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Scanning near-field ellipsometric microscope-imaging ellipsometry
with a lateral resolution in nanometer range
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An apertureless optical near-field scanning microscope system has been created by combining a
commercially available atomic force microscope and an ellipsometer without any prior changes in
design of the respective devices. In preliminary experiments, an optical resolution of about 20 nm
(M32) has been achieved using the combined microscope. The intensity of the measured optical
signal has been found to be a periodic function of the thickness of the sample. Moreover, the period
of this function is dependent upon the local optical properties of the sample materi®200®
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Twenty years ago, visualization of the nanoworld coulddetected optical signal is much lower than the intensity of the
only have been regarded as an expensive and nearly impralight which irradiates the sample. Therefore, a dark-field op-
ticable undertaking. Today, with the introduction of eleganttical configuration is necessary. The difference in our pro-
scanning probe techniques, beginning with tunnelling, themposed method to others is that we analyze the information
atomic force and near-field optical microscog&NOM), it contained in a beam reflected from the sample surface. This
has become an everyday reality for almost every groups done using a null ellipsometer. A similar approach, based
working in the field of materials science. Nonetheless, theyn an interferometric detector has been proposed by Zen-
potential of scanning microscopic methods has not yet beepayserret al®
exhausted by far. This is especially obvious in the progress  The attractiveness of optical reflection techniques such
of the scanning optical microscopy, particularly in regard toas ellipsometry or interferometry for detecting light—sample
the apertureless near-field devices. Since the early works Qfteraction which take place in the near field of the tip is
Wessel and Fischer and Pofilwe have been witnesses t0 pased on their extremely high sensitivity for minute changes
the invention of the scanning plasmbhlight scattering iy interface properties. The method of imaging ellipsometry,
(with a conventionalgmetallié*? or Igser-trappe(g Ezarticﬁe which is, in a sense, a macroscopic analogue of our proposed
probe, fluorescencé', interferometric; Ramar,’™** and  ethod. allows the visualization of lateral inhomogeneities
second-harmontc microscopes. _ _ in the refractive index of thin films and also a quantification

The advantages of the apertureless near-field optical SY$t these images. The transversal resolutipormal to the
tems includei(a) higher resolutioh (in the aperture SNOM, sample surfadeis within the subnanometer range and of
resolution is "”.““ed by the penetration depth .Of the Iight inabout 0.0001 in refractive index. This accuracy is quite re-
the metal_ formmg the apgrtt)r,e(b) the pOSS'b'“ty of UsiNg  markable since the probing light is usually within the visible
commercially available uniform probe tip&,) the possibility range (. ~400—700 nm).

of simultaneous study of the optical properties of the sample However, as for any optical technique, the lateral reso-

surface and its nonoptical properties with complete atoml?ution of the imaging ellipsometry is limited by a diffraction

force microscopy(AFM) power (fcopography, lateral force, up to about half of the wavelength. The practically achieved
force spectroscopy, electrostatic potential, )etén some . o
value is not as good and under favorable conditions reaches

cases, the scanning tip conveftsg., by scattering of the . .
evanescent fie)dthe information contained in the local near approxmately ng .(at)\—632.8 nm. Moreqver, _due t(.) the
oblique angle of incidence, the true resolution differs inxthe

field to a detectable far-field sign#i® In other cases, the tip . the ol ot dthey direct o th
acts as a nanoobject, which concentrates and enhances & (N€ plane ot incl endelan- €y direc |on.s(nor.ma- othe
ane of incidence The inclination of the illumination and

radiation from an external source in the tip—substrate gap[.) ) . o .
The matter of the sample, which is locally excited by theOf the direction of viewing, respectively, are also sources of

enhanced light, produces a detectable far-field sifiafgy ~ Problems related to the distortion of the imagecircle on
using apertureless SNOMs based on the local excitation, it i€ Sample is imaged as an ellipssd to the depth of field
possible not only to characterize but also to modify the(Only & narrow strip of the sample is in focus at any given

sample surface by generating local photochemicafime). The first problem can be solved by recalculating the
reactiong? image with respect to the angle of incidence. The depth of

As a rule, in apertureless microscopy, the intensity of theield can be improved by scanning the objective and reas-
sembling the entire image from the strips recorded during

canning. A much more sophisticated approach relies on spe-
dAuthor to whom correspondence should be addressed; electronic maiﬁ. v d g. d mi .p . bi pp 5 P
ppkara@rz.uni-potsdam.de cially designed microscopic mirror o je.C_tIV.b%l. However,
YElectronic mail: optrel@t-online.de all these methods solve only the specific imaging problems
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FIG. 1. Experimental setup of SNEM is shown. P denotes a polarizer,
C—compensator, A—analyzer, and D—detector.

and do not lead to a significant improvement in lateral reso-
lution.

In this letter, we introduce a microscope system which
allows for imaging of inhomogeneities of optical properties
of thin films with a lateral resolution within the nanometer : =
range. The technique has no problems with depths of fielghs - Topography(a), (c) and SNEM(b), and (d) images of a surface
and does not lead to the distortion of the images. Furthergrating are shown. Gary scale denotes 0—243(@m0—74 mV (b), 0—234
more, unlike already presented apertureless SNOMs, the prom (¢), and 0-34 m\(d).
posed system provides information about the local thickness
of transparent filmgnote that the topography obtained using jng waves[compare Figs. @) and 2b)]. Moreover, at close
a conventional AFM is not equivalent to the film thickness examination of the SNEM imagFig. 2(b)] a 180° phase
We have called this technique scanning near-field ellipsomeishitt of the grating at valleys and ridges of the superstructure
ric microscopy(SNEM). is visible. A 5X5 um scan of the phase-shift area is shown

The experimental setup consists of the combination of afyy Figs. 2c) and 2d). It is interesting to note that the struc-
AFM (“Explorer™.,” TopoMetrix Co., USA with an ellip-  tyre of the particle is better resolved in a SNEM than in an
someter(“Multiskop,” Optrel GbR, Germany as depicted in  AFM image.

Fig. 1. Samples are thin, transparent polymer layers coated Figure 3 provides information on the contrast mecha-
on glass plates. They are fixed on a prism with index matchnism of SNEM. The sample is a polycrystalline film of a
ing fluid. The two-circle goniometer of the MU'tiSkOp is used thermotropic ||qu|d Crysta{provided by Janiedz The knoll-

in the vertical arrangement, both optical arms are rotated sghape crystallitefFig. 3@)] are presented in the SNEM im-
that the probing light hits the sample from undersidee  age[Fig. 3(b)] as inscribed contours. For example, the crys-
Fig. 1). The incident laser beaifHe—Ne and\ =632.8nm tallite in the lower-right-hand side corner has a dark edge,
passes through the prism and undergoes total internal refleghen bright and dark contours follow and at the center are

tion from the sample surface. The illuminated spot on thewo small bright circles. The basic properties of the crystal-
sample is ca. 0.5mfm The ellipsometer is set in the null
mode; i.e., the light intensity at the detector is minimized by
the settings of the polarizers. This setting is not changed
during the entire period of measurement. The detector of the
Multiskop is connected to the electronic control unit of the
AFM in order to record the optical signal simultaneously
with the topographic data. The AFM is placed on the sample
so that the tip is over the spot illuminated by the ellipsom-
eter. During the measurement, the AFM operates in contact
mode. By scanning the tip within the evanescent field, null-
ellipsometry conditions are disturbed. The detector registers
a change in the optical signal which is simultaneously dis-
played with the topography as a two-dimensional image.
Figure 2 presents two micrographs of the topography of
a surface grating and the optically obtained images of the
same areas. The grating was produced by illumination of an
azobenzene-containing film with an interference pattern of
two crossing laser beam@rovided by Kulikovska As a
result, a periodic modulation of both the film topography and
orientation of the azo-dye molecules takes place. The corre-
!atlon and dlffere_nce betweer_1_convent|onal AFM and_SNEMFIG. 3. Topographya, (¢) and SNEM(b), and(d) images of a polycrys-
images are obvious. In addition to the surface grating, theyjine fim of a thermotropic liquid crystal are shown. Gary scale denotes

SNEM image shows a superstructure formed by broad slom-1.12um (a), 0-265 mV(b), 0-1.14um (c), and 0-42 m\(d).
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line state are the identical orientation and packing density oz motion of the scanning probe in this operation mode usu-
the molecules inside one monocrystal. Therefore, the perially causes a distortion of the optical imafe?° Our results
odic modulation of the SNEM signal by scanning within oneshow a modulation of the optical signal amotions of the
crystallite can not be attributed to any change in the charadip [Fig. 3(b)] and also without thenfithe superstructure in
teristics (e.g., refractive index or absorption coefficigof Fig. 2(b) and the lower-left-hand side half of Fig(dB].

the matter along this crystallite. Only the shape of the crysTherefore, measurements in constant height rfosleould
tallite (i.e., the thicknegscan cause the modulation of the be performed for deeper understanding of the SNEM con-
optical signal. In order to test this, we have superimposed thgast mechanism.

SNEM image on the topography. It has been found that In conclusion, we have demonstrated that by a combina-
within crystallites the contours of the Fig(l8 reproduce tion of two devices, an atomic force microscope and an el-
approximately the isohypses of Fig(aB (some deviations lipsometer, it is possible to visualize optical inhomogeneities
take place on the boundary between particl€kis is similar  in thin transparent films at a resolution of about 20 nm. The
to the conventional ellipsometric measurements, where thexperimental technique is simple. It can be used to measure
registered light intensity is a periodic function of the film the local refractive index, absorption, and thickness of thin
phase thickness. The phase thickness depends on the cofiims. Future studies are planned to obtain more information
plex refractive index, wavelength, film thickness, and angleabout the nature of the SNEM contrast mechanism.

of incidence'’ Therefore, a different period?,) of the op- _

tical signal would be expected at different refractive indexes '€ authors are grateful to J. Stumpe, O. Kulikovska,
in particular. In fact, the period is not identical for all crys- and D. ngetz(lnsutute of Th_|n.-F|Im Tec.hnology and Mi-
tallites. For example, for the crystallite in the lower-right- Crosensorics, Teltowfor providing us with test samples.
hand side comeP, is ~610nm, and for the upper neigh- They gratefully acknowledge the flnanglal support of this
boring crystallite it is~750nm. This difference can arise WOTk by the Deutsche Forschungsgemeinschaft.
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