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Outline

Capella Invented a New Class of Optical Switches
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Capella Invented a New Class of Optical Switches

FIELD OF THE INVENTION

. This invention relates generally to optical communication
. systems. More specifically, it relates to a novel class of
dynamically reconfigurable optical add-drop multiplexers
(OADMs) for wavelength division multiplexed optical net-
. working applications.

Conventional OADMs in the art typically employ multi-
plexers/demultiplexers (e.g, waveguide grating routers or
arrayed-waveguide gratings), tunable filters, optical
switches, and optical circulators in a parallel or serial archi-
tecture to accomplish the add and drop functions.
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Wavelength Add/Drop Multiplexers

Dr. Ford’s 2006 Paper
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The most basic wavelength switch is
the dynamically reconfigurable WADM, which is essentially a
I x 2 or2 x 2 optical switch operating independently on each
wavelength channel.

Ex. 2025, p. 4438; 726 POR, pp. 9-11; 727 POR, p. 9-12
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Wavelength-Selective Switches

S Dr. Ford’s 2006 Paper

C. Wavelength-Selective Switches (WSSs)

As optical networks evolve from a simple ring topology with
WADM nodes to optical mesh networks, WSSs with more than
one output port are needed to link the node to three or four
neighboring nodes with each link carrying two-way traffic.

Ex. 2025, p. 4439; 726 POR, pp. 32-34; *727 POR, pp. 32-34
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Wavelength-Selective Switches

Key Features of a WSS

At Least Three
Collimator Ports

Diffraction Grating

Switch Any Channel
to Any Output Port

0007

Ford’s 2006 Paper

“N is larger than 2”
Diffraction Grating

“A large continuous scan
angle is required to direct
the output beam to any
of the N output fiber
collimators.”



The 368 Patent Claims a WSS

Key Features of a WSS Claim 1 of the ’368 Patent

At Least Three 1. An optical add-drop apparatus comprising

Collimator Ports an input port for an input multi-wavelength optical signal
having first spectral channels;

one or more other ports for second spectral channels; an

Diffraction G rating output port for an output multi-wavelength optical sig-
nal;
a wavelength-selective device for spatially separating said
Switch Any Channel SRR EHAEE, [and] y
a spatial array of beam-deflecting elements positioned such
fo Any OUtpUt Port that each element receives a corresponding one of said

spectral channels, each of said elements being individu-
ally and continuously controllable in two dimensions to
reflect 1ts corresponding spectral channel to a selected
one of said ports and to control the power of the spectral
channel reflected to said selected port.
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The '678 Patent Claims a WSS

Key Features of a WSS

At Least Three
Collimator Ports

Diffraction Grating

Switch Any Channel
to Any Output Port

Claim 1 of the '678 Patent

1. A wavelength-separating-routing apparatus, compris-

ing:

a) multiple fiber collimators, providing an input port for a
multi-wavelength optical signal and a plurality of output
ports;

b) a wavelength-separator, for separating said multi-wave-
length optical signal from said input port into multiple
spectral channels;

c¢) a beam-focuser, for focusing said spectral channels into
corresponding spectral spots; and

d) a spatial array of channel micromirrors positioned such
that each channel micromirror receives one of said spec-
tral channels, said channel micromirrors being pivotal
about two axes and being individually and continu-
ously controllable to reflect [ [said] ] corresponding
received speciral channels into any selected ones of said
output ports and to control the power of said received
spectral channels coupled into said output ports.
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Outline

No Motivation to Combine
Hindsight

0010
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Hindsight

Legal Requirement

Obviousness rationale is
through hindsight if: (1)
knowledge goes beyond the
skill of the art at the time of
the invention; and (2)
knowledge is gleaned only
from the applicant’s
disclosure

0011

Evidence Shows

Dr. Ford Incorrectly
Assumes WSSs Existed at
the time of the invention

Fujitsu’s rationale comes
from the Capella patent
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Hindsight: Dr. Ford Assumes WSSs Existed

Dr. Ford’s Declaration

V. STATE OF THE ART AT THE TIME OF THE ALLEGED
N e 5 SRS

A.  Transparent optical switching prior to the alleged invention..............
B.  Reconfigurable Optical Add-Drop Multiplexers.............cccccuveeeenne...
C.  Wavelength Selective Switches.............cccoooooiiiii

0012
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[EU NETWORK CON e il

Petiti
:. 0. And you talk about
CAPELLA PHOT(
i wavelength-selective switches in Paragraph 49

A.

Q.

A.

and 50 of your Declaration; correct?

Yes.

In Paragraphs 49 and 50 there's

not a single citation.

That's true.

Ford Depo. Tr., 203:15-18, 204:3-5; 726 POR, p. 32; 727 POR, p. 32
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Hindsight: Dr. Ford Assumes WSSs Existed

Dr. Ford’s 2006 Paper

In this paper, we review the current
state of the art of MEMS devices and subsystems for lightwave
communication applications.

Ex. 2025, 4433; *726 POR, pp. 32-34; *727 POR, pp. 32-34

[II. WAVELENGTH-SELECTIVE MEMS

A. Spectral Equalizers

B. Wavelength Add/Drop Multiplexers

C. Wavelength-Selective Switches (WSSs)

D. Wavelength-Selective Crossconnects (WSXC)

726 Ex. 2025, 4437-40; 726 POR, pp. 32-34; *727 POR, pp. 32-34
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Hindsight: Dr. Ford Assumes WSSs Existed

Dr. Ford’s 2006 Paper

Q. So there's like three columns of
Subsection C; right?

A. Right.

Q. And in those three columns you
cite 11 different references, References 80
through 90; correct?

A. Let's see. Yes.

Q. So those References 80 through 90
were all published after the March 2001
priority date of the patents at issue in this
case.

A, That's true.

0015
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Hindsight: Dr. Ford Assumes WSSs Existed
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Hindsight: Dr. Ford Assumes WSSs Existed

Dr. Sergienko

Q. But in 1999, they called it a

wavelength selective switch; right?

B Well, one can put any name on the
device. The question is, what's the
functionality? Functionality defines the value
of this invention or for the industry, so if
you try to take this device and put it right
next to the real wavelength selective switch,
it will become obvious that this -- it doesn't

fit. & % &

And the name attached, to me
personally, makes not much sense if I see the

performance of the add/drop multiplexer.

Ex. 1040, 44:13-45:10

17
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Hindsight: Dr. Ford Assumes WSSs Existed

Dr. Sergienko

E THE P RIAL AND A. This 1s not yes. I'm saying that

someone can title the -— the patent. 0One has

ITTTSU NETWOE : to examine the performance of this device and
see whether it performs the functions of
that it's not the wavelengths add/drop

multiplexer. It is not a wavelength add/drop

multiplexer following the definitions of

Dr. Ford and his colleagues, who established
the hierarchy of wavelength devices in
telecommunication networks. I think this
device would fall into the category of add/drop

multiplexers.

Ex. 1040, 38:21-39:9
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Hindsight: Fujitsu’s Rationale Comes from the Capella Patent

“““ Fujitsu

Namely,
providing the MEMS murrors of Bouevitch with two-axis tilt capability enables the
spatial positioning of returning beams in both transverse directions at the face of
microlens array 12. Thus, errors in system alignment arising, e.g.. from imperfect
assembly or temperature changes—well known problems in free space optical

systems—could be better compensated.

0019
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Hindsight: Fujitsu’s Rationale Comes from the Capella Patent

As such, the prevailing drawbacks suffered by the OADMs
currently in the art are summarized as follows:

3) Stringent fabrication tolerance and painstaking optical
alignment are required. Moreover, the optical alignment is
not actively maintained, rendering it susceptible to envi-
ronmental effects such as thermal and mechanical distur-
bances over the course of operation.

0020
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Hindsight: Fujitsu’s Rationale Comes from the Capella Patent

T Third, the constituent
optical components must be in a precise alignment, in order
for the system to achieve its intended purpose. There are.
however, no provisions provided for maintaining the requisite
alignment; and no mechanisms implemented for overcoming
degradation in the alignment owing to environmental effects
such as thermal and mechanical disturbances over the course
of operation.

Moreover, as in the
case of Askyuk et al., there are no provisions provided for
maintaining requisite optical alignment in the system, and no
mechanisms implemented for combating degradation in the
alignment due to environmental effects over the course of
operation.

21
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Outline

No Motivation to Combine

Changes the Principle of Operation

0022
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Petitioners’ Fundamental Assumption

Fujitsu

It would have been obvious to combine the teachings of Figure 11 of
Bouevitch with the 2-axis MEMS murrors of either Carr or Sparks.

A person of ordinary skill in the art would have been motivated use the 2-
axis mirrors in Carr or Sparks instead of Bouevitch’s 1-axis mirrors in part because
both references use the same operating principles for both optical switching and
power control. Those principles are (1) tilting murors at large angles to switch an
optical signal from one port to another for switching functions in a Configurable
Optical Add/Drop Multiplexer (COADM), and (2) tilting at smaller angles to
slightly musalign the optical signal to control power for DGE (Dynamic Gain

Equalization) functions. See Pet. at 34-36, 53—54.
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Sparks Uses Misalignment to Control Power

AIVEIIERCE AT DD METRCTE, 1710

Sparks

If, in accordance with an embodiment of the present
invention, the optical beam path 1s misaligned, ¢.g. either to
misalignment of one of the mirrors 16, 26 or movement of
the lens 22, then FIG. 25 illustrates how only a portion of the
beam 30 will be coupled into the optical fibre core 4a.
Consequently, only the fraction of the beam profile 30
coupled into the output forms the output signal, and hence
the optical signal is attenuated.

ba

30

Lb

Fig 2b
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Bouevitch Attenuates Power at a Modifying Means

a2 United States Patent

Bouevitch et al.

(54) OPTICAL CONFIGURATION FOR A
DYNAMIC GAIN EQUALIZER AND A
CONFIGURABLE ADD/DROP
MULTIPLEXER

The optical design
includes a front-end unit for providing a collimated beam of
light, an e¢lement having optical power for providing
collimating/focusing effects, a diffraction element for pro-
viding spatial dispersion, and modifying means which in a
preferred embodiment includes one of a MEMS array and a
liquid crystal array for reflecting and modifying at least a
portion of a beam of light. The modifying means functions
as an attenuator when the optical device operates as a DGE

and as a switching array when the optical device operates as
a COADM.
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Bouevitch Attenuates Power at a Modifying Means
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Bouevitch Attenuates Power at a Modifying Means

Variable attenuation is provided by the modifying means
950. The spherical reflector 910 redirects the modified
spatially dispersed beam of light back to the diffraction
orating 920 such that it is recombined to form a single
modified output beam of light, which is incident on the
single port 992 with an angle of incidence close to —o.. The
attenuated output beam of light 1s passed through the lens
990, and 1s directed towards output port 987 where it 1s
transmitted to output optical fibre 998.

0028
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Bouevitch Attenuates Power at a Modifying Means

The
spatially dispersed sub-beams of light incident on the lower
region of the spherical reflector 810 are reflected and trans-
mitted to the modifying means 850 in a direction parallel to
the optical axis of the spherical reflector 810. Once
attenuated, the sub-beams of light are reflected back to the
spherical reflector 810, the diffraction grating 820, and the
front-end unit 805 along the same optical path.

0029
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Bouevitch Attenuates Power at a Modifying Means

After
passing through the quarter waveplate 157 for a second time,
the attenuvated sub-beam of light will have a polarization
state that has been rotated 90° from the original polarization
state. As a result the attenuated sub-beam is refracted in the
birefringent element 156 and is directed out of the device to
port 1025. A half wave plate 158 is provided to rotate the
polarization of the refracted sub-beams of light by 90°.

Of course, other modifying means 150 including at least
one optical element capable of modifying a property of at
least a portion of a beam of light and reflecting the modified
beam of light back in substantially the same direction from
which it originated are possible.

0030
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Bouevitch Attenuates Power at a Modifying Means

Bouevitch

The
degree of attenuation is based on the degree of deflection
provided by the reflector (i.e., the angle of reflection).

Petitioner Reply

r

Sl()2

(D) side view, no blas appllec

{c) wilh bias apphed
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The Figure 11 Embodiment Does Not Control Power

FIG. 11 is a schematic diagram of the preferred embodi-
ment of a COADM 1n accordance with the 1nstant invention;

A preferred embodiment 1s illustrated in FIG. 11, wherein
an arrangement similar to that shown in FIG. 9 designed to
operate as a COADM, is shown.
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Bouevitch Discourages Misalignment

However, the disclosed device
1s limited in that the add/drop beams of light are angularly
displaced relative to the input/output beams of light. This
angular displacement is disadvantageous with respect to
coupling the add/drop and/or input/output beams of light
into parallel optical waveguides, in addition to the additional
angular alignment required for the input beam of light.

0033
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Bouevitch Discourages Misalignment

The lateral displacement of the input and modified output
beams of light (i.e., as opposed to angular displacement)
allows for highly efficient coupling between a plurality of
mput/output waveguides.
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Bouevitch is Designhed to Correct Misalignment

Advantageously, the optical arrangement shown in FIGS.
6a and 6b provides a symmetrical 4-f optical system with
fewer alignment problems and less loss than prior art
systems. In fact, many of the advantages of this design
versus a conventional 4f system using separate lenses is
afforded due to the fact that the critical matching of com-
ponents 1s obviated. One significant advantage relates to the
fact that the angle of incidence on the grating, in the first and
second pass, 1s inherently matched with the optical arrange-
ment.

85
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Bouevitch is Designhed to Correct Misalignment
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Ex. 2034, 726 POR, p. 25; '727 POR, p. 25
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Bouevitch is Designhed to Correct Misalignment

Dr. Ford

0. So just so I understand, so if
the fiber were shifted down accidentally for

some reason and then it went through the lens,

hit the grating, went back to the MEMS, would
go through the lens again, hit the grating,
but then it would come back to the shifted

down part of --

A. Yes.
0 -- the fiber automatically?
7?;;; _x A. Automatically.
- (oL So it's a way to automatically
- make sure that the -- the light gets back into

st R B the fiber?
A. Thatils right.

Ford Depo. Tr., 140:23-141:12; °726 POR, p. 25; ’727 POR, p. 25

37

0037



127. Bouevitch’s self-alignment principle of operation would preclude a

person of ordinary skill in the art from making the combination proposed by

Fujitsu.

NDER V. SERGIENKO

" OWNER RESPONSE Sergienko Dec., 1 127; ’726 POR, p. 26; 726 POR, p. 26
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Outline

Ports

Collimator Ports vs. circulators
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Collimator Ports vs. circulators

'368 Patent

an input port for an input multi-wavelength optical signal
having first spectral channels:

one or more other ports for second spectral channels; an
output port for an output multi-wavelength optical sig-
nal:

678 Patent

a) multiple fiber collimators, providing an input port for a
multi-wavelength optical signal and a plurality of output
ports:

0040
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Collimator Ports vs. circulators

Collimated Beam

/ ba

/

GRIN Lens

Each output port is provided by a
quarter-pitch GRIN lens (2 mm in diameter) coupled to an
optical fiber (see FIG. 1D).

41
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Collimator Ports vs. circulators

101 1101 't 110-2

Fig. 1A

101 220 260 270 110-1 1102

Fig. 2B

Ex. 1001, FIGS. 1A, 2A, 2B, 3

0042
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Fig. 2A

Fig. 3
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Collimator Ports vs. circulators

Background

Conventional OADMs in the art typically employ multi-
plexers/demultiplexers (e.g, waveguide grating routers or
arrayed-waveguide gratings), tunable filters, optical
switches, and optical circulators in a parallel or serial archi-
tecture to accomplish the add and drop functions.

0043
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Collimator Ports vs. circulators

Background

An optical circulator therefore has to be implemented,
to provide necessary routing of these two signals. Likewise,
all the add and drop channels enter and leave the OADM
through the same output port, hence the need for another
optical circulator. Moreover, additional means must be pro-
vided to multiplex the add channels before entering the sys-
tem and to demultiplex the drop channels after exiting the
system. This additional multiplexing/demultiplexing require-
ment adds more cost and complexity that can restrict the
versatility of the OADM thus-constructed. Second, the opti-
cal circulators implemented in this OADM for various rout-
ing purposes introduce additional optical losses, which can
accumulate to a substantial amount.
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Collimator Ports vs. circulators
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Disavowal / Disclaimer

Legal Requirement

“[The Federal Circuit has]
found disavowal or disclaimer
based on . .. ‘the present
Invention includes . . .” or ‘the
present inventionis....””

0047

Evidence Shows

“The present invention
provides a wavelength-
separating-routing (WSR)
apparatus and method which
employ an array of fiber
collimators serving as an input
port and a plurality of output
ports...."”
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Disavowal / Disclaimer

SUMMARY

The present invention provides a wavelength-separating-
routing (WSR) apparatus and method which employ an array
of fiber collimators serving as an input port and a plurality of
output ports; a wavelength-separator; a beam-focuser; and an
array of channel micromirrors.

48
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The ’217 Provisional

Dr. Sergienko

176. 1 understand that Petitioner may allege that the ’368 patent’s
provisional application, included as Exhibit 2012, is inconsistent with the claim
construction that the claimed ports are not circulator ports. I would strongly

disagree with Petitioner on this point.

Dr. Ford

Did Not Consider the '217 Provisional For Claim Construction

50
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The ’217 Provisional

Bi-Directional OADM Approach (Circulator Scheme)

Input

H—" i )\‘132\'297\‘39"-?\1;]

Pass-Through
Rps Ay gy e Ay

The third architecture (Fig. 9) is also bi-directional, but uses only one WSR unit.
Circulators are situated on all of the physical input/output ports, allowing for two-way

optical propagation. This design has the restriction that at each of the add/drop ports, the
add and drop wavelengths must be the same.
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The ’217 Provisional

NAL APPLICATION FOR PATENT COVER SHE > )« >
Bt Mps Ay Ry oo g ;

Bi-Directional OADM Approach (Circulator Scheme)

Input

ngth Separation & Routing
‘ G ' ; 7,
| ‘

Pass-Through ‘| Port 1 Port 2 Port 3
IR O R W L2 4
—p =P
Add Add Add
Drop Drop Drop Drop

« Target Configuration:
— 4 to 8 physically separate add/drop ports

— Each port can add & drop multiple wavelengths
— Each port requires a circulator to separate the add & drop channels
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'368 Patent: Claim 1

1. An optical add-drop apparatus comprising

an input port for an input multi-wavelength optical signal
having first spectral channels;

one or more other ports for second spectral channels; an
output port for an output multi-wavelength optical sig-
nal;

a wavelength-selective device for spatially separating said
spectral channels; [and]

a spatial array of beam-deflecting elements positioned such
that each element receives a corresponding one ot said
spectral channels, each of said elements being individu-
ally and continuously controllable in two dimensions to
reflect its corresponding spectral channel to a selected
one of said ports and to control the power of the spectral
channel reflected to said selected port.

0054

54



'368 Patent: Claim 15

15. An optical add-drop apparatus, comprising

an input port for an input multi-wavelength optical signal
having multiple spectral channels;

an output port for an output multi-wavelength optical sig-
nal;

one or more drop ports for selected spectral channels
dropped from said multi-wavelength optical signal;

a wavelength-selective device for spatially separating said
multiple spectral channels: and

a spatial array of beam-deflecting elements positioned such
that each element receives a corresponding one of said
spectral channels, each of said elements being individu-
ally and continuously controllable in two dimensions to
reflect its corresponding spectral channel to a selected
one of said ports and to control the power of the spectral
channel reflected to said selected port, whereby a subset
of said spectral channels 1s directed to said drop ports.
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'368 Patent: Claim 16

16. An optical add-drop apparatus, comprising

an input port for an input multi-wavelength optical signal
having multiple spectral channels;

an output port for an output multi-wavelength optical sig-
nal;

one or more add ports for selected spectral channels to be
added to said output multi-wavelength optical signal;

a wavelength-selective device for retlecting said multiple
and said selected spectral channels; and

a spatial array of beam-deflecting elements positioned such
that each element receives a corresponding one of said
spectral channels, each of said elements being individu-
ally and continuously controllable in two dimensions to
reflect its corresponding spectral channel to a selected
one of said ports and to control the power of the spectral
channel reflected to said selected port, whereby said

spectral channels from said add ports are selectively
provided to said output port.

56
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'368 Patent: Claim 17

17. A method of performing dynamic add and drop in a
WDM optical network, comprising

separating an input multi-wavelength optical signal into
spectral channels;

imaging each of said spectral channels onto a correspond-
ing beam-deflecting element; and

controlling dynamically and continuously said beam-de-
flecting elements in two dimensions so as to combine
selected ones of said spectral channels into an output
multi-wavelength optical signal ard to control the
power of the spectral channels combined into said out-
put multi-wavelength optical signal.
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'678 Patent: Claim 1

1. A wavelength-separating-routing apparatus, compris-

ing:

a) multiple fiber collimators, providing an input port for a
multi-wavelength optical signal and a plurality of output
ports;

b) a wavelength-separator, for separating said multi-wave-
length optical signal from said input port into multiple
spectral channels;

¢) a beam-focuser, for focusing said spectral channels into
corresponding spectral spots; and

d) a spatial array of channel micromirrors positioned such
that each channel micromirror receives one of said spec-
tral channels, said channel micromirrors being pivotal
about two axes and being individually and continu-
ously controllable to reflect [ [said] ] corresponding
received spectral channels into any selected ones of said
output ports and to control the power of said received
spectral channels coupled into said output ports.
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'678 Patent: Claim 21

21. A servo-based optical apparatus comprising:

a) multiple fiber collimators, providing an input port for a
multi-wavelength optical signal and a plurality of output
ports;

b) a wavelength-separator, for separating said multi-wave-
length optical signal from said input port into multiple
spectral channels:

¢) a beam-focuser, for focusing said spectral channels into
corresponding spectral spots; and

d) a spatial array of channel micromirrors positioned such
that each channel micromirror receives one of said spec-
tral channels, said channel micromirrors being individu-
ally controllable to reflect said spectral channels into
selected ones of said output ports; and

¢) a servo-control assembly, in communication with said
channel micromirrors and said output ports, for main-
taining a predetermined coupling of each reflected spec-
tral channel into one of said output ports.
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'678 Patent: Claim 44

44. An optical system comprising a wavelength-separat-
ing-routing apparatus, wherein said wavelength-separating-
routing apparatus includes:

a) an array of fiber collimators, providing an input port for
a multi-wavelength optical signal and a plurality of out-
put ports including a pass-through port and one or more
drop ports;

b) a wavelength-separator, for separating said multi-wave-
length optical signal from said input port into multiple
spectral channels:

c¢) a beam-focuser, for focusing said spectral channels into
corresponding spectral spots; and

d) a spatial array of channel micromirrors positioned such
that each channel micromirror receives one of said spec-
tral channels, said channel micromirrors being pivotal
about two axes and being individually and continu-
ously [ [pivotable] ] controllable to reflect [[said] ]
corresponding received spectral channels into any
selected ones of said output ports and to control the
power of said received spectral channels coupled into
said output ports, whereby said pass-through port
receives a subset of said spectral channels.
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'678 Patent: Claim 61

61. A method of performing dynamic wavelength separat-
ing and routing, comprising:

a) receiving a multi-wavelength optical signal from an
input port;

b) separating said multi-wavelength optical signal into
multiple spectral channels;

¢) focusing said spectral channels onto a spatial array of
corresponding beam-deflecting elements, whereby each
beam-deflecting element receives one of said spectral
channels: and

d) dynamically and continuously controlling said beam-
deflecting elements[ [, thereby directing]] in two
dimensions to direct said spectral channels into [ [a
plurality] ] any selected ones of said output ports and to
control the power of the spectral channels coupled
into said selected output ports.
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Bouevitch, Figure 11
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