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Abstract 

We have developed scanning near-field optical/ 
atomic force microscopy (SNOM/AFM). The SNOM/ 
AFM uses a bent optical fiber simultaneously as a dy
namic force AFM cantilever and a SNOM probe. Reso
nant frequency of the optical fiber cantilever is 15-40 
kHz. Optical resolution of the SNOM/ AFM images 
shows less than 50 nm. The SNOM/ AFM system con
tains photon counting system and polychrometer/ 
intensified coupled charge devise (ICCD) system to 
observe fluorescence image and spectrograph of micro 
areas, respectively. Cultured cells were stained with 
fluorescein isothiocyanate (FITC)-labeled anti-keratin 
antibody or FITC-labeled phalloidin after treatment with 
Triton X-100. Fluorescence and topographic images 
were obtained in air and water. The fluorescence 
images showed clear images of keratin and actin fil
aments. The SNOM/ AFM is perfect to observe bioma
terials in liquid with a liquid chamber while the to
pographic Images showed subcellular structures which 
correspond to keratin and actin filaments. 
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Introduction 

Scanning near-field optical/atomic force microscopy 
(SNOM/AFM) is an excellent tool to observe biological 
materials because it provides simultaneously topographic 
and optical images in high resolution. The resolution of 
topographic and optical images is much higher than that 
of the conventional far-field microscopy. Unlike elec
tron microscopy, SNOM/ AFM can observe samples in 
air and liquid. SNOM/ AFM has also advantage to give 
various information such as fluorescence images and 
spectrographs in a micro area [7]. 

Various kinds of scanning near-field optical micros
copy have developed in the variation of method to con
trol tip-sample separation such as utilizing scanning 
transmission microscopy (STM) [5], lateral shear force 
[1], and contact-mode AFM [13, 15]. Aaron Lewis and 
coworkers originally developed SNOM/ AFM using bent 
capillary tubes in which fluorescence material is settled 
on the tip of the tube to illuminate a sample surface 
[13]. After that, we developed the bent optical wave 
guide probe for the current type SNOM/ AFM in which 
a method of the dynamic mode AFM was used to con
trol the tip-sample separation [2, 9]. An optical fiber 
with a sharpened tip was bent for using the probe as a 
cantilever for AFM, and the vibration amplitude of the 
cantilever was held constant during scanning. The 
SNOM/ AFM may be superior in biological observation 
to other SNOM systems because this system operates 
excellently in liquids [10]. It is safely applicable for 
observation of soft samples with great variations in 
height, such as cultured cells. The SNOM/ AFM may 
also be superior in liquid to other cyclic contact AFM 
(e.g., tapping mode); the latter use flat type cantilevers 
[4, 6, 12], while the optical-fiber cantilever of SNOM/ 
AFM is round, which helps to reduce viscositic resis
tance of liquid. In the case of the shear force mode, 
AFM may work in liquid but, to our knowledge, there 
are no published images of biological materials in liquid, 
such as cultured cells. In the tuning fork mode, where 
a tuning fork is used for the force detection of an optical 
fiber glued onto the fork [8], AFM needed improvement 
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Figure 1. Schematic diagram of SNOM/AFM system . 

for use in liquid because electrodes are patterned on the 
surface of the tuning fork, and electrical leakage would 
inhibit function in aqueous solution. 

This paper reports the performance of SNOM/ AFM 

in the observation of a standard specimen of chromium 
patterns and fluorescence beads and displays fluores
cence SNOM/ AFM images of cultured cells in the air 
and an aqueous solution. 

Experimental Setup 

The SNOM/ AFM system is shown in Figure 1. 
The optical-fiber cantilever is mounted on a bimorph and 
vibrated vertically against the specimen stage at the 
resonant frequency (typically 15-40 kHz). The vibration 
voltage applied on the bimorph was between 0.1 and 5 

ACVp-p for 0.11 nm/V bimorph. The vibration ampli
tude 1s monitored by detecting the deflection of the laser 
beam, which is reflected on the ground surface of the 
optical fiber cantilever. The probe tip-sample distance 
is controlled by decreasing the vibration amplitude to a 
appropriate level when the distance between the probe 
tip and the sample decrease. This operation was con-
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trolled by a commercialized AFM controller (model SPI 
3700, Seiko Instruments, Chiba, Japan). 

Laser beams of multi-line Ar ion laser (maximum 
150 mW) were selected by polychromatic acoustic opti
cal (AO) modulator and coupled to the optical fiber on 
the other side of optical fiber probe. Signal light from 
the sample is collected by objective lens (typically: 100 
X oil immersion type) and separated by dichroic mirror 
to the coupled charge devise (CCD) camera and detec
tors. Photomultiplier and intensified-CCD camera with 
spectrometer are connected as the detectors. 

Figure 2 shows a liquid chamber designed for the 
present experiment. Water and cell culture media were 
held between the glass plate and an upper window. Both 
the probe and the sample were immersed in solution. 

The probe was prepared as previously described [2]. 
Briefly, an optical fiber, single mode for wavelength of 
500 nm, was sharpened by chemical etching to make a 
tip, and then bent with irradiation of a CO2 laser. The 
chemical etching is performed at room temperature for 
45 minutes in 50% HF solution . CO2 laser is at a maxi
mum of 25 W and modulated to control power. Un
focused laser beam is used for bending. The probe was 
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Figure 2. Schematic diagram of the liquid chamber in 
SNOM/ AFM system. 

-----------------------------------
coated with a 100-200 nm-thick metal layer (aluminum 
or gold), and an aperture was made by vapor deposition 
in rotating optical fiber tip (Fig. 3). 

The spring constant was approximated by a spring 
constant equation for a rod: 

(1) 

where k is the spring constant, d is the diameter of the 
rod, E is Young's modulus, and 1 is the length of the 
rod. A spring constant for 3 mm long probe was calcu
lated at 97 Nim. Q factor is typically 200-600 in the air 
and 20-200 in water [11]. The oscillation amplitude em
ployed was between 10-100 nm (0.1-1 ACVp-p in the 
air, or 0.5-5 ACV p-p in water for driving the bimorph). 
Under typical imaging conditions, average sample -probe 
separation was controlled by the amplitude of the vibra 
tion, which became 80-96 % of the free vibration ampli
tude. The interaction force between the probe and the 
sample was as small as that of normal cyclic contact 
mode AFM. 

The advantage of the instrument operating in liquid 
was proved by resonance curves of an optical fiber 
probe and a silicon cantilever in liquid. The resonance 
curve for the silicon cantilever showed many peaks and 
was not stable, but that for the optical fiber probe 
showed a clear single resonance peak in liquid, as seen 
in Figure 4. 

Results and Discussion 

Figures Sa and Sb show representative topographic 
and optical images of a standard sample observed with 
a 514.5 nm laser beam. The standard sample is a pat-

terned chromium layer of 2 µm by 2 µm checker with 
20 nm thickness on a quartz glass plate. In the 
topographic image, the higher part shows the chromium 
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Figure 3. A representative scanning electron micro
scope image of the probe made from an optical fiber 
coated with aluminum. 
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Figure 4. Typical resonance curve for the optical fiber 
cantilever in water. The resonant frequency is 12.2 
kHz, and the Q factor is 23. 

---------------------------

layer. The chromium layer produces dark parts in the 
optical image because the chromium layer blocks the 
transmitting a light from the optical fiber probe to the 
objective lens. In the SNOM/AFM operation, the laser 
beam was modulated with an AO modulator by the same 
frequency of probe vibration. The phase between probe 
vibration and irradiation cycle was tuned as the irradia
tion allows when the tip-sample separation is smallest in 
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Figure 5. Topographic (a) and near-field optical (b) 
images of a standard chromium pattern on quartz glass 
plate. The optical profile (c) of A-A' in Figure Sb. A• 
of Figure Sc is equivalent to the A' of Figure Sb. 

Figure 6 (at right). Topographic (a) and fluorescence 
(b) images of 100 run fluorescence beads coated with 
PVA film on a cover glass. The fluorescence profile (c) 
of fluorescence of the beads in Figure 6b. Scan area is 
1.2 µ.m by 1.2 µ.m. 
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Figure 7. Spectrograph with 488 nm excitation when 
the probe tip was on the fluorescence beads (a) and 750 
nm from the beads (b). 

the vibration cycle. The separation between the tip and 
sample surface is a factor in the resolution of the optical 
image; for example , illuminating in wide separation 
decreases the optical resolution. When illumination is 
performed at the range of smallest separation during the 
vibration, the resolution will be kept in high level [3]. 

Figure Sc shows the optical profile which is marked 
as A-A' in Figure Sb. Generally, the resolution is de
fined as a distance of two particles or point-light-sources 
which can be imaged separately. In the case of point
light-sources, the distance of the two points should be 
slightly wider than the width of the half peak value 
(SO%) of the &aussian profile which was detected by the 
probe. A width of 40% of the peak value enables a tip 
to image the two points separately. We applied this con
cept to the step of the metal layer. If the probe scans on 
a pin hole which is smaller than the aperture, the profile 
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of optical image will be a reflected image of optical pro
file at intensity between O % to 50 % . The width of 20 
to 80% in Figure Sc corresponds to the width of 40% of 
the left slope and 40 % of the right slope of the peak in 
the reflected image. Actually, the width of the slope be
tween the dark part and bright part shows 50 nm in 20-
80 % threshold. 

When the probe tip is just on the edge of the chro
mium step, a half of the aperture is on the chromium 
layer while the other half of the aperture is 20 nm above 
the glass surface. This 20 nm distance is significant, 
particularly when considering the spreading of light at a 
coupling region of near field wave . Therefore, the aper
ture of the probe must be smaller than the width of 
slope, i.e., the aperture is smaller than 50 nm in this 
result. 

In the fluorescence measurement, we used the pho
ton counting type photomultiplier instead of the analog 
type photomultiplier in the transmission mode. Topo
graphic and fluorescence images of 100 nm fluorescence 
beads are shown in Figures 6a and 6b, where beads 
were spread on cover glass with poly-vinyl-alcohol 
(PV A) film by spin coating the beads and PV A solution 
mixture to control the density of the beads on the glass 
plate. The PV A film was prepared thinner than the 
height of beads to enable the tip imaging topography and 
optical image of beads. The topographic image shows 
a round shape of beads and wrinkles of PV A film 
around the beads. The fluorescence image was observed 
with a 488 nm laser beam for excitation and showed the 
clear round shape of the fluorescence beads. The profile 
of fluorescence intensity of Figure 6b shows that the 
width of the fluorescence peak for the beads is about 
200 nm (Fig. 6c). In this case, the diameter of the 
beads is 100 run. In the fluorescent beads experiment, 
we used a probe which showed 100 nm resolution of our 
step sample, therefore, this result is reasonable. Scat
tering light produced at probe tip and sample surface 
may cause the slope of the fluorescence profile of the 
beads extending about 500 run to the right and to the left 
of the peak. The slope profile may depend on the struc
tural factor of the probe and sample surface. 

Figure 7a is a fluorescence spectrograph, taken 
when the probe tip was on the fluorescence beads. In 
this experiment, the spectrum window is limited to a 515 
to 600 nm range , because the system has a dichroic mir
ror of 500 run and long wave pass filter of 515 nm to 
cut the excitation light, and short wave pass filter of 600 
nm to cut the laser beam of optical lever (670 nm). The 
long wave pass filter will be removed when a self-sensi
tive probe, such as the tuning fork probe, is used. 
When the probe tip was located at 750 nm of lateral 
movement from the center of the beads, the spectrograph 
showed only a small peak of 514.5 nm (Fig. 7b). This 
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Figure 8. Topographic (a) and fluorescence (b) images of cultured cells of human esophageal squamous cell carcinoma 

(KESC2, C7) in the air in which cell were stained with FITC-labeled phalloidin after treatment with Triton X-100. Scan 

area is 30 µm by 30 µm . 

------------------------------------------------------- --------------------------------

peak was caused by leaking of the 514.5 nm beam from 
the polychromatic AO modulator, and easily cut by add
ing a band pass filter of 488 nm next to the AO modu
lator. This result shows that SNOM/ AFM can obtain 
spectrograph in a submicron area. This function may be 
useful in analytical applications in biology and other 

fields. 
Fluorescence and topographic images of cultured 

cells immunostained with fluorescein isothiocyanate 
(FITC)-labeled anti-keratin antibody or FITC-labeled 
phalloidin were obtained in air and water. Figures 8a 
and 8b show topographic and fluorescence images of 
cultured cells of human esophageal squamous cell carci
noma (KESC2, C7 subclone) in the air. The cells cul
tured on collagen-coated cover glass were treated with 
1 % Triton X-100, stained with FITC-labeled phalloidin 

and air dried. The topographic image is deteriorated in 

quality compared with that by normal dynamic mode 
AFM [14], but it clearly shows the shape of the cell nu

clei. On the other hand, the fluorescence image shows 

actin filaments patterns with high resolution. 
Figure 9 shows topographic and fluorescence images 

of the cultured cells (KESC2, C7) which were immuno

stained with FITC-labeled anti-keratin antibody after 
treatment of 1 % Triton X-100, and observed by SNOM/ 
AFM in aqueous solution. The fluorescence image 
shows the precise arrangement of keratin filaments. The 
topography apparently shows structures corresponding to 
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keratin filaments as well as round cell nuclei. 
The optical images in Figures 8 and 9 recorded 128 

lines and 85 pixels per line for a scan of approximately 
15 minutes. The images were not displayed to demon
strate optical resolution but to show a possibility of 
fluorescence imaging in liquid. The appearance resolu
tion from images strongly depends on the sample itself. 

The difference of fluorescence images in Figures 8 
and 9 is caused because actin filament is a straight struc
ture and keratin filament is a curled structure. Topo
graphic images in Figure 9 show more natural structure 
than the image in Figure 8, which is a dried up struc
ture . It is better to image the living or nearly living 
state to obtain the real structure. Therefore, observa
tion of cultured cells is desirable to perform in liquid. 

The importance of SNOM/ AFM for simultaneous 

imaging of topography and fluorescence image should be 

noticed. It enables us to compare topography and fluo

rescence image. The interest of the cellular specimens 

is in the display of filament structure, as well as in the 

distribution of actin and keratin molecules in the cells. 
Thus, SNOM/ AFM introduces a new method for the 

study of cellular structures at high resolution unob

tainable by conventional optical microscopy. This tech
nique may reveal cell characteristics which are undetec
ted by optical or electron microscopy. In addition, this 
study suggests that the SNOM/ AFM system is widely 
applicable to specimens in water and other fluid media. 
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(a) 

(c) 

Figure 9. Topographic (a and c) and fluorescence (band d) images of cultured cells of human esophageal squamous 
cell carcinoma (KESC2, C7) in an aqueous solution, in which cells were stained with FITC-labeled anti-keratin antibody 
after treatment with Triton X-100. Scan areas are 30 µm by 30 µm (a and b) and 10 µm by 10 µm (c and d). 

--------------------------------------------------------------------------------------------------
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