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Fluorescence imaging and spectroscopy of biomaterials by SNOM/AFM
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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:
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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 N/m. 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 ACV_ in the
air, or 0.5-5 ACV__, 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 5a and 5b 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 um by 2 um 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
















H. Muramatsu et al.

U, Giintherodt HJ (1994) Dynamic force microscopy in
liquids. J Appl Phys 76: 5095-5097.

[5] Diirig UT, Pohl DW, Rohner F (1986) Near-
field optical-scanning microscopy. J Appl Phys 59:
3318-3327.

[6] Hansma PK, Cleveland JP, Radmacher M, Wal-
ters DA, Hillner PE, Bezanilla M, Fritz M, Vie D,
Hansma HG (1994) Tapping mode atomic force micros-
copy in liquids. Appl Phys Lett 64: 1738-1740.

[7] Heinzelman H, Pohl DW (1994) Scanning near-
field optical microscopy. Appl Phys A 59: 89-101.

[8] Karrai K, Grober RD (1995) Piezoelectric tip-
sample distance control for near field optical micro-
scopes. Appl Phys Lett 66: 1842-1844.

[9] Muramatsu H, Chiba N, Ataka T, Monobe H,
Fujihira M (1995) Scanning near-field optic/atomic force
microscopy. Proceedings of second conference on near-
field optics, Raleigh, NC, 20-22 October 1993. Ultrami-
croscopy 57: 141-146.

[10] Muramatsu H, Chiba N, Homma K, Nakajima
K, Ataka T, Ohta S, Kusumi A, Fujihira M (1995)
Near-field optical microscopy in liquids. Appl Phys Lett
66: 3245-3247.

[11] Muramatsu H, Chiba N, Umemoto T, Homma
K, Nakajima K, Ataka T, Ohta S, Kusumi A, Fujihira
M (1995) Development of near-field optic/atomic force
microscopy for biological materials in aqueous solutions.
Ultramicroscopy 61: 265-269.

[12] Putman CAJ, Van der Werf KO, De Grooth B
G, Van Hulst NF, Greve J (1994) Tapping mode atomic
force microscopy in liquids. Appl Phys Lett 64: 2454-
2456.

[13] Shalom S, Lieberman K, Lewis A (1992) A
micropipette force probe suitable for near-field scanning
optical microscopy. Rev Sci Instr 63: 4061-4065.

[14] Ushiki Y, Shigeno M, Abe K (1994) Atomic
force microscopy of embedment-free sections of cells
and tissues. Arch Histol Cytol 57: 427-432.

[15] van Hulst NF, Moers MHP, Noordman OFJ,
Tack RG, Segerink FB, Bolger B (1993) Near-field opti-
cal microscope using a silicon-nitride probe. Appl Phys
Lett 62: 461-463.

Editor’s Note: All of the reviewer’s concerns were ap-
propriately addressed by text changes, hence there is no
Discussion with Reviewers.
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