These can often be tuned with the addition of surface-active
molecules [3]. The effect of surfactants on water/carbon tetrachloride interface will be studied. The choice
of these liquids comes from the interest to analyse the interaction of water with hydrophobic fluid surfaces
which plays a key role in many natural processes like protein folding, membrane formation and micellar
assembly. X :
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Fig.1 : Intensity plot of the Raman signal (1200 cm™) during the approach of an uncoated (A)anda
coated (B) tip to the p-xylene/glycol interface.
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- Tip-Enhanced Raman Spectroscopy:for
Nanoscale Analytical Applications

J. E. Melanson, M. Gerunda,V. Deckert, and R. Zenobi
Department of Chemistry, ETH Hﬁnggerberg
CH-8093 ZUnch Sw1tzerland N

Surface enhanced Raman scattering (SERS) has emerged asa hlghly sensitive
analytical technique, offering signal enhancements of several orders of magnitude over
conventional Raman scattering. However, the 1nhercnt heterogenerty of metallic SERS
substrates creates variable electromagnetlc field enhancement across the surface Thls
shortcormng limits the utility of the techmque and renders quantitative measurements
highly speculatlve As an alternative to conventional SERS, a metallized AFM tip can be
brought very near a sample surface, prov1d1ng highly localized signal enhancement'"

This technique provides a more homogenous enhancement across the sample, allowmg

- for quantitative analysis and even Raman imaging. This presentatlon will discuss recent
advances in instrumentation, including the incorporation of a scanning fluorescence

- microscope for rapid optrcal alignment of the laser focus with the AFM tip. Further, an
external scannmg stage is now being employed to scan the sample relative to the tip and
optics, ensuring constant alignment of the laser beam and collection optics with the AFM
tip. Finally, this presentation will describe the apphcatlon of tlp-enhanced Raman
scattering for the charactenzatlon of carbon nanotubes ' . :
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Single Polymer Chain in Two-Dimensions Observed by
Scanning Near-Field Optical Microscopy

Hiroyuki Aoki, Makoto Anryu, and Shinzaburo Ito

Departrhent of Polymer Chémistry, Gradﬁate School of Engineering,
Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan

Poly(alkyl methacrylate) is known to form a stable monolayer, and the polymer
chain is extremely constrained in a two-dimensional plane. Since the morphology and
dynamics of polymer materials are greatly dependent on the entropy for the individual
chain, i.e., the degree of freedom, the properties of the polymer in 2 monolayer are
expected to be largely different from those in the bulk state. However, little is known
about the polymers in two-dlmenswnal systems. Recently, we have shown that
scanning near-field optical microscopy (SNOM) is a versatile tool for investigating the
structures of polymer ultra-thin films [1]. In the current study, the conformation of a
single polymer chain in two dlmensmns is discussed with the images taken by SNOM.

) Poly(lsobutyl methacrylate) (PlBMA) was used as i i
the sample, and the small amount of the isobutyl groups _('CH—CHCH ?-)_
was substituted to perylene in order to observe using the 9 ,<,'>
fluorescence SNOM. A monolayer of the mixture of the o M
" labeled and unlabeled PiBMAs was deposited on a cover . cu, CH

“slip by the Langmuir-Blodgett technique. The excitation

wavelength was 442 nm and the fluorescence of perylene Figure 1. Chemical stru of
at 470 — 550 nm was detected. perylene labeled PIBMA.

The fluorescence SNOM image for single PIBMA
chains is shown in Figure 2. The fluorescence intensity
from each chain was proportional to molecular weight.
The histogram of the intensity was in good agreement with
the molecular weight distribution obtained by size
exclusion chromatography (SEC). This indicates that the
fluorescent spots in the SNOM image are attributed to the
individual perylene-labeled PIBMA chains dispersed in
the unlabeled polymer monolayer.. Comparing the Figure 2. Fluorescence SNOM
fluorescence intensity histogram with the SEC trace, the image of single PIBMA chains.
molecular weight of each polymer can be determined. The scale barindicates 1 um.
The polymer chain with molecular weight of 4.8 x 10°, indicated by an arrow in Figure
2, was observed as a circular fluorescence spot with a diameter of 200 nm. This valve
was similar to the diameter for the ideally collapsed conformation. This indicates that
the polymer chain in two dimensions takes a contracted conformation and has no
entanglement with the other chains [2]. '

References
{11 (a) H. Aoki, Y. Sakurai, S. Ito, and T. Nakagawa J. Phys. Chem. B, 103, 10553
(1999); (b) H. Aoki and S. Ito, J. Phys. Chem. B, 105, 4558 (2001).

[2]1 P. G. de Gennes, Scaling Concepts in Polymer Physzcs, Cornell University Press,

Ithaca, New York, 1979.




abstracts.

Tuesday posters

- -Phase separation in phlyfluorene - polymethylmethacrylate blends
' ~ studied using UV near-field microscopy

J. Chappell, D.G. Lidzey,
Dept of Phys:cs & Astronomy, Umverszty of Sheffield, Houn.sf eld Road, Sheﬁ" eld, $3 7RH, UK

" We' present ultra-violet néar-field mlcroscopy mvestlganons of blends of poly(9 9-d10ctylﬂuorene)

" [PFO] and polymethylmethacrylate [PMMA]. A. scannmg near-field optical microscope (SNOM) was

‘ employed to study the distribution of blue-emitting PFO in a blend with PMMA. The samples investigated

contain between 1%-50% PFO in PMMA and were spin coated onto glass to give films less than 100nm

- thickness. The films were excited through the SNOM probe with the 352nm line of an argon ion laser and

transmission SNOM was used to'map the spatial distribution of the PFO fluorescence. We observe phase

- separation in the shear force i 1mages on length scales between 250nm to 2um whlch allow us to identify the
dxstnbutlon of the PFO :
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The Influence of Local Environment on the Opt.ics of
Nanosources and Nanocavities

: A. Rahmaeni, G. W. Bryant,
Natzonal Instztute of Standards and Technology, Gazthersbury, MD 20899-84285.

. P. C. Chaumet,
Institut Fresnel, Faculté des Sciences et Techniques de St Jérome, F-18397 Marseille cedex 20, France.

The influence of local environment on the optics of nanosources and cavities is crucial in near-field mi-
croscopy, nanooptics and optoelectronics and must be modeled accurately. We present a formulation of the
coupled dipole method (CDM) that accounts for the effects of environment on local-field corrections.

The CDM has been used to study light scattering by arbitrary objects, near-field microscopy, optical
forces, and nanosources, such as atoms, molecules and quantum dots, in cavities. The versatility of the CDM
resides in its simplicity. However, typical implementations of the CDM are based on a dipole polarizability
that reduces to the Clausius-Mossotti (CM) bulk polarizability in the long wavelength limit. This approach

“can break down because it relies on the assumption that all dipoles have the same optical response, irre-

spective of their environment. Near interfaces, one must account for the local environment of each dipole.

We present a new formulation of the CDM]1] that is ezact in the long-wavelength regime by deriving a
self-consistent local-field correction that accounts for the particular environment of each dipolar subunit.
To illustrate the method we consider a slab. This configuration has an analytic solution that will be a refer-
ence. Asshown in Fig. 1, the conventional CDM predicts nonphysical oscillations of the field inside the slab
that result from the assumption of a bulk local-field correction for each subunit. The new form of the CDM
reduces drastically the oscillations of the macroscopic field inside the slab. Reflected and transmitted fields
and the convergence of the CDM are improved as well. The new local-field correction is most important at
interfaces. In general the new polarizability differs from the CM value only for a few layers near an interface.

We conclude by showing that the CDM can be used to derive the local-field factors for nanosources in
arbitrary microcavities[2] and interstitial nanosources[3].
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Figure 1: Macroscopic field outside and inside a 50 nm dielectric slab delimited by the vertical lines. A
plane wave is incident from the left.
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Probing the emission pattern of a
near-field aperture in three d1mens1ons

M Wellhofer, Hollncher, ,
‘WITec GmbH, Hérvelsinger Weg 6, D-89081 Ulm, G’ermany
" 0. Mart,
University of Ulm, Dept. Ezp. Physics Albert-Finstein-Allee 11, D-89069 Ulm, Germany.

‘ - Resolutlon in nea.r-ﬁeld optlcal mlcroscopy isa pomt of mtensxve dlscussmn The maximum resolution
»m a near-field i image lS ‘determined by aperture sme, probe-sample dlstance and the sample itself. -

We present nea.r-ﬁeldvoptlcal x-y-scans at dxﬁerent tip-sample distances and x-z-scans of a single nanohole

. in an opaque metal layer. While the detection unit is fixed and focused on the SNOM aperture, the z-position

. of the sample was sucessively changed by the scanning table of our microscope. The nanoscoplc pmhole was
used to examine the emission pattern of the a.perture probe i in three dlmensmns s

*Every line of the x-z-scans represents a cross sectlon through the emxssmn pattern at a dlﬁerent tip-
: sample distance, while the y-coordinate is fixed at the position of the maximum value of the x-y-profile.
Reflection and scattering from the sa.mple surfa.ce and the probe meta.llxzatlon produce mterference undu-
* lations in the approach curve

To mvestlgate the influence of the txp—sample distance on resolutlon, every line has been fitted w1th
a gaussian profile function by.the Levenberg-Marquardt method. The full width at half maximum value

. (FWHM) has been determined and shows a linear :trend. superimposed by - oscillations w1th a period of-

~ exactly half of the used wavelength.
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Direct Measurement of the Absolute Value of the Interaction Force
between a Fiber Probe and a Sample in a Scanning Near-field Optical
Microscope

S. K. Sekatskii, G. T. Shubeita, G. Dietler, Institut de Physiqde de la Matiere Condensée Université de
Lausanne, BSP, CH 1015 Lausanne - Dorigny, Switzerland

D. A. Lapshin, V. S. Letokhov, Institute of Spectroscopy Russian Academy of Sciences, Troitsk Moscow
region 142190 Russia

When closely approaching the surface with a laterally dithered fiber tip of a Scanning Near-field
Optical Microscope (SNOM), a decrease in the dither amplitude is observed. This effect is by far the most
popular to control the distance between the fiber tip of the microscope and surface of the sample and is
often referred to as.shear force control. Surprisingly, and despite all its popularity, to the best of our

" knowledge the absolute values of the shear force have never really been measured, so researchers are

obliged to rely on model - dependent estimations. This is unsatisfactory both because of the great
importance of the question (for example, not to destroy soft and fragile biological samples, the value of the
force must be known, low and well controlled) and the fact that the nature of the shear force is still unclear.

* Here, we present the measurements of the shear force made by means of a reasonably stiff (to avoid the
. _jump to- or out of- contact problems) Atomic Force Microscope (AFM) cantilever. The experiments were
performed for the most popular shear force detection miethods currently in use: in resonance and out of”

resonance optical detection, and tuning fork - based detection.

The experimental setup combines a home made SNOM with a home built AFM and is presented in
the self - explanatory Fig. 1. The interaction force value is determined from the measured cantilever
deflection using the known spring constant. Two components of this force are clearly distinguishable:
mainly a static one (this is nothing but the standard signal of the AFM exploited in contact mode) and a
component oscillating at the dithering frequency of the tip. The latter was recorded using an additional
lock-in amplifier and named “dither force”. The main results of our study are the following. 1. For tuning
fork - based and optical in-resonance detection, the shear force signal decreases until permanent contact
between the fiber and the lever (=sample) is established, after what this signal is no more detected. 2. For
optical out-of resonance detection, the shear force signal continues to decrease and is detectable well after
permanent contact is established. 3. Absolute values
of the interaction force were measured for different
detection schemes and dither amplitudes a4y For
example, the maximal attainable values of the dither
force are 6 nN for tuning-fork-based detection, agy, =
3.5 nm; 13 nN for optical in resonance detection, @z
= 6 nm, and so on. These values are small and much
less than the usually neglected static interaction force,
which, for the same conditions, was measured to be
100 ~ 300 nN. 4. The dither force can be sensed as far
as 100 nm from the surface due to the long - range
electrostatic tip — sample interaction. 5. The width of
the shear-force transition (i.e. the change of the tip -
sample distance during which all the noticeable
changes. in the shear force signal occur; this was
especially well seen analyzing dither force approach
curves) essentially exceeds the value of ayu,.sind
expected for the fiber having a dither amplitude &y,
and tited by 6 with respect to the surface normal.
These results and their interpretation will be | Fig. 1. Schematic of the experimental setup.
discussed. - :

.
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Tumng-fork-based apertureless SNOM for visible and
“infrared studles

Y. De Wilde, F. Formanek, L. Aigouy,
Laborato:re d 'Opttque, ESPCI - CNRS UPR A0005
10 rue Vauquelm, 75 005 Paris, France.-

Recent studies have shown that sharp apertureless probes can be used to scatter the evanescent field at the sample
surface, revealing optical contrast on a subwavelength scale. The main interest of the use of an apertureless probe in
a scanning near field optical microscope (SNOM) is that it does not require any waveguiding towards the detector,
providing the possibility to perform optical studies at any wavelength. Hence, apertureless SNOMs_ (aSNOM:s) have
successfully been used with visible and infrared illumination, producing optncal images with a resolution of a few
tens of nanometers [1],[2]. Most aSNOM:s are based on a metalllc np, whnch is either a tungsten tip or the metal-
coated tip of a commercial AFM cantilever.

. Published aSNOM designs use an optical detection to monitor the tip's movement, which requires a secondary
laser source, besides that used to excite the evanescent field, and additional: optical access. Here, we describe a
homemade setup in which the ttps movement is monitored via the piezoelectric signal of a quartz tming fork. As
shown on Fig.1, a tungsten tip is glued on one tine of the tuning fork. The tuning fork is excited close to the

" resonance by means of a PZT pxezoelectnc plate, producmg an AC voltage whose amplitude is proportional to the
tip's vertical dxsplacement A laser source is focused on the tip at the sample surface. The near-field penodxcally
scattered by the tip is collected by a large numerical aperture objective and focused on the detector, where it is
extracted from the far-field background using lock-in detection. The system has been used to investigate near-field
optical images of subwavelength holes in a chromium thin film and of a twinned YBCO crystal. Preliminary testing
" in a liquid environment have also been performed. Results obtained both with a visible (A=655 nm) and an infrared
‘ (l-lOum) illumination will be presented As shown on Fig.1Ic in some cases we achieve a resolution of the order of
20 nm.

® ®©

Fxgure 1:2) Setup of the tunmg-fork-based aSNOM (b) Image showmg the tip mounting on the tumng-fork ¢) Near-
g ﬁeld opucal image 3 pumx 3 um) of subwavelength holes ina chrommm thin film usmg a 655 nm laser source.
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Phase-sensitive Imaging of Metal Nanoparticles Using an
Aperture-type Near—ﬁeld Microscope

J Pmkulzs, H. Xu, L. G’unnarsson, M. Kéll, Chalmers University of Technology, Applzed Physics,
Géteborg, Sweden SE-41296.

H. Olin, Chalmers University of Technology, Experimental Physics, Géteborg, Sweden SE-41296.

~ We report on the development of an aperture-type near-field scanning optical microscope (NSOM) for
phase-sensitive imaging. The NSOM was used to analyze phase properties of localized surface plasmons
(SP) in colloidal silver nanoparticles. Nanoparticles and small particle-clusters are imaged as interference -
patterns, due to far-field superposition of the optical fields emitted from the t1p and elastically scattered
from the SP.

Fig. la and 1b show smultaneously recorded AFM and NSOM images of colloidal Ag partlcles with
average diameter ~ 90 nm. The illumination wavelength was 633 nm. The key obs_ervatlon is that particles
with similar height appear with dark or bright central intensity. Fig. 1c shows the optical profile and NSOM

' image (inset) of a single Ag particle. The optical contrast can be understood from a simple model (fig. 1d).
‘We approximate the NSOM probe with a point source: Ey;p(r) o exp (i(kr —wt)) ( & +Bexp(-r /17)) The

constants A and B define the amplitudes of the far-field and near-field contributions, respectively,  is the
distance from the light source, & is the wave number, w is the angular frequency, and 7 is the near-field decay
length ‘A dipole moment P = Ey;p(r)a is induced in the particle. The oscillating dipole emits scattered
waves E,(r;) which s supenmpose with the far-field emission from the probe. The measured intensity is thus
a.pproxxmately given by: I « fo R{Eip(f)+E, (7'1)} dt where R denotes the real part and £ is the distance
between the light source and the detector. The phase of the complex nanoparticle polarisability o = Jajei®
determines whether the particle appears thh a dark ora bnght center in the NSOM image, as shown in
fig: 1e and 1f. :

* This simple model qualitatively describes the contrast formation. The recorded NSOM images indicate
strong SP coupling phase variation with nanoparticle shape.
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. Figqre 1: Phase-sensitive near-field imaging of colloidal Ag nanoparticles.
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A Versatile Multipurpose Scanning Probe Microscope

E Cefah, S Patane ,
- Universita di Messina, Dlpartlmento di Fisica MTFA and INFM, Unita di Messina
Sahta Sperone 31, 1-98166 Messma, Italy

P.G. Gucciardi :
CNR Istituto per i Processi Chimico-Fisici, Sez. d1 Messina
Via La Farina 237, 1-98123, Messina, Italy \
M. Labardi, M. Allegrini
Universita d1 Pisa, Dipartimento di Fisica and INFM, Unita di sza-Umversna
Via F. Buonarroti 2, 1-56127 Pisa, Italy: ‘

We report on the reahzatlon ofa multlpurpose scanning probe mlcroscope derived from the
combination of Scanning Tunneling Microscopy [1], Atomic Force Microscopy [2] and apertureless
' Scanning Near-Field Optical Microscopy techniques [3,4].

B The instrument has been developed starting from a commercial optical microscope
" {AXIOTECH Vario ZEISS) in order to take advantage of the facilities provxded by the framework.
. The probes are homemade and consist of -tungsten tips, produced by means of electrochemical
etching. This process, starting from a 50 micron tungsten wire, is able to produce a sharp apical
radius of less than 100 nm with a considerable reproducibility degree and low cost. The sample is
scanned in tapping mode, stabilizing the tip-surface distance by means of a tuning fork detection
system [5]. A solid-state laser source is focused on the tip apex by using a long working distance
microscope obJectwe (Nikon ‘50X plan-apo]. The back-reflected optical signal, providing
" information about the samples refractive index, is collected through the camera port of the
AXIOTECH "Vario and is detected in phase with the tapping frequency by means of lock-in
. techniques. Simultaneous measurements of the sample’s electrical properties can be carried out
by biasing the tip with respect to the sample surface, and detecting the current by means of an
ultra low noise preamplifier mounted on the sample holder. Once again the signal is detected by
means of a lock-in amplifier in phase with the tapping frequency. Test measurements have been
performed on homemade sample cons1st1ng of Aluminum nanostructures dep031ted on a Si p-

' doped substrate [Fig. 1].

The technique results in a non-invasive tool able to image s1mu1taneously the morphology,
the optical ‘and electrical properties of the sample. It provides information on the quality of the
surfaces by mapping the local optlcal and electrical properties with a lateral resolutlon on the
nanometer scale. .

@ | ©
Fig 1. Topographxc (a), -optical (b) and current 1mages of a sample showing Al 1slands on a Si p-doped
substrate. The images have been acquired sxmultaneously within a single scan. Scan area 10 pm x 10 pm;
Scale bar =1 p.m : .
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Development of Dual-probe Scanning Near-field Optical Microscope !

T. Sigehuzi,
Nauonal Institute of Advanced Industrial Sc:ence and Technology, Tsukuba, 305-8568 Japan.

We have developed a dual-probe scanning near-field optical microscope ~ a pair of SNOM probes resting on
mutually independent piezoelectric tubes, the tips of which are located within the vicinity of each other (illustrated in
Fig. 1) — to observe the spatio-temporal correlations in optical phenomena in the sub-wavelength area. It could also
be used to stimulate and observe some unit processes in nano-scale structures, e.g. quantum dots.

Not only in the image resolution but also in the relative positioning of the two probes we must overcome the
diffraction limit.- We introduced probe-specific wavelength light (633nm and 532nm) into each of the probes and
observed the light emitted from its tip using a far-field microscope with a color CCD camera. We identified the
position of a probe apex with the center of gravity of the imaged light spot in the corresponding color plane (red or
green). The accuracy of this positioning scheme could be made on the nanometer level, since the light wave diffraction
dose not change the position of the intensity peak but its dispersion.

In each of the following experiments we kept the relative position of the probe pair constant and drove the samples
rather than the probes for scanning, which made the above positioning procedure necessary only occasionally. Except

for that we could use the instrument for SNOM measurements. We injected light only into one of the probes for
‘illumination/collection mode imaging, while the other probe collected the near field from this probe-sample system.

We imaged an optical grating surface (1um period) with this microscope. Basically we got two grating images
horizontally shifted by the interprobe distance. In Fig. 1 we show a cross section (single scan signal) of a obtained
pair-of images. Each of the images, especially one from the collection mode probe, seems to be rather noisy. These
“noises” in the two signals, however, are mutually related and contain information about the probes-sample system.
Even without any sample the illuminating field will be repeatedly “reflected” between the probe pair, while of course
the sample will influence this interaction. '

The experimental results will be compared to the three dimensional finite-difference time-domain method calcu-
lations. ‘

w7 ] x (um)

Figure 1: (Left) Schematic picture of the expeﬁmental setup. (Right) The intensity cross sections of optical grating
images from the two probes, the distance between which is 200 nm. The black line represents the signal from the
illumination/collection mode probe, while the gray.one corresponds to the collection mode probe. A

UThis study is a part of the “Function Evolution of Materials and Devices based on Flectron / Photon Related Phenomena™ (FEMD) research
project of Core Research for Evolutional Science and Technology (CREST), sponsored by Japan Science and Technology Corporation (JST).
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 Apertureless near-ﬁeld optical mlcroscopy
of ﬁuorescent sub—mlcron structures

A. Fragola and L. Aigouy
Laboratoire d’Optique, ESPCI, CNRS UPR A0005,
o UPMC, 10 rue Vauquelin, 75005 Paris, France
33 1 40 79 45 91 faz 33 1 43 36‘ 23 95 - e-mail : fragola@optzque espcz fr

Apertureless near-field optical microscopy has proven its efficiency to image objects with a sub-wavelength
resolution [1, 2, 3]. In this method, the probe is not an usual optical fiber but a sharp metallic tip, whose
- extremity scatters the electromagnetic field located on the surface of a structure. This technique has enabled
us to study vanous ﬂuorescent obJects such as latex spheres doped with orgamc molecules and erblum-doped
crystals.

Fluorescence 1mages of 200 nanometers latex spheres are dlsplayed in the’ ﬁgures below Excu:atlon is
performed at A = 488 nm and fluorescence is detected around A = 550 nm. An 1mprovement of the lateral
resolution is clearly visible between the far field and the near field image. As it can be seen, the two latex
spheres that are very closed to each other are barely separated on the far-field image whereas they are
clearly resolved in the near-ﬁeld optical image. In thls case, the apparent lateral resolution is around 100
nanometers.

We will also present results on Efbium-dopedvvitrocera.mic._ In this case, the excitation process is a
two-photon process : excitation is made at A = 780 nm and fluorescence is detected .around A = 550 nm.
For all kind of samples, we will show the influence of various experimental parameters like the oscillation
.amplitude of the tip. Besides, the analysis of approach curves performed on the fluorescent structures will
allow us to understand how the fluorescence images are formed with this technique.
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[3] T. J. Yang, G. A. Lessard and S. R. Quake, Applied Physics Letters 76, (2000).

237



http://fragolaQoptique.espci.fr

Advances in

Instrumentation. Tuesday posters abstracts.

The MagSNOM project
B. Ressel, G. Biasiol, L. Sorba’, and M. Lazzarino,
INFM-TASC Laboratory, Strada Statale 1 4 km 163.5 Basovizza 34012 Trieste, ltaly.

M. Bressanutti, D. Oraru, B. Trozan, and S. Prato,
A.P.E. Research srl, Strada Statale 14, km 163.5 Basovizza 34012 Trieste, Italy.

Due to the increasing demand of investigating semiconductor devices, we developed a SNOM
(Scanning Near Field Optical Microscope) suitable to operate at low temperature (down to 1.4 K) and in

presence of magnetic fields (up to 7 T). Main aim of this instrument is to study the optical properties of low

dimensionality semiconductor systems, like InAs/GaAs or GaAs/AlGaAs quantum dots.

This project is the result of a collaboration between the INFM, the Italian National Insti‘tute for the
Physics of Matter, and A.P.E. Research, a company operatmg in the production and development of SPM

. ‘microscopes.

| 238

In order to fit inside the superconducting magnet, a standard Maglab 2000 from Oxford Instruments, we
eve]oped a‘novel design of SNOM with an overall outer dlameter of 29 mm. In figure 1 the prototype of
the microscope is shown. The instrument can host 100 mm’ square samples, up to 8 mm thick. Maximum
scan area at RT is 85 pm x 85 pm. The SNOM tip is mounted on an asymmetric piezoelectric sensor in
order to control the tip-sample relative position. In this way it is also possible to operate the instrument in
non-contact AFM (Atomic Force Microscopy) mode. Moreover an’ independent optical excitation-
collection signal is provided to perform 'photoluminescence and - photoluminescence excitation
spectroscopy, in addition to the standard reflection mode.

In order to exploit the capabilities of the instrument, we investigated the optical properties of
InAs/GaAs quantum dots in presence of magnetic field.

Figure [: The MagSNOM, outer diaméter 29 mm.

“also at: “Universita di Modena e Reggio Emilia”, Via Campi 213/a, 49100 Modena, Italy.



Tuesday posters abstracts.

Near-field optical microscOpy with a STM metallic tip

- o -'A. Barbara, T. Lopez-Rws, ‘
Laboratozre d ’Etudes des Propriétés Electroniques des Solides, CNRS, 25 avenue des Martyrs, BP 166,
. ' 88042 Grenoble Cederz, ance

We present the first results obtained with a homemade experimental set up. The latter is an apertureless
near field optical microscope essentlally based on a scanning tunneling microscope (STM) of Besocke type
* coupled to a laser source and an optical detect.lon system. . We -use gold tips electrochemically prepared
from a 250um wire on which a Kr* laser is focused. The scattered light is collected by a microscope
objective. One part of the tip image, prov1ded from the objectif, is selected by a 150um optical fiber
connected to a photomultiplier. In order to selectively detect the light diffused by the neighborhood of
the tip, a periodic oscillation of the vertical position of the tip is performed, applying to the piezo-tube
supporting the tip a 9kH2 sinusoidal voltage. The scattered light is then synchronously detected. The
optical signal, corresponding to the synchronous signal, is ‘about 0.1 percent of the overall scattered light.
Good quality images can be realized with a laser power.as low ¢ as 0.1 mW but powers as high as several
hundred of mW can also be used. Optical images providing from the elastlc scattenng signal are currently
obtained, simultaneously with the topographic (STM) images, with a resolution of a few nm and with an
optical contrast different from the topographic one, when materials with different dielectric constant are
present on the same sample. This is shown in Fig. 1, where gold colloids of typical size 10nm were deposited
on a flat graphite substrate. The topographic contrast is thus only mduced by the collmds (right bottom of
the 1mage) and corresponds to an opposxte optical contrast :

Figure 1: 400 x 270nm? STM (left) and near-ﬁeld optical (nght) images of gold colloids deposu'.ed on HOPG
graphite surface showing i) & nanometer resolution of the optical image and ii) an optical contrast between
gold and graphite different from the topographxc one. Incldent laser wavelength is 647.1nm

The goals of our current research are 1) to take advantage of the experimental set-up ‘enabling to achieve
nanometer resolutions to perform local spectroscopy analysis at this scale and ii) to understand the physical
origins of such high resolutions and the link between the measured scattered field and the electromagnetic
interaction existing between the tip and the sample. The on-going experiments aim in determining the
optical responses at a nanometric scale. 'We focus in particular on the possible. field amplification in the
sub-wavelength metallic cavity formed by the tip and the sample, the behaviour of the optical signal as a
function of the incident wavelength and the inelastic scattering. Results on theses experiments will also be
presented.
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The Apertureless Scanning Near-field Optical Microscope: Transmission
and Reflection scattering Geometry '

J.J. Wang', D. N. Batchelder', D. A. Smith", J. Kirkham?, C. Robinson’Y. Saito’, K. Baldwin'
“and B. Bennetr’
'Department of Physics and Astronomy, University of Leeds, Leeds, LS2 9JT,
" UK; E-Mail: phyjjw@phvnov.leeds.ac.uk
*Dental Institute, University of Leeds, Leeds, LS2 9)JT, UK
¥ Spectroscopy Products Division, Renishaw plc, Wotton-under-Edge, Gloucestershire,UK; E-
Mall bob.bennett@renishaw.com

The scanning near-field optical microscope overcomes the optical diffraction limit by using a nanometer
sized local probe to illuminate or to scatter light from the sample. The apertureless approach avoids the
technically challenging that manufacture of nanometer sized apertures at the apex of an optical
waveguide. Instead a solid probe, which may take the form of a metal wire or an AFM tip, is used as the
local probe which interacts with the near-field of the sample. The tip end can be viewed as a collection of
dipoles which, interacting locally with the sample surface, are excited by the optical near-field of sample
and radiate homogeneous waves which can be detected far from the sample surface using conventional
optics. The signal depends on the local optical properties of the sample just beneath the tip end.

By combining a Topometrix Explorer AFM with a Physik Instrumente PI-730.20 XY stage
(Resolution ~1 nm) and Renishaw Raman spectrometers, we built an apertureless SNOM setup as show
in Figure 1. The RM1000 Raman spectrometer is used to take transmission spectra and enhancement
Raman images and RA200 is used to collect reflection spectra for opaque samples studying. Two scan
modules - AFM scanning and Pl XY stage scanning - can be chose for different purpose. In-house
software integrates all of the instruments and permits topograplncal and either Raman or fluorescence

spectra and images to be simultaneously acquired.

The apertureless metallic probes are commercial AFM tips coated with gold or silver by vacuum
evaporating or simple mirror reaction [1]. A special designed device which used to transfer 514.5nm
laser mode of an argon ion from TEMOO to TEM10 provides the p-polarization along tip axis for near-
field enhancement. A tip enhancement Raman spectrum of C60 was measured with this setup. The other
samples such as carbon nanotubes and single molecule film will be studied in near future.

Figure 1. The Experimental Setup Dlagram for Apertureless Scanning Near-field Opncal Mlcroscope
Transmission and Reflection scattering Geometry

References
[1] Y. Saito, J. . Wang, D.A. Smith, D.N. Batchelder LANGMUIR (2002).(accepted)
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The Excitation and The Propagation of Resonant Cylmdrlcal
Surface Polaritons

M N. Libenson, G. A. Mamznovsky
S 1 Vavilov's State Opucal Institute, Saint-Petersburg, Russia.

: D. S. Smimov,
State Institute of Fine Mechanics and Optics, Saint-Petersburg, Russia.

1

In ‘order to localize an electromagnetic field within a subwavelength area near-field devices
"typically exploit tapered fiber waveguides or probes that have an output aperture of much smaller size
as compared to the light wavelength. Development of new principles for near-field probe design has
been crucial for near-field technology progress for the last ten years. Employing surface polantons
gives new opportunity for near-field probe development [1, 2]. This paper considers excitation of
cylindrica! surface polamons (CSPs) upon a harmonic grating formed at the surface of two-layer metal
" cylindrical waveguide in the framework of the approach suggested in [3] Exnstence of resonant
polanton modcs in three-layer wavegmde has been also investigated. -

-.The electromagneuc problem of dlffracnon of -incident electromagnenc wave convergmg to
longuudmal axis of a cylindrical waveguide has been analyzed. This analysis has shown existence of
- field component propagating along the surface of a cylindrical wavegiude. Its amplitude is maximum

when the wave numbers of the incident radiation and CSP are ‘equal at a given light frequency. The .

expression for the transformation coefficient in the ‘case of normal incidence of radiation on the
waveguide surface "corrugated” by harmonic grating has been also obtained. This coefficient connects
the amplitude of longitudinal component of ‘electric vector of surface wave at the boundary with
‘resulting field of light wave on the surface. The coefficient drspcrsnon with respect to the wave number
of surface wave and the fxequency has been investigated. ‘

b has been shown that i in the case of resonant excnauon of CSP the transformatlon coefficient is
‘limited only by dlssxpatxve and radiation losses when of phase synchronism condition is observed. At
- 'non-resonant “excitation of CSP the wave amplitude is limited. and decreases quickly with
¢ disarrangement growing. The possibility of significant amplification of hght field on surface as a result

of CSP's excitation doesn't conflict with any conservation principles. From the one side it's the
‘consequence of coherent energy pumping of 3D wave into CSP at its propagation along resonant
grating. From the other side it can be explained by high localization of energy distribution in CSP.
Numerical estimations show that in the typical case of resonant grating with height of the ripples
about 0.1 of the wavelength the electric fields of CSP and incident wave are equal. As far as efficient
" transformation of laser light into SEW may take place, this effect can be used for the needs of near field
optics. - i ; S

“The propagation parameters and thcnr relauon wnh the medium propemes were mvestrgated for
surface polaritons excited in coated cylindrical waveguide. It has been shown that in a cylindrical three-
layered waveguide with metal core or metal cladding the CSP has no cut-off even when core and
cladding radiuses tending to zero. In this case the coefficient of non-dissipative attenuation of the fields
.. is growing infinitely and the CSP (TMp-mode) can be localized, theoretically, within an arbitrary small
space. Existence of two types of polaritons modes with symmetrical and antisymmetrical ‘ field
distribution has been shown. The conditions for total localization of the near field of the TMo-mode
were determined by numerical simulation for three-layered waveguide with a metal core. The proposed
approach for light localization has practical benefits for IR radiation (in particular CO;-laser radiation)
for which the propagation-length of the CSP along probe exceeds 1 — 10 cm and the probes can be

fabricated with existing technologies.
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Scanning Near-Field Optical Microscope with a small prbtrusion probe

Noritaka Yamamoto ,Kazuo Ohtani, and Takashi Hiraga,
Photonics Research Institute, National Institute of Advanced Industrial Science and Technology (AIST)
KANSAI
1-8-31Midorigaoka, Ikeda, Osaka 563-8577, JAPAN.

Near-Field Opuoal Microscope has been developed to overcome the lateral resolution limit of
conventional opueal microscope. Although interesting results have been obtained using aperture probes,
near-field optics is not sufficiently applied industrial fields. One reason of this may come from the less
reproducible ~ production. Recently, some groups made microfabricated probes using
microelectromechanical systems (MEMS) technique [1,2], and photoplastic technology [3]. -But, many
researcher use fiber probe even now, actually.

On the other hand, a small particle or a sharpen tip are used in apertureless SNOM and they have the -
advantage of resolution [4,5,6). Practically a scattering center as probe is needs to hold by support body in
these approaches unless otherwise used laser manipulation technique. When the probe (scattering center)
breaks into evanescent field, bottom of the support body has an effect on the near-field measurements.

. In this work, we propose a simple novel probe for SNOM. The probe consists of a small protrusion on
optical flat glass surface. Laser beam illuminates it from the backside by total internal reflection angle.

. 'The small protrusion combines with the evanescent field and may acts as a sensitive probe. This tip is set

on an objective lens, which has high numerical aperture and it is attached by matching oil. Probe-sample
distance is controlied by optically. Beginning, we try to use a small Polystyrene sphere on flat substrate as a
probe. Tip height is only 500-nm, so it is not allowed a slight inclination of both (tip and sample)
substrate. The position between the tip substrate and the sample stage keep to precisely paralleling during
approach and scan. In order to resolve this point, we will to design a small sample stage. PZT scanner only
has a scan area of 20-30um at most, so the sample stage is enough large at 30umX30um area. Furthermore,
it has to point out that low concentration samples, for example single molecule measurements and DNA
sample, are difficult to find the objects. For the purpose to save sample and effort, small sample stage is
desired. We fabricate a small sample stage from an optical fiber.
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Simultaneous Topographical and Optical Characterization of
Near—Fleld Optlcal Aperture Probes

C Hoppener, D. Molenda, H. Fuchs, and A. Naber,
Physxcs Institute, Wilhelm- Klemm Str. 10, D-48149 Miinster, Germany.

The quality of probes for SNOM. is- normally routinely checked with different, relatively fast
characterization methods prior to their use in a near-field optical measurement. The main purpose of a
characterization -is to obtain. a first clue of the optical resolution capability of the probe. For the
characterization of aperture type probes, e.g., metal coated tapered optical fibers, the most frequently
applied methods are e-beam microscopy and optical far-field measurements of the light transmitted through
the aperture. These methods can provide important information and are especially useful for sorting out ill-
defined probes. In our experience, however, they are not able to predict the actual optical resolution in a
near-field optical experiment. The optical characteristics of the aperture as light source depends strongly

. on the random structure of the grainy metal film in the direct vicinity of the aperture, so that a reliable
statement about the resolution capability is probably only possrble by means of a near-ﬁeld optical
. characterization technique. -
We introduced recently a method for a simultaneous topographical and optxcal charactenzatron of near-
- - field aperture probes which is based on imaging of small sized fluorescent nanospheres (~20 nm) [1]. As a
- sample for the characterization, a strongly diluted solution of dyed nanospheres is spread on a smooth glass
substrate (< 1 ‘sphere/um). The fluorescence intensity of the randomly distributed dye molecules
‘contained by a single polystyrene nanosphere corresponds to an equivalent of ~180 fluorescein molecules.
The diameter of a nanosphere is much smaller than the typical size of an aperture (~50-100 nm) so that a
nanosphere takes on the role of an optical probe which maps the electric field intensity at the end of the
SNOM tip. Similar to this, a simultaneously taken force image of a single nanosphere can be interpreted in
such a way that the nanosphere acts as a force tlp and probes the end face of the SNOM tip. A comparison
of optical and hexght rmages enables us to assign the aperture 10 a certain posmon ‘on the end face of the
probe
. We are rouunely using thrs method ‘to control a mechanical modtﬁcatlon of aperture fiber probes. By
squeezmg a probe repeatedly against a smooth glass substrate and thereby removmg obstructing protrusions
- the aperture is brought as close as possible to the sample surface which results in a strongly improved
optical resolution. Furthermore, we applied this method for the near-field optical characterization of a new
type of probe wrth a triangular apenure [2]

Figure I: Topographicat deft) and near-ﬁeld'ﬂuoreseertee' image (right) of (203:4) nm sized nanospheres
taken by means of an aperture probe with a flat end face. Size of images: 3 pm x 3 pm.
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Current Sensing Scanning Near-Field 'Optical Microscopy for
Nanometer-Scale Observation of Electrochromic Films

F. Iwata, K. Mikage, H. Sakaguchi*,
M. Kitao* and A. Sasaki

Faculty of Engineering, Shizuoka University, Johoku Hamamatsu 432-8561, Japan
. Fax: 81-53-478-1072, e-mail: tmfiwat@ipc.shizuoka.ac.jp
*Research Institute of Shizuoka University, Johoku Hamamatsu 432-8011, Japan

A novel scanning near-field optical microscopy (SNOM) capable of point-contact current sensing has
been developed to investigate the nanometer-scale electrochromic (EC) behaviors of EC thin film. In order
to detect the current and the optical signal at a local point on the surface, a cantilever type metal probe was
fabricated. The near-field optical property can be detected by using the local field enhancement effect
generated at the edge of the metal probe under p-polarized laser illumination'. The current signal can be
detected with a high-sensitive current amplifier connected with the metal probe®. As the performance of the
novel microscope, EC thin films of WO3 were observed. Using the current sensing SNOM, the surface
topography, conductive image and optical distribution of the colored EC thin film were observed (Fig. 1).
Nanometer-scale EC properties accompanied with local bleaching behaviors was also investigated using
the current-sensing SNOM (Fig. 2). '

- (a) b () Absorption - () )

Topography Optical image Current image

Figure 1 (a) Setup of the EC cell and metallic probe. (b)Topography, (c) optical image and
" (d)current image of the colored WO; film. Those images were obtained, simultaneously.

'HXWO,-> WO; OxH' O xe°
(color) (bleach)

Decolored area -
(152mX 3um)

Figure 2 WOQ; film locally bleached with metal probe.
(a) Topography and (b) Optical image.
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of a Diffractive Solid Immersion Lens

Sung Chul Hohng, Jeffrey O. White
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Einsteinufer 37, 10587 Berlin, Germany

Alexander Pesch, Matthias Burkhardt, and Robert Brunner
Carl Zeiss Jena GmbH, 07745 Jena, Germany

Compared to a tapered optical fiber with a subwavelength aperture, a Solid Immersion Lens (SIL) has
the advantage of high light throughput. This is particularly important for applications, e.g., lithography,
data storage, and Raman spectroscopy. Up until now, the Solid Immersion Lenses (SIL) described in the
literature are either refraction based superspheres (rSIL), or simple hemispheres (hSIL), in which the
incident rays propagate through the upper interface without deviation. Here, we report on diffractive Solid
Immersion Lenses (dSIL) based on the concentric rings of a Fresnel zone plate. Here, inside the medium
the propagation angles of the first order diffracted waves point in the same direction as the incident angles
from outside the SIL. Compared to the hSIL and rSIL, dSILs can be lighter in weight and offer more
flexibility in the design of the optical system to adapt the SIL to the objective lens.

We realized two types of dSILs. Binary phase elements were fabricated in a highly refracting glass
(LaSF35) by direct e-beam writing and successive reactive ion etching (Fig. 1). dSILs with a blazed profile
were manufactured in photoresist by holographic lithography. The minimum distance between adjacent
zones in the diffracting structure is in the range of one wavelength. Polarization dependencies and phase
impacts have to be considered in the design of an optical element with features this small. In comparison to
the lithographically realized binary phase grating, the holographic elements have the advantage of high
diffraction efficiency. Near-field optlcal measurements of the point spread function of both types of dSIL
will be presented

E41s 10,1 KV W3+ 8 m
53,0 pm e

Fig. 1 SEM;picturc of a two level dSIL etched into LASF35; the structure depth is 200 nm.
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Enhanced Resolution of NSOM by using a Fiber Coupler

Seongjin Chang , Yongho Seo, Wonho Jhe
Seoul National University ,Center for Near-field Atom-Photon technology, Seoul Korea .

We have developed several schemes to enhance the resolution of near-field scanning optical
microscopy, for example , by using the second harmonic detection or the fiber coupler detection. As
an application, we have obtained the optical image of carbon nano tube (CNAT), which has a periodic
hole array structure. The hole diameter of CNT is 40nm and the gab between each hole is 100nm. As
we mesure the topographical image of CNT as well as the optical image , we can discuss the
characteristics of light transmission in such a nanometric structure of CNT.
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A tapping-mode tuning fork with a short fiber probe sensing for
near-field scanmng optlcal m:croscopy

Chien Wen Huang, Tsung Sheng Kao, Din Ping Tsai,
Department of. Phystcs, National Taiwan University, Tatpez T aiwan 10617
.Pei Wang, -
Department of Physxcs Umverstty of Science and Technology of Chma Hefei, Anhui, 230026 -

- Nearfield scanning optical microscopy (NSOM) is an instrument that can provide a detailed view of
the optical fields and topography of materials with high spatial resolution beyond the diffraction limits.
NSOM are widely used in nanometer technology, biological technology, high density optical storage and
measurements of local spectrum, photonic devices, etc. A typical NSOM uses a fiber probe to form a point
light source, and shear force or tapping-mode tuning fork force feedback to keep the probe in proximity
with the sample’s surface. At fist, tuning fork with a fiber probe must own stable and high Q at tapping
frequency of the tuning fork, the NSOM can work well.

In this paper, a tapping-mode tuning fork with a short fiber probe sensing for nearficld scanning
optical microscopy is reported. The method is demonstrated that how to fabricate the short fiber probe. A
schematic of our tapping-mode tuning fork with a short fiber probe setup is shown in Fig. 1 (a). First a short
near-field optical fiber probe was fixed on one tine of the tuning fork , then we glue a multi-mode fiber on
another tine of tuning fork to receive the light signal which are from the short probe, theré is a very small
split between the short fiber and multi-mode fibeg they are non-contacted. All these were performed under
optical microscopy. This type tapping-mode tuning fork with a short fiber probe can provide stable and
high Q at tapping frequency of the tumng fork as shown in figure 1 (b), and give high quahty NSOM and
AFM i lmages

Short optical
fiber probe

'ALO; disk piezoelectric bimorph
(a) _ ®

Figure 1: (a) schematic construction of the tapping-mode tuning fo}k witha s_hort fiber probe, (b) the
tapping frequency and amplitude of the fork of figure 1(a) stucture.
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Nanoparticles for Use in Forster Transfer Microscopy

S.C. Hohng, J.O. White, J.M. Therrien, M. Nayfeh, I. Rasnik, B. Stevens, T. Ha,
University of lllinois, Frederick Seitz Laboratory and Dept. of Physics, Urbana, IL 61801

Forster transfer microscopy (FTM) relies on non-radiative energy transfer between a probe
containing a donor and a sample containing an acceptor, or vice versa. The short range interaction has the
potential to yield a spatial resolution of 5-10 nm. Acceptors and donors consisting of semiconductor or
metallic nanoparticles have the advantage of being less susceptible to bleaching and blinking than dye
molecules. We have recently developed a technique for fabricating 1-nm silicon nanoparticles with
excellent size uniformity and fluorescence efficiency.[1] Chemically-synthesized, high quantum yield,
CdSe nanoparticles of diameter 4-8 nm are also excellent candidates.[2] We will present results on the
characterization of both types of nanoparticle, including quantum efficiency and lifetime. Recent progress
in the development of a cantilever-based NSOM probe incorporating such particles will also be presented.
This probe is particularly well suited to studying samples under water, e.g. living cells.
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Fabrlcatlon of Si;N, Film Covered Si Planar Near-field Optical Probe:
' ANano-slide Integrated Nano-probe

Sang-’Youp Yim.Moongoa Choi, Seung-Han Park,
Department of Physics, Yonsei Univer_.'sity,'YSeoul 120-749, Korea.

The near-field optical probe is the heart of the near-field scanning optical microscopy (NSOM). A
number of probes have been developed and adopted -although the metal coated tapered optical fiber tip,
fabricated either by pulling or etching process, is the most commonly used probe in the NSOM imaging [1).
~ Each probe, including the tapered optical.fiber tip, exhibits specific advantages that may enlarge the
" capabilities ‘of NSOM.  However, the need of complicate distance regulation system makes most of the

probes difficult to be employed for the study of nanostructure matenals in low temperature environment
and device apphcanons ; ,

We demgned anew type of near-ﬁeld optical probe for the nanostructure material studxes, accessnble by

~ standard photolithographic techniques. A few tens of nanometer thick film, covered on the nano aperture,

-acts as a ‘slide (glass)’ for the samples. The fabrication of the nano-slide integrated nano-probe was made
possxble due to the Si anisotropic etching :characteristics .and the Si;N4 film deposition .during the Si
. processing. Because {111} planes of Si serve as etch stops, the width of an etched {100} plane decreases

" along depth, forming an ipverted pyramid [2). Subwavelength apertures may be formed routinely by means

of standard photohthography techniques wnth properly selected mask [3].

"To reduce photohthographnc errors, as narrow as 15 pm thlck (100) Si layer of SOI (Silicon On
Insulator) wafer was prepared. ‘On the both sides, PECVD Si;N; layers were deposited, which the upper

SisN; layer was used as a mask film, and the lower one, 30nm thickness, was preserved to be the nano-slide.

Patterning on the mask film was processed by photohthography, and subsequently the Si layer was dxpped
into a KOH aqueous solution.

As shown in Fig. 1, a 300nm width nano-slide integrated nano-probe and Au partxcles placed on top of
the nano-slide were imaged by scanning electron microscopy (SEM). It is clearly shown that the nano-slide
- serves as a supporting base for the few tens of nm diameter Au particles.

TR, F49 18 .kV &8 .

Figure 1:'Au particle coated nano-slide integrated nano-probe (SEM image).
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Novel ‘désign of a low temperature scanning near-field optical
microscope using a parabolic mirror

P. Anger, A, Feltz, T. Berghaus
OMICRON Nanotechnology,
65232 Taunusstein, Germany
A.J. Meizner .
Physikalische Chemie, Universitit Sie gen,
57068 Siegen, Germany

~ Starting with a design of a low temperature confocal microscope using a parabolic mirror with high
numerical aperture as focusing element [1], a scanning near-field optical microscope w as deeloped. The
system consists of an UHV-chamber, a lift and a helium bath cryostat for variable temperatures (300K —
8.5K). The head of the microscope, which is inserted in the cryostat is built up completely nonmagnetic
and can be used in a magnetic en vironmert. The sample is illuminated with an aperture fiber tip. For
controlling the tip - sample surface distance, a new shear force based sénsor w asdesigned. The optical
emission generated at the surface is collected by the mirror and reflected out of the cryostat. This radiation
can either be spectrally analyzed or focused on a photodetector (avalanche photo diode). Both, the sample

“and the fiber tip module can be changed without breaking the vacuum or heating up the microscope. For

scanning the sample a UHV compatible and nonmagnetic z, y, 2-scanning stage was developed in cooperation
with PI (Physikinstrumente GmbH, Waldbronn, Germany). The scanning stage consists of a compact setup
with a scan range of 25 um x 25 um x 2 um at 6 K. The three axes of the stage are linearized with capacitive
sensors. F or the positioning of the sample, coarse motors for use in UHV and under magnetic conditions were
designed. First near-field optical investigations of surface-enhanced resonance Raman scattering (SERRS)
of rhodamine 6G on Ag-colloids at several temperatures down to 8.5K will be presented.
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Active and passive photonic devices studied by near-field scanning
optical microscopy
_ Chien Wen Huang, Tsung Sheng Kao, Din Ping Tsai ‘
: Department of Physzcs, National Taiwan Umverstty, Taipei, Taiwan 10617

Pei Wang
Department of Physxcs Umverstty of Science and Technology of China, Hefei, Anhui, 230026

AN

The active and passive photonic devices are widely used in optical switches, transceivers, modulators,

signal processors, and arrays of laser sources in the optical .communication. Small size and high
integration of the photonic devices are the current trend. Imaging and measurements of these photonic
devices are the important tasks to characterize the functions, and to understand the details. of structure
problem during the fabrication processes. Near-field scanning optical microscopy (NSOM) can provide a
detailed view of the optical fields and topography of photonic devices with high spatial resolution beyond
the diffraction: limit. . The measured light intensity distributions can be an important clue for the
companson and evaluatlon of the thcoretlcal ‘modeling toimprove the design and process of these dcvnccs

“In this paper, we prcsem results of a tapping-mode tuning fork with a short fiber probe sensing for

- near-field scanning optical microscopy measurements performed on single mode fiber (Newport, FSV), 8
channels silica waveguide and multiquantumwell semiconductor diode lasers. The tapping-mode tuning
fork with a short fiber probe was used for stable and high Q at tapping frequency of the tuning fork, and
provide high quality NSOM and AFM images of active and passive photonic devices. The optical intensity

distributions at the endface of single mode fiber, 8 channels silica waveguide and multiquantumwell
semiconductor diode lasers have been measured. Useful nearfield information were used to understand

and characterize these novel photonic devices. Figure 1 shows an “example of the NSOM and AFM
images at the cndface of one of the 8 channel s:hca waveguide.

(a)
rFlgurc 1: (a) 20um x 20um NSOM |magc, (b) AFM 1mage of thc cndfacc of one of the 8 silica channcl
waveguide. LU TS e . e
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Mappmg of the longltudmal component responsible for the ﬁeld
enhancement

A. Bouhelier, M. Beversluis,and L. Novotny,
University of Rochester, The Institute of Optics, Rochester, NY 1/627.

It was suggested that longitudinal field components, created by a tightly focused higher-order laser mode,
provide favorable conditions for creating a local field enhancement at the end of a sharp metal tip [1]. Un-
derstanding how the field responsible for this enhancement effect is distributed at the interface is therefore
important.. We demonstrate an experimental method to map the spatial distribution of such on-axis fields.

We show that information on the spatial field distribution can be obtained by detecting the light scattered
from the tip while it is scanned through a laser focus. We investigate laser focii of two different modes:
the fundamental Gaussian mode HGgo and the Hermite-Gaussian mode HG39. We find that no matter
what the material of the tip is, the scattered signal provides information about the on-axis component of
the electric field (longitudinal field). For a gold tip, the regions with strong longitudinal field yield a strong
scattering signal. However, by replacing the gold tip with a glass tip we observe contrast reversal, i.e. regions
with strong longitudinal field attenuate the scattering signal. We compare these experimental findings with
calculated images of the field distribution and explain the origin of the observed contrast reversal.

Figure 1: Spatial field distribution of the longitudinal field created in the focus of a Hermite-Gaussian HG1p
mode. (a) Probed by a gold tip and (b) probed by a glass tip. (c) represents the calculated pattern of the
longitudinal field at the glass/air interface. Scale bar: 500nm
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Optlcal transmlssmn through sub -wavelength metalllc gratmgs

P. Quémerais, A. Barbara, E. Bustarret, T. Lopez-Rios and T. Fournier*

'LEPES and *CRTBT
Centre National de la Recherche Scientifique
BP 166X, 38042 Grenoble Cedex 9, France.

_ We present expenmental evidence i in the 1. 5t07 pm spectroscoplc range for an enhanced resonant

“‘optical transmission through metallic gratmgs of period 1.75 um with 0.6 pm-wide rectangular slits. Such

high-aspect ratio structures were obtained by e-beam hthography of a 1 um-thick SiO; film deposited ona

__ silicon substrate and by subsequent oblique incidence evaporation of Ti and then Au, the thickness of the
. Au layer remaining supenor to the skin depth in that spectroscopic range. .

By comparmg the expenmental results at normal incidence spectrum Gee ﬁg )to appropnate ,
calculations using the modal approach, we show that the transmission can be attributed to the existence of a
non-vanishing field at the mouth of the groove. This situation was obtained either when a resonant
waveguide mode was excited in the rectangular cavity or when the field was large enough above the slit, in
particular close to surface plasmon excitation conditions. The corresponding 2D-maps of the near-field
intensity in air and in the silicon substrate showed that coupling between p]asmons on both 51des of the
grating was not necessary to observe an enhanced transmxssnon (1} ,

" After presentmg and dnscussmg in terms of the same EM modes the addmonal evidence provided by
polarized transmission measurements performed at oblique incidence on these metallic microstructures, we
make some concluding remarks about the fundamental difference between transmission though such lD :
array of slits and a penodlc ZD array of holes as measured by Ebbesen in Ref. [2].
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Figure 1: Experimental and calculated zero-order transmittance at normal incidence with features
associated to surface plasmons (SP) and cavity modes (CM). Insert : same spectra for a 2° incidence.
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Coupling waveguides to planar photonic crystals :
| FDTD modeling and near-field probing
| | F. Lacour, M. Spajer, A. Sdbac

Université de Franche-Comté, Laboratoire d’Optique P. M. Duffieux
UMR 6603 CNRS - 25030 Besangon cedex - France

\

We report experimental results and theoretical analysis of a system composed by two strip loaded waveguides
coupled by an array of holes drilled between them. This array can be described as planar photonic crystal. The
vahdxty of such structures as a bandpass filter has been demonstrated in a recent work [l]

Because of the co‘nﬁnement of optical field in such photonic devices, one of the more efficient way to characterize
them experimentally is to use near-field microscopy as shown in other works ([2], [3]). A stand-alone near-field

_ scanning optical microscope is used to ease the probing of evanescent light at the surface of the structure without

misalignment of the injection into the waveguides. Different wavelengths of injected hght are delivered by a
Tltamum-Sapphlre laser in the range 700 - 950 nm.

' The waveguide is a multilayer structure (Si0; / SiON / SiO; ) deposited by PECVD method on silicon substrate. '

PECVD deposition provides good control of the thickness and refractive index of the layers. The rib is then
structured on the cladding layer §iO;) using RIE method. Focused Ion Beam ensures a penodlc etching in the
interval of two waveguides. The efficiency of light transfer is studied experimentally as a function of the period of
array, the diameter, the depth and the shape of holes.

The use of moderh simulation methods (BPM and FDTD) have afforded the analysis of each elements of the

structure (waveguides and hole matrix, see Fig. 1) to find appropriate parameters. Different structures have been
plahed like simple holes array or resonating photonic devices to increase coupling efficiency.

(a)

4
I N TR I T S e

Figure 1: 2D FDTD simulation of wave propagation in a matrix of holes drilled in the proximity of a waveguide.
Hole size 300 nm. Component Ey (normal to the figure plane) is represented.
Influence of wavelength : (a) | = 760nm (b) : 1= 810nm.
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A new structure for enhanced transmission
through a 2D metallic grating

~Fadi Baida, Daniel Van Labeke* -
Institut des Microtechniques de Franche Comté
Laboratoire d’Optique P.M. Duffieux
- Université de Franche Comté
CNRS, UMR 6603
Route de Gray, 25030 Besangon Cedex, France .

*Email :daniel.vanlabeke@univ-feomte. fr

The aim of our communication is to‘ show that the light transmission through arranged nanostructures can
be Jargely increased compared to what was observed three years ago by Ebbesen et al. [1]. FDTD3D

.- simulation were performed in order to obtain the spectral response of a metallic periodic structure in the

visible domain. We have tested our code by studying published examples of enhanced transmission {2].
The results obtained by Ebbesen et al. with gold metallic structure are also confirmed [3]. A new design is

-suggested in order to enhance the light transmission. The grating structure is modified by filling the central

region of each hole with a concentric cylinder of smaller diameter. The grating now consists of a periodic

B array of coaxial cylinders. Theoretical simulations were performed with a sub-wavelength silver grating

made with submicronic annular apertures. The grating is illuminated in normal incidence with a linearly

. ‘polarized pulsed plane wave. The mean wavelength is 600nm and the pulse temporal width is adjusted in

order to cover all the visible spectrum. It is shown that the transmission efficiency of the coaxial grating
can reach 80%. An interpretation of this extraordinary transmission will be suggested and clarified by near-

- field images. A quantitative study of the mﬂuence of gratmg parametcrs on the transmnss:on spectrum will
be presented - ; . o R
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‘Figure: (a) schematic of the proposed structure. (b) Spectrum of zero order transmission efficiency. Solid

line: annular aperture array. Dashed line: circular aperture array
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Anisotropic lateral resolution in external reflection and collection mode
optical scanning probe microscopy

- B Levme, C Caumonr W.S. Bacsa, '
Laboratoire Physique des Solides, Université Paul Sabatier, 31062 Toulouse, France

» B. Dwir,
Department of Physics, IMO, EPFL CH-1015 Lausanne. Switzerland

--We use the external reflection collection mode which is characterized by‘ the overlap zone of an

. incident, a reflected and 2 scattered beam from the surface topography {1-3] to image lithographic micro-

gratings. While the asymmetric configuration helps to circumvent aperture limitations, interference of
incident and reflected beams in the overlap zone (Wiener fringes) is used to orient the image plane with
respect to the substrate and to select the region of interest at large distances from the surface. The fringe
pattern of the incident field with the scattered field from a smgle sub-wavelength particle is used to
estimate the probe-sample distance.

We have recorded constant height images of micro-gratings created by electron beam lithography where

~ we have observed asymmetric lateral resolution in the direct image, a superimposed indirect image (due to

the finite size of the grating structure and coherence of the scattered light) and a displaced shadow image.
We have attributed these effects to the finite penetration depth of the incident beam. This indicates that the
recorded two-dimensional image contains depth or three-dimensional information, which can be exploited
by systematic imaging at different heights.

‘We have compared our experimental findings with.scanning force microscopy images and have used an
analytic dipole model to explain the observed fringe patterns. We have thus estimated the image sample

distance, image orientation and the local electronic polarizability.
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Near-field Optical Transmission of Surface Polaritonic Crystals

‘A. V. Zayats,
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- Dijon Cedex, France.

Current progress in photonics requires novel approaches to light manipulation on the nanoscale. One
of the promising approaches is'based on photonic crystals allowing to’control dispersion and propagation
of light. In analogy to photonic crystals for light waves, polaritonic crysta.ls for surface plasmon polaritons
(SPPs) can be created using periodically nanostructured metal films. Nanostructuring modifies not only
in-plane properties of SPPs but also conventional optical propertnes of a metal film such as reflection and
transmission. One of the prominent examples of this effect is the so-called “extraordinary” enhancement of
the optical transmission of a periodic hole array in a metal film [1, 2]. -

Here we shall discuss the mechanisms of the enhanced optical transmission through penodlcally nanos-
ructured metal films due to resonant light tunnelling via states of surface polaritonic crystals formed on
the meta! film interfaces [2]. The optical properties of such nanostructured films are governed maxnly by

n-plane surfa.ce polanton behaviour on a periodic two-dlmensxona.l surface structure.

The SPPs propagation on a periodic structure results in the cha.nges of the SPP dxspersmn relations due
to the interaction with the structure. This interaction leads to scattering of SPPs in SPPs as well as to
scattering of SPPs in light. The latter process results in the appearance of transmitted light. The former
process followed by the multiple SPP beam interference leads to the formation of the SPP band-gap and
SPP Bloch waves on a periodic structure. Only surface polaritons satisfying the Bloch wave condition can be
excited and subsequently contribute to transmission. The role of the periodic surface structure is three-fold,
. namely, (i) excitation of surface polaritons, (ii) polaritonic crystal selecting the wavelength of SPPs which
are allowed to propagate on a periodic structure, and at the same time, (iii) scattering of SPPs into bulk
waves that gives rise to transmitted light. As at different wavelengths the surface polariton Bloch waves
propagate in different directions, the transmitted light intensity above the surface exhibits specific near-field
distributions depending on the orientation of the surface scatterers with respect to the SPP Bloch wave
propagation. The variation of the structure periodicity leads to the changes of the SPP resonant conditions
and thus modification of the enhanced transmission spectrum. The scatterer size has smaller effect on the
spectrum as it influences the resonant conditions indirectly via the efficiency of SPP scattering.

Periodically nanostructured metal films provide a possibility to efficiently control the spectrum and inten-
sity of optical transmission and can find numerous applications in novel photonic and optoelectronic devices.
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Probing highly confined optical fields in the focal region of a high NA
- parabolic mirror with sub-wavelength spatial resolution

C. Debus, M. A. Lieb, A. Drechslér, S. Vierbiicher and A. J. Meixner,
Physikalische Chemie, Universitit Siegen,
57068 Siegen, Germany

Parabolic mirrors with a high numerical aperture can be conveniently used to produce highly confined
optical fields in the focal region[1]. Furthermore, these fields can have interesting polarization behavior due
to the high numerical aperture. In particular, if the mirror is illuminated with a size matched radially
polarized or azimuthally polarized doughnut mode, the electric field has in the focal region almost

- exclusively a longitudinal or a transverse polarization component. Such field distributions are interesting

for application in confocal or near-field optical microscopy [2,3].

Here we present expenmental results where we have probed some of these field distributions by raster
scanning a very fine gold tip in nanometer steps through the focal region and compare the results with
vector-ﬁeld calculations.
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- Additional information

Additional information

Emergency

In case of eniergency while on-campus, you may use one of the outside emergency phones marked with a blue light. Dial
13. You may also dial 13 from any on-campus phones. If you are using off-campus phone, dial 911 (no money is

required to call 911 from a payphone).

In case you are left behind during an excursion or get lost, you may call one of the local organizing committee members

at 585-305-1516.

Where to check your email

There are few places to check your e-mail. The closest place is Carlson library (see map). You may also use Rush Rhees
library terminals. However telnet is not available on the library’s terminals. If you use telnet, go to CLARC computer

center located in the same building as Rush Rhees library, northern entrance (see map);

Going to and from hotels

A list of shuttle times have been providéd in the Conference Schedule. Busses will depart every 1/2 hour during the
allotted times. »

In case you vyou need to go from a hotel to the University during the time when éonference shﬁttles do not operate, ask
for a free shuttle ride at the reception desk. The hotels you are staying in have a complimentary shuttle service within a
certain mile radius from the hotel (12 miles for Holiday Irin, 5 miles for Radisson). The University, as well as downtown
Rochester, is located within this distance.

In case you need to go from the conference to a hotel while no conference shuttles are avallable, the easiest way is to call
~ acab. “Checker cab” 325-2460. “Associate cab” 232-3232

~ Post-office

On campus post office is located in Todd Union building. Working hours are 10am to Spm.

Campus parking

Daily parking permits are available at the Information Booth at the entrance to the University for $3.25.
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