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REDUCED SIZE FIBER OPTIC PROBE USING MULTIFLE
INCIDENT ANGLES

CROSS-REFERENCE TO RELATED APPLICATION

{011 This application claims priovity from U8, Provisional
Application Mo. 60/952,768 filed oun July 30, 2007 in the United Mates Patent
Office Office, the disclosure of which is incorporated herein in its entirety by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

021 The present invention relates to an optical probe and more
particularly, to @ method for manufacturing a probe which uses optical fibers
arranged in parallel which can be easily bent by application of a heat source to
improve the performance and reduce the diameter of the optical probe.

031 2. Description of the Related Axt

1041 Industry has been working on varying angles of lght incident
1o various materials to oblain information about optical properties of materialy
at different dopths from surfaces for sensing or diagnostic purposes.  For
Example, Barly Cervical Cancer Detection is based om fooking at light
interactions at different depths of epithelial layer of dssue.  Cenerally,
different incident angles of lght {llomination and collection are employed to

look at different depths in tissue. Mumerous automated diagnostic methods
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have been developed which allow faster, more effective patient management
and potentially further reduce mortality. Agcordingly, in much of the related
technology speeific focus is on the epithelial laver of tissue which is 300 o
SO0 microns thick where 3t 13 believed that cancer can be detected at the very
agnset. US Patent No. 7,202,947 15 an example of this work., Earlier related
patents on the same topic include US Patent Nos, 5,991,653 and 5,697,373,
105] Many diagnostic techniques which use varying incident angles
of light requive the use of a probe. In some cases, the diameter of the probe
moust be small enough to fil info areas that are obstructed, difficult to access or
when ewployed for medical purposes, it must be small enough to fit into areas
where if the size is not adequately small enough, the prove may potentially
give the patism discomfort or increase the potential for harm, Typical optical
probes found in industry are relatively large in diawseter bocause the fiber must
be bent mechanically o achieve the reguived incident angle. This bend must
be of sufficient radius to prevent the optical fiber from breaking. Additionally,
the surface of typical probes are often staindess steel or some other metal
material and highly reflective. Une method used o reduce the reflection of the
stainloss steel surface is to use blackened or anti-reflective tapes or coatings.
However, these tapes or coatings are generally not sutiablg for use in clinical
use or other high purity environments. Additionally, probes used in the
related att have had g significant spacing between fibers. This separation

distanee can make it hard to capture adequate Hght in fibers with a high angle
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of incidence to the probe tip because these fibers have an angled facet which

presents sigrificant eptical losses between the fiber and the adjacent medium.

SUMMARY OF THE INVENTION

{06} Accordingly, the present invention has been made to solve the
above-mentioned problems ocourring in the related art, and an aspect of the
present invention is to provide a method for manufacturing a medical optical
probe which uses an optical fibers arranged in paraliel which can be easily
bent by application of heat by a heat source to improve the verformance of the
medical probe

{07} Additional advantages, aspects, and features of the invention
will be set forth in part in the description which follows and in part will
beeome apparent o those having ordinary skill in the art upon exarination of
the following or may be leamed from practice of the invention,

{08 fn an aspect of the present invention, am optical probe

[

comprising arranging a phuality of optical fibers substantially in parallel and
at least one of the plurality of fibers contains 1 bent portion. The bent portion
of the fiber Is towards the end of the probe.

{09} In another aspect of the present invention, the plural optieal
fibers are fixed i vesin in the optical probe.

{10 In another aspect of the present invention, the plural optical
fibers are fixed on a substrate in the resin, parallel inside an outer case,

wherein said plural optical fibers are fixed in V-groves in the substrate.

Lo
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{11 In another aspect of the presen invention, wherein the resin s a
iow-reflective epoxy.

12} In another aspect of the present invention, wherein satd bent
portion is bent by heating up the bent portion by a heat source, The heat
source may apply heat ranging from 300 to 1400 degrees centigrade.

{13} In another aspect of the present invention, the bent portion is
bent by first bending an optical probe in room temperatore and then applying
the heat source to the bent region.

{141 In another aspect of the present invention, the bent portion is
bent by first applying the heat source to the bent region and then applying
force to the optical probe.

{15} In snother aspect of the present invention, the bent portion is
bent at angle of 8 to 45 degrees.

{16} In another aspect of the present invention, the bent portion 18
hent at a predetermined angle by using a bending device.

(171 in another aspect of the present invention, the outer casing of
said optical probe contains angled portions towards the end the optical probe.
{181 In another aspect of the present invention, the angled portions
of said optical fibers have less than 200 pw spacing from one of a plurality of
optical fibers and straight portions of said optical {ibers have a 200 1o 400 pm

spacing from one of a plurality of optical fibers,
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BRIEF DESCRIPTION OF THE DRAWINGS

19 The above and other objects, features and advantages of the
present invention will be apparent from the following detatled deseription
taken in conjunction with the accompanying drawings, in which:

{201 FIGs. 13 and 1b illustrate a method ® bend a portion of an
optical fiber according to an exemplary embodiment of the present invention;
(24 FiG, 2 illustrates an optical probe which contains optical fibers
according to an exemplary embodiment of the present invention;

{221 FIG. 3 illustrates an optical probe which contains optical fibers
according 0 another exemplary embodiment of the present invention;

1231 FIG. 4 illusirates a trimmed probe edge present at the end of the

optical probe according to an exemplary embodiment of the present invention

grwwmn

241 FiGs. S8 and 5b Ulustrate 3 method to bend a portion of an
optical fiber according to another exemplary embodiment of the presemt
Trvention;

{25} FiGs. 6 and 7 illusirate a device and the use of the device to
precisely bend an optical fiber according to an exemplary embodiment of the
present invention

261 FIG. 8 lustrates another device that can be used to precisely
bend an optical fiber according to another exemplary embodiment of the

present invention.

o
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DETAILED BESCRIPTION OF EXEMPLARY EMBODIMENTS

1371 Advantages and features of the present invention and methods
of accomplishing the same may be understood more readily by reference o the
following detailed deseription of the exemplary embodiments and the
sccompanving drawings. The presert invention may, however, be embadied
in many different forms and should not be construed as being limited to the
exemplary embodiments set forth herein.  Rather, these exemplary
embodiments are provided so that this disclosure will be thorongh and
complete and will fully convey the concept of the tovention to those skilled in
the art, and the present invention will only be defined by the appended claims.

Like reference numerals refer to ke elements throughout the specification.

28} F1Gs. la and 1h are views illustrating an optical fiber according

—

to an exemplary embodiment of the present invention. In FIG. 1a, the optical
fiber 1 typically has a diameter & of 125um. Oue of ordinary skill in the art
would comprehend that concepts of the present invention can be implemented
with varyving diameters o In this exersplary embodiment, 2 heal source 2
applies heat 3 to region 4 of the optical fiber 1. Region 4 is preferably towards
the end of the optical fiber 1. The heat source 2 may include a €O LASER,
electric heater, infrared furnace and a flame. The temperature of the beat 3
being applied to the fibers in section 4 of the optical fiber 1 is typically at least
300 degrees centigrade. However, it is preferved that a temperature from 300
degrees 1o 1400 degrees centigrade is applied. The temperature of the bheat 3

that is applied varies on the glass composition of the fiber {. The specific
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temperature of the heat is not eritical o the invention; rather 1t must simply be
sufficient to creats a permanent bend in the fiber 1,

1291 FIG. 1a llustrates that the heat source 2 applies beat 3 at 2
semperature of 1400 degrees centigrade o region 4 of the optical fiber 1. I
only heat 3 and no other physical force ix applied on the optical fiber 1, there
is no change in the shape of the optical fiber 1. In such a scenario, the optical
fiber 1 at region 4 merely heats up and cools off. Therefore, the optical fiber §
retains its shape pre-application of heat 3 from heat source 2 and post-
application of heat 3 from heat source 2.

{30

Ll
[Sinart

As stated gbove, mere application of heat 3 by a heat source 2
does not lead o the change of shape of the optical fiber 1. Therefore, to cause
a bend in the optical fiber 1 in region 4 to which the heat 3 is being applied, a
downward force 3 is applied towards the far end of the optical fiber 1,

FIG. 1b, illusirates the resal of the application of the foree §

{

which causes a bend In the optical fiber 1 at region 4. After, the optical fiber |

ts3
Py
S

1

is bent to an angle « of a desired amount, the applivation of the heat 3 by the
heat source 2 is halted. As the optical fiber 1 cools, it retains ifs bent shape.
Accardingly, an opiical fiber 1 can be reshaped without having 10 use any
other form of support or utensils to preserve that shape. Thereafier, the optical
fiber 1 has a straight portion 21 and an angled portion 22.

{321 FIG. 2, illostrates an optical probe 100 using multiple optieal
fibers 1 bent according to an exemplary embodiment of the present invention.

Four optical fibers 1 are arranged substantively in parallel 1o form the optical

~4
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probe 100, One of the optical fibers | contains an angled portion 22, Sowe of
these optical fibers 1 are used for Hght llumination while some of them are
used for detecting hight. These optical fibers 1 are fixed in a resin 182 inside
an cuger case 103, In the exemplary embodiment Hostrated in FUGL 2, the
outer case 103 i a stainless steel pipe. Furthermore, any cumable resin may be
used for the resin 102, but low reflection material is preferable. Que of
ordigary skill in the art would comprehend that materials with similar
properties can be used to function as the resinn 102,

33] Additionally, the outer surface of the optical probe 100 may use
non~reflective epoxies rather than a wetal probe face (not illustrated).
Therefore, notse generated by multi reflection between the probe surface and
tissue may be reduced.

{34] Further, optical fibers 1 can also be fixed within a substrate in
the resin 102, FIG. 3 illustrates according to another exemplary embodiment
of the present invention, four optival fibers 1 fixed un a substrate 104 with
four V-grooves 105, Quwe of the optical fibers 1 which has been bent applying
any of the methods provided in the exemplary embodiments of the present
invention, contains a straight portion 21 and an angled portion 22, The
straight portion 21 is aligned in a corvesponding V-Groove 105, while the
angled portion 22 juts out. The presence of these V-Grooves 103 allows for
precise fiber arrangement. Ouce of ordinary skill in the art would comprehend
that the substrate 104 may contain an wnlimited amount of V-Grooves 105 and

~

the subsirate 104 is not limited to the shape tllusyated in FIG. 3. Furthermore,
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i ths exemplary embodiment, in sections of the optical probe 100 which
comtains angled portiens 22 of optieal fibers 1, there i3 a 200 pm spacing
between the optical fibers 1, while portions of the optical probe 100 with
straight portions of fiber 1 bave a 200 to 400 pm spacing between the optical
fibers 1. Dne fo the lessened spacing between the optical fibers 1, the desired
bend 18 achieved over a wide spectrum of diameters including a relatively

smaller relative dlameter of 3 mm. This allows for prevention of “beam™ type

stresses or breaking forces being applied o the fiber.
1351 FIG. 4 is an tlustration of a side view trummed probe edge 31

present at one end of optical probe 100 according o an exemplary
embodiment of the present invention. As discussed above one of the optical
fibers 1 has the bent region 4 and therefore the angled portion 22 towards the
end of the optical probe 100, As illustrated i FIG. 4, the ounter casing 103
comains g trimmed probe edge 31 towards the end of the optical probe 100
As the optical probe 100 i3 round, the trimmed probe edge 31 goes all the way
around as well, The trimmed probe edge 31 i at a sharp angle which aids in

reducing reflective profile of a stainless steel tube edge.

o

6} FiGs. Sa and Sb, illustrate another exemplary embodiment of

{

the present invention.  In FIG. Sa, the optical fiber 1 is bent in room
teraperatare by application of forces 15 and 157 at the respective ends,
Thereafter, a heat source 2 applies heat 3 {0 & region 4 of the optical fiber |

The region 4 is preferable closer to one end of the optical probe 1. Region 4

of the optical fiber 1 which i3 exposed 1o heat 3 from the heart sowree 2
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become soft and the region 4 bends in accordance with angles depending on
forees 15 and 135 that are applied to the respective ends. FIG, §b ilustrates
the result of the application of the respective forces 15 and 157, as well as heat
3 from the heat source 2, resulting in g bend with approximately an angle o of
36 degrees being created.

%

in the exemplary embodiments of figures 1 and S does not necessarily lead to

()

73 However, the application of the present inventions as presented

an accurate selection of the angle of the bend of the optizal fiber 1. As the
optical fiber 1 is used for sensitive diagnosis, any changes in shape must be
extremely precise.  For this purpose, FIG. 6 illustrates a plate which can be

used o procisely bend the optical probe atl a particular angle o according to

another exemplary embodiment of the present nvention.

s

{38} FIG. 6 displays a plate 6 which contains a mechanism o
precisely choose an angle of the bend in the optical fiber 1. The plate ©
contains a goide 7 with a fixed portion § and a movable portion 9. The fixed
portion and the movable portion are connected at a pivot point 10, The plate
displays varving angles to which a user can move the outside edge of the
movabie portion 9. Accordingly, in an exemplary embodiment if a user wants
a 30 degree angle of bend, the user moves the cutside edge to 30 degrees and
focks the movable portion at that angle through a locking mechanism {not

dhustrated). Furthermore, the fixed portion 7 contains latches 11 ov another

locking mechanism to secure the optical fiber 1 1o the gnide 7.
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FIG. 7 illustrates the plate & of FIG. 6 being utilized 0 bend the

optical fiber 1 is placed on the plate & and secured on the fixed portion 8§ of the
guide 7 nsing fatches 11, A user previcusly sets the moving portion 9 to be at
an angle o of thirty degrees. Thereafter, s heat source 2 applies heat 3 at a
region 4 of the optical fiber 1 which straddles the pivet point 10, Due to the
heat 3, the optical fiber 1 at region 4 softens and when a force 3§ is applied
downwards, g bend is created in the optical fiber 1 at region 4. A force 5§ is
contimually applied tll the angled postion 22 of the optical fiber 1 i
completely flat against the movable portion 9 of the gouide 7. Thereafter, as
soon as the fiber 118 no longer exposed to the heat source 2, the optical fiber 1
beging 1o cool off.  As the optical fiber 1 cools off, it retains ifs shape
autonomously, therefore preserving the bent shape of the optical fiber 1 at
exactly thirty degrees.

{4 FIG, 8 illustrates another mechanmismy to precisely bend an
optical fiber 1 according 10 an exermaplary embodiment of the present invention.
In this exemplary embodiment, the optical fiber 1 is first bent in room
temperature and then a heat source 2 applies heat 3 to a region 4 of the optical
fiber 1 10 cause & bending of the optical fiber T at region 4. The forces that are
applied 10 bend the optical fiber 1 in room temperature are applied by Force
Applying Devices (FADS) 12 and 130 FAD 12 may either be tixed or movablke
in the vertical divection. FAD 13 may futher be fixed or movable in the

hortzontal direction, FADs 12 and 13 can not only apply the forces to cause a

i1
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bend i may also independenily hold the optical fiber 1 Previous
calculations allow the user to amange the postiions of the FADs 12 and 13
depending on a desived angle o and on the position of the optical fiber | where
the nser desires the bend (therefore, the region 4) to occur.

(44 One of ordinary skill in the art would comprehend that the
structure can be slighily altered to implement the principles of the present
invention to produce simmilar results.

{421 In another exemplary embodiment of the present invention in
which the heat source 2 of FIGs, 1 and 3-8 is 2 flame, the flame is formed by a
combination of CHO, and Oxygen. The x, y and 2 in C.H,0, each represent
respective integer valoes including zero.

{431 As deseribed shove, according o the exemplary embodiment of
the present invention, a medical probe with a narrow width, made of non-
reflective material, is bent accurately, thus the performance of the medical
probe in clinical studies can be improved.

441 Although exemplary embodiments of the present invention

e

have heen described for illustrative purposes, those skilled in the art will
appreciate that various modifications, additions and substitutions are possible,
without departing from the scope and spirit of the invention as disclosed in the
accompanying claims. The foregoing embodiments are merely exemplary and
are not to be construed as Hmiting the present invention. Therefore, the scope
of the present invention should be defined by the accompanying claims and

their legal squivalents.

connh
)
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WHAT IS CLAIMED 15:

1. A method for fabricating an optical probe comprising:
arranging a plorality of optical fibers substantially in paraliel
substantively;

wherein at least one of said plurality of fibers contains a bent portion,

2. A method for fabricating an optical probe as reciled in claiy 1,

wherein satd hent portion s towards the end of the probe.

3. A voethod for fabricating an optical probe as recited inclawm 1,

wherein said plural optical fibers are fixed.

4. A method for fabricating an optical probe as recited in claim 3,

wheretn said plural optical fibers are fixed in resin

(941

A method for fabricating an optical probe as recited in claim §,
wherein said plural optical fibers are fixed on a substrate iy the resin and are

parailel inside an outer case.

6. A method for fabricating an optical probe as rectled in clamm 5,

wherein said plural optical fibers are fixed in V-groves in the substrate.

13



WO 2009/018355 PCT/US2008/071614

7. A method for fabricating an optical probe as reciled in claim 4,

wherein said resin is a low-reflective epoxy.

8. A method for fabricating an optical probe as recited in claim 1,

wherein said bent portion is bent by using a heat scurce.

8. A method for fabricating an optical probe as recited in clabm 8,
wherein said bent portion is bent by first bending an optical probe and then

appiving the heat source 1o the bent region.

10, A method for fabricating an optical probe as recited in claim §,
wherein said bent portion is bent by first applying the heat source to the bent

region and then applying force to the optical probe.

{1. A method for fubricating an optical probe as recited in claim 10,

wherein said bent portion is bent at angle of between (10 45 degrees.

17 A method for fabricating an optical probe as recited in clamm 11
wherein said bent portion is bent at a predetermined angle by using a bending

device.
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i3, A method for fabricating an optical probe as recited in claim 5,
wherein the outer casing of said optical probe contains angled portions

towards the end the optical probe.

4. A method for fabricating an optical probe as recited in claim S,
wherein angled portions of said optical fibers have less than 200 wm spacing
from one of a plarality of optical fibers and straight portions of said optical

{ibers have a 200 t 400 pm spacing from one of a phurality of optical fibers.

15, A method for fabricating an optical probe as reciied in claim 8,

whersin the heat source applies heat of at least 300 degrees centigrade.

16, A method for fabricating an optical probe as recited in claim 8,
whergin the beat source applies heat from 300 degrees to 1400 degrees

centigrads,

17, Anoptical probe comprising:

a plorality of optical fibers arvanged substantially in  paraliel
substantively;

wherein at least one of said plurality of optical fibers transmits Hght
from a light source;

wherein at least one of said plurality of optical fibers transmits Heht for
& &

detecting light; and

posery
AV
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wherein at least one of said plurality of fibers coniains a bent portion.

18, Apnoptical probe as recited in claim 17, wherein said bemt

portion is towards the end of the probe.

19 Axn optical probe as reeited in claim 18, wherein said plural

optical fibers are fixed,

20. An optical probe as recited in claim 19, wherein said plural

optical fibers are fixed in resin,
21 Anoptical probe as recited in claim 20, wherein said plural
optical fibers are fixed on a substrate in the resin and are paralfel inside an

Qulet case.

22, Anoptical probe as recited in claim 21, wherein said plural

optical fibers are fixed in V-groves in the substrate.

33, An optical probe as recited in claim 20, wherein said resin is a
X 2

low-reflective epoxy.

16
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24, An optical probe as recited in claim 18, wherein said bewmt

portion 18 bemt at angle of between 0 to 45 degrees,

L5y

An optical probe as recited in claim 21, wherein the outer
casing of said eptical probe contains angled portions towards the end the

optical probe,

26, An optical probe as recited in claim 28, wherein angled
portions of said optical fibers have less than 200 um spacing from one of a

plurality of optieal fibers and straight portions of said optical fibers have a 200

to 400 pm spacing from one of a plurality of optical fibers.

[POY
-
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