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OPTICAL PROCESSING 
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RELATED APPLICATIONS 

This application is a divisional ofU.S. Appl. No. 10/487,810, which is the U.S. 

National Stage of International Appl. No. PCT/GB02/04011, filed September 2, 2002, 

and published in English. This application claims priority under 35 U.S.C. § 119 or 365 

to Great Britain Appl. No. 0121308.1, filed September 3,2001. The entire teachings of 

the above application(s) are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to an optical device and to a method of controlling 

an optical device. 

[0002] More particularly but not exclusively the invention relates to the general field of 

controlling one or more light beams by the use of electronically controlled devices. The 

field of application is mainly envisaged as being to fields in which reconfiguration 

between inputs and outputs is likely, and stability of performance is a significant 

requirement. 

BACKGROUND OF THE INVENTION 

[0003] It has previously been proposed to use so-called spatial light modulators to 

control the routing of light beams within an optical system, for instance from selected 

ones of a number of input optical fibres to selected ones of output fibres. 

[0004] Optical systems are subject to performance impairments resulting from 
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aberrations, phase distortions and component misalignment. An example is a multiway 

fibre connector, which although conceptually simple can o~en be a critical source of 

system failure or insertion loss due to the very tight alignment tolerances for optical 

fibres, especially for single-mode optical fibres. Every time a fibre connector is 

5 connected, it may provide a different alignment error. Another example is an optical 

switch in which aberrations, phase distortions and component misalignments result in 

poor optical coupling efficiency into the intended output optical fibres. This in turn may 

lead to high insertion loss. The aberrated propagating waves may diffract into intensity 

fluctuations creating significant unwanted coupling of light into other output optical 

10 fibres, leading to levels of crosstalk that impede operation. In some cases, particularly 

where long path lengths are involved, the component misalignment may occur due to 

ageing or temperature effects. 

[0005] Some prior systems seek to meet such problems by use of expensive 

components. For example in a communications context, known flee-space wavelength 

15 multiplexers and demultiplexers use expensive thermally stable opto-mechanics to cope 

with the problems associated with long path lengths. 

[0006] Certain optical systems have a requirement for reconfigurability. Such 

reconfigurable systems include optical switches, add/drop multiplexers and other optical 

routing systems where the mapping of signals fi’om input ports to output ports is 

20 dynamic. In such systems the path-dependent losses, aberrations and phase distortions 

encountered by optical beams may vary from beam to beam according to the route taken 

by the beam through the system. Therefore the path-dependent loss, aberrations and 

phase distortions may vary for each input beam or as a function of the required output 

port. 

25 [0007] The prior art does not adequately address this situation. 

[0008] Other optical systems are static in terms of input/output configuration. In such 

systems, effects such as assembly errors, manufacturing tolerances in the optics and also 

changes in the system behaviour due to temperature and ageing, create the desirability 

for dynamic direction control, aberration correction, phase distortion compensation or 

30 misalignment compensation. 
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[0009] It should be noted that the features of dynamic direction control, phase distortion 

compensation and misalignment control are not restricted to systems using input beams 

coming from optical fibres. Such features may also be advantageous in a reconfigurable 

optical system. Another static system in which dynamic control of phase distortion, 

5 direction and (relative) misalignment would be advantageous is one in which the quality 

and/or position of the input beams is time-varying. 

[0010] Often the input and output beams for optical systems contain a multiplex of 

many optical signals at different wavelengths, and these signals may need to be 

separated and adaptively and individually processed inside the system. Sometimes, 

10 although the net aim of a system is not to separate optical signals according to their 

wavelength and then treat them separately, to do so increases the wavelength range of 

the system as a whole. Where this separation is effected, it is often advantageous for the 

device used to route each channel to have a low insertion loss and to operate quickly. 

[0011] It is an aim of some aspects of the present invention at least partly to mitigate 

15 difficulties of the prior art. 

[0012] It is desirable for certain applications that a method or device for addressing 

these issues should be polarisation-independent, or have low polarisation-dependence. 

[0013] SLMs have been proposed for use as adaptive optical components in the field of 

astronomical devices, for example as wavefront correctors. In this field of activity, the 

20 constraints are different to the present field-for example in communication and like 

devices, the need for consistent performance is paramount if data is to be passed 

without errors. Communication and like devices are desirably inexpensive, and 

desirably inhabit and successfully operate in environments that are not closely 

controlled. By contrast, astronomical devices may be used in conditions more akin to 

25 laboratory conditions, and cost constraints are less pressing. Astronomical devices are 

unlikely to need to select successive routings of light within a system, and variations in 

performance may be acceptable. 
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SUMMARY OF THE INVENTION 

[0014] According to a first aspect of the invention, there is provided a method of 

operating an optical device comprising an SLM having a two-dimensional array of 

controllable phase-modulating elements, the method comprising 

5 . [0015] delineating groups of individual phase-modulating elements; 

[0016] selecting, from stored control data, control data for each group of phase- 

modulating elements; 

[0017] generating from the respective selected control data a respective hologram at 

each group of phase-modulating elements; and 

10 [0018] varying the delineation of the groups and!or the selection of control data 

whereby upon illumination of said groups by respective light beams, respective 

emergent light beams from the groups are controllable indeper~dently of each other. 

[0019] In some embodiments, the variation of the delineation and/or control data 

selection is in response to a signal or signals indicating a non-optimal performance of 

15 the device. In other embodiments, the variation is performed during a set up or training 

phase of the device. In yet other embodiments, the variation is in response to an 

operating signal, for example a signal giving the result of sensing non-performance 

system parameters such as temperature. 

[0020] An advantage of the method of this aspect of the invention is that stable 

20 operation can be achieved in the presence of effects such as ageing, temperature, 

component, change of path through the system and assembly tolerances. 

[0021 ] Preferably, control of said light beams is selected from the group comprising: 

control of direction, control of power, focussing, aberration compensation, sampling 

and beam shaping. 

25 [0022] Clearly in most situations more than one of these control types will be needed- 

for example in a routing device (such as a switch, filter or add/drop multiplexer) 

primary changes of direction are likely to be needed to cope with changes of routing as 

part of the main system but secondary correction will be needed to cope with effects 

such as temperature and ageing. Additionally such systems may also need to control 
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power, and to allow sampling (both of which may in some cases be achieved by 

direction changes). 

[0023] Advantageously, each phase modulating element is responsive to a respective 

applied voltage to provide a corresponding phase shift to emergent-light, and the 

method further comprises; 

[0024] controlling said phase-modulating elements of the spatial light modulator to 

provide respective actual holograms derived from the respective generated holograms, 

wherein the controlling step comprises; 

[0025] resolving the respective generated holograms modulo 2pi. 

[0026] The preferred SLM uses a liquid crystal material to provide phase shift and the 

liquid crystal material is not capable of large phase shifts beyond plus or minus 27r. 

Some liquid crystal materials can only provide a smaller range of phase shifts, and if 

such materials are used, the resolution of the generated hologram is correspondingly 

smaller. 

[0027] Preferably the method comprises: 

[0028] providing a discrete number of voltages available for application to each phase 

modulating element; 

[00294] on the basis of the respective generated holograms, determining the desired 

level of phase modulation at a predetermined point on each phase modulating element 

and choosing for each phase modulating element the available voltage which 

corresponds most closely to the desired level. 

[0030] Where a digital control device is used, the resolution of the digital signal does 

not provide a continuous spectnma of available voltages. One way of coping with this is 

to determine the desired modulation for each pixel and to choose the individual voltage 

which will provide the closest modulation to the desired level. 

[0031] In another embodiment, the method comprises: 

[0032] providing a discrete number of voltages available for application to each phase 

modulating element; 

[0033] determining a subset of the available voltages which provides the best fit to the 

generated hologram. 
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[0034] Another technique is to look at the pixels of the group as a whole and to select 

from the available voltages those that give rise to the nearest phase modulation across 

the whole group. 

[0035] Advantageously, the method further comprises the step of storing said control 

5 data wherein the step of storing said control data comprises calculating an initial 

hologram using a desired direction change of a beam of light, applying said initial 

hologram to a group of phase modulating elements, and correcting the initial hologram 

to obtain an improved result. 

[0036] The method may further comprise the step of providing sensors for detecting 

10 temperature change, and performing said varying step in response to the outputs of 

those sensors. 

[0037] The SLM may be integrated on a substrate and have an integral quarter-wave 

plate whereby it is substantially polarisation insensitive. 

[0038] Preferably the phase-modulating elements are substantially reflective, whereby 

15 emergent beams are deflected from the specular reflection direction. 

[0039] In some aspects, for at least one said group ofpixels, the method comprises 

providing control data indicative of two holograms to be displayed by said group and 

generating a combined hologram before said resolving step. 

[0040] According to a second aspect of the invention there is provided an optical device 

20 comprising an SLM and a control circuit, the SLM having a two-dimensional array of 

controllable phase-modulating elements and the control circuit having a store 

constructed and arranged to hold plural items of control data, the control circuit being 

constructed and arranged to delineate groups of individual phase-modulating elements, 

to select, fi’om stored control data, control data for each group of phase-modulating 

25 elements, and to generate from the respective selected control data a respective 

hologram at each group of phase-modulating elements, 

[0041] wherein the control circuit is further constructed and arranged, to vary the 

delineation of the groups and/or the selection of control data 
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[0042] whereby upon illumination of said groups by respective light beams, respective 

emergent light beams from the groups are controllable independently of each other. 

[0043] An advantage of the device of ihis aspect of the invention is that stable operation 

can be achieved in the presence of effects such as ageing, temperature, component and 

5 assembly tolerances. Embodiments of the device can handle many light beams 

simultaneously. Embodiments can be wholly reconfigurable, for example compensating 

differently for a number of routing configurations. 

[0044] Preferably, the optical device has sensor devices arranged to detect light 

emergent from the SLM, the control circuit being responsive to signals from the sensors 

10 to vary said delineation and/or said selection. 

[0045] In some embodiments, the optical device has temperature responsive devices . 

constructed and arranged to feed signals indicative of device temperature to said control 

circuit, whereby said delineation and/or selection is varied. 

[0046] In another, aspect, the invention provides an optical routing device having at least 

15 .first and second SLMs and a control circuit, the first SLM being disposed to receive 

respective light beams from an input fibre array, and the second SLM being disposed to 

receive emergent light from the first SLM and to provide light to an output fibre array, 

the first and second SLMs each having a respective two-dimensional array of 

controllable phase-modulating elements and the control circuit having a store 

20 constructed and arranged to hold plural items of control data, the control circuit being 

constructed and an-anged to delineate groups of individual phase-modulating elements, 

to select, from stored control data, control data for each group of phase-modulating 

elements, and to generate from the respective selected control data a respective 

hologram at each group of phase-modulating elements, 

25 [0047] wherein the control circuit is further constructed and arranged, to vary the 

delineation of the groups and/or the selection of control data 

[0048] whereby upon illumination of said groups by respective light beams, respective 

emergent light beams from the groups are controllable independently of each other. 

[0049] In a further aspect, the invention provides a device for shaping one or more light 

30 beams in which the or each light beam is incident upon a respective group ofpixels of a 
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two-dimensional SLM, and the pixels of the or each respective group are controlled so 

that the corresponding beams emerging from the SLM are shaped as required. 

[0050] According to a further aspect of the invention there is provided an optical device 

comprising one or more optical inputs at respective locations, a diffraction grating 

constructed and an’anged to receive light from the or each optical input, a focussing 

device and a continuous an’ay of phase modulating elements, the diffraction grating and 

the array of phase modulating elements being disposed in the focal plane of the 

focussing device whereby diverging light from a single point on the diffraction grating 

passes via the focussing device to form beams at the an’ay of phase modulating 

elements, the device further comprising one or more optical output at respective 

locations spatially separate from the or each optical input, whereby the diffraction 

grating is constructed and arranged to output light to the or each optical output. 

[0051 ] This device allows multiwavelength input light to be distributed in wavelength 

terms across different groups of phase-modulating elements. This allows different 

processing effects to be applied to any desired part or parts of the spectrum. 

[0052] According to a still further aspect of the invention there is provided a method of 

filtering light comprising applying a beam of said light to a diffraction grating whereby 

emerging light from the grating is angularly dispersed by wavelength, forming 

respective beams from said emerging light by passing the emerging light to a focussing 

device having the grating at its focal plane, passing the respective beams to an SLM at 

the focal plane of the focussing device, the SLM having a two-dimensional an’ay of 

controllable phase-modulating elements, selectively reflecting light from different 

locations of said SLM and passing said reflected light to said focussing element and 

then to said grating. 

[0053] Preferably the method comprises delineating groups of individual phase- 

modulating elements to receive beams of light of differing wavelength; 

[0054] selecting, from stored control data, control data for each group of phase- 

modulating elements; 

[0055] generating from the respective selected control data a respective hologram at 

each group of phase-modulating elements; and 
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[0056] varying the delineation of the groups and!or the selection of control data. 

[0057] According to a still further aspect of the invention there is provided an optical 

add/drop multiplexer having a reflective SLM having a two-dimensional array of 

controllable phase-modulating elements, a diffraction device and a focussing device 

5 wherein light beams from a common point on the diffraction device are mutually 

parallel when incident upon the SLM, and wherein the SLM displays respective 

holograms at locations of incidence of light to provide emergent beams whose direction 

deviates from the direction of specular reflection. 

[0058] In a yet further aspect, the invention provides a test or monitoring device 

10 comprising an SLM having a two-dimensional array ofpixels, and operable to cause 

incident light to emerge in a direction deviating from the specular direction, the device 

having light sensors at predetermined locations arranged to provide signals indicative of 

said emerging light. 

[0059] The test or monitoring device may further comprise further sensors arranged to 

15 provide signals indicative of light emerging in the specular directions. 

[0060] Yet a further aspect of the invention relates to a power control device for one or 

more beams of lights in which the said beams are incident on respective groups of 

pixels of a two-dimensional SLM, and holograms are applied to the respective group so 

that the emergent beams have power reduced by comparison to the respective incident 

20 beams. 

[0061 ] The invention further relates to an optical routing module having at least one 

input and at least two outputs and operable to select between the outputs, the module 

comprising a two dimensional SLM having an array ofpixels, with circuitry constructed 

and arranged to display holograms on the pixels to route beams of different frequency to 

25 respective outputs. 

[0062] According to a later aspect of the invention there is provided an optoelectronic 

device comprising an integrated multiple phase spatial light modulator (SLM) having a 

plurality ofpixels, wherein each pixel can phase modulate light by a phase shift having 

an upper and a lower limit, and wherein each pixel has an input and is responsive to a 

30 value at said input to provide a phase modulation determined by said value, and a 
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controller for the SLM, wherein the controller has a control input receiving data 

indicative of a desired phase modulation characteristic across an array of said pixels for 

achieving a desired control of light incident on said array, the controller has outputs to 

each pixel, each output being capable of assuming only a discrete number of possible 

values, and the controller comprises a processor constructed and arranged to derive, 

from said desired phase modulation characteristic, a non-monotonic phase modulation 

not extending outside said upper and lower limits, and a switch constructed and 

arranged to select between the possible values to provide a respective one value at each 

output whereby the SLM provides said non-monotonic phase modulation. 

[0063] Some or all of the circuitry may be on-chip leading to built-in intelligence. This 

leads to more compact and ultimately low-cost devices. In some embodiments, some or 

all on-chip circuitry may operate in parallel for each pixel which may provide huge time 

advantages; in any event the avoidance of the need to transfer data off chip and 

thereafter to read in to a computer allows configuration and reconfiguration to be faster. 

[0064] According to another aspect of the invention there is provided a method of 

controlling a light beam using a spatial light modulator (SLM) having an array of 

pixels, the method comprising: 

[0065] determining a desired phase modulation characteristic across a sub-array of said 

pixels for achieving the desired control of said beam; 

[0066] controlling said pixels to provide a phase modulation derived from the desired 

phase modulation, wherein the controlling step comprises 

[0067] providing a population of available phase modulation levels for each pixel, said 

population comprising a discrete number of said phase modulation levels; 

[0068] on the basis of the desired phase modulation, a level selecting step of selecting 

for each pixel a respective one of said phase modulation levels; and 

[0069] causing each said pixel to provide the respective one of said phase modulation 

levels. 

[0070] The SLM may be a multiple phase liquid crystal over silicon spatial ligh~ 

modulator having plural pixels, of a type having an integrated wave plate and a 

reflective element, such that successive passes of a beam through the liquid crystal 
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subject each orthogonally polarised component to a substantially similar electrically-set 

phase change. 

[0071 ] If a non-integrated wave plate is used instead, a beam after reflection and 

passage through the external wave plate will not pass through the same zone of the 

SLM, unless it is following the input path, in which case the zero order" component of 

said beam will re-enter the input fibre. 

[0072] The use of the wave plate and the successive pass architecture allows the SLM 

to be substantially polarisation independent. 

[0073] In one embodiment the desired phase modulation at least includes a linear 

component. 

[0074] Linear phase modulation, or an approximation to linear phase modulation may 

be used to route a beam of light, i.e. to select a new direction of propagation for the " 

beam. In many routing applications, two SLMs are used in series, and the displayed 

information on the one has the inverse effect to the information displayed on the other. 

Since the information represents phase change data, it may be regarded as a hologram. 

Hence an output SLM may display a hologram that is the inverse of that displayed on 

the input SLM. Routing may also be "one-to-many" (i.e. multicasting) or "one-to-all" 

(i.e. broadcasting) rather than the more usual one-to-one in many routing devices. This 

may be achieved by correct selection of the relevant holograms. 

[0075] Preferably the linear modulation is resolved modulo 2pi to provide a periodic 

ramp. 

[0076] In another embodiment the desired phase modulation includes a non-linear 

component. 

[0077] Preferably the method further comprises selecting, from said array ofpixels, a 

sub-array ofpixels for incidence by said light beam. 

[0078] The size of a selected sub-array may vary from switch to switch according to the 

physical size of the switch and of the pixels. However, a typical routing device may 

have pixel arrays of between 100" 100 and 200*200, and other devices such as add/drop 

multiplexers may have arrays of between 10"10 and 50*50. Square arrays are not 

essential. 
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[0079] In one embodiment the level-selecting step comprises determining the desired 

level of phase modulation at a predetermined point on each pixel and choosing for each 

pixel, the available level which corresponds most closely to the desired level. 

[0080] In another embodiment, the level-selecting step comprises determining a subset 

5 of the available levels, which provides the best fit to the desired characteristic. 

[0081] The subset may comprise a subset of possible levels for each pixel. 

[0082] Alternatively the subset may comprise a set of level distributions, each having a 

particular level for each pixel. 

[0083] In one embodiment, the causing step includes providing a respective voltage to 

10 an electrode of each pixel, wherein said electrode extends across substantially the whole 

of the pixel. 

[0084] Preferably again the level selecting step comprises selecting the level by a 

modulo 2pi comparison with the desired phase modulation. The actual phase excursion 

may be from A to A+27r where A is an arbitrary angle. 

15 [0085] Preferably the step of determining the desired phase modulation comprises 

calculating a direction change of a beam of light. 

[0086] Conveniently, after the step of calculating a direction change, the step of 

determining the desired phase modulation further comprises correcting the phase 

modulation obtained from the calculating step to obtain an improved result. 

20 [0087] Advantageously, the correction step is retroactive. 

[0088] In another embodiment the step of determining the desired phase modulation is 

retroactive, whereby parameters of the phase modulation are varied in response to a 

sensed error to reduce the error. 

[0089] A first class of embodiments relates to the simulation/synthesis of generally 

25 corrective elements. In some members of the first class, the method of the invention is 

performed to provide a device, referred to hereinafter as an accommodation element for 

altering the focus of the light beam. 

[0090] An example of an accommodation element is a lens. An accommodation element 

may also be an anti-astigmatic device, for instance comprising the superposition of two 

30 cylindrical lenses at arbitrary orientations. 
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[0091 ] In other members of the first class, the method of the invention is performed to 

provide an aberration correction device for correcting greater than quadratic aberrations. 

[0092] The sub-array selecting step may assign a sub-array ofpixels to a beam based on 

the predicted path of the beam as it approaches the SLM just prior to incidence. 

[0093] Advantageously, after the sub-array is assigned using the predicted path, it is 

determined whether the assignment is correct, and if not a different sub-array is 

assigned. 

[0094] The assignment may need to be varied in the event of temperature, ageing or 

other physical changes. The sub-array selection is limited in resolution only by the pixel 

size. By contrast other array devices such as MEMS have fixed physical edges to their 

beam steering elements. 

[0095] An element of this type may be used in a routing device to compensate for 

aberrations, phase distortions and component misalignment in the system. By providing 

sensing devices a controller may be used to retroactively control the element and the 

element may maintain an optimum performance of the system. 

[0096] In one embodiment of this first class, the method includes both causing the SLM 

to route a beam and causing the SLM to emulate a corrective element to correct for 

errors, whereby the SLM receives a discrete approximation of the combination of both a 

linear phase modulation applied to it to route the beam and a non-linear phase 

modulation for said corrections. 

[0097] Synthesising a lens using an SLM can be used to change the position of the 

beam focused spot and therefore correct for a position error or manufacturing tolerance 

in one or more other lenses or reflective (as opposed to transmissive) optical elements 

such as a curved mirror. 

[0098] The method of the invention may be used to correct for aberrations such as field 

curvature in which the output ’plane’ of the image(s) from an optical system is curved, 

rather than fiat. 

[0099] In another embodiment of the first class, intelligence may be integrated with 

sensors that detect the temperature changes and apply data from a look-up table to apply 

corrections. 
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[0100] In yet another embodiment of this class, misalignment and focus errors are 

detected by measuring the power coupled into strategically placed sensing devices, such 

as photodiode arrays, monitor fibres or a wavefront sensor. Compensating holograms 

are formed as a result of the discrete approximations of the non-linear modulation. 

Changes or adjustments may then be made to these holograms, for example by applying 

a stimulus and then correcting the holograms according to the sensed response until the 

system alignment is measured to be optimised. 

[0101] In embodiments where the method provides routing functions by approximated 

linear modulation, adaptation of non-linear modulation due to changes in the path taken 

through the system desirably takes place on a timescale equivalent to that required to 

change the hologram routing, i.e. of the order of milliseconds. 

[0102] A control algorithm may use one or more of several types of compensation. 

[0103] In one embodiment a look-up table is used with pre-calculated ’expected’ values 

of the compensation taking account of the different routes through the system. 

[0104] In another embodiment the system is trained before first being operated, by 

repeated changes of, or adjustments to, the compensating holograms to learn how the 

system is misaligned. 

[0105] A further embodiment employs intelligence attached to the monitor fibres for 

monitoring and calculation of how these compensating holograms should adapt with 

time to accommodate changes in the system alignment. This is achieved in some 

embodiments by integrating circuitry components into the silicon backplane of the 

SLM. 

[0106] In many optical systems there is a need to control and adapt the power or shape 

of an optical beam as well as its direction or route through the optical system. In 

communications applications, power control is required for network management 

reasons. In general, optical systems require the levelling out or compensation for path 

and wavelength-dependent losses inside the optical system. It is usually desirable that 

power control should not introduce or accentuate other performance impairments. 

[0107] Thus in a second class of embodiments, the modulation applied is modified for 

controlling the attenuation of an optical channel subjected to the SLM. 
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[0108] In one particular embodiment, the ideal value of phase modulation is calculated 

for every pixel, and then multiplied by a coefficient having a value between 0 and 1, 

selected according to the desired attenuation and the result is compared to the closest 

available phase level to provide the value applied to the pixels. 

[0109] In another embodiment, the method further comprises selecting by a discrete 

approximation to a linear phase modulation, a routing hologram for display by the SLM 

whereby the beams may be correctly routed; selecting by a discrete approximation to a 

non-linear phase modulation, a further hologram for separating each beam into main 

and subsidiary beams, wherein the main beam is routed through the system and the or 

each subsidiary beam is diffracted out of the system; combining the routing and further 

holograms together to provide a resultant hologram; and causing the SLM to provide 

the resultant hologram. 

[0110] The non-linear phase modulation may be oscillatory. 

[0111] In yet another embodiment, the method further comprises selecting by a discrete 

approximation to a linear phase modulation, a routing hologram for display by the SLM 

whereby the beams may be correctly routed; selecting by a discrete approximation to a 

non-linear phase modulation, a further hologram for separating each beam into main 

and subsidiary beams, wherein the main beam is routed through the system and at least 

one subsidiary beam is incident on an output at an angle such that its contribution is 

insignificant; combining the routing and further holograms together to provide resultant 

hologram; and causing the SLM to display the resultant hologram. 

[0112] The non-linear phase modulation may be oscillatory. 

[0113] In a closely allied class of embodiments, light may be selectively routed to a 

sensor device for monitoring the light in the system. The technique used may be a 

power control technique in which light diverted from the beam transmitted through the 

system to reduce its magnitude is made incident on the sensor device. 

[0114] In another class of embodiments, a non-linear phase modulation profile is 

selected to provide beam shaping, for example so as to reduce cross-talk effects due to 

width clipping. This may use a pseudo amplitude modulation technique. 

[0115] In a further class of embodiments, the method uses a non-linear modulation 

TSO001184 

18



.~274.1003-002 

-16- 

profile chosen to provide wavelength dependent effects. 

[0116] The light may be at a telecommunications wavelength, for example 850 nm, 

1300 nm or in the range 1530 nm to 1620 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0117] Exemplary embodiments of the invention will now be described with reference 

to the accompanying drawings in which: 

[0118] FIG. 1 shows a cross-sectional view through an exemplary SLM suitable for use 

in the invention; 

[0119] FIG. 2 shows a sketch of a routing device in which a routing SLM is used 

10 additionally to provide correction for performance impairment due to misalignment; 

[0120] FIG. 3 shows a sketch of a routing device in which a routing SLM is used to 

route light beams and an additional SLM provides correction for performance 

impairment due to misalignment; 

[0121] FIG. 4 shows a block diagram of an adaptive corrective SLM; 

15 [0122] FIG. 5 shows an adaptive optical system using three SLMs; 

[0123] FIG. 6 shows a partial block diagram of a routing device with a dual function 

SLM and control arrangements; 

[0124] FIG. 7 shows a block diagram of an SLM for controlling the power transferred 

in an optical system; 

20 [0125] FIG. 8a shows a diagram of phase change distribution applied by a hologram for 

minimum attenuation; 

[0126] FIG. 8b shows a diagram of phase change distribution applied by a hologram 

enabling attenuation of the signal; 

[0127] FIG. 9 shows a power control system; 

25 [0128] FIG. 10 shows a phasor diagram showing the effect of non-linear oscillatory 

phase modulation applied to adjacent pixels; 

[0129] FIG. 11 shows a schematic diagram of a part of an optical routing system 

illustrating the effects ofclipphag and cross talk; 

[0130] FIG. 12 shows a partial block diagram of a system enabling beams of different 
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wavelength from a composite input beam to be separately controlled before 

recombination; and 

[0131] FIG. 13 shows a schematic diagram of an add/drop multiplexer using an SLM. 

[0132] FIG. 14 is a diagram similar to FIG. 12 but showing a magnification stage for 

5 increasing the effective beam deflection angle; 

[0133] FIG. 15 shows a vector diagram of the operation of an add/drop multiplexer; 

[0134] FIG. 16 shows a block diagram showing how loop back may be effected; 

[0135] FIG. 17 is a vector diagram illustrating the operation of part of FIG. 16; 

[0136] FIG. 18 is a vector diagram of a multi-input/multi-output architecture; 

10 [0137] FIG. 19 is a graph showing the relative transmission Tlo for in-band 

wavelengths as a function of the ratio of the wavelength offset u to centre of the 

wavelength channel separation; 

[0138] FIG. 20 is a graph showing the relative transmission Thi inside adjacent 

channels; 

15 [0139] FIG. 21 shows a logical diagram of the sorting function; 

[0140] FIG. 22 shows a block diagram of an add/drop node using two routing modules; 

[0141] FIG. 23 shows a block diagram of modules used to cross-connect two rings; 

[0142] FIG. 24 shows a block diagram of routing modules connected to provide 

expansion; 

20 [0143] FIG. 25 shows a block diagram of an optical cross-connect; 

[0144] FIG. 26 shows a block diagram of an upgrades node having a cascaded module 

at an expansion output port; 

[0145] FIG. 27 is a graph showing the effect of finite hologram size of the field of a 

beam incident on a hologram; 

25 [0146] FIG. 28 shows a schematic layout of a wavelength filter device; and, 

[0147] FIG. 29 shows a schematic layout of an add/drop device; 

[0148] FIG. 30 shows a block diagram of an optical test set; 

[0149] FIG. 31 is a diagram showing the effect of finite hologram size on a beam at a 

wavelength different to the centre wavelength associated with the hologram; 

30 [0150] FIG. 32 shows the tnmcated beam shapes for wavelengths at various wavelength 
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differences from the centre of the wavelength channel dropped in isolation; 

[0151 ] FIG. 33 shows the overlap integrands of the beams of FIG. 32 with the 

fundamental mode of the fibre; 

[0152] FIG. 34 shows beam output positions for different wavelengths with respect to 

two optical fibres; and 

[0153] FIG. 35 shows the overlap integrand between the beams of FIG. 34 and the 

fundamental mode of one of the optical fibres. 

10 

20 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0154] Many of the embodiments of the invention centre upon the realisation 

that the problems of the prior art can be solved by using a reflective SLM having a two- 

dimensional array of phase-modulating elements that is large in number, and applying a 

number of light beams to groups of those phase-modulating elements¯ A significant 

feature of these embodiments is the fact that the size, shape and position of those groups 

need not be fixed and can, if need be, be varied. The groups may display holograms 

which can be set up as required to deflect the light so as to provide a non-specular 

reflection at a controllable angle to the specular reflection direction. The holograms 

may additionally or alternatively provide shaping of the beam. 

[0155] The SLM may thus simulate a set of highly flexible mirrors, one for each beam 

of light. The size, shape and position of each mirror can be changed, as can the 

deflection and the simulated degree of curvature. 

[0156] Devices embodying the invention act on light beams incident on the device to 

provide emerging light beams which are controlled independently of one another. 

Possible types of control include control of direction, control of power, focussing, 

aberration compensation, sampling and beam shaping. 

[0157] The structure and arrangement ofpolarisation-independent multiple phase liquid 

crystal over silicon spatial light modulators (SLMs) for routing light beams using 

holograms are discussed in our co-pending patent application PCT/GB00/03796. Such 
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devices have an insertion loss penalty due to the dead-space between the pixels. As 

discussed in our co-pending patent application GB0107742.9, the insertion loss may be 

reduced significantly by using a reflecting layer inside the substrate positioned so as to 

reflect the light passing between the pixels back out again. 

[0158] Referring to FIG. 1, an integrated SLM 200 for modulating light 201 of a 

selected wavelength, e.g. 1.5 #m, consists ofa pixel electrode array 230 formed of 

reflective aluminium. The pixel electrode array 230, as will later be described acts as a 

mirror, and disposed on it is a quarter-wave plate 221. A liquid crystal layer 222 is 

disposed on the quarter-wave plate 221 via an alignment layer (not shown) as is known 

to those skilled in the art of liquid crystal structures. Over (as shown) the liquid crystal 

layer 222 are disposed in order a second alignment layer 223, a common ITO electrode 

layer 224 and an upper glass layer 225. The common electrode layer 224 defines an 

electrode plane. The pixel electrode array 230 is disposed parallel to the common 

electrode plane 224. It will be understood that alignment layers and other intermediate 

layers will be provided as usual. They are omitted in FIG. 1 for clarity. 

[0159] The liquid crystal layer 222 has its material aligned such that under the action of 

a varying voltage between a pixel electrode 230 and the common electrode 224, the 

uniaxial axis changes its tilt direction in a plane normal to the electrode plane 224. 

[0160] The quarter wave plate 221 is disposed such that light polarised in the plane of 

tilt of the director is reflected back by the mirror 230 through the SLM with its plane of 

polarisation perpendicular to the plane of tilt, and vice-versa. 

[0161] Circuitry, not shown, connects to the pixel electrodes 230 so that different 

selected voltages are applied between respective pixel electrodes 230 and the common 

electrode layer 224. 

[0162] Considering an arbitrary light beam 201 passing through a given pixel, to which 

a determined potential difference is applied, thus resulting in a selected phase 

modulation due to the liquid crystal layer over the pixel electrode 230. Consider first 

and second orthogonal polafisation components, of arbitrary amplitudes, having 

directions in the plane of tilt of the director and perpendicular to this plane, respectively. 

These directions bisect the angles between the fast and slow axes of the quarter-wave 
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plate 221. 

[0163] The first component experiences the selected phase change on the inward pass of 

the beam towards the aluminium layer 230, which acts as a mirror. The second 

component experiences a fixed, non-voltage dependent phase change. 

[0164] However, the quarter-wave plate 221 in the path causes polarisation rotation of 

the first and second components by 90 degrees so that the second polarisation 

component of the light beam is presented to the liquid crystal for being subjected to the 

selected phase change on the outward pass of the beam away from the mirror layer 230. 

The first polarisation component experiences the fixed, non-voltage dependent phase 

change on the outward pass of the beam. Thus, both of the components experience the 

same overall phase change contribution after one complete pass through the device, the 

total contribution being the sum of the fixed, non-voltage dependent phase and the 

selected voltage dependent phase change. 

[0165] It is not intended that any particular SLM structure is essential to the invention, 

the above being only exemplary and illustrative. The invention may be applied to other 

devices, provided they are capable ofmultiphase operation and are at least somewhat 

polarisation independent at the wavelengths of concern. Other SLMs are to be found in 

our co-pending applications WO01/25840, EP1050775 and EP1053501 as well as 

elsewhere in the art. 

[0166] Where liquid crystal materials other than ferroelectric are used, current practice 

indicates that the use of an integral quarter wave plate contributes to the usability of 

multiphase, polarisation-independent SLMs. 

[0167] A particularly advantageous SLM uses a liquid crystal layer configured as a pi 

cell. 

[0168] Referring to FIG. 2, an integrated SLM 10 has processing circuitry 11 having a 

first control input 12 for routing first and second beams 1,2 from input fibres 3,4 to 

output fibres 5,6 in a routing device 15. The processing circuitry 11 includes a store 

holding control data which is processed to generate holograms which are applied to the 

SLM 10 for control of light incident upon the SLM 10. The control data are selected in 

dependence upon the data at the control input 12, and may be stored in a number of 
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ways, including compressed formats. The processing circuitry 11, which may be at least 

in part on-chip, is also shown as having an additional input 16 for modifying the 

holograms. This input 16 may be a physical input, or may be a "soft" input-for example 

data in a particular time slot. 

[0169] The first beam 1 is incident on, and processed by a first array, or block 13 of 

pixels, and the second beam 2 is incident on and processed by a second array, or block 

14 ofpixels. The two blocks ofpixels 13,14 are shown as contiguous. In some 

embodiments they might however be separated from one another by pixels that allow 

for misalignment. 

[0170] Where the SLM is used for routing the beams 1,2 of light, this is achieved by 

displaying a linearly changing phase ramp in at least one direction across the blocks or 

arrays 13,14. The processing circuitry 11 determines the parameters of the ramp 

depending on the required angle of deflection of the beam 1,2. Typically the processing 

circuitry 11 stores data in a look-up table, or has access to a store of such data, to enable 

the required ramp to be created in response to the input data or command at the first 

control input 12. The angle of deflection is probably a two dimensional angle where the 

plane common to the direction of the incident light and that of the reflected light is not 

orthogonal to the SLM. 

[0171 ] Assigning x and y co-ordinates to the elements of the SLM, the required amount 

of angular shift from the specular reflection direction may be resolved into the x and y 

directions. Then, the required phase ramp for the components is calculated using 

standard diffraction theory, as a "desired phase characteristic". 

[0172] This process is typically carried out in a training stage, to provide the stored data 

in the look-up table. 

[0173] Having established a desired phase modulation characteristic across the array so 

as to achieve the desired control of said beam the processing circuitry 11 transforms this 

characteristic into one that can be displayed by the pixels 13,14 of the SLM 10. Firstly it 

should be borne in mind that the processing circuitry 11 controlling the pixels of an 

SLM 10 is normally digital. Thus there is only a discrete population of values of phase 

modulation for each pixel, depending on the number of bits used to represent those 
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states. 

[0174] To allow the pixels 13,14 of the SLM 11 to display a suitable phase profile, the 

processing circuitry 11 carries out a level selecting operation for each pixel. As will be 

appreciated, the ability of the SLM to phase modulate has limits due to the liquid crystal 

5 material, and hence a phase ramp that extends beyond these limits is not possible. To 

allow for the physical device to provide the effects of the ideal device (having a 

continuously variable limitless phase modulation ability), the desired phase ramp may 

be transformed into a non-monotonic variation having maxima and minima within the 

capability limits of the SLM 10. In one example of this operation, the desired phase 

10 modulation is expressed modulo 2pi across the array, extent, and the value of the desired 

modulo-2pi modulation is established at the centre of each pixel. Then for each pixel, 

the available level nearest the desired modulation is ascertained and used to provide the 

actual pixel voltage. This voltage is applied to the pixel electrode for the pixel of 

concem. 

15 [0175] For small pixels there may be edge effects due to fringing fields between the 

pixels and the correlations between the director directions in adjacent pixels. In such 

systems the available phase level nearest to the value of the desired modulo-2pi 

modulation at the centre of each pixel (as described above) should be used as a first 

approximation. A recursive algorithm is used to calculate the relevant system 

20 performance characteristic taking into account these ’edge’ effects and to change the 

applied level in order to improve the system performance to the required level. 

[0176] "Linear" means that the value of phase across an array of pixels varies linearly 

with distance fi~om an arbitrary origin, and includes limited linear changes, where upon 

reaching a maximum phase change at the end of a linear portion, the phase change 

25 reverts to a minimum value before again rising linearly. 

[0177] The additional input 16 causes the processing circuitry 11 to modify the 

holograms displayed by applying a discrete approximation of a non-linear phase 

modulation so that the SLM 10 synthesises a corrective optical element such as a lens or 

an aberration corrector. As will be later described, embodiments may also provide 

30 power control (attenuation), sampling and beam shaping by use of the non-linear phase 
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modulation profile. "Non-linear" is intended to signify that the desired phase profile 

across an array ofpixels varies with distance from an arbitrary origin in a curved and/or 

oscillatory or like manner that is not a linear function of distance. It is not intended that 

"non-linear" refer to sawtooth or like profiles formed by a succession of linear segments 

5 of the same slope mutually separated by "flyback" segments. 

[0178] The hologram pattern associated with any general non-linear phase modulation 

exp j~b(u) = exp j(dpo(U) + d~l(U) + d~3(u) .... ) where j is the complex operator, can be 

considered as a product. In this product, the first hologram term in the product exp j 

d~0(u)implements the routing while the second hologram term exp j d~(u) implements a 

10 corrective function providing for example lens simulation and/or aberration correction. 

The third hologram term exp j dp2(u) implements a signal processing function such as 

sampling and/or attenuation and/or beam shaping. The routing function is implemented 

as a linear phase modulation while the corrective function includes non-linear terms and 

the signal processing function includes non-linear oscillatory terms. 

15 [0179] Different methods of implementing the combination of these three terms are 

possible. In one embodiment the total required phase modulation dp0(u) + dp~ (u) + dp2(u) 

including linear routing and corrective function and the signal processing function is 

resolved modulo 2 pi and approximated to the nearest available phase level before 

application by the pixels. In another embodiment the summation of the phase 

20 modulation required for the linear and corrective function dp0(u) + dpl(u) is resolved 

modulo 2 pi and approximated to the nearest phase level in order to calculate a first 

phase distribution. A second phase distribution d~2(u) is calculated to provide sampling 

and/or attenuation and/or beam shaping. The two phase distributions are then added, re- 

resolved modulo 2 pi and approximated to the nearest available phase level before 

25 application by the pixels. Other methods are also possible. 

[0180] Mathematically the routing phase modulation is periodic due to the resolution 

modulo 2pi and by nature of its linearity. 

[0181 ] Therefore the routing phase modulation results in a set of equally spaced 

diffraction orders. The greater the number of available phase levels the closer the actual 

30 phase modulation to the ideal value and the stronger the selected diffraction order used 
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for routing. 

[0182] By contrast, the corrective effects are realised by non-linear phase changes ~b~(u) 

that are therefore non-periodic when resolved modulo 2pi. This non-periodic phase 

modulation changes the distribution of the reflected beam about its centre, but not its 

5 direction. The combined effect of both linear (routing) and non-periodic phase 

modulation is to change both the direction and distribution of the beam, as may be 

shown using the convolution theorem. 

[0183] The signal processing effects are usually realised by a method equivalent to 

’multiplying’ the initial routing and/or hologram exp j(~0(U)+~bI(U)) by a further 

10 hologram exp j ~2(u) in which d~2(u) is non-linear and oscillatory. Therefore the set of 

diffi’action orders associated with the further hologram creates a richer structure of 

subsidiary beams about the original routed beam, as may be shown using the 

convolution theorem. 

[0184] While this explanation is for a one-dimensional phase modulator array the same 

15 principle may be applied in 2-D. 

[0185] Hence in a reconfigurable optical system this non-linear phase modulation may 

be applied by the same spatial light modulator(s) that route the beam. It will b~ 

understood by those skilled in the art that the SLM may have only a single control input 

and the device may have processing circuitry for combining control data for routing and 

20 control data for corrective effects and signal processing effects to provide an output to 

control the SLM. 

[0186] The data may be entered into the SLM bit-wise per pixel so that for each pixel a 

binary representation of the desired state is applied. Alternatively, the data may be 

entered in the form of coefficients of a polynomial selected to represent the phase 

25 modulation distribution of the pixel array of concern in the SLM. This requires 

calculating ability of circuitry of the SLM, but reduces the data transfer rates into the 

SLM. In an intermediate design the polynomial coefficients are received by a control 

board that itself sends bit-wise per pixel data to the SLM. On-chip circuitry may 

interpret data being entered so as to decompress that data. 

30 [0187] The pixel array of concern could be all of the pixels associated with a particular 
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beam or a subset of these pixels. The phase modulation distribution could be a 

combined phase modulation distribution for both routing and corrective effects or 

separate phase modulation distributions for each. Beam shaping, sampling and 

attenuation phase modulation distributions, as will be described later, can also be 

5 included. In some cases it may not be possible to represent the phase modulation 

distribution as a simple polynomial. This difficulty may be overcome by finding a 

simple polynomial giving a first approximation to the desired phase modulation 

distribution. The coefficients of this polynomial are sent to the SLM. A bit-wise 

correction is sent for each pixel requiring a correction, together with an address 

10 identifying the location of the pixel. When the applied distribution is periodic only the 

corrections for one period need be sent. 

[0188] The processing circuitry 11 may be discrete from or integral with the SLM, or 

partly discrete and partly integral. 

[0189] Referring to FIG. 3, a routing device 25 includes two SLMs 20,21 which display 

15 holograms for routing light 1,2 from an input fibre array 3,4 to an output fibre array 5,6. 

The two SLMs are reflective and define a zigzag path. The first SLM 20 hereinafter 

referred to as a "corrective SLM" not only carries out routing but also synthesises a 

corrective optical element. The second SLM 21 carries out only a routing function in 

this embodiment, although it could also carry out corrections or apply other effects if 

20 required. The second SLM 21 is hereinafter referred to as a "routing SLM". Although 

the corrective SLM 20 is shown disposed upstream of the routing SLM 21, it may 

alternatively be disposed downstream of the routing SLM 21, between two routing 

SLMs, or with systems using routing devices other than the routing SLM 21. 

[0190] The routing SLM 21 has operating circuitry 23 receiving routing control data at 

25 a routing control input 24, and generating at the SLM 21 sets of holograms for routing 

the beams 1,2. The corrective SLM 20 has operating circuitry 26 receiving 

compensation or adaptation data at a control input 27 to cause the SLM 20 to display 

selected holograms. In this embodiment, the SLM 20 forms a reflective lens. 

[0191] Synthesising a lens at the SLM 20 can be used to change the position of the 

30 beam focused spot and therefore correct for a position error or manufacturing tolerance 
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in one or more other lenses or reflective (as opposed to transmissive) optical elements, 

such as a curved mirror. The synthesised lens can be spherical or aspheric or cylindrical 

or a superposition of such lenses. Synthesised cylindrical lenses may have arbitrary 

orientation between their two long axes and the lens focal lengths can both be positive, 

5 or both be negative, or one can be positive and the other negative. 

[0192] To provide a desired phase modulation profile for a lens or curved mirror to 

compensate for an unwanted deviation from a required system characteristic, the system 

is modelled without the lens/mirror. Then a lens/mirror having the correction to cancel 

out the deviation is simulated, and the parameters of the lens/mirror are transformed so 

10 that when applied to an SLM the same effect is achieved. 

[0193] In one application what is required is to adjust the position and width of the 

beam waist, of a Gaussian-type beam at some particular point in the optical system, in 

order to compensate for temperature changes or changes in routing configuration. 

Hence two properties of the beam must be adjusted and so it is necessary to change two 

15 properties of the optical system. In a conventional static optical system both a lens focal 

length and the position of the lens are selected to achieve the required beam 

transformation. In the dynamic systems under consideration it is rarely possible 

deliberately to adjust the position of the optical components. A single variable focus 

action at a fixed position changes both the position and the width of the beam waist and 

20 only in special circumstances will both properties be adjusted to the required value. 

[0194] One method to overcome this problem is to apply both corrective phase and 

corrective ’pseudo-amplitude’ modulation (to be described later) with a single SLM. 

However the amplitude modulation reduces the beam power which may be undesirable 

in some applications. A further and preferred method is to apply corrective phase 

25 modulation with two separate SLMs. 

[0195] For example consider coupling from one input fibre (or input beam) through a 

routing system into the selected output fibre (or output beam). Inside the routing system 

there are at least two SLMs carrying out a corrective function. They may also be routing 

and carrying out other functions (to be described in this application). In between a given 

30 pair of SLMs carrying out focus correction there is an intermediate optical system. 
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[0196] At the first SLM carrying out a corrective function there may be calculated 

and/or measured the incident amplitude and phase distribution of the input beam that 

had propagated from the input fibre or beam. At the second SLM carrying out a 

corrective function there may be calculated and/or measured the ideal amplitude and 

5 phase distribution that the output beam would adopt if coupling perfectly into the output 

fibre or beam. This can be achieved by backlaunching from the output fibre or beam or 

by a simulation of a backlaunch. The required focus correction functions of these two 

SLMs is to transform the incident amplitude and phase distribution arriving at the first 

SLM to the ideal amplitude and phase distribution at the second SLM to achieve perfect 

10 (or the desired) coupling efficiency into the output fibre or output beam. 

[0197] The corrective phase modulation to be applied at the first SLM should be 

calculated, so as to achieve the ideal amplitude distribution at the second SLM as the 

beam arrives at the second SLM after passing from the first SLM and through the 

intermediate system. This calculation should take into account propagation through the 

15 intermediate system between the first and second SLMs. Hence the function of the first 

SLM is to correct the beam so as to achieve the ideal amplitude distribution for the 

output beam. The beam phase distribution should also be calculated as it arrives at the 

second SLM. The corrective phase distribution to be applied at the second SLM should 

be calculated so as to transform the phase distribution of the beam incident upon it from 

20 the intermediate system to the ideal phase distribution required for the output beam at 

the second SLM. 

[0198] Two variables available at the SLM to effect corrections from an optimal or 

other desired level of performance are firstly the blocks ofpixels that are delineated for 

the incident light beam, and secondly the hologram that is displayed on the block(s) of 

25 concern. 

[0199] Starting with the delineation of blocks, it should be borne in mind that the point 

of arrival of light on the SLM can only be predicted to a certain accuracy and that the 

point may vary according to physical changes in the system, for example due to 

temperature effects or ageing. Thus, the device allows for assessment of the results 

30 achieved by the current assignment, and comparison of those results with a specified 
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performance. In response to the comparison results, the delineation may be varied so as 

to improve the results. 

[0200] In one embodiment a training phase; uses for example a hill climbing approach 

to control and optimise the position of the centre of the block. Then if the "in-use" 

5 results deviate by more than a specified amount from the best value, the delineation of 

the block is varied. This process reassignment’may step the assigned block one pixel at 

a time in different directions to establish whether an improved result is achieved, and if 

so continuing to step to endeavour to reach an optimum performance. The variation may 

be needed where temperature ~effects cause positional drift between components of the 

10 device. It is important to realise that unlike MEMS systems and the like, all the pixels 

are potentially available for all the beams. Also the size, shape and location of a 

delineated block is not fixed. 

[0201 ] Equally the size and shape of a block may be varied if required. Such changes 

may be necessary under a variety of situations, especially where a hologram change is 

15 needed. If for example a hologram requiring a larger number of pixels becomes 

necessary for one beam, the size of the block to display that hologram can be altered. 

Such changes must of course usually be a compromise due to the presence of other 

blocks (possibly contiguous with the present block) for displaying holograms for other 

beams of light. 

20 [0202] Monitoring techniques for determining whether the currently assigned block is 

appropriate include the techniques described later herein as "taking moments". 

[0203] Turning to variation of the hologram that is displayed on the block of concern, 

one option to take into account for example physical changes in the system, such as 

movement out of alignment, is to change one normal linear-type routing hologram for 

25 another, or to adjust the present hologram in direct response to the sensed change. Thus 

if, due for example to temperature effects, a target location for a beam moves, it may be 

necessary to change the deflection currently being produced at a pixel block. This 

change or adjustment may be made in response to sensed information at the target 

location, and may again be carried out "on-line" by varying the hologram step by step. 

30 However, it may be possible to obtain an actual measure of the amount and direction of 
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change needed, and in this case either a new hologram can be read in to the SLM or a 

suitable variation of the existing hologram carried out. 

[0204] As well as, or instead of, linear changes to linear routing holograms, corrective 

changes may be needed, for example to refocus a beam or to correct for phase distortion 

5 and non-focus aberrations. 

[0205] Having corrected the beam focus other aberrations may remain in the system. 

Such aberrations distort the phase distributions of the beams. These aberrations will also 

change with routing configuration as the beams are passing through different lenses 

and!or different positions on the same lenses. Similarly the aberrations will change with 

10 temperature. To obtain stable and acceptable performance of a reconfigurable optical 

system, the aberrations can be corrected dynamically. 

[0206] To provide a desired phase modulation profile for these aberrations the system 

may be modelled or measured to calculate the phase distortion across the SLM, 

compared to the ideal phase distribution. The ideal phase distribution may again be 

15 found by modelling the system "oackwards’ from the desired output beam, or by 

backlaunching and measurement, while the actual phase distribution may be found by 

modelling the system forwards from the input beam or measurement. The calculations 

will include the effects of reflection from the SLM itself. The corrective function of the 

SLM is to transform between the actual and ideal phase distortion. The phase distortion 

20 is defined as the phase difference between the actual phase distribution and the ideal 

phase distribution. The desired corrective profile is the conjugate phase of the phase 

distortion. 

[0207] Alternatively, these corrective functions can be shared by two SLMS, which 

allows an extra degree of freedom in how the beam propagates inside the intermediate 

25 system between the two SLMs. 

[0208] Further, given a real system a sampling method (as will be described later) may 

be used to direct a fraction of the beam towards a wavefront sensor that may assess the 

beam. So far the process is determh~istic. Then the changes are applied to the real 

system, and perturbations on the parameters are applied while monitoring the sensor 

30 and/or the input/output state, so as to determine whether an optimum configuration is 

TSO001198 

32



~274.1003-002 

-30- 

achieved. If not, the parameters are changed until a best case is achieved. Any known 

optimising technique may be used. It is preferred to provide a reasonable starting point 

by deterministic means, as otherwise local non-optimum performance maxima may be 

used instead of the true optimum. 

5 [0209] The method or device of the invention may be used to correct for aberrations. 

such as field curvature in which the output ’plane’ of the image(s) from an optical 

system is curved, rather than flat. 

[0210] Equally, even if in use the SLM forms a corrective element by having non-linear 

phase modulation applied across it, if it is operated in separate training and use phases, 

10 it may be desirable while training for the SLM to route as well. In this case the SLM 

scans the processed beam over a detector or routes the beam, for example using one or 

more dummy holograms, into a monitor fibre. 

[0211] Referring now to FIG. 4, the corrective SLM 20, used purely for synthesising a 

corrective element, has operating circuitry 125, and further comprises processing 

15 circuitry 122 and temperature sensors 123. In this embodiment the operating circuitry, 

temperature sensors and processing circuitry are integrated on the same structure as the 

rest of the SLM, but this is not critical to the invention. Associated with the processing 

circuitry is a store 124 into which is programmed a lookup table. The sensors detect 

temperature changes in the system as a whole and in the SLM, and in response to 

20 changes access the look up table via the processing circuitry 122 to apply Corrections to 

the operating circuitry. These corrections affect the holograms displayed on the blocks 

13, 14 of pixels. The sensors may also be capable of correction for temperature 

gradients. 

[0212] This technique may also be applied to an SLM used for routing. 

25 [0213] Referring now to FIG. 5, an optical system 35 has a corrective SLM 30 with 

operating circuitry 31, and processing circuitry 32. The system includes further devices, 

here second and third SLMs 33 and 34, disposed downstream of the corrective SLM 30. 

The second SLM 33 is intended to route light to particular pixel groups 15, 16 of the 

third SLM 34. The third SLM 34 has monitor sensors 37 for sensing light at 

30 predetermined locations. In one embodiment these sensors 37 are formed by making the 
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reflective layer partially transmissive, and creating a sensing structure underneath. In 

another, the pixel electrode of selected pixels is replaced by a silicon photode.tector or 

germanium sensor structure. 

[0214] In either case, circuitry may be integrated into the silicon backplane to process 

the output of the sensors 37, for example to compare the outputs of adjacent sensors 37, 

or to threshold one sensor against neighbouring sensor outputs. Where possible, 

processing circuitry is on chip, as it is possible to reduce the time taken after light has 

been received to respond to it in this way. This is because there is no need to read 

information off-chip for processing, and also because calculations may be able to be 

performed in parallel. 

[0215] Provided the routing-together with any compensation effects from the corrective 

SLM 30-is true, the sensors 37 will receive only a minimal amount of light. However 

where misalignment or focus errors are present, the extent of such errors is detected by 

measuring the power coupled into the monitor sensors. To that end, the sensors 37 

provide data, possibly after some on-chip processing, to the processing circuitry 32. The 

processing circuitry 32 contains a control algorithm to enable it to control the operating 

circuitry 31 to make changes of, or adjustments to, the compensating holograms 

displayed on the corrective SLM 30 until the system alignment is measured to be 

optimised. In some embodiments, changes to the sub-arrays to which beam affecting 

holograms are applied may be made in response to the sensor output data. 

[0216] In another embodiment a determined number of dummy ports are provided. For 

example for a connector two or more such ports are provided and for routing devices 

three or more dummy ports are provided. These are used for continuous misalignment 

monitoring and compensation, and also for system training at the start. 

[0217] Although some embodiments can operate on a trial and error basis, or can be 

adapted "on the fly", a preferred optical system uses a training stage during which it 

causes to be stored in the look-up table data enabling operation under each of the 

conditions to be encountered in use. 

[0218] In one embodiment, in the training stage, a set of initial starting values is read in 

for application to the SLM 30 as hologram data, then light is applied at a fibre.and the 
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result of varying the hologram is noted. The variations may include both a change of 

pixels to which the hologram is applied, and a change of the hologram. Where more 

than one fibre is provided, light is applied to each other fibre in turn, and similar results 

obtained. Then other environmental changes are applied and their effects noted, e.g. at 

the sensors 37, and the correction for input data either calculated or sought by varying 

the presently-applied data using optimisation techniques to seek best or acceptable 

performance. 

[0219] Then, in use, the system may be operated on a deterministic basis-i.e, after 

ascertaining what effect is sought, for example responding to a temperature change or 

providing a change in routing, the change to the applied data for operating the device 

can be accessed without the need for experiment. 

[0220] A preferred embodiment operates in the deterministic way, but uses one or more 

reference beams of light passed through the device using the SLM 30. In that way the 

effect of deviations due to the device itself can be isolated. Also it can be confirmed that 

changes are being correctly made to take into account environmental and other 

variations. 

[0221] The device may also have further monitor sensors placed to receive the zero- 

order reflections from the SLM(s) to enable an assessment to be made of the input 

conditions. For example, where an input channel fails, this can be determined by 

observing the content of the specular reflection from the light beam representing that 

channel. Where there are two SLMs as in some routing systems, the specular reflections 

from each SLM may be sensed and compared. 

[0222] Referring now to FIG. 6, a dual-function SLM 40 provides both routing and 

correction. The SLM 40 has operating circuitry 41 and processing circuitry 42. The 

operating circuitry 41 receives routing data at a first control input 44 for causing the 

processing circuitry 42 to generate the holograms on the SLM 40 to achieve the desired 

routing. The processing circuitry 42 also receives routing data on an input 45, and 

controls the operating circuitry 41 using an algorithm enabling adaptation due to 

changes in the path taken through the system to take place on a timescale equivalent to 

that required to change the hologram display, i.e. of the order of milliseconds. 

TS0001201 

35



3274.1003-002 

- 33 - 

[0223] The control algorithms for this embodiment may use one or more of several 

types of compensation. 

[0224] In one embodiment a look-up table is stored in a memory 43, the look-up table 

storing pre-calculated and stored values of the compensation for each different route 

5 through the system. 

[0225] In another embodiment the system is trained before first being operated, using 

changes of, or to the compensating holograms to learn how changing the compensating 

holograms affects the system performance, the resulting data being held in the memory 

43. 

10 [0226] In a further embodiment, the processing circuitry 42 employs intelligence 

responsive to signals fi:om monitor sensors 47,48 for monitoring and calculation of how 

these compensating holograms should adapt with time to accommodate changes in the 

system alignment. This is achieved in some embodiments by integrating circuitry 

components into the silicon backplane of the SLM, or by discrete components such as 

15 germanium detectors where the wavelengths are beyond those attainable by silicon 

devices. In some embodiments sensors 47 are provided for sensing light at areas of the 

SLM, and in others the sensors 48 may instead or also be remote from the SLM 40 to 

sense the effects of changes on the holograms at the SLM 40. 

[0227] Referring now to FIG. 7, an optical system 80 includes an SLM 81 for routing 

20 beams 1,2 of light from input fibres 3,4 to output fibres 5,6 by means of holograms 

displayed on pixel groups 13,14 of the SLM. The holograms are generated by 

processing circuitry 82 which responds to a control input 83 to apply voltages to an 

array o fpixellated elements of the SLM, each of which is applied substantially 

uniformly across the pixel of concern. This result is a discrete approximation of a linear 

25 phase modulation to route the beams. 

[0228] The processing circuitry 82 calculates the ideal linear phase ramp to route the 

beams, on the basis of the routing control input 83 and resolves this phase modulo 2Pi. 

The processing circuitry at each of the pixels then selects the closest available phase 

level to the ideal value. For example if it is desired to route into the m’th diffi:action 

30 order with a grating period f~ the ideal phase at position u on the SLM 81 is 2pi.mu/f2. 
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Therefore, approximately, the phase goes linearly from zero up to 2pi over a distance 

D./m after which it falls back to zero, see FIG. 8a. 

[0229] Control of the power in individual wavelength channels is a common 

requirement in communication systems. Typical situations are the need to avoid 

5 receiver saturation, to maintain stable performance of the optical amplifiers or to 

suppress non-linear effects in the transmission systems that might otherwise change the 

information content of the signals. Power control may be combined with sampling or 

monitoring channels to allow adjustment of the power levels to a common power level 

(channel equalisation) or to some desired wavelength characteristic. 

10 [0230] Deliberate changes to the value of ’C2’ can be used to reduce the coupling 

efficiency into the output in order to provide a desired attenuation. This is suitable for 

applying a low attenuation. However, it is not suitable for a high attenuation as, in that 

event, the beam may then be deflected towards another output fibre, increasing the 

crosstalk. If there is only one output fibre this method may be used regardless of the 

15 level of attenuation. 

[0231 ] To provide a selected desired attenuation of the optical channel in the system, 

processing circuitry 85 responds to an attenuation control input 84 to modify the 

operation of the operating circuitry 83 whereby the operating circuitry selects a linear 

phase modulation such that by the end of each periodic phase ramp the phase has 

20 reached less than 2pi, see FIG. 8b. 

[0232] This may be achieved by calculating the ideal value of phase for every pixel, and 

then multiplying this ideal value by a coefficient r between 0 and 1, determined on the 

basis of the desired attenuation. The coefficient is applied to every pixel of the array in 

order to get a reduced level per pixel, and then the available phase level nearest to the 

25 reduced level is selected. 

[0233] The method of this embodiment reduces the power in this diffraction order by 

making the linear phase modulation incomplete, such that by the end of each periodic 

phase ramp the phase has only reached 2pi.r. It has however been found that the method 

of this embodiment may not provide sufficient resolution of attenuation. It also 

30 increases the strength of the unwanted diffi’action orders likely to cause crosstalk. When 
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combined with deliberate changes in the length of the ideal phase ramp the resolution of 

attenuation may be improved. Again if there is only a single output fibre the crosstalk is 

less important. 

[0234] Resolution may also be improved by having a more complex incomplete linear 

phase modulation. However, the unwanted diffraction orders may still remain too strong 

for use in a wavelength-routed network. Hence to control the power by adapting the 

routing hologram may have undesirable performance implications in many applications, 

as crosstalk worsens with increase of attenuation. The problem can be overcome by use 

of a complex iterative design. This could be used to suppress the higher orders but 

makes the routing control more expensive. 

[0235] Referring now to FIG. 9, a system 99 includes an SLM 90 controlled by 

applying a discrete approximation of a linear phase modulation to route beams 1,2 fi:om 

input fibres 3,4 to output fibres 5,6 as previously described with respect to FIG. 7. Thus 

operating circuitry 91 selects a routing hologram for display by the SLM, in accordance 

with a routing input 92, whereby the beams may be correctly routed, using a look up 

table or as otherwise known. A memory holds sets of data each allowing the creation of 

a respective power controlling hologram. Processing circuitry 93 runs an algorithm 

which chooses a desired power controlling hologram corresponding to a value set at a 

power control input 94. The power controlling hologram is selected to separate each 

beam into respective main la, 2a and subsidiary lb, 2b beams, such that the main beams 

la, 2a are routed through the system and the or each subsidiary beam(s) lb, 2b is/are 

diffracted out of the system, for example to a non-reflective absorber 97. 

[0236] The processing circuitry 93 applies the power controlling hologram data to a 

second input 95 of the operating circuitry 91 which acts on the routing hologram data so 

as to combine the routing and power controlling holograms together to provide a 

resultant hologram. The operating circuitry then selects voltages to apply to the SLM 90 

so that the SLM displays the resultant hologram. 

[0237] Thus power in a routing context is controlled by combining the routing 

hologram with another hologram that has the effect of separating the beam into a main 

beam and a set of one or more subsidiary beams of these the main beam is allowed to 
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propagate through the system as required while the other(s) are diffracted out Of the 

system. 

[0238] For example consider a hologram that applies phases of+d~ and -~b on adjacent 

pixels. In terms of real and imaginary parts this hologram has the same real part, cos 4, 

on every pixel, see FIG. 10, while the imaginary part oscillates between +- sin ~b. It can 

be shown using Fourier theory that the net effect is to multiply the amplitude of the 

original routed beam by a factor cos d~, and to divert the unwanted power into a set of 

weak beams at angles that are integer multiples of+~./2p with respect to the original 

routed beam, where ~. is the operating wavelength and p is the pixel pitch. 

[0239] The system is designed from a spatial viewpoint such that light propagating at 

such angles falls outside the region of the output fibres 5,6 of FIG. 9. An altemative 

design directs the unwanted light into output fibres 5,6 at such a large angle of 

incidence that the coupling into the fundamental mode is very weak, and has no 

substantial effect. In this case the unwanted power is coupling into the higher-order 

modes of the fibre and so will be attenuated rapidly. A fibre spool or some other 

technique providing mode stripping is then used on the output fibre before the first 

splice to any other fibre. 

[0240] In either case, the effective attenuation of the beam is 10 log~0 cos2d~. Hence, in 

this way, polarisation-independent phase modulation may be used to create an effect 

equivalent to polarisation-independent amplitude modulation. This is termed herein 

"pseudo amplitude modulation". In this particular case the pseudo-amplitude 

modulation applied at every pixel is cos d~. 

[0241] It will be clear to those skilled in the art that use of alternate pixels as the period 

of alternation is not essential, and may in some cases be undesirable. This is because of 

edge effects in the pixels. 

[0242] The period and pattern of alternation can be varied so as to adjust the deflection 

angle of the ’unwanted power’. This light directed away from the output fibres can be 

collected and used as a monitor signal. Hence the pseudo-amplitude modulation can be 

used to sample the beam incident on an SLM as previously discussed. This sampling 
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hologram can be combined with a muting and/or power control and/or corrective SLM. 

In the latter case the sampled beam can be directed towards a wavefront sensor and then 

used to assess the quality of the beam correction. While the pseudo-amplitude 

modulation as described above is applied to the whole beam, it could be applied 

5 selectively to one or more parts of the beam. 

[0243] A further modification to this pseudo-amplitude modulation is to multiply it by a 

further phase modulating hologram such as to achieve a net effect equivalent to a 

complex modulation. 

[0244] It is often important that the sampling hologram takes a true sample of the output 

10 beam. Therefore in some cases the sampling hologram should be applied after the 

combination of all other desired effects including resolution modulo 2pi and 

approximation to the nearest available phase level. In this case the overall actual phase 

modulation distribution is achieved by a method equivalent to forming the product of 

the sampling hologram and the overall hologram calculated before sampling. 

15 [0245] Similar pseudo-amplitude modulation techniques may be extended to suppress 

the crosstalk created by clipping of the beam tails at the edges of each hologram and to 

tailor the coupling efficiency vs. transverse offset characteristic of the output fibres. 

Since the transverse position at the output fibre is wavelength dependent, this tailoring 

of the coupling efficiency vs. offset can be used to tailor the wavelength response of the 

20 system. This is important in the context of wavelength division multiplexing (WDM) 

systems where the system wavelength can be expected to lie anywhere in the range of 

the available optical amplifiers. The output angle for beam steering using an SLM and 

periodic linear phase modulation is proportional to the wavelength while the focal 

length of corrective lenses is also wavelength-dependent. Therefore a hologram 

25 configured to give the optimum coupling efficiency at one wavelength will produce an 

output beam with transverse and/or longitudinal offset at another wavelength. These 

effects result in wavelength-dependent losses in systems required to route many 

wavelength channels as an ensemble. Hence a method designed to flatten or compensate 

for such wavelength-dependent losses is useful and important. 

30 [0246] Among the envisaged applications are the flattening of the overall wavelength 
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response and the compensation for gain ripple in optical amplifiers, especially Erbium- 

doped fibre optic amplifiers (EDFA). 

[0247] An SLM device may also be used to adapt the shape, e.g. the mode field shape, 

of a beam in order to suppress crosstalk. 

[0248] Beam shaping is a type of apodisation. It is advantageously used to reduce 

crosstalk created at a device by clipping of the energy tails of the light beams. Such 

clipping leads to ripples in the far field. These ripples cause the beam to spread over a 

wider region than is desired. In telecommunications routing this can lead to crosstalk. 

Other applications may also benefit from apodisation of a clipped laser beam, such as 

laser machining, for example, where it is desired to process a particular area of a 

material without other areas being affected and laser scalpels for use in surgery. 

[0249] Clipping occurs because the energy of the beam spreads over an infinite extent 

(although the amplitude of the beam tails tends to zero), while any device upon which 

the beam is incident has a finite width. Clipping manifests itself as a discontinuity in the 

beam amplitude at the edges of the device. 

[0250] Referring to FIG. 11, two SLMs 100,101 are used for beam steering or routing 

of beams 1,2 from input fibres 3,4 to output fibres 5,6, as described in PCT 

GB00/03796. Each SLM 100,101 is divided into a number of blocks ofpixels 103a, 

104a; 103b, 104b. Each block 103a, 104a is associated with a particular input fibre 3,4- 

i.e. the fibre of concern points to the subject block. Each block displays a hologram that 

applies routing. As previously discussed herein the holograms may also or altematively 

provide, focus compensation, aberration correction and/or power control and/or 

sampling, as required. 

[0251] The blocks 103a, 104a at the input SLM 100 each receive a beam from an 

associated input fibre 3,4 while the blocks 103b, 104b at the output SLM 101 each 

direct a beam towards an associated output fibre 5,6. Each block 103a, 103b has a finite 

width and height. As known to those skilled in the art and as previously noted, the beam 

width is infinite, therefore the block clips the beam from or to the associated fibre and 

this creates undesired ripples in the far field. 

[0252] The ripples due to clipping of the beam 1 are figuratively shown as including a 
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beam 106 which, it will be seen, is incident on the wrong output hologram, displayed on 

block 104b at the output SLM 101. "Wrong" signifies holograms other than that to 

which the beam of concern is being routed, for example holograms displayed by blocks 

around the block to which the beam should be routed. Some of these tipples will then be 

coupled into "wrong" output fibres 5,6-i.e. those to which the beam is not deliberately 

being routed-leading to crosstalk. It will be clear to those skilled in the art that these 

effects will be present on blocks other than those adjacent to the "correct" blocks, as the 

field of beam 1 is infinite in extent. 

[0253] In any physical system the effect of the tipples created by clipping at the output 

SLM 101 depends on the optical architecture. 

[0254] In practice the non-ideal transfer function of the optics (due to finite lens 

apertures and aberrations) means that a sharp change in the amplitude spreads out and 

causes crosstalk in adjacent output fibres. In effect the optics applies a limit to the range 

of spatial frequencies that can be transmitted. This frequency limit causes crosstalk. 

[0255] The wider the device, compared to the beam spot size at the device, the weaker 

the tipples in the far field and the lower the crosstalk. In general a parameter C is 

defined such that the required width of SLM per beam is given by H=C.~o, where ~o is 

the beam spot size at the SLM. The value of C depends on the beam shape, the optical 

architecture and the allowable crosstalk. Typically for a Gaussian beam, with no beam 

shaping and aiming for crosstalk levels around -40 dB, C would be selected to have a 

value greater than or equal to three. Looking at this system from the spatial frequency 

viewpoint, the field incident on the SLM contains (for perfect optics) all the spatial 

frequencies in the input beam. The finite device width cuts off the higher spatial 

frequencies, so, again, the optics applies a limit to the range of spatial frequencies that 

can be transmitted and this frequency limit causes crosstalk. 

[0256] Beam shaping can be used to decrease the crosstalk for a given value of C, and 

also allow the use of a lower value of C. Calculations for N*N switches have shown 

that decreasing the value of C leads to more compact optical switches and increases the 

wavelength range per port. Hence beam shaping can be employed to provide more 

compact optical switches and/or an increased wavelength range per port. 
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[0257] The idea behind using beam shaping or ’apodisation’ to reduce crosstalk is based 

on an analogy with digital transmission systems. In these systems a sequence of pulses 

is transmitted through a channel possessing a limited bandwidth. The frequency 

response of the channel distorts the edges of pulses being transmitted so that the edges 

5 may interfere with one another at the digital receiver leading to crosstalk. The channel 

frequency response can, however, be shaped so as to minimise such crosstalk effects. 

Filters with responses that have odd-symmetry can be used to make the edges go 

through a zero at the time instants when pulses are detected. 

[0258] Therefore beam-shaping with odd symmetry can be used to make the crosstalk 

10 go through a zero at the positions of the output fibres. Such a method is likely to be very 

sensitive to position tolerances. 

[0259] Another method used in digital systems is to shape the frequency cut-off so that 

it goes smoothly to zero. In the present context the ideal case of ’smoothly’ is that the 

channel frequency response and all derivatives of the frequency response become zero. 

15 In practice it is not possible to make all derivatives go to zero but a system may be 

designed in which the amplitude and all derivatives up to and including the k’th 

derivative become zero at the ends of the frequency range. The higher the value of k, 

the quicker the tails of the pulse decay. Therefore the beam shaping should go as 

smoothly as possible to zero. 

20 [0260] To investigate the effects of beam shaping the amplitude modulation was treated 

as continuous. The system studied was a single lens 2f system where 2f is the length of 

the system between fibres and SLM, assuming f is the focal length with fibres in one 

focal plane, and an SLM in the other focal plane. The input fibre beam was treated as a 

Gaussian. Various amplitude modulation shapes were applied at the SLM and the 

25 coupling efficiency into the output fibre was calculated. In this architecture and from 

Abbe theory, the incident field at the SLM is proportional to the Fourier Transform of 

the field leaving the input fibre. In particular, different spatial frequencies in the fibre 

mode land on different parts of the SLM. Clipping removes the spatial frequencies 

outside the area of the hologram. Beam shaping at the SLM has the effect of modifying 

30 the relative amplitude of the remaining spatial frequencies. 

TS0001209 

43



.3274.1003-002 

-41 - 

10 

[0261 ] Residual ripples may still remain due to the discontinuity in the beam derivative 

but the ripples will be reduced in amplitude and decay more quickly. Further reduction 

in the ripple amplitude and increase in the rate of decay may be achieved by shaping the 

beam such that both the amplitude and the first k derivatives go to zero at the edges. 

[0262] Mathematical analysis of the effect has also been carried out. The results are as 

follows: 

[0263] The nth time derivative of a function can be expressed in terms of its Fourier 

Transform as shown in equation (1): 

d" g.~( t) - ~(i2nf)" G(f)expi2nf! df (~) 
dt" 

[0264] Hence, by inversion, the frequency dependence of the Fourier Transform 

(FT) may be expressed as an FT of any one of the function’s derivatives as shown in 

equation (2): 

15 
1 ~[d"g(t) exp- i2nf! dt 

G(f) - (i2nf)-~; _~ dt" (2) 

[0265] Choosing the zeroth derivative provides the expression in equation (3): 

G(f) = ~g(t) exp- i2nfl dt ( 3 ) 

20 [0266] To apply the analysis to free-space beam-steering: 

25 

[0267] let x and y be the position co-ordinates at the fibre output from a switch, and u 

and v be the position co-ordinates at the SLM. Assume the SLM to be in one focal plane 

of a lens of focal length f, and the fibre array to be in the other focal plane: 

i exp(-i~(2f+nt))~Est~(u,v)expi2-~--~2(xu+yv)dudv (4) E~ (x,y) = f2 
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[0268] such that the output field (see equation (4)) is a 2-D Fourier Transform of 

the field at the SLM, ESLM. In this result t is the lens thickness and N its refractive 

index, while ~, is the optical wavelength. 

[0269] For the present purposes the 1-D equivalent is considered (relation 5): 

i exp(-i-~(2f + nt)) ~Esta (u)expi2~ (xu)du (5) Er’B(x) = f2 

[0270] Comparing with (3) it is clear that the position co-ordinate at the SLM (u) is 

equivalent to the time domainand the position co-ordinate at the output (x) is equivalent 

to the frequency domain. Hence from (2) the output field may be expressed in terms of 

a derivative of the field at the SLM, as shown in equation (6): 

Em (x) = fA,i exp(_i~_~(2f+nt 
Jfd"Eszu(U)expidu " u)du (6) 

15 

20 

[0271] Let the kth derivative of Es~t(u) be non-zero and smoothly Varying over 

the range [-H/2, FU2], but zero outside this range, such that the derivative changes 

discontinuously at u = +_H/2: 

dk Esu~ (u) _ 0 
Vu : u < _ n__ 

du~ 2 

=gU u=--~ 

=      - <u<" 
2          2. 

=g" u =+~- 

=0 u>-~ 

(7) 

[0272] This representation assumes Esi_~ to be even in u. Physically this 

situation represents a beam that is perfectly aligned with respect to the centre of a 

hologram of width H. 

[0273] This derivative may be expressed as the sum ofa rect function and a smoothly 

varying function, s(u), that is zero at and outside lul--H/2: 

d* Est~ (u) _ 

du~ 
+ s(u) ~ s ) 
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[0274] For example consider a clipped (and unapodised) Gaussian beam; the zeroth 

derivative (k=0) may be expressed as: 

s(u) = exp- 
2 H - exp- (--~ Vu H <-- 

~ 2COhos. ) 2 (9) 

n 2 

t, 2C°noL ) 
(10) 

10 

[0275] Now returning to the general case (equation(8)) the k+lth derivative is 

calculated: 

~ ---g. ,~ u+ -~ u- ~ -~ (11) 

obtain: 

[0276] It is now convenient to calculate the output field.. Set n=k+l in (6) to 

g. I(a(t + H/2)+ a(t- H/2))exp-i2axudu 

+ 7as!")exp-i2~xuau 
-= an 

(12) 

15 [0277] which becomes equation (13): 

1 2ignsin(nxH)+2 ds(u)exp_i2nxudu (13) 

[0278] As the position is increased, the exponential term in the 2no integral of 

(13) oscillates more and more rapidly. Eventually the spatial frequency is so high that 

20 the derivative of s(u) can be considered to be constant, or nearly constant, over the 
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spatial period. In which case the integral is zero, or nearly zero, when evaluated over 

each period of the oscillation. Therefore at high frequencies the whole of the second 

¯ integral must approach zero. 

[0279] It is assumed that the behaviour is dominated by the first integral. The first 

5 integral shows that if the amplitude changes discontinuously (k=0, i.e. an unapodised 

hologram), the spectrum (EFm) decays as 1/x. Now, if the amplitude and the first 

derivative are continuous, it is the second derivative that changes discontinuously, and 

so k=2 and the spectrum (EFm) decays as 1/x3. Numerical simulations have been carried 

out to confirm this behaviour. 

10 [0280] A particularly advantageous shape is one in which the shaped beam has odd 

symmetry about points midway between the centre and the edges such that the beam 

amplitude and all of its derivatives go to zero at the beam edges. 

[0281] The beam shaping may be effected to remove only a small amount of power 

from the central portion of the beam, to maintain acceptable system efficiency. A 

15 method for shaping a beam to achieve suppression of the ripples is now described. 

[0282] Defining the middle of the beam as f(u), then f(u) can describe the original beam 

in its central portion, or what is left in the original beam after it has already been 

partially shaped, using, for example, pseudo-amplitude. To avoid ripples in the far field 

the edges of the beam go to zero at u = +_H/2, where H is the width of the hologram. 

20 [0283] Hence, at the right-hand edge, describe the beam as in equation (14): 

fR(u) = f (O) - f (u-H/2) (14) 

25 

[0284] (The left-hand edge is considered later). 

[0285] To get matching of the amplitude half-way between the middle and the edge it is 

required that 

f (H/4) =fR (H/4) (15) 

30 

[0286] From which there is obtained 
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f (H/4)+f (-H/4)= f (O) (16) 

[0287] Now consider the derivatives at the joining point. The nth derivative of the right- 

hand edge function is given by equation (17): 

d" f~ u=u_ a" f                      (17) 
dun u=u-n/2 

I0 

15 

[0288] Hence at the joining point condition (18) is valid: 

(18) 

[0289] In order to avoid the creation of high fi’equency effects (crosstalk tails) by the 

joining point all derivatives are desirably continuous here. Hence it is required that 

condition (19) should be tree: 

du" u=HI4     du u=-HI4 

(19) 

[0290] To find out whether this is possible, expand the function f in a Taylor 

series about x=0 to obtain equation (20) 

f =f(O)+a,u+a~u2 +a3u3 +a4u4 +asu5 +aru6 + .......... (20) 

[0291 ] The first derivative is given by equation (21): 

df = a, + 2a~u + 3a3u~ +4a4u~ + ....... 
(21 ) 

du 

20 

25 

[0292] The required condition (19) for the first derivative (n=l) can be obtained 

provided fis even in x, so that all the odd coefficients {al, a3... } in (20) and (21) are 

zero. This makes the first derivative continuous at the joining point. Furthermore iffis 

an even function thenf(H/4)=f(-H/4) in which case (16) becomes: 

f(H/4)= ~ f(O) (22) 

[0293] Given that f is now an even function, the second derivative of f is given by 

equation (23): 
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d~f =2a2 +12a4u2 + ....... 
(23) 

du2 

[0294] Returning to the required condition in (19) it is clear that it cannot be 

satisfied for n=2. Hence the second derivative is discontinuous at the joining point 

u--H/4. 

[0295] The left-hand edge is given by equation (24) 

fL~ (U) = f (0) --f (u+H/2)    (24) 

[0296] Given that fis even, the overall function has odd symmetry in each half plane x 

=+ H/4. 

[0297] To work out what happens at x = + H/2, expandfm-t andfLr~ in Taylor series, as 

shown in equations 25 and 26: 

fro-; =a~(u-~)~ +a,~(u-~)4+ar(u-~)6 + .......... (25) 

f~ =az(u +~)~ +a4(u +~)’~ +ar(U +~-)6 + .......... (26) 

[0298] The function and its first derivative are both zero at u= V2H, but the 

15 second derivative has the value 2a2. Outside of the range [-½H, ½H] the beam drops to 

zero. Hence the second derivative is discontinuous at both u---!-_½H and u----!_I-I!4, and the 

far field must therefore decay as the cube of the distance measured in the far field. 

[0299] From the analysis, the required properties of f(u) for a hologram of width H are 

that firstly it should be even in u, and that secondly its amplitude at the position u=H/4 

20 should be half the amplitude at u=0. After apodisation has been applied the shape of the 

beam in the region between u=H/4 and u=H/2 should be given byfm.l(u)=f(O)-f(u-H/2) 

while in the region between u=-H/2 and u=-H/4 the shape of the beam should be given 

by fLH(u)=f(0)-f(u+H/2). In practice the shaping may not increase the local beam 

amplitude. Hence the hologram width and/or the shape of the central portion may have 

25 to be adjusted to avoid the requirement for ’amplifying’ shaping. 

[0300] As an example these conditions are satisfied by a Gaussian distribution given by 

equation (27): 
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f(u) = exp- .u ( 2 7 ) 

[0301] If the original beam satisfies the first two conditions it can be apodised without 

removing power fi:om the central region. Otherwise shaping can be applied to the 

central region so that these two conditions are satisfied. 

[0302] In some systems there may be a requirement to adapt the width of the beam in 

the far field: either to narrow the beam or to broaden the beam. This may be useful for 

laser processing of materials as well as for routing. It is advantageous that the method to 

change the width does not introduce side lobes. A particular application that would 

benefit is laser drilling of holes. The SLM could be used to narrow the drilling beam as 

well as to change its focus so that the drilled hole remains of uniform diameter (or has 

reduced diameter variation) as the hole is progressively bored. 

[0303] In order to broaden the far field, the near field (at the SLM) needs to be made 

narrower. This may be implemented by applying shaping to the central portion of the 

beam so that its full width half maximum (FWHM) points become closer together and 

so that the beam shape has even syrmnetry about its centre. Preferably the amplitude at 

the very peak is not reduced so as not to lose too much power. The distance between the 

two FWHM points defines the effective half-width of the hologram. Further shaping 

should be applied to the left-hand and right-hand edges of this effective hologram, so 

that the beam shape has the required properties as described previously. Outside of the 

width of the effective hologram the beam shape should have zero amplitude. 

[0304] To narrow the far field, the near field (at the SLM) needs to be made broader. 

This may be implemented by applying shaping to the central portion of the beam, so 

that the FWHM points become further apart, and so that the beam shape has even 

symmetry about its centre. Typically this will require reduction of the amplitude around 

its peak. The extent of this reduction is governed by the need to be able to apply shaping 

to the right and left hand edges of the hologram with the constraint that the shaping may 

only decrease the amplitude (and not increase it). 

[0305] Amplitude-modulating SLMs can be used to implement the shaping but they are 
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polarisation-dependent. 

[0306] Another pseudo-amplitude modulation can be created to implement the beam 

shaping by using a phase-modulating SLM, which may be made polarisation- 

independent. This may be achieved by recognising that a phase modulation exp j ~b (u), 

where j is the complex operator, is equivalent to a phase modulation cos d~ (u)+j sin d~ 

(u). Now choose d~ (u) such that the modulus of~ (u) is varying slowly but the sign is 

oscillating. 

[0307] Hence the real part of the modulation, cos d~ (u), will be slowly varying and can 

act as the amplitude modulator to create the beam shape, while the imaginary part of the 

modulation, + sin ~(u), will be oscillating rapidly With an equivalent period of two or 

more pixels. Hence the energy stripped off by the effective amplitude modulator will be 

diffracted into a set of beams that are beam-steered out of the system at large angles. 

[0308] In a preferred embodiment, the system is designed such that light travelling at 

such angles will either not reach the output plane or will land outside the region defined 

by the output ports. Therefore the beam component shaped by sin ~ (u) is rejected by 

the optical system, while the beam component shaped by cos d~ (u) is accepted by the 

system and couples into one or more output ports, as required. While this explanation is 

for a one-dimensional phase modulator array the same principle is applicable in 2-D. If 

~b (u) varies from 0 at the centre of the beam to 7r/2 at the edges then the amplitude of 

the beam shaped by cos d~ (u) varies from 1 at the centre of the beam to 0 at the edges, 

thus removing the amplitude discontinuity that creates rippling tails in the far field. This 

can be achieved with minimal change to the insertion loss of the beam as it passes 

through the system. Indeed, often the insertion loss due to clipping is due to interference 

from the amplitude discontinuity, rather than the loss of energy from the beam tails. 

[0309] The beam-shaping hologram is non-periodic but oscillatory and may be applied 

as a combination with other routing and/or lens synthesis and/or aberration correcting 

and/or power control and/or sampling holograms. 

[0310] Further advantages of the beam shaping are that it reduces the required value of 

C for a given required crosstalk, allowing more compact optical switches. Another 

TSO001217 

51



¯ 3274.1.003-002 

- 49 - 

10 

15 

20 

25 

30 

advantage is that the crosstalk decays much more rapidly with distance away from the 

target output fibre. Hence, essentially, the output fibres receive crosstalk only fi:om their 

nearest neighbour fibres. 

[0311 ] Therefore in a large optical switch used as a shared N*N switch for a range of 

wavelengths, it should be possible to arrange the wavelength channel allocation such 

that no output fibre collects crosstalk from a channel at the same system wavelength as 

the channel it is supposed to be collecting. This would reduce significantly the 

homodyne beat noise accumulation in networks using such switches, and, conversely, 

allow an increase in the allowed crosstalk in each switch as heterodyne crosstalk has 

much less of an impact at the receiver, and can also be filtered out if necessary. 

[0312] The crosstalk suppression method uses beam shaping to suppress ripples in the 

beam tails. The same method can be adapted to change the beam shape around the beam 

centre. For the case when the output beam is an image of the beam at the SLM the beam 

shaping is working directly on an image of the output beam. The fraction of the initial 

beam that is shaped by the slowly varying function cos dp (u) can have the correct 

symmetry to couple efficiently into the fundamental mode of the output fibre. The 

fxaction of the initial beam that is shaped by the rapidly varying function + sin dp(u) has 

the wrong symmetry to couple into the fundamental mode and can be adjusted to be at 

least partially orthogonal to the fundamental mode. 

[0313] Effectively, it is the fraction of the beam shaped by cos d~ (u) that dominates the 

coupling efficiency into the fundamental mode. Therefore the dependence of the 

coupling efficiency vs. transverse offset is dominated by the overlap integral between 

the cos dp (u) shaped beam and the fibre fundamental mode. 

[0314] When the incident beam is the same shape as the fundamental mode and for 

small transverse offsets the coupling efficiency decreases approximately parabolically 

with transverse offset. In many beam-steering systems using phase-modulating SLMs 

the transverse offset at the output fibre increases linearly with the wavelength difference 

fi’om the design wavelength. Consequently the system coupling efficiency decreases 

approximately parabolically with wavelength difference from the design wavelength. 

Beam shaping can be used to adjust the shape of the incident beam and optimised to 
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flatten the dependence on transverse offset and hence to flatten the wavelength 

response. Alternatively a more complex wavelength dependence could be synthesised to 

compensate for other wavelength-dependent effects. 

[0315] Beam shaping may also be used during system assembly, training or operation in 

5 order to measure mathematical moments of a light beam. A description of the method 

and theory will be followed by a description of some example applications. 

[0316] The method requires a first stage during which corrective phase modulation is 

applied by the SLM such that the phase profile of the beam leaving the SLM has no 

non-linear component. This may be confirmed with a collimeter or wavefront sensor or 

10 some other suitable device. In a first embodiment the phase profile has no linear 

component applied to deflect the beam such that the beam is reflected in a specular 

direction. An optical receiver is placed to receive the reflected beam. The power 

reflected exactly into the specular direction is proportional to the square of an integral 

A(n) given in equation (28) where f(n,u,v) is the complex amplitude of the beam 

15 leaving the SLM at co-ordinates u,v during the nth stage of the method. 

= ~f(n, u, v) du dv (28) A(n) 

20 

[0317] The optical power received by the photodiode during the nth stage of the method 

is given by equation (29) 

P(n) = K(A(n))2 (29) 

25 

[0318] where K is a constant of proportionality. 

[0319] If received by an optical fibre the received power will be modified according to 

the fibre misalignment and mode field distribution, leading to possible ambiguities in 

the method. Hence it is preferred instead to receive the beam by a photodiode. During 

the first stage of the method the net phase modulation applied by the SLM is such that 

the beam is of uniform phase. Let b(u, v) be the beam amplitude distribution. Therefore 

during this first stage the integral A is equal to the zeroth moment, a0, of the beam 

amplitude distribution, as shown in equation (30), and f(n,u,v) is equal to 
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A(1) = aO = ~b(u, v) du dv (30) 

[0320] Therefore the power, P(1), measured by the photodiode during this first 

stage is given by equation (31). 

P(1) = Kaoz ( 31 ) 

10 

15 

20 

[0321 ] In order to characterise a two-dimensional beam, moments of the beam 

distribution may be taken in two orthogonal directions, in this case the u and v 

directions. Consider the pixel block of concern to be broken up into a set of columns. 

To each column in the block a particular effective amplitude modulation may be applied 

using the pseudo-amplitude method or some other method. For example consider the 

pixel column with a centre at co-ordinate u*. By applying an alternating phase 

modulation of+~b (u*) and -d~ (u*) to adjacent pixels in the same column the effective 

amplitude modulation applied to the particular column is cos(d~ (u*)). 

[0322] In order to calculate the first moment in the u direction, during the second stage 

of the method the values of cos(d~ (u*)) are chosen such as to approximate to a linear 

distribution, as described in equation (32) 

cos(q~(u*)) ~ mu * +c (32) 

[0323] Therefore the power P(2) measured during the second stage of the process is 

given by (33). 

P(2)~ K(m2aw2 + 2mca,oao +C2aoz) (33) 

25 

[0324] where a~u is the first moment of the beam distribution in the u direction, as given 

by (34). 

[0325] alu = ~ub(u,v)dudv (34) 
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[0326] The ratio of the powers measured during the two stages is then given by 

equation (35) 

P(2)~m2 __alv +2mc aw +c2 

P(O) k, ao J ao 
(35) 

5 [0327] Given the measured power ratio and the values of m and c as chosen to satisfy 

the constraints of the method, the quadratic equation given in (35) may be solved to 

calculate the ratio of the first order moment in the u direction to the zeroth order 

moment. 

[0328] The constraints on m and c are such that the actual values of the alternating 

10 phase of each column need to be chosen from the available set and such that the total 

phase excursion across the expected area of the beam remains within the range [0,rt] or 

[-~t,0] so that the cos(d? (u*)) term may decrease (or increase) monotonically. In 

practise a photodiode of finite size will receive power diffracted from the SLM within 

an angular distribution about the specular direction. A further constraint on the gradient 

15 ’m’ in equation (32) is such that the side lobes created by the linear amplitude 

modulation fall outside the area of the photodiode. 

[0329] Similar methods may be used to take approximate higher-order moments in the u 

direction, and also first and higher-order moments in the v direction. In the latter case to 

each row in the block a particular effective amplitude modulation is applied, e.g. by 

20 setting adjacent pixels in the row to altemating phases of+d~ (v*) and -d? (v*), where v* 

is the position co-ordinate of the row. The second-order moments may also be 

calculated and used to estimate the beam spot size at the hologram. This estimate can be 

used as part of the control algorithm for focus adjustment. 

[0330] In a second embodiment a further linear phase modulation is applied to the 

25 hologram during each stage so as to deflect the beam to be measured while taking the 

moments towards a particular photodiode. 

[0331] Consider a Gaussian type beam b(u,v) centred at position co-ordinates (u0,v0). 
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The even symmetry of the beam about axes parallel to the u and v directions and 

through the centre lead to the identities given by equations (36) and (37). 

;;(u - uO)b(u, v) du dv = 0 ( 3 6 ) 

;;(v - vO)b(u, v) du dv = 0 (37) 

[0332] Hence approximate values of the first order moments measured as described 

previously, or by some other method, may be used to deduce approximate positions for 

the beam centres, as shown by equations (38) and (39). 

uo ~ a~---q-v (38) 
ao 

10 Vo ~ ate, (39) 
ao 

15 

20 

25 

[0333] In the next stage of the measurement the pixel block initially assigned to the 

beam is re-assigned such that it is centred Within halfa pixel in each of the u and v 

directions from the approximate centre of the beam, as just calculated. 

[0334] Let the new centre of the pixel block be at (ul,vl). A new hologram should be 

calculated such that the beam leaving the SLM acts as the product of a beam of uniform 

phase distribution and an effective amplitude distribution given by equation (40) 

cos(~(u*)) ~ m(u *-ul) (40) 

[0335] The principle is that if the beam centre lies exactly at ul the measured 

power exactly in the specular direction will be zero. Taking into account the finite area 

of the photodiode the measured power cannot be zero but will be minimised when ul is 

within half a pixel pitch of the beam centre. 

[0336] This new hologram should be applied to the pixel block and the power 

measured. At this point the method can proceed in two ways. 

[0337] In one embodiment a further estimate of the beam centre can be calculated, as 

described previously, a new centre position ul calculated, the hologram recalculated 
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according to equation (40) and the power measured again. This process can be repeated 

until the value oful appears to have converged. 

[0338] In a second embodiment the centre of the pixel block, ul can be re-assigned, the 

hologram recalculated according to (40) and the power measured again. At the current 

5 pixel block centre, u l, for which the beam centre is within half a pixel of u l, the 

measured power should be at a minimum value. 

[0339] A further embodiment is to use a suitable combination of these two altemative 

methods. 

[0340] The centre of the pixel block in the v direction can be measured using similar 

10 methods. 

[0341] The size of the pixel block used should be chosen so as to cover the expected 

area of the beam. Outside of this area the phase can be modulated on a checkerboard of, 

for example, +-pi/2, so that the effective amplitude modulation is zero and the light 

from these regions is diffracted far away from the photodiode. 

15 [0342] It can be shown that equations (36) and (37) are also satisfied if the beam waist 

is not coincident with the SLM, that is the beam is defocused. Although the method as 

described above will not be calculating the proper moments of the beam, it can be 

shown that the position of the beam centre may still be identified using the methods 

described. 

20 [0343] The beam shaping method may be extended to control and adapt the amplitude 

of the beam steered through the system. If d~(u) varies from ~g at the centre of the beam 

to rt/2 at the edges then the real part of the pseudo-amplitude modulation can be 

considered as cos ~ multiplied by an ideal beam-shaping function that causes 

insignificant insertion loss. In which case there is an associated additional insertion loss 

25 given by approximately 101og~0 (cos2 ~). By varying the value of ~ the beam power can 

be varied. Therefore the same device can be used to achieve power control, otherwise 

known as channel equalisation, as well as changing the routing or direction of a beam. 

Deliberate changes in the beam shaping function can be used to increase the number of 

’grey levels’ possible for the beam attenuation, i.e. to provide an increased resolution. As 

30 for the beam shaping, the rejected power is diffracted out of the system. Therefore this 
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attenuation method does not increase crosstalk. 

[0344] Another technique for controlling beam power without increasing crosstalk is to 

deflect the unwanted energy in a direction orthogonal to the fibres susceptible to 

crosstalk. 

[0345] This may be combined with yet another technique, namely distorting the beam 

phase in such a way that much of the energy couples in to the higher-order modes of the 

fibre, rather than the fundamental mode that carries the signal. The beam phase 

distortion may alternatively be used alone. 

[0346] In an embodiment, these methods are achieved by dividing the area of the SLM 

on which the beam is incident into a set of’power controlling’ stripes. The long side of 

the stripes are at least substantially in the plane in which the input and output-beam are 

travelling. By varying the relative phase in the stripes the coupling efficiency into the 

fundamental mode of the output fibre is changed, and hence the throughput efficiency 

of the optical system is set. This method can be applied to a pixellated device that is 

also routing or otherwise adapting a beam. In this case each ’stripe’ would contain 

between one and many of the pixels already in use. 

[0347] Altematively the long side of the power controlling stripes could be in one plane 

in one electrode, with the long side of the routing pixels in an orthogonal direction in 

the other electrode, of which either the stripe electrodes, or the pixellated electrodes, or 

both, are transparent. 

[0348] Alternatively the device acts solely as a beam power controller, or channel 

equaliser. In this case each stripe could be a single pixel. The set of stripes for each 

beam defines a block. Many blocks could be placed side by side to form a row of 

blocks, with each block in the row providing channel equalisation for a different beam. 

Many rows could also be provided so as to provide channel equalisation for signals 

coming in on different input fibres. 

[0349] If a pair ofconfocal focusing elements is disposed between the output fibre and 

SLM then the output fibre receives an image of the field at the SLM. In this case the 

attenuation at the output fibre is governed by the orthogonality between the image and 

the fundamental mode of the fibre. Assuming, and without loss of generality, that a 
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perfect image is formed such that sharp phase discontinuities are preserved, it may be 

shown that the coupling efficiency into the fundamental mode is proportional to the 

square of a sum of weighted integrals. The weight is the modulation exp jd~ applied by a 

stripe, and the associated integral is over the area onto which that stripe is imaged. The 

integrand is positive and depends on the square of the local electric field associated with 

the fundamental mode. Each integral is represented as a phasor, with a length depending 

on how much of the fundamental mode power passes through the region onto which the 

stripe is imaged, and a phasor angle depending on the phase modulation. The net 

coupling efficiency is given by the magnitude of the vector summation of the individual 

phasors associated with each stripe. For simple devices it may be advantageous to use 

as few stripes as possible as this reduces any losses due to dead space between the 

stripes and reduces the control complexity. With only two stripes of approximately 

equal area (and hence two phasors of approximately equal length) the possible vector 

sums lie on a semicircle and hence the number of possible grey levels is equal to the 

number of phase levels between 0 and 7r, which may not be sufficient. Transverse offset 

of the output fibre with respect to the centre of the image has the effect of making the 

two phasors unequal and hence complete extinction is not possible. These problems 

may be overcome by using three or more stripes per hologram. For example with three 

stripes the loci of vector sums lie on circles centred about the semicircle taking just two 

of the stripes into consideration. Hence many more values are possible. Increasing the 

number of stripes increases the number of grey levels and the depth of attenuation. 

[0350] A fibre spool is used on the output fibre before any splices are encountered. It 

will clear to those skilled in the art that other mode stripping devices or techniques 

could be used instead. 

[0351 ] This system can also be adaptive: given knowledge of the applied phase by each 

stripe and enough measurements of the coupling efficiency, the lengths of the different 

phasors associated with each stripe can be calculated. Given these lengths the 

performance can be predicted for any other applied phases. Hence suitable algorithms 

can be included in the SLM or interface to train and adapt the device performance to 

cater for transverse offset of the output fibre and other misalignments. 
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[0352] Sharp edges or phase discontinuities in this image will be eroded by the optical 

modulation transfer function (MTF) but, nevertheless, where a sufficient number of 

stripes is provided it is possible to vary the phase modulation of each and achieve a 

wide range of attenuation. 

5 [0353] Ultimately what limits the depth of attenuation is the residual zero-order due to, 

for example, an imperfect quarter-wave plate or Fresnel reflections from different 

surfaces inside the SLM such that the reflected light has not yet been phase-modulated. 

An example reflection is from the interface between the cover glass and transparent 

electrode. Such residual zero orders will couple into the output fibre independently of 

10 the phase modulation. In many cases the residual zero order will have a different 

polarisation state to the beam that has been properly processed by the phase modulation, 

so even adapting the phase modulation will not recover the depth of attenuation. 

[0354] In such cases it is advantageous to apply some routing to the output fibre, such 

that the zero order is offset from the output fibre and the intended output beam is 

15 steered into a diffraction order of the routing hologram. For a many-pixellated SLM this 

may be achieved using the standard routing algorithm described earlier. For a simple 

SLM with few pixels, e.g. the one with the stripes in the plane of the input and output 

fibres, these stripes can be subdivided in an orthogonal direction, that is to create a 2-D 

array ofpixels. This however increases the device complexity. 

20 [0355] An alternative simple device is to combine it with a tip-tilt beam-steering 

element, as described in Optics Letters, Vol. 19, No 15, Aug. 1, 1994 "Liquid Crystal 

Prisms For Tip-Tilt Adaptive Optics" G D Love et al. In this case the top ’common 

electrode’ is divided into a set of top electrodes, one for each device, where each device 

is assumed to receive a separate beam or set of beams. Each top electrode has different 

25 voltages applied on two opposite sides. The shape of the top electrode is such that the 

voltage between the electrodes varies nonlinearly in such a way as to compensate for 

the non-linearity of the phase vs. applied volts characteristic of the liquid crystal. Hence 

with all the stripe electrodes at the same voltage the device provides a linear phase ramp 

acting like a prism and deflecting the phase-modulated beam in a pre-defined direction, 

30 such that the residual zero order falls elsewhere, as required. Changing the stripe 
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electrode voltage causes phase changes in the imaged beam but does not prevent the 

deflection. Small adjustments in the phase ramp can be used to compensate for 

component misalignments and/or curvature of the SLM substrate and/or wavelength 

difference from the design wavelength for the tip-tilt device. Such small adjustments in 

5 the phase ramp can also be used to achieve fine control over the attenuation. Hence such 

a device would be useful whether or not the required attenuation is sufficiently strong 

for the residual zero order to become a problem. Alternatively the top electrode can be 

divided into two ormore areas, with the shape of each so as to compensate for the phase 

vs. volts non-linearity. Varying the voltage on the ends of each electrode can be used to 

10. offset the phase modulation of each stripe in order to create the desired attenuation. In 

this case the aluminium electrode would be common to the device, removing dead- 

space effects. 

[0356] In another embodiment of the tip-tilt device, the top electrode is common to all 

devices and a shaped transparent electrode is provided, e.g. by deposition, on top of the 

15 quarter-wave plate, with connections to the SLM circuitry to either side of the device. In 

this case the aluminium may act only as a mirror and not as an electrode. Again the 

shaped transparent electrode may be subdivided into two or more areas to provide the 

attenuation. This embodiment avoids dead-space effects and also a voltage drop across 

the quarter-wave plate. 

20 [0357] In a further embodiment, such a tip-tilt device has a shaped transparent electrode 

on both cover glass and quarter-wave plate. The planes of tip-tilt for the two devices 

may be orthogonal or parallel. With two parallel tip-tilt electrodes the device may act as 

a power-controlling two-way switch, and also, as will be described later, can be used in 

a multi-channel add/drop multiplexer. With two orthogonal tip-tilt electrodes the device 

25 can beam steer in 2-dimensions such as to correct for positional errors. Either of the two 

tip-tilt electrodes can be subdivided so as to provide attenuation. 

[0358] One advantageous SLM is that described in our co-pending patent application 

EP1053501. 

[0359] If there is a single focusing element between the output fibre and SLM then the 

30 field at the output fibre is the Fourier Transform of the field leaving the SLM. In this 
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case three classes of phase modulation can be used to change the coupling efficiency 

into the output fibre. The first two classes assume a many-pixellated SLM while the 

third class assumes a few-pixel SLM with or without tip-tilt features as described 

earlier. In the third class the tip-flit feature may be used to compensate for transverse 

positional errors in the input and output fibre. 

[0360] The different classes of phase modulation result in a variable coupling efficiency 

at the output fibres using the following methods: 

[0361] As noted above, the first class uses a many-pixellated SLM. A periodic phase 

modulation is applied that creates a set of closely spaced diffraction orders at the output 

fibre. The spacing is comparable to the fibre mode spot size such that there is significant 

interference between the tails of adjacent diffraction orders. The phases of these 

diffraction orders are chosen such that the resulting superposition is rapidly alternating 

in phase and therefore couples into the higher-order fibre modes. Varying the strength, 

phase and position of each diffraction order changes the attenuation. If the long sides of 

the stripes used to create this alternating output field are in the plane of the input and 

output fibres, then diffraction orders landing outside the target optical fibre fall along a 

line orthogonal to the output fibre array, and therefore do not cause crosstalk. 

[0362] In the second class, again using a many-pixellated SLM, a non-periodic 

smoothly varying non-linear phase modulation is applied at the SLM, in this case the 

SLM acts as a diffractive lens such that the beam is defocused and couples into higher- 

order modes. 

[0363] In the third class, which uses a simple SLM with few pixels, the pixels are used 

to apply phase distortion across the beam incident on the SLM. Such phase modulation 

can be considered to be equivalent to the first class but with a long period. The phase 

distortion at the SLM results in amplitude and phase distortion in the reflected beam and 

hence reduces the coupling efficiency into the output fibre. 

[0364] Again, all three methods require use of a mode stripper on the output fibre. 

Again suitable algorithms can be included in the SLM or interface to train the system. 

[0365] Another embodiment, not illustrated, uses a graded-index (GRIN) lens secured 

to one face of an SLM, and having input and output fibres directed on or attached to the 
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opposite face. The SLM may provide selective attenuation, and/or may selectively route 

between respective input fibres and selected output fibres. A requirement for stable 

performance is fundamental for optical devices used in communications and like fields. 

One of the dominant manufacturing costs for such optical devices is device packaging. 

5 The GRIN lens architecture results in a compact packaged device resilient to vibrations. 

However, the architecture can have problems with spherical aberration and problems in 

achieving the required alignment accuracy. In particular there is often a requirement for 

precise transverse positioning of the fibres. Also due to manufacturing tolerances in the 

GRIN lens the focused spot in the reflected beam can be offset significantly in the 

10 longitudinal direction from the end face of the output fibre, resulting in an insertion loss 

penalty. This problem gets worse the longer the GRIN lens. Applying selected non- 

linear phase modulation to the SLM may compensate for problems such as focus errors, 

length errors, longitudinal positional ’errors and spherical aberration. Applying selected 

linear phase modulation to the SLM and/or using tip-tilt electrodes may compensate for 

15 problems such as transverse positional errors. 

[0366] Optical systems using SLMs may individually process the channels from an 

ensemble of channels on different wavelengths, entering the system as a multiplex of 

signals in a common beam. Given a continuous array ofpixels the SLM may also 

process noise between the channels. Hence the optical system acts as a multiwavelength 

20 optical processor. The processing may include measurement of the characteristics of the 

signals and accompanying noise as well as routing, filtering and attenuation. 

[0367] In a first application, the SLMs carry out attenuation, known in this context as 

channel equalisation. A second application is a channel controller. A third application is 

an optical monitor. A fourth application is an optical test set. A fifthapplication is 

25 add/drop multiplexing. Further applications are reconfigurable wavelength 

demultiplexers and finally modular routing nodes. In all of these applications the SLMs 

may carry out routing and/or power control and/or beam shaping and/or sampling 

and/or corrective functions as described earlier. The system to be described is not 

restricted to this set of seven applications but is a general multi-wavelength system 

30 architecture for distributing the wavelength spectrum from one or more inputs across an 
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array of devices and recombining the processed spectrum onto one or more selected 

outputs. 

[0368] The inputs and outputs may be to and from optical networking equipment such 

as transmission systems, transmitter line cards and receiver line cards. Alternatively the 

5 inputs may be from one or more local optical sources used as part of a test set: either via 

an intermediate optical fibre or emitting directly into the optical system. The outputs 

may be to one or more local photo detectors for use in testing and monitoring. 

Applications outside the field of communications are also possible such as 

spectroscopy. 

10 [0369] Such multi-wavelength architectures can be adaptations of optical architectures 

used for wavelength de-multiplexing. Wavelength demultiplexers typically have a 

single input port and many output ports. These can use one or more blazed diffraction 

gratings: either in free-space or in integrated form such as an AWG (Arrayed 

Waveguide Grating). These devices are reciprocal and hence work in reverse. Hence if a 

15 signal of the appropriate wavelength is injected into the output port it will emerge from 

the input port. The output port usually consists of an optical waveguide or fibre with an 

accepting end that receives a focused beam from the optical system and a delivery end 

providing an external connection. Now consider replacing the acceptance end of the 

output waveguide/fibre with a reflective SLM: all of the processed signals reflected 

20 straight back will couple into the input fibre and emerge from the input port. These 

signals can be separated from the input signal with a circulator. Alternatively the system 

is adapted so that the reflected signals emerge and are collected together into a different 

fibre. 

[0370] Free-space optical systems performing wavelength de-multiplexing can use 

25 diffraction gratings made by ruling, or from a master, or made holographically, or by 

etching. Usually these work in reflection but some can work in transmission. One or 

two gratings can be used in the system. The optics used to focus the beams can be based 

on refractive elements such as lenses or reflective elements such as mirrors or a 

combination of the two. 

30 [0371] Referring to FIG. 12, a channel equaliser 350 has a single grating 300 used with 
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a refractive focusing element 310 and an SLM 320. To make the diagram clearer, the 

grating 300 is drawn as working in transmission. Other embodiments use two gratings 

and/or reflective focusing elements and/or gratings that work in reflection, such as 

blazed gratings. 

5 [0372] A first input beam 301 from an input port 304 contains an ensemble of channels 

at different wavelengths entering the equaliser on the same input port 304. As a result of 

the grating 300 the beam 301 is split into separate beams 301a, 301b, 301c for each 

wavelength channel, each travelling in a different direction governed by the grating 

equation. The.grating 300 is positioned in the input focal plane of a main routing lens 

10 310 with a reflective SLM 320 at the output focal plane of the routing lens 310. If 

desired, there may also be a field-flattening lens just in front of the SLM 320. 

[0373] If lens 310 were an ideal lens, rays passing through the same point on the focal 

plane of the lens, regardless of direction provided they are incident on the lens, emerge 

mutually parallel from the lens. As lens 310 is not a real lens, this is no longer strictly 

15 true: however well-known lens design techniques can be applied to make it true over the 

required spatial window. 

[0374] Hence, the beams 301a, 301b, 301c that were incident upon the lens 310 from 

the same point on the focal plane, but at different angular orientations, emerge mutually 

parallel from the routing lens 310, but spatially separate. Thus, the lens refracts each 

20 beam to a different transverse position 320a, 320b, 320c on the SLM 320. At each 

position the SLM 320 displays a pixellated hologram and/or has a tip-tilt device for 

processing the relevant wavelength component of the beam. In the preferred 

embodiment, the SIM 320 is a continuous pixel array of phase-modulating elements and 

is polarisation independent. The width of each hologram or tip/tilt device compared to 

25 the spot size of the incident beam incident is sufficient to avoid clipping effects. Instead, 

or additionally, beam shaping may be used. The device may be controlled to deflect or 

attenuate the beam as described earlier, and provides output processed beams 302a, 

302b, 302c. Beams 302a and 302b have moderate channel equalisation applied by a 

power control hologram and routing towards the output port 305 applied by a routing 

30 hologram. As explained previously it is advantageous to use a routing hologram as it 
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deflects the beams from their specular output direction and hence increases the available 

depth of attenuation. Beam 302c has strong attenuation applied in order to "block" the 

channel: this is achieved by selecting holograms that direct the light well away from the 

output port 305 towards, for example, an optical absorber 306. The processed beams are 

5 reflected back from the SLM 320 towards the main lens 310 and then refracted back by 

the main lens towards the diffraction grating 300. Assuming the SLM 320 is fiat, all 

beams subjected to the same deflection at the SLM 320 and entering the system in the 

same common input beam emerge mutually parallel from the diffraction grating. 

Curvature of the SLM 320 is compensated by small changes in the deflection angle 

10 achieved due to the holograms displayed on the SLM 320. As the light beams 302a, 

302b emerge parallel from the SLM 320 they are refi-acted by the lens 310 to beams 

303a, 303b propagating towards a common point in the grating 300, which (having the 

same grating equation across the whole area of concern) diffracts the beams to provide a 

single output beam 302. Note that due to the action of the lens, beam 303a is parallel 

15 (but in the opposite direction) to beam 301a and beam 303b is parallel (but in the 

opposite direction) to beam 30lb. Therefore all beams subjected to the same eventual 

output angle from the SLM 320 are collected into the same output port 305. Hence a 

system may be constructed with a single input port 304 and a single output port 305 that 

produces independent attenuation or level equalisation for each wavelength channel. 

20 Note that to obtain the same deflection angle for all wavelength channels, as required, 

the effective length of the hologram phase ramp, D/m, where m is the mode number of 

the excited diffraction order and ff~ is the hologram period, should be adjusted in 

proportion to the channel wavelength. That is the wavelength dependence of the beam 

deflection should be suppressed. 

25 [0375] As described later the channel equalisation can be uniform across each channel 

so as to provide the required compensation as measured at the centre of each channel. 

Alternatively the channel equalisation can vary across each channel, so as to 

compensate for effects such as amplifier gain tilt that become important at higher bit 

rates such as 40 Gb/s. Channels may be blocked as described earlier so as to apply 

30 policing to remote transmitters that renege on their access agreements or whose lasing 
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wavelength has drifted too far. Furthermore the noise between selected channels may be 

partially or completely filtered out, as described later. Hence in a second application the 

multiwavelength optical processor acts as a channel controller. 

[0376] Although such processing can be applied using conventional optics the 

multiwavelength optical processor has a number of advantages. Compared to a series of 

reconfigurable optical filters the multiwavelength processor has the advantage that the 

channels are processed by independent blocks of pixels. Hence reconfiguration of the 

processing applied to one or more selected channels does not cause transient effects on 

the other channels. Compared to a parallel optical architecture that separates the 

channels onto individual waveguides/fibres before delivery to a processing device (and 

hence avoids the transient effects) the multiwavelength optical processor has a number 

of advantages. Firstly it can process the whole spectrum entering the processor (subject 

to the grating spectral response). Secondly the filter passband width is reconfigurable 

and can be as much as the entire spectrum, reducing concatenation effects that occur 

when filtering apart sets of channels routed in the same direction. Thirdly the filter 

centre frequencies are reconfigurable. Further advantages are discussed later in this 

application. 

[0377] By having a choice of two or more deflection angles at the SLM every input 

channel may be routed independently to one of two or more output ports. There may 

also be two or more input ports. It may be shown that for one or more parallel input 

beams, the action of the grating and main routing lens is such that all channels at the 

same wavelength but from different input ports are incident at the same transverse 

position at the SLM. Again this is because "parallel rays converge to the same point". 

Hence these channels at the same wavelength are incident on the same channel 

processing hologram and/or tip-tilt device. As every wavelength channel is incident on 

a different device, the device response may be optimised for that particular wavelength. 

For example if a pixellated SLM is used the deflection angle is proportional to the 

wavelength. Hence small adjustments in the phase ramp can be used to adjust the 

deflection angle to suit the wavelength to be routed. All channels incident on a 

particular transverse position on the SLM must be reflected from that same position. As 
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this position is in the focal plane of the lens beams from said position will emerge 

parallel from the lens and travelling towards the grating. After the grating the beams 

will be diffi’acted (according to their wavelength). It may be shown that all beams 

entering the system in a parallel direction will emerge from the system in exactly the 

opposite direction. It may also be shown that all beams subject to the same output angle 

from the SLM will emerge coincident from the system and may therefore be collected 

into the same port. 

[0378] Analysis of the beams at the diffraction grating in this architecture shows that 

the spot size required for a given wavelength channel separation and beam clipping 

factor C at the hologram depends on the grating dispersion but does not depend on the 

routing lens focal length nor the number of output ports. The beam centres must be far 

enough apart to provide adequate crosstalk suppression. Hence the greater the number 

of output beams the further the beam must be steered by the SLM and lens. As an 

example consider just routing in l-D, into the m’th diffraction order with a hologram 

period, ff~ and a routing lens of focal length f. The output beam at the diffraction grating 

will be offset from its zero order reflection by a distance given approximately by 

f.m.~,/f~, where ~, is the optical wavelength and C2/m is the effective length of the phase 

ramp on the hologram (as explained previously). To increase this offset distance the 

length of the phase ramp can be reduced, which tends to require smaller pixels, or the 

lens focal length can be increased. In practice there is a lower limit to the pixel size set 

by the dead space losses and the size of the pixel drive circuits, while increasing the 

lens focal length makes the overall system longer. This can be a particular problem 

when there are many output ports, even when close-packing 2-D geometries are used 

for the output beams. 

[0379] Referring to FIG. 14, another method is to put a demagnification stage between 

the SLM 400 and a routing lens 404. This is positioned so that the SLM 400 is in the 

object plane of the demagnification stage while the image plane of the demagnification 

stage.402 is where the SLM would otherwise be, that is in the focal plane of the routing 

lens 404. What appears in this image plane is a demagnified image of the SLM 400, 

which therefore acts like a virtual SLM 402 with pixels smaller than those of the real 
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SLM 400 and hence a shorter effective phase ramp length. As an example consider the 

two lens confocal magnification stage shown in FIG. 14. In FIG. 14 fl is the focal 

length of the first lens 401 and f2 is the focal length of the second lens 403 (closer to the 

virtual SLM). The demagnification is f2/fl while the beam-steering deflection angle is 

magnified by fl/f2. 

[0380] While this method for increasing the effective beam deflection angle has been 

described and illustrated in the context of one particular routing architecture it could 

also be applied to other optical architectures using SLMs to process an optical beam, for 

routing and other applications. The operating principle is that the virtual SLM 402 has 

an effective pixel size and hence an effective phase distribution that is smaller in spatial 

extent than that of the real SLM 400, by an amount equal to the demagnification ratio of 

the optics. The off-axis aberrations that occur in demagnification stages can be 

compensated using any of the methods described in this application or known to those 

skilled in the art. 

[0381] In an alternative embodiment the input beam or input beams contain bands of 

channels, each incident on their own device. In this and the previous embodiment for 

the channel equaliser the beam deflection or channel equalisation may vary 

discontinuously with wavelength. 

[0382] In a third embodiment the input beam could contain one or more signals spread 

almost continuously across the wavelength range. The light at a particular wavelength 

will be incident over a small transverse region of the SLM, with, typically a Gaussian 

type spatial distribution of energy against position. The position of the peak in the 

spatial distribution is wavelength dependent and may be calculated from the grating and 

lens properties. For such a system the beam deflection or channel equalisation varies 

continuously with wavelength. The pixellated SLM is divided into blocks, each 

characterised by a ’central wavelength’, defined by the wavelength whose spatial peak 

lands in the middle of the block. A particular channel equalisation or beam deflection is 

applied uniformly across this block. Light of a wavelength with a spatial peak landing 

in between the centres of two blocks will see a system response averaged across the two 

blocks. As the spatial peak moves towards the centre of one block the system response 
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will become closer to that of the central wavelength for the block. Hence a continuous 

wavelength response is obtained. The block size is selected with respect to the spatial 

width of each beam in order to optitnise the system response. This method is 

particularly attractive for increasing the wavelength range of a 1 to N switch. 

5 [0383] To achieve this aim the multi-wavelength architecture described earlier, should 

be configured so as to allow reconfigurable routing from a single input port to one of a 

set of multiple output ports. The length of the phase ramp used to route the beam to 

each output port should vary slowly across the SLM such that the wavelength variation 

in the deflection angle is minimised, or certainly reduced considerably compared to the 

10 case for which the phase ramp length is uniform across the SLM. Hence the transverse 

position of each output beam will vary considerably less with wavelength, with a 

consequent reduction in the wavelength dependence of the coupling efficiency at the 

system output. Alternatively, the length of the phase ramp can be varied spatially so as 

to obtain some desired wavelength dependence in the coupling efficiency. 

15 [0384] The efficiency of a blazed diffraction grating is usually different for light 

polarised parallel or perpendicular to the grating fringes. In the multi-wavelength 

systems described above the effect of the quarter-wave plate inside the SLM is such that 

light initially polarised parallel to the grating fringes before the first reflection from the 

blazed grating is polarised perpendicular to the grating fringes on the second reflection 

20 from the blazed grating. Similarly the light initially polarised perpendicular to the 

grating fringes before the first reflection fi’om the blazed grating is polarised parallel to 

the grating fi-inges on the second reflection from the blazed grating. Hence, in this 

architecture, the quarter-wave plate substantially removes the polarisation dependence 

of the double pass from the blazed grating, as well as that of the phase modulation. As 

25 is clear to those skilled in the art, this polarisation independence requires, the fast and 

slow axes of the integrated quarter-wave plate to have a particular orientation with 

respect to the grating fringes. This required orientation is such that the integrated 

quarter-wave plate exchanges the polarisation components originally parallel and 

perpendicular to the grating fringes. 

30 [0385] Referring to FIG. 28 a wavelength routing and selection device 600is shown. 
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This device has a multiwavelength input 601 from an input port 611, and provides three 

outputs 602, 603, 604 at output ports 612-614. 

[0386] The device 600, similar to the device of FIG. 12, has a grating 620, a lens 621 

and an SLM 622, with the disposition of the devices being such that the grating 620 and 

5 SLM 622 are in respective focal planes of the lens 621. Again the grating is shown as 

transmissive, although a reflective grating 620, such as a blazed grating, would be 

possible. Equally, the SLM 622 is shown as reflective and instead a transmissive SLM 

622 could be used where appropriate. 

[0387] The grating 620 splits the incoming beam 601 to provide three single 

10 wavelength emergent beams 605,606, 607 each angularly offset by a different amount, 

and incident on the lens 621. The lens refracts the beams so that they emerge from the 

lens mutually parallel as beams 615,616, 617. Each of the beams 615,616,617 is 

incident upon a respective group ofpixels 623,624,625 on the SLM 622. The groups of 

pixels display respective holograms which each provide a different deviation from the 

15 specular direction to provide reflected beams 635, 636 and 637. The beams 635, 636, 

637 are incident upon the lens 621 and routed back to the grating 620. 

[0388] In the embodiment shown, the beams 605 and 606 are finally routed together to 

output port 614 and the beam 607 is routed to output port 612. No light is routed to port 

613. 

20 [0389] However it will be understood that by careful selection of the holograms, the 

light can be routed and combined as required. It would be possible to route light of a 

selected frequency fight out of the system if needed so as to extinguish or "block" that 

wavelength channel. It is also envisaged that holograms be provided which provide only 

a reduced amount of light to a given output port, the remaining light being "grounded", 

25 and that holograms may be provided to multicast particular frequencies into two or 

more output ports. 

[0390] Although the number of output ports shown is three, additional output ports can 

be included: with appropriate lens design the insertion loss varies weakly with the 

number of output ports. Although the output ports are shown in the same plane as the 

30 input it will be clear to those skilled in the art that a 2-D distribution of output ports is 
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possible. 

[0391] Hence the device 600 provides the functions of wavelength demultiplexing, 

routing, multiplexing, channel equalisation and channel blocking in a single subsystem- 

or module. These operations are carried out independently and in parallel on all 

5 channels. Reconfiguration of one channel may be performed without significant long- 

term or transient effects on other channels, as occurs in serial filter architectures. With 

most conventional optics (including parallel architectures) separate modules would be 

required for demultiplexing, routing, multiplexing and the power control functions. This 

adds the overheads of fibre interconnection between each module, separate power 

10 supplies, and a yield that decreases with the number of modules. The device 600 has no 

internal fibre connections, and a single active element requiring power-the SLM. Each 

active processing operation (routing, power control, monitoring etc) requires an 

associated hologram pattern to be applied by the controller but may be carried out by 

the same SLM, hence the yield does not decrease with increased functionality. Although 

15 integrated optical circuits can be made that combine different functions, in general they 

require a separate device inside the optical chip to perform each function. Again the 

power (dissipation) and the yield worsen with increased functionality. 

[0392] Further applications of the multiwavelength optical processor are as an optical 

performance monitor, and as a programmable multifunction optical test set. In both 

20 applications the SLM may perform two or more different but concurrent monitoring or 

testing functions on two or more portions of the wavelength spectrum. This may be 

achieved by applying routing holograms to the pixel block associated with said portions 

of the wavelength spectrum that connect optically a selected input fibre or input optical 

source to a selected output fibre or output detector. The routing hologram applied to 

25 each portion of the spectrum may be reconfigured as required in order to perform 

different testing or monitoring functions on said portion of the spectrum. To each output 

photo detector or to each input optical source is applied control circuitry for carrying 

out the required tests. 

[0393] Considering firstly the performance monitor, the method described later to 

30 measure the centre wavelength of a channel may be applied to a selected channel in 
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order to monitor the lasing wavelength. Earlier in this application there is a description 

of how to measure the second order moments of a beam. Consider orthogonal axes u 

and v at the SLM. Choose the orientation of these axes such that all wavelength 

channels entering the system and incident on the grating in the defined parallel direction 

5 have the centres of their associated beams along a line of constant v. Hence the position 

along the u axis increases with wavelength. The second order moment in the v direction 

is related to the spot size of a monochromatic beam. The second order moment in the u 

direction is related to this spot size and also the wavelength distribution of the energy in 

each channel. Hence by measuring second order moments, as described previously, an 

10 estimate of the channel bandwidth may be obtained. The noise power between a 

selected pair of channels may be measured by routing that part of the spectrum between 

the channels towards a photo detector. Similarly the power of a selected channel may be 

measured by routing towards a photo detector. One or more photo detectors may be 

assigned to each type of measurement is allowing many parallel tests to proceed 

15 independently on different portions of the spectrum. Alternatively the control circuitry 

associated with each photo detector output may be designed to be able to perform two 

or more of the required monitor functions. 

[0394] Hence the multiwavelength optical processor acts as an optical spectrum 

analyser with integrated parallel data processing. Conventional methods for achieving 

20 this use either a grating that is rotated mechanically to measure different portions of the 

spectrum with a photo detector in a fixed position, or a fixed grating with a linear 

photodiode array. In both cases data acquisition hardware and software and data 

processing are used to extract the required information from the measured spectrum. 

Both systems are expensive and require stabilisation against the effects of thermal 

25 expansion. The multiwavelength optical processor has no moving parts, can use as few 

as a single photodiode, and can adapt the holograms to compensate for temperature 

changes, ageing, aberrations as described previously in this application. The 

multiwavelength processor also carries out the data processing to measure centre 

wavelength and channel bandwidth in the optical domain. When used in a 

30 communications network the optical performance monitor would pass the processed 
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data from the measurements to a channel controller, such as the one described 

previously, and also to a network management system. The signal for monitoring would 

be tapped out from a monitor port at the channel controller or from a routing system or 

from elsewhere in the network. The monitor processing could be implemented with the 

same or a different SLM to the channel controller. Monitor processing can also be 

implemented with the same or different SLMs used to route beams in the add drop 

routers and routing modules described later in this application. The control electronics 

for the monitor processing can be integrated with the control electronics for the pixel 

array. 

[0395] With reference to FIG. 30, the programmable multifunction optical test set 900 

has a multiwavelength optical processor 928 with one or more inputs 901,902 from 

optical sources, 903,904 each with control circuitry 905,906 for performing one or 

more tests of optical performance. The channel equalisation and blocking functions 

described earlier may be used to adapt the spectrum .of the selected source to suit a 

particular test. The channel filtering functions described later may be used to synthesise . 

a comb or some other complex wavelength spectrum from a selected broadband optical 

source. A further input 907 from an optical source 910 may be used to exchange data 

and control information from control and communications software 929 with the same 

900 or one or more other optical test sets, allowing remote operation over the fibre 

under test, or some other fibre. One or more outputs ports 911,912 from the 

multiwavelength optical processor are connected to a set of optical fibre transmission 

systems (or other devices) 913, 914 to be tested. Routing holograms are applied to the 

pixels associated with the selected parts of the spectrum to direct said parts of the 

spectrum or said data and control information to the selected output port. A further or 

the same multiwavelength optical processor has input ports 917, 918 connected to the 

set of optical fibre transmission systems (or other devices) 915, 916 under test and 

output ports 919, 920 connected to a set of one or more photo detectors, 921,922 each 

with associated control circuitry 925,926 for carrying out testing functions. A further 

photo detector 924 connected to a further output port 923 is used to receive data and 

control information from one or more other test sets. Routing holograms are applied to 
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direct the signals from the selected input port to the required photo detector. The optical 

monitor functions described above can be applied to the signals. The frequency shaping 

of the source or spectrum can take place at the transmitting test set or the receiving test 

set. The control electronics for the test set 927 and control and communications 

software 929 can be integrated with the control electronics for the pixel array. 

[0396] Conventionally, different optical sources would be used to perform different 

types of test on the wavelength and transmission properties of fibres or devices under 

test; a separate optical switch would be used to poll the devices under test, and an 

extemal communications link would be used for communication of data and control 

information with a remote test set. However, the multiwavelength optical processor may 

be used to provide a multifunction programmable optical test set that is capable of 

remote operation. The test set may include as few as a single source and a single photo 

detector and performs a wide range of tests on fibres or devices selected from a group of 

fibres or devices attached to the test ports.of the multiwavelength processor. 

[0397] A multiwavelength system with two inputs and two outputs can work as an 

add/drop multiplexer. Add-drop multiplexers are usually used in ring topologies, with 

the ’main’ traffic travelling between the ring nodes, and ’local’ traffic being added and 

dropped at each node. Considering each node, one input (main in) is for the ensemble of 

channels that has travelled from the ’previous’ routing node. The second input (add) is 

for the ensemble of channels to be added into the ring network at the add/drop node. 

One output (main out) is for the ensemble of channels travelling to the ’next’ routing 

node while the second output (drop) is for the ensemble of channels to be dropped out 

of the ring network at the node. If a particular incoming wavelength channel is not to be 

’dropped’ at the node, then the channel-dedicated device at the SLM should be 

configured to route the incoming wavelength from the main input to the main output. 

However, if a particular incoming wavelength channel is to be dropped, then the 

channel-dedicated device at the SLM should be configured to route the incoming 

wavelength from the main input to the drop output. In this case the main output now has 

available capacity for an added channel at that same wavelength. Therefore the channel- 
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dedicated device at the SLM should also be configured to route the incoming 

wavelength from the add input to the main output. 

[0398] The multiwavelength optical processor described in this application 

distributes wavelength channels across and collects the wavelength channels from a 

single SLM, allowing the SLM to provide a set of one or more processing operations to 

each of the channels. However, in most conventional reconfigurable add drop 

multiplexers, the routing has to be carried out in two successive stages. Usually a first 

1"2 switching stage either drops the channel or routes the channel through, while a 

second 2* 1 switching stage either receives the through channel from the first stage or 

receives an added channel. Fortunately, careful choice of the deflection angles applied 

by the SLM, and the sharing of the same hologram by input signals at the same 

wavelength, allows add drop routing to be carried out in a single stage. Hence add drop 

routing may be conveniently applied in an independent and reconfigurable manner to 

every wavelength channel in the multiwavelength optical processor. 

[0399] An explanatory diagram is shown in FIG. 13a. 

[0400] Referring now to FIG. 13a, an SLM 141, used in the context of the multi- 

wavelength architecture, has a pixel block 140 and/or tip-tilt device upon which a main 

input beam 130 is incident, at an angle ml to the normal 142. The main beam has a zero 

order or specular reflection 130a. Holograms are made available that will cause 

deflections at +01 to the specular direction and -02 to the specular direction. Due to the 

display of a first hologram on the pixel block 140, the main output is deflected by +01 

from the specular direction to a main output beam 132. An add input 131 is incident at 

an angle al on the block 140, and produces a zero order reflection 131a. The device also 

has a drop output beam direction 133. 

[0401 ] When the hologram applying the deflection of +0~is displayed, light at the 

relevant wavelength entering in the add direction 131 is not steered into either of the 

main output beam direction 132 or the drop output beam direction 133. Effectively it is 

’grounded’. This feature may be used to help to stop crosstalk passing between and 

around tings. 

[0402] When the hologram applying the altemative deflection of+02 is applied, the add 
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input is routed to the main output beam direction 132 while the main input is routed to 

the drop output beam direction 133. 

[0403] In the interests of clarity, a simplified diagram may be used to explain an add- 

drop using 1-D routing. This is shown in FIG. 13b in which the point 134 represents the 

output position of the specular reflection from the add input while the point 135 

represents the output position of the specular reflection from the main input. When a 

first routing hologram is applied the main output beam is deflected by an angle of+0~ 

and therefore the output position of the main beam is deflected by an offset of f.0~, 

compared to the output position 135 of its specular reflection. Here f is the focal length 

of the routing lens. In FIG. 13b this deflection is represented as a vector 136a and the 

output beam is routed to the main output 137. The beam from the add input is subject to 

the same angular deflection with respect to its specular reflection and is thus deflected 

by a vector of equal length and the same direction 136b with no output port to receive it 

this beam is "grounded". When a second routing hologram is applied the main output 

beam is deflected in the opposite direction by a vector 138a to arrive at a drop output 

139. The beam from the add input is deflected by an identical vector 138b to arrive at 

the main output 137. 

[0404] The example in FIG. 13a assumes 1-D routing due to the hologram. Given an 

ability to route in 2-D, either with two orthogonal tip-tilt electrodes or a 2-D pixel array 

(as described previously) the arrangement of the four ports can be generalised, as shown 

in FIG. 15. The use of 2-D routing allows closer packing of the input and output beams 

reducing off-axis aberrations. In FIG. 15 the output positions are shown in 2-D. The 

point 151 represents the output position of the zero order (specular) reflection from the 

add input while the point 152 represents the output position of the zero-order reflection 

from the main input. The hologram deflections are represented as vectors 155a, 155b, 

156a and 156b. Vector 155b has the same length and direction as vector 155a and 

vector 156b has the same length and direction as vector 156a. When a first routing 

hologram is applied the add input beam is deflected fi’om its specular output position 

151 by the vector 155b to the main output 154 while the main input is deflected from its 

specular output position 152 by the identical vector 155a to the drop output 153. When 
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the alternate routing hologram is applied the main input is deflected from its specular 

output position 152 by the vector 156a to the main output 154 while the add input is 

again ’grounded’ due to deflection by the identical vector 156b. 

[0405] In this general configm’ation there are six variables. These are the output 

5 positions of the main output and drop output, the positions of the zero order reflections 

from the main input and add input, and the two hologram deflections. Of these six 

variables only three are mutually independent. 

[0406] For example, selection of the input position for the main input with respect to the 

routing lens axis defines the output position of the zero order reflection, 152. If this is 

10 followed by selection of the output positions for the main and drop outputs with respect 

to the routing lens axis then all three independent variables have been defined. Hence " 

the required hologram deflections are determined as is the input position for the add 

input with respect to the routing lens axis (which then defines 151). 

[0407] FIGS. 13a, 13b and 15 show the hologram deflections required to provide add- 

15 drop routing: FIGS. 13a and 13b assume 1-D routing while FIG. 15 assumes 2-D 

routing. A multiwavelength add-drop architecture using such hologram deflections is 

shown in FIG. 29. Compared to other methods for achieving add-drop functionality, the 

advantages are as described previously for FIG. 28. 

[0408] Turning now to FIG. 29, an add/drop multiplexer device 700 has two input ports 

20 701,702 and two output ports 703,704. The first input port 701 is for an input beam 711 

termed "add" and the second input port 702 is for a second input beam 712 termed 

"main in" having two frequencies in this embodiment. The first output port 703 is for a 

first output beam 713 termed "drop" and the second output port 704 is for a second 

output beam 714 termed "main out" 

25 [0409] The input beams 711, 712 are incident upon a grating 720 that deflects the 

beams according to wavelength to provide emergent beams 731,732 and 733. The 

emergent beams 731,732 and 733 are incident upon a lens 722 having its focal plane at 

the grating 720, and the beams emerge from the lens respectively as beams 741,742, 

and 743 to be incident upon an SLM 722 in the other focal plane of the lens 721. As the 

30 beams 741,742 do not originate on the grating 720 from the same location, they are not 
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mutually parallel when emerging from the lens 721. The beam 743 is from a point on 

the grating 720 common to the origin on the grating 720 of beam742, and hence these 

beams are mutually parallel. Although the grating is drawn as transmissive and the SLM 

as reflective, these types are arbitrary. 

5 [0410] The first beam 731 and the third beam 733 are at the same wavelength, hence 

they emerge parallel from the grating 720 and are refracted by the lens 721 propagating 

as beams 741 and 743 respectively to a first group or block ofpixels 723 on the SLM 

722. This pixel block 723 applies the required hologram pattern that routes a channel 

entering the add port 701 to the main output 704, and also routes a channel entering the 

10 main input 702 to the drop port 703. Hence the first group ofpixels 723 deflects the first 

beam 741 to provide first reflected beam 751, and deflects the third beam 743 to 

provide third reflected beam 753. 

[0411] The second beam 732 is at a different wavelength to the first and third beams 

731 and 733 and therefore emerges at a different angle from the grating 720. This third 

15 beam is refracted by the lens 721 and propagates as beam 742 to a second group of 

pixels or pixel block 724 on the SLM 722. This second group 0fpixels applies the 

hologram pattern that routes a channel entering the main input port 702 to the main 

output port 704 and "grounds" a channel entering the add port 701. The second group of 

pixels 724 deflects the second beam 742 to provide the second reflected beam 752. The 

20 holograms on the first and second groups ofpixels are selected, (examples were 

described for FIGS. 13a, 13b and 15), so that the first and second reflected beams 

751,752 are mutually parallel; the third beam 753 is routed in a different direction. The 

consequence of this is that the first and second beams 751,752, after passing again 

through the lens 721 become incident at a common point 726 on the grating 720, and 

25 emerge as main out beam 714. The third beam 753 is incident upon a different point on 

the grating 720 and emerges into as the drop beam 713. 

[0412] In most cases ring networks are bi-directional, with separate add/drop nodes for 

each direction of travel. In some networks a loopback function is required. This allows 

isolation of one segment of the ring in case of link failure, for example. It also allows 

30 the transmission systems for both directions of a link between two nodes to be tested 
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from a single node. This latter function is useful to confirm that a failed link has been 

repaired. Loop back requires the main input on each add/drop node to be routed to the 

main output on the other add/drop node, as shown in FIG. 16. 

[0413] The figure shows a first module 161a and a second module 16lb. The first 

module 161a has a main input 162a, an add input i66a, a loop back input 165a, a main 

output 163a, a drop output 167a and a loop back output 164a. The second module 161b 

has a main input 162b, an add input 166b, a loop back input 165b, a main output 163b, a 

drop output 167b and a loop back output 164b. 

[0414] The node is divided into two sides: a west side 168 and an east side 169. Loop 

back may be required for one or for both sides of the node. Channels coming from the 

ring enter the first module 161a on a main input 162a and enter the second module 161b 

on a main input 162b. In normal operation through channels will be routed from the 

main input 162a to the main output 163a and from the main input 162b to the main 

output 163b. 

[0415] In loop back operation for the west side 168 the through channels entering the 

input 162a on the first module 161a are routed to the loop back output 164a. This output 

164a is connected to the loop back input 165b of the second module 16lb. In loop back 

operation for the west side all channels entering the input 165b are routed to the main 

output 163b of the second module 16lb. 

[0416] In loop back operation for the east side 169 the through channels entering the 

second module 161b on the main input 162b are routed to the loop back output 164b. 

This output 164b is connected to the loop back input 165a of the first module 161a. In 

loop back operation for the east side 169 all channels entering the input 165a are routed 

to the main output 163a of the first module 161a. 

[0417] The function can be implemented in the four port add drop node (explained in 

FIGS. 13, 13a, 15 and 29) by selecting a further hologram deflection 179a and 179b, as 

shown in FIG. 17. In the four port architecture both sides of the node loop back at the 

same time. This is due to the sharing of the same hologram by input signals at the same 

wavelength. In FIG. 17 the vector 179a deflects the main input from its specular output 

position 172 to the loop back output 176. The identical vector 179b is applied by the 
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shared hologram to the loop back input such that it is deflected from its specular output 

position 173 by the identical vector 179b to the main output 175. The other vectors 

177a, 177b, 178a and 178b are used for normal add-drop operation: 174 is the drop 

output and 171 is the specular output position for the add input. 

5 [0418] When such a hologram is applied the main input is routed to the loopback output 

and the loop back input is routed to the main output. The two add/drop nodes are then 

connected as in FIG. 16. 

[0419] The loop back function can be implemented in other add drop architectures 

(described later) by reserving drop ports for loop back out and add ports for loop back 

10 in. In these other architectures the loop back may be applied to just one side of the node, 

as well as to both sides. 

[0420] The method used to provide loop back ports may also be applied to the multiport 

add drop (FIG. 18). This method may be used to provide cross connection ports to 

exchange channels between adjacent add drop nodes. 

15 [0421] It is also possible to devise holograms for multicast, i.e. forwarding an incident 

light beam to each of several outputs. Such a hologram can be applied to route the main 

input to two outputs, with Vectors 177a and 178a (in FIG. 17). In this case the device is 

performing a drop and continue function. This is required to provide a duplicated path 

at nodes connecting two touching ring networks. 

20 [0422] Alternatively, or additionally, additional inputs and outputs can be provided so 

as to have a separate input for each added channel and a separate output for each 

dropped channel. This saves the expense and space taken up by additional filtering 

and/or wavelength multiplexing components that would otherwise be used to combine 

all added channels onto a common add port, and to separate all dropped channels to 

25 individual receivers. An example layout is shown in FIG. 18. In such an implementation 

care must be taken that sufficient distance is provided between the zero order reflections 

from each input, and the output positions for each output, so as to control the crosstalk. 

In FIG. 18 deflection v2 is used to deflect channels entering the main input from the 

specular output position m0 to the main output position m2. Deflections v4 to v7 are 

30 used to route from the four add inputs (with specular output positions al, a2, a3 and a4) 
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to the main output rn2. Identical deflections v4 to v7 are applied by the shared 

holograms to deflect the main input from its specular output position m0 to the four 

drop outputs dl to d4. For example if wavelength charmelsh5 and 5,7 enter on add input 

2 which has its zero order (specular) reflection at a2, the holograms associated with 

5 these wavelength channels are configured to produce deflection v5. Hence these two 

channels will exit from the main output m2. Any channels entering the main input on 

these two wavelengths will experience the same hologram deflection, and will then exit 

from output d2. 

[0423] In one implementation of the multiwavelength architecture the optics between 

10 any input fibre and the corresponding input beam that arrives at the diffraction grating, 

is such that the beam spot that arrives at the SLM is an image of the beam spot that 

leaves the input fibre. Similarly the optics between any output beam and the 

corresponding output fibre is such that the beam spot that arrives at the output fibre is 

an image of the beam spot that leaves the SLM. An example embodiment that would 

15 achieve this behaviour is to have an individual collimating lens associated with and 

aligned to every optical fibre. 

[0424] Referring to FIG. 27, it is assumed that two adjacent channels are being routed 

in a different direction to the channel under consideration. Thus the beam under 

consideration has a first hologram 500, and the two adjacent beams have contiguous 

20 holograms 501 and 502 respectively. The beam under consideration has an intensity 

distribution shown as 510. Hence the energy incident from the beam under 

consideration on the two adjacent holograms, shown as 511 and 512, is lost. Given a 

perfect optical system what arrives at the selected output fibre is a demagnified image 

of the truncated beam. Due to the way that the optical system works, the centre line of 

25 the beam incident at the output fibre will be lined up with the centre of the output fibre 

(indeed the beam deflection angle at the SLM should be adjusted so this is the case). 

[0425] To each wavelength channel there is assigned a block ofpixels applying the 

same routing hologram. Preferably this block ofpixels should be chosen such that an 

input light beam exactly at the centre wavelength for the channel arrives at the SLM 

30 such that the centre of the beam is within a halfpixel’s width of the centre of the 
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assigned pixel block. In the presence of thermal expansion of the optomechanical 

assembly the centre of said beam may arrive at a different point on the pixel block 

resulting in partial loss of signal as more of the beam tails are lost. This problem can be 

avoided either by expensive thermally stable optomechanics or by dynamic 

5 reassignment ofpixels to the blocks associated with each channel. For this to be 

achievable the pixel array should be continuous. This continuity of the pixel array is 

advantageous for thermal stability whether or not the imaging criterion used to calculate 

the filter response is satisfied. 

[0426] The way that the architecture behaves is that for all parallel beams incident on 

10 the grating, the position at which the beam at a particular wavelength reaches the SLM 

is independent of the input po~t. Hence a reference signal of known wavelength will be 

incident at the same particular point on the SLM, whether it comes in with any of the 

signals to be routed, or on a separate input. The method to measure the position of the 

beam centre can be used on one or a pair of such reference signals. Given this 

15 information, an interpolation method can be used to measure the wavelength of some 

other signal entering the system on one of its input ports, given the measurement of the 

position of the centre of the beam associated with said other signal. This information 

can be used to monitor the behaviour of the original transmitter lasers, and also to 

inform the controller for the routing system. 

20 [0427] Furthermore, given the position of said reference beams as they reach the SLM, 

and also the centre wavelength(s) of (an)other signal(s) entering the system, the position 

of the beam(s) at said centre wavelength(s) upon the SLM may also be calculated. This 

information can be used to control the adjustment of the pixel blocks and/or holograms 

used to route and control said other signal(s). Conversely the position of said reference 

25 beams may be used to select a pixel block that provides a given required centre 

wavelength for a filter. Hence reconfigurable assigrmaent ofpixel blocks may be used to 

tune the centre wavelength of one or more filter pass bands. 

[0428] For the purpose of calculating the wavelength filtering response it is assumed 

that the centre of the beam at the centre wavelength of the channel (shown as 500 in 

30 FIG. 27) arrives exactly at the centre of the associated pixel block. With reference to 
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FIG. 31, as the wavelength is increased above the centre wavelength of the channel the 

centre line 946 of the beam 940 lands at a distance 941 away from the centre 945 of the 

pixel block or hologram 942. As a result of the offset 941 due to wavelength difference, 

the beam loses more energy 943 to the adjacent hologram 944. Assuming perfect 

5 imaging, what arrives at the output fibre is a demagnified image of this truncated beam. 

[0429] An important difference for the multi-wavelength architecture, compared to 

conventional wavelength demultiplexers, is that a wavelength difference from the centre 

of a wavelength channel does not (to first order) result in an offset error of the beam at 

the output. This is because of the way the second pass from the grating ’undoes’ the 

10 dispersion of the (fixed) diffraction grating, as was shown, for example, in FIG. 12. 

Hence the original centre line of the truncated beam should be aligned with the peak of 

the fundamental mode in the output fibre, or, equivalently, aligned with the optical axis 

of the output fibre. Standard methods for the calculation of coupling efficiency into 

single-mode fibres have been used to calculate the filter characteristics. Example results 

15 are in FIGS. 19 and 20. 

[0430] FIG. 19 shows the relative transmission Tlo for in-band wavelengths as a 

function of the ratio of the wavelength offset u to centre of the wavelength channel 

separation. Each curve in the Figure is for a different value of the hologram clipping 

factor (CR) in the range 2 to 4: this factor is defined as the ratio of the hologram width 

20 to the beam spot size at the hologram. 

[0431] FIG. 20 shows the relative transmission Thi inside the adjacent channel, with 

u=l at the centre of the adjacent channel while u-0.5 is at the boundary with the 

adjacent channel. Again, each curve in the Figure is for a different value of the 

hologram clipping factor (CR) in the range 2 to 4. FIGS. 19 and 20 also show that a 

25 change in the width of the pixel block assigned to the filter passband (that is a change in 

CR) will change the passband width and extinction rate at the edges of the passband. 

Hence reconfigurable assignment ofpixel blocks may be used to tune the shape and 

width of the filter pass bands. 

[0432] Independently of the clipping factor, the suppression at the edges of the 

30 wavelength channel is 6 dB and the full width half maximum (FWHM) filter bandwidth 
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is approximately 80% of the channel separation. Comparison of the different curves in 

FIG. 19 shows that the flatter the filter passband the steeper the skirts at the edges, 

leading to greater extinction of the adjacent channel, as shown in FIG. 20. 

[0433] This behaviour is advantageous as it avoids the usual tradeoffbetween adjacent 

5 channel extinction and centre flatness. Good centre flatness means that the filters 

concatenate better, so more routing nodes using such filters can be traversed by a signal 

before the signal spectrum and hence fidelity starts to deteriorate. Good adjacent 

channel extinction is also important as it prevents excessive accumulation of crosstalk 

corrupting the signal. 

10 [0434] For example, in a known conventional wavelength demultiplexer the filter pass 

bands are Gaussian and the 1 dB and 3 dB filter bandwidths are inversely proportional 

to the square root of the adjacent channel extinction (in dB), such that the greater the 

extinction, the narrower the filter passband. For the same FWHM filter bandwidth of 

80% a Gaussian filter would have an adjacent channel extinction weaker than 20 dB, 

15 leading to crosstalk problems. However for the SLM multi-wavelength architecture the 

adjacent channel extinction is better than 30 dB, avoiding such problems in most known 

networks. 

[0435] As is well-known to those skilled in the art, an arbitrary beam incident on an 

optical fibre couples partially into the fundamental mode of the fibre with the rest of the 

20 beam energy coupling into a superposition of the higher order modes of the fibre. The 

higher order modes may be stripped out with a fibre mode stripper. The coupling 

efficiency into the fundamental mode is given by the modulus squared of the ratio of an 

overlap integral divided by a normalisation integral. The overlap integrand is the 

product of the incident field and the fundamental mode. The normalisation integrand is 

25 the product of the fundamental mode with itself. 

[0436] FIGS. 33 and 34 are included with the aim of explaining the behaviour of the 

’imaging filter’ as described above. FIG. 32 shows the truncated incident beam profiles 

960-964 as the wavelength is increased from the centre of the channel under 

consideration, 960, to the centre of the adjacent channel, 964. Trtmcated beams 961, 

30 962 and 963 are for wavelength differences of a quarter, a half and three-quarters, 
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respectively, of the channel separation. In the diagram the truncated beam profiles are 

offset vertically for clarity. The beam profiles are aligned horizontally as they would be 

physically at the output fibre; the original centre of each truncated beam is aligned with 

the centre of the fibre fundamental mode. This is because, as explained above, a 

5 wavelength difference from the centre of a wavelength channel does not (to first order) 

result in an offset error at the output. Beam 965 is the fundamental mode of the fibre. 

FIG. 33 shows the overlap integrands 970-974 of the truncated incident beams with the 

fundamental mode of the fibre, as the wavelength is increased from the centre of the 

channel under consideration, 970, to the centre of the adjacent channel, 974. The 

10 normalisation integrand, 975, is also shown. The results in the figures show that the 

overlap integrand 974 has almost vanished explaining why the adjacent channel 

extinction is very strong. Overlap integrands 971 and 972 are for wavelength 

differences of a quarter and a half, respectively, of the channel separation. 

* These results explain why the overlap integrand decreases slowly with wavelength 

15 difference in this range leading to a fiat passband centre. In particular for the halfway 

case, 972, the overlap integral is exactly half of the normalisation integral (from 

integrating 975). Hence the amplitude transmission coefficient at this wavelength 

difference is a half with a power extinction of 6 dB, as was shown in FIG. 19. Therefore 

two factors are responsible for the excellent filter characteristics. The first factor is that 

20 the field incident on the fibre is an image of the field reflected from the SLM. The 

second factor is that the second pass from the grating undoes the dispersion applied by 

the first pass from the grating, such that whatever the wavelength offset inside the 

collected channel, (to first order), the peak of the reflected truncated beam is aligned 

with the peak of the fundamental mode of the fibre. 

25 [0437] By way of comparison, FIGS. 34 and 35 illustrate the filtering process 

for a conventional wavelength demultiplexer. In FIG. 34 the centre of a first beam 984 

is aligned with the optical axis 980 of the centre of a first optical fibre or optical 

waveguide 981. Hence the first beam 984 is at the centre wavelength of the channel 

collected by the first optical fibre 981. A second optical fibre 9B3, adjacent to the first 

30 fibre 981, has an optical axis 982. A second beam 988 is aligned with the optical axis 
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982 of this second optical fibre. Hence the second beam is at the centre wavelength of 

the channel collected by the second optical fibre, that is at the centre of the adjacent 

optical channel to that collected by the first fibre. Beams 985 to 987 are at wavelength 

differences from the first beam 984 of a quarter, a half, and three-quarters, respectively, 

of the wavelength separation between the two adjacent channels. The coupling 

efficiency of each of the beams 985 to 988 into the first optical fibre 981 again depends 

on the overlap integral of the respective beam with the fundamental mode of the fibre 

981. This is mathematically identical to the overlap integral of the respective beam with 

the first beam 984. 

[0438] FIG. 35 shows the overlap integrands 994 to 998 plotted against a vertical axis 

990. The spatial width and shape of each curve is identical, as may be shown 

analytically. Hence the overlap integrand is proportional to the amplitude of the curve, 

as may be read from the axis 990. Curve 994 is the overlap integrand at the centre of the 

channel, and is the product of the distribution 984 of FIG. 34 with itself. This curve has 

an amplitude of 1.0 and hence maximal coupling efficiency. Curves 995 to 997 are the 

overlap integrands at wavelength differences from the channel centre of a quarter, a 

half, and three-quarters, respectively, of the wavelength separation between the two 

adjacent channels. Curve 998 is the overlap integrand at the centre of the adjacent 

wavelength channel. The coupling efficiency is given by the square of the amplitude of 

the overlap integrand. The results in FIG. 35 show that the coupling efficiency for the 

conventional wavelength demultiplexer decreases more quickly around the centre of the 

filter passband than for the ’imaging’ filter discussed in this application. The results also 

show that the adjacent channel extinction is weaker for the conventional demultiplexer. 

[0439] FIGS. 34 and 35 also explain why there is a performance tradeoff for the 

conventional multiplexer between filter passband flatness and adjacent channel 

extinction: to increase the width of the filter passband the beams 9B5-986 must be 

incident closer to the first optical fibre 981. Necessarily the beams 987-988 will also be 

closer to the first optical fibre, reducing the extinction of the adjacent channel, and 

requiring the second optical fibre 983 to be moved closer to the first fibre 981. 

[0440] FIGS. 32 and 33 explain why the imaging filter behaves in a different way, such 
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that a broader filter passband is associated with a greater extinction of the adjacent 

channel. Beam 960 in FIG. 32 shows the tnmcated reflected beam at the centre of the 

filter passband. The first and second amplitude discontinuities 966a, 966b are due to the 

two edges of the hologram. An increase in the hologram width relative to the spot size 

5 moves these two discontinuities outwards. The significant amplitude discontinuity in 

the middle beam 962 is exactly at the centre of said beam, whatever the hologram 

width. This is because said middle beam is associated with a wavelength halfway 

between the centres of adjacent channels. Hence the coupling efficiency for this 

halfway point is 6 dB, independently of the hologram width. The significant amplitude 

10 discontinuity in the quarterway beam, 961, is exactly halfway between the first 

amplitude discontinuity, 966a of the centre beam 960 and the significant amplitude 

discontinuity in the halfway beam, 962. As the first discontinuity 966a moves outwards 

due to an increased hologram width (in the direction of arrow 967) the significant 

discontinuity in the quarterway beam must move in the same direction, increasing the 

15 overlap integral and improving the filter passband centre flatness. Similarly as the 

second discontinuity 966b moves outwards (in the direction of arrow 968) the 

significant discontinuities in the three-quarter way beam 963 and adjacent beam 964 

must move in the direction of arrow 968, decreasing the overlap integral and improving 

the adjacent channel extinction. This explanation reinforces the argument that the two 

20 factors described above (imaging and the second ’undoing’ pass from the grating) are 

responsible for the excellent filter characteristics. This explanation also explains how 

the selection of the width of the block of pixels assigned to a channel may control the 

filter passband characteristics. 

[0441] Analytically it can be shown that the filter response for dropping or adding an 

25 isolated channel is purely real. Hence there are no phase distortions with this type of 

dropping filter. This is advantageous because in many ’flat-top’ filters the phase 

distortions associated with the steep skirts may distort the pulses, particularly in higher 

bit-rate transmission systems for which the signal bandwidth is broader. 

[0442] In these calculations it was assumed that the blocks ofpixels assigned to each 

30 wavelength channel are contiguous. That is there are no ’guard bands’ ofpixels between 
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each block. Further analysis showed that introducing such guard bands has the effect of 

decreasing the channel bandwidth for a given channel separation. Hence, preferably the 

pixel blocks assigned to each wavelength channel should be contiguous: Alternatively 

guard bands can be used to route in a third direction to deliberately narrow a channel 

bandwidth, if required. 

[0443] While the above discussion is for the case of an isolated channel, in which both 

adjacent channels are routed in a different direction to the channel under consideration, 

there are also filtering effects that can occur when one or both adjacent channels are 

routed in the same direction. These effects are caused by ’stitching errors’ at the adjacent 

edges of a pair of holograms routing in the same direction. For example a stitching error 

ofpi causes (in theory) complete extinction of a light beam at a wavelength exactly 

halfway between the centres of two adjacent channels, while for an absence of stitching 

error at either side of a hologram, the transmission is uniform right across the entire 

channel. Intermediate stitching errors cause intermediate extinction. This acts as an 

additional programmable filtering mechanism and can be used to advantage to partially 

or completely filter out amplifier noise between selected channels, if required. 

Alternatively when maximally fiat passbands are required the stitching error should be 

minimised. 

[0444] As described previously, all channels entering the architecture at the same 

wavelength are incident on the same hologram. This is because the input beams are 

arranged to be parallel as they arrive at the diffraction grating, such that all channels at 

the same wavelength emerge parallel from the diffraction grating. As the diffraction 

grating is at the focal plane of the lens the beams therefore converge towards the same 

point in the other focal plane of the routing lens (or equivalent mirror) at which point 

the SLM is placed. 

[0445] Hence for the four port and multiport add/drop devices the channels entering on 

the main beam (from the main input fibre) share a hologram with those channels at the 

same wavelength entering on an add port. When configured with one particular routing 

hologram the channel entering the main input is routed to the (selected) drop port while 

the channel entering the add port is routed to the main output. Therefore any channel 
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equalisation applied to an added channel will also be unavoidably applied to the 

dropped channel. Hence it is not possible to carry out independent channel equalisation 

on added and dropped channels. 

[0446] This problem does not occur, however, for the devices with a single input and/or 

5 with a single output. This is because in these devices there is no sharing of individual 

holograms between channels entering or leaving on different ports. Nor does the 

problem occur for the devices with multiple inputs and multiple outputs, for channels 

routed from the main input to the main output. 

[0447] Another configuration of the multi-wavelength architecture is to have a single 

10 input port and a separate output port for every wavelength channel and SLM devices for 

each channel capable of providing a set of many deflections. When configured so that a 

single channel leaves on each output port, the device acts as a reconfigurable 

demultiplexer such that the assignment of a particular wavelength to each output port 

can be changed dynamically. 

15 [0448] Conventional wavelength demultiplexers are not reconfigurable and are 

therefore less flexible as a routing component. They also have a Gaussian filtering 

characteristic, which is inferior to the filter characteristic of the SLM multiwavelength 

optical processor, as described earlier. A further advantage of the invention, compared 

to a conventional free-space wavelength demultiplexer, is that the channel filter 

20 bandwidth is independent of the physical separation between the output fibres and also 

independent of the spot size of the output fibre. In contrast, for the conventional 

demultiplexer, the channel bandwidth is proportional to the ratio of the output 

waveguide spot size to the physical separation of the output waveguides. Consequently, 

and in order to obtain sufficient channel bandwidth, microlens arrays are required to 

25 increase the effective spot size or waveguide concentrators are used to decrease the 

waveguide separation. 

[0449] When used in reverse the device acts as a reconfigurable multiplexer, allowing 

the use of, for example, tuneable lasers at each input. In contrast, for a conventional 

wavelength multiplexer, fixed-tuned lasers must be used at each input. 

30 [0450] A system with a single input port and many output ports can act as a module to 
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form part of a modular routing node. If the system has M output ports and a single input 

port, then each routing device produces M different deflections, with small adjustments 

to compensate for wavelength differences and alignment tolerances. All devices (i.e. 

holograms) producing the same eventual deflection will cause the associated 

5 wavelength channel to be routed out of the same output port. Hence such a system can 

send none, one or many (up to the number of channels entering the input port) channels 

out from the same output port. The logical function of the module is to sort the 

incoming channels on the input port according to their required output port, as also 

illustrated in FIG. 21. Considering firstly the case of the routing architecture shown in 

10 FIG. 12. As there is a single input port, every wavelength channel has its own 

hologram. Hence independent channel equalisation may be applied for all the signals 

flowing through the module. 

[0451 ] One application of these modules is to use two of them to make an add/drop 

node, as stiown in FIG. 22. FIG. 22 shows a first routing module 660 having one input 

15 661 from a previous node, a through output 662 and three drop outputs 663-5, as well as 

two spare outputs 666,667. A second routing module 670 has a first input 671 

connected to the through output 662 of the first module, three add inputs 672-4 and two 

spare inputs 675,676. The second module 670 has an output 677 to the next node. The 

second (output) module can be physically identical to the first (input) module but it is 

20 used ’in reverse’. 

[0452] The first module routes all the through traffic out on a common through port 662 

while providing multiple drop ports: one for each dropped channel. Any single 

wavelength or any set of wavelengths can be sent to any drop port. Hence each of the 

drop ports may connect to a local optoelectronic receiver in a local electronic switch, or 

25 to a remote customer requiring one or more channels for remote demultiplexing. The 

reconfigurability of the wavelength assignment means that the module acts like a 

wavelength demultiplexer combined with a matrix switching function, so may reduce 

the switching demands placed on the electronics servicing the drop ports. The ability to 

send a selectable set of wavelengths to the same port reduces the need for additional 

30 fibre/multiplexing components and increases flexibility. Furthermore the routing 
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applied to each wavelength channel may be multicast, as well as unicast. Hence drop 

and continue operation may be provided in which the signal is routed to a drop port and 

also to the through port. If a transparent optical connection is required through to access 

and distribution networks this multicasting may also be applied to broadcast signals to a 

5 number of drop fibres. In this multicasting operation one or more of the previously 

described power control methods may be applied to equalise the channels on the 

through and drop fibres, as required for the transmission systems and receivers to 

function correctly. 

[0453] The first module provides any channel equalisation and monitoring required for 

10 the drop ports. Channel equalisation and monitoring for the through channels may take 

place in the first module, or the second module, or both. 

[0454] The second module provides multiple add ports: one for each added channel. 

Any single wavelength or any set of wavelengths can be received at any of the input 

ports. This allows each of the add inputs to be a tuneable laser, which would not be 

15 possible with a conventional non-reconfigurable wavelength multiplexer. In the 

conventional case there are two options for providing the added channels. A fn’st option 

is to use conventional non-reconfigurable wavelength multiplexing to combine the 

added channels, because this is much more efficient in terms of insertion loss than a 

non-wavelength-specific multiplexer (such as a 1 :N fibre splitter used in reverse, that is 

20 a N: 1 combiner). However this requires each input port of the wavelength multiplexer 

to have a transmitter laser at a fixed wavelength. When a particular wavelength channel 

is added at the node the associated transmitter is in use. However when the network 

reconfigures its wavelength assignment that laser may no longer be in use. To allow 

complete recortfigurability a complete set of transmitter lasers must be provided, one for 

25 each system wavelength. This makes reconfigurable add drop nodes uneconomic when 

adding small numbers of channels, due to the large overhead of idle transmitter lasers. 

A second option is to use tuneable lasers, one for each added channel. With 

conventional optics this requires a non-wavelength-specific multiplexer, which imposes 

insertion loss penalties. The multi-wavelength architecture described provides a 

30 reconfigurable wavelength multiplexer with lower insertion loss than a N: 1 combiner. 
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Furthermore the routing applied to each wavelength channel can be reconfigured 

without transient effects on other wavelength channels, as occurs in ’serial’ multiplexing 

architectures that have a reconfiguration capability. 

[0455] Any add port can receive a reconfigurable set of wavelength channels from a 

5 remote customer. The second module also provides any channel equalisation required 

for the added signals. Finally the second module routes the through channels entering 

on the port 671 to the output 677. 

[0456] The spare ports 666,667,675,676 can be used for routing selected channels to 

optical regenerators if the signal quality demands it; to wavelength converters to avoid 

10 wavelength b!ocking; to another add/drop node to allow cross-connection between 

rings, as shown in FIG. 23, or to further modules to allow expansion, as shown in FIG. 

24. 

[0457] FIG. 23 shows a first to fourth routing modules 720, 730, 740 and 750. The first 

and fourth modules each have one input 721,751, a through output 722, 752, a cross- 

15 connect output 723,753 and a number of drop outputs721, 754. The second and third 

modules 730,740 each have respective single output 731,741, a number of add inputs 

732,742 a cross-connect input 733,743 and a through input 734, 744. The through 

output 722 of the first module 720 is connected to the through input 734 of the second 

module 730, and the through output 752 of the fourth module 750 is connected to the 

20 through input 744 of the third module 740. The cross-connect output 723 of the first 

module 720 is connected to the cross-connect input 743 of the third module 740, and the 

cross-connect output 753 of the fourth module 750 is connected to the cross-connect 

input 733 of the second module 730. 

[0458] The first and second modules 720, 730 are on one ring and the third and fourth 

25 - 740, 750 on a second ring. This cross connection capability allows a new ring network 

to be overlaid on an original ring network when the original ring capacity is becoming 

exhausted. Channels may be exchanged between the two rings at each node as required. 

Hence the ring network acts like a ring with two fibres per link (in each direction 

around the ring). The concept may be extended to three or more overlaid rings, and 

30 hence three or more fibres per link (in each direction around the ring). As is well known 
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from many traffic studies, increasing the number of fibres per link reduces significantly 

a phenomenon known as wavelength blocking, such that more efficient use is made of 

the capacity of each fibre. Hence cross connection between rings makes better use of 

the available capacity, allowing more traffic to be carried for the same investment in 

infrastructure. Cross connection may also be used to exchange signals between 

diverging rings. 

[0459] FIG. 24 shows expansion of a first (input) module 760 having a single input 761, 

and five outputs 762-6,via an optical amplifier 768 and an intermediate module 770 

having four outputs 771-4. The first output 762 of the first module 760 is a through 

path, the third output 764 is an expansion port and provides an input to the optical 

amplifier 768, and the output 769 of the optical amplifier is to the intermediate module 

770. The intermediate module 770 has an expansion port 771 and three new ports 772- 

4. Fourth and fitch outputs 765,766 of the input module 760 form drop outputs. The 

same principle can also be applied to expansion of a second (output) module. The use of 

such modules allows extra add and drop ports to be provided without service 

interruption to the channels flowing through the add drop node. It also allows network 

operators to apply just in time provisioning, delaying investment in infrastructure until 

the demand is there to use it. Furthermore it is only the channels dropped or added 

through the expansion module(s) that are subject to an additional amplification stage. If 

every node in the ring were upgraded in this manner, the channels should only pass 

through an additional two amplification stages. This could be reduced to one additional 

stage by suitable assignment of the added and dropped channels to the original and 

expansion module. 

[0460] Retumingto the basic routing module shown in FIG. 21. This type of 

connectivity would be useful in mesh networks where each node is connected by a 

multi-fibre link to, typically, each of between two and five nearest neighbour nodes. 

Each link carries traffic to and from one of the nearest neighbour nodes. Usually 

individual fibres in the link carry traffic in just one direction but some are bi-directional. 

For an example where a link has an average of six pairs of external fibres and a node 

has five links, then there would be thirty external incoming fibres and thirty extemal 
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outgoing fibres. The function of the node is to route any wavelength channel from any 

incoming fibre to any outgoing fibre. Each fibre may carry many wavelength channels. 

Currently up to 160 channel systems are being installed although 40 or 80 channel 

systems are more usual. 

5 [0461 ] An ideal node architecture allows the network operator to start with one or more 

add/drop nodes connected to one or more rings and then allow the individual add/drop 

nodes to be connected so that the network topology can evolve towards a mesh. The 

node architecture should also allow extra fibres to be added to each link as required to 

meet the demand, with the extra parts or modules of the node being installed as and 

10 when required. Fibre management and installation between sub-components inside the 

routing node is also expensive. 

[0462] A known architecture for such a routing node uses a separate wavelength 

demultiplexer for every input fibre. The separated wavelength channels are then carried 

over optical fibres to N*N optical switches. To avoid internal wavelength blocking then 

15 all channels at a particular wavelength must be connected to the same N*N switch. 

Hence the switch will receive channels at the same wavelength from every single input 

fibre. The channels leaving the switch are carried over optical fibres to a separate 

wavelength multiplexer for every output fibre. Hence the switch will route channels at 

the same wavelength towards every single output fibre. 

20 [0463] These switches have a sufficient number of ports for added and dropped 

channels, and channels passing to and from wavelength conversion and optical 

regeneration. This sufficient number is estimated based on traffic analysis as it depends 

on the instantaneous mapping of channels between nodes and the wavelength and fibre 

allocation. Each switch may service one or more wavelength channels. In one device, 

25 the number of fibres is around b 3000 resulting in significant fibre management and 

installation costs. Even grouping together different fibres to or from the same link and 

grouping together the add fibres and regenerator fibres only reduces the number of 

separate entities to be managed to 560. 

[0464] With such a large number of fibres it is not economic to provide optical 

30 amplifiers inside the routing node to compensate for insertion losses. Another problem 
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with this architecture is how to add in extra external fibres once the switch capacity has 

been exhausted with the current number of external fibres. This cannot be done without 

replacing every single switch. In advance it is difficult to know how large to provision 

the switch to avoid or delay this problem. 

[0465] An alternative node architecture uses one of the multi-wavelength architectures 

described to provide a separate module for every input fibre and a separate module for 

every output fibre. Consider first an input module. This should be designed so that 

none, one, many or all of the input channels may leave any of the output ports (as 

shown in FIG. 21). These output ports are used to carry channels towards output 

modules and towards other parts of the node providing wavelength conversion, 

regeneration and ports to electronic switches, for example. A connection between an 

input module and an output module carries every wavelength channel mapped between 

the corresponding input and output fibre. Hence the logical function of an input module 

is to sort the incoming channels according to their destination output fibre. This logical 

functionality was illustrated in FIG. 21. 

[0466] A particular input module does not have connections to every output module. It 

does not have connections to output modules going back to the same neighbouring node 

from which the input channels have travelled, except perhaps for network monitoring 

and management functions. It might not need to have separate connections to every 

output module for the output fibres to the other neighbouring nodes. It is however 

provided with sufficient connectivity to the output channels on every output link to 

avoid unacceptable levels of wavelength blocking. For example each input module 

could be connected to a subset of the output modules, with an overflow system used to 

provide a connection to the other output modules, when required. An output module is 

designed like an input module but works in the opposite direction. Hence the logical 

function of the output module is to collect the channels coming from each input module 

and direct them to a common output port. 

[0467] In this architecture, the dropped channels and channels needing wavelength 

conversion may exit from each module on a common port or a pair of ports. As a result 

of using the modules it can be shown that satisfactory performance is achieved using 
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fewer than 1000 fibres and fewer than 50 fibre groups. 

[0468] Hence the total number of fibres inside the node is reduced by a factor of over 3 

while the total number of fibre entities to be installed and managed is reduced by a 

factor of 10 or more. This represents a significant reduction in cost and complexity. 

5 [0469] An example wavelength-routing crossconnect using the modules is shown in 

FIG. 25. FIG. 25 shows four input routing modules 790-3, each with a respective input 

790i-793i and four outputs 79001-79003 etc. and four output routing modules 794-7 

each with four inputs and a respective single output 7940-7970 to a respective output 

fibre. One output of each input module 790-3 forms a drop output. The input and output 

10 modules are associated together with input module 790 associated with output module 

794, input module 791 associated with output module 795, input module 792 associated 

with output module 796 and input module 793 associated with output module 797. The 

remaining three outputs of each input module are cross-connected to the non associated 

output modules, so that for example the three non-drop outputs of input module 790 are 

15 coupled to respective inputsof output modules 795,796 and 797. Specifically, output 

79001 is connected to output module 795. Of the inputs to the four output modules, one 

per module is an add input and the remainder are connected to outputs of the input 

modules 790-3. 

[0470] In the example the routing function carried out by each input module 790-3 is to 

20 sort the incoming channels with respect to the selected output fibre 7940-7970 for 

example, and with reference to the figure, all wavelength channels entering the cross- 

connect on input 790i that need to leave the cross-connect on 7950 are routed by the 

input module 790 to the output 79001. This output carries these channels to the output 

module 795 which is collecting fi’equency channels for output 7950. The output module 

25 combines all incoming channels onto a respective single, output. 

[0471 ] In this architecture channel equalisation may be carried out independently for all 

channels routed through the cross connect. 

[0472] The cross connect architecture of FIG. 25 is modular in that it can be used to 

build a range of nodes of different connectivity and dimension. The modules can be 

30 used to assemble a node like that described above, starting with only 1 or 2 fibre pairs 
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per link and adding in extra modules to allow more fibres per link. Extra modules can 

be added in and connected up as and when required, allowing the network operator to 

delay investment in infrastructure for as long as possible. When the node has reached, 

for example, 6 fibre pairs per link and the capacity begins to be exhausted there are 

5 three ways to upgrade the node. The first way is to upgrade the numbers of wavelength 

channels on particular fibres in each link. This requires replacing the associated 

modules with modules processing more channels. However the other modules (and the 

fibre interconnections) can remain in service. In contrast for the conventional 

architecture as well as upgrading the demultiplexers and multiplexers associated with 

10 the particular fibres to be upgraded, a whole set of N*N switches must be installed, one 

for every new system wavelength. These switches will remain under-utilised until all 

the fibre systems have been upgraded. 

[0473] A second way to upgrade the node is to replace selected modules with models 

providing an increased number of fibre choices per output link allowing more fibres per 

15 link. This requires the installation of more fibre groups inside the node. In contrast for 

the conventional architecture every N*N switch must be replaced meaning the 

associated system wavelengths would be out of service on every fibre entering or 

leaving the node. 

[0474] A third way to upgrade the node is to upgrade selected modules by cascading 

20 another module from a spare, or expansion output port, as shown in FIG. 26. 

[0475] FIG. 26 shows a somewhat similar arrangement to FIG. 24, and has an input 

module 860, with an input 861, five outputs 862-6, an optical amplifier 870 and an 

intermediate module 880 receiving the output of the optical amplifier 870 and providing 

four outputs 881-4. The input module has three outputs 862-4 to existing output 

25 modules, fourth output 865 to the optical amplifier 870 and fitlh output as a drop 

output. The first to third outputs 881-3 of the intermediate module 880 connect to new 

or later output modules. 

[0476] The advantage of this third way is that service interruption is not required during 

installation. 

30 [0477] The smallest node can have as few as two modules, which would act as an 

TS0001264 

98



4 3274~.’1003.002 

- 96 - 

add!drop node. Several pairs of such modules can service a stacked set of rings, 

allowing interconnection between different rings. Adjacent rings can also be 

interconnected. A hybrid ring/mesh network can be created. Hence the same modular 

system can be used for ring networks, mesh networks and mixes of the two. It can also 

5 allow re-use of existing plant and allow an add/drop node to grow and evolve into a 

wavelength-routing cross-connect. 

[0478] It will be clear to those skilled in the art that the use of reflective SLMs may 

allow optical folding to be accomplished and provide a compact system. Thus folding 

mirrors which may be found in some systems are replaced by SLMs that serve the dual 

10 function of folding and performance management for the system. The performance 

management may include managing direction change, focus correction, correction of 

non-focus aberration, power control and sampling. When taken together with the 

controller and sensors, the SLM can then act as an intelligent mirror. 

[0479] As an example, this application of SLMs would be attractive in the context of 

15 fi’ee-space wavelength demultiplexers as it would help to suppress the problems 

associated with long path lengths. 

[0480] Another example is to provide correction for alignment tolerances and 

manufacturing tolerances in systems requiring alignment between fibre arrays and lens 

arrays. In particular focal length errors in the lenses (due to chromatic aberration or 

20 manufacturing tolerance) can be compensated by focus correction at the SLM or SLMs, 

while transverse misalignment between a fibre and lens which leads to an error in the 

beam direction aider the lens, can be compensated by beam deflection at the SLM or 

SLMs. 

[0481] It will also be clear to those skilled in the art that although the described 

25 embodiments refer to routing in the context of one-to-one, it would also be possible to 

devise holograms for multicast and broadcast, i.e. one-to-many and one-to-all, if 

desired. 

[0482] Although the invention has been described with reference to a number of 

embodiments, it will be understood that the invention is not limited to the described 
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details. The skilled artisan will be aware that many alternatives may be employed within 

the general concepts of the invention as defined in the appended claims. 
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What is claimed is: 

CLAIMS 

10 

1. An optical add/drop multiplexer having a reflective SLM having a two- 

dimensional an’ay of controllable phase-modulating elements, a diffraction 

device and a focussing device wherein light beams from a common point on the 

diffraction device are mutually parallel when incident upon the SLM, and 

wherein the SLM displays respective holograms at locations of incidence of 

light to provide emergent beams whose direction deviates from the direction of 

specular reflection. 

15 

2. A test or monitoring device comprising an SLM having a two-dimensional 

array ofpixels, and operable to cause incident light to emerge in a direction 

deviating from the specular direction, the device having light sensors at 

predetermined locations arranged to provide signals indicative of said emerging 

light. 

20 

3. A test or monitoring device according to claim 2, further comprising further 

sensors arranged to provide signals indicative of light emerging in the specular 

directions. 

25 

4. An optical routing module having at least one input and at least two outputs 

and operable to select between the outputs, the module comprising a two 

dimensional SLM having an array ofpixels, with circuitry constructed and 

arranged to display holograms on the pixels to route beams of different 

frequency to respective outputs. 
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5. A routing device having an input and plural outputs, the input constructed 

and arranged to receive a light beam having plural wavelengths, the device 

comprising an optical device for selecting the wavelengths of the input beam to 

appear in the outputs, wherein each output may contain any desired set of the 

plural wavelengths. 

10 

6. A routing device according to claim 5, wherein the members of the desired 

set may be varied in use. 

7. A routing device according to claim 5, wherein at least two of the 

outputs contain at least one common wavelength. 

15 

8. A routing device having plural input signals and an output, the output 

constructed and arranged to deliver a signal having plural wavelengths, the 

device comprising a device for combining the wavelengths from the input 

signals to appear in the output, wherein each input signal may contain any 

desired set of the plural wavelengths of the output. 

20 
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ABSTRACT OF THE DISCLOSURE 

To operate an optical device comprising an SLM with a two-dimensional an’ay 

of controllable phase-modulating elements groups of individual phase-modulating 

elements are delineated, and control data selected from a store for each delineated group 

of phase-modulating elements. The selected control data are used to generate holograms 

at each group and one or both of the delineation of the groups and the selection of 

control data is/are varied. In this way upon illumination of the groups by light beams, 

light beams emergent from the groups are controllable independently of each other. 
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references were considered with the next office communication. 

It is requested that the information disclosed herein be made of record in this application. 

Method of payment: 

[ ] A check for the fee noted above is enclosed, or the fee has been included in the check with the 
accompanying Reply. A copy of this Statement is enclosed. 

[ ] Please charge Deposit Account 08-0380 in the amount of $[ ]. A copy of this Statement is 
enclosed. 

[X] Please charge any deficiency in fees and credit any overpayment to Deposit Account 08-0380. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Regi stcati;n No..~"~~02 (~"" 
Telephone: (978) 3)41-0036"-~ 
Facsimile: (978) 341-0136 

Concord, M6 0j1742-9133 
Dated: ~/t/(,’ 
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PTO~ 1449 REPRODUCED 

INFORMATION DISCLOSURE STATEMENT 

IN AN APPLICATION 

September 1, 2006 

(Use several sheets if necessary) 

A’IffORNEY DOCKET NO. 

3274.1003-002 

FIRST NAMED INVENTOR 

Melanie Holmes 

APPLICATION NO. 

FILING DATE 

EXAMINER CONFIRMATION NO. GROUP 

Sheet 1 of 3 

U.S. PATENT DOCUMENTS 

EXAM- ISSUE DATE / 
rNER REF. DOCUMENT NUMBER NAME OF PATENTEE OR APPLICANT 

PUBLICATION DATE 
INI- NO. Number-Kind Code (if known) OF CITED DOCUMENT 
TIAL MM-DD-YYYY 

A1 5,107,359 04-21-92 Ohuchida 

A2 5,539,543 07-23-96 Liu, et al. 

A3 5,589,955 12-1996 Amako, et al. 

A4 5,428,466 06-1995 Rejman-Greene, et al. 

A5 4,952,010 08-1990 Healey, et al. 

A6 6,710,292 B2 03-2004 Fukuchi, et al. 

A7 6,975,786 B1 12-2005 Warr, et al. 

As 6,115,123 09-2000 Stappaerts, et al. 

A9 5,995,251 11 - 19999 Hesselink, et al. 

AI0 5,959,747 09-1999 Psaltis, et al. 

All 6,072,608 06-2000 Psaltis, et al. 

AI4 

AI5 

AI6 

AI8 

/o.0 

A21 

A22 

A25 

EXAMINER 

~J~FDeskmp~::ODMA/MHODMA/HBS R05 ;LM anage; 645166; I 

DATE CONSIDERED 

II 
TSO001316 
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Sheet 2 of 3 

PTO- 1449 REPRODUCED 

INFORMATION DISCLOSURE STATEMENT 
IN AN APPLICATION 

September 1, 2006 

(Use several sheets if necessary) 

ATTORNEY DOCKET NO. 

3274.1003-002 

FIRST NAMED INVENTOR 

Melanie Holmes 

EXAMINER 

APPLICATION NO. 

FILING DATE 

CONFIRMATION NO. GROUP 

BI 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BI0 

BII 

BI2 

BI3 

BI4 

BI5 

BI6 

BI7 

BIB 

BI9 

B20 

B21 

B22 

B23 

B24 

FOREIGN PATENT DOCUMENTS 

DOCUMENT NUMBER 

Country Code-Number-Kind Code 
(if known) 

WO 01 90823 A1 

WO 01 25848 A2 

WO 01 25840 A1 

WO 02 101451 A1 

WO 02 079870 A2 

EP 1 050 775 A1 

EP 1 053 501 B1 

DATE 
MM-DD-YYYY 

11-29-01 

04-12-01 

04-12-01 

12-19-02 

10-10-02 

11-08-00 

07-23 -03 

NAME OF PATENTEE OR APPLICANT 
OF CITED DOCUMENT 

Intelligent Pixels, Inc. 

Thomas Swan & Co., Ltd. 

Thomas Swan & Co., Ltd. 

Honeywell International, Inc. 

Thomas Swan & Co., Ltd. 

Thomas Swan & Co., Ltd. 

Thomas Swan & Co., Ltd. 

TRANSLATION 
YES NO 

EXAMINER 

@/~FD~ kt~%::ODMA/M HODMA/1-1BSR05 ;iManage;645166; I 

DATE CONSIDERED 
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PTO- ~ 449 REPRODUCED 

INFORMATION DISCLOSURE STATEMENT 

IN AN APPLICATION 

September I, 2006 

(Use several sheets if necessary) 

A’I’FORNEY DOCKET NO. 

3274.1003-002 

FIRST NAMED INVENTOR 

Melanie Holmes 

APPLICATION NO. 

FILING DATE 

EXAMINER CONFIRMATION NO. GROUP 

Sheet 3 of 3 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) 

c1 Mears, R. J., et al., "Telecommunications Applications of Ferroelectric Liquid-Crystal Smart Pixels," 
IEEE Journal of Selected Topics in Quantum Electronics, Vol. 2, No. 1, April 1996, pp. 35-46. 

c2 Mears, R. J., et al., "WDM Channel Management Using Programmable Holographic Elements," IEE 
Colloquim on Multiwavelength Optical Networks: Devices, Systems and Network Implementations," IEE, 
London, GB, 18 June 1998, pp. 11-1 -11-6. 

C3 Pan, Ci-Ling, et al., "Tunable Semiconductor Laser with Liquid Crystal Pixel Mirror in Grating-Loaded 
External Cavity," Electronics Letters, IEE Stevenage, GB, Vol. 35, No. 17, 19 August 1999, pp. 1472- 
1473. 

c4 Marom, D.M., et al., "Wavelength-Selective lx4 Switch for 128 WDM Channels at 50 Ghz Spacing," 
OFC Postdeadline Paper, pp. FB7-1-FB7-3 (2002). 

C5 

C6 

C9 

C10 

ell 

1 EXAMINER 

DATE CONSIDERED 

~P FD~ku~.~D~ HO DM A~4BS R05 ;~-~ana~e; 64 $ ! 66; ! 
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¯ PTO/SB/06 (12-04) 
Approved for use through 7/3112006. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD I Application or Docket Number 
Substitute for Form PTO-875 I 1 1 514725 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) SMALL ENTITY . 

RATE ($) FEE ($) 

150 

250 

100 

X$ 25 

X$100 

N/A 

TOTAL 

SMALL ENTITY 

ADDI- 
RATE ($) TIONAL 

FEE ($) 

= 

= 

N/A 

TOTAL 

ADD’T FEE 

ADDI- 

RATE ($) TIONAL 
FEE ($) 

X = 

X = 

N/A 

TOTAL 

ADD’T FEE 

OTHER THAN 

OR SMALL ENTITY 

FOR 

BASIC FEE 

(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE 

(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE 

(37 CFR 1.16(o), (p), or (q)) 

TOTAL CLAIMS 

(37 CFR 1.160)) 

INDEPENDENT CLAIMS 

(37 CFR 1.16(h)) 

APPLICATION SIZE 

FEE 

(37 CFR 1.16(s)) 

NUMBER FILED NUMBER EXTRA 

8 
minus 20 = 

5 
minus 3 = 

If the specification and drawings exceed 100 

sheets of paper, the application size fee due is 
$250 ($125 for small entity) for each additional 
50 sheets or fraction thereof. See 
35 U.S.C. 41(a)(1)(G) and 37 CFR 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. 

RATE ($) FEE ($) 

300 300 

5o0 500 

2o0 200 

X$50 

X$200 " 400 

N/A 

TOTAL 1400 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

I CLAIMS I IHIGHEST 
I REMAINING I I NUMBER 

PRESENT 

I AFTER I IPREVIOUSLY 
EXTRA 

I AMENDMENT 1 I PAID FOR 
Total I* I Min,,~ I’* 

(37 CFR 1.160)) I 
I ....... I = 

Independent I* 
I Min=~ I .... 

(37 CFR 1.16(h))I I ....... I - 
Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

OR 

OR 

OR 

OR 

OR 

X 

X 

OTHER THAN 
SMALL ENTITY 

ADDI- 

RATE ($). TIONAL 

FEE ($) 

N/A 

TOTAL 

ADD’T FEE 

I-- 
z 
Lu 

z 

Total 
(37 CFR 1.16(i)) 
Independent 

(37 CFR 1.16(h)) 

(Column 1) 

CLAIMS 
REMAINING 

AFTER 

AMENDMENT 

* Minus 

* Minus 

Application Size Fee(37 CFR 1.16(s)) 

(Column 2) 

HIGHEST 

NUMBER 

PREVIOUSLY 

PAID FOR 

(Column 3) 

PRESENT 
EXTRA 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

OR 

OR 

OR 

OR 

OR 

ADDI- 
RATE (~) TIONAL 

FEE ($) 

X = 

X = 

N/A 

TOTAL 

ADD’T FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter °3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Page 1 of 2 

APPLICATION NUMBER 

11/514,725 

UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Ol"flc~ 

Add/esa: COIVl]VIISSIONER FOR PATENTS 
P.O. BOX 1450 

09/01/2006 Melanie Holmes 3274.1003-002 

021005 
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 

CONFIRMATION NO. 4755 

FORMALITIES 
LETTER 

Date Mailed: 09/22/2006 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Firing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given "rwo MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The statutory basic filing fie is missing. 
Applicant must submit $ 300 to complete the basic filing fee for a non-small entity. If appropriate, applicant 
may make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 
CFR 1.27). 
The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63, 
identifying the application by the above Application Number and Filing Date, is required. 
Note: If a petition under37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63 
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary 
interest, is required. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

¯ Additional claim fees of $400 as a non-small entity, including any required multiple dependent claim fee, are 
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are due. 
¯ To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or 
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items 
identified in this letter. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required.for this application is $1780 for a non-small entity 
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Page 2 of 2 

¯ $300 Statutory basic filing fee. 
¯ $130 Surcharge. 

¯ The application search fee has not been paid. Applicant must submit $500 to complete the search fee. 

¯ The application examination fee has not been paid. Applicant must submit $200 to complete the 
examination fee for a non-small entity. 

¯ The specification and drawings contain more than 100 pages. Applicant owes $250 for 36 pages in excess 
of 100 pages for a non-small entity. 

Total additional claim fee(s) for this application is $400 

¯ $400 for 2 independent claims over 3. 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexand ria VA 22313-1450 

A copy of this notice MUST be returned with the reply. 

Office of Initiar’Paten~ Examination (571) 2/2-4000, or 1-800-PTO-9199, or 1-800-972-6382 
PART 3 - OFFICE COPY 
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Page 1 of 2 

APPLICATION NUMBER 

1 i 1514,725 

L1NI’rI£D STATES DEPARTMENT OF CO~,~ERCE 

nd~: CO~ISSIO~R ~R PAT~S 
P.O. ~x 1450 

OR 371 ~c~ DATE I    FIRST N~D ~PLICANT    I A~OR~Y DOCKET ~U~ER FIL~G 

09/0112006 Mel~ie Holmes 3274.1003-002 

021005 
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 0.1742-9133 

CONFIRMATION NO. 4755 

FORMALITIES 
LETTER 

Date Mailed: 09/22/2006 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 
1011312006 I~I~ELETEt O000002B 11514725 

Ol FC:1011 300.00 OP 
OE FC=llll 500.00 OP 
03 FC=1311 200.00 OP 
04 FC:1051 130.00 0P 
05 FC:1081 E50.O00P 
06 FC:120kemsRequiredToAv~J.A~J]~donment: 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The statutory basic filing fee is missing. 
Applicant must submit $ 300 to complete the basic filing fee for a non-small entity. If appropriate, applicant 
may make a wrfften assertion of entitlement to small entity status and pay the small entity filing fee (37 
CFR 1.27). 
The oath or declaration is missing. A properly signed oath or declaration in compliance with 37 CFR 1.63, 
identifying the application by the above Application Number and Filing Date, is required. 
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63 
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary 
interest, is required. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

, Additional claim fees of $400 as a non-small entity, including any required multiple dependent claim fee, are 
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are due. 
¯ To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or 
declaration) as set forthin 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing items 
identified in this letter. 

SUMMARY OF FEES DUE: 

Total additional fee(s) required for this application is $1780 for a non-small entity 
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Page 2 of 2 

¯ $300 Statutory basic filing fee. 
¯ $130 Surcharge. 

¯ The application search fee has not been paid. Applicant must submit $500 to complete the search fee. 
¯ The application examination fee has not been paid. Applicant must submit $200 to complete the 

examination fee for a non-small entity. 
¯ The specification and drawings contain more than 100 pages. Applicant owes $250 for 36 pages in excess 

of 100 pages for a non-small entity. 

Total additional claim fee(s) for this application is $400 

¯ $400 for 2 independent claims over 3. 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

A copy of this notice MUST be returned with the reply. 

Office of Initial (571) 272-4000, or 1-800-PTO-9199, or 1-800-972-6382 
PART 2 - COPY TO BE RETURNED WITH RESPONSE 
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@PFDesktop\::ODMA/MHODMA/HBSR05;iManage;655 ! 32;I PATENT APPLICATION 
TJM/jk(jam) Docket No.: 3274.1003-002 
October 10, 2006 

1N THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Melanie Holmes 

Application 14,725 Group:    2873 

Filed: 1, 2006 Examiner: Not yet assigned 

Confirmatiol~ 4755 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 

envelope addressed to Commissioner for Patents, P.O. Boff 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitted to t~l~’United States Patent 
and TrademarkOffice on: 

Typed or printed name ~f~erson ~ig~ing certiticate 

REPLY TO NOTICE TO FILE MISSING PARTS OF APPLICATION 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 
In reply to the Notice to File Missing Parts dated September 22, 2006, the following 

documents and fees are being submitted for filing in the captioned application. A copy of the Notice 

is attached. 

ix] 

IX] 

[] 

IX] 

IX] 

COPY OF EXECUTED DECLARATION FOR PATENT APPLICATION FOR 

PARENT APPLICATION 
(Separate transmittal letter and postcard not required) 

COPY OF POWER OF ATTORNEY DOCUMENT FOR PARENT 

[ ] Granted by Inventor(s) 
[ X ] Granted by Assignee, including Statement under 37 C.F.R. 3.73(b) 
(Separate transmittal letter and postcard not required) 

PRELIMINARY AMENDMENT 
(Separate transmittal letter and postcard not required) 

FILING FEE - with Fee Transmittal for Patent Applications in duplicate 

Fee calculations based on: 
[ X ] Claims as originally filed 

[ ] The Notice to File Missing Parts states an erroneous number of claims. 
[ ] Claims upon entry of the Preliminary Amendment filed [herewith] [with the application] 
(Separate transmittal letter and postcard not required) 

SURCHARGE - surcharge fee of $130.00 
(Separate transmittal letter and postcard not required) 
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11/514,725 2 

SEQUENCE LISTING - Filed concurrently and is attached 

[ ] Preliminary Amendment included in Sequence Listing Transmittal 
(Separate transmittal letter and postcard required) 

REPLACEMENT DRAWINGS - [ ] sheets of replacement drawings consisting of 

Figs. 1 - [ ] are enclosed ~Serar,tte transmittalletter and postcard not required) 

[ ] A Petition to Accept Color Drawings/Photographs (Fig(s). [ ]) are attached as 
required. 
(Separate check for fees and postcard required) 

.[ 

PETITION FOR EXTENSION OF TIME 

[ ] Applicant hereby petitions to extend the time to respond to the Notice to File 
Missing Parts dated [ ] for [ ] month(s) from [ ] to [ ] 
The appropriate fee of $[ ] is included in the enclosed check 

[ ] A [ ] month extension of time to respond to the Notice to File Missing 
Parts dated [ ] was filed on [ ] with payment of a $[ ] fee 
[ ] Applicant hereby petitions for an additional [       ] month extension 

of time to respond to the Notice to File Missing Parts. The appropriate fee 
of $[        ] is included in the enclosed check 

(Separate Petition for Extension of Time and postcard not required) 

REQUEST FOR CORRECTED FILING RECEIPT - Filed concurrently and is attached 
(Separate transmittal letter and postcard required) 

STATEMENT CLAIMING SMALL ENTITY STATUS 

[ 
[ 

] 
] 

Was filed on [ ] 

Is enclosed herewith 
(Separate transmittal letter and postcard not required) 

In view of the small entity status of the captioned application, we hereby request a 
reimbursement of 50% of the filing fees in the amount of $[     ] which were 
paid on [     ] to be deposited in Deposit Account No. 08-0380 

[] OTHER 

¯ The fees required for filing the indicated documents are enclosed in the form of a check 

in the total amount of $1780.00. Please charge any deficiency or credit any overpayment in 

the fees that may be due in this matter to Deposit Account No. 08-0380. A copy of this letter is 

enclosed for accounting purposes. 
Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

By                        ., 
T~mothy J. M 
Registration No.: 3~,302 
Tel.: (978) 341-003’6 
Fax: (978) 341-0136 

Concord, Massachusetts 01742-9133 
Date: 
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~ ,~,    ~HAMILTON, 

~’NSMITTAL FOR 

PATENT APPLICATIONS 

BROOK, SMITH & REYNOLDS, P.C. 

Attorney Docket Number 

Application Number 

First Named Inventor 

3274.1003-002 

11/514,725 

Melanie Holmes 

CLAIM CALCULATION (includes any preliminary amendment) 

CLAIMS (1) FOR (2) NUMBER FILED (3) NUMBER (4) RATE (5) CALCULATIONS 
EXTRA 

TOTAL CLAIMS 
8 - 20 = 0 X $ 50 = $ 0 

(37 CFR 1.16(¢) or (j)] 

INDEPENDENTCLAIMS 5 - 3 = 2 X $200 = $ 400 
(37 CFR 1.16(b} or (i)) 

MULTIPLE DEPENDENT CLAIMS (if applicable) (37 CFR 1.16(d)) + $ 360 = $ 0 

$    30o 

APPLICATION SIZE FEE 
(Applie .s if filed on o,r after 12/8/0.4) 

$250 for each add’l 50 sheets exceeaing 100 

BASIC FEE 
Filed before 12/8/04 / Filed on/after 12/8/04 

Specification: 100 pages 

Drawings: 36 sheets 

Sequence Listing: 0 pages 

Total No. Pages/Sheets 136 

SEARCH FEE 
Filed before 12/8/04 / Filed on/after 12/8/04 

EXAMINATION FEE 
Filed before 12/8/04 / Filed on/after 12/8/04 

25O 

$ 

$ 

$ 

$ 

$ 

$ 

5OO 

200 

1650 Total of above Calculations = 

Reduction by 50% for filing by small entity (37 CFR 1.9, 1.27, 1.28) = 

TOTAL = 1650 

Surcharge - Late Filing of Declaration or Filing Fees (37 C.F.R. 1.16(f)) = 130 

Petition for Extension of Time Fee (37 C.F.R. 1.17) = 

Assignment Recordation Fee = 
(only when filed with application) $ 

[Other] $ 

TOTAL = $     1780 

1. Small entity status: 

a.[] 

b.[] 

A small entity statement is enclosed. 

A small entity statement was filed in the prior non-provisional application and such status is still proper and 
desired. 

c. [ ] Is no longer claimed. 

2. [X] Please charge any deficiency or credit any overpayment in the fees that may be due in this matter to Deposit 
Account No. 08-0380. A copy of this letter is enclosed for accounting purposes. 

3. [ X ] A check is enclosed for $1780.00. [ ] Please charge $[ ] to Deposit Account No. 08-0380. 

4. [ ]    Other: 

Signature 
. 

Submitted by 

V~imoth(kJ~l!ag ~e~ 
Typed or Printed Name 

@PFDesktop~::ODMA/MHODMA/HBSR05;iManage;655133;1 

Reg. Number 39,302 
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COPY 
DOCKET NO. 3274.1003-000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Declaration for Patent Application 

[ ] Supplemental (37 C.F.R. §1.67) 

As a named inventor, I hereby declare that: 

My residence, mailing address and citizenship are as stated next to my name; 

I believe I am the original, first and sole inventor (if only one name is listed) or an original, first and joint 
inventor (if plurat names are listed in the signatory page(s) commencing at page 2 hereof) of the subject matter which 

is claimed and for which a patent is sought on the invention entitled 

OPTICAL PROCESSING 

the specification of which (check one) 

[ ] is attached hereto. 

[ ] was filed on [ ] as United States Application Number [ ]. 

[x] was filed on 2 September 2002 as PCT International Application No. PCT/GB02/04011 and assigned 

United States Application No. 10/487,810. 

[ ] and was amended on [ ] (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 C.F.R. 

§ 1.56, including for continuation-in-part applications, material information which became available between the 
filing date of the prior application and the national or PCT international filing date of the continuation-in-part 
application. 

I hereby claim foreign priority benefits under 35 U.S.C. 119 or 365 of any foreign application(s) for patent 

or inventor’s certificate, or of any PCT international application which designated at least one country other than the 

United States of America, listed below and have also identified below, by checking the box, any foreign application 
for patent or inventor’s certificate, or of any PCT international application having a filing date before that of the 

application on which priority is claimed: 

Prior Foreign Application(s) Priority Certified 

Not Copy Filed? 
Claimed YES NO 

0121308.1 Great Britain 03/September/2001 [ ] [ ] [ X ] 

(Number)                   (Country)           . (Day/Month/Year filed) 

[ ]    [ ]    [ ] 
(Number)                   (Country) .          (Day/Month/Year filed) 
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-2- 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 

on information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

Full nahae of" sole 

or first inventor 

Inventor’s Signature 

Residence 

Citizenship 

Mailing Address 

Melanie Holmes 

39 Orford Street 

Ipswich IPI 3PE Great Britain 

Great Britain 

Same as above 

Date 

@P FDesktop~::ODMA/MHODM.A/HBSR05 ;iManage;459016; 1 
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HAMIL~ 

OF ATTORNEY ~OR 

oN, BROOK, SMITH & REYN~_ .~DS, P.C. ~,~p~ 
t,0P’i F0~ t;ON I INUIN! 

Application Number 10/487,810 
APPLICATION 

Jnternationa/Filing Date 2 September 2002 

First Named Inventor Metanie Holmes 

AUTHORIZATION OF AGENT AND 

CORRESPONDENCE ADDRESS 

Confirmation Number 

Group Art Unit 

Examiner Name 

A ttorney Docket Number 3274.1003-000 

Title 
I 

OPTICAL PROCESSING 

I/We hereby appoint 

[ X ] the attorneys/agents associated with Customer No. 021005 

[ ] Practitioner(s) named below: 

as my/our attorneys/agents to prosecute the api31ication identified above, including any continuation or divisional 
applications thereof, and to transact all business in the .United States Patent and Trademark Office connected 
therewith. 

The correspondence address for the above-identified application is: 

[X] Customer Number 021005 

Hamilton, Brook, Smith & Reynolds, P.C. 

530 Virginia Road 

P.O. Box 9133 

Concord, Massachusetts 01742-9133 

[ ] Other 

Please direct all telephone calls and facsimiles to: 

Name Timothy J. Meagher, Esq. Tel. No. 978-341-0036    Fax No. 978-341-0136 

I am the: 

[ ] Applicant/Inventor. 

[ X ] Authorized representative of the Assignee, Thomas Swan & Co. Ltd., of the entire interest. See 37 C.F.R. § 
3.71. A Statement under 37 C.F.R. §3.73(b) is enclosed. 

[] 

Name & Title 

Signature 

Date 
~F’D~ktop~::ODMA/M}’IODMA/H~S R05 ;iMam. ge;4 ~9090;, I 

Authorized representative of the Assignee, [ 
37 C.F.R. § 3.73(b) is enclosed. 

SIGNA TURE of Applicant or Assignee of Record 

], together with [ ], of the entire interest. A Statement under 
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Inventor(s): 

Application No./Patent No.: 

For: 

U: ""’ -" - ..... ’~ U tN 6 

COPy FOR CONTINUING 
APPLICATION 

Docket No. 3274.1003-000 

STATEMENT UNDER 37 C.F.R. § 3.73(b) 

Melanie Holmes 

10/487,810 

OPTICAL PROISESS1NG 

International Filing Date: 2 September 2002 

Thomas Swan & Co. Ltd. 
(’Name of Assignee) 

states that it is 

corporation                        , 
(Type of Assignee, e.g., corporation, parmership, university, government agency, etc.) 

A. IX] 

B. [] 

the assignee of the entire right, title and interest in the patent application identified above; or 

an assignee together with [ ] of the entire right, title and interest in the patent application identified 
above. 

The right, title and interest of the above-named assignee in the patent application identified above is established by virtue of: 

A. [ X ] An assignment from the inventor(s) of the patent application identified above. The assignment was recorded in the Patent 
and Trademark Office at Reel             , Frame                 , or a copy thereof is attached. 

OR 

B. [ ] A chain of title from the inventor(s) of the patent application identified above, to the current assignee as shown below: 

From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel           , Frame             , or a copy thereof is attached, 

From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel            , Frame             , or a copy thereof is attached. 

From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel           , Frame             , or a copy thereof is attached. 

[ ] Additional documents in the chain of title are listed on a supplemental sheet. 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

Date: 

Name: 

Title: 

Signature: 
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28 FAX 02075394299 KILBURNSTRODE 

COPY 
NOT FOR RECORDATION 

Docket No. 3274.1003.000 

ASSIGNMENT 

WHEREAS, L Melanie Holmes, have invented a cerr.a~ improvement in Optical 
Processing, described in an application for Patent, 

[] 

[] 

[] 

the specification of which is being executed on even date herewith and is about to 
be filed £n the United States Patent Office (use for 37 CFR §l.53(b)filing~ only); 

is about to be filed in the Unite~l States Patent Oi~ee as a Provisional Application; 

the specification of which is United States Application No.[ |, filed [ ]; 

the specification Of which is a Patent Cooperation Treaty Application, 
Im~rnational Application No. PCT/GB02/04011, which designates the United 
State~ of America; 

[ ]    which was patcnmd under United Stateg Patent No. [ ]. 

WHEREAS, Thomas Swan & Co. Ltd. (hereinafter "ASSIGNEE"), a corporation 
organized and existing under thc laws of the URiIed KJLo.gdorn, and having a usual place of" 
business at Crookhall, Consett, Co, Durham DH8 7ND, United Kingdom, desires to acquire 
an interest therein in accordance with agrecments duly en~crcd into with 

NOW, THEI~FORE, to all whom it may concern be it known that for and in 

consideration of said agreements and of other good and valuable consideration, the receipt of 
which is hereby acknowledged, I have sold, assigned and transferred and by these presenLs do 

hereby sell, a~sign and transfer unto -~aid ASSIGNEE, its successors, assigns and legal 

¯ representativc~, the cni~re right, titl~ and intern.st in and ~hroughour the United Stat~s of America, 
.its territories and all forclgn countries, in and ~o said invention as described in said application, 
together with the entire rigM, zltle and interest in and to said application and such Letters Patent 
as may issu~ on said invention; said invention, application and I.~:t~rs Pau~nt zo be held and 
enjoyed by said ASSIGNEE for its own use and behalf and for its successors, ~signs and legal 
representatives, to the full cud of the tvrrn for which said Letters Patent may be gz’anted as fully 
and entirely as the am’no would have been held by me had this assignment and sale not bccn 
made; I hereby convey at! rights arising under or pursuant zo any and all international 
agreements, trcafies or laws relating to the protection or" indusn-ial property by lq~i,~B any such 
applications for Letters Patent. I h~rcby acknowledge r.ha~ this assignment, being of the entire 
right, title and interest in and to said invention, carries with it the right in ASSIGNEE to apply 
for and obtain ~om compezem authorities in all countries of the world any and all Letters Patent 
by attorneys and agents of ASSIGNEE’s selection and the right to procure the [~rant oral! .ouch 
Letters Patent to ASSIGNEE for its own name as assignee of the entire right, title and interest 
therein; 

AND. I hereby further agree for myself and my executors and administrators to execute 
upon request any other lawfial documents and likcwis= to p~rform any other lawful acts which 
may be deemed necessary to secure fully the aforesaid invention to said ASSIGNEE, its 
successors, assigns and legal r~prrsenlalives, bur at its or their expense and charges, including the 

005/009 
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FAX 0207539a299 KILBURN~TRODE ~ 0081009 

-2- 

Docket No. 3274.1003-000 

execution of applications for pate.ats ~ foreign countries, and the execution of any further 
applications including substitution, reissue, divisional or continuation applications, and 
prelh:tt.i.ttary or other statements and the giving of testimony in any interference or other 
proceeding in which said invention or any application or patent directed thereto may be involved; 

AND, I do hereby authorize and request each Patent Office and the Commissioner of 
Patents of the Urtited State~ to issue such Letters Patent as shall bc granted upon said invention to 
said ASSIONEE, its successors, assigns, and legal represemati.ves. 

Address 

Melanie Holmes 

39 Orford Strccz 

~_v_swich 1PJ. 3PE Great Britain 

Date _2_~ .O~.O~,P’ 

Address I ~I¢~                  -         ._    |IX~ C- �~ 
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UNITED STATES PATENT AND TRADENARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 
Adc~ess: COIVIMISSIOI~R FOR PATENTS 

RO Box 1450 
AlexartdI~a, Vhgilfia 22313-1450 
www.uspto.gev 

11/514,725 09/01/2006 2873 1780 3274.1003-002    36 8 5 

CONFIRMATION NO. 4755 

021005 
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA01742-9133 

UPDATED FILING RECEIPT 

Date Mailed: 11/07/2006 

Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be 
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING 
DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees 
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented on 
this receipt. If an error is noted on this Filing Receipt, please mail to the Commissioner for Patents 
P.O. Box 1450 Alexandria Va 22313-1450. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please 
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO 
processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the 
requested corrections (if appropriate). 

Applicant(s) 
Melanie Holmes, Ipswich, UNITED KINGDOM; 

Assignment For Published Patent Application 

Thomas Swan & Co. Ltd., Durham, UNITED KINGDOM 

Power of Attorney: The patent practitioners associated with Customer Number 021005 

Domestic Priority data as claimed by applicant 

This application is a DIV of 10/487,810 09/10/2004 
which is a 371 of PCT/GB02/04011 09/02/2002 

Foreign Applications 

UNITED KINGDOM 0121308.1 09/03/2001 

If Required, Foreign Filing License Granted: 09/19/2006 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is 

US11/514,725 

Projected Publication Date: 02/15/2007 

Non-Publication Request: No 

Early Publication Request: No 

Title 
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Optical processing 

Preliminary Class 

359 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have 
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a 
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an 
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application 
generally has the same effect as a regular national patent application in each PCT-member country. The 
PCT process simplifies the filing of patent applications on the same invention in member countries, but 
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file 
additional documents and fees in countries where patent protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must 
make an application for patent in that country in accordance with its particular laws. Since the laws of many 
countries differ in various respects from the patent law of the United States, applicants are advised to seek 
guidance from specific foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the 
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. 
patent application serves as a request for a foreign filing license. The application’s filing receipt contains 
further information and guidance as to the status of applicant’s license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, 
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for 
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at 
800-786-9199, or it can be viewed on the USPTO website at 
http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you 
may wish to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of 
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect 
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent 
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158). 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 
GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all 
applications where the conditions for issuance of a license have been met, regardless of whether or not a 
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to 
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier 
license of similar scope has been granted under 37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date 
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under 
37 CFR 1.53(d). This license is not retroactive. 
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The grant of a license does not in any way lessen the responsibility of a licensee for the security of the 
subject matter as imposed by any Government contract or the provisions of existing laws relating to 
espionage and the national security or the export of technical data. Licensees should apprise themselves of 
current regulations especially with respect to certain countries, of other agencies, particularly the Office of 
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22 
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the 
Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of 
Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license 
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the 
application. If 6 months has lapsed from the filing date of this application and the licensee has not received 
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant 
to 37 CFR 5.15(b). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 
Ad&ress: CO1VIMISSIOIX~R FOR PATENTS 

RO Box 1450 
AlexartdI~a, Vhgi~fia 22313-1450 
www.uspto.gev 

APPLICATION NUMBER 

11/514,725 

FILING OR 371(c) DATE 

09/01/2006 

l FIRST NAMED APPLICANT 1 ATTY. DOCKET NO./TITLE J 

Melanie Holmes        3274.1003-002 

21005 
HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA01742-9133 

CONFIRMATION NO. 4755 

Title: Optical processing 

Publication No. US-2007-0035803-A1 
Publication Date: 02/15/2007 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication 
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date 
are set forth above. 

The publication may be accessed through the USPTO’s publically available Searchable Databases 
via the Internet at www.uspto.gov. The direct link to access the publication is currently 
http://www, uspto.gov/patft/. 

The publication process established by the Office does not provide for mailing a copy of the 
publication to applicant. A copy of the publication may be obtained from the Office upon payment 
of the appropriate fee set forth in 37 CFR 1.19(a)(1 ). Orders for copies of patent application 
publications are handled by the USPTO’s Office of Public Records. The Office of Public Records 
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759, 
by mail addressed to the United States Patent and Trademark Office, Office of Public Records, 
Alexandria, VA 22313-1450 or via the Internet. 

In addition, information on the status of the application, including the mailing date of Office actions 
and the dates of receipt of correspondence filed in the Office, may also be accessed via the 
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of 
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this 
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is 
confidential and may only be obtained by applicant using the private side of PAIR. 

Further assistance in electronically accessing the publication, or about PAIR, is available by calling 
the Patent Electronic Business Center at 703-305-3028. 

Pre-Grant Publication Division, 703-605-4283 
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765953_- I 
~/JM/jk(it) 

November 7, 

Confirmation No.: 

For: 

PATENT APPLICATION 
DOCKET NO.: 3274.1003-002 

~ UNITED STATES PATENT AND TRADEMARK OFFICE 

Melanie Holmes 

11/514,725 Group: 

September 1, 2006 Examiner: 

4755 

Optical Processing 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitted to the United States Patent 
and Tradeihark IDffice on: 

//17/o7 
’/Daiet ~" 

/4) a    " 
Typed or printed name of person sighing certificate 

2873 

Not Yet Assigned 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Information Disclosure Statement is submitted: 

under 37 CFR 1.97(b), or 
(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the 
national stage in an international application; or before the mailing date of a first office action on the merits in a non-provisional application, 
including a CPA, or a Request for Continued Examination). 

under 37 CFR 1.97(c) together with either: 
[--I    a Statement under 37 CFR 1.97(e), as checked below, or 
[-]    a $180.00 fee under 37 CFR 1.17(p), or 

(After the 37 CFR 1.97(b) time period, but before final action or notice of allowance, whichever occurs first) 

under 37 CFR 1.97(d) together with: 
[~l    a Statement under 37 CFR 1.97(e), as checked below, and 

a $180.00 fee under 37 CFR 1.17(p), or 
(Filed after final action or notice of allowance, whichever occurs first, but on or before payment of the issue fee) 

under 37 CFR 1.97(i): 
Applicant requests that the IDS and cited reference(s) be placed in the application file. 
(Filed after payment of issue fee) 
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Statement Under 37 CFR 1.97(e) 

Each item of information contained in this Information Disclosure Statement was first cited 
in any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this Information Disclosure Statement; or 

No item of information contained in this Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned, after making reasonable inquiry, no item of information 
contained in the information disclosure statement was known to any individual designated in 
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure 
Statement. 

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment) 
Applies to original applications (other titan design)filed on or after May 29, 2000 

Each item of information contained in the Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart application and this 
communication was not received by any individual designated in § 1.56(c) more than thirty 
days prior to the filing of the Information Disclosure Statement. 

Enclosed herewith is a Listing of References: 

Copies of the cited references are enclosed. 

Copies of issued U.S. patents and published U.S. applications are not required 
and are not being provided. 

Copies of the cited references are enclosed except those entered in prior application, U.S. 
Application No. [ ], to which priority under 35 U.S.C. IOPTIONI[1201112111365(c)l is 
claimed. IOPTIONAL [The earlier application contains copies of the cited references.I 

The listed references were cited in the enclosed International Search Report in a counterpart 
foreign application. 

The "concise explanation" requirement (non-English references) for reference(s) [ ] under 
37 CFR 1.98(a)(3) is satisfied by: 

the explanation provided on the attached sheet. 

the explanation provided in the Specification. 

submission of the enclosed International Search Report. 

submission of the enclosed English-language version of a foreign Search Report 
and/or foreign Office Action. 

the enclosed English language abstract. 

TS0001338 

172



3274.1003-002 
-3- 

Applicant requests that the following non-published pending applications be considered: 
(Affix a label or app’ly’the stamp "Non-Published IDS Reference - Do Not Scan" to the front of each unpublished pending appl’n.) 

Examiner’s 
Initials 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ ], Docket No.: [ ] 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ ], Docket No.: [ ] 

U.S. Patent ApplicationNo. [ ], by [inventor(s)], filed [ ], DocketNo.: [ ] 

Examiner Date 

A copy of each above-cited application, including the current claims, is enclosed, 
except any application filed on or after June 30, 2003, which has been scanned into 
the PTO’s Image File Wrapper (IFW) system and is available to the examiner. 

A copy of each above-cited application, including the current claims, is enclosed, 
except those entered in prior application, U.S. Application No. [ ], to which priority 
under 35 U.S.C. [OPTIONlI12011121][365(c)l is claimed. 

The Examiner is requested to return a copy of the above list of pending applications indicating which 
references were considered with the next office communication. 

It is requested that the information disclosed herein be made of record in this application. 

Method of payment: 

1--] A check for the fee noted above is enclosed, or the fee has been included in the check with 
the accompanying Reply. A copy of this Statement is enclosed. 

Please charge Deposit Account 08-0380 in the amount of $[ ]. A copy of this Statement is 
enclosed. 

Please charge any deficiency in fees and credit any overpayment to Deposit Account 08- 
0380. 

Respectfully submitted, 

HAMILTON, BI~OOK, S,~VIITH,_. & REYNOLDS, P.C. 

Regigtration No. 39~,3~.I~     ~ 
Telephone: (978) 341-"0036 
Facsimile: (978) 341-0136 

Concord, MA 131742-9133 

Dated: 1!~ /’~-]’~ 
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4 × 4 free-space optical switching using real-time binar  
phase-only holograms generated by a liquid-crystal display 

Hirofumi Yamazaki and Masayasu Yamaguchi 

NTT Communication Switching Laboratories. 9-11. Midori-Cho 3-Chome Musashino-Shi, Tokyo, 180 Japan 

Received April 17, 1991 

Experimental 4 x 4 free-space optical switching is successfully demonstrated by real-time binary phase-0nly 

holograms. The real-time holograms are generated by a twisted nematic liquid-crystal display, which is a bi- 
nary phase-only modulator~ This holographic free-space switching is applicable to optical interconnections and 
photonic switching systems. 

Optical interconnections are becoming more impor- 
tant as signal speeds become higher in the fields of 
communication and computation, because optical. 
interconnections have much broader bandwidth 
than do electronic interconnections.1 Optics can 
offer a high degree of parallelism, which is suitable 
for free-space optical systems that have more input- 
output ports than do planar waveguide systems. 

N × N free-space optical switches are classified 
into matrix types,2 multistage network types (e.g., a 
crossover network),8 and holographic switching 
types as shown Fig. 1. The problems of matrix 
types and multistage network types are that the 
switch volume and the loss of the signal intensity 
manifestly become larger as the number of termi-. 
nals increases, because in a matrix-type switch, an 
input signal is distributed to all output ports, and in 
a multistage network type, an input signal goes 
through many 2 × 2 switches between the input 
and output terminals. Real-time hologram switches 
can be constructed in a one-stage structure and do 
not have to distribute input signals to all output 
ports. Therefore hologram switches can be com- 
pact and low-loss switches. 

However, changing holograms at high speed, 
which is necessary for fast switching, has been dif- 
ficult. Recently, some spatiallight modulators [e.g., 
a liquid-crystal light valve and a liquid-crystal dis- 
play (LCD)] that can be controlled in real time have 
become commercially available and have enabled 
holograms to be changed rapidly.4’~ Marom and 
Konforti demonstrated an experimental holographic 
interconnection using a liquid-crystal light valve 
and a cathode-ray tube on which a computer- 
generated hologram is drawn.~ Their research 
aims at signal distribution in electronic circuits, 
thus the demonstration corresponds to a star coupler 
with only one active input. 

This Letter describes N × N free-space opti- 
cal switching in which any point-to-point connec- 
tion patterns can be provided between four inputs 
and four outputs. We use a twisted nematic LCD, 
which is a binary phase-only modulator that offers 
fast hologram modification by means of computer-. 
generated holograms. 

0146-9592/91/181415-0355.00/0 

In the experiment, optical switching is achieved 
using spatial binary phase-only modulation with 
a twisted nematic LCD. The .display that we used 
is an active-dot-matrix type manufactured by Hosi- 
denki Corporation for an overhead projector. It has 
640 horizontal and 400 vertical pixels (pixel size 
0.33 mm × 0.33 mm), and the rise and fall times of 
the pixels are specified to be less than 50 ms, suffi- 
cient for call-by-call switching in communication 
switching systems. If a faster response time is re- 
quired, it can be reduced to a few tens of microsec- 
onds by replacing the nematic liquid crystal by a 
ferroelectric liquid crystal. 

The twist of the LCD is 90° in the off state (i.e., 
the polarization of the light signals through the LCD 
rotates 90°). Binary phase-only modulation is ob- 
tained by using the LCD without polarizers, where 
the light passes through the LCD twice (a round trip) 
to obtain no polarization change. If an untwisted 
LCD were used instead of the twisted nematic LCD, 
the return trip of the light through the LCD could 
be eliminated because the polarization of the beam 
would not rotate when it goes through the display. 
This improvement would make the optical setup 
simpler. According to the measurement with the 
grating interferometer,7 the spatial phase modula- 
tion depth of the light through the LCD is approxi- 
mately ~r/3 for a one-way trip and 2~r/3 for a round 
trip. The available depth of the phase modnlation 
using this display is 27r/3 because of the relation 
between the wavelength and the thickness of the 
liquid-crystal layer. The 2~r/3 depth is slightly less 
than the depth of ~r sufficient to give complete 
binary phase-only modulation? 

Figure 2 shows the optical setup that we used. 
The light source is a He-Ne laser with a wavelength 
of 633 nm. The polarization of the input light is 
aligned parallel with the liquid-crystal molecule di- 
rector at the front of the display using a A/4 plate 
and a polarizer. The beam is expanded by lenses 
L1, L2, L3, and L4 to be incident upon the LCD. 
The beam goes through lenses L5 and L6 and re- 
flects off mirror M2 to be modulated twice by a 
grating pattern (a real-time hologram) on the dis- 
play. The reflected light from mirror M2 is ex- 

© 1991 Optical Society of America 
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Input Port Output Port 

Liquid-Crystal 
Display 

Fig. 1. Schematic diagram of a free-space optical switch 
using a LCD. 

Liquid-Cry~ ;tal Display 

L6 ~ ~~&~: III 

~ -- . -[]]- L~ ~L1 

Semitransparent ~ 
Screen        Camera~ 

M~nit~r 

ing using binary ~has~-only mod~ati~n 
Lg, lenses; Nl~a, mirrors; 

0 ’ -1 0 +1 
Position Position 

(a) (b) 
Fig. 3. Intensity distribution of the diffracted light on 
the output plane. (a) The output when nothing is drawn 
on the LCD. (b) The output when the phase grating (1.5 
line pairs/ram) is drawn on the LCD. 

tracted by mirror M3 and is reduced by lenses L4 
and L7. The zero-order beam is extracted by lenses 
L8 and L9 and the spatial filter F from the dif- 
.fracted light generated by the effect of the regular 
grid structure of the LCD.9 The diameter of the 
beam at the LCD is 22 mm and is reduced to one 
tenth by lenses L4 and LT. 

Figure 3(a) shows the intensity distribution of the 
diffracted light on the output plane (semitranspar- 

ent screen) when nothing is drawn on the LCD. 
Figure 3(b) shows the light diffracted with a phase 
grating written at regular pixel intervals on the 
LCD. The spatial frequency of the phase grating on 
the LCD is 1.5 line pairs/ram, which corresponds to 
15 line pairs/ram, because the diameter of the beam 
is reduced to one tenth in the optical setup. The 
first-order light is diffracted to 0.6° by the phase 
grating drawn on the display. The zero-order beam 
does not disappear completely in Fig. 3(b) because 
the depth of the phase modulation is 2~r/3. Its in- 
tensity is equivalent to 29% of the first-order inten- 
sity. If the depth could be ~ the zero-order beam 
would completely disappear. 

Next, 4 x 4 free-space optical switching is demon- 
strated by using the optical setup in Fig. 2. The 
incident lights are four parallel beams whose diame- 
ters are 1 ram. Each of the four beams is launched 
into a different area of the LCD and is indepen- 

(a) 

,,,_., U pper-Sia6: 

Diagonal L_,)Switching - 
Switching 

OL~ower.Sid: 
Switching 

(b) 

(c)         (d) 

(e)          (f) 
Fig. 4. Experimental results of 4 x 4 free-space optical 
switching. (a) Four outputs from four inputs when noth- 
ing is drawn on the LCD. (b) Movement of an output 
beam that results from 4 x 4 switching. (c) Output from 
a single input when nothing is drawn on the LCD. 
(d) Output switched to the upper-side port. (e) Output 
switched to the diagonal port. (f) Output switched to the 

lower-side port. The noise observed in the figures is 
caused by the lack of phase-modulation depth (2~r/3) with 
our LCD. 
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dently controlled. The phase grating at each area is 
a square of 50 x 50 pixels. The maximum spatial 
frequency (1.5 line pairs/ram) of the phase grating 
can be obtained when a grating is vertically or hori- 
zontally drawn on the LCD. Any other orientation 
of a grating gives a spatial frequency smaller than 
1.5 line pairs/ram. The positions of the incident 
beams are at the corners of a square inclined at 45° 
as shown in Fig. 4(a), because switching between 
beams at opposite corners of the square needs a 
larger diffraction angle than switching between the 
beams on the same side. The output beams are pro- 
jected onto a semitransparent screen placed on the 
plane where the zero-order beams (when the grating 
is not drawn) intersect the first-order beams dif- 
fracted with the phase grating. 

Figure 4(a) shows four outputs from four inputs 
when no phase grating is drawn. Figure 4(b) sche- 
matically shows one input beam being switched to 
three other possible output positions. Figures 4(c)- 
4(f) show the outputs when only one input enters the 
optical setup. Figure 4(c) shows the output when no 
grating is drawn, and Figs. 4(d)-4(f) show the out- 
puts switched to the three other output ports when a 
grating is drawn. The noise observed in Fig. 4 is 
caused by the lack of phase-modulation depth (2~r/3) 
with our LCD. If the phase-modulation depth be- 
comes ~, the noise could be reduced. An input can 
be directed to any of the four output ports using 
binary phase-only modulation. Similarly, the other 
output beams also switch to all the output ports. In 
this experiment, higher-order diffracted light, gen- 
erated by the grating, is removed by the spatial 
filter F, and minus-first-order light is shut out by 
the mask. 

It is important to estimate the achievable scale of 
the input-output array of a switch. In the experi- 
ment, 4 × 4 free-space optical switching is achieved 
by devising the arrangement of the input and output 
ports. However, it is more difficult to design a 
large-scale switch for which each input can be con- 
nected with all outputs and the output ports can 
avoid unwanted lights (minus- or higher-order dif- 
fracted light generated by the grating). A solution 
to this problem is to put a lens between the LCD and 

the output ports and to locate the output on the focal 
plane of the lens. In this case, each position on the 
focal plane corresponds to the orientation (diffrac- 
tion angle)of the light dift’racted by the hologram 
and is independent of the input position. Since the 
output ports can be arranged regardless of the input 
positions, this method makes it easier to design a 
large array. Therefore we estimate the achievable 
scale of an input-output array with this method 
as follows. " 

The input-output array scale is limited mainly by 
the achievable space bandwidth, which is restricted 
by the pixel size and the number of pixels on the 
LCD. Therefore, in order to increase the array 
scale, it is necessary to miniaturize the pixel size 
and to increase the number of the pixels on the LCD. 
Furthermore the space bandwidth can also be 
widened by introducing beam expansion/reduction 
optics as shown in Fig. 2. Assuming that the LCD 
has 330 /~m × 330 /~m pixels and the diameter of 
the light beam diffracted by a hologram is reduced. 
to one tenth with the optics, we can achieve an array 
scale of approximately 10 (i.e., a 10 input/10 output 
switch). If the pixel size is 10/~m × 10/~m and the 
diameter of the diffracted light is reduced to one 
tenth, the LCD would be able to switch between sev: 
eral hundred terminals. However, further investi- 
gation is needed for such a large-scale switch. 
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Art Unit: 2872 

Election/Restrictions 

Page 2 

Restriction to one of the following inventions is required 

Under 35 U.S.C. 121: 

I.    Claims 1-3, drawn to an optical add/drop or a 

monitoring device, classified in class 385, subclass 

24. 

II. Claims 4-8, drawn to a routing device, classified in 

class 385] subclass 15. 

The inventions are distinct, each from the other because of 

the following reasons: 

Inventions I and II are related as subcombinations 

disclosed as usable together in a single combination. The 

subcombinations are distinct if they do not o~erlap in scope and 

are not obvious variants, and if it is shown that at least one 

subcombination is separately usable. In the instant case, 

subcombination II has separate utility such as in a combination 

not requiring displays of holograms or the functionality of the 

multiplexer. See MPEP ~ 806.05(d). 

The examiner has required restriction between 

subcombinations usable together. Where applicant elects a 
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subcombination and claims thereto are subsequently found 

allowable, any claim(s) depending from or otherwise requiring 

all the limitations of the allowable subcombination will be 

examined for patentability in accordance with 37 CFR 1.104. See 

MPEP § 821.04(a). 

Applicant is advised that if any claim presented in a 

continuation or divisional application is anticipated by, or 

includes all the limitations of, a claim that is allowable in 

the presentapplication, such claim may be subject to 

provisional .statutory and/or nSnstatutory double patenting 

rejections over the claims of the instant application. 

Restriction for’examination purposes as indicated is proper 

because all these inventions listed in this action are 

independent or distinct for the reasons given above and there 

would be a ~serious search and examination burden if restriction 

were not required because one or more of the following reasons 

apply: 

(a) the inventions have acquired a separate status in the 

art in view of their different classification; 

(b) the inventions have acquired a separate status in. the 

art due to their recognized divergent subject matter; 
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(c) the inventions require a different field of search (for 

example,     searching    different    classes/subclasses    or 

electronic resources,    or employing different    search 

queries); 

(d) the prior art applicable to one invention would not 

likely be applicable to another invention; 

(e) the inventions arelikely to raise different non-prior 

art issues under 35 U.S.C. I01 and/or 35 U.S.C. i12, first 

paragraph. 

Applicant is advised that the reply to this requirement, to 

be complete must include (i) an election of a invention to be 

examined even though the requirement may be traversed (37 CFR 

1.143) and (ii) identification of the claims encompassing the 

elected invention. 

The election, of an invention may be made with or without 

traverse. To reserve a right to petition, the election must be 

made with traverse. If" the reply does not distinctly and 

specifically point out supposed errors in the restriction 

requirement, the election shall be treated as an election 

without traverse. Traversal must be presented at the time of 

election in order to be considered timely.    Failure to timely 

traverse .the requirement will result in the loss of right to 
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petition under 37 CFR 1.144. If claims are added after the. 

election, applicant must indicate which of these claims are 

readable on the elected invention. 

If claims are added after the election, applicant- must 

indicate which of these claims are readable upon the elected 

invention. 

Should applicant traverse on. the ground that the inventions 

are not patentably distinct, applicant should submit evidence or 

identify such evidence now of record showing the inventions to 

be obvious variants or clearly admit on the record that this is 

the case. In either instance, if the examiner finds one of the 

inventions unpatentable over the prior art, the evidence or 

admission may be used in a rejection under 35 U.S.C. 103(a) of 

the other invention. 

Applicant is advised that the reply to this requirement to 

be complete must include (i) an election of a species or 

invention to be examined even though the requirement be 

traversed (37 CFR 1.143) and (ii) identification of the claims 

encompassing the elected invention. 

The election of an invention or species may be made with or 

without traverse. To reserve a right to petition, the election 

must be made with traverse. If the reply does not distinctly and 
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specifically point out supposed errors in the restriction 

requirement, the election shall be treated as an election 

withouttraverse. 

Should applicant traverse on the g~ound that the inventions 

or species are not patentably distinct, applicant should submit 

evidence or identify such evidence now of record showing the 

inventions or species to be obvious variants or clearly admit on 

the record that this is the case. In either instance, if the 

examiner finds one of the inventions unpatentable ~ver the prior 

art, the evidence or admission may be used in a rejection under 

35 U.S.C.103(a) of the other invention. 

Applicant is reminded that upon the cancellation of claims 

to a non-elected invention, the inventorship must be. amended in 

compliance with 37 CFR 1.48(b) if one.or more of the currently 

named inventors is no longer an inventor of at least one claim 

remaining in the application. Any amendment of inventorship must 

be accompanied by a request under 37 CFR 1.48(b) and by the fee 

required under 37 CFR 1.17(i). 

Any inquiry concerning this communication or earlier 

communications from the examiner should be directed to Fayez G. 

Assaf whose telephone number is (571) 272-2307. The examiner 

can normally be reached on 8-5 M-F. 
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If attempts to reach the examiner by telephone are 

unsuccessful, the examiner’s supervisor, Stephone Allen can be 

reached on (571) 272-2434. The fax phone number for the 

organization where this application or proceeding is assigned is 

571-273-8300. 

Information regarding the status of an application may be 

obtained from the Patent Application Information Retrieval 

(PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, 

see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or 

access to the automated information system, call 800-786-9199 

(IN USA OR CANADA) or 571-272-1000. 

1/19/2007 

Fayez G. Assaf 
Primary Examiner 
Art Unit 2872 

TS0001351 

185



786966_1 

TJM/jk 

02/12/08 

PATENI,,q;/APPLICATION 
Docket No.: 3274.1003-002 

IN T~r_, UNITED STATES PATENT AND TRADEMARK OFFICE 
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ApplicationNo.: 11/514,725 Group: 2872 

Filed: September 1, 2006 Examiner: F.G. Assaf 

Confirmation No.: 4755 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
1 hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitl.ed to tl~United States Patent 
and Trademark Office on:    / 

Typed or printed name of person signing rti cat 

REPLY TO RESTRICTION REQUIREMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Responsive to the Restriction Requirement dated January 28, 2008, the claims of Group 

II (Claims 4-8) drawn to a routing device are elected for prosecution. Applicant reserves the 

right to file a continuing application or take such other appropriate action as deemed necessary to 

Applicant does not hereby abandon or waive any rights in the protect the non-elected inventions. 

non-elected inventions. 

Concord, MA 0 ~4r2-9133 
Dated: ,._.~/%_,> ~ 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Timo~.J Meant 
Registration No. ~9~02 
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Typed or printed name of person signing certificate 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Information Disclosure Statement is submitted: 

under 37 CFR 1.97(b), or 
(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the 
national stage in an international application; or before the mailing date of a first office action on the merits in a non-provisional application, 
including a CPA, or a Request for Continued Examination). 

under 37 CFR 1.97(c) together with either: 
I-]    a Statement under 37 CFR 1.97(e), as checked below, or 
["-]    a $180.00 fee under 37 CFR 1.17(p), or 

(After the 37 CFR 1.97(b) time period, but before final action or notice of allowance, whichever occurs first) 

under 37 CFR 1.97(d) together with: 

[--]    a Statement under 37 CFR 1.97(e), as checked below, and 
[--]    a $180.00 fee under 37 CFR 1.17(p), or 

(Filed after final action or notice of allowance, whichever occurs first, but on or before payment of the issue fee) 
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Statement Under 37 CFR 1.97(e) 

Each item of information contained in this Information Disclosure Statement was first cited 
in any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this Information Disclosure Statement; or 

No item of information contained in this Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned, after making reasonable inquiry, no item of information 
contained in the information disclosure statement was known to any individual designated in 
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure 
Statement. 

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment) 
Applies to original applications (other than design)flied on or after May 29, 2000 

Each iterfi" of information contained in the Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart application and this 
communication was not received by any individual designated in § 1.56(c) more than thirty 
days prior to the filing of the Information Disclosure Statement. 

Enclosed herewith is a Listing of References: 

A copy of the cited reference, B8, is enclosed. 

Copies of issued U.S. patents and published U.S. applications are not required 
and are not being provided. 

Copies of the cited references are enclosed except those entered in prior application, U.S. 
Application No. [ ], to which priority under 35 U.S.C. IOPTION][1201112111365(c)i is 
claimed. [OPTIONAL [The earlier application contains copies of the cited references.] 

The listed references were cited in the enclosed Search Report in counterpart foreign 
application [add application number]. 

The "concise explanation" requirement (non-English references) for reference(s) [ ] under 
37 CFR 1.98(a)(3) is satisfied by: 

N 

N 

the explanation provided on the attached sheet. 

the explanation provided in the Specification. 

submission of the enclosed International Search Report. 

submission of the enclosed English-language version of a foreign Search Report 
and!or foreign Office Action. 

the enclosed English language abstract. 
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Applicant requests that the following non-published pending applications be considered: 
(Affix a label or apply the stamp "Non-Published IDS Reference - Do Not Scan" to the front of each unpublished pending appl’n,) 

U.S. Patent Application No. 11/978,258, by Melanie Holmes, filed October 29, 2007, 
Docket No.: 3274.1003-003 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ ], Docket No.: [ ] 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ ], Docket No.: [ ] 

A copy of each above-cited application, including the current claims, is enclosed, 
except any application filed on or after June 30, 2003, which has been scanned into 
the PTO’s Image File Wrapper (IFW) system and is available to the examiner. 

A copy of each above-cited application, including the current claims, is enclosed, 
except those entered in prior application, U.S. Application No. [ ], to which priority 
under 35 U.S.C. [OPTION] [1201[12111365(c)] is claimed. 

It is requested that the information disclosed herein be made of record in this application. 

Method of payment: 

A check for the fee noted above is enclosed, or the fee has been included in the check with 
the accompanying Reply. If this submission is in paper form, a copy of this letter is enclosed 
for accounting purposes. 

Please charge Deposit Account 08-0380 in the amount of $[ ]. If this submission is in 
paper form, a copy of this letter is enclosed for accounting purposes. 

Please charge any deficiency in fees and credit any overpayment to Deposit Account 08- 
0380. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Bv                       ’ 
Tl’~mo~!~y J, Mea’~h~ 

Registration No. 39,302 
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electric field present in the cell. By using a plurality of 
electrodes in the direct vicinity of said cell, it is then pos- 
sible to build an electric field inside it which will permit 
advantageously to modulate a continuous spectrum 

from optical signals transmitted through said cell. The 
different pass bands present in said continuous spec- 

trum while at least few of them comprise at least a re- 
spective different wavelength will have to be transmitted 

through said cell at different regions. Latter will corre- 

spond to different values of the amplitude of scattering 
such to be adapted to modulate the respective different 

pass bands. Such SLM is used to build a dynamic spec- 
tral equalizer. Latter contains a spectral dispersive ele- 

ment placed on an optical path of an incident light beam. 
This spectral dispersive element will spread contin uous- 

ly said incident light beam onto said SLM such that at 

least each different wavelength present in said incident 
light beam are focused or imaged towards a different 

spatial region of said SLM. 
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Description 

[0001] The present invention relates to a spatial light 
modulator as set forth in the preamble of claim 1, a dy- 

namic spectral equalizer as set forth in the preamble of 
claim 10 and a telecommunications device. 

[0002] Optical communication systems employing 
optical fibers have been rapidly put into practice be- 

cause of the large capacity of information which can be 

transmitted through it at a very high speed. Specially for 
inter-continental transmission, optical fibers were used 

in building undersea networks already few decades ago. 

But the ever growing popularity of telecommunications 
e.g. on the Internet and a price dumping for telecommu- 

nications due to a liberalization of this economical sector 

end up of a need to increase substantially the telecom- 
munications transmission possibilities without implying 

to high cost. The use of a technique called wavelength 
division multiplexing (WDM) shall be very promising 

since it permits to transmit in already lay down optical 
fibers, optical signals at multiple different wavelengths 
(more then 50 in a same optical fiber). As before, it is 

necessary to use from time to time (e.g. every 100km 
depending on several parameters) amplifiers like trans- 

ponders for those optical signals. Many amplifiers will 
have to be used now for a high number of different wave- 

lengths. These amplifiers are then concatenated which 
harden the condition of an acceptable spectral band- 

width. 

[0003] To verify such condition, a spectral equaliza- 
tion must be performed on the different transmitted 
wavelengths. When only few different wavelengths are 

used a passive spectral equalization may be sufficient. 
In US6.084.695 is disclosed an example of passive 

spectral equalization based on the use of a filter like a 
Fabry-Perot filter, little selective (or Fizeau filter). Such 

filter is used in combination of a multiplexer while differ- 

ent wavelengths are transmitted through different input 
fibers. Each of these input fibers have then their ends 
located on an end plane. The multiplexer comprises a 

dispersing element or grating, a collimating optical ele- 

ment, a reflector system and produces an output beam 
collected by an output fiber. The reflector system is an 
adjustment element whose orientation enables the 
centering of the luminous beams with respect to the 
wavelengths considered on the elementary pass bands. 

The spectral equalization is performed here in order to 
bring each of these pass bands having a maximum clos- 

er to a rectangular shape. The filter is additionally placed 

to act on each of them such that the period of its trans- 
mission spectrum is equal to that of the central wave- 

lengths of the elementary bands of the multiplexer. This 
filter can be accommodated in a superimposition region 

of the different wavelengths and will act on each of them 
in a same way. 

[0004] However, as wavelength division multiplexed 
optical transmission systems begin to be deployed com- 
mercially, the need for active management of spectral 

gain is increasingly important. Indeed, individual chan- 

nel powers comprising at least a respective different 
wavelength may vary over time. Furthermore, the gain 
spectrum varies with dynamical load. In WO98/06192 is 

5 disclosed a technique for active management of the 
spectral gain, based on a polarization-insensitive dif- 

fractive ferroelectric liquid crystal (FLC)in-line filter. It is 
made of a reconfigurable holographic filter arranged 

along an optical path between the optical inputs and the 
optical outputs. The equalization is based here on a spa- 
tial deflection such that the hologram will reshape the 

propagated beam correspondingly. The holographic fil- 

ter comprises a FLC pixellated spatial light modulator 

(SLM) displaying dynamic holograms in conjunction 
with afixed binary-phase high spatial frequency grating. 

The reconfiguration of the holographic filter is achieved 

in combination with processing means storing data on 
a number of predetermined holograms. Latter provide 

signal power equalization for a number of optical signals 
2o of predetermined different wavelengths. The active 

management disclosed in WO98/06192 is limited to 

these predetermined holograms defined for predeter- 

mined wavelengths. It cannot be successfully applied 
when a shift or a change of few or all of the wavelengths 

25 occurs. But this is just what becomes increasingly im- 

portant with the actual high number of different wave- 
lengths used simultaneously for the transmission of op- 

tical signals under WDM 
[0005] It is an object of the present invention to pro- 

3o vide a dynamic spectral equalizerwith a high dispersive 

capacity and applicable for optical signals made of a var- 
iable number of different wavelengths while being al- 

most polarization and temperature independent. 
[0006] This object is attained by a spatial light modu- 

35 lator as claimed in claim 1, a dynamic spatial equalizer 
and a telecommunications device as claimed respec- 

tively in claim 10 and 16. 

[0007] It is taken advantage of the use of a spatial light 
modulator (SLM) made of a cell filled with a liquid crystal 

4o (LC) based substance having a variable scattering prop- 
erty with respect to the amplitude of an electric field 

present in that cell. In a paper from K. Takizawa et al., 
Applied Optics, Vol. 37, pp 3181-3189, 1998, is dis- 
closed a polarization independent optical fiber modula- 

45 tor made of polymer-dispersed liquid crystals (PDLC). 
This PDLC materials has LC droplets of several microm- 

eters or less in diameter dispersed within the polymer. 
By controlling the difference between the refractive in- 

dices of the LC droplets and the surrounding polymer, 
5o the state of the PDLC can be vaded continuously from 

opaque to transparent. When no electric field is applied 

to this modulator, the LC molecules face different direc- 
tions for each droplet. An optical beam that is transmit- 
ted through said modulator, will be strongly scattered. 

55 This reduces substantially the power of light that prop- 

agates, causing the modulator to be in an off state. Ap- 
plying an adequately large electric field to the PDLC 
causes the LC molecules to be arranged in the direction 
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’of the electric field. Then, both the polymer and the LC 

droplets show nearly the same refractive index. In this 

case, the optical beam that propagates through said 
modulator is straight without scatter. Since such modu- 

lator is based on the light-scattering effect of the PDLC, 
it can be used to modulate an optical beam without de- 

pending on polarization. 

[0008] In the present invention it is now a non uniform 

electric field which is applied on a cell filled with a similar 
LC based substance. In such a way, it is then take ad- 

vantage of the variable scattering property (loss) of said 
substance to build a variable attenuator. Latter will then 

be adapted for a shaping of the transmission loss of a 
pass band comprising at least a wavelength at which an 
optical signal is transmitted through said cell e.g. by flat- 

tening or equalizing said pass band. By using a plurality 
of electrodes in the direct vicinity of said cell, it is then 

possible to build an electric field inside it which will per- 

mit advantageously to modulate a continuous spectrum 

from optical signals transmitted through said cell. For 
that, the different pass bands present in said continuous 
spectrum while at least few of them comprise at least a 

respective different wavelength will have to be transmit- 

ted through said cell at different regions. Latter will cor- 
respond to different values of the amplitude of scattering 

such to be adapted to modulate the pass bands of dif- 
ferent wavelengths. 

[0009] Such SLM is favorably used to build a dynamic 
spectral equalizer according to the present invention. 

Latter contains a spectral dispersive element placed on 

an optical path of an incident light beam. This spectral 
dispersive element will advantageously spread contin- 
uously said incident light beam onto said SLM such that 
at least each different wavelength present in said inci- 
dent light beam are focused or imaged towards a differ- 

ent spatial region of said SLM. Since the plurality of elec- 
trodes with which an electric field is applied to the cell 

of said SLM can be controlled inriependently, it will be 
possible to adapt in real time the modulation of the con- 
tinuous spectrum to a shift or even a drop of some or 

addition of few new wavelengths present in the light 

beam. 

[0010] Further advantageous features of the present 
invention are defined in the dependent claims and will 

become apparent from the following description and the 
drawing. 

[0011] One embodiment of the invention will now be 
explained in more detail with reference to the accompa- 

nying drawing, in which: 

Fig.1 a and b are schematic cross sectional views 
of a cell from a spatial light modulator according to 
the present invention; 

Fig.2 a and b are schematic cross sectional views 

of a cell according to fig1 with an alternative liquid 
crystal based substance; 

I0 

15 

2O 

Fig. 3 is a front view of an embodiment of an elec- 
trode of the cell according to the present invention; 

Fig. 4 is a perspective view of an electric field dis- 

tribution inside the cell when using an electrode ac- 
cording to figure 3; 

Fig.5 is a cross sectional view of a cell from a spatial 

light modulator used in reflection mode according 
to the present invention; 

Fig. 6 is a representation of the optical diagram of 

a dynamic spectral equalizer in a Fourier configu- 
ration according to the presen! invention; 

Fig. 7 is a representation of the optical diagram of 

a dynamic spectral equalizer in an imaging config- 
uration according to the present invention; 

Fig. 8 is a representation of the optical diagram of 

a dynamic spectral equalizer in a folded imaging 
configuration according to the present invention. 

[0012] A spatial light modulator (SLM) according to 
25 the present invention is made up of a cell filled with a 

liquid crystal (LC) based substance. Latter has a varia- 

ble scattering property with respect to an electric field 
present in the cell. As shown in figures 1,2 and 4, said 
LC based substance consists of LC droplets 3, 3a, 3b 

3o (generally nematic, but possibly chiral) in a host medium 

4 (generally a polymer) confined in said cell 1 made ad- 
vantageously planar. In the direct vicinity are placed 
electrodes 2. Latter are used to applied a non-uniform 
voltage which gives rise to said electric field inside the 

35 cell 1. 
[0013] The LC director axes within a droplet are de- 

termined by the polymer-LC interaction at the droplet 
boundary. For positive dielectric anisotropy, then the LC 

director axes vary nearly randomly from droplet to drop- 
4o let 3a in absence of any applied electric field as shown 

in fig. la (off-field state). The index mismatch (disconti- 
nuity) between LC-droplets 3a and the host medium 4 

results in scattering of an incident light 6. When the cell 
thickness (e.g. 10p.m) is much larger than the droplet 

45 size (0.5 - lp.m), then the incident light 6 will be scattered 

many times before emerging 7a from the cell 1. The de- 
gree of scattering depends on the size, birefringence (e. 
g. 0.1 or less) and concentration of the droplets. By con- 

trolling the difference between refractive indices of the 
5o LC-droplets and the surrounding polymer (host medium 

4) with respect of an applied voltage (see fig. lb), the 
polymer-dispersed LC (PDLC) state can be varied con- 

tinuously from opaque to transparent. In latter case, the 
incident light 6 is transmitted 7b without suffering any 

55 scattering. It is therefore possible to modulate light with- 
out using polarisers, by selecting non-scattering rays 7b 
from the light that passes through said cell. 

[0014] On fig. 2a and 2b are shown a similar cell 1 of 
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a spatial light modulator as before but now using a 
nematic LC with a negative dielectric anisotropy, while 

the whole is in an homoetropic configuration. In this 

case, the LC-droplets 3b director axes are aligned par- 
allel to the propagation axe of the light beam in the off- 

state i.e. in the absence of an electric field (s. fig. 2b). 
Any applied voltage will make the cell 1 more or less 

opaque (s. fig. 2a). 

[0015] When choosing specific electrodes 2, such 
that the applied voltage is non-uniform in space, the 
electric field inside said cell 1 will have a variable spatial 

distribution along its plane. This is then adapted to mod- 

ulate at least a pass band comprising at least a wave- 

length at which an optical signal is transmitted through 

said cell 1. The modulation will preferably chosen such 

that the cell acts as a variable attenuator by flattening 
or equalizing said pass band. 
[0016] As a principal aim of the present invention is to 

modulate in a single step a high number of different pass 

bands comprising each at least a different respective 
wavelength at which optical signals are transmitted 
(WDM-technique) using a single SLM, at least one elec- 
trode 2 is then divided into a plurality of parallel elec- 
trodes 2a, 2b as shown in a front view on fig.3. If each 
of these electrodes 2a, 2b are controlled separately, it 

is then possible to apply on the PDLC a variable spatial 

distribution adapted to modulate a continuous spec- 

trum. Latter may contain a high number of different pass 
bands, while at least few of them comprise at least a 

respective wavelength at which optical signals are 

transmitted through said cell 1. It is important that each 

pass band comprising a different wavelength which will 
be modulated areto be transmitted through the cell 1 at 

a different corresponding region along the plane. 
[0017] On fig. 4 is visualized an example of an electric 

field distribution inside the cell 1. Ox is the modulation 

and dispersion axis i.e. the plurality of electrodes 2a, 2b 
are parallel to oy. And oz is the propagation axis of the 
light beam transmitted through such cell 1. As shown 
here on fig. 4, such distribution of the electric field will 
be adapted to modulate a continuous spectrum made 

¯ of a number of different pass bands. 

[0018] It is essential in the context of the present in- 

vention to ensure that the different wavelengths present 
in the incident light beam will be spread onto different 
regions of said SLM For that, a dynamic spectral equal- 

izer using such kind of SLM will further comprise a spec- 
tral dispersive element placed on an optical path of the 

incident light. This dispersive element in freespace can 
be a prism, a volume hologram, a grating or a combina- 
tion of them. They provide an angular dispersion which 
is converted into a spatial multiplex (lateral shift as a 

function of the wavelength ~.). It is of advantage also to 
ensure that the direction of propagation of each different 

wavelength when reaching said SLM are almost per- 
pendicular to it. In that way, the used SLM will be almost 
polarization independent. Furthermore, it is preferable 

that the locus or image of each different wavelength on 

said SLM is adapted to give rise to a spot size of at least 
several times bigger than the average size of the LC 

droplets filling its cell 1. All these conditions will permit 

to optimize the modulation of the incident light beam 
5 (shaping permit to optimize the modulation of the inci- 

dent light beam (shaping of the transmission loss). 
[0019] To optimize the size and not least the cost of 

such dynamic spectral equalizer, a planar reflecting 
SLM will be used. On fig. 5 is shown a cross sectional 

view of an embodiment of such planar reflecting SLM 

11. It is made of two planar glass substrates 10 which 
are placed parallel side-to-side. Between them are two 

electrodes 2, 8 while in between is confined the PDLC 
9. When using such planar reflecting SLM 11, an inci- 

15 dent light beam 6 will first come through the first elec- 
tro~le 2 which is transparent. Latter can be made advan- 

tageously of Indium Tin Oxide (ITO). Afterwards, the in- 
cident light beam 6 will be modulated by the PDLC 9 

before being reflected by the second electrode 8 made 
2o of a mirror again through the PDLC 9. The light beam 

reflected by said planar reflecting SLM 11 will therefore 
be transmitted twice through the PDLC 9. 

[0020] The use of a reflecting SLM 11 according to the 

present invention has the big advantage to economize 
25 the number of optical elements needed for a dynamic 

spectral equalizer and permits therefore to optimize its 
compactness. On fig. 6 to 8 are shown different possible 

embodiments of such dynamic spectral equalizer. All of 
them comprise a grating 23, 24 as well as a similar re- 

3o flecting SLM 11 but placed at a different region along an 

optical axis 25 of the incident light beam. The grating 23 
is made of a demultiplexer (WDM dmux) which will act 

as a multiplexer on the reflected light beam. For efficien- 
cy a thick grating or volume hologram may be prefera- 

35 ble. In addition, the Bragg selectivity of the such grating 

can be used to block parasitic PDLC back-scattering 

[0021] Fig. 6 represents a dynamic spectral equalizer 

in the Fourier configuration. A diverging incident light 
beam 26 is coming out of an input fiber 21a and reaches 

40 a lens 22 placed on an optical axis 25 parallel to the 

propagation direction of said light beam 26. Afterwards, 
it is transmitted through a grating 23 here a WDM dmux 

belore reaching said SLM 11. Due to the lens 22 and 

the grating 23 two different wavelengths Zi and Zi will 
45 reach the SLM 11 at different spatial regions. The spot 

size is in this case equal to ~.f/% where f is the focal 
distance and mo is the waist at the origin here of the input 

fiber 21b. Since the SLM 11 is a reflecting one, the trans- 

mitted light beam will be recombine by the same grating 
5o 23 acting now as a multiplexer and converged by the 

lens 22 toward an output fiber 21b which optical axis is 
parallel to the one of the input fiber 21a while symetric 

with respect to the optical axis 25. The angular chroma- 
tism will be balanced during the back pas. It can be of 

55 advantage to use a single mode fiber with extended core 

for the output fiber. In such a way, the convergence con- 
ditions are not that high. 

[0022] Fig. 7 represents an alternative of a dynamic 
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spectral equalizer now in the imaging 4-f configuration. Claims 
A single fiber 21 is used for the incident diverging light 
beam 26 as well as the converging transmitted light 1. 
beam, Latter is merged with former due to the use of a 

single fiber 21. In this configuration two lenses 22a and 5 

22b respectively with focal distance fl and f2 are used 
and placed along the optical axis 25 on each side of the 
grating 23. The different wavelengths e,g, ~.~ and Xi will 

then reach the reflecting SLM 11 placed also along said 
optical axis 25 at different regions. After being reflected 

by it, the different wavelengths will be recombined by 
the same grating 23 and the two same lenses 22a and 

22b before leaving the dynamic spectral equalizer 
through the same fiber 21. 2. 
[0023] On fig. 8 is represented a dynamic spectral 
equalizer also in the imaging configuration but now as 

folded 4-f. Similar to the case shown in fig, 7, a single 
fiber 21 is used both for the incident diverging light beam 

26 as well as the converging transmitted light beam 27, 

But now a single lens 22 will be sufficient in combination 2o 3. 
of a reflecting grating 24 both placed along the optical 
axis 25. The reflecting SLM is now close to the fiber 21 
with its plane still perpendicular to the optical axis 25, In 

such a way, the reflecting SLM 11 is facing the lens 22 

in a same way as the diverging light beam 26 along 25 

slightly shifted with respect to the fiber 21. In comparison 

to the case before (fig, 7) a clear gain in compactness 

is achieved, 4. 
[0024] In both imaging configuration shown on fig. 7 

and 8, the spot size will be equal to G(~o where G is an 3o 

adjustable magnification factor equal to the focal dis- 

tance ratio. Typical values for all three configurations 
(fig. 6-8) for z~ of about 0.8nm (distance between two 
different wavelengths at which optical signals in WDM 
are transmitted) are for the spot size about 10p.m and 35 

focal distances of about 5cm. 

[0025] The use of a SLM according to the present in- 

vention (a reflecting or not) requires a sufficient disper- 

sive power to allow a good wavelength discrimination 
specially when the different wavelengths at which opti- 4o 5. 

cal signals are transmitted in WDM technique are very 
close each other. Furthermore, a sufficient spot size 

must be ensured to take enough advantage of the scat- 

tering effect. And the incidence of the light beam on the 

used SLM must be normal (or almost normal) to its plane 
such to avoid any polarization dependence. All these 

conditions are perfectly guaranteed by the use of a dy- 6. 
namic spectral equalizer according to the present inven- 

tion. 
[0026] Atelecommunications device according tothe 5o 
present invention incorporating such dynamic spectral 

equalizer will advantageously be used when transmis- 
sion of telecommunications signals is managed in a 7. 

WDM technique. The dynamic spectral equalizer will 

have to be inserted before e.g. an amplifier, Latter will 
then be able to work on the different wavelengths at 
which optical signals are sent in an optimized way. 

Spatial light modulator comprising a planar cel! filled 
with a liquid crystal based substance having a var- 

iable scattering property with respect to an electric 

field, and at least two electrodes enclosing said pla- 

nar cell from each side of its plane to apply a voltage 
on said liquid crystal, 

characterized in that 
said applied voltage is non-uniform in space imply- 
ing an electric field inside said cell with a variable 
spatial distribution along said plane. 

Spatial light modulator according to claim 1, char- 
acterized in that said variable spatial distribution 

is adapted for the modulation of at least a pass band 

comprising at least a wavelength at which an optical 
signal is transmitted through said cell. 

Spatial light modulator according to claim 1, char- 
acterized in that said variable spatial distribution 

is adapted for the modulation of at least two different 

pass bands comprising each at least a respective 
wavelength at which optical signals are transmitted 

through said cell respectively at two different re- 
gions along said plane. 

Spatial light modulator according to claim 1, char- 
acterized in that at least on one side of said plane 

said electrode is divided into a plurality of adjacent 

electrodes giving rise to said variable spatial distri- 
bution adapted to modulate a continuous spectrum 

containing a number of different pass bands, while 
at least few of them comprise at least a respective 
wavelength at which optical signals are transmitted 

through said cell at a different region along said 
plane for each of these respective different wave- 
lengths. 

Spatial light modulator according to claim 4, char- 
acterized in that said plurality of adjacent elec- 
trodes are controlled independently with a variable 
voltage allowing to adapt said spatial light modula- 

tor to a change of optical properties of said incident 
light beam. 

Spatial light modulator according to claim 2 to 5, 
characterized in that said modulation acts as a 

variable attenuator by flattening or equalizing said 

pass band comprising at least said respective 
wavelength. 

Spatial light modulator according to claim 1, char- 
acterlzed in that said electrode being at the rear of 

said cell with respect to incident optical signals com- 
prises a reflective plane for said incident optical sig- 
nals. 
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Spatial light modulator according to claim 1, char- 

acterized in that said liquid crystal based sub- 
stance filling said cell is made of a suspension of 

liquid crystal droplets generally nematic but possi- 

bly chiral, in a host medium generally polymer. 

Spatial light modulator according to claim 2 and 8, 
characterized in that said droplets are of an aver- 
age size comparable or smaller then said wave- 

length at which an optical signal is transmitted 
through said cell such that said droplets act as scat- 

ters when their liquid crystal director axes are not 

aligned with the propagation axes of said wave- 

length. 

IO 

15 

15. Dynamic spectral equalizer according to claim 10, 

characterized in that said optical input and output 
are given by at least an optical fiber. 

16. Telecommunications device 
characterized by 

incorporating a dynamic spectral equalizer accord- 
ing to claim 10. 

10. Dynamic spectral equalizer comprising an optical 
input for an incident light beam consisting of ol~tical 

signals transmitted via at least a wavelength, an op- 

tical output for collecting a resulting light beam, 

characterized in that 2o 

said dynamic spectral equalizer comprises further 

a spatial light modulator according to claim 1 on 

which said incident light beam is focused or imaged 
and out of which said resulting light beam is collect- 

ed. 25 

11. Dynamic spectral equalizer according to claim 10, 

characterized in that it comprises further a spec- 
tral dispersive element on an optical path of said 

incident light beam such that said spectral disper- 3o 

sive element spread continuously said incident light 
beam onto said spatial light modulator such that at 

least each different wavelength present in said in- 

cident light beam are focused or imaged towards a 
different spatial region of said spatial light modula- 35 

tor. 

12. Dynamic spectral equalizer according to claim 11, 
characterized in that the direction of propagation 

of each different wavelength when reaching said 
spatial light modulator are almost perpendicular to 

it such that latter is almost polarization independent. 

4O 

13. Dynamic spectral equalizer according to claim 12, 
characterized in that the focus or image of each 45 

different wavelength when reaching said spatial 

light modulator is adapted to give rise of a spot size 
of at least several times bigger than the average 

size of the liquid crystal droplets according to claim 
8 such that said spatial light modulator is almost poo 5o 
larization independent. 

14. Dynamic spectral equalizer according to claim 10, 

characterized in that said spatial light modulator 

is used in reflection mode such that said incident 
light beam will be transmitted through said cell twice 
before being collected as said resulting light beam. 

55 
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Application/Control Number: 11/514,725 

Art Unit: 2872 

DETAILED ACTION 

Page 2 

Election/Restrictions 

Applicant’s election of Group II: Claims 4-8 in the reply 

filed on 2/28/2008 is acknowledged. Because applicant did not 

distinctly and specifically point out the supposed errors in the 

restriction requirement, the election has been treated as an 

election without traverse (MPEP ~ 818.03(a)). 

Claim Rejections - 35 USC ~ 102 

The following is a quotation of the appropriate paragraphs 

of 35 U.S.C. 102 that form the basis for the rejections under 

this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or 
a foreign country or in public use or on sale in this country, more than one 
year prior to the date of application for patent in the United States. 

Claims 4-6 and 8 are rejected under 35 U.S.C. 102(b) as 

being anticipated by Meras et al. "WMD Channel 

Management...Elements", IEE, June 1998. 

Meras discloses an optical routing module having at least 

one input (input fiber array of Fig. 7) and at least two outputs 

(output fiber array of Fig. 7) and operable to select between 

the outputs, the module comprising a two dimensional SLM (the 
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Page 3 

pixellated SLM of Fig. 6) having an array of pixels, with 

circuitry constructed and arranged to display holograms on the 

pixels to route beams of different frequency to respective 

outputs. 

Regarding claim 6, Meras discloses the desired set being 

varied in use (i.e. dynamic, see "Future Work" paragraph. 

Claims 5 and 8 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Ohuchida (US 5,107,359). 

Ohuchida discloses a routing device having an input (25of 

Fig 3) and plural outputs (26a, 26b of Fig. 3), the input 

constructed and arranged to receive a light beam having plural 

wavelengths, the device comprising an optical device (21 of Fig. 

3) for selecting the wavelengths of the input beam to appear in 

the outputs, wherein each output may contain any desired set of 

the plural wavelengths (See Fig. 3). 

Ohuchida discloses a device having plural input signals (26 

of Fig. 3) and an output, the output (25 of Fig. 3) constructed 

and arranged to deliver a signal having plural wavelengths, the 

device comprising a device (21 of Fig. 3) for combining the 

wavelengths from the input signals to appear in the output, 

wherein each input signal may contain any desired set of the 

plural wavelengths of the output (See Fig. 3). 
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Claim Rejections - 35 USC ~ 103 

The following is a quotation of 35 U.S.C. 103(a) which 

forms the basis for all obviousness rejections set forth in this 

Office action: 

(a) A patent may not be obtained though the invention is not identically 
disclosed or described as set forth in section 102 of this title, if the 
differences between the subject matter sought to be patented and the prior 
art are such that the subject matter as a whole would have been obvious at 
the time the invention was made to a person having ordinary skill in the 
art to which said subject matter pertains. Patentability shall not be 
negatived by the manner in which the invention was made. 

Claim 6 is rejected under 35 U.S.C. 103(a) as being 

unpatentable over Meats. 

Meats discloses the claimed invention except for the at 

least two of the outputs containing at least one common 

wavelength. 

However, the structure of the device can support such 

functionality which can be achieved by routine experimentation. 

It would have been obvious, at the time the invention was 

made, to a person having ordinary skill in the art to provide to 

separate outputs with a common signal so as to share baseline 

information for every output channel. 

The prior art made of record and not relied upon is 

considered pertinent to applicant’s disclosure. 
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Page 5 

Conclusion 

Any inquiry concerning this communication or earlier 

communications from the examiner should be directed to Fayez G. 

Assaf whose telephone number is (571) 272-2307. The examiner 

can normally be reached on 8-5 M-F. 

If attempts to reach the examiner by telephone are 

unsuccessful, the examiner’s supervisor, Stephone Allen can be 

reached on (571) 272-2434. The fax phone number for the 

organization where this application or proceeding is assigned is 

571-273-8300. 
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Information regarding the status of an application may be 

obtained from the Patent Application Information Retrieval 

(PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, 

see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or 

access to the automated information system, call 800-786-9199 

(IN USA OR CANADA) or 571-272-1000. 

May i0, 2008 

/Fayez G. Assaf/ 
Primary Examiner, Art Unit 
2872 
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PATENT APPLICATION 

DOCKET NO.: 3274.1003-002 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: 

Divisional Application of 

Application No.: 

371C File Date: 

Melanie Holmes 

10/487,810 

September 10, 2004 

¯ For: OPTICAL PROCESSING 

Bato: 

EXPRESS MAIL LABEL NO. ’~/� fO,~,t9 / 

INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Information Disclosure Statement is submitted: 
[ ] under 37 CFR 1.129(a), or 

(First/Second submission after Final Rejection) 

IX] under 37 CFR 1.97(b), or 
(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the national 

stage in an international application; or before the mailing date of a first office action on the merits in a non-provisional application, including a 

CPA, or a Request for Continued Examination). 

under 37 CFR 1.97(c) together with either: 

[ ] a Statement under 37 CFR 1.97(e), as checked below, or 

[ ] a $180.00 fee under 37 CFR 1.17(p), or 
(After the 37 CFR 1.97(b) time period, but before final action or notice of allowance, whichever occurs first) 

under 37 CFR 1.97(d) together with: 

[ ] a Statement under 37 CFR 1.97(e), as checked below, and 

[ ] a $180.00 fee under 37 CFR 1.17(p), or 
(Filed after final action or notice of allowance, whichever occurs first, but on or before payment of the issue fee) 

[] under 37 CFR 1.97(i): 
Applicant requests that the IDS and cited reference(s) be placedin the application file. 

(Filed after payment of issue fee) 
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Statement Under 37 CFR 1.97(e) 

[] Each item of information contained in this Information Disclosure Statement was first cited in 
any communication from a foreign patent office in a counterpart foreign application not more 
than three months prior to the filing of this Information Disclosure Statement; or 

No item of information contained in this Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned, after making reasonable inquiry, no item of information contained 
in the information disclosure statement was known to any individual designated in 37 CFR     " 
1.56(c) more than three months prior to the filing of this Information Disclosure Statement. 

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment) 
Applies to original applications (other than design) filed on or after May 29, 2000 

Each item of information contained in the Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart application and this communication 
was not received by any individual designated in § 1.56(c) more than thirty days prior to the 
filing of the Information Disclosure Statement. 

IX] Enclosed herewith is form PTO-1449: 

[] 

[x] 

[] 

Copies of the cited references are enclosed. 

[ X ] Copies of issued U.S. patents and published U.S. applications are not required and 
are not being provided. 

Copies of the cited references are enclosed except those entered in prior application, U.S. 
Application No. 10/487,810, to which priority under 35 U.S.C. 120 is clalmed. 

The listed references were cited in the enclosed International Search Report in a 
counterpart foreign application. 

The "concise explanation" requirement (non-English references) for reference(s) [ 
under 37 CFR 1.98(a)(3) is satisfied by: 

[] 
[] 
[] 
[] 

[] 

the explanation provided on the attached sheet. 

the explanation provided in the Specification. 

submission of the enclosed International Search Report. 

submission of the enclosed English-language version of a foreign Search Report 
and/or foreign Office Action. 

the enclosed English language abstract. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. iF.A.i 
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[] 

Examiner’s 
Initials 

Applicant requests that the following non-published pending applications be considered: 
(Affix a label or apply the stamp "Non-Published 1DS Reference- Do Not Scan "" to the front of each unpublished pending appl "n.) 

U.S. Patent Application No. [ 

U.S. Patent Application No. [ 

U.S. Patent Application No. [ 

], by [inventor(s)], filed [ 

], by [inventor(s)], filed [ 

], by [inventor(s)], filed [ 

], Docket No.: [ ] 

],DocketNo.: [ ] 

], Docket No.: [ ] 

Examiner Date 

[] A copy of each above-cited application, including the current claims, is enclosed, except 
any application filed on or after June 30, 2003, which has been scanned into the PTO’s 
Image File Wrapper (~W) system and is available to the examiner. 

[] A copy of each above-cited application, including the current claims, is enclosed, except 
those entered in prior application, U.S. Application No. [ ], to which priority under 
35 U.S.C. 120 is claimed. 

The Examiner is requested to return a copy of the above list of pending applications indicating which 
references were considered with the next office communication. 

It is requested that the information disclosed herein be made of record in this application. 

Method of payment: 

[ ] A check for the fee noted above is enclosed, or the fee has been included in the check with the 
accompanying Reply. A copy of this Statement is enclosed. 

[ ] Please charge Deposit Account 08-0380 in the amount of $[ ]. A copy of this Statement is 
enclosed. 

[X] Please charge any deficiency in fees and credit any overpayment to Deposit Account 08-0380. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Regi stcati;n No..~"~~02 
Telephone: (978) 3)41-0036"-~ 
Facsimile: (978) 341-0136 

Concord, M~ 0j1742-9133 

Dated:~/t/(.,, 
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I[ EXAMINER                                                                                                                                          [ DATE CONSIDERED 
iFayez Assafi 05/10/2008 

EXCEPT WHERE LINED THROUGH° iF.A.i 

TS0001384 

218



PTO- ~ 449 REPRODUCED 

INFORMATION DISCLOSURE STATEMENT 

IN AN APPLICATION 

September I, 2006 

(Use several sheets if necessary) 

A’rFORNEY DOCKET NO. 

3274.1003-002 

FIRST NAMED INVENTOR 

Melanie Holmes 

! ~ 5! -’!_725 " 
APPLICATION NO. 

FILING DATE 

EXAMINER CONFIRMATION NO. GROUP 

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) 

Mears, R. J., et al., "Telecommunications Applications of Ferroelectric Liquid-Crystal Smart Pixels," 
IEEE Journal of Selected Topics in Quantum Electronics, Vol. 2, No. 1, April 1996, pp. 35-46. 

c2 Mears, R. J., et al., "WDM Channel Management Using Programmable Holographic Elements," IEE 
Colloquim on Multiwavelength Optical Networks: Devices, Systems and Network Implementations," IEE, 
London, GB, 18 June 1998, pp. 11-1 - 11-6. 

C3 Pan, Ci-Ling, et al., "Tunable Semiconductor Laser with Liquid Crystal Pixel Mirror in Grating-Loaded 
External Cavity," Electronics Letters, IEE Stevenage, GB, Vol. 35, No. 17, 19 August 1999, pp. 1472- 
1473. 

c4 Marom, D.M., et al., "Wavelength-Selective lx4 Switch for 128 WDM Channels at 50 Ghz Spacing," 
OFC Postdeadline Paper, pp. FB7-1-FB7-3 (2002). 

C5 

C6 

C9 

C10 

ell 

EXAMINER                                                                                                                                               DATE CONSIDERED 
iFayez Assafi                                        05/10/2008 

ALL   t  fI I I ’ED EXCEPT WHERE LINED THROUGH. 
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Page 1 of 1 

UNITED STATES PATENT AND TRADEMARK OFFICE 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexa~]dfia~ Vii-gi~i a 22313-1450 
www.uspto.gov 

BIB DATA SHEET 

CONFIRMATION NO. 4755 

SERIAL NUMBER 

11/514,725 

FILING or 371(c) 
DATE 

09/01/2006 

RULE 

CLASS 

359 

GROUP ART UNIT 

2872 

ATTORNEY DOCKET 
NO. 

3274.1003-002 

APPLICANTS 
Melanie Holmes, Ipswich, UNITED KINGDOM; 

** CONTINUING DATA ......................... 
This application is a DIV of 10/487,810 09/10/2004 PAT 7,145,710 

which is a 371 of PCT/GB02/04011 09/02/2002 

** FOREIGN APPLICATIONS ......................... 
UNITED KINGDOM 0121308.1 09/03/2001 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
09/19/2006 

Foreign Priority claimed ~’Yes [] No 

35 USC 119(a-d) conditions met ~’Yes [] No 

Verified and /FAYEZ G ASSAF/ 
Acknowledged Examiner’s Signature 

[] Met after 
Allowance 

Initials 

STATE OR 
COUNTRY 

UNITED 
KINGDOM 

SHEETS 
DRAWINGS 

36 

TOTAL 
CLAIMS 

INDEPENDENT 
CLAIMS 

5 

ADDRESS 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 
UNITED STATES 

TITLE 

Optical processing 

FILING FEE 
RECEIVED 

1 780 

FEES: Authority has been given in Paper 

No. to charge/credit DEPOSIT ACCOUNT 

No. for following: 

[] All Fees 

[] 1.16 Fees (Filing) 

[] 1.17 Fees (Processing Ext. of time) 

[] 1.18 Fees (Issue) 

[] Other 

[] Credit 

BIB (Rev. 05/07). 
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Substitute for form 1449B/PTO 

Sheet 1 of 2 

SUPPLEMENTAL INFORMATION 
DISCLOSURE STATEMENT 

IN AN APPLICATION 

~ ~NG OF REFERENCES 

~ 
~ A ~ ~ _-’ April 16, 2008 

,~ (U~ everal sheets if necessary) 

EXA/Vl 
-INER 
INI- 
TIAL 

ATTORNEY DOCKET NO. 

3274.1003-002 

APPLICATION NO. 

11/514,725 

EXAMINER 

Fayez G. Assaf 

FIRST NAMED INVENTOR FILING DATE 

Melanie Holmes September 1, 2006 

CONFIRMATION NO. GROUP 

4755 2872 

U.S. PATENT DOCUMENTS 

REF. DOCUMENT NUMBER 
NO. Number-Kind Code (if known) 

A12 6,747,774 B2 

A13 6,760,511 B2 

A14 6,529,307 B1 

A15 6,594,082 B1 

A16 5,960,133 

A17 2005/0270616A1 

A18 2004/0126120 A1 

A19 2007/0268537A1 

ISSUE DATE / 
PUBLICATION DATE 

NAME OF PATENTEE OR APPLICANT 
OF CITED DOCUMENT 

MM-DD-YYYY 

06/08/2004 

07/06/2004 

03/04/2003 

07/15/2003 

09/28/1999 

12/08/2005 

07/01/2004 

11/22/2007 

Kelly, et al. 

Garrett, et al. 

Peng, et al. 

Li, et aL 

Tomlinson 

Weiner 

Cohen, et al. 

Holmes 

I EXAMINER                                 I DATE CONSIDERED 
iFayez Assaf/                                          05/i 0/2008 

ALL REFE RI K!CES CONSIDERED EXCEPT WHERE LINED THROUGH. !F,Ao/ 
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Substitute for form 1449B/PTO 

SUPPLEMENTAL INFORMATION 
DISCLOSURE STATEMENT 

IN AN APPLICATION 

LISTING OF REFERENCES 

April 16, 2008 

(Use several sheets if necessary) 

ATTORNEY DOCKET NO. 

3274.1003-002 

Sheet 2 of 2 
APPLICATION NO. 

11/514,725 

FIRST NAMED INVENTOR FILING DATE 

Melanie Holmes September 1, 2006 

EXAMINER 

Fayez G. Assaf 

CONFIRMATION NO. 

4755 

GROUP 

2872 

B8 

FOREIGN PATENT DOCUMENTS 

DOCUMENT NUMBER 
Country Code-Number-Kind Code 

(if known) 

EP 1 207 418 AI 

DATE 
MM-DD-YYYY 

05/22/2002 

NAME OF PATENTEE OR APPLICANT 
OF CITED DOCUMENT 

Alcatel 

TRANSLATION 
YES          NO 

DATE CONSIDERED EXAMINER 
iFayez Assaf/ 05/10/2008 ’ 

800580 1 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. iF.A.i 
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TJM/jk 

September 15, 

Applicant: 

Application No.: 

Filed: 

Confirmation No.: 

For: 

PATENT APPLICATION 

DOCKET NO.: 3274.1003-002 

NITED STATES PATENT AND TRADEMARK OFFICE 

Melanie Holmes 

11/514,725 Group: 

September 1,2006 Examiner: 

4755 

OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 

VA 22313-1450, or is being facsimile transmitted to th~AJnited States Patent 
and Trademark Office on: 

Date ~/ 

Typed or printed name of person signing certificate 

2872 

Assaf, Fayez G. 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Information Disclosure Statement is submitted: 

under 37 CFR 1.97(b), or 
(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the 

national stage in an international application; or before the mailing date of a first office action on the merits in a non-provisional application, 
including a CPA, or a Request for Continued Examination). 

under 37 CFR 1.97(c) together with either: 
[--]    a Statement under 37 CFR 1.97(e), as checked below, or 

a $180.00 fee under 37 CFR 1.17(p), or 
(After the 37 CFR 1.97(b) time period, but before final action or notice of allowance, whichever occurs first) 

under 37 CFR 1.97(d) together with: 
r-]    a Statement under 37 CFR 1.97(e), as checked below, and 
r-]    a $180.00 fee under 37 CFR 1.17(p), or 

(Filed after final action or notice of allowance, whichever occurs first, but on or before payment of the issue fee) 

under 37 CFR 1.97(i): 
Applicant requests that the IDS and cited reference(s) be placed in the application file. 
(Filed after payment of issue fee) 

09/17/2008 LTRUOHS 00000061 11514725 

03 FC:1806 180.00 OP 
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11/514,725 
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Statement Under 37 CFR 1.97(e) 

Each item of information contained in this Information Disclosure Statement was first cited 
in any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this Information Disclosure Statement; or 

No item of information contained in this Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned, after making reasonable inquiry, no item of information 
contained in the information disclosure statement was known to any individual designated in 
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure 
Statement. 

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment) 
Applies to original applications (other than design) filed on or after May 29, 2000 

Each item of information contained in the Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart application and this 
communication was not received by any individual designated in § 1.56(c) more than thirty 
days prior to the filing of the Information Disclosure Statement. 

Enclosed herewith is a Listing of References: 

Copies of the cited references are enclosed. 

Copies of issued U.S. patents and published U.S. applications are not required 
and are not being provided. 

Copies of the cited references are enclosed except those entered in prior application, U.S. 
Application No. [ ], to which priority under 35 U.S.C. [OPTION][1201112111365(c)] is 
claimed. IOPTIONAL IThe earlier application contains copies of the cited references.] 

The listed references were cited in the enclosed Search Report in counterpart foreign 
application [add application number]. 

The "concise explanation" requirement (non-English references) for reference(s) [ 
37 CFR 1.98(a)(3) is satisfied by: 

] under 

the explanation provided on the attached sheet. 

the explanation provided in the Specification. 

submission of the enclosed International Search Report. 

submission of the enclosed English-language version of a foreign Search Report 
and/or foreign Office Action. 

the enclosed English language abstract. 

TS0001391 
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11/514,725 
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Applicant requests that the following non-published pending applications be considered: 
(Affix a label or apply the stamp "Non-Published IDS Reference - Do Not Scan" to the front of each unpublished pending appl’n.) 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ 

],DocketNo.: [ ] 

],DocketNo.: [ ] 

U.S. Patent ApplicationNo. [ ], by [inventor(s)], filed [ ], Docket No.: [ ] 

A copy of each above-cited application, including the current claims, is enclosed, 
except any application filed on or after June 30, 2003, which has been scanned into 
the PTO’s Image File Wrapper (IFW) system and is available to the examiner. 

A copy of each above-cited application, including the current claims, is enclosed, 
except those entered in prior application, U.S. Application No. [ ], to which priority 
under 35 U.S.C. IOPTIONlI1201112111365(c)! is claimed. 

It is requested that the information disclosed herein be made of record in this application. 

Method of payment: 

A check for the fee noted above is enclosed, or the fee has been included in the check with 
the accompanying Reply. If this submission is in paper form, a copy of this letter is enclosed 
for accounting purposes. 

Please charge Deposit Account 08-0380 in the amount of $[ ]. If this submission is in 
paper form, a copy of this letter is enclosed for accounting purposes. 

Please charge any deficiency in fees and credit any overpayment to Deposit Account 08- 
0380. 

Respectfully submitted, 

Concord, MA 01742-9133 

Dated: ~/,f-/~ 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

TRee,el; ~roatnie°:n( 9N�~ ) 339413_/0 ~ 3 6 
Facsimile: (978) 341-0136 
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TJM/j~" 
P "!. "/ l~ PATENT APPLICATION 

September 15, 2008~,,’9~ 

.~1~ 

DOCKET NO.: 3274.1003-002 

~ UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: 

Application No.: 

Filed: 

Confirmation No.: 

Melanie Holmes 

11/514,725 

September 1, 2006 

4755 

Group: 2872 

Examiner: Assaf, Fayez G. 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitted to th;ec, United States Patent 
and Trademark Office on:    ~             , /          t 

Dale Z ¯ -~ / / ~’Si~ture /~ 

Typed or printed name of person signing certificate 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

This Information Disclosure Statement is submitied: 

under 37 CFR 1.97(b), or 
(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the 
national stage in an international application; or before the mailing date of a first office action on the merits in a non-provisional application, 
including a CPA, or a Request for Continued Examination). 

under 37 CFR 1.97(c) together with either: 

[-’]    a Statement under 37 CFR 1.97(e), as checked below, or 
a $180.00 fee under 37 CFR 1.17(p), or 
(After the 37 CFR 1.97(b) time period, but before final action or notice of allowance, whichever occurs first) 

under 37 CFR 1.97(d) together with: 

[-’]    a Statement under 37 CFR 1.97(e), as checked below, and 
I’--]    a $180.00 fee under 37 CFR 1.17(p), or 

(Filed after final action or notice of allowance, whichever occurs first, but on or before payment of the issue fee) 

under 37 CFR 1.97(i): 
Applicant requests that the IDS and cited reference(s) be placed in the application file. 
(Filed after payment of issue fee) 
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Statement Under 37 CFR 1.97(e) 

Each item of information contained in this Information Disclosure Statement was first cited 
in any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this Information Disclosure Statement; or 

No item of information contained in this Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned, after making reasonable inquiry, no item of information 
contained in the information disclosure statement was known to any individual designated in 
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure 
Statement. 

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment) 
Applies to original applications (other than design)filed on or after May 29, 2000 

Each item of information contained in the Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart application and this 
communication was not received by any individual designated in § 1.56(c) more than thirty 
days prior to the filing of the Information Disclosure Statement. 

Enclosed herewith is a Listing of References: 

Copies of the cited references are enclosed. 

Copies of issued U.S. patents and published U.S. applications are not required 
and are not being provided. 

Copies of the cited references are enclosed exceptthose entered in prior application, U.S. 
Application No. [ ], to which priority under 35 U.S.C. [OPTIONl[1201[121]I365(c)] is 
claimed. [OPTIONAL [The earlier application contains copies of the cited references.] 

The listed references were cited in the enclosed Search Report in counterpart foreign 
application [add application number]. 

The "concise explanation" requirement (non-English references) for reference(s) [ 
37 CFR 1.98(a)(3) is satisfied by: 

] under 

N 
N 
N 

N 

the explanation provided on the attached sheet. 

the explanation provided in the Specification. 

submission of the enclosed International Search Report. 

submission of the enclosed English-language version of a foreign Search Report 
and/or foreign Office Action. 

the enclosed English language abstract. 
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Applicant requests that the following non-published pending applications be considered: 
(Affix a label or apply the stamp "Non-Published IDS Reference - Do Not Scan" to the front of each unpublished pending appl’n.) 

U.S. Patent ApplicationNo. [ ], by [inventor(s)], filed [ ], Docket No.: [ ] 

U.S. Patent Application No. [ ], by [inventor(s)], filed [ ], DocketNo.: [ ] 

U.S. Patent ApplicationNo. [ ],by [inventor(s)], filed [ ], DocketNo.: [ ] 

A copy of each above-cited application, including the current claims, is enclosed, 
except any application filed on or after June 30, 2003, which has been scanned into 
the PTO’s Image File Wrapper (IFW) system and is available to the examiner. 

A copy of each above-cited application, including the current claims, is enclosed, 
except those entered in prior application, U.S. Application No. [ ], to which priority 
under 35 U.S.C. IOPTION]I1201112111365(c)1 is claimed. 

It is requested that the information disclosed herein be made of record in this application. 

Method of payment: 

A check for the fee noted above is enclosed, or the fee has been included in the check with 
the accompanying Reply. If this submission is in paper form, a copy of this letter is enclosed 
for accounting purposes. 

Please charge Deposit Account 08-0380 in the amount of $[ ]. If this submission is in 
paper form, a copy of this letter is enclosed for accounting purposes. 

Please charge any deficiency in fees and credit any overpayment to Deposit Account 08- 
0380. 

Respectfully submitted, 

Concord, MA 01742-9133 

Dated: (~ i ~z/ ~ 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

~iYm o~~,~"-’~ ~, J. Mea~h,.er~ / 
Registration No. 39,392" 
Telephone: (978) 34-1/-0036 
Facsimile: (978) 341-0136 
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Substitute for form 1449B,~TO 

SUPPLEMENTAL INFORMATION 

DISCLOSURE STATEMENT 

~ lN AN APPLICATION 

[L’~IN~’I"ING~___ OF REFERENCES 

a_c~ September 15, 2008 
~’-~-~ ~,i.~~ (Use several sheets if necessary) 

ATTORNEY DOCKET NO. 

3274.1003-002 

FIRST NAMED INVENTOR 

Melanie Holmes 

EXAMINER 

Assaf, Fayez G. 

Sheet 1 of 

APPLICATION NO. 

11/514,725 

FILING DATE 

September 1, 2006 

CONFIRMATION NO. 

4755 

GROUP 

2872 

U.S. PATENT DOCUMENTS 

EXAM 
-INER 
INI- 
TIAL 

REF. DOCUMENT NUMBER 
NO. Number-Kind Code (if known) 

A20 2008/0145053 

A21 US 5,629,802 

A22 US 3,773,401 

ISSUE DATE / 
PUBLICATION DATE 

MM-DD-YYYY 

06-19-2008 

05-13-1997 

11-20-1973 

NAME OF PATENTEE OR APPLICANT 

OF CITED DOCUMENT 

Holmes 

Clark, Natalie 

Douklias, et al. 

EXAMINER DATE CONSIDERED 

I 
825380 I 
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09/I 5/08 

Applicant: Mei~.~e Holmes 

Application No.: 11/514,725 

Filed: September 1, 2006 

Confirmation No.: 4755 

PATENT APPLIC~FION 

DOCKETNO. 3274.1003-002 / 

UNITED STATES PATENT AND TRADEMARK OFFICE 

Group: 2872 - 

Examiner: F.G. Assaf 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitted to the United States Patent 

Date ~/ / \ Signature~"~ 

Julie Kertyzak 

Typed or printed name of person signing certificate 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Transmitted herewith is an Amendment for filing in the above-identified application. 

Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by 
a Small Entity Statement previously submitted. 

A Small Entity Statement to establish small entity status under 37 CFR 1.9 and 1.27 is 
enclosed. 
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The claims fee has been calculated as shown below: 

TOTAL 

INDEP 

CLAIMS 

REMAINING HIGHEST NO. 

AFTER PREVIOUSLY 

AMENDMENT PAID FOR 

30 MINUS * 20 

MINUS ** 5 

FIRST PRESENTATION OF MULTIPLE DEP. CLAIM 

* not fewer than 20 
** not fewer than 3 

PRESENT 
EXTRA 

10 

0 

SMALL ENTITY 

ADDIT. 
RATE FEE 

X $25 $ 

X $105 $ 

+ $185 $ 

TOTAL= $ 

OTHER THAN 
SMALL ENT1TY 

ADDIT. 
RATE FEE 

X 50 $ 500 

X $210 $ 0 

+ $370 $ 

TOTAL= $ 500 

The Application Size Fee has been calculated as shown below: 
(Effective for cases f!led on or after December 8, 2004) 

Actual Sheets 

(Including 
current 

amendment) 

139 

Highest No. of 
Sheets Paid 

For 

(At least 100) 

150 

No. of Additional 
Units Required 
(Increments of 

50 sheets) 

SMALL ENTITY 

Total 

Rate Amount 

Owed 

X$130 $[ ] 

OTHER THAN 

SMALL ENTITY 

Total 
Rate Amount 

Owed 

X $260 $0 

Payment 
Sufficient for 

up to 

150 Sheets 

Petition for Extension of Time 

Applicant hereby petitions to extend the time to respond to the Office Action dated May 13, 

2008 for one month from August 13, 2008 to September 13, 2008. The appropriate fee is set 
forth below. 

[For action-specific language in an extension of time, select the appropriate option from the 
Firm Templates] 
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Please charge Deposit Account No. 08-0380 for the following fees: 

Petition for [ ] month Extension of Time 

Claims Fee 

Application Size Fee 

Other Fees: 

TOTAL: 

$ 

$ 

$ 

$ 

$ 

$ 

A check is enclosed in payment of the following fees: 

Petition for one month Extension of Time 

Claims Fee 

Application Size Fee 

Other Fees: 

Supp. Information Disclosure Statement 

TOTAL: 

$ 

$ 

$ 

$ 

$ 

$ 

120 

500 

180 

800 

Please charge any deficiency or credit any overpayment in the fees that may be due in 
this matter to Deposit Account.No. 08-0380. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Concord, Massachusetts 01742-9133 

Dated: ~ [1~’/~ 

Telephone (978) 341-0036 
Facsimile (978) 341-0136 
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9/I 5/08 

PATENT APPLICATION 
Attorney’s Docket No.: 3274.1003-002 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Melanie Holmes 

ApplicationNo.: 11/514,725 

Filed: September 1,2006 

Confirmation No.: 4755 

Group: 2872 

Examiner: F. G. Assaf 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitted to the United States Patent 

Date     "~. t f Signature 

Typed or printed name of person signing certificate 

AMENDMENT 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Amendment is being filed in response to the Office Action mailed from the U.S. 

Patent and Trademark Office on May 13, 2008 in the above-identified application. 

Reconsideration and further examination are requested. 

An extension of time to respond to the Office Action is respectfully requested. A Petition 

for Extension of Time and the appropriate fee are being filed concurrently with this Amendment. 

Please amend the application as follows: 

0911712008 LTRUONG 00000061 11514725 

Ol FC:1202 500.00 OP 
02 FC:1251 120.00 OP 
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Amendments to the Claims 

Please amend claims 4, 5, 7 and 8. Please add new claims 9-30. 

below will replace all prior versions of the claims in the application: 

The Claim Listing 

Claim Listing 

1. (Withdrawn) An optical add/drop multiplexer having a reflective SLM having a two- 

dimensional array of controllable phase-modulating elements, a diffraction device and a 

focussing device wherein light beams from a common point on the diffraction device are 

mutually parallel when incident upon the SLM, and wherein the SLM displays respective 

holograms at locations of incidence of light to provide emergent beams whose direction deviates 

from the direction of specular reflection. 

2. (Withdrawn) A test or monitoring device comprising an SLM having a two-dimensional 

array ofpixels, and operable to cause incident light to emerge in a direction deviating from the 

specular direction, the device having light sensors at predetermined locations arranged to provide 

signals indicative of said emerging light. 

3. (Withdrawn) A test or monitoring device according to claim 2, further comprising 

further sensors arranged to provide signals indicative of light emerging in the specular directions. 

4. (Currently Amended) An optical routing module having at least one input and at least 

....... v---, one output and operable to select between the outputs, the module comprising: 

a two dimensional SLM having an array of pixels, 

a dispersion device disposed to receive light from said at least one input and constructed 

and arranged to disperse beams of said light of different frequencies to be incident upon 

respective different groups of the pixels of the two-dimensional SLM, and 

with circuitry constructed and arranged to display holograms on the ~ SLM to route 

beams of different frequency to respective outputs. 
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5. (Currently Amended) A routing device having an input and plural outputs, the input 

constructed and arranged to receive [[a]] an input light beam having plural ~ 

frequencies, the device comprising: 

a two dimensional SLM having an array of pixels, and 

a dispersion device disposed to receive light from said at least one input and constructed 

and arranged to disperse beams of said light of different frequencies to be incident upon a 

respective different group of the pixels of the two-dimensional SLM, 

.... ¯ :~1 ,~,,:~ ~ .... ’~*:~" ~ wave!er~gth~ wherein the routing device is operable to 

select the frequencies of the input light beam to appear in the outputs, wherein each output may 

contain any desired set of the plural ~ frequencies. 

6. (Original) A routing device according to claim 5, wherein the members of the desired set 

may be varied in use. 

7. (Currently Amended) A routing device according to claim 5, wherein at least two of the 

outputs contain at least one common ~,,dengt-h frequency. 

8. (Currently Amended) A routing device having plural input signals and an output, the 

output constructed and arranged to deliver a signal having plural ~ frequencies, the 

device comprising." 

a two dimensional SLM having an array of pixels, and 

a dispersion device disposed to receive light from the input signals and constructed and 

arranged to disperse beams of said light of different frequencies to be incident upon a respective 

different group of the pixels of the two-dimensional SLM, 

...................... ~, .... w~:,’elea s wherein the routing device is operable to 

combine the frequencies from the input signals to appear in the output, wherein each input signal 

may contain any desired set of the plural ~ frequencies of the output. 

9. (New) The optical routing module of claim 4, wherein the dispersion device comprises at 

least one reflective device and at least one transmissive device. 
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10. (New) The optical routing module of claim 4, wherein the dispersion device comprises at 

least one of: a blazed grating, a holographic grating, an etched grating, an arrayed waveguide 

grating and a prism. 

11. (New) The optical routing module of claim 4, wherein the two dimensional SLM having 

an array of pixels is a reflective SLM incorporating a wave-plate whereby the reflective SLM is 

substantially polarisation independent. 

12. (New) The optical routing module of claim 4, wherein the two dimensional SLM having 

an array ofpixels is a reflective Liquid Crystal on Silicon Spatial Light Modulator (LCOS SLM). 

13. (New) The optical routing module of claim 4, further comprising a wave-plate arranged 

such that light passes through the wave-plate first after passing through the dispersion device a 

first time, and second before passing through the dispersion device a second time. 

14. (New) The optical routing module of claim 13, wherein the dispersion device comprises 

a first and a second dispersion element. 

15. (New) The optical routing module of claim 4, further comprising a wave-plate arranged 

such that light passes through the wave-plate a first time after passing through a first dispersion 

element, and a second time before passing through a second dispersion element. 

16. (New) The optical routing module of claim 15, wherein the first and second dispersion 

elements are provided by a single dispersive device. 

17.    (New) The optical routing module of claim 15, wherein the first and second dispersion 

elements are provided by separate dispersive devices. 
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18. (New) The optical routing module of claim 4, wherein the beams of different frequencies 

are spatially separated when incident upon the array of pixels according to their respective 

wavelengths. 

19. (New) The optical routing module of claim 4, wherein a plurality of input beams are 

provided from a respective plurality of inputs and the beams are spatially separated when 

incident upon the array of pixels according to at least one of: 

their respective input directions; and 

their respective wavelengths. 

20. (New) The optical routing module of claim 4, wherein at least one group of pixels 

defines a square. 

21. (New) The optical routing module of claim 4, wherein at least one group of pixels 

defines an arbitrary shape. 

22. (New) The optical routing module of claim 4, wherein at least one group of pixels 

defines a rectangle. 

23. (New) The optical routing module of claim 4, wherein at least one group of pixels has a 

size between 10 and 50 phase modulating elements in at least one dimension. 

24. (New) The optical routing module of claim 4, wherein at least one group of pixels has a 

size in one dimension that is at least 2 times a 1/e spot half-width of an amplitude distribution of 

an incident beam measured in the same dimension. 

25. (New) The optical routing module of claim 4, wherein a property of at least one group of 

pixels is varied, the property including at least one of: size, shape and position. 
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26. (New) The optical routing module of claim 4, wherein each group ofpixels comprises a 

plurality of subgroups, wherein at least one subgroup is controlled so as to have a phase effect 

different to at least one other subgroup. 

27. (New) The optical routing module of claim 4, further comprising a control device 

operable to delineate groups of individual phase-modulating elements; to select, from stored 

control data, control data for each group of phase-modulating elements; to generate from the 

respective selected control data a respective hologram at each group of phase-modulating 

elements; and to vary at least one of the delineation of the groups and the selection of control 

data whereby upon illumination of said groups by respective light beams, respective emergent 

light beams from the groups are controllable independently of each other. 

28. (New) The optical routing module of claim 4, having groups of pixels of the two- 

dimensional SLM assigned to respective wavelength channels, and further comprising a control 

circuit operable to delineate guard bands between said groups. 

29. (New) The optical routing module of claim 28, wherein at least one guard band is 

configured to route light in a direction different to respective directions routed by said groups. 

30. (New) The optical routing module of claim 28, wherein at least one guard band is 

effective to narrow a bandwidth of a wavelength channel carried by a group of pixels. 
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REMARKS 

Claims 1-8 are pending in the application. Claims 1-3 are withdrawn. Claims 4, 5, 7 and 

8 are amended. Claims 9-30 are new. 

Claims 4-6 and 8 were rejected under 35 USC 102(b) as being anticipated by Mears et al. 

("WDM Channel Management ... Elements." The rejection is respectfully traversed. 

Claims 4-6 and 8, as amended, are distinguished from the cited Mears reference because 

of the claimed feature of a dispersion device disposed to receive light from at least one input and 

constructed and arranged to disperse beams of the light of different frequencies to be incident 

upon respective different groups of the pixels of a two-dimensional SLM. 

The Mears reference describes a tunable holographic wavelength filter. A fixed blazed 

diffraction grating of high spatial frequency is used in conjunction with the SLM to yield a 

compact high resolution filter. A lens placed after the SLM and a fixed diffraction grating 

convert the angular separation of wavelengths to a spatial separation; a single-mode optical fiber 

acts as a fixed spatial filter to select desired wavelengths. This arrangement is illustrated in 

Figure 1 of Mears. 

In the present invention as now claimed, the wavelengths of the input beam are dispersed 

by the dispersion device such that beams of light of different frequencies are incident upon 

respective different groups of the pixels of the two-dimensional SLM in order to allow 

independent routing of beams of different frequency to respective outputs. 

With the apparatus disclosed in Mears, the wavelength channels cannot be controlled 

independently. What the Mears apparatus does with one channel impacts on the attenuation of 

the other channels, because all channels from the same input share the same hologram. It should 

be noted that Mears refers to holograms designed to have multiple spatial periods, and that Mears 

goes on to state that this allows multiple wavelength tuning. This statement in Mears is made 

with reference to the tunability of the filter. That is, the filter of Mears is tuned to select one of 

the multiple selectable wavelengths by applying to the SLM a hologram selected to have an 

appropriate one of the multiple of available spatial periods. 

For at least the foregoing reasons, Mears does not anticipate claims 4-6 and 8. 

Withdrawal of the rejection under 35 USC 102(b) is respectfully requested. 
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Claims 5 and 8 were rejected under 35 USC 102(b) as being anticipated by Ohuchida 

(US5107359). The rejection is respectfully traversed. 

Ohuchida discloses an optical wavelength-division multi/demultiplexer for use in an 

optical multiplex communication. A transmission off-axis diffraction grating is formed on one 

side of a substrate, for passing light incident thereon while diffracting and converging the same. 

A light reflecting element such as a transmission off-axis diffraction grating or fiat specular 

reflection surface is provided on the other side of the substrate, for reflecting the light diffracted 

by the transmission off-axis diffraction grating toward the transmission off-axis diffraction 

grating. 

Ohuchida does not disclose the two-dimensional SLM and the dispersion device, as 

recited in amended claims 5 and 8. Reconsideration of the rejection under 35 USC 102(b) is 

respectfully requested. 

Claim 7 was rejected under 35 USC 103(a) as being unpatentable over Mears. The 

rejection is respectfully traversed. 

The rejection referred to claim 6. However, it is understood from the reasons given that 

claim 7 was the claim rejected as being unpatentable over Mears. Claim 7 depends from base 

claim 5. For at least the reasons noted above addressing the patentability of amended claim 5, 

claim 7 is also patentable over Mears. 

Accordingly, it is respectfully submitted that the claims as amended are novel and non- 

obvious over the cited references. 

Information Disclosure Statement 

An Information Disclosure Statement (IDS) is being filed concurrently herewith. Entry 

of the IDS is respectfully requested. 
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CONCLUSION 

In view of the above amendments and remarks, it is believed that all claims are in 

condition for allowance, and it is respectfully requested that the application be passed to issue. 

the Examiner feels that a telephone conference would expedite prosecution of this case, the 

Examiner is invited to call the undersigned. 

If 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Tim"by J. M6aghet~ ] 

Registration No.~/3~2 ~ 
Telephone: (978) 341-0036 
Facsimile: (978) 341-0136 

Concord, MA 01742-9133 

Date: I 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Melanie Holmes 

ApplicationNo." 11/514,725 

Filed: September 1, 2006 

Confirmation No. :4755 

Group: 2872 

Examiner: F.G. Assaf 

PATENT APPLICATION 
Docket No.: 3274.1003-002 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United 
States Postal Service with sufficien! postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, or is being facsimile transmitted to the United States Patent 

and Trademark Office on:~_/..~.10 ~ OLe~ .~~~,,, ~ 

Date ~ .’S]X~ture ~"~1 " 

Julie Kertyzak 

Typed or printed name of person signing certificate 

TRANSMITTAL OF REPLACEMENT DRAWINGS 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Transmitted herewith are replacement drawings consisting of a total of 36 sheets, figures 

1-35, for filing in the subject patent application. 
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The enclosed drawings are of better quality than the originally submitted drawings; 

Applicant’s Attorney advises that no substantive changes have been made. Therefore, annotated 

sheets are not required. 

Respectfully submitted, 

Concord, MA 01742-9133 
Date: 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

By 

Timothry/J. Mea~g~er J / (~ 

Registration No. 3~3~2 
Telephone: (978) 34)/-0036 
Facsimile: (978) 341-0136 
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require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
ff you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Office Action Summary 

Application No. 

11/514,725 

Examiner 

Fayez G. Assaf 

Applicant(s) 

HOLMES, MELANIE 

Art Unit 

2872 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -- 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE _/MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)[] 
2a)[--I 

3)[--I 

Responsive to communication(s) filed on 17 September 2008. 

This action is FINAL.            2b)[--I This action is non-final. 

Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)[~ Claim(s) 1-30 is/are pending in the application. 

5)[] 
6)[]--I 

7)[]--I 

8)[] 

4a) Of the above claim(s) 1-3 is/are withdrawn from consideration. 

Claim(s) __ is/are allowed. 

Claim(s) __ is/are rejected. 

Claim(s) __ is/are objected to. 

Claim(s) 4-30 are subject to restriction and/or election requirement. 

Application Papers 

9)[]--I The specification is objected to by the Examiner. 

10)[]--I The drawing(s) filed on __ is/are: a)l--I accepted or b)[--I objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11)[]--I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)[]--I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)[--I All b)[--I Some * c)[--I None of: 

1.[--I Certified copies of the priority documents have been received. 

2.[]--I Certified copies of the priority documents have been received in Application No. __ 

3.[]--I Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
¯ See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1 ) [] Notice of References Cited (PTO-892) 

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) 

3) [] Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 09/17/2008. 

4) [] Interview Summary (PTO-413) 

Paper No(s)/Mail Date.__ 

5) [] Notice of Informal Patent Application 

6) [] Other:__ 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20081212 
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Application/Control Number: 11/514,725 

Art Unit: 2872 

Election/Restrictions 

Page 2 

This application contains claims directed to the following 

patentably distinct species. 

Species i: The devices utilizes a polarization independent 

SLM having a wave plate. 

Species 2: The device utilizes an LCOS SLM. 

The species are independent or distinct because claims to 

the different species recite the mutually exclusive 

characteristics of such species. In addition, these species are 

not obvious variants of each other based on the current record. 

Applicant is required under 35 U.S.C. 121 to elect a single 

disclosed species for prosecution on the merits to which the 

claims shall be restricted if no generic claim is finally held 

to be allowable. Currently, at least claims 4, 5 and 8 are 

generic. 

There is an examination and search burden for these 

patentably distinct species due to their mutually exclusive 

characteristics. The species require a different field of 

search (e.g., searching different classes/subclasses or 

electronic resources, or employing different search queries); 

and/or the prior art applicable to one species would not likely 

be applicable to another species; and/or the species are likely 
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Application/Control Number: 11/514,725 

Art Unit: 2872 

to raise different non-prior art issues under 35 U.S.C. i01 

and/or 35 U.S.C. 112, first paragraph. 

Applicant is advised that the reply to this requirement to 

be complete must include (i) an election of a species to be 

examined even though the requirement may be traversed (37 CFR 

1.143) and (ii) identification of the claims encompassing the 

elected species, including any claims subsequently added. An 

argument that a claim is allowable or that all claims are 

generic is considered nonresponsive unless accompanied by an 

election. 

The election of the species may be made with or without 

traverse. To preserve a right to petition, the election must be 

made with traverse. If the reply does not distinctly and 

specifically point out supposed errors in the election of 

species requirement, the election shall be treated as an 

election without traverse. Traversal must be presented at the 

time of election in order to be considered timely. Failure to 

timely traverse the requirement will result in the loss of right 

to petition under 37 CFR 1.144. If claims are added after the 

election, applicant must indicate which of these claims are 

readable on the elected species. 

Should applicant traverse on the ground that the species 

are not patentably distinct, applicant should submit evidence or 

Page 3 
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Application/Control Number: 11/514,725 Page 4 

Art Unit: 2872 

identify such evidence now of record showing the species to be 

obvious variants or clearly admit on the record that this is the 

case. In either instance, if the examiner finds one of the 

species unpatentable over the prior art, the evidence or 

admission may be used in a rejection under 35 U.S.C. 103(a) of 

the other species. 

Upon the allowance of a generic claim, applicant will be 

entitled to consideration of claims to additional species which 

depend from or otherwise require all the limitations of an 

allowable generic claim as provided by 37 CFR 1.141. 

Any inquiry concerning this communication or earlier 

communications from the examiner should be directed to Fayez G. 

Assaf whose telephone number is (571) 272-2307. The examiner 

can normally be reached on 8-5 M-F. 

If attempts to reach the examiner by telephone are 

unsuccessful, the examiner’s supervisor, Stephone Allen can be 

reached on (571) 272-2434. The fax phone number for the 

organization where this application or proceeding is assigned is 

571-273-8300. 
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Application/Control Number: 11/514,725 Page 5 

Art Unit: 2872 

Information regarding the status of an application may be 

obtained from the Patent Application Information Retrieval 

(PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status 

information for unpublished applications is available through 

Private PAIR only. For more information about the PAIR system, 

see http://pair-direct.uspto.gov. Should you have questions on 

access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or 

access to the automated information system, call 800-786-9199 

(IN USA OR CANADA) or 571-272-1000. 

December 12, 2008 

/Fayez G. Assaf/ 
Primary Examiner, Art Unit 
2872 
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Applicant: 

PATENT APPLICATION 
Docket No.: 3274.1003-002 

UNITED STATES PATENT AND TRADEMARK OFFICE 

Melanie Holmes 

Application No.: 11/514,725 Group: 2872 

Filed: September 1, 2006 Examiner: F.G. Assaf 

Confirmation No.: 4755 

For: OPTICAL PROCESSING 

CERTIFICATE OF MAILING OR TRANSMISSION 
I hereby certify that this correspondence is being deposited with the United 

States Postal Service with sufficient postage as First Class Mail in an 
envelope addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, 

aVnA 22d Tra~lle3r~12k50(~ offircieS obnelng facsimi~ le transmitted to,, >United States Patent 

Date__ ", /    S)nature fl-’~ 

Typed or printed name of person s~gmng certificate 

REPLY TO RESTRICTION REQUIREMENT 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

This Reply is being filed in response to the Office Action mailed from the U.S. Patent 

and Trademark Office on January 13, 2009 in the above-identified application. Reconsideration 

and further examination are requested. 
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-2- 

REMARKS 

The Office Action stated an election of species requirement and requested Applicant to 

elect one of two species for further prosecution: Species I - devices using a polarization 

independent SLM having a wave plate; and Species II - devices using an LCOS SLM. 

The Office Action further stated that at least claims 4, 5 and 8 appear generic. 

Accordingly, it is Applicant’s understanding that the requirement for an election of species was 

made for the purposes of searching. Applicant understands that a search of the prior art will be 

made based on the elected species and, if the rejection is not made, the search will be expanded 

to include non-elected species. 

Responsive to the requirement for an election of species for searching purposes, 

Applicant hereby elects Species I. Claims readable on the elected species are claims 4-11 and 

13-30. The requirement is being traversed for the reasons set forth in detail below. 

The Office Action stated that the two identified species are independent or distinct 

because claims to the different species recite mutually exclusive characteristics of such species. 

The Office Action further stated that these species are not obvious variants of each other based 

on the current record. Applicant disagrees. 

Paragraphs 157 to 165 of the application as filed refer to a polarization-independent 

(multiple phase) LCOS SLM (paragraph 157). Furthermore, the application goes on to describe, 

in connection with Figure 1, an SLM 200 comprising a quarter-wave plate 221 and a liquid 

crystal layer 222 (paragraph 158). Accordingly, it is respectfully submitted that an SLM that 

uses a wave plate and is polarization independent is not mutually exclusive with an SLM that is 

an LCOS SLM. In addition, this fact is apparent from the current record as described in 

paragraphs 157 to 165 of the application as filed. 

Thus, for the reasons mentioned above, it is respectfully requested that the requirement 

for election of species be removed. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Registration No. 3~,~’02 
Telephone: (978) 341-0036 

Facsimile: (978) 341-0136 
Concord, MA 01742-9133 
Dated: February 13, 2009 

TS0001457 

291



PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displa~/s a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD I App’icati°n °r D°cket Number I Fi’ing DateI 
Substitute for Form PTO-875 11/514,725 09/01/2006 [] To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY 

NUMBER EXTRA FEE ($) FEE ($) FOR 

[] BASIC FEE 
/37 CFR 1.16/a/,/b/, or 

[] SEARCH FEE 

/37 CFR 1.16/k/,/i/, or 

[] EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) 

TOTAL CLAIMS 

/37 CFR 1.16/i// 

INDEPENDENT CLAIMS 

/37 CFR 1.16/h// 

N/A 

N/A 

N/A 

NUMBER FILED 

N/A 

N/A 

N/A 

minus 20 = 

minus 3 = 

If the specification and drawings exceed 100 

sheets of paper, the application size fee due 
I.jAPPLICATION SIZE FEE is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 

35 U.S.C. 41/a)/1)/G) and 37 CFR 1.16/s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter"0" in column 2. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS                  HIGHEST 
REMAINING NUMBER PRESENT 

~_ 02/17/2009 AFTER PREVIOUSLY EXTRA 
Z AMENDMENT PAID FOR 

~ 
Total (37CFR 

* 30 ** 30 = 0 

Z 
Independent 

* 5 ***5 = 0 

U Application Size Fee (37 CFR 1.16(s)) 
< 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

RATE ($) 

N/A 

N/A 

N/A 

x$    = 

x$    = 

RATE ($) 

N/A 

N/A 

N/A 

OR x $ = 

x$ = 

TOTAL TOTAL 

(Column 1) (Column 2) 

CLAIMS HIGHEST 
REMAINING NUMBER 

AFTER PREVIOUSLY 
AMENDMENT PAID FOR 

OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

ADDITIONAL ADDITIONAL 
RATE ($) 

FEE ($) FEE ($) 

x$ = 0 

x$ = 0 

TOTAL 
ADD’L 
FEE 

RATE ($) 

OR | x $52= 

OR | X $220= 

OR 

TOTAL 
OR ADD’L 

FEE 

Z Total (37 CFR . ** 

ILl 
~ Independent . *** 

Z [] Application Size Fee (37 CFR 1.16(s)) 

<~ [] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

(Column3) 

PRESENT 
EXTRA 

RATE(S) 

x$ = 

x$ = 

ADDITIONAL 
FEE ($) 

OR 

OR 

RATE ($) 

x$ = 

x$ = 

ADDITIONAL 
FEE ($) 

~ If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 

** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

OR 

TOTAL 
ADD’L 
FEE 

TOTAL 
OR ADD’L 

FEE 

Legal Instrument Examiner: 
/LAVINIA JOHNSON/ 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
ff you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 

TS0001458 

292



UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Adckess: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexanckia, Virgit~ia 22313-1450 
www.uspto.gov 

I 
11/514,725 09/01/2006 Melanie Holmes 

21005 7590 05/06/2009 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 

] ATTORNEY DOCKET NO. I CONFIRMATION NO. 
] 

3274.1003-002 4755 

I 

I 

EXAMINER                      ] 

AMARI, ALESSANDRO V 

ART UNIT l PAPER NUMBER    ] 

2872 

I 
05/06/2009 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 

TS0001459 

293



Office Action Summary 

Application No. 

11/514,725 

Examiner 

ALESSANDRO AMARI 

Applicant(s) 

HOLMES, MELANIE 

Art Unit 

2872 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -- 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)[] 
2a)[~ 

3)[--I 

Responsive to communication(s) filed on 17 September 2008. 

This action is FINAL.            2b)[--I This action is non-final. 

Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)[~ Claim(s) 1-30 is/are pending in the application. 

5)[] 
6)[~ 

7)[]--I 

8)[] 

4a) Of the above claim(s) 1-3 is/are withdrawn from consideration. 

Claim(s) __ is/are allowed. 

Claim(s) 4-30 is/are rejected. 

Claim(s) __ is/are objected to. 

Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)[]--I The specification is objected to by the Examiner. 

10)[]--I The drawing(s) filed on __ is/are: a)[--I accepted or b)[--I objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11)[]--I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)[]--I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)[--I All b)[--I Some * c)[--I None of: 

1.[--I Certified copies of the priority documents have been received. 

2.[]--I Certified copies of the priority documents have been received in Application No. __ 

3.[--I Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
¯ See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1 ) [] Notice of References Cited (PTO-892) 

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) 

3) [] Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ 

4) [] Interview Summary (PTO-413) 

Paper No(s)/Mail Date.__ 

5) [] Notice of Informal Patent Application 

6) [] Other:__ 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090503 
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Application/Control Number: 11/514,725 

Art Unit: 2872 

DETAILED ACTION 

Page 2 

Election/Restrictions 

1.    Applicant timely traversed the restriction (election) requirement in the reply filed 

on 17 February 2009. Restriction requirement is hereby withdrawn and claims 4-30 will 

be examined in this office action. 

Claim Rejections - 35 USC § 102 

2.    The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21 (2) 
of such treaty in the English language. 

3.    Claims 4, 9-11, 13-19, 21, 23 and 25-30 are rejected under 35 U.S.C. 102(e) as 

being anticipated by Weiner US 2002/0060760. 

In regard to claim 4, Weiner discloses (see Fig. 1,2) an optical routing module 

having at least one input and at least one output and operable to select between the 

outputs, the module comprising a two dimensional SLM (140, 240) having an array of 

pixels, a dispersion device (130, 230) disposed to receive light from said at least one 

input and constructed and arranged to disperse beams of said light of different 

frequencies to be incident upon respective different groups of the pixels of the two- 
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Application/Control Number: 11/514,725 Page 3 

Art Unit: 2872 

dimensional SLM, and with circuitry (150) constructed and arranged to display 

holograms on the SLM to route beams of different frequency to respective outputs as 

described in paragraphs [0045] and [0063]. 

Regarding claim 9, Weiner discloses that the dispersion device comprises at 

least one reflective device (230) and at least one trans missive device (232) as shown in 

Figure 2. 

Regarding claim 10, Weiner discloses that the dispersion device comprises at 

least one of: a blazed grating, a holographic grating, an etched grating, an arrayed 

waveguide grating and a prism as described in paragraph [0054]. 

Regarding claim 11, Weiner discloses that the two dimensional SLM having an 

array of pixels is a reflective SLM incorporating a wave-plate whereby the reflective 

SLM is substantially polarisation independent as described in paragraphs [0064] and 

[0073]. 

Regarding claim 13, Weiner discloses further comprising a wave-plate arranged 

such that light passes through the wave-plate first after passing through the dispersion 

device a first time, and second before passing through the dispersion device a second 

time as described in paragraph [0064]. 

Regarding claim 14, Weiner discloses that the dispersion device comprises a first 

and a second dispersion element as described in paragraph [0063] and [0064]. 

Regarding claim 15, Weiner discloses further comprising a wave-plate arranged 

such that light passes through the wave-plate a first time after passing through a first 
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Art Unit: 2872 

dispersion element, and a second time before passing through a second dispersion 

element as described in paragraph [0064] and [0073]. 

Regarding claim 16, Weiner discloses that the first and second dispersion 

elements are provided by a single dispersive device as described in paragraph [0064]. 

Regarding claim 17, Weiner discloses that the first and second dispersion 

elements are provided by separate dispersive devices as described in paragraph 

[0064]. 

Regarding claim 18, Weiner discloses that the beams of different frequencies are 

spatially separated when incident upon the array of pixels according to their respective 

wavelengths as described in paragraph [0045]. 

Regarding claim 19, Weiner discloses that a plurality of input beams are provided 

from a respective plurality of inputs and the beams are spatially separated when 

incident upon the array of pixels according to at least one of: their respective input 

directions; and their respective wavelengths as described in paragraph [0045]. 

Regarding claim 21, Weiner discloses that at least one group of pixels defines an 

arbitrary shape as described in para. [0063]. 

Regarding claim 23, Weiner discloses that at least one group of pixels has a size 

between 10 and 50 phase modulating elements in at least one dimension as described 

in para. [0063]. 

Regarding claim 25, Weiner discloses that a property of at least one group of 

pixels is varied, the property including at least one of: size, shape and position as 

described in para. [0063]. 
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Regarding claim 26, Weiner discloses that each group of pixels comprises a 

plurality of subgroups, wherein at least one subgroup is controlled so as to have a 

phase effect different to at least one other subgroup as described in para. [0063]. 

Regarding claim 27, Weiner discloses further comprising a control device 

operable to delineate groups of individual phase-modulating elements; to select, from 

stored control data, control data for each group of phase-modulating elements; to 

generate from the respective selected control data a respective hologram at each group 

of phase-modulating elements; and to vary at least one of the delineation of the groups 

and the selection of control data whereby upon illumination of said groups by respective 

light beams, respective emergent light beams from the groups are controllable 

independently of each other as described in para. [0046]. 

Regarding claim 28, Weiner discloses having groups of pixels of the two- 

dimensional SLM assigned to respective wavelength channels, and further comprising a 

control circuit operable to delineate guard bands between said groups as described in 

para. [0063]. 

Regarding claim 29, Weiner discloses that at least one guard band is configured 

to route light in a direction different to respective directions routed by said groups as 

described in para. [0063]. 

Regarding claim 30, Weiner discloses that at least one guard band is effective to 

narrow a bandwidth of a wavelength channel carried by a group of pixels as described 

in para. [0063]. 
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4.    Claims 4-9, 11, 13-16, 18 and 19 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Crossland et al (hereafter "Crossland")W001/25840 (cited as US 

6,954,252). 

In regard to claim 4, Crossland discloses (see Fig. 8, 9, 11, 12) an optical routing 

module having at least one input and at least one output and operable to select 

between the outputs, the module comprising a two dimensional SLM (141) having an 

array of pixels, a dispersion device (140) disposed to receive light from said at least one 

input and constructed and arranged to disperse beams of said light of different 

frequencies to be incident upon respective different groups of the pixels of the two- 

dimensional SLM, and with circuitry (150) constructed and arranged to display 

holograms on the SLM to route beams of different frequency to respective outputs as 

described in column 4, lines 1-23, column 9, lines 47-67 and column 10, lines 1-45. 

In regard to claim 5, Crossland discloses (see Fig., 8, 9) a routing device having 

an input and plural outputs, the input constructed and arranged to receive an input light 

beam having plural frequencies, the device comprising: a two dimensional SLM (141) 

having an array of pixels, and a dispersion device (140) disposed to receive light from 

said at least one input and constructed and arranged to disperse beams of said light of 

different frequencies to be incident upon a respective different group of the pixels of the 

two-dimensional SLM, an wherein the routing device is operable to select the 

frequencies of the input beam to appear in the outputs, wherein each output may 

contain any desired set of the plural frequencies as described in column 4, lines 1-23, 

column 9, lines 47-67 and column 10, lines 1-45. 
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Regarding claim 6, Crossland discloses that the members of the desired set may 

be varied in use as described in column 4, lines 1-23, column 9, lines 47-67 and column 

10, lines 1-45. 

Regarding claim 7, Crossland discloses that at least two of the outputs contain at 

least one common wavelength frequency as described in column 4, lines 1-23, column 

9, lines 47-67 and column 10, lines 1-45. 

In regard to claim 8, Crossland discloses (see Figures 8, 9) a routing device 

having plural input signals and an output, the output constructed and arranged to deliver 

a signal having plural frequencies, the device comprising a two dimensional SLM (141) 

having an array of pixels, and a dispersion device (140) disposed to receive light from 

the input signals and constructed and arranged to disperse beams of said light of 

different frequencies to be incident upon a respective different group of the pixels of the 

two-dimensional SLM, wherein the routing device is operable to combine the 

frequencies from the input signals to appear in the output, wherein each input signal 

may contain any desired set of the plural frequencies of the output as described in 

column 4, lines 1-23, column 9, lines 47-67 and column 10, lines 1-45. 

Regarding claim 9, Crossland discloses that the dispersion device comprises at 

least one reflective device (140) and at least one trans missive device (150, 152) as 

shown in Figures 8 and 9. 

Regarding claim 11, Crossland discloses (see Figures 8, 9) that the two 

dimensional SLM having an array of pixels is a reflective SLM incorporating a waveplate 

whereby the reflective SLM incorporating a wave-plate whereby the reflective SLM is 
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substantially polarisation independent as described in column 4, lines 1-23, column 9, 

lines 47-67 and column 10, lines 1-45. 

Regarding claim 13, Crossland discloses (see Fig. 4) further comprising a wave- 

plate arranged such that light passes through the wave-plate (121) first after passing 

through the dispersion device a first time, and second before passing through the 

dispersion device a second time as shown in Figure 3 and as described in column 7, 

lines 45-67 and column 10, lines 26-29. 

Regarding claim 14, Crossland discloses that the dispersion device comprises a 

first and a second dispersion element (hA, hC) as shown in Figure 11. 

Regarding claim 15, Crossland discloses (see Fig. 4) further comprising a wave- 

plate (121) arranged such that light passes through the wave-plate a first time after 

passing through a first dispersion element, and a second time before passing through a 

second dispersion element as shown in Figure 3 and as described in column 7, lines 

45-67 and column 10, lines 26-29. 

Regarding claim 16, Crossland discloses that the first and second dispersion 

elements are provided by a single dispersive device (140) as shown in Figure 11. 

Regarding claim 18, Crossland discloses that the beams of different frequencies 

are spatially separated when incident upon the array of pixels according to their 

respective wavelengths as described in column 4, lines 1-23. 

Regarding claim 19, Crossland discloses that a plurality of input beams are 

provided from a respective plurality of inputs and the beams are spatially separated 
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when incident upon the array of pixels according to at least one of: their respective input 

directions; and their respective wavelengths as described column 4, lines 1-23. 

Claim Rejections - 35 USC § 103 

5.    The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6.    Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Weiner 

US 2002/0060760. 

Regarding claim 12, Weiner teaches the invention as set forth above but does 

not teach that the two dimensional SLM having an array of pixels is a reflective Liquid 

Crystal on Silicon Spatial Light Modulator (LCOS SLM). It is well known to utilize LCOS 

SLMs in the optical communications art. It would have been obvious to one having 

ordinary skill in the art at the time the invention was made to utilize LCOS SLM in the 

optical routing module of Weiner in order to gain the predictable advantages of lower 

production cost and higher resolution. 

7.    Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Crossland W001/25840 (cited as US 6,954,252). 

Regarding claim 12, Crossland teaches the invention as set forth above but does 

not teach that the two dimensional SLM having an array of pixels is a reflective Liquid 

Crystal on Silicon Spatial Light Modulator (LCOS SLM). It is well known to utilize LCOS 
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It would have been obvious to one having 

ordinary skill in the art at the time the invention was made to utilize LCOS SLM in the 

optical routing module of Crossland in order to gain the predictable advantages of lower 

production cost and higher resolution. 

8.    Claims 20, 22, and 24 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Weiner US 2002/0060760. 

Regarding claims 20, 22 and 24, Weiner teaches the invention as set forth above 

but does not teach that the group of pixels define a square or rectangle or at least one 

group of pixels has a size in one dimension that is at least 2 times a 1/e spot half-width 

of an amplitude distribution of an incident beam measured in the same dimension. It 

would have been obvious to one having ordinary skill in the art at the time the invention 

was made to adjust the shape or size of the pixels of the SLM of Weiner, since it has 

been held that adjustability, where needed involves only routine skill in the art. One 

would have been motivated to adjust the size and/or shape of the pixels in order to 

cause a change to an optical characteristic of the device such as phase or amplitude of 

the frequency components. 

9.    Claims 20-25 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Crossland W001/25840 (cited as US 6,954,252). 

Regarding claims 20-25, Crossland teaches the invention as set forth above but 

does not teach that the group of pixels define a square or rectangle or at least one 

group of pixels has a size in one dimension that is at least 2 times a 1/e spot half-width 

of an amplitude distribution of an incident beam measured in the same dimension. It 
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would have been obvious to one having ordinary skill in the art at the time the invention 

was made to adjust the shape or size of the pixels of the SLM of Crossland, since it has 

been held that adjustability, where needed involves only routine skill in the art. One 

would have been motivated to adjust the size and/or shape of the pixels in order to 

cause a change to an optical characteristic of the device such as phase or amplitude of 

the frequency components. 

Response to Arguments 

10. Applicant’s arguments with respect to claims 4-30 have been considered but are 

moot in view of the new ground(s) of rejection. 

Conclusion 

11. The prior art made of record and not relied upon is considered pertinent to 

applicant’s disclosure. Hong US 5,315,423 is considered relevant art. 

12. Applicant’s amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS I~IADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

TS0001470 

304



Application/Control Number: 11/514,725 Page 12 

Art Unit: 2872 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ALESSANDRO AMARI whose telephone number is 

(571)272-2306. The examiner can normally be reached on Monday-Friday 8:00 AM to 

5:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s 

supervisor, Stephone B. Allen can be reached on (571) 272-2434. The fax phone 

number for the organization where this application or proceeding is assigned is 571- 

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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ava 
04 May 2009 

/Alessandro Amari/ 
Primary Examiner, Art Unit 2872 
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REMARKS 

Claims 1-30 are pending in the application. Claims 1-3 are withdrawn. Claims 4, 5 and 8 

are amended. 

Claims 4, 9-11, I3-19, 21, 23 and 25-30 were rejected under 35 USC 102(e) as being 

anticipated by Weiner (US2002/0060760). Claims 4-9, 11, 13-16, 18 and 19 were rejected under 

35 USC 102(b) as being anticipated by Crossland et al. (WO01/25840 cited as US6954252). The 

rejections are respectfully traversed. 

Claim 4 has been amended to recite that "the or each input receives a respective light 

beam having an ensemble of different channels." Claim 4 has also been amended to change the 

recitation "a two-dimensional SLM" to read "an SLM having a two-dimensional array of pixels." 

In addition, claim 4 has been amended to recite that the circuitry has the effect of 

determining the channels at the output, namely, "circuitry constructed and arranged to display 

holograms on the SLM to determine the channels at respective outputs." Support for this 

amended language is found in Figure 12 which has a single output 305. The input beam 301 

contains three channels 301A-301C and, of these, only the light from channels 301A and 301B is 

provided to the output 305. Light from the channel figuratively shown as 301C is sent to an 

absorber 306 and therefore is not found at the output. 

Weiner does not anticipate claim 4 as amended. First, the SLM of Weiner (see Figure 3) 

does not have a two-dimensional array ofpixels. Second, Weiner does not teach or suggest 

"circuitry constructed and arranged to display holograms on the SLM to determine the channels 

at respective outputs." Rather, Weiner is concerned with compensation for polarization mode 

dispersion in wide band optical signals. There is no suggestion that the output signal 126 is 

anything other than a compensated version of the input signal 120. 

Reconsideration of the rejection of amended claim 4, and claims dependent therefrom, 

under 35 USC 102(e) based on Weiner is respectfully requested. 

Referring now to the rejection of base claims 4, 5 and 8 on the basis of Crossland, these 

claims have been amended to recite that the dispersion device is "constructed and arranged to 

disperse light beams of different frequencies in different directions." Support for this amended 
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language is found at paragraph 0372 of the U.S. application where at page 62, line 8 it is recited 

that each wavelength channel is traveling "in a different direction." 

Crossland at column 11, lines 34 to 41states that "the output SLM 141 is arranged such 

that the zero-order beam reflected from the centre of any hologram on the input SLM 140 is 

instant on the centre of an output hologram of the output SLM." Figure 11 shows a first input 

fiber fA that causes light to be incident on a first area hA of an SLM 140 with a hologram hA 

being provided so as to route the light from the fiber fA to an output hologram hB on a second 

SLM 141. A second input fiber fB causes light to be instant on a second region hC of the SLM 

140 and the hologram hC at that location causes the light from the fiber fB to be incident at the 

same place on the output SLM 141. 

Embodiments of the present invention use dispersion of channels onto an SLM, and has 

holograms formed at the incident locations to select channels for the output or outputs. There is 

no disclosure in Crossland nor suggestion that such channel selection can be done. Rather, 

Figure 11 shows how a half-wave plate causes this zero-order cross-talk component to be 

directed away from the output fiber. 

Therefore, base claims 4, 5 and 8, as amended, are not anticipated by Crossland. 

Reconsideration of the rejection of base claims 4, 5 and 8, as amended, and dependent claims 6- 

9, 11, 13-16, 18 and 19, is respectfully requested. 

Claim 12 was rejected under 35 USC 103(a) as being unpatentable over Weiner alone or 

Crossland alone. Claims 20, 22 and 24 were rejected under 35 USC 103(a) as being 

unpatentable over Weiner. Claims 20-25 were rejected under 35 USC 103(a) as being 

unpatentable over Crossland. The rejections are respectfully traversed. 

Claims 12 and 20-25 are dependent from amended base claim 4. For at least the same 

reasons noted above for the patentability of claim 4 with respect to Weiner and Crossland, 

dependent claims 12 and 20-25 should also be allowable. 

Reconsideration of the rejections under 35 USC 103(a) is respectfully requested. 

Information Disclosure Statement 

An Information Disclosure Statement (IDS) is being filed concurrently herewith. Entry 

of the IDS is respectfully requested. 
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CONCLUSION 

In view of the above amendments and remarks, it is believed that all claims are in 

condition for allowance, and it is respectfully requested that the application be passed to issue. 

the Examiner feels that a telephone conference would expedite prosecution of this case, the 

Examiner is invited to call the undersigned. 

If 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

By         ~        ~ 

Timot 
Registration No. 39,3~2 
Telephone: (978) 341-0036 
Facsimile: (978) 341-0136 

Concord, MA 01742-9133 

Date: C£~[ ~ /~1 
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Amendments to the Claims 

Please amend claims 4, 5 and 8. 

of the claims in the application: 

The Claim Listing below will replace all prior versions 

Claim Listing 

1. (Withdrawn) An optical add/drop multiplexer having a reflective SLM having a two- 

dimensional array of controllable phase-modulating elements, a diffraction device and a 

focussing device wherein light beams from a common point on the diffraction device are 

mutually parallel when incident upon the SLM, and wherein the SLM displays respective 

holograms at locations of incidence of light to provide emergent beams whose direction deviates 

from the direction of specular reflection. 

2. (Withdrawn) A test or monitoring device comprising an SLM having a two-dimensional 

array ofpixels, and operable to cause incident light to emerge in a direction deviating from the 

specular direction, the device having light sensors at predetermined locations arranged to provide 

signals indicative of said emerging light. 

3. (Withdrawn) A test or monitoring device according to claim 2, further comprising 

further sensors arranged to provide signals indicative of light emerging in the specular directions. 

4. (Currently amended) An optical routing module having at least one input and at least one 

output and operable to select between the outputs, the or each input receiving a respective light 

beam having an ensemble of different channels, the module comprising: 

a twe a_n_n dimensional SLM having an a two dimensional array ofpixels, 

a dispersion device disposed to receive light from said at least one input and constructed 

and arranged to disperse light beams,,1~" ~,,.,~o"~’~ 1;~÷..~,.~ of different frequencies in different directions 

whereby different channels of said ensemble are te be incident upon respective different groups 

of the pixels of the twe dimensiena! SLM, and 
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circuitry constructed and arranged to display holograms on the SLM to determine the 

channels at .... ~, r, ...... ~-n~-~- .... * ~ ......... ÷" p ti tp ........................... ,~ ..... ~. ~,~ res ec ve ou uts. 

5. (Currently amended) A routing device having an input and plural outputs, the input 

constructed and arranged to receive an input light beam having plural frequencies, the device 

comprising: 

a two dimensional SLM having an array ofpixels, and 

a dispersion device disposed to receive light from said at least one input and constructed 

and arranged to disperse beams of said light of different frequencies in different directions to be 

incident upon a respective different group of the pixels of the two-dimensional SLM, 

wherein the routing device is operable to select the frequencies of the input light beam to 

appear in the outputs, wherein each output may contain any desired set of the plural frequencies. 

6. (Original) A routing device according to claim 5, wherein the members of the desired set 

may be varied in use. 

7. (Previously presented) A routing device according to claim 5, wherein at least two of the 

outputs contain at least one common frequency. 

8. (Currently amended) A routing device having plural input signals and an output, the 

output constructed and arranged to deliver a signal having plural frequencies, the device 

comprising: 

a two dimensional SLM having an array of pixels, and 

a dispersion device disposed to receive light from the input signals and constructed and 

arranged to disperse beams of said light of different frequencies in different directions to be 

incident upon a respective different group of the pixels of the two-dimensional SLM, 

wherein the routing device is operable to combine the frequencies from the input signals 

to appear in the output, wherein each input signal may contain any desired set of the plural 

frequencies of the output. 
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The optical routing module of claim 4, wherein the dispersion 

device comprises at least one reflective device and at least one transmissive device. 

10.    (Previously presented) The optical routing module of claim 4, wherein the dispersion 

device comprises at least one of: a blazed grating, a holographic grating, an etched grating, an 

arrayed waveguide grating and a prism. 

11.    (Previously presented) The optical routing module of claim 4, wherein the two 

dimensional SLM having an array of pixels is a reflective SLM incorporating a wave-plate 

whereby the reflective SLM is substantially polarisation independent. 

12.    (Previously presented) The optical routing module of claim 4, wherein the two 

dimensional SLM having an array of pixels is a reflective Liquid Crystal on Silicon Spatial Light 

Modulator (LCOS SLM). 

13.    (Previously presented) The optical routing module of claim 4, further comprising a 

wave-plate arranged such that light passes through the wave-plate first after passing through the 

dispersion device a first time, and second before passing through the dispersion device a second 

time. 

14. (Previously presented) The optical routing module of claim 13, wherein the dispersion 

device comprises a first and a second dispersion element. 

15.    (Previously presented) The optical routing module of claim 4, further comprising a 

wave-plate arranged such that light passes through the wave-plate a first time after passing 

through a first dispersion element, and a second time before passing through a second dispersion 

element. 

16. (Previously presented) The optical routing module of claim 15, wherein the first and 

second dispersion elements are provided by a single dispersive device. 
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17. (Previously presented) The optical routing module of claim 15, wherein the first and 

second dispersion elements are provided by separate dispersive devices. 

18. (Previously presented) The optical routing module of claim 4, wherein the beams of 

different frequencies are spatially separated when incident upon the array of pixels according to 

their respective wavelengths. 

19. (Previously presented) The optical routing module of claim 4, wherein a plurality of 

input beams are provided from a respective plurality of inputs and the beams are spatially 

separated when incident upon the array of pixels according to at least one of: 

their respective input directions; and 

their respective wavelengths. 

20. (Previously presented) The optical routing module of claim 4, wherein at least one group 

of pixels defines a square. 

21. (Previously presented) The optical routing module of claim 4, wherein at least one group 

of pixels defines an arbitrary shape. 

22. (Previously presented) The optical routing module of claim 4, wherein at least one group 

of pixels defines a rectangle. 

23. (Previously presented) The optical routing module of claim 4, wherein at least one group 

of pixels has a size between 10 and 50 phase modulating elements in at least one dimension. 

24. (Previously presented) The optical routing module of claim 4, wherein at least one group 

ofpixels has a size in one dimension that is at least 2 times a 1/e spot half-width of an amplitude 

distribution of an incident beam measured in the same dimension. 
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25. (Previously presented) The optical routing module of claim 4, wherein a property of at 

least one group of pixels is varied, the property including at least one of: size, shape and position. 

26.    (Previously presented) The optical routing module of claim 4, wherein each group of 

pixels comprises a plurality of subgroups, wherein at least one subgroup is controlled so as to 

have a phase effect different to at least one other subgroup. 

27.    (Previously presented) The optical routing module of claim 4, further comprising a 

control device operable to delineate groups of individual phase-modulating elements; to select, 

from stored control data, control data for each group of phase-modulating elements; to generate 

from the respective selected control data a respective hologram at each group of phase- 

modulating elements; and to vary at least one of the delineation of the groups and the selection of 

control data whereby upon illumination of said groups by respective light beams, respective 

emergent light beams from the groups are controllable independently of each other. 

28.    (Previously presented) The optical routing module of claim 4, having groups of pixels of 

the two-dimensional SLM assigned to respective wavelength channels, and further comprising a 

control circuit operable to delineate guard bands between said groups. 

29.    (Previously presented) The optical routing module of claim 28, wherein at least one 

guard band is configured to route light in a direction different to respective directions routed by 

said groups. 

30.    (Previously presented) The optical routing module of claim 28, wherein at least one 

guard band is effective to narrow a bandwidth of a wavelength channel carried by a group of 

pixels. 
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TJM~k(kxk) 

8/6/09 

PATENT APPLICATION 

Attorney’s Docket No.: 3274.1003-002 

IN THE UNITED STATES PATENT AND TtLa.DEMARK OFFICE 

Applicant: 

Application No.: 

Filed: 

Melanie Holmes 

11/514,725 

September 1, 2006 

Confirmation No.: 4755 

For: OPTICAL PROCESSING 

Group: 2872 

Examiner: Amari, Alessandro V, 

AMENDMENT 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Amendment is being filed in response to the Final Office Action mailed from the 

U.S. Patent and Trademark Office on May 6, 2009 in the above-identified application. In lieu of 

a Notice of Appeal, a Request for Continued Examination (RCE) is being filed concurrently 

herewith. Reconsideration and further examination are requested. 

Please amend the application as follows: 
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HAMILTON, BROOK, SMITH & REYNOLDS, P.C. ! 

REQUEST 
FOR 

CONTINUED EXAMINATION (RCE) 
TRANSMITTAL 

Subsection (b) of 35 U.S.C. § t32, effective on May 29, 2000, 
provides for continued exa minatlon of a utility or plant applleation 

filed on or after Jnne 8, 1995. 
See The American Inventors Protection Act of 1999 (AIPA) 

Application Number 

:i Filing Date 

l con~rmation Number 

First Named Inventor 

Group Art Unit 

Examiner Name 

Attorney Docket Number 

11/514,725 

September 1, 2006 

4755 

Melanie Hoimes 

2872 

Amari, Alessandro V. 

3274.1003-002 

This is a Request for Continued Examination (RCE) under 37 CFR § 1.1 I4 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or pl~t application filed prior ~.o June 8, I995, or to m~y design 
application~ See instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2~ 

t. [Submission required under 37 CFR§ 1.114l 
Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE wil! be entered in the order in 

which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s) 

entered, applicant must request non-entry of such amendment(s). 

a. [] Previously submitted 

i. [] Consider the amendment(s)irepIy under 37 CFR § 1.116 previously filed on [ ]. 
(Any unentered mnendment(s) referred to above will be entered). 

[] Consider the arguments in the Appeal Brief or RepLy Brief previously filed on [ ]. 

[] Other-- [ 

Please do not enter the amendment(s)ireply under 37 CFR § 1,116 previously filed on [ 

ii 

iii. 

b. [] 
c. [] Enclosed 

i. [] 

iii. [] 
iv. [] 

Amendment/Reply 

Affidavit(s)iDeclaration(s) 

Supplemental Information DiscIosure Statement (IDS) 

Petition for Extension of Time - [ ] month(s) - [separate sheet[ lincluded in amend, fee trans,] 

Other-- [ ] 

nsion of action on the above-identified application is requested under 37 CFR § l, 103(c) for a period of [ 
months, (Period of suspension shall not exceed 3 mo~ths; Fee under 37 CFR § !. 170) required) 

[] 
b. i. 

ii, 

iii. 

iv. 

c. [] 

Other- - [ 

RCE fee under 37 CFR § l.l 7(e) is required by 37 CFR § 1.114 when the RCE is filed, 

A check is enclosed for the fees indicated in b. in the ~ota! amount of $[ 

OR 
Authorization. is granted to charge the fees indicated in b. in the total amount of $810 to Deposit Account No. 08-0380. 

[] RCE fee required under 37 CFR § 1.17(e) 

[] Extension of time fee (37 CFR §§ t,136 and 1.17) 

[] Amendment Fee 

[] Other--[ ] 
Authorization is hereby granted to charge any deficiency in fees or credit any overpayments to Deposit Account No. 
08-0380. 

SIG~NA TURE Off[ A~PLICANT, A TTORNEY OR AGENT REQUIRED 

Signature °"’~.~/ )~%.~.~.~ ,/~_~    Registration No. (AttorpeYlAgent) I 39,302 

Name (PringType) . Tim~@ J. Meagh~/" ( Date 
/ 

CERTIFICA TE OF MAILING OR T~NSMISSION 

hereby ce~il~ that lhis correspondence is being deposited with ~e U~S Postal Se~Jce wilh sufficient postage ~ first class mail in ~ envelope addressed: Mail Stop 

RCE, Commissioner t~r Patents, P.O. Box 1450, Aiex~dria, VA 22313-1450 or facsimile trm~smined to the US Patent & Trademark Office on the date shown below: 

Signature 

Name (PrinVl’ype) Date 

~ Rev09/14108 912340_t 
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TJMij~k(amg) 
August 6, 2009 

PATENT APPt,ICATION 
DOCKET NO. 3274.1003-002 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: 

Application No.: 

Filed: 

Melanie Holmes 

11/514,725 

September 1,2006 

Confirmation No.: 4755 

For: OPTICAL PROCESSING 

Group: 2872 

Examiner: Amari, Alessandro V. 

Mail Stop RCE 
Commissioner for Patents 
P,O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Transmitted herewith is Amendment for filing in the above-identified application. 

Small entity status of this application under 37 CFR 1.9 and 1.27 has been established by 
a Small Entity Statement previously submitted. 

A Small Entity Statement to establish small entity status under 37 CFR 1.9 and 1.27 is 
enclosed. 
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The claims fee has been calcnlated as shown below: 

CLAIMS 
REMAINING             HIGHEST NO. 

PRESENT [ AFTER PREVIOUSLY ~ EXTRA 
I AMENDMENT PAID FOR 

TOTAL        30 MINUS * 30            0 

1NDEP 5 MINUS ** 5 0 

[] FIRST PRESENTATION OF MULTIPLE DEP, CLAIM 

not fewer than 20 
** not fewer than 3 

SMALL ENTITY 

rO\TE 

X $ 2~ 

x $110 

+ $195 

ADDIT. 
FEE 

OTHER THAN 
SMALL ENTITY 

ADDIT, 
RATE FEE 

X $52 $ 0 

X $220 $ 0 

+ $390 $ 

TOTAL =     $ 0 TOTAL =     $ 0 

The Application Size Fee has been calculated as shown below: 
(Effective for cases filed on or after December 8, 2004) 

Actual Sheets 

(Including 
current 

amendment) 

139 

Highest No. of 
Sheets Paid 

For 

(At least I00) 

150 

No. of Additional 
Units Required 
(Increments of 

50 sheets) 

SMALL ENTITY 

Total 
Rate Amount 

Owed 

X $135 $[ ] 

OTHER THAN 
SMALL ENTITY 

Total 
Rate Amount 

Owed 

X $270 $[ ] 

Payment 
Sufficient for 

up to 

150 Sheets 

Petition for Extension of Time 

Applicant hereby petitions to extend the time to respond to the [ ] dated [ ] for [ ] 
month(s) from [ ] to [ ]. The appropriate fee is set forth below, 

[For action-spec~c language in an extension of time, select the appropriate option from the 

Firm Templates’] 
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Please charge Deposit Account No. 08-0380 for the following fees: 

Petition for [ ] month Extension of Time 

Claims Fee 

Application Size Fee 

Other Fees: 

Request for Continued Examination 

TOTAL: 

$ 

$ 

$ 

$ 810 

$ 810 

A check is enclosed in payment of the following fees: 

Petition for [ ] month Extension of Time 

Claims Fee 

Application Size Fee 

Other Fees: 

TOTAL: 

$ 

$ 

$ 

$ 

$ 

$ 

Please charge any deficiency or credit any overpayment in the fees that may be due in 
this matter to Deposit Account No. 08-0380. 

Respectfully submitted, 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 

Tim°(’h/Y J" M~!~.~; 
Registration No.: ~),302 
Telephone (978) 341-0036 

Facsimile (978) 341-0136 

Concord, Massachusetts 01742-9133 
Dated: 
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TJM/jtk(amg) PATENT APPLICATION 
August 6, 2009 DOCKET NO.: 3274.1003-002 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: 

Application No.: 

Filed: 

Confirmation No.: 

Melanie Holmes 

11/514,725 

September 1, 2006 

4755 

Group: 2872 

Examiner: Amari, Alessandro V. 

For: OPTICAL PROCESSING 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Supplemental Information Disclosure Statement is submitted: 

under 37 CFR 1.97(b), or 
(Within any one of the following time periods: three months of filing national application (other than a CPA) or date of entry of the 
national stage in an international application; or before the mailing date of a first office action on the merits; or before the mailing of a first 
office action after the filing of a Request for Continued Examination). 

under 37 CFR 1.97(c) together with either: 
[--1    a Statement under 37 CFR i .97(e), as checked below, or 
[--]    a $180.00 fee under 37 CFR 1.17(p), or 

(After the 37 CFR 1.97(b) time period, but before any of a final action, notice of allowance, or an action that closes 
prosecution, whichever occurs first) 

under 37 CFR 1.97(d) together with: 
[--]    a Statement under 37 CFR 1.97(e), as checked below, and 
1--]    a $180.00 fee under 37 CFR 1.17(p), or 

(Filed after final action, notice of allowance, whichever occurs first, or if prosecution otherwise closes, but on or before 
payment of the issue fee) 

under 37 CFR 1.97(i): 
Applicant requests that the IDS and cited reference(s) be placed in the application file. 
(Filed after payment of issue fee) 
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Statement Under 37 CFR 1.97(e) 

Each item of information contained in this Information Disclosure Statement was first cited 
in any communication from a foreign patent office in a counterpart foreign application not 
more than three months prior to the filing of this Information Disclosure Statement; or 

No item of information contained in this Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart foreign application, and, to the 
knowledge of the undersigned, after making reasonable inquiry, no item of information 
contained in the information disclosure statement was known to any individual designated in 
37 CFR 1.56(c) more than three months prior to the filing of this Information Disclosure 
Statement. 

Statement Under 37 CFR 1.704(d) (Patent Term Adjustment) 
Applies to original applications (other than design) filed on or after May 29, 2000 

Each item of information contained in the Information Disclosure Statement was cited in a 
communication from a foreign patent office in a counterpart application and this 
communication was not received by any individual designated in § 1.56(c) more than thirty 
days prior to the filing of the Information Disclosure Statement. 

Enclosed herewith is a Listing of References: 

[--] Copies of the cited references are enclosed except as indicated below. 

[~ Copies of issued U.S. patents and published U.S. applications are not required and are 
not being provided. 

[--]    Copies of the cited references submitted with an Information Disclosure Statement in 
prior application, U.S. Application No. [ ], to which priority under 35 U.S.C. 120 is 
claimed, are not required under 37 CFR 1.98(d)(1) and (2) and are thus not provided. 

[-] Pending non-published applications are not being provided, since the applications are 
available to the examiner. 

The listed references were cited in the enclosed Search Report in counterpart foreign 
application [add application number], which is listed in the attached Listing of References. 

The "concise explanation" requirement (non-English references) for reference(s) [ 
37 CFR 1.98(a)(3) is satisfied by: 

the explanation provided on the attached sheet. 

the explanation provided in the Specification. 

submission of the enclosed International Search Report. 

submission of the enclosed English-language version of a foreign Search Report 
and/or foreign Office Action. 

the enclosed English language abstract. 

] under 
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Method of payment: 

[--] A check for the fee noted above is enclosed, or the fee has been included in the check with 
the accompanying Reply. 

[--]    Please charge Deposit Account 08-0380 in the amount of $[ ]. 

Please charge any deficiency in fees and credit any overpayment to Deposit Account 08- 
0380. 

Respectfully submitted, 

HAMILTON, BROOK, S.MITH & REYNOLDS, P.C. 

Timo(l@ J. MeaSlier J     y 
Registration No. 39//,302     -- 
Telephone: (978) 341-0036 
Facsimile: (978) 341-0136 

Concord, MA 0!742-9133 
Dated: 
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The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 
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File Listing: 

Document File Size(Bytes)! Multi Pages 

Number 
Document Description File Name 

Message Digest Part/.zip (ifapplo) 

137831 

Transmittal Letter 32741003002SIDS.pdf 

21c845f9e57c597e5~2a89643e3alaf08926 

93e 

Warnings: 

Information: 

Information Disclosure Statement (IDS) 

Filed (SB/08) 

Warnings: 

Information: 

This is not an USPTO supplied IDS tillable form 

69363 

32741003002LISTINGREFS.pdf I -- 
bcObfc252d363eOTf~gO725600d6353fa3d8b25 

Request for Continued Examination 

(RCE) 
32741003002RCE.pdf 

71347 

36efcabdff84f7d 006c5 Iffa0856490b796fo" 

c3 

Warnings: 

This is not a USPTO supplied RCE SB30 form. 

Information: 

438624 

32741003002AMD.pdf 

7711 d 156197b9273f55e48ed04f3e2e1 dl 5 

d12e9 

Multipart Description/PDF files in °zip description 

no 

no 

no 

yes 

Document Description Start End 

Amendment Submitted/Entered with Filing of CPA/RCE 1 1 

Claims 2 6 

Applicant Arguments/Remarks Made in an Amendment 7 9 

Warnings: 

Information: 

Warnings: 

Information: 

Warnings: 

Information: 

Transmittal Letter 37241003002Trans.pdf 

70465 

ba58b9474212c~8c054f269d 7b5a4cTe930~: 

a2bd 

Fee Worksheet (PTO-875) fee-info.pdf 

29957 

d5e9c7699782cadd72bc8076711 b2f64bc7 

dOcfl 

no 

no 
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Total Files Size (in bytes)t 817587 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
Ira timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 

the application. 
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Electronic Patent Application Fee Transmittal 

Application Number: 11514725 

Filing Date: 01-$ep-2006 

Title of Invention: Optical processing 

First Named Inventor/Applicant Name: Melanie Holmes 

Filer: Timothy J. Meagher/Dawn Myers 

Attorney Docket Number: 3274.1003-002 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Sub-Total in 
Description Fee Code Quantity Amount 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Sub-Total in 
Description Fee Code Quantity Amount 
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Miscellaneous: 

Request for continued examination 1801 1 810 810 

Total in USD ($)         81o 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displa~/s a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD I App’icati°n °r D°cket Number I Fi’ing DateI 
Substitute for Form PTO-875 11/514,725 09/01/2006 [] To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY 

NUMBER EXTRA FEE ($) FEE ($) FOR 

[] BASIC FEE 
/37 CFR 1.16/a/,/b/, or 

[] SEARCH FEE 

/37 CFR 1.16/k/,/i/, or 

[] EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) 

TOTAL CLAIMS 

/37 CFR 1.16/i// 

INDEPENDENT CLAIMS 

/37 CFR 1.16/h// 

N/A 

N/A 

N/A 

NUMBER FILED 

N/A 

N/A 

N/A 

minus 20 = 

minus 3 = 

If the specification and drawings exceed 100 

sheets of paper, the application size fee due 
I.jAPPLICATION SIZE FEE is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 

35 U.S.C. 41/a)/1)/G) and 37 CFR 1.16/s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter"0" in column 2. 

APPLICATION AS AMENDED - PART II 

(Column 1) (Column 2) (Column 3) 

CLAIMS                  HIGHEST 
REMAINING NUMBER PRESENT 

I-- 08/06/2009 AFTER PREVIOUSLY EXTRA 
Z AMENDMENT PAID FOR 

~ 
Total (370FR 

* 30 ** 30 = 0 
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Independent 
* 5 ***5 = 0 

U Application Size Fee (37 CFR 1.16(s)) 
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D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

RATE ($) 

N/A 

N/A 

N/A 
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x$    = 

RATE ($) 

N/A 

N/A 

N/A 
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REMAINING NUMBER 
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AMENDMENT PAID FOR 

OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

ADDITIONAL ADDITIONAL 
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FEE ($) FEE ($) 
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FEE 
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FEE 
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~ Independent . *** 

Z [] Application Size Fee (37 CFR 1.16(s)) 

<:~ [] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 
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EXTRA 
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*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

OR 

TOTAL 
ADD’L 
FEE 
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FEE 

Legal Instrument Examiner: 
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This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
ff you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexanch-ia, Virgit~ia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

21005 7590 10/20/2009 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 

I EXAMINER ] 

AMARI, ALESSANDRO V 

I 
ART UNIT 

I 
PAPER NUMBER 

I 

2872 

DATE MAILED: 10/20/2009 

11/514,725 09/01/2006 Melanie Holmes 3274.1003-002 4755 

TITLE OF INVENTION: OPTICAL PROCESSING 

nonprovi sional NO $1510 $ 300 $ 0 $1810 01/20/2010 

I 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Paxt B - 
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Paxt B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and retumed to the United States Patent and Trademaxk Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you axe charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Paxt B is filed, a 

request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regaxding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contraxy. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: a certificate of maili~ can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

21005 7590 10/20/2009 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

11/514,725 09/01/2006 Melanie Holmes 3274.1003-002 4755 

TITLE OF INVENTION: OPTICAL PROCESSING 

nonprovi sional NO $1510 $ 300 $ 0 $1810 01/20/2010 
I 

I 
AMARI, ALESSANDRO V 2872 398-049000 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

[~ Change of correspondence address (or Change of Correspondence 
Address form PTO/SB/122) attached. 

[~ "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

2. For printing on the patent front page, list 

(1) the names of up to 3 registered patent attorneys 1 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 2 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 3 
listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) [~ Individual [~ Corporation or other private group entity [~ Government 

4a. The following fee(s) are submitted: 

[~ Issue Fee 

[~ Publication Fee (No small entity discount permitted) 

[~ Advance Order - # of Copies 

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above) 

[~ A check is enclosed. 

[~ Payment by credit card. Form PTO-2038 is attached. 

[~ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number (enclose an extra copy of this form). 

5. Change in Entity Status (from status indicated above) 

[~ a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. [~ b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature Date 

Typed or printed name Registration No. 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313 - 1450. 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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APPLICATION NO. 

11/514,725 

UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexanch-ia, Virgit~a 22313-1450 
www.uspto.gov 

l 
09/01/2006                            Melanie Holmes 3274.1003-002 4755 

21005 7590 10/20/2009 [ EXAMINER 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. AMain, ALESSANDRO V 

530 VIRGINIA ROAD [ ART UNIT [ PAPER NUMBER 

P.O. BOX 9133 2872 
CONCORD, MA 01742-9133 

DATE MAILED: 10/20/2009 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 3 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 3 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571)-272-4200. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 
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Notice of Allowability 

Application No. 

11/514,725 
Examiner 

ALESSANDRO AMARI 

Applicant(s) 

HOLMES, MELANIE 
Art Unit 

2872 

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address-- 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. [] This communication is responsive to RCEofS/6/2009. 

2. [] The allowed claim(s) is/are 4-30. 

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) [] All    b) [] Some* c) [] None of the: 

1. [] Certified copies of the priority documents have been received. 

2. [] Certified copies of the priority documents have been received in Application No. __ 

3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

5. [] CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) [] including changes required by the Notice of Draftsperson’s Patent Drawing Review (PTO-948) attached 

1) [] hereto or2) [] to Paper No./Mail Date __ 

(b) [] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of 

Paper No./Mail Date __ 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. [] Notice of References Cited (PTO-892) 

2. [] Notice of Draftperson’s Patent Drawing Review (PTO-948) 

3. [] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 8/6/2009 

4. [] Examiner’s Comment Regarding Requirement for Deposit 
of Biological Material 

5. [] Notice of Informal Patent Application 

6. [] Interview Summary (PTO-413), 
Paper No./Mail Date __ 

7. [] Examiner’s Amendment/Comment 

8. [] Examiner’s Statement of Reasons for Allowance 

9. [] Other__ 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20091015 
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Application/Control Number: 11/514,725 

Art Unit: 2872 

DETAILED ACTION 

Page 2 

Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant’s submission filed on 06 

August 20098 has been entered. 

EXAMINER’S AMENDMENT 

2.    An examiner’s amendment to the record appears below¯ Should the changes 

and/or additions be unacceptable to applicant, an amendment may be filed as provided 

by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 

submitted no later than the payment of the issue fee. 

Authorization for this examiner’s amendment was given in a telephone interview 

with Mr. Timothy Meagher on 19 October 2009. 

The application has been amended as follows: 

Cancel claims 1-3. 

Regarding claim 4, line 4, delete the phrase "an dimensional SLM" and replace 

with --a Spatial Light Modulator (SLM)--. 

Regarding claim 5, line 3, delete "SLM" and replace with --Spatial Light 

Modulator (SLM)--. 
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Application/Control Number: 11/514,725 

Art Unit: 2872 

Regarding claim 8, line 4, delete "SLM" and replace with --Spatial Light 

Modulator (SLM)--. 

Page 3 

Allowable Subject Matter 

3.    Claims 4-30 are allowed. 

4. The following is an examiner’s statement of reasons for allowance: 

Claim 4 is allowable for at least the reason, "a dimensional SLM having an a two 

dimensional array of pixels, a dispersion device disposed to receive light from said at 

least one input and constructed and arranged to disperse light beams of different 

frequencies in different directions whereby different channels of said ensemble are to- 

be incident upon respective different groups of the pixels of the SLM, and circuitry 

constructed and arranged to display holograms on the SLM to determine the channels 

at respective outputs" as set forth in the claimed combination. Claims 9-30 are 

allowable due to their dependence on claim 4. 

Claim 5 is allowable for at least the reason, "a two dimensional SLM having an 

array of pixels, and a dispersion device disposed to receive light from said at least one 

input and constructed and arranged to disperse beams of said light of different 

frequencies in different directions to be incident upon a respective different group of the 

pixels of the two-dimensional SLM, wherein the routing device is operable to select the 

frequencies of the input light beam to appear in the outputs, wherein each output may 

contain any desired set of the plural frequencies" as set forth in the claimed 

combination. Claims 6 and 7 are allowable due to their dependence on claim 5. 
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Application/Control Number: 11/514,725 Page 4 

Art Unit: 2872 

Claim 8 is allowable for at least the reason, "a two dimensional SLM having an 

array of pixels, and a dispersion device disposed to receive light from the input signals 

and constructed and arranged to disperse beams of said light of different frequencies in 

different directions to be incident upon a respective different group of the pixels of the 

two-dimensional SLM, wherein the routing device is operable to combine the 

frequencies from the input signals to appear in the output, wherein each input signal 

may contain any desired set of the plural frequencies of the output" as set forth in the 

claimed combination. 

The Applicant’s remarks (of 6 August 2009) on pages 7 and 8 were persuasive. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ALESSANDRO AMARI whose telephone number is 

(571)272-2306. The examiner can normally be reached on Monday-Friday 8:00 AM to 

5:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s 

supervisor, Stephone B. Allen can be reached on (571) 272-2434. The fax phone 

number for the organization where this application or proceeding is assigned is 571- 

273-8300. 
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Application/Control Number: 11/514,725 Page 5 

Art Unit: 2872 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

ava 
19 October 2009 

/Alessandro Amari/ 
Primary Examiner, Art Unit 2872 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE ,, EE 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
,app,ropriate. All farther correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
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21005 7590 10/20/2009 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 

Certificate of Mailing or Transmission 
I hereb..y certify that this Fee(s) Transmittal is being deposited with the United 
States t’ostal Service with sufficient postage tbr first class mail in an enveloi?e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below, P.O. BOX 9133 

CONCORD, MA 01742-9133 

NO. FILING DATE APPLICATION 

11/5 ! 4,725 09/0112006 

TITLE OF INVENTION: OPTICAL PROCESSING 
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Melanie Holmes 
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3274. 1003-002 
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Change of correspondence address or indication of ’Tee Address" (37 
(FR 1.363). 

~1 Change of correspondence address (or Change of Correspondence 
Address tbrm PTO/SB/122) attached. 

[~ "Fee Address" indication (or "Fee Address" indication lbrm 
PTO/SB/47; Roy 03-02 or more recent) attached. Use of a Customer 
Number is required. 

2. [:or printing on the patent front page, list 

(1) the names of up to 3 rc~zistered patent attorneys 
or agents OR, alternaiively, ~ 

(2) the name of a single firm (havin~ as a member a 
}egistered attorney or a~g.,ent) and the~names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed, 

Hamilton, Brook, Smith 

2 

3 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below no assignee data will appear on the patent If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CER 3.1 t. Completion of this lbrm is NOT a substitute for fitiug an assignment. 

(A) NAME OF ASSIGNEE ):g: (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Thomas Swan & Coi Ltd. Durham~ United Kingdom 

Please check the appropriate assignee category or categories (will not be printed on the patent) : [~1 Individual [~ Corporation or other private group entity ~1 Government 

4a. The following fee(s) are submitted: 
I~ Issue Fee 

[~1 Publication Fee (No small entity discount permitted) 

[] Advaucc Order - 

4b, Payment of Fee(s): (Please first reapply any previously paid issue fee showu above) 

~-J A check is encIosed. 

[] Payment by credit card. Form PTO-2038 is attached. 

{~l The Director is hereby authorized to charge the re,auired fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number 08-0380 (enclose an extra copy of this form). 

5. Change in Entity Status (from status indicated above) 

[] a. Applicant claims SMALL ENTITY status. See 37 CFR 1,27. ~ b, Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1,27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office, 

Authorized Signature .... Date [ ~ ~ 

’iyped or printed name ~;-a-~ aghe r ............. 27 ..... ---~ Registration N2-- 39,3;2 

T f~" c I ec io~ of inlbrmation is required by 37 CF~1.31 I. The information is required to obtain or retai ~ a benefit by {he public which s 1o fi e (and by the USPTO to process) 
an application. Con~dentiali{y is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes ~o ¢omp ere, ine ud ng gather ng, preparing and 
submitting the completed application form to the USPTO. Time will yaw de~endin~ upon the individual case Any comments o ~ the amount of time you require to complete 
this ~brm a ~d/or suggestions ~br reduc ng this burde ~ s mu d be sent to the Ch ef I fformat on Off cer U S Patent and Trademark Off ce, U S De artment of Commerce P O 
Box 1450, Alexan~m V~rgmm 22313-1450. DO NOT SEND FEES OR COMPLETED },ORMS ]O FHIS ADDRESS. SEND TO: Commissioner lbr Patents P.O. Box 1450, 
Aexand a, Vi ginia22313-1450. 
Under tl~e Pape~ork Reduction Act of 1995, no persons are required to respond to a collection of inlbrmafion unless it displays a valid OMB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 0813112010. OMB 065 ] -0033    U.S. Patent and Trademark Office; U,S. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 11514725 

Filing Date: 01-$ep-2006 

Title of Invention: OPTICAL PROCESSING 

First Named Inventor/Applicant Name: Melanie Holmes 

Filer: Timothy J. Meagher/Christine Budd 

Attorney Docket Number: 3274.1003-002 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Sub-Total in 
Description Fee Code Quantity Amount 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1510 1510 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 

USD($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 181o 
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Electronic Acknowledgement Receipt 

EFS ID: 6688568 

Application Number: 11514725 

International Application Number: 

Confirmation Number: 4755 

Title of Invention: OPTICAL PROCESSING 

First Named Inventor/Applicant Name: Melanie Holmes 

Customer Number: 21005 

Filer: Timothy J. Meagher/ChrJstJne Budd 

Filer Authorized By: Timothy J. Meagher 

Attorney Docket Number: 3274.1003-002 

Receipt Date: 22-DEC-2009 

Filing Date: 01-SEP-2006 

Time Stamp: 16:11:52 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $1810 

RAM confirmation Number 3347 

Deposit Account 080380 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 
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File Listing: 

Document File Size(Bytes)! Multi Pages 

Number 
Document Description File Name 

Message Digest Part/.zip (ifapplo) 

152014 

Warnings: 

Information: 

Issue Fee Payment (PTO-85B) 327410030021FTransmittal.pdf 

51fdcac814df384a6bOdb3c393f34285008c 

edSO 

no 

Fee Worksheet (PT0-875) fee-info.pdf 

31656 

2bTbOgaSc553405cbea3fa3ef63e82ff13e5 

d7b3 

Warnings: 

Information: 

Total Files Size (in bytes): 183670 

no 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
Ira timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 

the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexanchia, Virginia 22313-1450 
www.uspto.gov 

I 
11/514,725 02/16/2010 7664395 

l A TTORNEY DOCKET NO. 
1 

CONFIRMATION NO. 

3274.1003-002 4755 

21005 7590 01/27/2010 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD, MA 01742-9133 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 3 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Melanie Holmes, Ipswich, UNITED KINGDOM; 

IR103 (Rev. 10/09) 
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Electronic Acknowledgement Receipt 

EFS ID: 7120836 

Application Number: 11514725 

International Application Number: 

Confirmation Number: 4755 

Title of Invention: OPTICAL PROCESSING 

First Named Inventor/Applicant Name: Melanie Holmes 

Customer Number: 21 oo5 

Filer: Timothy J. Meagher/Dawn Myers 

Filer Authorized By: Timothy J. Meagher 

Attorney Docket Number: 3274.1003-002 

Receipt Date: 02-MAR-2010 

Filing Date: 01-SEP-2006 

Time Stamp: 16:43:32 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment no 

File Listing: 

Document File Size(Bytes)/ Multi Pages 

Number 
Document Description File Name 

Message Digest Part/.zip (ifappl.) 

56000 

Warnings: 
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Request for PTA recalculation in view of 
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32741003002PTA.pdf 

0c41c1713e71990acabedSbSe6044101819 

fe321 

no 
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Total Files Size (in bytes)t 56000 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
Ifa new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
Ira timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 

the application. 
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Doc Code: PET.PTA.RCAL 

Document Description: Request for Recalculation in view of Wyeth                        PTOiSBlt3~ (01-1Q} 
Approved for use through 02/28120tl. OMS 065t-0020 

U $, Patent ~nd Trademark Office: U. S, DEPARTMENT OF COMMERCE 
Ur~der the Paperwork Reduction Act of 1£95, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

REQUEST FOR RECALCULATION OF PATENT TERM ADJUSTMENT 

IN VIEW OF WYETH* 

Attorney Docket 
Patent Number: 7,664,395 

Number : 3274.1003-002 

Fi~ing Date Issue Date: February 16,2010 
(or 371(b) or (f) Date): September 1, 2006 

First Named 
Inventor: Melanie Holmes 

Title: Optical Processing 

PATENTEE HEREBY REQUESTS RECALCULATION OF THE PATENT TERM ADJUSTMENT (PTA) 
UNDER 35 USC 154(b) INDICATED ON THE ABOVE-IDENTIFIED PATENT. THE PATENTEE’S 
SOLE BASIS FOR REQUESTING THE RECALCULATION IS THE USPTO’S PRE-WYETH 

~. t" (    ; INTERPRETATION r~c,~. ~,~J~,.,~.,~.~ ~ 1~4~b)~2)~A). 

Note: This form is only for requesting a recalculation of PTA for patents issued before 
March 2, 2010, if the sole basis for requesting the recalculation is the USPTO’s pre-Wyeth 
interpretation of 35 U.S.C. 154(b)(2)(A). See Instruction Sheet on page 2 for more 
information, 

Patentees are reminded that to preserve the right to review in the United States District Court 
for the District of Columbia of the USPTO’s patent term adjustment determination, a patentee 
must ensure that he or she also takes the steps required under 35 U,S.C. 154(b)(3) and (b)(4) 
and 37 CFR 1.705 in a timely manner. 

~Wyeth v. Kappos, No. 2009-1120 (Fed. Cir., Jan. 7, 2010). 

Name(PrintiT){E~d~j__Tim °thy J. Meagher ~.//f’/~ 

Date ~2~ 

Registration Number 3£,302 

Hote: signatures of all the inventors or assignees of record of #he entire interest or their representaUve(s) are required in accordance 
with 37 CFR 2.33 and ~.L,~8, Please see 37 CFR ].4(d) for the form of the signature. If necessary, submi~ multiple forms for more than erie 
signa~e, ~ee below*, 

*Total of 1 forms are submitted. 

The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 
35 U.S.C. 122 and 37 CFR t.11 and 1.14. This coftection is estimated to take 12 hours to complete including gathering, preparing, and submitting the completed 
application form to the USPTO "lime will vary depending upon the individual case. Any comments on the amount of time you require to complete this form andfor 
suggestions for reducing this burden, should be sent to the Chief Information Officer. U,S. Patent and Trademark Office. U.S Department of Commerce P.O. Box 
1450, Alexandria VA 22313-t450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents~ P.O. 
Box 1450, Aiexandr|a, VA 223t3-1450. 

If you need assistance in completing ~he form, call ~800=PT0=9199 and selec~ option 2. 

957252 ~ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexanchia, Virginia 22313-1450 
www.uspto.gov 

HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 
530 VIRGINIA ROAD 
P.O. BOX 9133 
CONCORD,    MA 01742-9133 

Mail Date: 04/21/2010 

Applicant       : Melanie Holmes 
Patent Number : 7664395 
Issue Date      : 02/16/2010 
Appliction No : 11/514,725 
Filed           : 09/01/2006 

DECISION ON REQUEST FOR 
RECALCULATION of PATENT 
TERM ADJUSTMENT IN VIEW 
OF WYETH AND NOTICE OF INTENT TO 
ISSUE CERTIFICATE OF CORRECTION 

The Request for Recalculation is GRANTED to the extent indicated. 

The patent term adjustment has been determined to be 3 days. The USPTO will sua 
sponte issue a certificate of correction reflecting the amount of PTA days 
determined by the recalculation. 

Prior to the issuance of the certificate of correction, the USPTO will afford 
patentee an opportunity to be heard and request reconsideration. Accordingly, 
patentee has one month or thirty (30) days, whichever is longer, to file a 
request for reconsideration of this patent term adjustment calculation. See 35 
U.S.C. 154(b) (3) (B) (ii) and 37 CFR 1.322(a) (4) . No extensions of time will be 
granted under 37 CFR 1.136. 

Patentee should use document code PET.OP if electronically filing a request for 
reconsideration of this patent term adjustment calculation. The patentee must 
also include the information required by 37 CFR 1.705(b) (2) and the fee required 
by 37 CFR 1.18(e) . If patentee does not file a timely request for reconsideration 
of this patent term adjustment calculation including the information required by 
37 CFR 1.705(b) (2) and the fee required by 37 CFR 1.18(e), the USPTO will issue a 
certificate of correction reflecting the PTA determination noted above. 

Patentee should be aware that in order to preserve the right to review in the 
United States District Court for the District of Columbia of the USPTO patent 
term adjustment determination, patentee must ensure that he or she also take the 
steps required under 35 U.S.C. 154(b) (4) (A) in a timely manner. Nothing in the 
request for recalculation should be construed as providing an alternative time 
frame for commencing a civil action under 35 U.S.C. 154(b) (4) (A). 

_.._~:~<.,~ a_,. a t 5 7_.._ -- ,-_.~    7 2- 7 7 

PTOL-549G (04/10) 
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