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& (57) Abstract: A receiver optical amplifier assembly (ROSA) is disclosed that provides for greater tolerances in alignment. The
& ROSA includes a multimode fiber stub to receive a light beam from a single mode optical fiber. The light beam from the multimode
& fiber stub is focused by a lens system onto the active area of an optical detector chip. The multimode fiber stub acts as a GRIN lens
and allows for optimization of the spot size on the active area. Additionally, in some embodiments the return loss characteristics of
the ROSA can be greatly improved by including an angled surface on the multimode fiber stub and moving the active area of the
g optical detector chip off-axis to compensate.
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OPTICAL SUB-ASSEMBLY FOR LONG REACH OPTICAL TRANSCEIVER

Background
Field of the Invention

[001] The present invention relates generally to optical communication
systems and, particularly to small form factor high-speed optical transceivers with

high sensitivity receivers.

Discussion of Related Art

[002]  There is currently a demand for high-speed, long-distance, cost-
effective, and highly integrated optical transceiver systems. Therefore, optical
receiver systems that are high performance, low cost, and are of small size are
desired. For short reach and medium distance transmission, a PIN photo detector
based receiver can be used. For long reach transceivers (e.g., for transmission over
tens of kilometers), however, high sensitivity receivers are required to compensate for
the optical signal loss due to long optical fibers. In long reach systems, then, an
avalanche photodiode (APD) can be utilized instead of a PIN photodiode because of
its higher sensitivity and lower noise characteristics.

[003] However, the active area of a high-speed APD is generally limited in
size. A typical active area diameter can be about 35 pm for a 2.5 Gb/s APD chip.
These APD chips can be obtained from Mitsubishi or other manufacturers and
generally include an avalanche photodiode detector and a transimpedance amplifier.
In order to focus light from the signal-carrying optical fiber onto the small active area
of the APD, high quality optics and tight alignment tolerances are typically used.

Typically, ashperical lenses can be used to reduce optical aberrations in order to form
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a small spot size on the active area of the photodetector. High precision laser welding
processes are often used to manufacture the receiver optical subassembly (ROSA)
with a small active area APD because of the tight optical alignment tolerances. The
cost of the APD-based ROSA, then, can be very high due to the intrinsic high cost of
the APD, as well as the more expensive optical lenses required in the lens system and
very involved assembly process.

[004] In addition, the APD-based ROSA can be used in long reach
transceivers, where requirements for low back reflection leads to a need for high
return loss characteristics. In some systems, anti-reflection (AR) coatings on optical
components, including optical fiber ends, lenses, and detector chip surfaces, can be
used to minimize the back reflection. Therefore, there is a need for lower-cost,
higher-performance optical subassemblies capable of receiving long reach optical

signals.

SUMMARY

[005] In accordance with embodiments of the present invention, a receiver
optical sub assembly (ROSA) is presented that focuses received light onto a small
active area, for example that of the active surface of an avalanche photo-diode (APD).
Some embodiments of the resulting ROSA structure architecture, then, can achieve
high sensitivity with low cost components and assembly processes.

[006] In some embodiments, a receiver optical subassembly includes a
multimode optical fiber stub and a lens system oriented with respect to the multimode
optical fiber stub to focus an optical beam exiting the multimode optical fiber stub

onto an active area of an optical detector chip.
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[007] A method of receiving light in a receiver optical subassembly
according to some embodiments of the invention includes coupling a light beam from
a single-mode optical fiber into a multimode fiber stub, and focusing the light beam
onto an active area of an optical detector chip.

[008] A method of assembling a receiver optical subassembly according to
the present invention includes press-fitting a multimode fiber stub into a stub holder,
positioning a split sleeve over a portion of the multimode fiber stub, press-fitting the
stub holder into a receptacle, positioning a lens system in a lens cap, positioning a
detector chip onto a header, mounting the lens cap to the header so that light received
by the lens system is focused onto an active area of the detector chip, actively aligning
the active area of the detector chip with respect to the multimode fiber stub, and
positionally fixing the active area of the detector chip with respect to the multimode
fiber stub.

[009] In some embodiments of the invention, the ROSA accepts an optical
beam from a single-mode optical fiber into a multimode fiber stub. The beam
divergent angle and waist size are converted in the multimode fiber stub to allow the
use of low-cost ball lenses in focusing. The multimode fiber stub acts as a gradient
index (GRIN) lens. In some embodiments, the length of the multimode fiber stub is
optimized to modify the parameters of its output beam. The optimized beam size and
divergent angle can be utilizied to provide a small spot size focused on the APD
active area. In some embodiments of the invention, sufficient alignment tolerances
are achieved so that the use of low cost epoxy processes for assembly of the ROSA

can be used to assemble the ROSA.
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[010] Further, in some embodiments a high return loss characteristic can be
achieved. In some embodiments, the end surface of the fiber stub can be angle
polished to eliminate or reduce the reflection from the fiber-air interface back to the
fiber. The detector chip can also be positioned with an offset such that the incident
beam can be incident on the APD chip at an oblique angle to minimize the amount of
light reflected from the detector chip back into the optical fiber.

[011] These and other embodiments are further discussed below with

reference to the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[012] Figure 1 shows an assembled ROSA according to some embodiments
of the present invention.

[013] Figure 2 shows a disassembled ROSA according to some
embodiments of the present invention.

[014] Figure 3 shows the optical beam received from the optical fiber
through a multimode fiber stub.

[015] Figure 4 illustrates the beam radius as a function of the length of the
multimode fiber stub.

[016] Figures 5A and 5B illustrate focusing of the beam from the

multimode fiber stub onto the active area of an APD.
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[017] Inthe figures, elements having the same designation have the same or

similar function.

DETAILED DESCRIPTION

[018] Figure 1 illustrates a cross sectional diagram of an embodiment of a
receiver optical sub assembly (ROSA) 10 according to the present invention. ROSA
10 includes a multimode fiber stub 3 and a lens system 6 optically coupled to focus
light onto a detector chip 7. Detector chip. 7 can be any sufficiently sensitive and
stable photo detector, for example an avalanche photodiode. Other examples of
detectors that can be utilized, include PIN diodes. As was discussed above, an
avalanche photodiode (APD) can meet high requirements in sensitivity and noise.
However, an APD can have a small active area, which requires more exacting
alignment tolerances of the components of ROSA 10.

[019] In some embodiments of the invention, ROSA 10 includes a stub
holder 4 that interfaces with a receptacle 1 to hold multimode fiber stub 3. In some
embodiments, a portion of multimode fiber stub 3 can be pressed into stub holder 4
and stub holder 4 can be pressed into receptacle 1 such that an optical axis of
multimode fiber stub 3 (i.e., the central axis along the length of the multimode fiber)
is substantially aligned with an optical axis of ROSA 10. Further, a split sleeve 2 may
be pressed over a portion of multimode fiber stub 3 to act as an alignment for a single-
mode fiber inserted into ROSA 10, from which an optical signal is to be detected.

The single-mode fiber, then, is also aligned along the optical axis of ROSA 10 with

multimode fiber stub 3 in order to couple a light beam from the single-mode fiber into



WO 2005/073772 PCT/US2005/002201

multimode fiber stub 3. In some embodiments, the interface between ROSA 10 and a
single-mode optical fiber can be accomplished by a standard ferule type coupling.

[020] Lens system 6, which in some embodiments can be a ball lens, is
aligned to receive light from multimode fiber stub 3 and focus the light onto the active
area of detector chip 7. Lens system 6 can be mounted in a lens cap 9. Lens cap 9
can be mounted on a TO header 5 such that, when TO header 5 and lens cap 9 are
aligned with multimode fiber stub 3, an optical beam 8 exiting multimode fiber stub 3
is focused onto the active area of detector chip 7. Detector chip 7 can also be
mounted on TO header 5. TO header 5 also includes all electrical contacts and
electrical feed-throughs 11 for affecting electrical contact with detector chip 7. In
some embodiments, as shown in Figure 1, lens system 6 can be a ball lens mounted in
a ball lens cap 9. Ball lens cap 9 is then mounted on TO header 5. In some
embodiments, lens system 6 is positioned a short distance from surface 33 of
multimode fiber stub 3, for example 1 to 2 mm. In some embodiments, the distance
between lens system 6 and multimode fiber stub 3 is kept as short as possible (e.g.,
less than about 1 mm) in order to minimize the spot size incident on lens system 6. If
lens system 6 is a ball lens, the smaller spot size reduces the amount of aberration in
lens system 6.

[021] Figure 2 illustrates an assembly view of an embodiment of ROSA
10. In the assembly process, fiber stub 3 can first be press-fit into stub holder 4.
Then, split sleeve 2 is placed onto the combination of stub holder 4 and multimode
fiber stub 3 and the combination can be press fit into receptacle 1. The optical axis of

ROSA 10 is the axis through the center of multimode fiber stub 3 and split sleeve 2.
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Split sleeve 2 serves to guide single mode optical fiber inserted into ROSA 10 such
that the inserted single-mode optical fiber is optically aligned along the optical axis of
ROSA 10. In some embodiments, the depth of the optical plane of fiber stub 3 from
the front of receptacle 1 can be determined using a gauge pin during the press fit
process.

[022] The detector package can include detector chip 7, TO header 5, and
lens system cap 9 along with lens system 6. Detector chip 7, which can be an
avalanche photo diode, can be mounted in an appropriate fashion on TO header 5.
Further, electrical contacts are made between detector chip 7 and electrical feed-
throughs 11. As is well known, a voltage can be applied to detector chip 7 and the
current through detector chip 7 is monitored to indicate the presence of optical
radiation incident on the active area of detector chip 7. An example electrical
interface to an optical head such as ROSA 10 is disclosed in Application Serial No.
{Attorney Docket No. 09144.0010}, filed concurrently with the present disclosure,
and is herein incorporated by reference in its entirety.

[023]  For an APD, the active area of detector chip 7 can be about,35 pm in
diameter. In some embodiments, lens cap 9, with lens system 6 mounted within, can
be placed over TO header 5 such that lens system 6 can focus light onto the active
area of detector chip 7. In some embodiments, in order to reduce the return loss, the
surface of multimode fiber stub 3 can be polished at an angle relative to the optical
axis of ROSA 10. Therefore, the optical axis of lens system 6 can be angled with
respect to the optical axis of multimode fiber stub 3. Further, the active area of

detector chip 7 can be mounted off the optical axis of ROSA 10 (which coincides with
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the optical axis of multimode fiber stub 3), but on the optical axis of lens system 6.
Lens cap 9 may be passively aligned with respect to TO header 5 by using alignment
pins. In some embodiments, lens cap 9 can be epoxied to TO header 5. In some
embodiments, lens cap 9 can be welded using a standard resistance welding process to
header 5.

[024] In some embodiments, greater tolerance for alignment is achieved
because of an overall greater ability to focus incoming light onto a smaller spot size
on the active area of detector chip 7. In other words, the portion of active area of
detector chip 7 that is illuminated by the focused incoming light is enough less than
the entire active area of detector chip 7 that small misalignments (which can be
attained because of the tolerance of alignment pins and the curing of epoxy, for
example) can be tolerated.

[025] Insome embodiments, the resulting two sub-assemblies (e.g., the sub
assembly including TO header 5 and lens cap 9 and the sub assembly including
receptacle 1 and multimode fiber stub 3) can be assembled utilizing an active
alignment process and attached utilizing a thermally cured epoxy.

[026] Figure 5A illustrates optical coupling of a single mode fiber 50 to
multimode fiber stub 3. In some embodiments of the invention, a standard physical
contact technique for optical coupling between two optical fibers can be utilized. In
that technique, the ends of both fibers can be polished in a meniscus shape and the
ends are butted together to make physical contact. Split sleeve 2 can serve to align
the core 51 of single-mode optical fiber 50 and core 31 multimode fiber stub 3.

Typically, core 51 of single-mode optical fiber 50 has a smaller diameter than core 31
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of mult-mode fiber stub 3. Further, the diameter of optical fiber 50 is substantially the
same as the diameter of multimode fiber stub 3. The optical beam input from single-
mode optical fiber 50 pass through multimode fiber stub 3. Because the diameter of
core 31 is greater than the diameter of core 51, a larger amount of the light beam from
single-mode fiber 50 can be collected into multimode fiber stub 3. In a single-mode
to single-mode fiber connection, for example, about a .5 dB loss can be achieved. A
single-mode to multimode fiber connection, however, reduces this loss to about 0.1
dB.

[027] Figure 3 shows a diagram of light beam 8 passing through
multimode fiber stub 3 and being transmitted from multimode fiber stub 3 at surface
33. Multimode fiber stub 3 includes a core 31 surrounded by a cladding 32. Core 31
of multimode fiber stub 3, over short distances, operates on the optical beam from
optical fiber 50 similarly to a gradient index (GRIN) lens. The waist size of the
output beam from multimode fiber stub 3 can vary depending on the length of
multimode fiber stub 3.

| [028]  Figure 4 illustrates the variation in waist size of the optical beam
transmitted from multimode fiber stub 3 as a function of the length of multimode fiber
stub 3. As is shown in Figure 4, the waist size of the optical beam is a periodic
function of the length of multimode fiber stub 3. The optical beam transmitted from
multimode fiber stub 3 can be very close to a Gaussian profile. Therefore, in the far
field angle, the beam waist size can be approximated by the relationship

0= Z )
7w,
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where 0 refers to the angular width of transmitted optical beam 8 in degrees, A is the
wavelength of optical beam 8, and my is the waist size of optical beam 8 at surface 33
of multimode fiber stub 3. As indicated, a larger waist size (i.e., beam diameter)
results in a smaller divergent angle. Angular width 6 can be used to define the

numerical aperture (NA) of the multimode fiber stub 3 by the relationship NA=sin(0).
As used herein, the far field angular width is also referred to as the divergence angle.

[029] Inthe particular example shown in Figure 4, for multimode optical
fiber stub 3, the beam waist radius varies from about 5 um to about 10 um with a
periodicity in length of multimode fiber stub 3 of about 0.55 mm. Relative to the
output beam of a single mode fiber, the beam waist size from multimode fiber stub 3
can be larger and the resulting divergent angle can be smaller. In many embodiments,
smaller divergent angles may be preferred to obtain the optimum beam size on
detector chip 7. However, the resulting larger waist sizes for the beam may also
affect attainment of the optimum beam size on detector chip 7. Therefore, in some
embodiments of ROSA 10, the length of multimode fiber stub 3 is chosen by
balancing waist size and divergence angle in order to obtain an optimum spot size on
detector chip 7.

[030] Asis also shown in Figure 3, surface 33, where light beam 8 exits
from multimode fiber stub 3, can be polished such that surface 33 is at a non-normal
angle with respect to the optical axis of multimode fiber stub 3. In some
embodiments, the normal to surface 33 can make an angle of approximately 8° with
the optical axis. In such a system, light reflected from surface 33 in multimode fiber 3

does not travel back through multimode fiber 3 to be coupled into single-mode fiber
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50. Further, light scattered back through ROSA 10 is less likely to be coupled back
into single-mode fiber 50, resulting in better return loss characteristics for ROSA 10.
[031] Figure 5B illustrates an optical system between multimode fiber stub
3 and detector chip 7 where lené system 6 is a ball lens. Optical beam 8 from
multimode fiber stub 3 is focused by lens system 6, which in Figure 5B is a ball lens,
onto detector chip 7, which can be an APD chip, mounted on TO header 5. Asis
discussed above, the spot size of beam 8 on detector chip 7 is at least in part related to
the size and divergent angle of beam 8 at surface 33 of multimode fiber stub 3, the
magnification of lens system 6, and the aberrations of lens system 6. When lens
system 6 is a ball lens, the aberrations of the ball lens can contribute to the spot size.
A small beam size through the ball lens can be important for reducing the amount of
aberrations, and thus minimize the spot size of optical beam 8 on detector chip 7.
[032] Due to the distance between surface 33 of multimode fiber stub 3 and
lens system 6, which, in some embodiments of the invention, can be about 1.6 mm,
the divergent angle of the beam at surface 33 can impact the amount of aberrations in
a ball lens and, subsequently, the spot size on detector chip 7. A smaller beam
difference angle can reduce the spot size. However, the size of the beam waist at
angle 33 is inversely proportional to the divergent angle (i.e., a beam with a smaller
divergent angle has a bigger waist size). For an ideal lens system, the high beam
waist results in a larger spot size on detector chip 7. Therefore, there is a tradeoff
between the beam size and the divergent angle. The spot size on detector chip 7,

however, can be minimized by optimizing the waist size (and the divergent angle) of

11
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the beam at surface 33 of multimode fiber stub, which can be accomplished by
adjusting the length of multimode stub fiber 3.

[033] As an example, if multimode stub filter 3 is about 3.4 mm in length,
the beam waist radius at surface 33 is about 7 pum. The resulting numerical aperture,
NA, is about 0.09. The divergence angle corresponding to this numerical aperture
contains about 99% of the energy in beam 8. Lens system 6 is a ball lens with about
1.5 mm diameter made of BK7 silica. Lens cap 7, TO header 5, and detector chip 7
can be purchased from Mistubishi. With the small beam numerical aperture, a spot
size of about 15 um in diameter at detector chip 7 can result. In some embodiments,
the distance between surface 33 of multimode optical fiber 31 and ball lens 6 can be
about 1.6 mm and the distance between ball lens 6 and the active surface of detector
chip 7 can be about 1.3 mm.

[034] Where detector chip 7 includes an APD detector with about a 35 pm
diameter active area, the about 15 um diameter spot size of the previous example
allows a + 10 um misalignment tolerance. This relaxed tolerance allows utilization of
an epoxy process for assembly, instead of a high precision laser welding process.

[035] As discussed above, in some embodiments of the invention surface
33 of multimode fiber stub 3 can have an angled surface, for example an 8 degree
angled surface (i.e., a normal to surface 33 makes an angle of about 8° with the
optical axis of multimode fiber stub 3). As a result, the reflection from the fiber-air
interface at surface 33 will not be transmitted back into multimode fiber stub 3.
However, due to refraction, beam 8 is tilted off the optical axis of multimode fiber

stub 3. With an 8 degree angled surface, the beam can be angled from the optical axis

12
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of multimode fiber stub 3 by about 4 degrees. Therefore, light reflected from the
active area of detector chip 7 is not reflected back into multimode fiber stub 3, even
with a poor anti-reflective coating on the active area of detector chip 7. The
combination of an angled surface 33 and offset of detector chip 7 to compensate, in
combination, provides for a high return loss. No anti-reflective coating on surface 33
is required and anti-reflective coatings are not required on the active area of detector
chip 7 to provide for this high return loss characteristic. Of course, in some
embodiments anti-reflective coatings on surface 33 and on the active area of detector
chip 7 can be provided to maximize the amount of light detected by detector chip 7.

[036] In some embodiments, the distance between surface 33 of multimode
optical fiber 31 and ball lens 6 can be about 1.6 mm and the distance between ball
lens 6 and the active surface of detector chip 7 can be about 1.3 mm. Further, the
optical axis of optical system 6 and the optical axis of multimode optical fiber 31 can
be arranged to be parallel and separated by about 0.2 mm. The optical axis of the
active surface of detector chip 7 and the optical axis of lens system 6 can also
arranged to be parallel. The optical axis of the active surface of detector chip 7 is
separated by about 0.18 mm from the optical axis of ball lens 6 and separated by
about 0.38 from the optical axis of multimode optical fiber 31.

[037] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the

following claims.
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WHAT IS CLAIMED IS:

1. A receiver optical sub assembly, comprising:
a multimode optical fiber stub; and
a lens system oriented with respect to the multimode optical fiber stub
to focus an optical beam exiting the multimode optical fiber stub onto an active area
of an optical detector.

2. The assembly of claim 1, wherein the multimode optical fiber stub is
mounted in a stub holder, the stub holder being positioned in a receptacle.

3. The assembly of claim 2, further including a split sleeve positioned over a
portion of the multimode optical fiber stub, the split sleeve being capable of
positioning a single-mode optical fiber to optically couple with the multimode optical
fiber stub.

4. The assembly of claim 1, wherein the lens system is mounted on a lens cap,
the lens cap being mounted on a TO header so that the beam is focused on an active
area of a detector chip mounted on the TO header.

5. The assembly of claim 1, wherein the lens system is a ball lens.

6. The assembly of claim 1, wherein the optical detector includes an
avalanche photo diode.

7. The assembly of claim 1, wherein the multimode fiber stub includes an exit
surface, the exit surface being polished at an angle with respect to an optical axis of
the multimode fiber stub.

8. The assembly of claim 1, wherein the angle is about 8 degrees.

14



WO 2005/073772 PCT/US2005/002201

9. The assembly of claim 7, wherein the optical detector chip is offset from
the optical axis of the multimode optical fiber.
10. A method of receiving light in a receiver optical sub assembly,
comprising:
coupling a light beam from a single-mode optical fiber into a
multimode fiber stub; and
focusing the light beam onto an active area of an optical detector.
11. The method of claim 10, further including
providing an angled exit surface on the multimode fiber stub; and
positioning the active area of the optical detector to compensate for the
angled exit surface.
12. A receiver optical sub assembly, comprising:
means for receiving a light beam into a multimode fiber stub; and
means for focusing the light beam onto an active area of an optical
detector.
13. The receiver of claim 12, further comprising:
means for increasing the return loss characteristics of the receiver
optical sub assembly.
14. A method of assembling a receiver optical sub assembly, comprising:
press fitting a multimode fiber stub into a stub holder;
positioning a split sleeve over a portion of the multimode fiber stub;
press fitting the stub holder into a receptacle;

positioning a lens system in a lens cap;

15
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positioning a detector chip onto a header;
mounting the lens cap to the header so that light received by the lens
system is focused onto an active area of the detector chip;
actively aligning the active area of the detector chip with respect to the
multimode fiber stub; and
positionally fixing the active area of the detector chip with respect to
the multimode fiber stub.
15. The method of claim 14, wherein positionally fixing the active area
includes epoxying the header to the receptacle.
16. A receiver optical sub assembly, comprising:
means for adjusting a beam waist of an optical signal received in the
receiver optical sub assembly;
means for focusing a beam from the means for adjusting onto an active

surface of an optical detector chip.

16



WO 2005/073772 PCT/US2005/002201
1/3

6
5
10 1 3 __( N
Sl
“ \
2 SR/ %
\
4 8 9 7
FIG. 1
11
(‘10 °
5
6
4

@ FIG. 2



WO 2005/073772

PCT/US2005/002201
2/3

OUTPUT BEAM WAIST RADIUS (mm)

0.01
0.0092
0.0084
0.0076
0.0068

0.006
0.0052
0.0044
0.0036
0.0028

0.002
0

]

]

—)

S E— i ! I VR U M |

2.5 5
FIBER STUB LENGTH (mm)

FIG. 4



00000000000000000

N B
S
2 FIG. 5A 32
/\ﬁ




In tional Application No

INTERNATIONAL SEARCH REPORT P /US2005,/002201

. CLASSIFICATION OF SUBJECT MATTER
7 602B6/42

A
IPC

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 GO2B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/076152 Al (HUGHES RICHARD P ET AL) 1-16

20 June 2002 (2002-06-20)

paragraph ‘0028!

figure 4
D Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :
P g *T* later document published after the international filing date
or priority date and not in conflict with the application but

*A* document defining the general state of the art which is not cited to understand the principle of theory underlying the

considered to be of particular relevance

invention
*E* earlier document but published on or afterthe international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or involve an inventive slep when the document is taken alone

which is cited to establish the publication date of another

citation or other special reason (as specified) Y* document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but inthe art.
later than the priority date claimed - *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
30 May 2005 06/06/2005
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk I

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, .
Fax: (+31-70) 340-3016 Orignac, X

Form PCT/ISA/210 (second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT

o . . Intglitional Application No
nformation on patent famil i
peent family members PCT/US2005/002201
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2002076152 Al 20-06-2002  NONE

Form PCT/ISA/210 {patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

