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LOW REFLECTION LATERAL OUTPUT 
FIBER PROBE 

CROSS REFERENCE 

This application claims priority from US. Provisional 
Application No. 60/784,987 entitled “Lateral Output Fiber 
Probe Having No Astigmatism and LoW Re?ection” ?led 
Mar. 23, 2006 the contents of Which are incorporated herein 
by reference in their entirety. 

BACKGROUND 

In medical cardiac diagnostics there is a need to detect and 
characterize plaques, lesions and other vascular pathologies 
and provide information to enable cardiologists to provide 
adequate therapy. Vulnerable plaques are a speci?c type of 
plaque that groWs inside the artery and traps lipid Within the 
arterial Wall. Due to a natural defense mechanism in the body, 
such as the effect of macrophage, the thickness of the plaque 
can be eroded, and When it is doWn to about 65 microns or 
less, it is prone to rupture. This rupture releases the lipid into 
the blood stream and causes a thrombosis. Vulnerable plaque 
is a leading cause of death by sudden cardiac arrest. The 
resolution of state of the art technologies, such as MRI and 
IVUS, is limited to about 150 microns and does not enable 
measurements doWn to the critical thickness. The optical 
interferometric technique knoWn as LCI (LoW Coherence 
Interferometry) provides axial resolution capabilities 
approximately equal to the coherence length (Which is about 
10-20 microns With present-day superluminescent diode 
broadband sources) and therefore is suitable for the detection 
of vulnerable plaques. One Way to construct an LCI instru 
ment is to design an all-?ber interferometer and use the prob 
ing ?ber component as part of a catheter. HoWever, since the 
light in the ?ber propagates along the ?ber axis, some means 
is required to de?ect the probing light toWard the arterial Wall. 

It is also desirable to probe several points around the cir 
cumference of an artery at the same time. By probing several 
points at the same time and pulling back the ?ber along the 
length of the artery, one can examine a length of several 
centimeters of artery in a short period of time. FIGS. 1a and 
1b for example, illustrate tWo con?gurations 1 for six ?bers 
inside a one-French guide Wire. The guide Wire 12 is a ?exible 
holloW tube commonly used in cardiac interventions using 
catheters that has an inner diameter of less than about 0.3 mm 
and an outside diameter of about 0.35 mm. Commercial com 
ing SM (Single-Mode) ?bers are available in 125-micron clad 
diameter and in about 80-micron clad diameter. The inner 
diameter of the guide Wire is too small to accommodate six 
125-microns diameter ?bers, but it may accommodate six 
80-micron ?bers 10 of diameter 80-microns or less. Thus, 
While one may Work With a smaller number of ?bers or a 
guide Wire larger than one-French, a preferred embodiment 
may be to use six ?bers 10 at a time using a SM ?ber having 
an 80-micron clad diameter. FIG. 1a illustrates a con?gura 
tion With six ?bers 10 around a center Wire 16. FIG. 1b 
illustrates a con?guration With a holloW central area 18 
formed by the internal circumference of the six ?bers 10. 

Light being propagated through the optical ?bers may then 
be de?ected out of the guideWire as illustrated by the arroWs 
14. One manner in Which to de?ect the light by, for example, 
90° is to grind and polish the ?ber tip at 45° and coat the 
angled surface With a mirror. The resulting transmission 
through the cylindrical surface of the ?ber clad, hoWever, 
introduces astigmatism in the beam pro?le. For example, it 
transforms the beam from a Gaussian shape With a circular 
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2 
cross section in the ?ber to one With a highly elliptical cross 
section. This causes it to spread out in one direction and 
reduces the backscattered light from the targeted direction, 
reducing the LCI signal by, for example, about 10 dB or more. 
Without the astigmatism, the LCI signal is some six orders of 
magnitude beloW the incident light from the ?ber. The extra 
loss is not acceptable. 
The amount of re?ection from the exit plane that is guided 

back to the detection system is also an important issue. With 
a high-poWer light source, it should be reduced as much as 
possible, preferably less than about —65 dB beloW the probing 
light level, in order to keep the so-called RIN (Relative Inten 
sity Noise) beloW the optical shot noise. One approach to 
solve both the astigmatism and re?ection issues may be to use 
tWo components, as illustrated in FIG. 2. This design includes 
a tWo component probe; a ?ber probe 10 and a separate mirror 
24 deposited on a section of similar ?ber 22 ground and 
polished at, for example, 45 °. Self alignment may be provided 
by mounting the tWo components in a grooved ferrule acting 
as an optical stage 26. LoW ?ber tip re?ection may be 
obtained, for example, by cleaving (or cleaving, grinding and 
polishing) the ?ber tip at an angle 28 as shoWn in FIG. 2, such 
that the re?ected light is aWay from the ?ber core. As an 
illustration, at normal incidence from a ?ber-to-Water inter 
face, the re?ection back into the ?ber core is about —24 dB. 
With a single-layer AR (anti-re?ection) coating on the ?ber 
tip 28, it is decreased to about —35 dB. With an angle, most of 
the re?ected light is aWay from the ?ber core, and the amount 
of re?ected light that is captured by the ?ber core (the effec 
tive re?ection) is beloW about —65 dB, even Without AR 
coating. The back of the mirrored section 24 may be either 
ground at an angle or frosted to prevent partially transmitted 
light from being re?ected back into the ?ber. While a con 
?guration of the ferrule 26 having a diameter of about 1.5 mm 
and length of about 3.5 mm preserves the beam pro?le, it is 
not suitable for placing several ?bers inside a one-French 
tube. 

Accordingly, there is a need for a system and method that 
prevents astigmatism and minimiZes re?ection in a ?ber 
probe that can be used, for example, With multiple ?bers in 
guide Wire con?gurations With LCI. 

SUMMARY 

The invention described herein is directed to a reduced 
re?ection, lateral output optical ?ber. The optical ?ber 
includes an optical emitting ?ber, a mirror, and a tilted ?at that 
may be tapered or ?ared. The optical emitting ?ber includes a 
core and a cladding. 

The mirror may, generally, be formed at an end of the 
optical emitting ?ber adjacent to the tilted ?at, and may be 
formed at an angle of about 45° as measured from a planar 
surface perpendicularly intersecting an axial centerline of the 
optical emitting ?ber. 
The tilted ?at may, generally, be formed by removing the 

cladding around an exit plane or direction of light de?ected by 
the mirror to provide a ?at surface through Which the 
de?ected light may exit the optical emitting ?ber. In embodi 
ments, the tilted ?at may have an angle of about 3° to about 
120 measured from a planar surface parallel to an axial cen 
terline and tangent to an outermost surface of the optical 
emitting ?ber, and in some embodiments, the tilted ?at may 
have an angle of about 8° measured from a planar surface 
parallel to an axial centerline and tangent to an outermost 
surface of the optical emitting ?ber. The tilted ?at of some 
embodiments may be covered, and certain embodiments may 
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include a lens or an antire?ection coating over the tilted ?at. 
In particular embodiments, the tilted ?at may include an 
anti-re?ection coating. 

In an optical ?ber having a mirror and a tilted ?at, a sub 
stantial portion of light re?ected from the optical emitting 
?ber is not recaptured by the ?ber core, and the light exiting 
the optical emitting ?ber may also be substantially free of 
astigmatism. 

In embodiments, for example, in biomedical applications, 
the optical ?ber may be used in an optical probe LCI system 
for stent deployment. 

The invention presented herein also includes a method for 
making a reduced re?ection, lateral output optical ?ber that 
includes providing an optical emitting ?ber having a core and 
a cladding, forming a mirror at an end of the optical emitting 
?ber, and forming a tilted ?at at an exit plane for light 
de?ected by the mirror. The method may further include the 
step of forming a tilted ?at by removing a portion of the 
cladding to provide a ?at surface at the exit plane, and the exit 
plane may be at about 90° measured from an axial centerline 
of the optical emitting ?ber. 

The tilted ?at, or embodiments, may have a tilt angle of 
about 8° measured from a planar surface parallel to an axial 
centerline and tangent to an outermost surface of the optical 
emitting ?ber. In certain embodiments, the method may fur 
ther include attaching a lens to the tilted ?at and/ or coating the 
tilted ?at With an anti-re?ective coating. 

The present invention also includes a method for reducing 
re?ection and astigmatism of light exiting an optical emitting 
?ber at an angle other than 0°. The method includes forming 
a mirror at an end of the optical emitting ?ber, and forming a 
tilted ?at at an exit plane for light de?ected by the mirror. In 
some embodiments, the step of forming a tilted ?at may 
include removing a portion of the cladding to provide a ?at 
surface at the exit plane. 
The tilted ?at may have a tilted angle of about 8° measured 

from a planar surface parallel to an axial centerline and tan 
gent to an outermost surface of the optical emitting ?ber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the disclosure and to shoW 
hoW the same may be carried into effect, reference Will noW 
be made to the accompanying draWings. It is stressed that the 
particulars shoWn are by Way of example only, and for pur 
poses of illustrative discussion of the preferred embodiments 
of the present disclosure only, and are presented in the cause 
of providing What is believed to be the mo st useful and readily 
understood description of the principles and conceptual 
aspects of the invention. In this regard, no attempt is made to 
shoW structural details of the invention in more detail than is 
necessary for a fundamental understanding of the invention, 
the description taken With the draWings making apparent to 
those skilled in the art hoW the several forms of the invention 
may be embodied in practice. In the accompanying draWings: 

FIG. 1 illustrates tWo con?gurations of six ?bers in a hol 
loW guide Wire. FIG. 1a illustrates a con?guration With a 
center Wire. FIG. 1b illustrates a con?guration Without a 
center Wire. 

FIG. 2 illustrates a tWo-component probe. 
FIG. 3 illustrates a con?guration of an output optical ?ber 

in accordance With an embodiment of the present invention. 
FIG. 4 illustrates another embodiment in accordance With 

the present invention. 
FIG. 5 illustrates a plot of relation betWeen a tilt angle and 

a deviation of the mirror from 45° to ensure a radial output of 
the light in blood or Water. 
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4 
FIG. 6 illustrates another embodiment of the present inven 

tion featuring either type of tilted ?at. 

DETAILED DESCRIPTION 

Before the present devices, systems, and methods are 
described, it is to be understood that this invention is not 
limited to the particular processes, devices, or methodologies 
described, as these may vary. It is also to be understood that 
the terminology used in the description is for the purpose of 
describing the particular versions or embodiments only, and 
is not intended to limit the scope of the present disclosure 
Which Will be limited only by the appended claims. 

It must also be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural reference unless the context clearly dictates 
otherWise. Thus, for example, reference to an “artery” is a 
reference to one or more arteries and equivalents thereof 
knoWn to those skilled in the art, and so forth. Unless de?ned 
otherWise, all technical and scienti?c terms used herein have 
the same meanings as commonly understood by one of ordi 
nary skill in the art. “Optional” or “optionally” means that the 
subsequently described structure, event or circumstance may 
or may not occur, and that the description includes instances 
Where the event occurs and instances Where it does not. 
As used herein, the term “about” means a practical engi 

neering range near the target value. For example, such a range 
may be plus or minus 20% of the numerical value of the 
number With Which it is being used. Therefore, about 50% 
means in the range of 45%-55%. 

Unless otherWise indicated, the term “lesion” means an 
abnormal change in the structure of an organ or tissue as the 
result of injury or disease. 

The term “plaque” may be taken to mean any localiZed 
abnormal patch on a body part or surface. In regard to arterial 
plaques, plaques may be fatty deposits on the inner lining of 
an arterial Wall and are characteristic of atherosclerosis. The 
plaque may be an abnormal accumulation of in?ammatory 
cells, lipids, and a variable amount of connective tissue Within 
the Walls of arteries. In part, embodiments of this invention 
are directed to the detection and treatment of plaques. 

Although any methods and materials similar or equivalent 
to those described herein can be used in the practice or testing 
of embodiments of the present disclosure, the preferred meth 
ods, devices, and materials are noW described. Nothing herein 
is to be construed as an admission that the invention is not 
entitled to antedate such disclosure by virtue of prior inven 
tion. 
The present disclosure generally relates to a ?ber probe, a 

system, and a method for minimiZing re?ection and prevent 
ing astigmatism in a ?ber probe for use, for example, in a 
multiple-probe interferometer system. In particular, the dis 
closure relates to a ?ber probe, system and method for mini 
miZing re?ection and preventing astigmatism in an optical 
emitting ?ber. 
As used herein, “optical emitting ?bers” refers to optical 

?bers that are typically made of glass or a material having a 
higher dielectric constant than the surrounding medium. An 
optical emitting ?ber generally has a core and a cladding. By 
core is meant the part of the optical ?ber through Which light 
is guided, and the choice of core siZe depends on the Wave 
length and numerical aperture, and on Whether the ?ber is 
intended to propagate light as a single Waveguide mode or 
several Waveguide modes. Typically, single-mode ?ber core 
siZed for Wavelengths in the visible and near infra-red range 
may be about 5 to about 9 microns in diameter. Cladding is of 
a material having a loWer refractive index than the core mate 
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rial and may surround the core to both ensure light guiding as 
Well as to add mechanical strength to the ?ber. The core and 
cladding of an optical ?ber may be composed of any material 
through Which light may pass including, but not be limited to 
glass, polymers, plastics, and combinations thereof. 

Whether Wave propagation in the ?ber is single-mode or 
multimode is immaterial to the practice of the various 
embodiments of the disclosure. Hence, the term “optical 
emitting ?bers” is also intended to include single-mode or 
multi-mode ?bers. Single-mode ?bers may be preferable for 
most applications, particularly those involving interferom 
etry. The number of ?bers used in a multiple ?ber probe may 
be arbitrary. In a preferred embodiment, i.e., in Which the 
?bers are contained inside a 1 French (0.014" diameter) 
guideWire, the number of ?bers that may be utiliZed may be 
1-12 optical ?bers, more preferably 1-6 optical ?bers, 
depending on the diameter of the optical ?ber used. In other 
embodiments for example, Where the ?bers are housed in a 
catheter, the number of ?bers can be larger, depending on the 
diameter of the catheter and the diameter of the optical ?bers. 
For example, for a 1-mm diameter catheter With 80 micron 
diameter ?bers embedded in the catheter Wall, the number 
may be of the order of 30 optical ?bers. 
As illustrated in FIGS. 3 and 4, and optical ?ber 1 0 includes 

a ?ber tip 32. The ?ber tip 32 may include a mirror 36 
integrated thereon, and a tilted ?at 34. The tilted ?at 34 is a 
ground and polished tilted ?at at an exit plane E of the ?ber 
probe. The ?at portion of the tilted ?at 34 acts to reduce or 
prevent astigmatism, and the tilt portion of the tilted ?at 34 
acts to prevent or reduce re?ection. The tilted ?at may be of 
any con?guration. For example, FIG. 3 illustrates a tilted ?at 
34 having a taper con?guration. Alternatively, as illustrated in 
FIG. 4, the tilted ?at 34 may have a ?are con?guration. 

The tilt angle may be con?gured so that light re?ected from 
?at surface is directed aWay from the ?ber tip 32 at the mirror 
and only a negligible portion of light is back-re?ected from 
the tilted ?at 34 and captured by the ?ber tip 32. In general, the 
cone angle of the light beam emitted by a ?ber tip 32 is 
roughly equal to the numerical aperture (NA) of the optical 
emitting ?ber. For example, a typical single-mode ?ber at 
1300 nm Wavelength may have an NA of 0.12 radians (equal 
to about 7°). By reciprocity, any re?ected light incident upon 
the ?ber tip 32 Within that cone Would re-enter the ?ber tip 32. 
The tilted ?at 34 may prevent such reentry. By the laW of 
re?ection, the magnitude of the re?ection angle is equal to the 
magnitude of the incidence angle. 

FIG. 5 illustrates the determination of the tilt angle of a 
titled ?at 34. For a optical emitting ?ber 50 having a mirror 52 
positioned at a 45° angle at an end of the optical emitting ?ber, 
the exit plane of re?ected light, b, may be different from Zero 
and the output angle may be off the radial direction by an 
amount 0t as speci?ed by Snell’s laW (equation 1): 

(1:arcsin(n 1/n2 sin b)—b (1) 

The radial output may be maintained by offsetting the mirror 
angle by an amount a from the 45° angle to reduce a to Zero, 
and the relationship betWeen the offset angle, a, and the tilt 
angle, b, may be given by equation 2: 

a:1/2[b—arcsine(n2/n1 sin b)] (2) 

A plot of the offset angle, a, and the tilt angle, b, for an 
interface betWeen the edge of an optical emitting ?ber having 
a refractive index nl of 1.467 and a medium having a refrac 
tive index for blood n2 of 1.330 is provided in FIG. 5. 

Table 1 shoWs the parameters for the above example (?ber 
blood interface) as the tilt angle b is varied from about 40 to 
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6 
the critical angle of about 65°. The critical angle is the angle 
for total internal re?ection betWeen tWo media separated by 
the tilted interface. The ?rst column in the table from left to 
right is the tilt angle, b, the second column is the refraction 
angle, the third column is the deviation, 0t, of the refraction 
angle from the radial direction, and the last column is the 
correction, a, to the mirror angle (from the 45° value) to 
reduce 0t to Zero. All angles are in degrees. Similar tables can 
be derived for any other material systems having different 
values ofnl and n2. 

TABLE 1 

Tilt angle ‘b’ Refraction angle ot a 

4 4.41 0.41 0.19 
6 6.62 0.62 0.28 
8 8.83 0.83 0.38 

10 11.04 1.04 0.47 
12 13.26 1.26 0.57 
14 15.48 1.48 0.67 
16 17.70 1.70 0.76 
18 19.93 1.93 0.87 
20 22.16 2.16 0.97 
30 33.47 3.47 1.53 
40 45.15 5.15 2.18 
50 57.67 7.67 3.00 
60 72.79 12.79 4.13 
65 88.52 23.52 4.88 
65.014 89.89 24.87 4.88 

In practice, the correction, a, is not needed if the deviation, 0t, 
is Within the divergence angle of the light beam. The beam 
divergence is about 7°, and a value of a less than about 2° is 
acceptable. By this criterion, for example, no correction may 
be needed if the tilt angle is less than about 20°. For larger tilt 
angles up to about 65°, an offset correction may be needed. 

Adjusting the tilt angle of an optical emitting ?ber may also 
reduce re?ection by alloWing index matching of the optical 
emitting ?ber and the media through Which the light travels 
eliminating the need for an anti-re?ection coating on the 
optical ?ber tip. Normally, the re?ection coe?icient betWeen 
tWo media of refractive indices nl and n2 is given by equation 
3: 

(3) 

For the ?ber-blood interface case, the re?ection coe?icient is 
about 0.24% or —26 dB. For many applications, this value 
may be too high and may be reduced by index matching. For 
example, a quarter-Wave anti-re?ection (AR) layer may be 
used for index matching. In the particular case of ?ber and 
blood, the required index of the AR layer may be 1.4 Which is 
not commercially available, and for interferometry using 
high-poWer broad band sources, a re?ection beloW 0.01% or 
—40 dB is preferred. Tilting may achieve this index matching 
effect Without the use of AR coatings. Thus, a tilt may be used 
to reduce the effective re?ection to values that are beloW the 
normal index mismatch and that cannot be attained by an AR 
coating. 
The effective re?ectivity of the tilted ?at depends on the 

optical mode pro?le, the refractive indices, the tilt angle, and 
the distance of the tilt plane from the ?ber core. Calculations 
used for the design of superluminescent diodes using the 
tilted facets shoW that the re?ectivity drops sloWly for angles 
beloW about 4°, then drops rapidly for larger angles. [RE: G. 
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A. Alphonse and M. Toda, “Mode coupling in angled facet 
semiconductor optical ampli?ers and superluminescent 
diodes”, IEEEJ. Lightwave Tech, Vol. 10, pp. 215-219, 1992] . 
For example, a rough calculation indicates that the re?ectivity 
at 40 angle is of the order of 0.1% (or —30 dB) under condi 
tions similar to the ?ber-blood case, and a re?ectivity of less 
than 0.001% or —50 dB may be achieved for an 8° tilt. 

Therefore, in embodiments of the invention the tilt angle of 
the tilted ?at may be at least about 40 to achieve a lateral 
output optical emitting ?ber having a re?ectivity of beloW 
about 0.1%, and a larger tilt angle may provide re?ectivity of 
less than about 0.1%. The maximum alloWed angle is the 
angle of total internal re?ection betWeen the input and output 
media, provided that adequate off-radial compensation is 
made by offsetting the mirror angle from the nominal 45° 
angle and is 65° and the maximum mirror offset is 488° for 
the optical ?ber-to-blood system exempli?ed above. Finally, 
a tilt angle may be used at Which mirror offset is not necessary 
Wherein the output deviation from the radial direction is sig 
ni?cantly less than the beam divergence angle. For example, 
a radial deviation of about 2° may be considered acceptable. 
For the ?ber-to-blood system exempli?ed above, the tilt range 
for unnecessary correction is from about 4° to about 20°. In 
particular, an 8° tilt is adequate to provide a su?iciently loW 
re?ectivity With a 45° Within a reasonable tolerance of less 
than :1 °. Accordingly, embodiments of the invention include 
lateral output optical emitting ?bers having a tilt angle of 
from about 4° to about 65°, preferably from about 4° to about 
20°. 

In an embodiment, tilted ?at 34 may be formed on an 
optical emitting ?ber by removing a section of cladding mate 
rial from an optical emitting ?ber 10 at the exit surface E of 
light de?ected by a mirror 36 formed at an end of the optical 
emitting ?ber and processing that surface to a tilted ?at from 
the ?ber-clad normal exit surface. Without Wishing to be 
bound by theory, a tilted ?at 34 as described above may 
reduce or eliminate re?ection and astigmatism of an optical 
?ber for lateral output of light, and the reduction or elimina 
tion of re?ection and astigmatism may substantially reduce 
noise in the light signal propagated by the optical emitting 
?ber 10. In certain embodiments, lateral output optical emit 
ting ?bers having a tilted ?at 34 to reduce re?ection and 
astigmatism may be used in a multi-?ber optical probe 1 that 
may be used, for example, in LCI applications. 

The tilted ?at 34 of the present invention may also include 
a covering of any material knoWn in the art that alloWs light to 
be transmitted through Without altering, eliminating, or 
absorbing the light. Non-limiting examples of such materials 
include glass, polymers, plastics, and combinations thereof. 
The covering may be attached to the probe using any method 
knoWn in the art including, but not limited to, optical cement, 
epoxy or other compounds capable of attaching the ?at to the 
probe and the like. The covering may be a lens for the purpose 
of collimating or focusing the light to a certain distance. In 
other embodiments, the tilted ?at 34 may be coated With an 
anti-re?ective coating Which may further reduce re?ection of 
light exiting the optical emitting ?ber back into the optical 
emitting ?ber 10. 

The mirror 36 on the ?ber tip may be made by any means 
familiar to the art and may be, but is not limited to, an evapo 
rated metal, or a multi-layer interference mirror made from 
tWo or more dielectrics. In general, a mirror may be placed at 
an end of an optical emitting ?ber, and an angle at Which the 
mirror 36 is ground may be measured from a planar surface 
perpendicularly intersecting an axial centerline of the optical 
emitting ?ber. The mirror may be ground at an angle and may 
deviate slightly from the desired angle in one direction or 
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another in order to compensate for the effect of the tilt on the 
radial output of the ?ber. For example, in an embodiment, the 
mirror 36 may be ground at an angle Which deviates slightly 
from 45° to alloW light to exit the ?ber at an angle of about 90° 
as measured from the axial centerline of the optical emitting 
?ber 10. 

FIG. 5 illustrates a plot of the relationship betWeen the 
mirror angle and the tilt angle to meet this condition modeled 
for a ?ber having a modal index of 1.467 and forblood having 
an index of 1.330. The x-axis represents the mirror 36 devia 
tion angle “a” and the y-axis represents the tilt angle “b”. 
Although the sketch shoWs only a tapered embodiment, the 
formula may be used for a ?ared embodiment or other 
embodiment as Well. For example, for an 8 degree tilt, the 
deviation of the mirror 36 from about 45° is only about 0.38 
degree. Without implementing the about 0.38 degree devia 
tion, the offset from the radial direction Would be only about 
0.83 degree, Which may be insigni?cant in practice. 
An embodiment of the disclosure includes laterally 

de?ecting light from a ?ber probe While minimiZing re?ec 
tion and reducing or preventing astigmatism from the exit 
plane of the ?ber probe, and in certain embodiments, the ?ber 
probe may be used in a probe system. For example, a catheter 
or guideWire having one or more lateral output ?ber probes of 
embodiments may be used to probe an arterial lumen and to 
measure dimensions of the arterial lumen and accurately 
deploy a stent into the region. In some embodiments, the 
catheter device may include a plurality of lateral output opti 
cal emitting ?bers Which may be contained Within a 
guideWire structure or Within the catheter structure. The 
guideWire may be about 0.014" in diameter Which is repre 
sentative of current guideWire sizes used for coronary appli 
cations as understood by one skilled in the art. Alternatively, 
the siZe of the guideWire may vary depending on the desired 
application. For example, a guideWire and optical emitting 
?bers may be contained Within a balloon catheter. The bal 
loon catheter may be a holloW tube that is introduced over the 
guideWire. The unexpanded balloon catheter may be approxi 
mately 1 mm in diameter for coronary applications. A corre 
sponding siZed stent may then be deployed over the balloon 
catheter. 

Another embodiment of the disclosure is directed to a 
method for determining a siZe of a vessel lumen by use of 
optical radiation. The method may be an interferometric 
method that includes utiliZing optical radiations of coherence 
length, for example, shorter than approximately 20 um, or in 
some embodiments, less than about 10 pm. The resolution 
(the ability to distinguish adjacent features) of an interferom 
eter is determined by the coherence length of the light source. 
For example, a light source having a coherence length of 20 
um provides for a resolution of about 20 pm. The LCI 
re?ected signal, Which alloWs the siZe determination of an 
artery, may also be used to determine the linear distance of the 
optical emitting ?ber to a stent being deployed on a balloon, 
as Well as a linear distance to the lumen Wall. These linear 
dimensions, Which are obtained by analysis of specular 
re?ections received by the optical emitting ?bers alloWs for 
the determination of a cross-sectional area, and from that 
area, the diameter to Which a stent should be expanded. 
A further embodiment of the disclosure is a method of 

using received re?ections from Within an artery and calculat 
ing dimensions from such data to determine the siZe of a stent 
expansion in real time as Well as the siZe of the lumen. By use 
of feedback or other signal processing in real-time, stent 
expansion may be stopped during a process When a desired 
expansion siZe is achieved Without exceeding a maximum 
diameter of the lumen. For example, the stent expansion may 
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be controlled manually by a physician or alternatively may be 
controlled by an automated software system. Additionally, 
the software system may include a fail safe mechanism, 
Whereby expansion of a stent cannot exceed a maximum siZe, 
the maximum siZe being the measured diameter of the lumen 
of the artery. 

FIG. 6 illustrates an additional embodiment, featuring 
either type of tilted ?at 34. This embodiment may be obtained 
by seamlessly attaching an extra section of ?ber 60 to the 
probe 10. Although optical cement, epoxy or any other 
method familiar to the art may be used for attaching the extra 
section 60, fusion splicing may be used in order to maintain 
the same overall diameter of the main ?ber Without the use of 
excess material. This design provides for making a probe With 
the capability of bringing the ?ber exit surface close to the 
arterial Wall to reduce the propagation distance through 
blood. Propagation through blood may reduce the amount of 
backscattered signal from the arterial sample under examina 
tion. 

It is appreciated that certain features of the invention, 
Which are for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention, Which are for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
suitable sub combination. 

It Will be appreciated by persons skilled in the art that the 
present invention is not limited to What has been particularly 
shoWn and described hereinabove. Rather the scope of the 
present invention is de?ned by the appended claims and 
includes both combinations and sub combinations of the vari 
ous features described hereinabove, as Well as variations and 
modi?cations thereof, Which Would occur to persons skilled 
in the art upon reading the foregoing description. 
What is claimed is: 
1. A reduced re?ection, lateral output optical ?ber com 

prising: 
an optical emitting ?ber having a core and a cladding; 
a mirror positioned to de?ect light from the core laterally 

through the cladding; and 
a tilted ?at formed on the cladding around an exit plane of 

the de?ected light, Wherein the tilted ?at is tapered or 
?ared With respect to a planar surface parallel to an axial 
centerline of the optical emitting ?ber. 

2. The optical ?ber of claim 1, Wherein the mirror is formed 
at an end of the optical emitting ?ber and is adjacent to the 
tilted ?at. 

3. The optical ?ber of claim 2, Wherein the mirror is formed 
at an angle of about 45° as measured from a planar surface 
perpendicularly intersecting an axial centerline of the optical 
emitting ?ber. 

4. The optical ?ber of claim 2, Wherein the mirror deviates 
from a 45° angle to reduce re?ection from a tilted ?at having 
a tilt angle greater than about 20°. 

5. The optical ?ber of claim 1, Wherein the tilted ?at pro 
vides a ?at surface through Which the de?ected light exits the 
optical emitting ?ber. 

6. The optical ?ber of claim 1, Wherein the tilted ?at has a 
tilt angle such that re?ectivity of the tilted ?at back into the 
optical emitting ?ber is loWer than re?ectivity from a ?at With 
no tilt angle and/ or having no anti-re?ective coating. 

7. The optical ?ber of claim 1, Wherein the tilted ?at has an 
angle of about 40 to about 65° measured from the planar 
surface parallel to the axial centerline and tangent to an out 
ermost surface of the optical emitting ?ber. 
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8. The optical ?ber of claim 1, Wherein the tilted ?at has an 

angle of about 40 to about 20° measured from the planar 
surface parallel to the axial centerline and tangent to an out 
ermost surface of the optical emitting ?ber. 

9. The optical ?ber of claim 1, Wherein the tilted ?at has an 
angle of about 8° measured from the planar surface parallel to 
the axial centerline and tangent to an outermost surface of the 
optical emitting ?ber. 

10. The optical ?ber of claim 1, further comprising a cov 
ering over the tilted ?at. 

11. The optical ?ber of claim 1, further comprising a lens 
over the tilted ?at. 

12. The optical ?ber of claim 1, further comprising an 
anti-re?ection coating on the tilted ?at. 

13. The optical ?ber of claim 1, Wherein a substantial 
portion of light re?ected from the optical emitting ?ber is not 
recaptured by the ?ber core. 

14. The optical ?ber of claim 1, Wherein light exiting the 
optical emitting ?ber is substantially free of astigmatism. 

15. The optical ?ber of claim 1, Wherein the optical ?ber is 
used in an optical probe LCI system for stent deployment. 

16. A method for making a reduced re?ection, lateral out 
put optical ?ber comprising: 

providing an optical emitting ?ber having a core and a 
cladding; 

forming a mirror at an end of the optical emitting ?ber, said 
mirror being positioned to de?ect light from the core 
laterally through the cladding; and 

forming a tilted ?at on the cladding at an exit plane for light 
de?ected by the mirror Wherein the tilted ?at is tapered 
or ?ared With respect to a planar surface parallel to an 
axial centerline of the optical emitting ?ber. 

17. The method of claim 16, Wherein the step of forming a 
tilted ?at comprises removing a portion of the cladding to 
provide a ?at surface at the exit plane. 

18. The method of claim 16, Wherein the exit plane is at 
about 90° measured from the axial centerline of the optical 
emitting ?ber. 

19. The method of claim 16, Wherein the tilted ?at has a tilt 
angle of about 8° measured from the planar surface parallel to 
the axial centerline and tangent to an outermost surface of the 
optical emitting ?ber. 

20. The method of claim 16, further comprising attaching a 
lens to the tilted ?at. 

21. The method of claim 16, further comprising coating the 
tilted ?at With an anti-re?ective coating. 

22. A method for reducing re?ection and astigmatism of 
light exiting an optical emitting ?ber at an angle other than 0° 
comprising: 

forming a mirror at an end of the optical emitting ?ber, said 
mirror being positioned to de?ect light from the core 
laterally through the cladding; and 

forming a tilted ?at on the cladding at an exit plane for light 
de?ected by the mirror, Wherein the tilted ?at is tapered 
or ?ared With respect to a planar surface parallel to an 
axial centerline of the optical emitting ?ber. 

23. The method of claim 22, Wherein the step of forming a 
tilted ?at comprises removing a portion of the cladding to 
provide a ?at surface at the exit plane. 

24. The method of claim 22, Wherein the tilted ?at has a tilt 
angle of about 8° measured from the planar surface parallel to 
the axial centerline and tangent to an outermost surface of the 
optical emitting ?ber. 


