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1. An optical switching system comprising;:

at least one movable mirror for selectively coupling an
optical signal from an mput port to any of a plurality of
output ports according to a position of said mirror;

an optical detector receiving a portion of light coupled to
one of said output ports to measure an intensity of said
light; and

a controller receiving an output of said optical detector

and 1n response adjusting said position of said mirror to
effect control of said intensity.

(Ex. 1004 (IPR2014-01166, -01276), ‘941 Smith Patent, Claim 1)
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Only Priority Dispute: Movable Mirror

O

output ports according to a position of said mirror;

at least one movable mirror for selectively coupling an
optical signal from an input port to any of a plurality of

- &

(Ex. 1004 (IPR2014-01166, -01276), ‘941 Smith Patent, Claim 1)




‘083 Smith Provisional: “Rotated”

O

According to a preferred embodiment of the invention, the optical throughput of each
wavelength channel may be controlled by using a mirror array with elements that can be rotated
in an analog fashion about two orthogonal axes. Angular displacement in a first, switching
plane, is used to perform an OXC, ADM or other switching function while angular displacement

about the orthogonal axis is used for power control. MEMS switches with single axis mirror

(Ex. 1005 (IPR2014-01166, -01276), ‘683 Smith
Provisional, Page 7, Lines 3-7)
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‘083 Smith Provisional: MEMS OADM

O

Example: OADM 3-D Design

Diffraction grating Folding mirror

add

I/O Fiber Array MEMS Mirror/Switch Array

Red: thru; Green: exchanged Figure 6

(Ex. 1005 (IPR2014-01166, -01276), ‘683
Smith Provisional, Fig. 6, Page 19)
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‘683 Smith Provisional: MEMS OADM

© _______________

Figure 7 MII‘I‘OI‘ Tun lng
e i OADM
4 L’Ldﬁﬁt i t

Major axis tunability
2.5° mirror tilt equals a

(%)
@

i . 2-fiber shift
@
e

L4

Minor axis tunability
0.3° mirror tilt equals a 10 dB shift

Note: Multiple-LAN OADM needs only 3.8° range

(Ex. 1005 (IPR2014-01166,-01276), ‘683
Smith Provisional, Fig. 7, Page 20)




‘683 Smith Provisional: Definitions

O

MEMS: MEMS (micro-electro-mechanical systems)
(Ex. 1005 (IPR2014-01166, -01276), ‘683 Smith Provisional,

Page 4, Line 15)
OADM: Optical add/drop multiplexers (OADM’s)

(Ex. 1005 (IPR2014-01166, -01276), ‘683 Smith Provisional,
Page 5, Line 9)
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‘041 Smith Patent Priority: Smith Claim 1

Smith Provisional Disclosure

Smith Claim 1 Element (all cites to Exhibit 1005, U5, Provisional Appl.
No. 60/234.683)

1[a]: at least one movable | p. 7: Fig. 6:

mirror  for  selectively | "2\

coupling an optical signal | - éé

from an mput port to any I'!IJCG.I‘GI

of a plurality of output| MEMS Mimor/Switch Array

ports according fto  a|p 7 (“[a)ccording to a preferred embodiment of the
position of said mirror invention, the optical throughput of each wavelength
channe]l may be controlled by using a mirror amray
with elements that can be rotated in an analog
displacement 1n a first, switching plane, 15 used to
perform an OXC, ADM or other switcling function

while angular displacement abou the orthogonal axis (Paper 34 (IPR2014-01166),
- R Petitioner’s Briefing in
Example: OADM 3-D Design | Responseto PTAB Questions,
Attached Chart; Paper 30
(IPR2014-01276), Petitioner’s
Briefingin Responseto PTAB
Questions, Attached Chart)




28. A method for controlling an optical cross connect
which includes a plurality of individually controllable trans-

missive elements comprising;:

adjusting said transmissive elements to effect selective
optical coupling between a plurality of input beams to
a plurality of output beam

monitoring optical powers on said plurality of output
beams; and

in response to said monitoring step, adjusting a transmis-
sion of said transmissive elements to achieve a prede-
termined relationship of optical powers between said
plurality of output beams.

(Ex. 1004 (IPR2014-01166, -01276), ‘941 Smith Patent, Claim 28)
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‘041 Smith Patent Claim 28:
No Dispute Raised

support. It discusses only a single claim and argues that the Smath patent’s claim 1

had some corresponding disclosure in the 683 Provisional. (Paper 34. New Chart,

(Paper 37 (IPR2014-01166), PO’s Response to Petitioner’s Br., Page 5;
Paper 33 (IPR2014-01276 ), PO’s Response to Petitioner’s Br., Page 5)




‘941 Smith Patent Claim 28: “Adjusting”

O

adjusting said transmissive elements to effect selective
optical coupling between a plurality of input beams to
a plurality of output beam

(Ex. 1004 (IPR2014-01166, -01276), ‘941 Smith Patent, Claim 28)




‘683 Smith Provisional: “Adjusting”

______________________________ ©

According to a preferred embodiment of the invention, the optical throughput of each
wavelength channel may be controlled by using a mirror array with elements that can be rotated
in an analog fashion about two orthogonal axes. Angular displacement in a first, switching
plane, is used to perform an OXC, ADM or other switching function while angular displacement

about the orthogonal axis is used for power control. MEMS switches with single axis mirror

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith Provisional,
Page 7, Lines 3-7)




1. An optical switching system comprising;:

at least one movable mirror for selectively coupling an
optical signal from an input port to any of a plurality of
output ports according to a position of said mirror;

an optical detector receiving a portion of light coupled to
one of said output ports to measure an intensity of said
light; and

a controller receiving an output of said optical detector
and in response adjusting said position of said mirror to
effect control of said intensity.

(Ex. 1004 (IPR2014-01166,
-01276), ‘941 Smith Patent,
Claim 1)

28. A method for controlling an optical cross connect
which includes a plurality of individually controllable trans-
missive elements comprising:

adjusting said transmissive elements to effect selective

optical coupling between a plurality of input beams to
a plurality of output beam

monitoring optical powers on said plurality of output

beams; and

in response to said monitoring step, adjusting a transmis-

sion of said transmissive elements to achieve a prede-
termined relationship of optical powers between said
plurality of output beams.

(Ex. 1004 (IPR2014-01166,
-01276), ‘941 Smith Patent,
Claim 28)
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Only Priority Dispute: Movable Mirror

______________________________ ©

subject matter was carried over from the "683 Provisional. As previously argued.
the Smuth patent's claim features. e.g.. “movable murror,” were not carried over

from the "683 Provisional. (Paper 19, pp. 56-59.) Rather. they were carnied over

(Paper 37 (IPR2014-01166), PO’s Response to Petitioner’s Br.,
Page 5; Paper 33 (IPR2014-01276, PO’s Response to Petitioner’s
Br., Page 5; Paper 19 (IPR2014-01166),PO’s Response, Pages 56-

59; Paper 15 (IPR2014-01276), PO’s Response, Pages 58-60)




Relevant Disclosure Carried Through:
Movablﬁ Mirror
Claimed ‘368
subject Smith provisional Smith patent
matter
Claims 1. 15. | Fig. 6: Fig. 5:
|10
Spatial array
of beam- Al |
deflecting 2 S‘./
elements \_{jﬁ 9100 ;g
..@ 82
Claim 13: L Jojerel 1 1 OO (.3 ~— 4
beam- }'lf 'n-: RO I'In
deﬂecting MEMS Mirror/Switch AITEI}' T:1-4, 7:32-44, FIE 14, 12:29-42,
elements are |p. 6 Fig. 9.9:6-57, 10:37-43, 11:2-11,
micro- 14:49-65, 16:8-51.
machined
MIITors
(Ex. 1028 (IPR2014-01166), Marom Decl., Pages 81-82;
Ex. 1028 (IPR2014-01276), Marom Decl., Page 98)




Relevant Disclosure Carried Through:
Moveabgé Mirror

Claimed 368
subject Smith provisional Smith patent
matter
Claims 1. 15, | p. 6 ("[a]ccording to a Abstract (“mult-
16_17: preferred embodiment of the | wavelength __eptical swatch
mdividually | invention, the optical including an array of mirrors
and throughput of each tltable about two axes. both to

continuously | wavelength channel may be | control the switching and 1o
controllable | conmrolled by using a mirrer | provide vanable power

imn two array witl elements that can | transmussion.”), 7:1-3 (descnbing

dinensions be rovated in an analeg “switching elements controllable
Jashion abour nve in two different scales or
orthogonal aves. Angular dimensions”), 7:32-44, Fig. 14,
chsplacement in a first, 8:19-20 ("FIG. 14 1s plan view of

switching plane, 15 used to two-ams tltable nurror usable
perform an OXC, ADM or with the invention ). 14:49.65,
other swatching function 7:1-4, 7:32-44 Fig. 14, 12:29.42
while angular displacement | Fig. 9. 9:6-57. 10:37-43, 11:2-11.
about the orthogonal axis 15 16:8-51.

used for power contrel. ™) 15:5-42 ("The sfriciure is

(cmphasss added ) sl PO (Ex. 1028 (IPR2014-01166),

af electrodes 274 under the nurror

plate 268 and anher paic of Marom Decl., Pages 82-83; Ex.

prtscas it 1028 (IPR2014-01276), Marom

inve force act oVercome

tho torsion beeu 266, 272 and o Decl., Page 103-104)

close the vanable gap between the
electrodes. The force is

approxinrately linearly

proportional to the magnimde af

tre applied veltage”) (emphasis
added), 17:1-23,




Relevant Disclosure Carried Through: Port

O

at least one movable mirror for selectively coupling an
optical signal from an input port to any of a plurality of
output ports according to a position of said mirror,

(Ex. 1004 (IPR2014-01166, -01276), ‘941 Smith Patent, Claim 1)




Relevant Disclosure Carried Through: Port

O

Claimed 368
subject Smith provisional Smith patent
maftter
Claums 1. 15. |p. 7. Fig. 6 (showing 8:47-62 ("Thus architecture
16.17: m/add/out/drop ports): applies as well toa WDM
In/out/add/dro add/drop multiplexer (WADM) 1n
p ports which the mput ports IN,. IN, are
(also, claim associated respectively with the
10 “an add Example: OADM 3-D Design mnput (IN) port of the transmission
port and a fiber and the DROP port to the
drop port” for local node and the output ports
adding/ OUT,;. OUT; are associated
dropping) - 13- 'ih'? respectively with the output
e R U (OUT) port of the transmission
Figs. 2, 5, 9’ fiber and the ADD port from the

local node™). Figs. 8. 9.

(Ex. 1028 (IPR2014-01166), Marom Decl., Pages 80-81;
Ex. 1028 (IPR2014-01276), Marom Decl., Page 99-100)




Relevant Disclosure Carried Through:
Controller

a controller receiving an output of said optical detector
and 1n response adjusting said position of said mirror to
cffect control of said intensity.

(Ex. 1004 (IPR2014-01166, -01276), ‘941 Smith Patent, Claim 1)




Relevant Disclosure Carried Through:

Controller

Claimed *368

subject Smith provisional Smith patent
matter
Claims 2 & 3: | Fig 4 | Fig 8
“control ol T Iuc
“whereinthe | ._ - -""""'.:-*:h-'!"”-f:;ﬂil;-*'-'—' - @ -u
control umit | “7 M o0 N ] W W ey
ﬁJIﬂ].H Y Lo ""’““-.I-n_-—"u_{_”n" L--;:'-TJ}_‘_"__.;' METROKL
comprises a e R——— “rG.e
servo-control i ; ’ :
= tated). Fig. 11. pp. 6. 11, | (annotated). Figs. 9:42-49, 11}39-
assembly,” | (annotated). Tig- 11 pp 45.8. 12, 8:3-4.9:29-10:13,
spectral 13:20-14:15.
momnitor

(Ex. 1028 (IPR2014-01166), Marom Decl., Page 84;
Ex. 1028 (IPR2014-01276), Marom Decl., Page 107)




Relevant Disclosure Carried Through:
Controller

subject Smith provitional Suith patent
matter
Clamme 1,15, [ p. 6, 9 "the percentage of the | 16:9-51 ("The above descnbes the
16, 17: drop beam that is coupled 1nto | princapal switching operations
to contral the power drop chamsel 230 | wiang the one ourrer alt axs. The
power of the optical concentranos other murror il aos, the mumor
235 may be vaned by alting | axss, can be used for power
Clagm 22 the individual amay elements | adjustment™); 17:53-18:25: Fag. 8:
mOntoTng about thear honzontal or . T
power m vertical axes”), Figs, 7,9, 11, » | )
spectral Fag. 10: comenien pfarn |
k OXI Patenic Power Equalisntion T -

see alzo Fig 4 in clawm 2,
below.

p. 10 (" Displacement of tlhe
beam from a condition of
perfect alignment decreases
the percentage of lighs
coupled inte the
concenrator's drop chanel,
reducing the amonnr of
panier leaving the swireh. In
the preferred operation of the

- Y
Lo, e
14

fils

m "
] tut
srTesier ;- T ew |

ol .

FlG. 8
10:-27-43, 15:38-55, 16:36-18:67,
18:11-21 (“'the majpor axis tilt can
be used for both channel swaichmg
and power equalizanon However,
power demaning abowt the major

a0 incurs the problem of

mereasang cross talk Moving o
Beam off mavimmm alignmrens
winh irs wavegnide 1n the direction
of a closely neighbonng
wavegude may mncrease the cross
talk™) (emphasis added),

(Ex. 1028 (IPR2014-01166),
Marom Decl., Pages 83-84;
Ex. 1028 (IPR2014-01276),

Marom Decl., Pages 105-106)




Construction of “Port”

‘368 Claims 1, 15, 16
‘678 Patent Claims 1, 21, 44, 61

|
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‘368 Patent Claim 1: “Ports”

O

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;

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 1)




Bouevitch Patent Figure 11: “Ports” in Context

O

IN c
w1
=~

10 92 | Pl -
| 99a 1 ouT @*
=
| 90 85_12a 96 2’3 EXPRESS ~=
LT
- B ] ] Z - OA, 7
) 80b
| AN\ r's 2
87 12b 99h 505 ouT w2
N ; DROP &
- OA
z

N g

ADD -
2
=
)
W
&
s
&
-]
=
&

(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Fig. 11)
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Bouevitch Patent Fig. 11: “Ports” in Context
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(Ex. 1003 (IPR2014-01166, -01276), Bouevitch
Patent, Fig. 11 (annotated))
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Patent Owner’s ‘217 Provisional: Overview

O

h"!""
PROVISIONAL APPLICATION FOR PATENT COVER SHEET
This is a request for filing

{r;ﬂ
g a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c). =

LA

I

03/19/01

T ——
INVENTOR(S)

Il

Residence
Given Name (first and middle [if any]) Family Name or Sumame (City and either State or Foreign Country)
Jeffrey P, Wilde

Los Gatos, CA

I

El Additional inventors are being named on the ___ separately numbered sheets attached hereto

TITLE OF THE INVENTION {280 characters max)

Reconfigurable Optical Add-Drop Multiplexer with Dynamic Spectral Equalization Capability
for DWDM Optical Networking Applications

Nirart all rarracnnndanng fn

CADDECSDAMAEMSE ARNDESS

(Ex. 1008 (IPR2014-01166), PO’s ‘217 Provisional, Page 1)
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‘368 and ‘678 Patents Claim Priority to the
‘217 Provisional

United States

(60) Provisional application No. 60/277,217, filed on Mar.
19, 2001.

(19
a2 Reissued Patent (10} Patent Number: US RE42.368 E
Chen et al. 45, Date of Reissued Patent: May 17, 2011
(541 L ADD-DROP {56} Meferences Cited
LRV CONTROL
AMIC SPECTRAL POWER L8, PATENT DOCUMENTS
NT O SAMSAD A 51995 Pateleral,
MENT CAPABILITIES f :g .;_v'u‘kwmr"wl al
4 X
(75) Inventors: Tal Chen, San Jase, CA (US), Joffrey P |97 Bischd gial
Wikde, Morgan Hill, CA (US): Juseph 1 Tomlinson
E. Davis. Morgan FIL CA (US)
(73] Assignes: Cupells Phatonics, Inc.. San Jose, CA
(115)
(21) Appl. Noo 12/816,084
(25 Filed: Jun. 15, 2010
Reluted 1.5, Patent Documents
Reissue of:
(64) Palent Mo 6E79.750 Primary Exm
s Apr 12, 2005 {74} Anoenet s
Appl. Mo /745,364 i
Filed: Dee. 22, 2003 (37} ABS
U5, Applications: This aventson provides 4 ¢ wiivelengili-sepasating ol
(63) Contimstion of application No. LOO08,714, filed on ;ﬁ[:‘?ﬂﬁi"ﬁ“_‘;‘{:“\'“"‘ 0]"’;-‘;'3"' ‘:m';‘;’“ﬂzﬂm";m
Now. 7. 2001, aow Pt No. 6687431, which s & guyiiply spegpPehannels, which are then focused unto an
continustion of application No. 09938426, filed o0y of sponding chunnel micremirrers. The shannel
Aug. 23,2000, now Par No. 6,623,346, mic ars a.{\ iudhi:ldually Icuum\llabl.c and contiouously
fod e PR nhle o reflect the speciral channels into selected cutput
(60) Provisionad applacation No. 60/277.217, filed on Mar_g#l0n. A quch, the inventive WSR apparatus is capable of
14, 2001 routing the speetral channels on a channel-by-chanel basis
and covpling any speciral channel inwe any one of the sutput
[N LA ports. The WSK appamtus of the present imvention may be
N2 AR [ 2000 ) further equipped with servoe-control and spectral power-mane
Hoak 142 (200,001 aapement capabilities, henchy mamiaining the coupling effi-
(52) US.C IRS24; 3RS 10; IR, ST, ciencies of the spectml channels nio the sulput pors at
qonmy  desired values, The WSR apparaius of the presest imvention
(581 Field of Classification Seurch 185,24, ean ke vsed 1o comstroet a novel class of dynamically recon-

fgntable optical add-drop multiplexers (OADM) for WM

S 10, 37. 34, 33; 308779, BL B3 BA il nenwarking applications.

JORRE, BT
See application Rle foe camplete search history. 22 Clalms, 12 Drawing Shects
100\
1w e I.I|€‘ -z
S~ b )

~— 110K

03

(Ex. 1001 (IPR2014-01166), ‘368 Patent,
Page 1 (annotated); Ex. 1001 (IPR2014-
01276), ‘678 Patent, Page 1)

)
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Patent Owner’s Use of “Port”

O

Bi-Directional OADM Approach (Circulator Scheme)

Input /
. > // Wavelength Separation & Routing /
Kl, A'Z’KE’;“N % | e

Pass-Through | Port1 Port 2 Port 3 Port 4
A Ay Agy e Ay A | Ay M
O =20 =20 =0
Add Add 4 Add Add
Drop Drop Drop Drop
Figure 9 Capella Proprietary & Confidential

(Ex. 1008 (IPR2014-01166, -01276), PO’s ‘217 Provisional, Fig. 9;
Paper 25 (IPR2014-01166), Petitioner’s Reply, Page 12; Paper 20
(IPR2014-01276), Petitioner’s Reply, Page 11)
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Patent Owner’s Use of “Port” (cont.)

O _______________

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.

(Ex. 1008 (IPR2014-01166,-01276), PO’s ‘217 Provisional,
Page 4)




Common Usage of “Port”

© _______________

A circulator is similar to an isolator, except that it has multiple ports, typically
three or four, as shown in Figure 3.3. In a three-port circulator, an input signal on
port 1 is sent out on port 2, an input signal on port 2 is sent out on port 3, and
an input signal on port 3 is sent out on port 1. Circulators are useful to construct
optical add/drop elements, as we will see in Section 3.3.4. Circulators operate on the

same principles as isolators; therefore we only describe the details of how isolators
work next.

(Ex. 1042 (IPR2014-01166), Ramaswami Textbook, Page 10;
Ex. 1052 (IPR2014-01276), Ramaswami Textbook, Page 10)




Patent Owner Did Not Disavow Scope

© _______________

160. Additionally. a POSA would read the 368 patent as teaching away

from or at the least discouraging the use of circulators. For example. the earliest

priority provisional applic%ltinn in the family of the "368 patent describes existing

add/drop architectures that had a number of problems. (*217 Provisional. FIGS. 5.
6.) The problems included requiring all the add and drop wavelengths to enter and
exit the device on single fibers (i.e., two ports). each coupled to a circulator. (/d. at
p. 2.) Since the prior art systems required all add and drop wavelengths to enter
and exit the device on single fibers. an additional means (e.g., circulator) was
required to add channels to a single fiber and to drop channels from the single fiber
output. (Zd.) As the inventors recognized. the additional means (e.g., circulator)

“can lead to sigmficant additional expense.” (Id.)

(Ex. 2004 (IPR2014-01166), Sergienko Decl., Para. 160;
Ex. 2004 (IPR2014-01276), Sergienko Decl., Para. 160)




Patent Owner Did Not Disavow Scope

© ______________

160. Additionally, a POSA would read the 368 patent as teaching away

from or at the least discouraging the use of circulators. For example, the earliest

(Ex. 2004 (IPR2014-01166), Sergienko Decl., Para. 160;
Ex. 2004 (IPR2014-01276), Sergienko Decl., Para. 160)




Patent Owner Did Not Disavow Scope

O

Bi-Directional OADM Approach (Circulator Scheme)

Pass-Through
s Ay gy o Ay

Figure 9 Capella Proprietary & Confidential

(Ex. 1008 (IPR2014-01166, -01276), PO’s ‘217 Provisional, Fig. 9)
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an mput 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;

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 1)
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Bouevitch Patent Figure 11: “Ports”

IN A
’/ 8
9%a 1 ouTt
2 3 XPRESS E

OA,

9o 5O out

DROP D

IN

ADD C

Bouevitch, Fig. 11,
(Annotation 1)

(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Fig. 11
(annotated); Paper 2 (IPR2014-01166), Petition, Pages 26-27; Paper 2
(IPR2014-01276), Petition, Pages 24-25)
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‘678 Patent Claim 1: Use of “Collimators”

O

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

(Ex. 1001 (IPR2014-01276), ‘678 Patent, Claim 1)




Providing: Patent Owner’s Expert

O

14 Q So if something is providing

15 something, 1t helps to deliver whatever it 1is
16 that it's providing. Is that fair?

17 A That's correct.

18 DR. TUMINARO: Objection, form.

(Ex. 1049 (IPR2014-01276), Sergienko Tr., Page 95, Lines 14-
18; Paper 20 (IPR2014-01276), Petitioner’s Reply, Pages 8-9)
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No One-to-One Requirement

______________________________ ©

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;

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 1)

8. The optical add-drop apparatus of claim 7 further com-
prising collimators associated with said alignment mirrors,
and imaging lenses in a telecentric arrangement with said
alignment mirrors and said collimators.

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claims 8)




Bouevitch Patent Figure 11: “Collimators”
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12 : 99a 1 /a ouT
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B il on
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e Bouevitch, Fig. 11,
L Y1 =
/] Annotation 1
|__[ _:"\52 ( )
I.\25

(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Fig. 11
(annotated); Paper 2 (IPR2014-01166), Petition, Pages 26-27; Paper 2

(IPR2014-01276), Petition, Pages 24-25)
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Instituted ‘368 Patent Claims Do Not Recite
“Collimator”

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 of said
spectral channels, each of said elements being individu-
ally and continuously controllable ir 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.

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 1)
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Two-Axis Mirror Movement

‘368 Patent Claims 1, 15, 16, 17
‘678 Patent Claims 1, 44, 61
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Bouevitch Figure 11 (51, 52): Movable
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(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Fig. 11
(annotated); Paper 2 (IPR2014-01166), Petition, Pages 23-24, 27-28;
Paper 2 (IPR2014-01276), Petition, Pages 26, 27-28)
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Bouevitch Figure 11 (51, 52): Movable
Mirrors
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(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Fig. 11
(annotated); Paper 2 (IPR2014-01166), Petition, Pages 23-24, 27-28;
Paper 2 (IPR2014-01276), Petition, Pages 26, 27-28)
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Bouevitch Figure 11 (51, 52): Movable
Mirrors

., and 4., respectively. Each sub-beam of light 1s transmit-
ted to a lower portion of the spherical reflector 10, is
reflected, and is transmitted to separate reflectors S1 and 52
of the MEMS array 50. Referring to FIG. 11, reflector 51 is

(Ex. 1003 (IPR2014-01166,-01276), Bouevitch Patent, Col. 14,
Lines 52-63; Paper 2 (IPR2014-01166), Petition, Pages 26-28;
Paper 2 (IPR2014-01276), Petition, Pages 26, 27-28)




‘683 Smith Provisional: 2-Axis Mirror
Rotation

According to a preferred embodiment of the invention, the optical throughput of each
wavelength channel may be controlled by using a mirror array with elements that can be rotated
in an analog fashion about two orthogonal axes. Angular displacement in a first, switching
plane, is used to perform an OXC, ADM or other switching function while angular displacement
about the orthogonal axis is used for power control. MEMS switches with single axis mirror
arrays may also be used for output power control. In this case, the coupling of each beam to a
designated output port is adjusted by variations in the switching angle.

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith Provisional,
Page 7, Line 3-9)




4

683 Smith Provisional: 2-Axis Mirror

Rotation
Figure 7 Mirror Tuning
In—Drop OADM
Add—>Out i . 1
P WO T
o|@| | NN
d . 2-fiber shift
2| @
Minoe i Siaabili

0.3° mirror tilt equals a 10 dB shift

Note: Multiple-LAN OADM needs only 3.8° range

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith Provisional,
Fig. 7, Page 20)




‘041 Smith Patent: 2-Axis Mirror Rotation

© ____________________________________________

(57) ABSTRACT

A multi-wavelength or white-light optical switch including
an array of mirrors tiltable about two axes, both to control
the switching and to provide variable power transmission
through the switch, both for optimization and for power
equalization between wavelength channels in a multi-
wavelength signal. The output power of a channel is

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Abstract)




No Bodily Incorporation Requirement

O _______________

e.g., id.. S. Tr., 36:18-38:17. The law 1s just the opposite. “The test for

obviousness 1s not whether the features of a secondary reference may be bodily
icorporated mto the structure of the primary reference.” IPR2013-00107, Paper 21

at 19 (citing In re Keller, 642 F.2d 413, 425 (CCPA 1981)). PO’s “redesign”

(Paper 25 (IPR2014-01166), Petitioner’s Reply, Page 6;
Paper 20 (IPR2014-01276), Petitioner’s Reply, Page 5)




No Bodily Incorporation Requirement

______________________________ ©

“The test for obviousness is not whether the
features of a secondary reference may be
incorporated bodily into the structure of a primary
reference.”

Honeywell Int'l Inc. v. Int’l Controls and Measurements Corp.,
Case No. IPR2014-00219, Paper 43 (P.T.A.B. April 1, 2015)




Bouevitch + Smith: Combination

O _______________

With respect to a rationale for combining Bouevitch and Smuth,

Petitioner contends the use of the two-axis murror of Snuth 1n Bouevitch:
(1) 1s a simple substitution of one known element for another yielding
predictable results, (2) 1s the use of a known technique to improve similar

devices, (3) would be obvious to try as there are only two options for tilting
MEMS murrors: one-axis and two-axis murrors, and (4) would be motivated

to reduce crosstalk in attenuation and to increase port density. Pet. 20-21.°

(Paper 8 (IPR2014-01166), Institution Decision, Pages 17-18;
Paper 8 (IPR2014-01276), Institution Decision, Pages 17)




‘683 Smith Provisional: Substitution /
Interchangeability

output is port is adjusted by translating the beam in the switching plane. In comparison to the
two-axis embodiment, single axis systems may be realized using simpler, single axis MEMS
arrays but suffer from increased potential for crosstalk between channels.

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith
Provisional, Page 12, Lines 24-26)




‘041 Smith Patent: Substitution /
Interchaéljgeability

arrangement as the fibers. If desired, tilting about the second
axis 1s not required if equalization is performed about the
first, channel switching axis. However, the second axis
tilting 1s nonetheless desired for optimization. It is noted that

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Col. 16, Lines 55-58)




Substitution / Interchangeability: Dr. Marom

© _______________

40. Fust. PHOSITA knew that 2-axis mirrors could be used in place of
l-axis mirrors. Both the Smith provisional and patent acknowledge this

mterchangeability. The provisional states that "in comparison to the two-axis

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 39;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 40)




Substitution / Interchangeability:
Dr. Marom (cont.)

43. Second. the devices disclosed in both Bouevitch and Smith are
similar devices. and PHOSITA would know that techniques used in one reference
would likely be directly applicable in the other. PHOSITA would know that the
2-axis mirrors of the Smith ROADM could be used as a replacement for the 1-

axis mirrors in the similar Bouevitch ROADM.

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 42;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 43)




Substitution / Interchangeability:
Dr. Marom (cont.)

combinable. Because the behavior of both 2-axis and 1-axis mirrors were known
at the time of the *678 patent, PHOSITA would also expect that using 2-axis
mirrors for power control mstead of l-axis murrors would vield the same
predictable result for power control if used in the MEMS-based switch of
Bouevitch. Rotation about either 1 or 2 axes would result in controllable
misalignment to alter power because any intentional misalignment from fiber
location. 1n any direction. would result in reduced coupling to fiber. (See, e.g.,
[Ex. 1037]. R.E. Wagner and W.J. Tomlinson. Coupling Efficiency of Optics in
Single-Mode Fiber Components, Applied Optics, Vol. 21. No. 15, pp. 2671-2688
(August 1982).)

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 43;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 44)




Obvious to Try / Limited Number of
Solutions: Dr. Marom

46. Third. 1t would be obvious for PHOSITA to try Smith’s 2-axis
mirrors in Bouevitch because 2-axis mirrors were among a small number of well
known and predictable solutions to beam-steering. and PHOSITA would expect
to have success building devices using either type of mirror. There are only two
options for tilting MEMS mirrors: tilting about 1-axis and tilting about 2-axis.

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 45;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 46)




Other Motivations: Reduce Crosstalk

© ___________________________________________________________________________

However, power detuning about the major axis incurs the
possible problem of increasing cross talk. Moving a beam
off maximum alignment with its waveguide in the direction
of a closely neighboring waveguide may increase the cross
talk between the two channels. On the other hand, minor axis
tuning seems to affect the pass band. An optimization
technique, rather than equalization, involves aligning the
minor axis to improve angular alignment arising from mirror
offset.

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Col. 18, Lines 17-25)




Other Motivations: Increased Port Density

_______________________________ ©

scaling. These systems make usc of the fact that it is possible
to use optical steering around in two directions to increase
the optical fiber count. Recently, optical switches that use
such mirrors have been announced. The systems use piezo-
clectric elements or magnetically or electrostatically actu-
ated micromirrors. The actuation method for these
approaches is often imprecise. To achieve a variable switch,
it is typically necessary to use a very high level of optical
feedback.

What is needed is a micromachine that enables steering of
optical signals from at least one input to a number of
alternative outputs, where the arrangement of the outputs is
not limited to a linear configuration. What is further needed
1s a method of fabricating and arranging arrays of the
micromachines such that the switching is accurate and
repeatable.

(Ex. 1009 (IPR2014-01166,-01276), Hoen Patent, Col. 2, Lines
1-16; Paper 2 (IPR2014-01166), Petition, Pages 22, 32; Paper 2
(IPR2014-01276), Petition, Pages 22, 32)




Continuously Controllable

‘368 Patent Claims 1, 15, 16, 17
‘678 Patent Claim 1, 44, 61
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‘368 Patent Claim 1: Continuously
Controllable

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.

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 1)




‘678 Patent Claim 1: Continuously
Contrallable

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.

(Ex. 1001 (IPR2014-01276), ‘678 Patent, Claim 1)




‘368 and ‘678 Patents: Analog Rotation

© _______________

The channel micromirrors 103 are individl.;ally controllable

and movable, e.g.. pivotable (or rotatable) under analog (or
continuous) control, such that, upon reflection, the spectral

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Col. 7, lines 6-8;
Ex. 1001 (IPR2014-01276), ‘678 Patent, Col. 7, lines 6-8)




‘683 Smith Provisional: Analog Rotation

© ______________

According to a preferred embodiment of the invention, the optical throughput of each
wavelength channel may be controlled by using a mirror array with elements that can be rotated
in an analog fashion about two orthogonal axes. Angular displacement in a first, switching

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith Provisional,
Page 7, Line 3-5)




‘041 Smith Patent: Analog Rotation

between the electrodes. The force is approximately linearly
proportional to the magnitude of the applied voltage, but
non-linearities exist for large deflections. If an AC drive

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Col. 15, Lines 40-42)




‘041 Smith Patent: Analog Rotation

© _______________

signal. In practice, the precise voltages needed to achieve a
particular tilt are experimentally determined.

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Col. 15, Lines 47-48)




Lin Patent: Mirror
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Lin Patent: For Switching Applications

______________________________ ©

mirror position, light is directed to a light absorber. The
DMD may also be monostable and operated in the analog

mode, and finds use as a light switch, pixel steerer, optical
shutter, scanner, and the like.

(Ex. 1010 (IPR2014-01166,-01276), Lin Patent, Col. 2, Lines 7-9)




Lin Patent: Continuously Controllable

© _______________

DEFLECTION

FIG. 3B

\ OPERATING RANGE

ADDRESS VOLTAGE

(Ex. 1010 (IPR2014-01166,-01276), Lin Patent, Fig. 3B)




Lin Patent: Continuously Controllable

______________________________ ©

the range of steering light is 20°. The response curve of
mirror 42 as a function of address voltage is shown in FIG.
3B.
With an address voltage being applied to one address
electrode 60 being from 0 to 20 volts, mirror 42 is deflected
proportional to the address voltage. When SIM 40 is

(Ex. 1010 (IPR2014-01166,-01276), Lin Patent,
Col. 7, Lines 10-15)




Bouevitch + Smith/Lin: Combination

© _______________

It also would have been obvious to substitute Smith’s or Lin’s continuous,

analog, control into the Bouevitch ROADM. (Marom Decl., § 67.) The PHOSITA
would combine the teachings of these references at least for the reasons that (1)
continuously controlled mirrors were known to be interchangeable with discrete-
step murrors; (2) continuously controlled mirrors allow arbitrary positioning of
mirrors and can more precisely match the optimal coupling value; and (3) Lin
specifically teaches that its analog. continuous MEMS mirrors would be useful in
optical switching applications like Bouevitch’'s and Smuth’'s ROADM devices.
(Ex. 1010, 2:6-9; Marom Decl., § 67.)

(Paper 2 (IPR2014-01276), Petition, Pages 30-31;
Paper 2 (IPR2014-01166), Petition, Page 30)




Bouevitch + Smith/Lin: Limited Options &
Predictalgée Results

In addition. analog (continuous) control of the mirrors would be obvious to
try because there are only two general options for such control—either analog
(continuous) or discrete (step-wise) control. (See Marom Decl. § 68.) For
example, Lin discusses analog control as the alternative to binary (discrete) control
of mirrors to increase the precision of the mirror placement. (Ex. 1010, 2:7-9; 3:41-
57: Marom Decl.. 9 70.) With only two options, both of which were known in the
prior art, and both of which were suggested as working solutions for control. the
PHOSITA would have expected that trying analog control would work well in the
device of Bouevitch. (Marom Decl.. 99 68-70.)

(Paper 2 (IPR2014-01276), Petition, Page 31; Paper 2
(IPR2014-01166), Petition, Pages 30-31)




Other Motivations: Known
Intercha(geability

67. To the extent Bouevitch does not fully disclose continuous (analog)
mirror control. it also would have been obvious to substitute one control method
for the other. including substituting either Snuth’s or Lin’s continuous. analog
control into the COADM of Bouevitch. PHOSITA would do so for at least for
the reasons that (1) continuously controlled miurrors were known to be
mterchangeable with discrete-step miurrors: (2) continuously controlled mirrors
allow arbitrary positioning of miurrors and can be used to achieve optimal
coupling value or deviations from angle to lead to controllable attenuation: and
(3) Lin specifically teaches that its analog. continuous MEMS muirrors would be
useful in optical switching applications like Bouevitch’s and Smith’s ROADM

devices. ([Ex. 1010], 2:6-9.)

(Ex. 1028 (IPR2014-01276), Marom Decl., Para. 67; Ex. 1028
(IPR2014-01166), Marom Decl., Para. 62)




‘683 Smith Provisional for Power Control—Not
Bouevitch Patent Figure 5

The PHOSITA would be motivated to use the 2-axis system of Smith within

the system of Bouevitch for power control. (Ex. 1028 at 4 73.) First, power control

(Paper 2 (IPR2014-01166), Petition, Page 34;
Paper 2 (IPR2014-01276), Petition, Page 34)




‘683 Smith Provisional: Power Control

According to a preferred embodiment of the invention, the optical throughput of each
wavelength channel may be controlled by using a mirror array with elements that can be rotated
in an analog fashion about two orthogonal axes. Angular displacement in a first, switching
plane, is used to perform an OXC, ADM or other switching function while angular displacement
about the orthogonal axis is used for power control. MEMS switches with single axis mirror
arrays may also be used for output power control. In this case, the coupling of each beam to a

designated output port is adjusted by variations in the switching angle.

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith
Provisional, Page 7, Lines 3-9)




Reflect
‘678 Patent Claims 1, 21, 41, 66




‘678 Patent Claim 1: Reflect

© ____________________________________________

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.

(Ex. 1001 (IPR2014-01276), ‘678 Patent, Claim 1)




Reflect: Broadest Reasonable Interpretation

O

The ordinary meaning of “reflect™ 1s to “bend or throw back light™ or to

“murror” that light. Ex. 1057 at 1127. Under that BRI, Petitioner showed that

(Paper 20 (IPR2014-01276), Petitioner’s Reply, Page 17)




Reflect: Broadest Reasonable Interpretation

© _______________

rteﬂeﬂcgi ﬂe:rkt.') vl [ME reflecten MFr reflecter < I, reflecte I
sdtind} 215 ;ti:vtzre, to t:lngm 1 toﬂhanicri or throw back (light, hea,t‘,eoi
Bring Dack e mbackn g€ OL; mirrdr or reproduce 3 to cast of
: sequence: with on fdeeds t

]g 4 to express or show [skills that r’e‘ffe?:tirea?: ;fe {ﬁ;ﬂl:lﬂm% t;:];
ally used in pp, —vi 1 to be ben £oriel
. ] t or thrown b ]

E;?Ir:c I;:_he jwaterf 2 10 bend or throw back lig?lt, ﬁﬁtnil:}nﬁfizur}g
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Dl !I!‘E.ﬂr ﬁh“rﬂdlt {ﬁn O UDONR) —SVYN rrncrnnn ---.E--,E to cast

(Ex. 1057 (IPR2014-01276), Webster’s New World Dictionary, Page 3;
Paper 20 (IPR2014-01276), Petitioner’s Reply, Page 17)




Bouevitch Patent Figure 11 (Annotation 2)

O
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(Ex. 1003 (IPR2014-01276), Fig. 11 (annotated); Paper 2
(IPR2014-01276), Petition, Pages 26, 27-29; Paper 20 (IPR2014-
01276), Petitioner’s Reply, Pages 17-18)
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Bouevitch Patent Figure 11 (Annotation 2)
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(Ex. 1003 (IPR2014-01276), Fig. 11 (annotated); Paper 2 (IPR2014-
01276), Petition, Pages 26, 27-29; Paper 20 (IPR2014-01276),
Petitioner’s Reply, Pages 17-18)
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Diffraction Gratings

‘368 Patent Claim 12
‘678 Patent Claims 17, 29, 53
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Markush Group

O

12. The optical add-drop apparatus of claim 1. wherein said
wavelength-selective device comprises a device selected
from the group consisting of ruled diffraction gratings, holo-
graphic diffraction gratings, echelle gratings, curved diftfrac-
tion gratings. and dispersing prisms.

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 12)




Markush Group

O

17. The wavelength-separating-routing apparatus of claim
1 wherein said wavelength-separator comprises an element
selected from the group consisting of ruled diffraction grat-
ings, halographic diffraction gratings. echelle gratings.
curved diffraction gratings, and dispersing gratings.

(Ex. 1001 (IPR2014-01276), ‘678 Patent, Claim 17)




Bouevitch Patent: Diffraction Gratings

0 85, 120 96 z(Ls_E-mnE Bouevitch, F|g 11,
{FWJ ) ., (Annotation 2)
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______

23

(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Fig. 11
(annotated); Paper 2 (IPR2014-01166), Petition, Pages 26, 47-49; Paper
25 (IPR2014-01166), Petitioner’s Reply, Pages 23-24; Paper 2
(IPR2014-01276), Petition, Pages 26, 45-47, 51-52, 59; Paper 20
(IPR2014-01276), Petitioner’s Reply, Page 23)
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Dr. Marom: Diffraction Gratings

O

104. Alternatively. 1t was also obvious to combine Bouevitch+Smith (or

Bouevitch+Smith+Lin) with other known teachings of specific types of
wavelength-selective device for WDM devices. For example. Dueck discusses
“ruled diffraction gratings.” and Ranalli discusses grating prisms. ([Ex. 1021], /4.,
6:26-30; [Ex. 1027] Ranalli. 6:33-36) I will refer to the combination of

Bouevitch+Smuth+Dueck as Ground 3 and Bouevitch+Smuth+Lin+Dueck as
Ground 4. All these elements are known to disperse wavelengths. Diffraction

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 104;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 113)
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Dr. Marom: Diffraction Gratings

© _______________

Ground 4. All these elements are known to disperse wavelengths. Daffraction
gratings. whether in the form of ruled. holographic. or Echelle are all confornung
to the same diffraction formula and same physics. They only differ in their

manufactunng techmque. It would be obvious to try such a ruled diffraction

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 104;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 113)




Dr. Marom: Diffraction Gratings

© _______________

manufacturing technique. It would be obvious to try such a ruled diffraction
grating in the devices of Bouevitch and Smith under Grounds 3 or 4. and
PHOSITA would be motivated to do so because Dueck describes its grating as
part of the “best mode™ of separating wavelengths in WDM devices. which

include the Bouevitch and Smith devices. (/d.)

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 104;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 113)




Dueck Patent: Diffraction Gratings

______________________________ ©

technologies well-known in this art. The ruled diffraction
grating 22 could be formed directly on the exit surface 2056
or formed in a separate planar material such as polymer,
glass, silicon, etc., that is secured to the end of the coupler
element 20, again, by an optical cement.

(Ex. 1021 (IPR2014-01166,-01276), Dueck Patent, Col. 6, Lines 26-30)




Ruled Diffraction Gratings

O _______________

17. The wavelength-separating-routing apparatus of claim
1 wherein said wavelength-separator comprises an element
selected from the group consisting of ruled diffraction grat-
ings. halographic diffraction gratings, echelle gratings,
curved diffraction gratings, and dispersing gratings.

(Ex. 1001 (IPR2014-01276), ‘678 Patent, Claim 17)




Patent Owner’s Expert: Diffraction Gratings

© _______________

17 Q Could you have used a ruled

18 diffraction grating as element 20 and had

19 figure 11 function as intended?

20 - Yes. Diffraction grating is
21 kind of a generic term in science. It's used
22 eyerywhere . There are multiple varieties of
23 diffraction gratings; but there's -- unless

24 you have a special need to use special type of
25 grating, the usual one is just the flat
1 surface with metal stripes. That will do the

2 job.

(Ex. 1039 (IPR2014-01166), EX. 1049 (IPR2014-01276), Sergienko Tr.,
Page 257, Line 17-Page 258, Line 2; Ex. 1028 (IPR2014-01166), Marom
Decl., Para. 104; Ex. 1028 (IPR2014-01276), Marom Decl., Para. 113)




Patent Owner’s Expert: Diffraction Gratings

© _______________

3 Q Is there any indication to you

4 in the Bouevitch patent that element 20 had
h some need for a special type of grating?

& A HNot as I can see in this

i configuration. It's very straightforward

8 configuration.

9 Q Could you have used a

10 holeographic diffraction grating as well?

e A Yas, it will do the same job.

L2 Q How about a, is it an echelette

B EEET (Ex. 1039 (IPR2014-01166), Ex.
4 A Echelette grating. 1049 (IPR2014-01276), Sergienko

= R e Ll | Tr., Page 258, Lines 3-22; Ex. 1028
: The purp:se iz ::s;en:n:i::: :: :i: - (IPR2014_01166)’ MarDm DBCl-,
L8 freguencies of all wavelengths in one Para- 104; EX- 1028 (IPR2014_
19 direction and then spread them in the space 01276)? Marom DBCl-, Para. 113)

¢0 depending on their wawvelengths. And if this

¢l system is capable of doing this, then you can

22 use it.



Patent Owner’s Expert: Diffraction Gratings

© _______________

23 Q Any of those, at least for the

24 purposes of figure 11, would have been
25 reasonable substitutes for one another?

1 A That's correct.

2 Q And one of skill in the art

3 would have expected those to probably work?

4 i Yes. Yes. So the distances

5 maybe will be different slightly or whatever,
& but it will be minor alignments, but the major

7 principles will not change.

(Ex. 1039 (IPR2014-01166), EX. 1049 (IPR2014-01276), Sergienko Tr.,
Page 258, Line 23-Page 2509, Line 7; Ex. 1028 (IPR2014-01166), Marom
Decl., Para. 104; Ex. 1028 (IPR2014-01276), Marom Decl., Para. 113)




Servo Control

‘368 Patent Claims 3, 22
‘678 Patent Claims 2-4, 21-23, 45, 62, 63
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(57 ABSTRACT

An optical device for rerouting and medifying
signal thar is capable of operating s a
equalizer (DGE) and/or & confignmble opfical add/drap
multiplever (COADM) 15 disclosed. The optical design
inchudes & front-end unit for providing a collimated beam of
light, an clement having optical power for providing
collimanng freusing effecis, a diffraction ehement for peo-
viding spatisl dispersion, and medifying mesns which in 2
preferred embodiment incbades ane of 3 MEMS array arsd &
Liguidd erysial areay for reflecting and modifying #1 least a
portion of 2 besm of light. The modifying mesns functions
as an attenualon when e optical devies Operates as a DGE
and as a switehing array when the optical device operates as
a COADM. Advaniageously, this imvention provides 2 4-F
systimm wherein a prefemel embidumient the clement having
optical power is a coneave reflector for providing = single
means for receiving light from the front-end unit, reflecting
the peeeived light te the dispersive element, receiving Light
from fhe dispersive element icling dispersed light io
the modifymg means, Convemently and advantageously,
this same concave reflector i utilized onoa return path,
chreiating the respirement of malching clements. In one
embodiment o single Focussing collimaling leis s provided
substantially at & focal plane of the element having aplical
pwer,

41 Claims, 12 Drawing Sheets

610

An optical device for rerouting and modifying an optical
signal that is capable of operating as a dynamic gain
equalizer (DGE) and/or a configurable optical add/drop
multiplexer (COADM) is disclosed. The optical design

(Ex. 1003 (IPR2014-01166, -01276),
Bouevitch Patent, Abstract)
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Bouevitch Patent Figures 9 and 11

O

A preferred embodiment is illustrated in FIG. 11, wherein

an arrangement similar to that shown in FIG. 9 designed to
operate as a COADM, 1s shown. Optical circulators 80a and

(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Col. 14,
Lines 14-16)




Bouevitch Patent: DGE / COADM

O

FIG. 9 is a schematic diagram of a DGE/COADM in
accordance with the instant invention including a lens hav-

ing a single port for launching and receiving light from the
concave reflector;

(Ex. 1003 (IPR2014-01166, -01276), Bouevitch Patent, Col. 4,
Lines 50-54)
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‘683 Smith Provisional:
Need for S@VO Control

distribution functions and generates power control signals to correct the deviations. These
signals are transported to the ADM switch on the power control signal line 335 which controls
the tilt angle of the individual MEMS elements about the power control axis. This resulting
feedback loop may be used to actively optimize the power spectra of the signals leaving the
ADM switch. Note — optimizing the output powers should be construed generally. As a rule, one
would prefer to maximize the power on each channel, but, for reasons of system uniformity, it is
preferred to equalize the powers of all channels which are within a specified range of power
(some too-low or too-high power signals may need correction outside the proposed means — e.g.
dead lasers) which means adjusting all channel powers until the equal the weakest acceptable
channel power — this is common in the current art. For other system reasons, exact equalization

(Ex. 1005 (IPR2014-01166,-01276), ‘683 Smith Provisional,
Page 12, Lines 9-18)




‘041 Smith Patent: Need for Servo Control

______________________________ ©

There are several criteria for adjusting relative power
between channels. One straightforward criterion 1s that all
wavelength channels on either output fiber 148, 150 should
have the same intensity so that optical receivers and other
components located downstream will detect wavelength
channels of equal intensity. In another method, the
wavelength-differentiated signals are pre-emphasized to
have different intensities to, for example, compensate for
non-flat wavelength response of a downstream component.

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Col. 9, Lines 58-66)




‘041 Smith Patent: Need for Servo Control

O _______________

The cross connects are also subject to environment and
aging effects in which their absorption changes over time.
The signal absorption across the cross connect may vary
according to the path selected and additionally according to
the wavelength channel. The optical input signal may

(Ex. 1004 (IPR2014-01166,-01276), ‘041 Smith Patent,
Col. 10, Lines 17-21)




‘678 Patent: Servo Control
“Known 1n the Art”

values. The electronic circuitry and the associated signal pro-
cessing algorithm/software for such processing unit in a
servo-control system are known in the art. A skilled artisan
will know how to implement a suitable spectral monitor along
with an appropriate processing unit to provide a servo-control
assembly in a WSP-S apparatus according to the present
invention, for a given application.

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Col. 12, Lines 9-15;
Ex. 1001 (IPR2014-01276), ‘678 Patent, Col. 12, Lines 9-15)




Dr. Marom: Servo Control

© _______________

wavelengths are separated. It would be obvious to PHOSITA to try the internal

feedback loop in Smith for use in Bouevitch as an alternative to the "external

feedback"” for power control that Bouevitch explains should be eliminated. (Jd. at

10:17-21.) This was obvious because the only alternatives to provide such

feedback would be the use of (1) internal or (2) external feedback. Using the

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 85;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 84)




Dr. Marom: Servo Control

© _______________

feedback would be the use of (1) internal or (2) external feedback. Using the

Smith internal feedback techmique was known. and one of skill would be
motivated to do so to avoid burdening the network controller with additional
communication between network elements which would otherwise be required
with external control. (Id.: see also [Ex. 1001]. 12:9-15 (*The electronic circuitry
and the associated signal processing algorithm/software for such processing unit
m a servo-control system are known in the art.”)) Bouevitch also suggests placing
a photodiode array to intercept part of the light after the beam modifying means.
where the wavelengths are separated. to get an internal feedback source (my
mterpretation) for eliminating the need for external feedback (Bouevitch patent

10:17-20).

(Ex. 1028 (IPR2014-01166), Marom Decl., Para. 85;
Ex. 1028 (IPR2014-01276), Marom Decl., Para. 84)
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‘368 Patent Claim 17: Imaging

O

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

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 17)
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‘368 Patent Claim 21: Focusing

O

21. The method of claim 17, wherein said 1imaging com-
prises focusing said spectral channels onto said beam-defiect-
ing elements.

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 21)
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Patent Owner’s Expert: Imaging and Focusing

© _______________

2 0 So you don't disagree, do you,
3 that Bouevitch figure 11 shows imaging of

4 spectral channels on to a beam-deflecting

5 element, correct?

6 DR. TUMINARO: Objection, form.

7 0 That's not a point of
contention, I don't believe.

9 A No, I just want to verify that

LO —— s0 the beam, it is focused on the mirror --

Ll on beam defecting element 50, in particular,

L2 mirrars 51 and 52. This design assumes that.

(Ex. 1039 (IPR2014-01166), Sergienko Tr., Page 246, Lines 2-12;
Paper 25 (IPR2014-01166), Petitioner’s Reply, Pages 22-23)




Patent Owner’s Expert: Imaging and Focusing

13

14

15

16

17

18

19

20

O

Q Because i1it's focused it's also
imaged, correct?
DR. TUMINARO: Objection, form.
A Well, it is in —-- this 1is the
extreme form of imaging, focusing, vyes. You
can say both. When you highlight that this is
imaging with the very small size, it become

just focusing.

(Ex. 1039 (IPR2014-01166), Sergienko Tr., Page 246, Lines 13-20;

Paper 25 (IPR2014-01166), Petitioner’s Reply, Pages 22-23)
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‘368 Patent Claim 17: Combine

© _______________

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 and to control the

(Ex. 1001 (IPR2014-01166), ‘368 Patent, Claim 17)




Patent Owner’s Expert: COADM

© ______________

14 Q And the A in either of those

b two terms, the capital A, stands for add,

16 correct?

17 A That's correct.

18 Q One point of a COADM or a ROADM
9 is to combine one of the selected signals into
20 the multiwavelength output of the device; 1is
21 that correct?

21 n That's correct.

(Ex. 1039 (IPR2014-01166), Sergienko Tr., Page 96, Lines 14-22;
Paper 25 (IPR2014-01166), Petitioner’s Reply, Page 23)




Bouevitch Patent: COADM

© _______________

[t is a further object pf the instant invention to provide an
optical configuration for rerouting and modifying an optical
signal that can be used as a dynamic gain equalizer and/or
configurable add/drop multiplexer.

(Ex. 1003 (IPR2014-01166), Bouevitch Patent,
Col. 2, Lines 22-25)
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An optical device for rerouting and modifying an optical
signal that is capable of operating as a dynamic gain
equalizer (DGE) and/or a configurable optical add/drop
multiplexer (COADM) is disclosed. The optical design

(Ex. 1003 (IPR2014-01166),
Bouevitch Patent, Abstract)




Bouevitch Patent Figure 11: Add /7 Drop
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