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Optomechanical design and fabrication of resonant microscanners for a scanning fiber endoscope

Christopher b, Brown®, Per G. Reinhal®, Satoshi Karasawa®, and Eric J. Seibell
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3 pENTAX Corporation, Incubation Center, Tolyo, Japan
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Introduction top

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

cantieyered single-mode optical fiber actuated ot ts mechanical resonance. Linht projected from the maoving 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 image is not limited by the number of detectors (optical fikers or CCD

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

Afficher les
tableaux

Previous work shovws 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 field dismeter of & single-mode optical fiker aters the amplitude of vibration sand resonant

frequencies of the fiber. 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 imading properties|

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

scanning fiber system, (20 develop a fiker 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 geometrically 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 analysiz (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 sE
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Publication Year -

A
Optical Engineering 45(4), 043001 (April 2008)
Optomechanical design and fabrication of
resonant microscanners for a scanning
fiber endoscope
Christopher M. Brown, MEMEER SPIE Abstract. Scanning fiber optical endoscopy shows promise as a small,
University of Washington inexpensive imaging tool. Using this methed of image acquisition, a
Human Interface Technology Labaoratory scanning fiber is actuated at mechanical resonance, projecting a light
Box 352142 spot across 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-
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1 Introduction properties of the SFE. There are three specific objectives

for this work: (1) construct a model
predict dynamic properties—displacen]
frequﬁcv—m' optical fibers used in a 8

Scanning fiber endoscope (SFE} technology shows promise
as a small, inexpensive imaging tool suitable for microen-

CADOC




SPIE Digital Library : Creéer des alertes

R T T E]

Proceedings
B By Year
By Symposiom

By Yolurme Title

-]
8 By Yalure Mo,
2]

@ By Technology

AOVanCed Seafch

Email Alerts <

||I'\'1l,' Ernail Alerts I My Article Collections

Activate Email Alerts

& free ermail alerting service is available for each SPIE Journal and for SPIE Proceedings by
technical area. By subscribing to this service, you will receive table of contents alerts as new
Journal issues or Proceedings volumes are publizshed - in either plain-text (ASCII) or HTML
forrnat, Contents alerts are delivered directly to the ermail address you specify; alerts in HTML

format are fully linked to abstracks and full text. If you subscribe to Proceedings alerts for more

BROWSE JOURNALS

than one technical area, you may occasionally receive duplicate alerts since sorme valumes are

Journals

= Optical
Engineering
1. Electranic
Imaging

1, Biomedical
Ciptics

1. Micraf
Manolithography,
MEMS, and
MOEMS

1, applied Remote
Sensing

. Manophotonics
1. Photonics for
Energy

m SPIE Reviews

m SPIE Letters
Wirtoal Journal

included in more than one technical category, (More details on how this service works are
available heare.)

This form allows you to activate delivery of table of contents alerts, To confirmn your identity and
prevent third parties from activating or canceling alerts without your krowledge, an email
ressage with 3 confirmation code will be sent to the address you specify in the form, Simply
follow the instructions to confirm either request,

IMPORTANT MOTE: In order to unsubscribe, vou'll be azsked to enter the email address you
used to subscribe and check off those alerts you wish to cancel. As the systern currently does
not display your active alert selections, please save the sign-up confirmation email messageis)
you receive 5o you have a record of your active alert lists,

“our e-mail address:

D ALL

Journals

Dptical Enginesring

BROWSE SPLE «BOOKS

ournal of Electronic Irnaging

SPIE eBooks

m By Title

@ By Year

B By Series

@ By Technaology

ournal of Biomedical Optics

ournal of Micko/Manclithography, MEMS and MOEMS

ournal of Manophotonics

ournal of Photonics for Energy

SUBSCRIPTIONS & PRICING

PIE Reviews

8 Institutions &
Corporations

PIE Letters Virtual Journal

[l
O
O
O
I:‘ ournal of Applied Remote Sensing
O
O
O
o

Proceedings of SPIE (topical areas)

Entrer votre adresse e-mail.

Cochez les revues qui vous intéressent

FETTTITET

Subscriptions

Astronomy and Astronomical Optics

GENERAL INFORMATION

Biaomedical Optics and Medical Irmaging

8 About the Digital
Library

8 Terms of Use
8 SPIE.org

Cornrmunication and Infarrnation Technologies
Defense and Industrial Sensing

Electronic Imaging and Processing

Micro- and Nano-Technologies

ool

Optics and Electra-Optics

Select TOC format:
I “E HTML (with links) "/ ASCII (plain-text

Cochez les proceeding qui vous
intéressent

Validez >.._ ] [ unsubserive | .

CADOC

Choisissez le format de
I'email « HTML ou Texte »

B sE




Connecting minds.
SPIE Adancing igh,

SPIE is the international society
for optics and photonics

Pour toute information contactez :

CADOC

Rue de la flanelle cité Ain Allah, Delly Brahim —
16320 Alger

BP 143 — 16000 Alger-Gare
Tel : 021910352 Fax : 021910351
E-mail:

SPIE Customer Service

Tel: + 1 360 676-3290



mailto:CustomerService@SPIEDigitalLibrary.org
mailto:cadoc@cadoc.dz

	Guide d’utilisation de la base de données : SPIE Digital Library
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16

