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Abstract

A novel optical waveguide fiber having low total dispersion slope.
relatively large mode field diameter, larger effective area, and a relatively
simple core profile design is disclosed. The core refractive index profile
comprises three segments. The adjustability of the height, width and location
of the three core index profile segments, provides sufficient flexibility to meet a
specification which calls for a dispersion shifted waveguide fiber capable of
limiting four photon mixing or self phase modulation. The novel waveguide is

characterized by a mode field diameter > 7.5 microns and a total dispersion

slope < 0.070 psinm?-km.
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improved Dispersion Shifted Optical Waveguide
Background of the Invention
The invention is directed to a single mode optical waveguide fiber
having a dispersion zero shifted to wavelengths near 1550 nm, larger effective
area and low total dispersion slope. The novel waveguide fiber is a species of

the genus of profiles disclosed and described in U. 8. Patent No. 5,835,655.

The novel single mode waveguide design serves tc maintain mode field
diameter size to limit non-linear effects due to high signal power densities. In

addition the novel waveguide fiber provides low attenuation and bend

resistance using a simple refractive index profile design, thereby keeping

manufacturing cost low. For certain of the profiles which fall within the scope
of the invention, the normalized waveguide dispersion vs. wavelength curve is
bimodal, thereby affording an additional characteristic which can be used in
high performance telecommunications systems.

Telecommunication systems using high powered lasers, high data rate
transmitters and receivers, and wavelength division multiplexing (WDM;
technology require optical waveguide fiber having exceptionally low, but non-
zero, total dispersion, and exceptionally low polarization mode dispersion
(PMD). In addition, fhe waveguide fiber must have characteristics which
essentially eliminate non-linear phenomena such as self phase modulation
{SPM) and four wave mixing (FWM). The SPM can be limited by lowering
power density. The FWM is controlled by operating in a wavelength range at
which dispersion is non-zero.

A further reguirement is that the optical waveguide be compatible with

systems incorporating optical amplifiers.
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To provide an optical waveguide having the characteristics required for
these sophisticated systems, a variety of refractive index profiles have been
modelled and tested. The compound core design, discussed in U. S. patent
4,715,679, Bhagavatula, offers the flexibility to meet the new system

5 requirements while maintaining the basic requirements such as low
attenuation, narrow geometry tolerances, acceptable bending resistance, and
high tensile strength. Furthermore, certain of the compound core designs are
relatively easy to manufacture, thereby providing enhanced optical waveguide

performance without prohibitive cost increases.

g A particular species of the core profile designs described inU. 8. patent
No. 5,835,655 ‘having unusual properties, has been discovered.
, g in telecommunications systems using wavelength division muitiplexing,
a preferred optical waveguide is one having a relatively flat total dispersion
over the wavelength range of the multiplexed signals. For those systems

) L) which use aptical amplifiers or otherwise make use of high signal power. non-
linear effects such as four wave mixing and self phase modulation become
system limiting factors.

Thus there is a need for an optical waveguide fiber which has a low total
dispersion slope to facilitate wavelength division multiplexing, allows

iO management of tatal dispersion to limit four wave mixing, and which maintains

R a relatively large mode field so that power per unit cross section of waveguide

fiber is not too large, thereby limiting self phase modulation.
Furthermore, one wishes to maintain ease of manufacture and low
manufacturing cost assaciated with simple refractive index profile waveguides.

25 such as one having a step index.

Definitiol
- The radii of the regions of the core are defined in terms of the index of
refraction. A particular region begins at the point where the refractive index

characteristic of that region begins and ends at the last point where the

refractive index is characteristic of that region. Radius will have this definition



unless otherwise noted in the text.
- The term, % A, represents a relative measure of refractive index difference
defined by the equation,
% A = 100 x (n2-n:2)2n 2, wherein n, is the maximum refractive index in a
5 given core region and n, is the refractive index in the cladding region.
- The term alpha profile refers to a refractive index profile, expressed in terms
of % A(r), which follows the equation,
% A(r) = % A(To)(1 -[(r-ToM(ri-ro)]?*™), where r is in the range ro < 1 <1y,
% A is defined above, and alpha is an exponent which defines the profile shape.
10 - The effective area is |
Aot = 21 (JE2 r dr)?/(JE* r dr), where the integration limits are 0 to =, and E
is the electric field associated with the propagated light.

»
"nsrse
a s

- Normalized waveguide dispersion is defined in accord with ‘679, Bhagavatula,
L as V d? (BV)/dV2.

fp 15

Summary of the Invention

) According to the present invention, there is provided a dispersion shifted
<N single mode optical waveguide fiber including

::::2: a core region having a refractive’ index profile including three segments,
°;:::§ 20 . a first segment, having a first point on the waveguide fiber centerline, a
last point at radius A, a maximum refractive index ns and index difference Aq %,
and an alpha profile, wherein alpha is one,

: a second segment, having a first point immediately after radius A, a last

point at radius Az, and a maximum refractive index n; and index difference 4, %
25 and,
a third segment, having a first point immediately after radius A, a last
point at radius A, and a maximum refractive index ng and index difference Aa %;
a clad layer surrounding said core region, said clad layer having a
maximum refractive index ne;
30 wherein if it has an alpha profile, nq > n3 > nz > ne, Ay/Ais in the range of
0.40 to 0.60, A2/A is in the range of 0.78 to 0.88, and A; %/A; % is in the range
of 0.16 to 0.39, or if it has a step index profile nq > n3 > nz > n¢, AJ/A is 0.30,
AsiA is 0.85, and Az %/Ais 0.39;

C:Wy Documents\WARIMMKNODELY 1731 doc
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said single mode optical waveguide having a zero dispersion wavelength
in the range 1520 nm to 1600 nm and a total diépersion slope < 0.095 ps/inm’-
km, if it has an alpha profile or > 0.70 ps/nm?-12m, if it has a step index profile.

An advantage of the invention is a high performance fiber having a low
dispersion slopa and a larger effective area, i.e., an Ag > 60 microns®. In
addition, the novel index profile design can be tailored to provide a bimodal
curve of normalized waveguide dispersion vs. MA.. Bimodal is used to describe
a curve comprising a first portion having a first slope and a second portion
haVing a second slope. In the instant case one portion of the normalized
waveguide dispersion curve is flat and thus defines a wavelength interval over
which A, and the total dispersion are insensitive to manufacturing variation.
Another portion of the curve has a steeper slope, typically a slope magnitude
greater than about 2 and thus provides a wavelength interval over which small
changes in waveguide fiber geometry or index profile produce a large change in
A, and thus, total dispersion. This latter response to waveguide geometry or
index profile is ideal for toggling total dispersion between posiiive and negative

values, thereby

C:AMy DocumentsiMARTMMHNODELYT 1731 dae
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managing the total dispersion of a fiber length. Management of total disper-
sion can mean that total dispersion for the entire fiber length is small while the
dispersion over any significant fength segment of the fiber is non-zero. The
non-linear four wave mixing effect is thus essentially eliminated.

A first aspect of the novel waveguide fiber, which addresses the defi-
ciencies and exhibits the beneficial properties noted above, is a single mode
waveguide fiber having a dispersion zero wavelength in the range of about
1500 nm to 1600 nm, i.e., the waveguide is dispersion shifted The refractive
index profile of the waveguide fiber core has three segments:

- a central segment of radius A,, where the radius is measured from the
waveguide centerline, having an alpha profile wherein alpha = 1,and a
maximum refractive index n, and index difference A, %;

~ -asecond segment having a first point immediately after A, and a last
point at radius A,, and a maximum refractive index n, and index difference A,
% and,

- a third segment having a first point immediately after A, and a last
point at radius A, and a maximum refractive index n, and index difference A,
%.

The relations among these parameters are.

ny>ny>n, >N,

AJ/Ais intherange 040 0.6,

A,/A is in the range of about 0.78 to 0.88; and,

A, %/D, % is in the range of about 0.16 to 0.39.

These relationships produce the waveguide fiber characteristics, zero
dispersion wavelength in the range 1520 nm to 1600 nm and total dispersion
slope < 0.085 ps/nm?-km.

An embodiment of this first aspect has:

A, in the range 3.25 microns to 3.50 microns;

A, in the range 5.55 microns to 6.05 microns; and,

Ain the range 6.5 microns to 7.0 microns. The ratio A, %/8, % is about
0.165 and A, % is 0.9 to 1.0 %. This embodiment has the characteristics, zero
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dispersion wavelength in the range 1530 nm to 1550 nm. total dispersion slope
< 0.07 ps/nm®-km, and mode field diameter > 8.4 microns.

In a sub-species of this embodiment, the second core segment has a
flat index profile and n, is about equal to n.. The third core segment has a
trapezoidal shape with a top portion essentially flat.

Ancther embodiment of this first aspect has:

A, in the range 3.25 microns to 3.75 microns;

A, in the range 5.1 micrens to 6 microns; and,

A in the range of about 6.5 to 7.5 micrans. The ratio &; %/A, % is about
0.18 and A, % is about 0.9 to 1 % to yield the waveguide properties, zero
dispersion wavelength in the range 1535 nm to 1585 nm, total dispersion slope
= 0.065 ps/inm’-km, mode field diameter > 7.5 microns, and a bimodal normal-
ized waveguide dispersion slope.

In a sub-species of this embodiment, the first core segment has a
central portion in the shape of an inverted cone whose base radius is no
greater than about 1.5. Also near the end of the first core index profile seg-
ment, the slope of the triangular alpha profile is decreased. These two central
core segment characteristics are representative of the diffusion or leaching of
dopant out of the waveguide preform during manufacture. For most purposes
this diffusion phenomenon does not materially affect the waveguide perfor-
mance. However, in cases where the diffusion does significantly alter
waveguide propeniés, compensation for diffusion can be made in the preform
manufacturing step. Thus, their presence places the modelled in better confor-
mity with an actual refractive index profile. The second core segment has a
flat index profile and n, is essentially equal to n,.

The bimodal nature of the norrmalized waveguide dispersion of this sub-
species may be described in terms of the waveguide fiber cut off wavelength A,
and the operating or signal wavelength A. In particular, the normalized w-
aveguide dispersion curve is substantiaily flat when, 0.68 < AJA < 0.8, and is
greater than about 2 for AJA > 0.8.
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A second aspect of the invention, in analogy with the first aspect, may
be defined as a waveguide fiber having a three segment core, wherein the
central segment has a siep index profile. Keeping analogous definition of
terms, n, > ny > n, = N, AJA is about 0.3, A,/A is about 0.85, and &, %/A, % is
about 0.32. The novel wavequide fiber thus described has a zero dispersion
wavelength in the range 1520 nm to 1600 nm, a total dispersion slope < 0.070
ps/nm2-km.

An embodiment of this second aspect has:

A, in the range 2.25 microns to 2.55 microns;

A, in the range 6.35 microns to 7.4 microns; and,

A in the range of about 7.5 microns to 8.5 microns. The ratio A, %/A, %
is about 0.39 and A, % is about 0.6 %. The waveguide fiber of this embodi-
ment has a zero dispersion wavelength in the range 1525 nm to 1600 nm. a
total dispersion slope < 0.07 ps/nm?-km, and a mode field diameter > 8.0
microns. -

A sub-species of this embodiment has a second segment index profile
which is substantially flat and essentially equal to n.. The refractive index
profile of the third core segment is trapezoidal. The normalized waveguide
dispersion curve is bimodal as defined by the following limitations on the ratio
of cut off wavelength to signal wavelength. The normalized waveguide
dispersion curve is substantially flat for 0.72 < AJA < 0.80, and has a slope
greater than about 2 for AJA > 0.80.

It will be understocd that small variations in the refractive index profiles
described above will not materially affect the waveguide fiber properties or
performance. Furthermore, the concept of equivalent refractive index is known
in the art. Equivalent index profiles is one which are essentially inter-
changeable in a waveguide fiber.

The novel family of refractive index profiles herein described includes
equivalent profiles and alternate profiles which vary only slightly from a
described prdfile. For example, a step segment may have rounded corners. or

sloped sides, or a concave or convex top portion. Also, the phenomenon of
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dopant diffusion, which occurs in some waveguide preform fabrication meth-
ods, usually does not significantly affect the properties or performance of the
waveguide fiber. However, in cases where the diffusion does significantly aiter
waveguide properties, compensation for diffusion can be made inthe preform
manufacturing step. Waveguide core percent A's or geometry ratios may be
tuned, i.e. adjusted, to achieve the desired properties and performance in the

waveguide fiber.

Brief Description of the Drawings
FIG. 1 is an illustration of the a three segment core having a triangular,

i.e., alpha = 1, central profile.

FIG. 2a is an illustration of a three segment profile wherein the central
segment has a cenler portion having the shape of an inverted cone and an end
portion having a slope magnitude less than 1.

"FIG. 2b is a chart of normalized waveguide dispersion vs. AJA which
relates to the refractive index profile shown in FIG. 2a.

FIG. 3a is an illustration of a three segment profile having a step index
profile as the centrat segment.

FIG. 3b is a chart of normalized waveguide dispersion vs. AJA which

relates to the refractive index profile shown in FIG. 3a.

Detailed Description of the Invention

The step index single mode optical waveguide has become an industry
standard because of its high bandwidth, low attenuation, and simplicity of
refractive index profile design. This waveguide fiber is paﬁicufarly attractive to
the telecommunications industry because the simplicity of index profile de-
sign translates inio lower cost for the supplier and installer.

However, as demand for higher performance waveguide has increased,
an index profile design having greater flexibility was needed The novel
segmented core disclosed herein is a species of the genus of refractive index
profite disclosed in U. S. patent 4,715,679, Bhagavatula and further detailed in
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U. S. patent application S. N.'s 08/378,780 and 08/323,785. The three seg-
ment core design, which is the subject of this application, has sufficient flexi-
bility to meet a broad range of high performance telecommunication system
requirements. ‘

Because the number of possible segmented core refractive index
profiles, as disciosed in the '679 patent, is essentially infinite, it is convenient
to study particular index profile species using a model to calcuiate waveguide
fiber performance based on care refractive index and core geometry parame-
ters.

For the subject invention the waveguide fiber functional requirements
included low dispersion slope, operation in the 1550 nm attenuation window,
and an effective area at 1550 nm greater than aboul 60 microns®. Mode field
diameter is preferably held constant or increased relative to standard disper-
sion shifted waveguide fiber. ‘

In searching for refractive index profiles which fit these requirements, an
additional benefit was discovered. For certain of the novel three segment
profiles, the normalized waveguide dispersion, defined in the '679,
Bhagavatula patent as
V d¥(Vb)/dV?, plotted against the ratio AJA, where A, is cut off wavelength and A
is the signal wavelength, exhibits a bimodal slope. A first portion of the curve
is substantially flat. Thus, zero dispersion wavelength and cut off wavelength
are relatively insensitive to changes in waveguide fiber geometry, such as core
radius. The manufacturing tolerances are therefore relaxed and percent good
product selected will increase.

A second portion of the normalized waveguide dispersion curve exhibits
a slope greater than about 2. For this portion of the curve, zero dispersion
wavelength and cut off wavelength can have widely varying values, depending
on waveguide fiber geometry. A dispersion managed waveguide could then be
more readily made, because total dispersion could be more easily made to
toggle between positive and negative values. In this way, the total dispersion

of the waveguide could be made small over the fuil length of the fiber, while in
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any sub-length along the waveguide fiber, the total dispersion wouid be non-

zero. Four wave mixing could therefore be controlled without a large penalty in

total dispersion.

An optical waveguide having three segments is shown in FIG. 1. Note

that the definitions of radii A,, A,, and A are shown in FIG. 1. The central

segment 2 is an alpha profile wherein alpha is one, i.e., a triangular shaped

index profile. The second segment 4 is shown with several possible

alternatives including a flat profile with index equal to n, a step index 10, and

a more generally curved index 8. The index profile is chosen such thal , > n;

> n, > n,, where the refractive index subscript correspands to the segment

number. The third segment is shown as trapezoid 6. It is understood that

small madifications of index profile 8 may be made without materially affecting

the waveguide function. For example, the top to the trapezoid could be

slanted or curved.
Example 1 - Three Segment Profile, Alpha =1

A family of waveguides having the profile shape illustrated in FIG. 1

were modelled in search of low dispersion slope and second window zero

dispersion wavelength, A, Appropriate index profile parameters were found to

be:

- AJA ~ 0.5 AJA - 0.86; A, %/A, % ~0.165. Table 1 shows the modelled

characteristics of two waveguides.

Table 1.
A microns A, nm A, nm A, nm Slope Made field
ps/inm?-km microns
7.0 0.9 ~1080 ~-1530 0070 -84
6.5 0.8 ~1600 ~1550 0.065 -8.7

Table 1. shows dispersion shifted waveguide fibers having very low

dispersion slope and large mode field diameter. A is greater than 70

microns? for these waveguides.
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Another waveguide fiber, within the scope of this example, has A/A =
0.46, AJA=084-085 A, %A, % =039 A=7172 andh, % ~09%. In

this case, dispersion slope is slightly higher at about 0.085 psinm’-km but A,

is increased to values in the range of about 75 to 80 microns,.

An embadiment similar to that of FIG. 1 is illustrated in FIG. 2a. Inthis
case, the modelied index profile has been modified to better reflect actual
manufacturing conditions. Some waveguide fiber preform manufacturing
techniques require high temperature treatment of a preform while it is still in
soot form as distinguished from a preform which has been consolidated into a
glass. During such a process step it is not unusual for dopant ions 1o be
leached out of the glass soot or to diffuse through the glass soot.

The result of such leaching or diffusion may be represented by the
refractive index profile of FIG. 2a. The inverted cone region 28 on centerline
may be due to dopant leaching out of the soot. The base radius of the cone 12
is usually no greater than about 1.5 microns. index profile portions 14 and 18
represent dopant which has diffused into region 22 from the adjacent index
profile segments which have a higher dopant concentration. Thus, the alpha =
1 profile portion 24 has a tapered portion 14, and trapezoidal index profile 16
has a broadened base and less steep side slopes.

Example 2 - Three Segment, Alpha= 1, Dopant.Diffusion

A three segment optical waveguide fiber was modelied using the profile
shape illustrated in FIG. 2a. The radial locations of A, A, and A are shown on
the horizontal axis of FIG. 2a. The index profile parameters used in the model
calculation were; AJA ~ 0.50; A2/A ~0.79; and, A, %/A1% ~ 0.18. Results are

shown in Table 2.
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Table 2.
A microns A, % A nm A, nm Slope Mode Field
ps/nm®-km ! microns
6.5 1.0 1250 1585 0.065 ! 78
70 1.0 1350 1665 0.063 7.5
7.5 1.0 1445 1535 0.060

The model results show very low total dispersion slope and the
capability to toggle between A,'s above and belaw 1550 nm. This latter feature
makes the design suitable for use in dispersion managed waveguides as
described above. The mode field diameters are adequate for moderate signal
power densities.

The normalized waveguide dispersion charted vs. A /A, which
corresponds to the index profiles of example 2, is shown in FIG. 2b. The flat
portion of the curve 26 is the design region wherein A, is insensitive to
manufacturing variations in waveguide fiber geometry. The steeper portion of
the curve 28 is the design region useful in manufacturing dispersion managed
wavequide fiber.

The embodiment of the invention shown in FIG. 3a is particularly simple
in design and relatively easy to manufacture, thereby enabling a low cost
manufacturing process. Central step index profile 30 is separated from the
trapezoidal segment 34 by lower index segment 32. Step and curve segments
36 and 38 are shown as allernatives to the segment 32, which is essentially
equal in refractive index to the clad layer.

Example 3 - Step Index

The index profile of FIG. 3a with the second segment taken to be index

profile 32 was modelled using the parameters: A/A ~ 0.3; AJ/A ~ 0.85; and, 4,

%/A, % ~ 0.39. The model results are shown in Table 3.
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Table 3
A microns A% A nm A, nm Slope ; Mode Field
ps/nm;-km ' microns
75 06 1240 1579 0070 |  -94
8.0 06 1323 1575 -0.060 | 84
5 8.5 0.6 1400 1526 -0.053 ( 8.1

Nole that the total dispersion siope is very low for the last two example
waveguide fibers and the mode filed diameter is > 8.0 microns. The
exceptionally large mode field of the first example waveguide fiber is obtained

10 while the total dispersion slope is only 0.070 psinm,&m.

One may also note from the examples that one may increase A,y at the

HO expense of higher total dispersion slope. The particular application
determines how one may choose to make this tradeoff of waveguide
properties.

P 15 For this refractive index profile design there is an associated bimodal
e curve of normalized waveguide dispersion charted versus the ratic AJA.
ot Referring to FIG. 3b, the curve is relatively flat for A/A in the range of about

0.72 to 0.8. The steeper portion of the curve in general has a slope of

magnitude greater than about 2 for A /A greater than 0.8.

20 The invention thus provides a three segment core optical waveguide
fiber which:

- can be fabricated as a dispersion managed waveguide;

- is simple in design and therefore low in manufacturing cost;

- provides the very low total dispersion slope required for high bit rate systems
25 which may use wavelength division multiplexing or have long regenerator

spacing; and,

- maintains a high enough made field diameter to limit nan-linear optical

effects, such as four photon mixing and self phase ar cross phase modulation.
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The claims defining the invention are as follows:

1. A dispersion shifted single mode optical waveguide fiber. including
a core region having a refractive index proﬁ!e" including three
5 ‘segments, '
a first segment, having a first point on the waveguide fiber centerline, a
last point at radius A,, @ maximum refractive index n, and index difference 4,

%, and an alpha profite, wherein alpha is one,
a second segment, having a first point immediately after radius A,, a last

A " point at radius A,, and a maximum refractive index n, and index difference 4,

e, . %, and,

§~, d a third segment, having a first point immediately after radius A,, a last

‘ point at radius A, and a maximum refractive index n, and index difference 4,

%; '

’ +:+15 a clad layer surrounding said core region, said clad layer having a

‘ maximum refractive index n_;

wherein if it has an alpha profile, n, > ny > n, 2 n, AJA is in the range of
| e 0.40t0 060, AJAisinthe range of  0.78t0 0.88, and A, %/A, % is

.: in the range of 0.16 t0 0.39, or if it has a step index profie n, >n;>n, >

20 n,, AJAis | 030, AfA s -0.85, and A, %/h, is 0.39;

P said-single mode opticél waveguide having a zero dispersion

wavelength in the range 1520 nm to 1600 nm and a total dispersion slope =<
0.095 ps/nm®km, if it has an alpha profile or = 0.70 psinm?-12m, if it has a step

index profile.

25

2. The single mode optical waveguide fiber of claim 1, wherein, if it has
an alpha profile A, is in the range 3.25 microns to 3.50 microns, A, is in the
range 5.55 1o .05, A is in the range of about 6.5 microns to 7.0 microns, A,
%/A, % is about 0.165, and A, % is about 0.9 to 1.0 %, thereby providing a
zero dispersion wavelength in the range 1530 nm to 1550 nm, an A, greater:

than about 60 m icrons,, a total dispersion slope < 0.070 ps/nm*-km, and a
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mode field diameter > 8.4 microns, or, if it has a step index profileA, is in the
range 2.25 microns to 2.55 microns, A, is in the range 6.35 microns to 7.4
microns, A is in the range of about 7.5 microns to 8.5 microns, A, %/4A, % ié
about 0.39, and A, % is about 0.6, thereby providing ‘a zero dispersion
wavelength in the range 1525 nm to 1600 nm, an A, greater than about 60 7

microns?, a total dispe_fsion siope < 0.07 ps/nm?-km. and a mode field diameter

> 8.0 microns.

3. The single mode opticai waveguide fiber of claim 1 or 2 wherein said
second segment has a flat profile and the refractive index n, is about equal to

that of the clad layer, and said third segment has a trapezoidal refractive index

profile.

L A The single mode optical waveguide fiber of any one of claims 1 to 3, uherein A, is:

in the range 2.55 microns to 3.0 microns, A, is in the range 4.2 10 5.8, Alsin
the range of about 5.0 microns to 6.9 microns, A; %/4, % is in the range of
0.25 10 0.39, and A, % is about 0.8 to 1.0 %, thereby providing a zero
dispersion wavelength in the range 1530 nm to 1550 nm, a total dispersion
siope < 0.095 psinm?km, A, > 75 microns’, and a made field diameter > 9.6

microns.

5. The single mode optical waveguide fiber of claim 1, wherein A, is in -
the range 3.25 microns to 3.75 microns, A, is in the range 5.10 microns o 6
microns, A is in the range of about 6.5 microns to 7.5 microns, Dy %lh, % is
about 0.18, and A, % is about 0.9 to 1.0 %, thereby proViding a zero
dispersion wavelength in the range 1535 nm to 1585 nm, a total dispersion
slope < 0.085 ps/nm’-km, a mode field diameter > 7.5 microns. and a bimodal

normalized waveguide dispersion curve.

6. The single mode optical waveguide fiber of claim & wherein said first

“segment “further.  has a central, holiow region in the shape of an
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inverted cone, the inverted cone having a base radius no greater than about 1.5
microns, and a profile portion near A+ of slope less than that of the alpha profile
having alpha equal to one, said second segment has a flat profile and the
refractive index is about equal to that of the clad layer, and said third segment

has a trapezoidal refractive index profile.

7. The single mode optical waveguide of claim 6 wherein said single
mode optical waveguide has a normalized waveguide dispersion vs. AJ/A curve
and has a cut off wavelength A; and a signal wavelength A, the normalized
waveguide dispersion vs. AJ/A curve having a slope substantially zero for A/A in
the range 0.68 to 0.8, and a slope of magnitude greater than about 2 for AJ/A
greater than 0.8.

8. The single mode optical waveguide of claim 3 wherein said single 7
mode optical waveguide has a normalized waveguide dispersion vs. AJA curve
and has a cut off wavelength A; and a signal wavelength A, the normalized
waveguide dispersion curve characteristic of said waveguide having a slope
substantially zero for AJ/A in the range 0.72 to 0.8, and a slope of magnitude

greater than about 2 for AJA greater than 0.8.

9. A dispersion shifted single mode optical waveguide fiber,

substantially as herein described with reference to the accompanying drawings.

10. A dispersion shifted single mode optical waveguide fiber,

substantially as herein described with reference to any one of the Examptes.
DATED: 31 January 2000
PHILLIPS ORMONDE & FITZPATRICK

Patent Attorneys for:
CORNING INCORPORATED
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