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(57) ABSTRACT 

In an optical Waveguide feedthrough assembly, and method 
of making such an assembly, a tubular member de?nes an 

axially elongated, annular surface, and the annular surface 
forms an axially elongated optical feedthrough cavity. An 
optical ?ber or like Waveguide is received through the 
axially-elongated optical feedthrough cavity, and is spaced 
radially inwardly relative to the annular surface to thereby 
de?ne an axially-elongated annular cavity betWeen the ?ber 
and annular surface. An epoxy adhesive is introduced in its 

liquid phase into one end of the annular cavity, and is 
alloWed to ?ll the annular cavity by capillary action. Upon 
?lling the annular cavity, the epoxy hardens and cures and, 
in turn, adhesively secures the optical ?ber Within the 
tubular member. The annular surface de?nes a plurality of 
constrictions in the annular cavity to further secure the solid 
epoxy plug Within the cavity, and prevent the plug from 
moving in response to axially-directed forces encountered in 
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OPTICAL FIBER FEEDTHROUGH ASSEMBLY 
AND METHOD OF MAKING SAME 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. patent application Ser. No. 09/628,114, ?led Jul. 28, 
2000, the disclosure of Which is hereby incorporated by 
reference in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to feedthroughs for 
optical Waveguides, and more particularly, to hermetically 
sealed feedthroughs suitable for use in high pressure, high 
temperature, and/or other harsh environments. 

BACKGROUND ART 

[0003] In many industries and applications, there is a need 
to have small diameter Wires or optical Waveguides pen 
etrate a Wall, bulkhead, or other feedthrough member 
Wherein a relatively high ?uid or gas differential pressure 
exists across the feedthrough member. In addition, one or 
both sides of the feedthrough member may be subjected to 
relatively high temperatures and other harsh environmental 
conditions, such as corrosive or volatile gas, ?uids and other 
materials. In the case of electrical Wires, these devices, 
called feedthroughs or penetrators, typically are constructed 
by using electrically conductive metal ‘pins’ having a loW 
thermal coef?cient of expansion. The pins are concentrically 
located Within a hole in a housing, and the resulting annular 
space is ?lled With a suitable sealing glass. Critical to the 
success of such seals is the selection and approximate 
matching of the thermal expansion rates of the various 
materials, i.e., the metal housing, sealing glass, and electri 
cal pin. As the temperature range over Which the 
feedthrough is exposed increases, the matching of thermal 
expansion rates becomes increasingly important in order to 
avoid failure of the feedthrough by excessive thermal stress 
at the interface layers betWeen the various materials. This 
technology is relatively mature for electrical feedthroughs, 
and commercial devices are readily available that meet 
service temperatures in excess of 200° C. 

[0004] More recently, With the introduction of optical 
sensors, particularly sensors for use in oil and gas explora 
tion and production, a need has emerged for a bulkhead 
feedthrough that can seal an optical ?ber at high pressures of 
20,000 psi and above, and high temperatures of 150° C. to 
250° C., With desired service lives of 5 to 10 years. The 
sensing assembly of FIG. 3 is of the type disclosed in 
co-pending US. patent application Ser. No. 09/440,555 ?led 
Nov. 15, 1999, entitled “Pressure Sensor Packaging For 
Harsh Environments”, Which is assigned to the Assignee of 
the present invention and is hereby expressly incorporated 
by reference as part of the present disclosure (CiDRA 
Docket No. CC-0198). 

[0005] There are several problems associated With con 
structing such an optical ?ber feedthrough. One of these 
problems is the susceptibility of the glass ?ber to damage 
and breakage. This is due to the small siZe of the ?ber, the 
brittle nature of the glass material, the susceptibility of the 
glass to stress corrosion cracking due to moisture exposure, 
and the typical presence of a signi?cant stress concentration 
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at the point at Which the ?ber enters and exits the 
feedthrough. Attempts to use a hard sealing glass, such as 
used With electrical feedthroughs, have had problems of this 
nature due to the high stress concentration at the ?ber-to 
sealing glass interface. 
[0006] Another problem With sealing an optical ?ber, as 
opposed to sealing an electrically-conductive metal ‘pin’ in 
an electrical feedthrough, is that the fused silica material of 
Which the optical ?ber is made, has an extremely loW 
thermal expansion rate. Compared to most engineering 
materials, including metals, sealing glasses, and even the 
metal ‘pins’ typically used in electrical feedthroughs, the 
coef?cient of thermal expansion of the optical ?ber is 
essentially Zero. This greatly increases the thermal stress 
problem at the glass-to-sealing material interface, particu 
larly as the application temperatures rise. 

[0007] One technique used to produce optical ?ber 
feedthroughs is the use of a sealed WindoW With a lensing 
system. In this technique, the optical ?ber must be termi 
nated on each side of a pressure-sealed WindoW, thus alloW 
ing the light to pass from the ?ber into a lens, through the 
WindoW, into another lens, and ?nally into the second ?ber. 
The disadvantages associated With this system include the 
non-continuous ?ber path, the need to provide tWo ?ber 
terminations thus increasing manufacturing complexity, and 
the light attenuation associated With these features. 

[0008] Another approach to producing optical ?ber 
feedthroughs involves passing the ?ber through a bulkhead 
Without termination, While providing a seal around the ?ber 
to prevent leakage across the bulkhead. One such seal has 
been implemented by means of a sapphire compression 
?tting to take advantage of the pressure differential typically 
present across a bulkhead in a harsh environment. One 
disadvantage associated With this type of seal, hoWever, is 
that it has been found to suffer from creep of material across 
the bulkhead in the direction of the decreasing pressure 
gradient, Which can, in turn, compromise both the optical 
?ber and seal. 

[0009] It is often desirable to mount ?ber optic based 
sensors in harsh environments that are environmentally 
separated from other environments by physical bulkheads. 
An exemplary such ?ber optic based sensor is disclosed in 
co-pending US. patent application Ser. No. 09/205,944 
(Docket No. CC-0036) entitled “Tube-Encased Fiber Grat 
ing Pressure Sensor” to T. J. Bailey et al., Which is assigned 
to the Assignee of the present invention and is hereby 
expressly incorporated by reference as part of the present 
disclosure. This exemplary optical sensor is encased Within 
a tube and certain embodiments are disclosed Wherein the 
sensor is suspended Within a ?uid. Some such ?ber optic 
sensors have sensors and tubes that are comprised of glass, 
Which tends to be relatively fragile, brittle and sensitive to 
cracking. Thus, the use of such a sensor in a harsh environ 
ment, such as Where the sensor Would be subjected to 
substantial levels of pressure, temperature, shock and/or 
vibration, presents a signi?cant threat of damage to the 
sensor. In certain environments, such sensors are subjected 
to continuous temperatures in the range of 150° C. to 250° 
C., shock levels in excess of 100 Gs, and vibration levels of 
5G RMS at typical frequencies betWeen about 10 HZ and 
200 HZ and pressures of about 15 kpsi or higher. 

[0010] HoWever, as discussed above, the harsh environ 
ments Where the sensors are located generally must be 
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isolated by sealed physical barriers from other proximate 
environments through Which the optical ?ber communica 
tion link of the sensor must pass. It is important to seal the 
bulkhead around the optical ?ber to prevent adjacent envi 
ronments from contamination, as Well as to protect the 
optical ?ber as it passes through adjacent environments. If 
the optical ?ber is compromised by contamination from an 
adjacent harsh environment, the optical ?ber and all sensors 
to Which it is connected are likely to become useless. 

[0011] Accordingly, it is an object of the present invention 
to provide an optical Waveguide feedthrough assembly, and 
a method of making such an assembly, Which overcomes one 
or more of the above-described draWbacks and disadvan 
tages of the prior art, and is capable of relatively long-lasting 
operation at relatively high pressures and/or temperatures. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to an optical 
Waveguide feedthrough assembly for passing at least one 
optical Waveguide, such as an optical ?ber, through a sensor 
Wall, bulkhead, or other feedthrough member. The 
feedthrough assembly of the present invention comprises a 
tubular member or like support de?ning an axially elon 
gated, annular surface, Wherein the annular surface forms an 
axially elongated optical feedthrough cavity. The optical 
?ber or like Waveguide is received through the axially 
elongated optical feedthrough cavity, and is spaced radially 
inWardly relative to the annular surface to thereby de?ne an 
axially-elongated annular cavity betWeen the ?ber and annu 
lar surface. Asealant, such as an epoxy adhesive, is received 
Within and substantially ?lls the annular cavity. The sealant 
exhibits adhesive properties at the interface of the sealant 
and optical ?ber, and at the interface of the sealant and the 
annular surface, to adhesively secure and hermetically seal 
the optical ?ber Within the feedthrough cavity and substan 
tially prevent axial movement of the sealant and optical ?ber 
relative to the annular surface. 

[0013] The optical feedthrough cavity is de?ned by an 
outer dimension having one or more variations along the 
axial direction thereof, and the dimensional variations coop 
erate With the sealant to further prevent axial movement of 
the sealant relative to the annular surface. In accordance 
With an embodiment of the present invention, the annular 
surface of the tubular member de?nes one or more annular 
constrictions or like radially projecting interruptions form 
ing the variations in the outer dimension of the annular 
cavity for further preventing movement of the epoxy or like 
sealant plug in the axial direction. 

[0014] The present invention is also directed to a method 
of making an optical feedthrough assembly, including the 
folloWing steps: (a) forming the annular cavity of the tubular 
member With a predetermined Width betWeen the optical 
?ber and the annular surface to alloW the epoxy or other 
sealant in its liquid phase to substantially ?ll the annular 
cavity by capillary action; (b) selecting a polymeric or other 
type of sealant capable of exhibiting a viscosity Which 
alloWs the sealant to substantially ?ll the annular cavity by 
capillary action, and also capable of exhibiting a viscosity 
Which substantially prevents leakage of the sealant out of the 
ends of the annular cavity upon ?lling the cavity; (c) 
introducing the polymeric or other sealant in its liquid phase 
into the annular cavity and alloWing the sealant to substan 
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tially ?ll the annular cavity by capillary action; and (d) 
Wherein upon ?lling the annular cavity, the polymeric or like 
sealant transitions to its solid phase and adhesively secures 
the ?ber Within the optical feedthrough cavity, and substan 
tially prevents movement of the solid epoxy or sealant plug 
out of the cavity. 

[0015] One advantage of the method and assembly of the 
present invention is that they are capable of providing an 
optical feedthrough assembly With minimal leakage and 
high longevity in relatively high pressure, high temperature 
and other harsh environments. 

[0016] Another advantage of the method and assembly of 
the present invention is that they enable the use of polymeric 
or like sealants having loW elastic moduli to thereby sig 
ni?cantly improve the resistance of the glass ?ber to damage 
and breakage. Epoxies or like sealants further provide a 
natural strain relief at the interface betWeen the glass ?ber 
and the feedthrough assembly at the points Where the ?ber 
enters and exits the feedthrough. Accordingly, the 
feedthrough assemblies of the present invention may exhibit 
signi?cantly loWer stress concentrations and improved sur 
vivability in comparison to the prior art feedthroughs 
described above. 

[0017] Another advantage of the method and assembly of 
the present invention is that they enable the use of a 
polymeric or like sealant having a relatively loW elastic 
modulus to minimiZe any thermal stress at the interface of 
the optical ?ber or like Waveguide and feedthrough assem 
bly. As a result, the present invention substantially avoids 
the problems encountered in the above-described prior art 
feedthroughs Wherein signi?cant thermal stresses are cre 
ated at the interfaces of the optical ?bers and feedthroughs 
due to the extremely loW rate of thermal expansion of the 
optical ?ber material in contrast to the adjoining material of 
the prior art feedthroughs. 

[0018] Afurther advantage of the method and assembly of 
the present invention is that the feedthrough assembly may 
form a continuous (or uninterrupted) ?ber or like Waveguide 
path from one end of the assembly to the other. As a result, 
there is essentially Zero light attenuation When using, for 
example, single mode ?ber With a high numerical aperture 
(NA). Such high NA single mode ?ber, sometimes called 
‘bend-insensitive’ ?ber, is typically used in Bragg grating 
based optical ?ber sensors employed in oil and gas explo 
ration and production, Where the loW light attenuation prop 
erties of the ?ber are particularly useful in such systems 
having sensors located at great distances from the light 
source Which interrogates the sensor. 

[0019] These and other objects and advantages of the 
present invention Will become readily apparent in vieW of 
the folloWing detailed description of preferred embodiments 
and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a cross-sectional vieW of an optical 
Waveguide feedthrough assembly embodying the present 
invention. 

[0021] FIG. 2 is a cross-sectional vieW of the tubular 
member of the feedthrough assembly of FIG. 1 for receiving 
therethrough at least one optical Waveguide. 
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[0022] FIG. 3 is a somewhat schematic, cross-sectional 
vieW of an optical sensing assembly employing the optical 
Waveguide feedthrough assembly of FIG. 1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0023] In FIG. 1, an optical Waveguide feedthrough 
assembly embodying the present invention is indicated 
generally by the reference numeral 10. As shoWn in FIGS. 
1 and 2, the feedthrough assembly 10 comprises a 
feedthrough body or tubular member 12 de?ning an axially 
elongated, annular surface 14 extending from approximately 
one end of the tubular member to the other, and an optical 
feedthrough cavity 16 formed Within the annular surface. 
The annular surface 14 and feedthrough cavity 16 de?ne an 
elongated axis 18. As shoWn in FIG. 1, at least one optical 
Waveguide 20 is received through the feedthrough cavity 16, 
and is spaced radially inWardly relative to the annular 
surface 14 to thereby de?ne an axially elongated annular 
cavity 22 betWeen the optical Waveguide 20 and annular 
surface 14 and extending from one end of the tubular 
member 12 to the other. 

[0024] A ?oWable adhesive or sealant 24, such as a 
polymeric sealant as Will be more fully described herein 
beloW, is received Within the annular cavity 22, surrounds 
the optical Waveguide 20, and substantially ?lls the annular 
cavity 22 from approximately one end of the tubular mem 
ber 14 to the other. As described further beloW, the sealant 
24 exhibits liquid and solid phases, and is introduced in its 
liquid phase into one end of the annular cavity 22 and ?lls 
the annular cavity by capillary action. Then, the sealant 24 
transitions from its liquid to its solid phase, and exhibits 
adhesive properties at the interfaces of the sealant and both 
the annular surface 14 and Waveguide 20, to adhesively 
secure and hermetically seal the Waveguide Within the 
tubular member. 

[0025] The feedthrough assembly 10 further comprises a 
?rst support 26 de?ning a ?rst mounting surface 28 formed 
therethrough for receiving one end of the tubular member 
12, and a second mounting surface 30 formed along the 
outer periphery of the ?rst support. A second support 32 
de?nes an elongated aperture 34 for receiving therethrough 
the tubular member 12, and a mounting recess 36 formed at 
one end of the support for receiving and ?xedly securing 
thereto the ?rst support 26. The second support 32 de?nes an 
external mounting surface 38 for mounting the optical 
feedthrough assembly 10 Within a feedthrough member 40 
in a conventional manner, such as a metal-to-metal seal, 
o-ring seal, or Weldment. 

[0026] As shoWn best in FIG. 2, the annular surface 14 
de?nes an inner dimension (Which also de?nes the outer 
dimension of the optical feedthrough cavity 16) having at 
least one variation along the axial direction thereof, Which, 
as described further beloW, cooperates With the sealant 24 to 
substantially prevent movement of the sealant and optical 
Waveguide relative to the annular surface. In the illustrated 
embodiment, the inner dimension of the annular surface 14, 
and the outer dimension of the optical feedthrough cavity 16, 
is the diameter “D”, and as can be seen, the diameter varies 
along the axial direction betWeen the diameter “D1” and the 
diameter “D2”. As also shoWn in FIG. 2, in the illustrated 
embodiment, the tubular member 12 de?nes a plurality of 
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radially inWardly projecting interruptions 42 in the annular 
cavity 22 and axially spaced relative to each other that de?ne 
the variations in the diameter “D”. The radially projecting 
interruptions 42 are de?ned by ?rst surface areas shoWn 
typically at 43, and contiguous second surface areas shoWn 
typically at 44 that are spaced radially inWardly relative to 
the ?rst surface areas. In the illustrated embodiment of the 
present invention, the radially proj ecting interruptions 42 are 
formed by radially crimping the tubular member 12 over a 
gage pin (not shoWn). As may be recogniZed by those skilled 
in the pertinent based on the teachings herein, numerous 
other techniques equally may be employed for creating the 
radially inWardly projecting interruptions, such as by 
employing a premolded tubular member. In addition, the 
outer surface of the tubular member may be uniform and 
need not include dimensional variation. As also shoWn best 
in FIG. 2, transition regions shoWn typically at 45 extend 
betWeen the ?rst and second surface areas 43 and 44, 
respectively, and de?ne smooth or rounded surfaces. As 
described further beloW, the rounded transition regions 45 
promote the How of sealant 24 throughout the annular cavity 
22 in a substantially laminar manner to thereby de?ne a 
substantially voidless layer of sealant. 
[0027] One advantage of the radial projections 42 is that 
upon ?lling the annular cavity 22 With the sealant 24, and 
transitioning the sealant to its solid phase, the radial pro 
jections cooperate With the sealant to further prevent axial 
movement of the solid sealant plug and/or Waveguide 20 in 
the axial direction. In high-pressure applications, the pres 
sure applied to the sealant 24 at the high-pressure end of the 
assembly tends to force the sealant axially Within the tube. 
If sufficient, the high pressure could over time break the 
adhesive bond betWeen the sealant and annular surface of 
the tube and, in turn, force or extrude the sealant through the 
tube. HoWever, the radial projections 42 (or like dimensional 
variations) provide a mechanical resistance to extrusion of 
the sealant out the loW-pressure end of the feedthrough 
assembly, thereby providing an additional safety factor to 
the adhesive bonds. In addition, the radial projections 42 of 
the tubular member provide mechanical holding to prevent 
movement of the sealant plug in either the high or the 
loW-pressure directions due to applied thermal and/or pres 
sure cycles. 

[0028] As may be recogniZed by those skilled in the 
pertinent art based on the teachings herein, the feedthrough 
assembly of the present invention may employ one or more 
such radially projecting interruptions or like dimensional 
variations, and the interruptions or like dimensional varia 
tions may take any of numerous different shapes or con 
?gurations. For example, rather than have the second surface 
portions 44 project radially inWardly, one or more of these 
surface portions may project radially outWardly relative to 
the contiguous second surface portion 43. In addition, the 
radially projecting surface portions need not extend annu 
larly about the optical Waveguide 20, but rather may extend 
over a more limited, or different surface area. For example, 
the radially projecting interruptions may be de?ned by one 
or more dimples or discrete protuberances formed on the 
annular surface 14. Alternatively, the radially projecting 
interruptions may be formed by discrete members ?xedly 
secured to the annular surface, or otherWise projecting 
radially inWardly relative to the annular surface. Those 
skilled in the pertinent art may further recogniZe based on 
the teachings herein that the axially-elongated, annular sur 
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face 14 need not de?ne a circular cross-sectional con?gu 
ration, but rather may de?ne any of numerous different 
shapes and/or con?gurations Without departing from the 
scope of the present invention. 

[0029] At the high-pressure end 47 of the feedthrough 
assembly 10, the sealant 24 is subjected to high-pressure 
?uid over its exposed end face. The force per unit area 
applied by such high-pressure ?uid to the end face is a 
function of the outside diameter of the sealant 24 (or the 
diameter or other dimension de?ning the optical feedthrough 
cavity 16). Accordingly, as the outside diameter of the 
sealant 24 (or the diameter of the annular surface 14 or 
feedthrough cavity 16) is reduced, the reduction in total 
force applied by the high pressure ?uid to the end face of the 
sealant 24 is a function of the diameter squared (or is a 
function of the circumference of the bond line to the annular 
surface 14 to the ?rst poWer). Accordingly, as shoWn in 
FIGS. 1 and 2, for relatively high pressure applications, a 
radially projecting interruption 42 is formed on at least the 
high pressure end 47 of the tubular member 12 to thereby 
reduce the outer diameter of the sealant 24 and, in turn, 
minimiZe the forces applied to the sealant in the axial 
direction. As shoWn best in FIG. 2, an embodiment of the 
tubular member 12 includes radially projecting interruptions 
42 at both ends. The tubular member is similar to that 
disclosed in the aforementioned US patent application 
CiDRA Docket number CC-0293, ?led contemporaneously 
hereWith, the disclosure of Which is hereby incorporated by 
reference in it’s entirety. 

[0030] In an embodiment of the present invention, the 
sealant 24 is an epoxy capable of Withstanding temperatures 
Within the range of about 150° C. to about 250° C. and 
capable of exhibiting a viscosity Within the range of about 
3,000 centipoises through about 85,000 centipoises. In addi 
tion, the epoxy 24 in a certain embodiment is a 100% solids 
epoxy. Epoxies that are approximately 100% solids do not 
expel solvents or volatiles during cure, and therefore create 
a substantially void-free epoxy layer ?lling the annular 
cavity 22 from one end of the tubular member 12 to the 
other. Other epoxies may be used, depending on the par 
ticular application; hoWever, epoxies that are not 100% 
solids may contain volatile compounds or solvents that 
escape or evaporate during cure. Thus, if such epoxies are 
employed in the apparatus of the present invention, any such 
volatiles might expand during cure and expel some or all of 
the epoxy Within the tubular member 12. As a result, voids 
Would likely remain Within the annular cavity 22. Any such 
voids could, in turn, create non-axisymmetric stress ?elds, 
leading to high ?ber stress, poWer attenuation in the ?ber 
due to ?ber bending, and collapse of one or more of the 
voids due to applied high pressures. 

[0031] For long term service With high reliability, the 
sealant 24, such as the epoxies described above, exhibit a 
glass transition temperature that is signi?cantly above the 
service temperature of the feedthrough assembly. One such 
sealant is an anhydride cure epoxy manufactured by Aremco 
Inc. under the designation “526N”. The glass transition 
temperature of this epoxy is approximately 160° C. In 
addition, the viscosity of this epoxy at room temperature is 
approximately 85,000 centipoises, Which, When employed in 
the present invention, is suf?ciently high to prevent capillary 
action from draWing the epoxy through the annular cavity 22 
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Without ?rst loWering the viscosity by preheating the tubular 
member 12 and optical Waveguide 20, as described further 
beloW. 

[0032] As may be recogniZed by those skilled in the 
pertinent art based on teachings herein, the sealant 24 may 
take the form of any of numerous different sealants that are 
currently knoWn or later become knoWn for performing the 
functions of the sealant 24. For example, the sealant may 
take the form of any of numerous different polymeric 
sealants, such as any of numerous different epoxies or other 
thermoset resins, and such sealants may include ?llers or 
other agents for obtaining the desired physical characteris 
tics of the sealant for a particular application. For relatively 
high pressure and/or high temperature environments, such as 
for use in oil or gas Wells, the sealant is preferably capable 
of Withstanding continuous temperatures of at least 1500 C., 
and continuous pressures of at least 15 kpsi, and most 
preferably is capable of Withstanding continuous tempera 
tures Within the range of about 150° C. to about 175° C., and 
continuous pressures Within the range of about 15 kpsi to 
about 20 kpsi. In addition, the preferred sealant for such 
applications is at such temperatures and/or pressures capable 
of resisting creep (i.e., material ?oW) and softening, and also 
is capable of maintaining the adhesive bond betWeen the 
sealant and annular surface 14 and betWeen the sealant and 
outer surface of the optical Waveguide, such as the buffer 
layer of an optical ?ber. 

[0033] As also may be recogniZed by those skilled in the 
pertinent art based on the teachings herein, the optical 
Waveguide 20 may be any of numerous different devices that 
are currently or later become knoWn for conducting optical 
signals along a desired pathWay. Accordingly, the optical 
Waveguide 20 may include, for example, an optical ?ber 
(such as a standard telecommunication single mode optical 
?ber), an optical ?ber having a Bragg grating impressed (or 
embedded or imprinted) in the ?ber, or any of numerous 
other types of optical Waveguides, such as multi-mode, 
birefringent, polariZation maintaining, polariZing, multi 
core or multi-cladding optical Waveguides, or ?at or planar 
Waveguides, any of Which may be referred to as an optical 
?ber herein. In addition, the feedthrough assembly 10 may 
include a single such Waveguide as shoWn in FIG. 1, or may 
include a plurality of such Waveguides. 

[0034] As also may be recogniZed by those skilled in the 
pertinent art based on the teachings herein, the body or 
tubular member 12 may be formed of any of numerous 
different materials that are currently or later become knoWn 
for performing one or more of the functions of the tubular 
member (and annular surface) described herein. For high 
pressure and/or high temperature applications, the tubular 
member preferably exhibits high strength, corrosion resis 
tance, temperature and pressure stability, and predictably 
induced plastic deformation. In an embodiment of the 
present invention, the tubular member 12 is formed of an 
annealed nickel alloy, such as the alloy sold by Inco Alloys 
International, Inc. under the mark “Iconel 600”. HoWever, as 
indicated above, any of numerous other materials may be 
suitable for the tubular member, such as stainless steel, other 
nickel-based alloys, including Incoloy® and Nimonic® 
(registered trademarks of Inco Alloys International, Inc.), 
carbon, chromium, iron, molybdenum, and titanium (e.g., 
Inconel 625). In addition, the tubular member 12 (or other 
structure forming the annular surface 14) may take any of 
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numerous different shapes or con?gurations. For example, 
rather than a circular cross-sectional con?guration, the tubu 
lar member or annular surface may have a square, rectan 
gular, oval, elliptical, clam-shall or other desired shape. 

[0035] In accordance With the method of the present 
invention, the feedthrough assembly 10 is manufactured in 
accordance With the following steps: (a) The annular cavity 
22 is formed With a predetermined minimum Width “D” 
(FIG. 1) betWeen the optical Waveguide 20 and the annular 
surface 14 to alloW the sealant 24 in its liquid phase to 
substantially ?ll the annular cavity by capillary action; (b) A 
sealant 24 is selected Which is capable of exhibiting a 
viscosity Which alloWs the sealant to substantially ?ll the 
annular cavity 22 by capillary action, and also is capable of 
exhibiting a viscosity Which substantially prevents leakage 
of the sealant out of one or both ends of the annular cavity 
upon substantially ?lling the cavity. (c) Then, the sealant 24 
is introduced in its liquid phase into the annular cavity, and 
is alloWed to substantially entirely ?ll the annular cavity by 
capillary action. Although the sealant may be introduced 
into the annular cavity at either end, in a current embodi 
ment, the sealant is introduced at the high pressure end 47. 
(d) Upon ?lling the annular cavity 22, the sealant 24 
transitions to its solid phase and adhesively secures the 
optical Waveguide 20 Within the optical feedthrough cavity 
16, and substantially prevents movement of the sealant and 
the optical Waveguide relative to the annular surface 14. 

[0036] With the epoxy or like polymeric sealants of the 
present invention, the annular surface 14 and optical 
Waveguide 20 are preheated to a predetermined elevated 
temperature prior to introducing the epoxy into the annular 
cavity. The annular surface and Waveguide are heated to the 
?rst stage cure temperature of the epoxy. Then, the epoxy is 
introduced into one end of the cavity and heated to its ?rst 
stage cure temperature upon contacting the preheated annu 
lar surface 14 and optical Waveguide 20. This, in turn, 
reduces the viscosity of the epoxy to facilitate ?lling the 
annular cavity at a relatively rapid rate by capillary action. 

[0037] One important step in the method of this embodi 
ment is to select an adhesive or epoxy With a viscosity Within 
a range that is loW enough to alloW it to be draWn by 
capillary action into the annular cavity 22, With or Without 
loWering the viscosity by preheating, Within a reasonable 
period of time. For example, if heat is applied to loWer the 
viscosity prior to ?lling, but the viscosity is still too high for 
reasonably rapid ?lling, the epoxy may begin to harden and 
cure prior to ?lling the cavity and may thereby prevent 
complete ?lling of the cavity. Alternatively, if the viscosity 
of the epoxy is too loW, the epoxy may not remain contained 
Within the annular cavity 22 for a long enough time for 
curing to begin. As a result, the epoxy may leak out of the 
annular cavity 22 and cause an incomplete ?ll. 

[0038] As described above, in the current embodiment of 
the present invention, an epoxy or other sealant capable of 
exhibiting a viscosity Within the range of about 3,000 
centipoises to about 85,000 centipoises has proven to be 
effective in manufacturing the optical feedthrough assem 
blies in accordance With the present invention. In one 
embodiment, the tubular member 12 de?nes a nominal 
inside diameter of about 0.022 inches, the overall length of 
the tubular member 12 is about 2.0 inches, the outside 
diameter of the ?ber 20 over the buffer is about 0.006 inches, 
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and the epoxy exhibits a viscosity in the range of about 3,000 
centipoises to about 85,000 centipoises. In this embodiment, 
the diameter D2 is preferably Within the range of about 
0.015 to about 0.030 inch, and most preferably Within the 
range of about 0.020 to about 0.025 inch. When the tubular 
member 12 and optical ?ber 20 are preheated to about 90° 
C., the annular cavity 22 can be ?lled by capillary action in 
less than approximate ?ve (5) minutes. Preferably, the 
maximum Width “D2” (FIG. 1) of the annular plug of 
sealant 24 is no more than approximately tWice the diameter 
of the optical Waveguide(s) 20 (or maximum Width) in order 
to ?ll the annular cavity by capillary propagation (or “Wick 
mg’). 

[0039] Also in accordance With this embodiment of the 
present invention, the tubular member 12 is ?rst assembled 
to the ?rst support 26 and second support 32 prior to 
introducing the sealant 24 into the annular cavity 22. First, 
the ?rst support 26 is ?xedly secured to the high-pressure 
end of the tubular member 26 using a technique such as laser 
Welding, Which alloWs precise Welding of relatively thin 
cross sectional parts like the tubular member 12. As shoWn 
in FIG. 1, the ?rst support 26 is in the form of a cylinder; 
hoWever, as may be recogniZed by those skilled in the 
pertinent art based on the teachings herein, the ?rst support 
may take any of numerous other shapes or con?gurations. 
The ?rst support/tubular member assembly (26, 12) is then 
?xedly secured to the second support 32 by, for example, 
Welding, such as electron beam Welding. 

[0040] Next, the optical Waveguide or ?ber 20 is installed 
concentrically Within the tubular member 12 With relatively 
high precision, typically Within a true position of about 
0.001 inches. One particularly versatile method of the inven 
tion that Will accommodate geometry variations in the 
tubular member and/or Waveguide is to utiliZe a high 
precision, three-axis translation stage (not shoWn) of a type 
knoWn to those of ordinary skill in the pertinent art on each 
end of the tubular member 12. Proper adjustment of these 
stages, While maintaining mild tension on the optical ?ber 
suf?cient to keep it straight, Will align the ?ber concentri 
cally Within the metal tube. A signi?cant advantage of the 
approximately concentric alignment of the Waveguide or 
?ber With the annular surface is that it provides an axisym 
metric stress ?eld on the ?ber during epoxy curing, and 
during subsequent thermal and ?uid pressure loading. 

[0041] Turning to FIG. 3, an optical sensing assembly 
employing the optical Waveguide feedthrough 10 of the 
present invention is indicated generally by the reference 
numeral 50. The sensing assembly of FIG. 3 is of the type 
disclosed in the aforementioned co-pending US. patent 
application Ser. No. 

[0042] As shoWn in FIG. 3, the sensing assembly 50 
comprises an optical sensor 52 disposed Within a volume 54 
partially de?ned by a sensor housing 56 that is ?lled With a 
viscous ?uid 58 to essentially “?oat” the sensor Within the 
sensor housing. The viscous ?uid 58“?oats” sensor element 
52 Within sensor housing 56 providing ?uid dampening to 
the sensor and alloWing for uniform pressure distribution 
about the sensor. The sensor 52 may be any of numerous 
different types of optical sensors, such as pressure, tempera 
ture and/or force sensors, that bene?t from shock and 
vibration protection. For example, the sensor 52 may be a 
pressure sensor of the type described in one or both of the 
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above-mentioned US. Patent applications. In the case of a 
?ber optic based sensor element 52, Waveguide 20 may be 
comprised of one or more ?ber optic cables. 

[0043] Sensing assembly 50 further comprises a pressure 
transmission device 60, such as a belloWs, disposed Within 
a pressure housing 64 and in ?uid communication With 
volume 54. Pressure transmission device 60 is exposed to a 
viscous ?uid 65, Which may be the same or different than 
viscous ?uid 58, having a pressure P1 entering the pressure 
housing 64 through an inlet 66 from a source (not shoWn). 
Pressure transmission device 60 reacts to pressure P1 in the 
direction indicated by arroW 61 and produces a correspond 
ing pressure P2 Within volume 58. Pressure P2 is a quasi 
hydrostatic pressure that is distributed about pressure sensor 
52 enabling the accurate determination of P1. In certain 
embodiments, ?uid 65 comprises those ?uids typically 
encountered Within an oil production Well, including oil, 
gas, Water and air, among others. Sensor housing 56 is ?lled 
With a ?uid such as a viscous ?uid, grease, silicone oil, or 
other ?uids that provide shock and/or vibration isolation and 
prevent the sensor 52 from violently contacting the inner 
Walls of the housing When subject to shock or vibration. 
Pressure transmission device 60 is coupled to volume 54 in 
such a Way as to transmit the pressure P1 to volume 54 
Wherein there Will be a corresponding pressure P2 sensed by 
the pressure sensor 52. Further, pressure transmission device 
60 may be con?gured to maintain ?uid 58 in a relatively 
void free condition, but in any event maintains a minimum 
pressure Within volume 54 and retains sensor 52 in a 
suspended or ?oating position as described above. The 
maintenance of this ?uid ?lled, void free condition is also 
useful to protect the sensor 52 from shock and vibration 
during shipping, deployment, and handling. 

[0044] The viscous ?uid 54 isolates the sensor 52 from 
shock or vibration induced to the sensor assembly 50 by 
maintaining an average gap 68, thereby decoupling the 
sensor 52 from the housing 56. By decoupling the sensor 52 
from the housing 56, the sensor assembly 50 virtually 
eliminates base strain from the housing, and in turn achieves 
essentially a Zero base strain sensitivity. Pressure sensor 52 
is exposed to pressure P2 and transmits a signal correspond 
ing to the level of pressure of ?uid 58 via optical Waveguide 
20. In order to insure that the sensor 52 is free to ?oat Within 
housing 56, optical Waveguide 20 may be provided With a 
strain relief, or ?exure portion 70 Which creates a loW 
stiffness attachment betWeen the sensor element 52 and its 
base structure, the housing 56. 

[0045] As shoWn in FIG. 3, the optical Waveguide 
feedthrough assembly 10 of the present invention is 
mounted Within an end Wall of the housing 56, and the 
optical Wave guide (or transmission cable) 20 exits the 
housing through the feedthrough 10 and, in turn, is routed to 
other sensors or to an instrumentation or interrogation 

system (not shoWn). 

[0046] In the operation of the sensor assembly 50, a 
change in source pressure P1 causes belloWs 60 to react in 
the direction of arroW 61, thereby changing the internal 
volume of the belloWs and the pressure P2 Within volume 
58. An increase in pressure P1 decreases the internal volume 
of belloWs 60 and increases the sensed pressure P2, and 
likeWise a decrease in source pressure P1 increases the 
internal volume of the belloWs 60 thereby decreasing the 
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sensed pressure P2. BelloWs 60 has a maximum extension 
volume that maintains viscous ?uid 54 at a predictable 
minimum quasi-hydrostatic pressure P2 suspending sensor 
52 Within volume 58 With average gap 68 betWeen the sensor 
and sensor housing 56. 

[0047] Although the exemplary sensing assembly of FIG. 
3 employs only a single optical Waveguide feedthrough 
assembly 10, other sensing assemblies or systems requiring 
optical Waveguide feedthroughs may employ a plurality of 
such Waveguide feedthroughs in any of a plurality of dif 
ferent con?gurations. For example, a single optical 
Waveguide 20 may enter a sensor housing at one end through 
a ?rst feedthrough assembly 10, and exit the sensor housing 
at another end (or the same end) through a second 
feedthrough assembly 10. Similarly, a single optical 
Waveguide 20 may enter a sensor housing through a 
feedthrough assembly 10, and exit the housing by doubling 
back through the same feedthrough assembly. 

[0048] In some cases, the Waveguide 20 may include an 
external buffer, particularly in the region Where the 
Waveguide passes through the feedthrough assembly, 
Wherein the buffer is made of a material to Which it is 
dif?cult to create a strong and reliable adhesive bond, such 
as polyamide or Te?on®. Arelatively Weak bond of this type 
could cause an eventual failure of the feedthrough assembly 
by ?uid leakage along the interface, and/or by alloWing 
movement of the Waveguide 20 relative to the tubular 
member 12 due to complete adhesive bond failure. In order 
to overcome this de?ciency, an alternative embodiment of 
the present invention involves removing the Waveguide or 
?ber buffer locally over a fraction of the length of the ?ber 
passing through the feedthrough assembly to expose the 
underlying optical glass surface. Then, the exposed optical 
glass surface is treated With an adhesion promoter, such as 
silane. The epoxy adhesive or other sealant 24 is then 
introduced by capillary action into the annular cavity 22 in 
the manner described above. Alternatively, the silane or 
other adhesion promoter can be pre-mixed With the epoxy 
adhesive in a manner knoWn to those of ordinary skill in the 
pertinent art. 

[0049] In addition to treating the glass for improving the 
epoxy-to-glass bond (or other sealant-to-glass bond), the 
annular surface 14 of the tubular member 12 may be treated 
in a like manner to improve the epoxy-to-metal bond (or 
other sealant-to-metal bond). HoWever, the improvement in 
the epoxy-to-metal bond achieved With such treatment is 
typically not as great as is seen With the epoxy-to-glass 
bond. In one embodiment, silane sold under the mark 
“A-1100” and manufactured by Witco Corp. of GreenWich, 
Conn. is employed. HoWever, as may be recogniZed by those 
skilled in the pertinent art based on the teachings herein, any 
of numerous other adhesion promoters, or methods for 
promoting adhesion, Which are currently knoWn or later 
become knoWn for performing the function of the adhesion 
promoter described herein, may be employed. 
[0050] One advantage of the present invention is that the 
feedthroughs disclosed are resistant to creep and/or extru 
sion along the elongated axis of the optical ?ber, and 
therefore are capable of exhibiting signi?cantly improved 
service lives in comparison to the prior art feedthroughs 
described above. 

[0051] Another advantage of the present invention is that 
the axial length of the feedthrough is sufficiently long to 
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provide a suf?cient margin of safety, such that some gradual 
degradation or failure of the adhesive bond can occur 
Without causing ?uid leakage through the feedthrough, or 
movement of the ?ber relative to the tubular member. In 
accordance With certain embodiments of the present inven 
tion, the overall length of the annular cavity 22 preferably is 
at least approximately 50 times the diameter D2 of the 
annular surface 14 (or if the annular surface de?nes a cross 
sectional shape other than circular, the length is preferably 
50 times the Width of the feedthrough cavity 16), and most 
preferably this ratio is at least 100:1. 

[0052] A signi?cant advantage of the present invention 
over existing optical Waveguide feedthroughs is that the 
feedthrough assembly of the invention provides for essen 
tially Zero optical loss With certain ?ber types, such as single 
mode, high numerical aperture ‘bend-insensitive’ ?ber, due 
to the continuous ?ber path through the feedthrough, and the 
use of loW elastic modulus epoxy adhesives or other sealants 
surrounding the ?ber Which create loW micro-bending 
losses. 

[0053] Another advantage of the present invention is the 
ease of manufacture, due to the lack of need to create a 
‘break’ in an otherWise continuous ?ber, Which Would 
require terminating the ?ber in some Way Which is usually 
expensive, labor intensive, and subject to loss or scrapping 
of valuable optical components Which may be integrally 
attached to this ?ber ‘pigtail’. 

[0054] The feedthrough assembly of the present invention 
achieves these advantages While maintaining high reliability 
for long term service at very elevated temperatures and 
pressures. Another signi?cant advantage of the present 
invention is the ability to ?ll the annular cavity betWeen the 
tubular member and optical Waveguide or ?ber completely 
using capillary action. Injection of epoxy or other sealant by 
conventional means, on the other hand, into such a small 
volume is essentially impossible, and injection into large 
volumes is subject to the formation of voids in the epoxy or 
other sealant, Which can, in turn, create non-axisymmetric 
stresses on the ?ber due to applied pressure and temperature, 
leading to failure due to ?uid leakage and/or ?ber breakage. 

[0055] It should be understood that the dimensions, geom 
etries, and materials described for the embodiments dis 
closed herein are for illustrative purposes and as such, any 
other dimensions, geometries, or materials may be used if 
desired, depending on the application, siZe, performance, 
manufacturing or design requirements, or other factors, in 
accordance With the teachings herein. For example, the 
axially-elongated surface 14 may be de?ned by the 
feedthrough member, such as the bulkhead itself, and need 
not be de?ned by a separate tubular member of other body 
of the feedthrough assembly. In addition, numerous changes 
and modi?cations may be made to the above described and 
other embodiments of the present invention Without 
departed from the scope of the invention as de?ned in the 
appended claims. It should also be understood that any of the 
features, characteristics, alternatives or modi?cations 
described regarding a particular embodiment herein may 
also be applied, used, or incorporated With any other 
embodiment described herein. Accordingly, this detailed 
description of preferred embodiments is to be taken in an 
illustrative, as opposed to a limiting sense. 
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What is claimed is: 
1. An optical Waveguide feedthrough assembly for pass 

ing at least one optical Waveguide through a feedthrough 
member, comprising: 

at least one axially elongated surface de?ning an axially 
elongated optical feedthrough cavity, Wherein the opti 
cal feedthrough cavity is de?ned by an outer dimension 
having at least one variation along the axial direction 
thereof; 

at least one optical Waveguide received through the axi 
ally-elongated optical feedthrough cavity, and spaced 
relative to the axially-elongated surface; and 

a sealant received Within the cavity and extending 
betWeen the at least one optical Waveguide and the 
axially-elongated surface, and extending axially Within 
the cavity from approximately one end to approxi 
mately another end thereof, Wherein the sealant exhib 
its adhesive properties at the interface of the sealant and 
the at least one optical Waveguide, and at the interface 
of the sealant and the axially-elongated surface, to 
secure the at least one optical Waveguide Within the 
optical feedthrough cavity, and Wherein the sealant 
cooperates With the at least one variation in the outer 
dimension de?ning the cavity to substantially prevent 
axial movement of the sealant relative to the axially 
elongated surface. 

2. An optical Waveguide feedthrough assembly as de?ned 
in claim 1, Wherein the axially-elongated surface de?nes an 
annular surface, and an axially-elongated annular cavity 
betWeen the at least one optical Waveguide and the axially 
elongated surface. 

3. An optical Waveguide feedthrough assembly as de?ned 
in claim 1, Wherein the sealant is a polymeric sealant. 

4. An optical Waveguide feedthrough assembly as de?ned 
in claim 1, Wherein the axially-elongated surface de?nes at 
least one ?rst surface area and contiguous second surface 
area spaced radially inWardly relative to the ?rst surface 
area, and Wherein the ?rst and second surface areas form the 
at least one variation in the outer dimension de?ning the 
optical feedthrough cavity for preventing axial movement of 
the polymeric sealant relative to the annular surface. 

5. An optical Waveguide feedthrough assembly as de?ned 
in claim 4, Wherein the second surface area de?nes an 
annular surface area extending around the at least one 
optical Waveguide. 

6. An optical Waveguide feedthrough assembly as de?ned 
in claim 4, Wherein the axially-elongated surface de?nes a 
plurality of ?rst surface areas spaced relative to each other 
in the axial direction of the optical feedthrough cavity, and 
a plurality of contiguous second surface areas spaced radi 
ally inWardly relative to the respective ?rst surface areas for 
preventing axial movement of the polymeric sealant relative 
to the annular surface. 

7. An optical Waveguide feedthrough assembly as de?ned 
in claim 4, further de?ning at least one transition region 
betWeen the ?rst and second contiguous surface areas, and 
Wherein the at least one transition region forms a rounded 
surface for facilitating the How of sealant through the cavity 
upon introduction of the sealant into the cavity. 

8. An optical Waveguide feedthrough assembly as de?ned 
in claim 1, Wherein the axially elongated surface is de?ned 
by at least one tubular member. 
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9. An optical Waveguide feedthrough assembly as de?ned 
in claim 8, further comprising a ?rst support mountable 
Within the feedthrough member and de?ning a ?rst mount 
ing surface for receiving and supporting the tubular member 
Within the feedthrough member. 

10. An optical Waveguide feedthrough assembly as 
de?ned in claim 9, further comprising a second support 
de?ning an elongated aperture for receiving therethrough the 
at least one tubular member, and a second mounting surface 
for receiving and supporting the ?rst support thereon, 
Wherein the second support is mountable Within the 
feedthrough member for ?xedly mounting the assembly to 
the feedthrough member and forming a hermetic seal at the 
interface of the second support and feedthrough member. 

11. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the at least one optical 
Waveguide and axially-elongated surface are approximately 
concentric. 

12. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the axially-elongated surface 
de?nes at least one approximately cylindrical portion. 

13. An optical Waveguide feedthrough assembly as 
de?ned in claim 3, Wherein the polymeric sealant is an 
epoxy. 

14. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the sealant is capable of exhib 
iting a liquid phase and a solid phase, and in the liquid phase 
the sealant exhibits a viscosity Within the range of approxi 
mately 3,000 centipoises through approximately 85,000 
centipoises. 

15. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the sealant exhibits a liquid 
phase and a solid phase, and the cavity de?nes a Width 
extending betWeen the at least one optical Waveguide and 
the axially-elongated surface suf?cient to alloW the sealant 
in its liquid phase to ?ll the cavity from approximately one 
end to approximately the other end thereof by capillary 
action. 

16. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the sealant exhibits a liquid 
phase and a solid phase, and in its solid phase is substantially 
free of voids. 

17. An optical Waveguide feedthrough assembly as 
de?ned in claim 14, Wherein the sealant is approximately 
100% solids. 

18. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the sealant forms a hermetic seal 
betWeen the at least one optical Waveguide and the axially 
elongated surface. 

19. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the at least one optical 
Waveguide is an optical ?ber. 

20. At least one optical Waveguide feedthrough assembly 
as de?ned in claim 1 in combination With an optical sensor 
assembly, Wherein the optical sensor assembly includes a 
housing, a sensor cavity formed Within the housing, and an 
optical sensor located Within the housing, and Wherein the 
feedthrough member of the at least one optical feedthrough 
assembly is de?ned by a Wall of the housing. 

21. At least one optical Waveguide feedthrough assembly 
and optical sensor assembly as de?ned in claim 20, com 
prising at least one optical pressure sensor and at least one 
optical temperature sensor optically coupled to the optical 
Waveguide of the optical Waveguide feedthrough assembly. 
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22. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, having a relatively high pressure side at 
one end of the optical feedthrough cavity, and a relatively 
loW pressure side at the opposite end of the optical 
feedthrough cavity, and Wherein the axially-elongated sur 
face de?nes a ?rst annular portion located at the high 
pressure side and de?ning a ?rst Width, and a second annular 
portion spaced axially inWardly relative to the ?rst annular 
portion and de?ning a second Width, Wherein the ?rst Width 
is less than the second Width to thereby minimiZe forces 
applied to the sealant at the high pressure side of the 
assembly. 

23. An optical Waveguide feedthrough assembly as 
de?ned in claim 1, Wherein the cavity de?nes a Width in a 
radial direction betWeen the at least one optical Waveguide 
and the axially-elongated surface, and de?nes a length in the 
axial direction from approximately one end of the axially 
elongated surface to the other, and Wherein the length of the 
cavity is at least approximately 50 times the Width. 

24. An optical Waveguide feedthrough assembly as 
de?ned in claim 23, Wherein the axis of the cavity is de?ned 
by a straight line. 

25. An optical Waveguide feedthrough assembly for pass 
ing at least one optical Waveguide through a feedthrough 
member, comprising: 

at least one axially elongated surface de?ning an axially 
elongated optical feedthrough cavity; 

at least one optical Waveguide received through the axi 
ally-elongated optical feedthrough cavity, and spaced 
relative to the axially-elongated surface; 

?rst means received Within the optical feedthrough cavity 
and extending Within the cavity betWeen the at least one 
optical Waveguide and the axially-elongated surface, 
and extending axially Within the cavity from approxi 
mately one end to approximately another end thereof, 
for adhesively securing and hermetically sealing the at 
least one optical Waveguide Within the cavity; and 

second means for preventing movement of the ?rst means 
in the axial direction relative to the axially-elongated 
surface. 

26. An optical Waveguide feedthrough assembly as 
de?ned in claim 25, Wherein the second means includes at 
least one ?rst surface area formed on the axially-elongated 
surface, at least one contiguous second surface area spaced 
radially inWardly relative to the ?rst surface area on the 
axially-elongated surface, and at least one transition surface 
area formed betWeen the ?rst and second surface areas, and 
Wherein the ?rst, second and transition surface areas adhe 
sively engage the ?rst means to prevent axial movement of 
the ?rst means. 

27. An optical Waveguide feedthrough assembly as 
de?ned in claim 26, Wherein the second surface area forms 
an annular constriction Within the cavity. 

28. An optical Waveguide feedthrough assembly as 
de?ned in claim 25, Wherein the ?rst means includes a 
tubular body forming the axially-elongated surface. 

29. An optical Waveguide feedthrough assembly as 
de?ned in claim 25, Wherein the at least one optical 
Waveguide and axially-elongated surface are approximately 
concentric. 

30. An optical Waveguide feedthrough assembly as 
de?ned in claim 25, Wherein the second means includes a 
sealant substantially ?lling the cavity. 
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31. An optical Waveguide feedthrough assembly as 
de?ned in claim 30, Wherein the sealant exhibits a liquid 
phase and a solid phase, and the assembly further comprises 
means for alloWing the sealant in its liquid phase to ?ll the 
cavity from approximately one end to approximately the 
other end thereof by capillary action. 

32. At least one optical Waveguide feedthrough assembly 
as de?ned in claim 25 in combination With an optical sensor 
assembly, Wherein the optical sensor assembly includes a 
housing, a sensor cavity formed Within the housing, and an 
optical sensor located Within the housing, and Wherein the 
feedthrough member is de?ned by a Wall of the housing. 

33. An optical Waveguide feedthrough assembly as 
de?ned in claim 25, having a relatively high pressure side at 
one end of the optical feedthrough cavity, and a relatively 
loW pressure side at the opposite end of the optical 
feedthrough cavity, and including means for reducing the 
forces applied to the ?rst means at the high pressure side of 
the optical feedthrough cavity. 

34. An optical Waveguide feedthrough assembly as 
de?ned in claim 33, Wherein the means for reducing the 
forces applied to the ?rst means includes the axially-elon 
gated surface de?ning a ?rst annular portion located at the 
high pressure side and de?ning a ?rst Width, and a second 
annular portion spaced axially inWardly relative to the ?rst 
annular portion and de?ning a second Width, Wherein the 
?rst Width is less than the second Width to thereby reduce the 
forces applied to the ?rst means at the high pressure side of 
the assembly. 

35. A method of making an optical Waveguide 
feedthrough assembly including a feedthrough member for 
receiving therethrough at least one optical Waveguide, an 
axially-elongated surface de?ning therein an axially elon 
gated optical feedthrough cavity, at least one optical 
Waveguide received Within the cavity, and a sealant exhib 
iting a liquid phase and a solid phase and received Within the 
cavity for adhesively securing the at least one optical 
Waveguide Within the cavity, said method comprising the 
steps of: 

forming the cavity With a predetermined Width betWeen 
the at least one optical Waveguide and the axially 
elongated surface to alloW the sealant in its liquid phase 
to substantially ?ll the cavity by capillary action; 

selecting a sealant capable of exhibiting a viscosity Which 
alloWs the sealant to substantially ?ll the cavity by 
capillary action, and capable of exhibiting a viscosity 
Which substantially prevents leakage of the sealant out 
of at least one end of the cavity upon substantially 
?lling the cavity; and 

introducing the sealant in its liquid phase into the cavity 
and alloWing the sealant to substantially ?ll the cavity 
by capillary action; 

Wherein upon substantially ?lling the cavity, the sealant 
transitions to its solid phase and adhesively secures the 
at least one optical Waveguide Within the cavity and 
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substantially prevents movement of the sealant and the 
at least one optical Waveguide relative to the axially 
elongated surface. 

36. A method as de?ned in claim 35, further comprising 
the step of forming at least one radially projecting interrup 
tion in the cavity to further prevent axial movement of the 
sealant. 

37. A method as de?ned in claim 35, further comprising 
the steps of preheating at least one of the axially-elongated 
surface and at least one optical Waveguide to a predeter 
mined elevated temperature, introducing the liquid sealant 
into the cavity and heating the sealant upon contacting at 
least one of the axially-elongated surface and at least one 
optical Waveguide and, in turn, reducing the viscosity of the 
sealant to facilitate ?lling the cavity by capillary action. 

38. A method as de?ned in claim 37, Wherein the sealant 
includes an epoxy, and the predetermined elevated tempera 
ture is at least the approximate ?rst stage cure temperature 
of the epoxy. 

39. A method as de?ned in claim 35, further comprising 
the step of positioning the at least one optical Waveguide 
approximately concentric With the axially-elongated surface 
Within the optical feedthrough cavity. 

40. A method as de?ned in claim 39, Wherein the axially 
elongated surface is de?ned by a tubular body, and the 
positioning step includes mounting at least one end of the 
tubular body to a multi-axis translation stage, applying 
tension to the at least one optical Waveguide, and adjusting 
at least one of the translation stages to align the at least one 
optical Waveguide concentrically With the axially-elongated 
surface. 

41. A method as de?ned in claim 35, Wherein the sealant 
exhibits in its liquid phase a viscosity Within the range of 
approximately 3,000 centipoises through approximately 
85,000 centipoises. 

42. A method as de?ned in claim 35, Wherein the axially 
elongated surface is de?ned by at least one tubular body, and 
the optical Waveguide feedthrough assembly further 
includes a ?rst support mountable Within the feedthrough 
member and de?ning a ?rst mounting surface for receiving 
and supporting the tubular body Within the feedthrough 
member, and a second support de?ning an elongated aper 
ture for receiving therethrough the at least one tubular body, 
and a second mounting surface for receiving and supporting 
the ?rst support therein, said method further comprising the 
steps of: 

?xedly securing the tubular body to the ?rst support; 

?xedly securing the tubular body and ?rst support to the 
second support; 

installing the at least one optical Waveguide Within the 
optical feedthrough cavity; and 

then introducing the sealant in its liquid phase into the 
optical feedthrough cavity and alloWing the sealant to 
substantially ?ll the cavity by capillary action. 

* * * * * 


