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Introduction top

Scanning fiber endoscope (SFE) technology shows promise as a smal, inexpensive imaging tool suitable for microendoscopic imaging applications.' The distal end of the system consists of &

cantieyered single-mode optical fiber actusted ot ts mechanical resonance. Linht projected from the moving optical fiber is focused onto an imaged surface. Light backscattered from the imagedd

surface is detected pixel by pixel to form an image. Using this method of image acquistion, the resolution of the acquired imade is not imited by the number of detectors (optical fibers or CCD

elements) in the flexible endoscope, This allowes for small size of the image acquistion device, with potertially large fields of view and resalution.

Afficher les
tableaux

Previous work shows that & microfabrication process can be used to alter the scanning fiber's dynamic and optical prupemes.2 That paper showed that modification of the geometry of & scanning

IT1T11

optical fiber through selective etching of the 125-pm cladding dismeter surrounding the 4.0-pm mode figld dismeter of & single-mode optical fiker aters the amplitude of vibration sand resonant

fregquencies of the fier. That work illustrates how the geometry of the optical fiber influences the dynamics of the scanner, snd howe the geometry can be modified to improve the imaging properties|

of the SFE. There are three specific objectives for this waork: (1) construct & model that can be used to predict dynamic properties—displacement and rezonart freguency—of optical fibers uzedin

scanning fiker system, (2) develop a fiber mictofabrication process that allowes us to modity the dynamic properies of an optical fiber without attering itz function as an optical waveguide, and (3)

uze the dynamic model to design geometricaly modified fibers that provide improved optomechanical properies.

The modeling efforts presented in this paper are based on Euler-Bernoulll beam theory and lineat finite-element anslysiz (FEA) models of cantilever beams. This numerical method was uzed to predid

the dynamic hehavior of the scanning fibers, since the complex geometry of microfabricated fibers prevents closed-form analytic solution. For validation purposes, & model of a cylindrical fiber was

B e
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Optomechanical design and fabrication of
resonant microscanners for a scanni ng
fiber endoscope
Christopher M. Brown, MEMBER SPIE Abstract. Scanning fiber optical endoscopy shows promise as a small,
University of Washingtan inexpensive imaging tool. Using this methed of image acquisition, a
Human Interface Technology Laboratory scanning fiber is actuated at mechanical resonance, projecting a light
Box 352142 spot seross an imaged surface. Light backseattered from scanned spots
Seattle, Washington 88185-2142 is measured to form an image. The acquired image field of view, resolv-
E-mail: seebrown®@ u.washington.edu able pixels, and frame rate are dependent on the dynamics of the optical

fiber used as a resonant scanner. A finite-glement analysis (FEA) mode!
was constructed to predict scanning fiber dynamics, and compared with

Per G. Reinhall experimental results. A scanning fiber microfabrication process was de-
University of Washington veloped that allows for the controlled manufacture of fiber scanners. Ex-
Department of Mechanical Engineering perimental results confirm that the theoretical model was accurate in
Box 352600 predicting the system transfer function with less than 6% error in ampli-
Seattle. Washington 98195-2600 tude and less than 10% error in resonant frequency at the first two reso-

nant modes of a cylindrical and a microfabricated fiber. The scanning
fiber microfabrication process proved to be capable of repeatably etching

Satoshi Karasawa notches in optical fibers as small as 2.00+0.05 mm in length and
PENTAX Corporation 15£2 um In diameter. FEA was used to predict the effect of geometry
Incubation Center change on microfabricated fiber scan dynamics, yielding candidate de-
Tokya, Japan signs chosen for enhanced performance of future scanning

EndDSCOpES. @ 2008 Socisty of Photo-Cgticel Instrumentation Engineers.
[DO: 10.1117/1.2188387]

Eric J. Seibel, vEnEsR SPIE Subject terms: endoscope; optical scanning; resonant scanner; oplomechanical

University of Washingtan dasign; microfabrication.

Human Interface Technology Laboratory

Bax 352142 Paper 050220 received Mar. 22, 2005; acceptad for publication Aug. 17, 2005;
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