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OPTICAL DEVICE FOR MONITORING 

MUL Tl-WAVELENGTH SIGNALS 

PCT/GB98/03830 

This invention relates to an optical device for monitoring multi-wavelength 

signals and, more particularly, signals output from a diffraction grating, for 

example in an optical communication system. 

BACKGROUND ART 

The ability to sample the optical signal in different parts of an optical 

communication system Is very important. This is usually required to enable 

some measurement to be performed on the signal, for example of its . power, 

wavelength, signal to noise ratio etc. The sampling process usually requires the 

incorporation of some form of a tap-off coupler structure. The coupling action 

however tends to degrade the quality of the transmitted signal by distorting its 

spectrum, shape, polarisation etc. This in tum adversely affects the 

performance of the overall system. This is made worse by the fact that, to 

maximise system power budget (i.e. minimise power loss), it is desirable to tap­

off only a very small proportion of the signal. The practical realisation of small 

split-ratio tap-off couplers, however, is very difficult as they are typically very 

fabrication, wavelength or polarisation sensitive. 

In a Wavelength Division Multiplexing (WDM) system, the situation is 

significantly more complicated. Individual wavelength channels, being carried in 

the same physical fibre channel, must be detected on an individual basis. This 

requires the sampling of all channels and thus their separation to enable 

individual measurements to be performed on each channel. The sampling, in 

this case, must be ·wavelength insensitive to enable relative measurements 

between the channels. Separation of the sampled signals into the associated 

wavelength channels is difficult and requires "demultiplexer" functionality, which 

tends to be expensive. 
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If the sampling is performed within the demultiplexer stage in the system, 

significant advantage is achieved as the ·requirement for a separate 

demultiplexer is eliminated. However, sampling individual wavelengths from the 

individual output channels of the demultiplexer is not straightforward. The 

incorporation of a sampling coupler per output channel significantly increases 

the physical separation required between individual output ports which usually 

results in increased device size and degradation of its performance. Also, since 

a separate coupler is used to sample each channel, it is very difficult to achieve 

a uniform or predictable sampled channel distribution to enable relative 

measurements. 

The invention provides an improved method and apparatus for monitoring a 

signal which avoids or reduces these problems. 

DISCLOSURE OF INVENTION 

According to a first aspect of the present invention, there is provided an optical 

device for monitoring multi-wavelength signals comprising a diffraction grating 

for dividing a multi-wavelength optical signal into a plurality of signals each of a 

single wavelength or narrow wavelength band, first receiving means positioned 

to receive signals from an mth diffraction order from the diffraction grating and 

second receiving means positioned to receive signals from a higher or lower 

(m + p) th diffraction order from the diffraction grating; and monitoring means 

connected to the second receiving means to determine properties of signals 

from said higher or lower (m + p) th diffraction order and thereby monitor 

properties of signals in the mth diffraction order. 

According to a further aspect of the invention, there is provided an integrated 

optical transceiver comprising: a laser cavity formed between first and second 

feedback elements; a diffraction grating within the laser cavity for determining a 

lasing wavelength of the laser cavity; and light receiving means, .the diffraction 

grating being arranged to receive light of a selected wavelength, differing from 

the lasing wavelength, and to transmit light of the selected wavelength to the 
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light receiving means; the diffraction grating also being arranged to diffract light 

at the said lasing wavelength in a higher or lower diffraction order than the 

diffraction order used within the laser cavity and comprising output monitoring 

means for receiving said light in the higher or lower diffraction order in order to 

monitor the power output of the light emitted from the laser cavity. 

Other features of the invention will be apparent from the following description 

and from the subsidiary.claims of the specification. 

The term diffraction grating used herein is to be interpreted to include a 

reflection or transmission grating (e.g. as shown in Figures 1 to 3), an arrayed 

waveguide grating and other dispersive grating structures, including holographic 

or phase gratings. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will now be further described, merely by way of example, with 

reference to the accompanying drawings, in which: 

Figure 1 shows a schematic diagram of a first form of transceiver incorporating 

an .optical device according to the invention; 

Figure 2 shows a schematic diagram of a second form of transceiver 

incorporating an optical device according to the invention; 

Figure 3 shows a schematic diagram of a WDM demultiplexer incorporating an 

optical device according to the invention: 

Figure 4 illustrates the main and adjacent diffraction orders for a diffraction 

grating such as shown in Figures 1, 2 and 3; and 

Figure 5 shows an enlarged view of the main channel spectrums from Figure 4. 
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Figures 1 and 2 show WDM transceivers incorporating an optical device 

according to the Invention although it will be appreciated that the device may 

also be used in other applications. The subject matter of Figures 1 and 2 is also 

described and claimed in co-pending patent application GB9727013.6. 

Figure 1 shows an optical chip 1, such as a silicon-on-insulator chip, on which 

the transceiver is formed. An integrated waveguide 2, such as a silicon rib 

waveguide, extends from a first feedback element 3, such as a polished, partly 

anti-reflective (AR) coating formed on a facet at one end of the waveguide 2 

towards· a transmission grating 4 formed by a series of narrow, shallow grooves 

4A, etched in the surface of the silicon chip. A further waveguide 5 is formed on 

the chip 1 at a position to receive light at a selected angle from the transmission 

grating 4 and leads, via an optical amplifier 6, such as a semiconductor laser 

amplifier chip, to a second feedback element 7, such as a high reflection (HR) 

coated facet of the laser amplifier 6. In the example shown, the grating 

comprises a linear array of chirped period apertures so it also focuses the light 

transmitted therethrough. 

Light travelling along the waveguide 2 towards the transmission grating 4 

diverges into the silicon layer, as represented by the dashed lines 8 as it leaves 

the waveguide 2. Light leaves the transmission grating 4 in the form of an 

Interference pattern generated by the linear array of chirped period apertures 

forming the grating in the well-known manner and comprises a series of peaks 

at different angular positions relative to the axis of the grating (i.e. an axis 

perpendicular to the grating and co-linear with the waveguide 2), each peak 

comprising light of a particular wavelength or wavelength band. 

The waveguide 5 is positioned so as to receive light of a selected wavelength 

A.1, which is to be the wavelength transmitted by the transceiver. Light of this 

wavelength is amplified. in a laser cavity formed between the AR coating 3 and 

the HR coating 7 in a known manner and as the AR coating is only partially 
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reflective, part of this light is transmitted from the transceiver through the AR 

coating 3 as the output of the transceiver at the wavelength A.1. 

Another waveguide 9 is also provided on the chip at a selected angle so as to 

receive light of a second wavelength A.2 from the transmission grating 4 and 

transmit this light to a detector 10 such as a photodiode. 

The spacing required between the waveguides 5 and 9 so they receive the 

respective wavelengths A.1 and A.2 would typically be in the order of 1 O - 20 

microns depending upon the dimensions and geometry of the arrangement. 

The transmission grating thus acts to direct light of the second wavelength A.2 

received by the transceiver through the partly anti-reflective coating 3 to the 

photodiode 10. 

The wavelength selective structure 4 is thus integrated as part of a laser cavity 

formed between the partly anti-reflection (AR) coated facet 3 and the high 

reflection (HR) coated facet 7 of the semi-conductor laser amplifier chip 6. The 

grating 4 is used to set the relative wavelengths of both the transmitted and 

received data inside the same chip. The grating 4 sets the transmitted 

wavelength of the laser by being part of the laser cavity and acting as a 

wavelength selective filter. At the same time, the grating 4 also acts as a 

bandpass filter ensuring that the detector 10 is illuminated by the correct range 

of wavelengths. 

The wavelength selectivity of the grating 4, therefore, enables the formation of a 

closed cavity for laser oscillation at one wavelength "'1 and the free detection of 

another wavelength A.2 at the detector. The detector 10 is physically part of the 

laser resonator but is separated from it in the wavelength domain. The 

.photodiode 10 terminating the waveguide 9 acts as a highly efficient absorber 

and prevents the formation of oscillations on that wavelength. 
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Figure 1 illustrates a first form of transceiver In which data on wavelength A.2 is 

coupled into the device and is demultiplexed by the grating structure 4 to 

illuminate the detector 10. As indicated above, the example shown in Figure 1 

incorporates a chirped focusing grating 4 to perform both demultiplexing and 

focusing. 

Figure 2 shows a second form of transceiver which uses a combination. of 

collimating and focusing mirrors 11 etched in the silicon chip together with a 

reflection grating 12. The mirrors 11 and reflection grating 12 can be formed by 

deep etches in the surface of the silicon chip. 

The lasing wavelength of the laser is determined by the grating demultiplexer 12 

·by providing wavelength selective feedback at A.1 in the optical amplifier 6. 

The detected wavelength A.2 received by the device is directed by the mirrors 11 

and grating 4 to the detector 10. The grating 4 is thus again included in the 

laser cavity, multiplexing and demultiplexing the radiated lasing wavelength 

from that of the input data during each round trip cycle. This isolates the 

detector 9 ano forms a laser cavity between the high reflection coated facet 7 of 

the laser, through the grating demultiplexer 12 to the partially anti-reflection 

coated facet 3 of the chip. 

If the wavelengths A.1 and 12 are significantly different, the anti-reflection coating 

3 can be designed to have a lower value (i.e. be less reflective} for the detected 

wavelength 12 to improve coupling efficiency and a higher value (i.e. be more 

highly reflective} for the transmitted wavelength 11 to reduce the laser threshold. 

The transceivers described above incorporate an optical device for monitoring 

the light emitted from the laser by sampling the light inside the laser cavity using 

the diffraction grating. The grating can be designed to carry a small but finite 

proportion of the laser power in a lower or higher diffraction order. This can be 

coupled to a further tap-off waveguide 13 and coupled to a further photodiode 
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14. By correct design. the spatial separation of this higher or lower diff~ction 

order should be sufficiently different from that of the emitted and detected 

wavelengths A.1 and A.2 to allow well-spaced waveguides at the focal plane. 

Figures 1 and 2 show a single tap-off waveguide 13, but additional tap-off 

waveguides may be provided to monitor each of the wavelengths of interest. 

As indicated above. the transceiver described herein is preferably formed on a 

silicon-on-insulator {SOI) chip. An SOI chip enables easy integration of the 

various components of the transceiver and relatively low fabrication costs. 

Further details of SOI chips and rib waveguides formed thereon are given in 

W095/08787 

Methods of mounting components such as photodiode detectors on an SOI chip 

are described in GB2307786A and in co-pending application no. GB9702559.7 

(publication no. GB2315595A). 

The fabrication of transmission and reflection grating in the surface of an optical 

chip by electron beam or photolithographic techniques is well known so will not 

be described in detail. The transmission grating 4 would typically be formed of 

shallow grooves a fraction of a micron in depth (e.g. 0.2 microns) and width and 

a few microns in length. The period is chirped and would typically vary from a 

fraction of a micron to a few microns. 

The reflection grating 12 would typically be formed of deep etched features with 

reflecting surfaces 5 - 20 microns wide, spaced about 5 - 20 microns apart and 

the grating may typically have a length of about 500 microns. 

The mirrors 11 would also be formed by deep etches, extending all the way 

through the light guiding layer, and be from a few hundred microns to a few 

millimetres wide. The mirrors are preferably concave as shown in Fig. 2 so as 

to collimate and focus the light and may also have a reflective coating such as a 
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coating of aluminium applied thereto. As indicated above, the grating and 

mirrors can be fabricated with great accuracy using known photolithographic 

etching processes, e.g. to within an accuracy of about 0.2 microns. Such 

accuracy is repeatable so enabling transceivers to be fabricated with accurately 

matched transmission and receiving wavelengths. 

The above arrangement enables the sampfing of individual wavelength 

channels within the demultiplexer used to demultiplex the channels without 

requiring a coupler per channel. The grating achieves the demultiplexing 

(multiplexing) action by spatially separating (dispersing) the individual 

wavelength channels into separate output waveguides. 

In a conventional demultiplexer, the grating is designed to operate in a specific 

diffraction order dictated by device performance requirements, channel 

separation and centre channel wavelength and the grating is blazed to 

maximise the diffraction efficiency for this order. The grating is also usually 

designed to minimise the power content in all other diffraction orders. 

The grating can, however, be designed to carry a small but finite proportion of 

the signal power in lower or higher diffraction orders, and in fact it almost 

always does. As described above, these can be used for monitoring purposes . 

without affecting the properties of the main channels significantly. Dispersion 

properties, relative power, cross-talk, temperature dependence, channel 

response shape etc, of these orders are directly related to that of the main 

diffraction order. so measurements from the diffraction orders used for 

monitoring purposes can thus be easily linked to the main channel properties. 

The smaller proportion of power for each channel in such orders can also be 

focused into individual waveguides in a similar fashion to the main diffraction 

order. By correct design the spatial separation of this higher or lower diffraction 

order should be sufficiently different from that of the main channels to allow 

welt-spaced waveguides at the focal plane. 
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The diffraction order used for monitoring does not need to be the adjacent 

order. Any higher or lower order can be used for this purpose. This order can 

be chosen and designed to have the required level of power content and 

channel uniformity. Some compromise, however, may be required on some 

aspects of the overall grating design to ensure the desired tap-off properties. 

A further embodiment of the invention.is illustrated in Figure 3. Figure 3 shows 

collimating and focusing mirrors 15 together with a reflection grating 16, 

arranged to demultiplex a signal received on an input waveguide 17. 

A first diffraction order labelled the mth order, is received by a first set of 

receiving waveguides 18 (for providing the output of the device) and another 

diffraction order, labelled the (m + p)th order, is received by a second set of 

·receiving waveguides 19, which lead to a bank of light detectors 20. 

Figure 4 illustrates the main and adjacent diffraction orders for such a grating 

based demultiplexer. The grating used here has a pitch of 10 microns with 200 

elements. A focal length of 10mm is used at both the input and the output 

mirrors 15. The demultiplexer is designed to operate with 8 channels, spaced 

O.Bnm apart from each other. The incidence angle on the grating 16 and mirror 

15 in this example is 45° In all cases. The different wavelength signals are 

shown closely bunched in Figure 4 but the individual wavelengths are more 

clearty seen In Figure 5 described below. 

As shown in Figure 4, the different diffraction orders provide different properties. 

Some provide more power, some increased dispersion and some better 

channel uniformity. Depending on the specific application, a design 

compromise will be required to achieve optimum sampling functionality. 

Typically, the sample power in a side order diffraction is 1 to 10% of the main 

order diffraction. This must be greater than the background noise of the 

demultiplexer. 
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Figu~ 5 shows an enlarged view of the main channel spectrum of Figure 4. 

The average spatial spacing between the modes is approximately 10 microns 

and the intensity variation across the channels (channel uniformity) is less than 

1.5%. 

If the lowest third diffraction order (at -1700 microns) is chosen to provide 

monitoring, the channel distribution shown In Figure 6 would be achieved. As 

shown in this Figure, the monitor power for the centre channel in this case is 

approximately -18dB lower than the main channels. The average spati.al 

spacing between the monitor channels is 8 microns and the channel uniformity 

is approximately 9% variation. Achieving such a small split ratio with little 

polarisation dependence would be very difficult with prior art devices, especialfy 

with such good channel uniformity. The non-uniformity can also be corrected as 

Jt is caused by the shape of the diffraction pattern for a single grating element 

and is thus well-known and should be. repeatable. Furthermore, the monitor 

channels should show almost Identical, thermal, polarisation, cross-talk etc. 

properties to the main channels. 

The embodiment shown in Figure 3 uses a reflection grating but other forms of 

grating can be used. 

The optical device described above thus has a number of advantages over the 

prior art: 

• It has a simpler configuration and does not require any coupler elements. 

• Monitoring is achieved automatically at the same time as the signal is 

demultiplexed. 

• There Is little or no polarisation, spectral and wavelength dependence or 

distortion in the tapping off mechanism. 
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• The device is relatively easy to manufacture and its performance is not 

affected by variations in its fabrication. 

• The monitoring process has no, or little, effect on the channel uniformity or 

power of the main channel. 

• In addition, monitor tap-offs do not have to be formed in between the 

waveguides carrying the main WDM channels. 

The optical device described above can be used in any WDM system but, in 

particular, may be used in transceivers, such as those described, for use in a 

communication system. 
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CLAIMS 

1. An optical device for monitoring multi-wavelength signals comprising a 

diffraction grating for dividing a multi-wavelength optical signal into a 

plurality of signals eacl) of a single wavelength or narrow wavelength 

band, first receiving means positioned to receive signals from an mth 

diffraction order from the diffraction grating and second receiving means 

positioned to receive signals from a higher or lower (m + p )" diffraction 

order from the diffraction grating; and. monitoring means connected to the 

second receiving means to determine properties of signals from said 

higher or lower· diffraction order and thereby monitor properties of signals 

in the mth diffraction order. 

2. An optical device as claimed in Claim 1 in which the first receiving means 

is connected to an output of the device. 

3. An optical device as claimed in Claim 1 or 2 in which the majority of the 

power of the multi-wavelength optical signal is output in the mth diffraction 

order. 

4. An optical device as claimed in Claim 3 in which 10% or less of the power 

of the multi-wavelength optical signal is output in the (m + p }th diffraction 

order. 

5. An optical device as claimed in any preceding claim in which the 

monitoring means comprises one or more light detectors. 

6. An optical device as claimed in any preceding claim integrated on a chip. 

7. An optical device as claimed in Claim 6 integrated on a silicon-on-insulator 

chip. 
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8. An optical device as claimed in Claim 6 or 7 in which the diffraction grating 

comprises a series of recesses formed in the surface of the chip. 

9. An optical device as claimed in Claim 6, 7 or 8 in which the first and 

second receiving means each comprises one or more waveguides 

integrated on the chip. 

1 o. An optical device as claimed in any preceding claim which forms part of a 

transceiver. 

11. An integrated optical transceiver compnsmg: a laser cavity formed 

between first and second feedback elements; a diffraction grating within 

the laser cavity for determining a lasing wavelength of the laser cavity; and 

light receiving means, the diffraction grating being arranged to receive light 

of a selected wavelength, differing from the lasing wavelength. and to 

transmit light of the selected wavelength to the light receiving means: the 

diffraction grating also being arranged to diffract light at the said lasing 

wavelength in a higher or lower diffraction order than the diffraction order 

used within the laser cavity and comprising output monitoring means for 

receiving said light in the higher or lower diffraction order in order to 

monitor the power output of the light emitted from the laser cavity. 

12. An optical device or transceiver substantially as hereinbefore described 

with reference to the accompanying drawings. 

----- --- ------------- ---------
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