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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] The invention relates to broadband optical source module.

[0002] Superluminescent light emitting diodes (SLEDs) are broadband optical sources that find
application where semiconductor laser diodes are unsuitable, for example because the
coherence of laser light cannot be tolerated or where a broadband emission spectrum is
needed.

[0003] For some applications where the light properties of an SLED source are in principle
suitable, a single SLED cannot be used, since the application requires an emission bandwidth
which is broader than a single SLED is capable of delivering. With current technology, a single
SLED is capable of emitting over a bandwidth of, for example,at most 50-70 nm in the 800-900
nm wavelength range with sufficient spectral flatness and sufficient output power. In the visible
range used for display applications, i.e. in the 450-650 nm wavelength range, a single SLED is
capable of emitting over bandwidth of at most 10-30 nm with current technology. Those
emission bandwidths are too small for a display or projector application which requires red
(-640 nm), green (-520 nm) and blue (-450 nm), i.e. RGB, emission. The emission bandwidth
of a single SLED is also too small for certain types of optical coherence tomography (OCT)
systems.

[0004] Figure 1 is a schematic drawing of a known SLED source system which is based on
using optical fibres with fibre couplers to combine the outputs of two or three SLEDs. The fibre
couplers could be fused fibre couplers or fibre-pigtailed free-space filters based on
wavelength-division multiplexing (WDM), for example. Modules of this kind have been
commercially available from various companies, for example EXALOS (e.g., EBS300080-02
with 140nm FWHM at 845nm) or Superlum (e.g., M-D-840-HP with 90-100nm FWHM at
840nm).

[0005] Figure 1 shows schematically three SLED source modules in the form of butterfly
packages with electrical pins 18 (14 pins being illustrated). The three SLED source modules
are labelled 5r, 5g and 5b respectively, to indicate that they house respective SLED sources
12, labelled 12r, 12g and 12b for red, green and blue which output light with centre
wavelengths in the red, green and blue visible wavelengths as would be the case for a display
source. The source modules 5r/g/b each include an optical fibre pigtail 16 for coupling the light
from the SLED source 12 into the end of an optical fibre via a coupling lens 14. The outputs
from the upper two SLED modules 5r, 5b are carried by respective optical fibres 20, 22, which
lead to a fibre coupler 26 where the two outputs 5r, 5g are combined into a single output fibre
28. The lower SLED source module 5g outputs into an optical fibre 24, which leads to a fibre
coupler 30 where it is connected with the optical fibre 28 carrying the outputs from SLED
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source modules 5r and 5g, so that the output of the fibre coupler 30 has combined all three
source outputs in an optical fibre 32.

[0006] The design of Figure 1 is problematic for applications where a polarised output is
needed. It is possible to use polarisation-maintaining fibre (PMF). However, this is likely to be
difficult to implement, since the polarisation axis of the SLED output needs to be very well
matched to the polarisation axis of the PMF if significant losses and unpredictable mode-mixing
effects (e.g., polarisation crosstalk or polarisation mode dispersion (PMD)) are to be avoided.
Maintaining the polarisation through the fibre couplers would also be technically challenging
and may not be possible over large bandwidths, e.g. a few hundred nanometers for a
combined beam from three SLEDs of different centre wavelengths.

[0007] WO 2006/039154 A1, in Figure 12 thereof, and US2005/083533 A1, in Figure 15
thereof, show similar designs of a tunable narrow-band source. The outputs from a bank of five
SLEDs each pass through a lens, isolator and further lens. The individual beams then pass
through a bank of five tunable Fabry-Perot filters, then each through another lens. The beams
are then combined by three mirrors and a beamsplitter and from there fed to an output fibre
via two tapping mirrors associated with respective. The disclosed device is a tunable narrow-
band source using Fabry-Perot filters as tuning elements.

[0008] US2011/080591 A1, in Figure 5 thereof, discloses a tunable, external cavity laser
comprising two semiconductor gain sections and, for tuning, an etalon and respective Fabry-
Perot filters. The two beam paths from the two gain sections are combined by mirror and
combiner, with the combined beam then being fed to a reflection-mode etalon where unwanted
beam components are absorbed. The output is supplied to an optical fibre after the two beams
have been combined by a mirror and a combiner. The disclosed device is a tunable narrow-
band source using an etalon and Fabry-Perot filters as tuning elements.

[0009] US 2007/096042 A1 discloses a broadband light source comprising multiple SLEDs
configured to output a broadband electromagnetic radiation beam and a bandpass radiation
filter arranged to filter the broadband output into a much narrower band, there being a large
ratio between the broadband light source's bandwidth and the filter's bandwith, so that the
output beam passed by the filter remains substantially unchanged even if the output
wavelength of the SLED output shifts, e.g. as a result of aging effects, temperature fluctuations
or drive current fluctuations.

[0010] US 2016/000320 A1 discloses an OCT system with an SLED source coupled into a
single-mode fibre which leads to a splitter. The splitter directs one component of the source
radiation into a first, sample arm to a sample position and another component to a second,
reference arm, and recombines light received back from the first and second arms and directs
the recombined light to a detector.

[0011] US 2008/272379 A1 discloses a display apparatus including an SLED light source
comprising three SLEDs emitting respective partially overlapping spectra peaking respectively
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in the red, green and blue parts of the visible spectrum, the beams output by the SLEDs being
independently modulated with a suitable light modulator and then combined on a display panel
to create a colour display image.

[0012] US 2012/162659 A1 discloses an OCT system with a source comprising two swept
sources, each swept source including an SLED paired with a semiconductor optical amplifier
(SOA) with a tunable Fabry-Perot filter of bandwidth in the range less than 20 GHz, preferably
less than 5 GHz, arranged between the SLED and SOA to pick out a narrowband part of the
SLED output for amplification in the SOA.

[0013] US 2014/180012 A1 discloses an endoscope system comprising a light source unit 21
including three SLEDs outputting respectively in the red, green and blue wavelength ranges,
light from the light source unit being supplied to an insertion tube adapted for insertion into a
bodily orifice and thereby collect a colour image.

[0014] US 2008/100848 A1 discloses an OCT system with first and second SLED light sources
emitting at different near-infrared wavelength bands around 1300 nm and 850 nm paired with
respective detectors sensitive to the wavelength band concerned. Depending on the type of
object to be studied, one or the other source is selectively switched on and used in
combination with its paired detector.

SUMMARY OF THE INVENTION

[0015] According to a first aspect of the invention there is provided an optical coherence
tomography system, comprising:

a broadband optical source module; and

an interfermetric part,

wherein the broadband optical source module comprises:
a housing defining an enclosure of free space;

a first superluminescent light emitting diode, SLED, source arranged in the enclosure to emit a
first SLED beam having a first wavelength range and a first centre wavelength to propagate in
the free space along a first beam path;

a second SLED source arranged in the enclosure to emit a second SLED beam having a
second wavelength range and a second centre wavelength different from the first centre
wavelength to propagate in the free space along a second beam path;

a beam combiner arranged in the enclosure to receive the first SLED beam and the second
SLED beam, and to combine them into a combined SLED beam with a continuous spectrum
having a bandwidth covering the first and second wavelength ranges, the combined SLED
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beam extending in the free space along a combined beam path; and

an optical output port arranged to receive light along the combined beam path and to output
the combined SLED beam with the continuous spectrum from the housing.

[0016] In some embodiments, the beam combiner is implemented as a substantially planar
optical element. The planar optical element has a front side and a back side, the back side
being arranged to receive the first SLED beam at a first angle of incidence and route it through
the optical element to the front side and output it from the front side from a first position and in
a first direction, and the front side being aranged to receive the second SLED beam at a
second position that is coincident with the first position and at a second angle of incidence, and
to reflect the second SLED beam into a second direction that is coincident with the first
direction. A first lens component may be arranged in the enclosure to act on the first SLED
beam and/or a second lens component may be arranged in the enclosure to act on the second
SLED beam, e.g. for collimating the SLED output.

[0017] A third SLED source may additionally be provided in the module. The third SLED source
may be arranged in the enclosure to emit a third SLED beam having a third wavelength range
and a third centre wavelength different from the first and second centre wavelengths to
propagate in the free space along a third beam path. A further beam combiner is then
arranged in the enclosure to receive the combined first and second SLED beam and the third
SLED beam, and to combine them into a combined beam path extending in the free space.

[0018] The combined SLED beam has a continuous spectrum covering the first, second and
third wavelength ranges. The optical output port is arranged to receive light along the
combined beam path and to output the light along the combined beam from the housing. The
further combiner may be implemented as a substantially planar further optical element having
a front side and a back side, the back side being arranged to receive the combined first and
second SLED beam at a further angle of incidence and route it through the further optical
element to the front side and output it from the front side from a further position and in a
further direction, and the front side being aranged to receive the third SLED beam at a third
position that is coincident with the further position and at a third angle of incidence, and to
reflect the third SLED beam into a third direction that is coincident with the further direction. A
third lens component may be arranged in the enclosure to act on the third SLED beam.

[0019] In embodiments with three or more SLED sources emitting at different wavelength
ranges, these may be arranged in order of ascending or descending wavelength range.

[0020] In embodiments with descending order, the first wavelength range covers a wavelength
range that is longer than the second wavelength range, which is longer than the third
wavelength range. Here, an edge filter may be arranged after combining the first SLED beam
with the second SLED beam and configured to reject wavelength components that are shorter
than the second wavelength range; and a further edge filter arranged after combining the
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previously combined first and second SLED beams with the third SLED beam and configured
to reject wavelength components that are shorter than the third wavelength range. Moreover, a
still further edge filter may be arranged in the beam path of the first SLED beam before it is
combined with the second SLED beam and configured to reject wavelength components that
are shorter than the first wavelength range. These edge filters may be incorporated integrally
as coatings on the back side of the beam combiners for example.

[0021] In embodiments with ascending order, the first wavelength range covers a wavelength
range that is shorter than the second wavelength range, which is shorter than the third
wavelength range. Here an edge filter may be arranged after combining the first SLED beam
with the second SLED beam and configured to reject wavelength components that are longer
than the second wavelength range; and a further edge filter arranged after combining the
previously combined first and second SLED beams with the third SLED beam and configured
to reject wavelength components that are longer than the third wavelength range. Moreoever,
a still further edge filter arranged in the beam path of the first SLED beam before it is combined
with the second SLED beam and configured to reject wavelength components that are longer
than the first wavelength range. These edge filters may be incorporated integrally as coatings
on the back side of the beam combiners for example.

[0022] In some embodiments, one or more beam-shaping components are arranged in the
enclosure. Beam-shaping components may be provided for any one of the SLED beams, or all
of them, or any other permutation. The beam-shaping components may act to transform a
collimated SLED beam from an elliptical beam shape into a circular beam shape. Beam-
shaping components may also be provided for the combined beam. Moreover, an aperture
may be arranged in the combined beam path, e.g. to clean up the combined beam
characteristics and filter out stray light that may be present in the enclosure.

[0023] The module may further comprise a substrate arranged in the enclosure and having
mounted thereon at least the SLED sources and the beam combiner(s) as well as optionally
any other ones of the components as desired.

[0024] As well as SLEDs, the module may accommodate a laser diode, with the laser diode's
beam also being combined into the SLED beams. Namely, the module may further comprise: a
laser diode source arranged in the enclosure to emit a laser beam to propagate in the free
space; and a further beam combiner arranged in the enclosure to combine the laser beam with
at least one of the SLED beams (first, second or combined) to propagate along the combined
beam path. Another design alternative is to provide a module comprising: a housing forming a
free-space enclosure; at least a first SLED source arranged in the enclosure to emit a first
SLED beam having a first wavelength range to propagate in the free space; a laser diode
source arranged in the enclosure to emit a laser beam to propagate in the free space; and a
beam combiner arranged in the enclosure to combine the laser beam with at least one of the
first SLED beam and the second SLED beam into the combined beam path. With reference to
the above discussion of edge filters, when the module includes a laser diode, the laser diode
may be arranged in the cascade of ascending or descending wavelength at the appropriate
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position and with an associated edge filter.

[0025] In some embodiments, the optical output port comprises: an optical fibre coupler which
is attached to an optical fibre and arranged to couple the combined beam (SLED only or SLED
and LD) into an end of an optical fibre to allow the combined beam to output from the housing
via the optical fibre. In other embodiments, the optical output port comprises: a window
arranged in the housing to allow the combined beam (SLED only or SLED and LD) to output
from the housing.

[0026] Various arrangements of the SLEDs are possible within the enclosure. The enclosure
may for example be substantially rectangular in plan view, as is the case for a butterfly
package. The optical output port may be arranged at one end of the enclosure in an end wall
of the housing. In one arrangement, each of the SLED sources is arranged on the same side
of the enclosure so as to emit their beams substantially in the same direction across the
enclosure. In an other arrangement, one of the SLED sources is arranged on one side of the
enclosure and another of the SLED sources is arranged on the other side of the enclosure so
that they emit their beams in substantially opposed directions across the enclosure. In a still
further arrangement, one of the SLED sources is arranged on one side of the enclosure and
another of the SLED sources is arranged at an end of the enclosure opposite the end that
accommodates the optical output port so that they emit their beams in substantially orthogonal
directions across and along the enclosure respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] This invention will now be further described, by way of example only, with reference to
the accompanying drawings.

Figure 1 is a schematic drawing of a known SLED source system.

Figure 2 is a schematic plan view of an SLED source module according to a first example not
according to the claimed invention, with an optical fibre output.

Figures 3 and 4 are graphs of output power as a function of wavelength for an SLED source
module according to the first example.

Figure 5 is a schematic plan view of an SLED source module according to a second example
not according to the claimed invention, with an optical fibre output.

Figure 6 is a schematic perspective view of an SLED source module according to a third
example not according to the claimed invention, with a free-space output.

Figure 7 is a schematic perspective view of an SLED source module according to a fourth
example not according to the claimed invention, with an optical fibre output.

Figure 8 is a schematic plan view of an SLED source module according to a fifth example not
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according to the claimed invention, with individual power monitors for each SLED.

Figure 9 is a schematic plan view of a source module according to a sixth example not
according to the claimed invention, combining multiple SLEDs and a laser diode (LD).

Figure 10 is a schematic plan view of an SLED source module according a seventh example
not according to the claimed invention.

Figure 11 is a schematic diagram of an example OCT system which comprises an SLED
source module embodying the invention.

Figure 12 is a schematic diagram of an example combined optical coherence tomography
(OCT) and fundus imaging system which comprises two SLED source modules embodying the
invention.

DETAILED DESCRIPTION

[0028] In the following detailed description, for purposes of explanation and not limitation,
specific details are set forth in order to provide a better understanding of the present
disclosure.

[0029] The wavelength range of an individual SLED emitter is defined by a variety of design
parameters including its epitaxial semiconductor stack structure and materials, the dimensions
of the ridge in the case of a ridge structure, and the properties of the chip's end facets. The
wavelength range may have a value between 3 nm and 160 nm at full width half maximum
(FWHM), i.e. 3 dB attenuation level. It is the case that, for comparable designs, the FWHM
scales with the square of wavelength, so the maximum possible wavelength range for
comparable designs increases for longer wavelengths. With future developments in technology
it may be possible to broaden the maximum wavelength range at any particular centre
wavelength. The wavelength range covered by an individual SLED emitter as disclosed herein
may have any value between 3 nm and 160 nm. With current technology and using the
arsenide- and phosphide-based materials system wavelength ranges up to about 160 nm are
achievable in SLEDs with centre wavelengths in the near infrared (NIR) and infrared (IR). With
current technology and using the nitride-based materials system wavelength ranges up to 30
nm are achievable in blue and green SLEDs. For example, the wavelength range may have a
value of 4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 or 150 nm.

[0030] To suppress lasing in edge-emitting ridge SLED structures, as is known in the art, one
or more of the following measures can be undertaken:

1. (i) the ridge may extend such that its optical path intersects with the chip's front (output)
facet at a non-normal angle, either by the ridge being straight and extending at a non-
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normal angle to the parallel planes of the chip's front and back facets, or by having a
curved portion adjacent the front facet;

2. (i) absorber materials may be provided adjacent the back facet which are absorbent
over the SLEDs amplification wavelength range;

3. (iii) the ridge may terminate part way between the front and back facets, e.g. at a tilt
angle so that reflections from the back facet are inhibited from coupling back into the
waveguide; and

4. (iv) the front and/or back facets may be coated with anti-reflection coatings.

[0031] In the following detailed description, the repeated references to red, green and blue
wavelength ranges, are specific labels that make the description of the examples convenient to
understand. While these colours are technically significant for display and projection
applications, it will be understood that they may be generalised to mean first, second and third
different emission wavelength bands from first, second and third SLEDs. Moreover, one or
more of these bands need not be in the visible region, since for example one or more of the
bands may be in the near infrared, or near ultraviolet.

[0032] Figure 2 is a schematic plan view of an SLED source module according to a first
example, not according to the claimed invention, with an optical fibre output. The SLED module
is based on a butterfly package 5, shown as a 14-pin butterfly package. The butterfly package
5 has a plurality of terminal pins 18 via which electrical connections may be made to
components housed in the package. The butterfly package 5 has a housing 10 that forms an
enclosure in which the SLEDs are accommodated as well as associated components. The
components are at least for the most part mounted directly or indirectly on a main board 34,
which may also be referred to as a carrier board, substrate, optical breadboard or mounting
board. The main board 34 is provided with a temperature sensor 54s arranged on the main
board to measure the temperature of the main board. The main board 34 should have good
thermal conductivity for heat dissipation, and should be mechanically stiff. Suitable materials
choices are ceramic, e.g. AIN or Al;O3, a suitable metal, e.g. copper, aluminium or alloys

containing either or both of these metals such as CuW. The upper and/or lower surface of the
main board 34 may be metallised to support solder processes for the attachment of the
components, in particular for electrical connections. Metallisation may also aid good thermal
connection to cooling elements for maintaining the temperature inside the enclosure within a
specified range. For physical attachment of components by bonding, e.g. with epoxy resin, the
upper and/or lower surfaces of the main board 34, or selected areas thereof, may be specified
with a minimum surface roughness to provide good adhesion.

[0033] The housing 10 and the enclosure it defines by its internal walls are substantially
rectangular in plan view as illustrated aligned with orthogonal axes x and z respectively across
and along the module as illustrated, with y being the axis out of the paper, i.e. the vertical. The
SLED module has its optical output port arranged at one end of the enclosure in an end wall of
the housing 10. The optical output port in this example is realised with optical fibre in the form
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of an optical fibre ferrule 16, which is attached to an optical fibre 42 that may be single mode or
multimode and may be polarisation maintaining (or not) as desired. The ferrule 16 and fibre 42
form a so-called pigtail and serve to couple the combined beam from the different SLEDs 12
into the end of the optical fibre and thus out of the module 5. The fibre ferrule 16 may also be
attached to the main board 34, or may be secured to the housing 10, e.g. to the end wall. It will
be appreciated that the module also has a lid (not shown) which may be secured removably or
non-removably to the housing by fasteners, such as screws or rivets, and/or adhesive bonding,
welding or other fastening or sealing means as desired.

[0034] The components include first, second and third SLED sources 12r, 12g and 12b. The
SLEDs 12 are arranged in the enclosure to emit respective first, second and third beams
having first, second and third wavelength ranges into free space within the enclosure along
first, second and third beam paths. The three wavelength ranges are labelled as 'r', 'g' and 'b’
to indicate red, green and blue wavelength ranges by way of example, and also to provide
intuitive labelling. These could however equally well be three wavelength ranges in some other
part of the visible, near-UV or near-infrared (NIR). The SLEDs 12 are mounted on respective
submounts 36, labelled 36r for the red SLED 12r, 36g for the green SLED 12g, and 36b for the
blue SLED 12b. The submounts 36 are in turn mounted on the main board 34. The materials
choices for the submounting boards 36 are similar to those as described above for the main
board 34. The mode of assembly with populated submounts on a main board is referred to as
a chip-on-submount (CoS) in the art. The SLED chips 12 are schematically shown mounted at
an angle to their submounts 36 and the sides of the rectangular enclosure as would be the
case for tilted, single-pass SLEDs in which the ridge waveguide of the SLED is tilted as a way
of hindering reflections from the chip end facets, in particular the back facet, coupling back into
the ridge waveguide, thereby to suppress lasing action. Typically, the reflectivity of both chip
end facets is kept as low as possible, and the light is amplified along the waveguide on a single
pass. The ridge and hence the underlying waveguide W may be straight or incorporate a
curved portion. Back-reflection may be further suppressed by introducing a passive absorber
section in the SLED chip. The choice of SLED type is flexible, e.g. double-pass designs with the
back facet having a high reflectivity could be used. The submounts 36 may also have
respective temperature sensors 54 mounted on them, labelled 54r for the red SLED submount
36r, 54g for the green SLED submount 36g, and 54b for the blue SLED submount 36b. These
temperature sensors allow the termperature local to each SLED to be monitored. The
temperature sensors 54s, 54r/g/b may have their signals used as control inputs for one or
more cooling elements (not shown). For example the mounting board 34 may have attached to
its upper or lower surface a thermoelectric cooler, e.g. a Peltier device. The submounts 36r/g/b
may also have individual cooling elements (not shown) that can be independently controlled via
the respective temperature measurements from sensors 54/r/g/b.

[0035] The SLED output beams from the SLEDs 12r/g/b are collimated by respective
collimating lenses 38r/g/b. The red SLED 12r is arranged on one side of the enclosure and the
green and blue SLEDs 12g, 12b are arranged on the other side of the enclosure so that the
red beam propagates initially in the opposite direction to the blue and green beams laterally
across the enclosure, i.e. in negative-x and positive-x directions respectively. The red SLED
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beam after collimation by lens 38r is deflected through 90 degrees from the negative-x
direction into the z-direction by a mirror 40r arranged at 45 degrees to x and z. The z-travelling
red beam is incident on the back face of a beam combiner 40r-g which has the function of
combining the red beam with the green beam. The beam combiner 40r-g is a planar optical
element which is made of a suitable glass or crystal material. The beam combiner 40r-g has a
front side and a back side. The red beam is incident on the back side of the beam combiner
40r-g at an angle of incidence which causes the beam to refract into the beam combiner 40r-g.
The back side is preferably coated with an antireflection coating (ARC) that is effective for the
wavelength range, angle of incidence and polarisation state of the red beam. The red beam is
then routed through the glass or crystal to the front side and is once more refracted as it
outputs from the front side. The front side of the beam combiner 40r-g is aranged to receive
the green beam propagating in the positive-x direction from the collimating lens 38g at a
position on the front surface that is the same as where the red beam passes through the front
surface. Moreover, the beam combiner 40r-g is configured and arranged so that the green
beam reflected from its front surface propagates in the same direction as the red beam output
from the front surface, preferably the z-direction as schematically illustrated. The red and
green beams thus emerge from the beam combiner 40r-g as a combined beam propagating in
free space within the enclosure in direction z. The beam combiner 40r-g will usually be planar,
but if desired it could be slightly curved, but still substantially planar, to provide some focusing
or defocusing of one or more of the red and green beams.

[0036] The combined red and green beam is then combined with the blue beam in a similar
way using a further beam combiner labelled 40rg-b. Namely, the blue beam output from the
blue SLED 12b travelling in the positive x-direction is collimated by collimating lens 38b and is
incident on the front surface of the beam combiner 40rg-b, and the back surface of the beam
combiner 40rg-b receives the combined red-green beam. The red, blue and green beams thus
emerge from the beam combiner 40rg-b as a combined beam propagating in free space within
the enclosure along an optical path in direction z.

[0037] The combined beam is focused onto the end face of the optical fibre 42 held in the
pigtail ferrule 16 by a coupling lens 14. In addition, to measure the power of the combined
beam, a tapping mirror 50 is arranged in the combined beam, e.g. between the coupling lens
14 and fibre coupler 16 as illustrated, to tap off a small part of the beam to a power monitor 52,
which may be realised as a photodiode, for example. The tapping mirror 50 may for example
be a planar piece of clear glass, i.e. glass that is transparent over the combined wavelength
range of the three components of the combined beam, so that a few percent of the combined
beam, e.g. 1-5% of its power, is reflected away into the power monitor by residual reflection.
Alternatively, a tap mirror could be omitted, and the power monitor could face the point where
the combined beam is focused onto the fibre end and monitor power through monitoring back-
scattered light from the fibre end.

[0038] Other design options may be incorporated into the module. For example, edge filters
may be incorporated to filter each of the beams prior to them being combined, so as to filter
out wavelengths that are outside the wavelength range of each SLED. In the case that the
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beams are combined in order of decreasing wavelength, with the shortest wavelength being
combined last, as is the case of the example of Figure 2 where the combination order is red
then green then blue, then each edge filter will cut-off wavelengths shorter than the intended
wavelength range of each SLED. For example, in Figure 2, if the red SLED is intended to
output over a range 700-750 nm, then a suitable edge filter may reject wavelengths less than
700 nm, or some other value close to 700 nm, such as 690, 680, 670 nm etc. as desired.
Alternatively, if the beams are combined in order of increasing wavelength, with the longest
wavelength being combined last, e.g. a combination order of blue then green then red, then
each edge filter will cut-off wavelengths longer than the intended wavelength range of each
SLED. Edge filters may be incorporated integrally into the front side of the mirror 40r and the
front and/or back sides of the beam combiners 40r-g, 40rg-b as coatings. Alternatively, edge
filters may be added as separate components and mounted on the main board 34. Band filters
could also be used for filtering out unwanted wavelengths in addition to, or instead of edge
filters.

[0039] Another design option is to use a polarisation filter on the combined beam, e.g. prior to
or after the coupling lens 14, to increase the polarisation extinction ratio (PER) of the outputted
beam. This may be useful when the module is specified to have a high PER, e.g. at least 20-30
dB, whereas the intrinsic PER of one or more of the SLEDs 12 may be lower, e.g. only 3-10 dB.

[0040] It will be understood that references to a combined beam could be taken to imply that
the different SLEDs are simultaneously emitting. However, this is not necessarily the case. For
a display or projection application, red, green and blue beams will generally be emitting
simultaneously (unless the image is exceptionally only red etc.). However, for other
applications, the different SLEDs may be driven selectively and not all be active at the same
time. For example, if the module is intended for a multi-modality system requiring say one
group of one or more SLEDs to emit in the NIR for OCT and another group of one or more
SLEDs to emit in the visible for fundus imaging, then these two groups would not generally be
operated simultaneously, but these two groups are nevertheless arranged in the module to
have a combined beam path, i.e. so that their beams are (or would be) combined when (or if)
they are simultaneously emitted.

[0041] Figure 3 is a graph of output power, P, on a logarithmic scale of arbitrary units, as a
function of wavelength, A, in nanometres for an example SLED source module which provides
a continuous spectrum in the NIR in the range of about 760-950 nm. The spectrum of the
combined beam is shown with the solid line, and the spectra from the individual SLEDs with the
dashed, dotted and chain-dotted lines.

[0042] Figure 4 is a graph of output power, P, on a linear scale of arbitrary units, as a function
of wavelength, A, in nanometres for the same results as shown in Figure 3. In other words,
Figure 4 is merely a different presentation in the y-axis of the same results as shown in Figure
3.

[0043] The redmost SLED (dashed line) has a centre wavelength of -790 nm and a bandwidth
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of 45-50 nm, the middle SLED (dotted line) has a centre wavelength of -840 nm and a
bandwidth of 50-55 nm, and the infraredmost SLED (dashed-dotted line) has a centre
wavelength of ~880 nm and a bandwidth of 55-60 nm. The specification of the SLED source
module's output is: centre wavelength of 845 nm, 3dB bandwidth of 145 nm, 10dB bandwidth
of 165 nm, 10dB wavelength range of 765-930 nm, 10 m\W output power and a coherence
length of 2.9 micrometres. It will be appreciated this output is from the red end of the visible to
near-infrared, which is suitable for OCT systems. With other SLED sources currently available,
other wavelength ranges can be covered, e.g. spanning the visible range, such as needed for
RGB displays, and ranges further into the near-infrared. It is expected that improved
specfications will become available with the present designs as SLED sources continue to
improve their performance.

[0044] Figure 5 is a schematic plan view of an SLED source module according to a second
example not according to the claimed invention, with an optical fibre output. The example of
Figure 5 only differs from that of Figure 2 in that the mirror 40r of Figure 2 is omitted, since the
red SLED source 12r is arranged to emit along the enclosure in the z-direction and directly
project onto the back face of the beam combiner 40r-g via the collimating lens 38r.

[0045] Figure 6 is a schematic perspective view of an SLED source module according to a
third example not according to the claimed invention with a free-space output. The optical
output port comprises a window 48 arranged in the end wall of the housing 10 to allow the
combined beam to be output from the housing in the z-direction. Compared with Figures 2 and
5 with optical fibre output, there is no requirement for a focusing lens 14 in the example of
Figure 6, so this is omitted from the drawing. However, optionally, a lens in the same position
as lens 14 of Figures 2 and 5 could be included in the example of Figure 6, but this need not
be for creating a focus within the enclosure, but rather more likely would be provided to bring
the output light beam to a defined focus some specified distance away from the module, or for
providing an auxiliary or supplementary collimating function for the combined beam additional
to that provided by the individual collimating lenses 38. Also visible in Figure 6 are the end
flanges 56 of the butterfly package 5, which are also present in the examples of Figures 2 and
5, although not illustrated. Moreover, compared with Figure 2 and also Figure 5, it can be seen
that in Figure 6 all three SLED sources 12 on their respective boards 36 are arranged on the
same side of the enclosure all emitting in the same direction across the enclosure, so that
compared with Figure 2 mirror 40r is aligned with similar rotation to the planar beam combiners
40r-g and 40rg-b. This arrangement results in the combined first, second and third output
beams being closer to the sidewall of the housing 10, so that two beam offset mirrors 44, 46
are provided for bringing the combined output beam away from the sidewall and back to a
more central position aligned with the centre of the output window. The power monitor 52 is
arranged to receive a small power component, e.g. 1-3%, of the combined output beam that is
transmitted through the first beam offset mirror 44, i.e. is arranged 'behind' the beam offset
mirror 44. For this purpose, the first beam offset mirror 44 may be designed with a reflectivity
to the combined beam of slightly less than 100%. The power monitor 52 could instead be
arranged behind the second beam offset mirror 46. The beam offset mirrors 44, 46 are
attached to the mounting board 34. The beam offset mirrors 44, 46 will in the normal case be
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planar, but they could be made concave or convex if desired to provide some focusing,
collimating or defocusing effect. It will be appreciated that this arrangement with all the SLED
sources 12 arranged on the same side of the enclosure is also available with optical fibre
output, i.e. in conjunction with a fibre ferrule 16 and optical fibre 42 as shown in Figures 2 and
5.

[0046] Figure 7 is a schematic perspective view of an SLED source module according to a
fourth example not according to the claimed invention, with visible, RGB-SLEDs and an optical
fibre output. The design corresponds to that of Figure 6, except that instead of a window 48,
there is an optical fibre ferrule 16 and optical fibre 42 forming a pigtail arrangement, as in the
examples of Figure 2 and Figure 5 with the power monitor 52 facing the fibre end where the
combined SLED beams are focused by coupling lens 14.

[0047] In the above examples, attachment of the components to the main board 34, the
submounts 36 and the housing 10 may be by UV-curable epoxy resin. The attachment is done
with high accuracy placement. Active alignment, i.e. with the SLED sources switched on during
alignment, may be used during the component attachment to ensure that the different optical
components are correctly located for guiding and combining the different beams as desired.
Active alignment may also help ensure efficient coupling into an output fibre or that a free-
space beam has the desired output direction, position and focal properties (e.g. is precisely
collimated or with a focus at a specified distance from the module). After UV-curing of the
epoxy resin, the main board 34 with its attached components may be baked in an oven. It will
be appreciated the components 14, 38, 40 etc. may not be single components as illustrated,
but may each consist of two or more components, such as isolators (electrical, thermal and/or
vibration), and submounts. Moreover, physically separate filters, polarisers, apertures or other
optical components (not illustrated) may also be included that are attached to the mounting
board 34.

[0048] Figure 8 is a schematic plan view of an SLED source module according to a fifth
example not according to the claimed invention.

[0049] The design of Figure 8 is similar to that of Figure 6, but differs in that individual power
monitors 52r/g/b are provided for each of the SLEDs 12r/g/b respectively (instead of having
one power monitor 52 for the combined RGB beam). Each individual power monitor 52 is
arranged to receive a small fraction of the light power that has been transmitted through the
deflecting mirror or beam combiner 40, these being configured to have slightly less than 100%
reflection to the SLED beam, so that a small power fraction, e.g. 1-3%, of the SLED beam
passes through the element 40 to the power monitor 52. Other options for arranging the power
monitors are possible. For example, the individual power monitors could be arranged adjacent
the back facet of each SLED in order to measure the light that 'leaks’, i.e. is emitted, from the
back facet of the SLED. Having power monitors for each SLED may be useful in a number of
applications. For example, it may be useful when the output needs to meet particular safety
standards, and those safety standards specify different safety limits for different ones of the
wavelength ranges output by the SLEDs. The outputs from the power monitors would then be
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supplied to a controller that would control the drive currents of each SLED so that the output
power from each SLED did not exceed an upper limit. For example, in laser class 1, the safety
limit for blue light is approximately an order of magnitude lower than for green and red light.
Having individual power monitors for each SLED may also be beneficial in projector or display
applications where true colour is important, since these can be used to maintain the correct
colour balance via feedback to a controller which controls the SLED drive currents accordingly.
Having individual power monitors for each SLED may be particularly beneficial when the
package is not under tight environmental control, e.g. when the package has no or limited
temperature control features, such as temperature sensors (thermometers) and cooling
devices. A further level of sophistication would be where the power monitors are adapted to
detect also spectral information, i.e. power as a function of wavelength. For example, a dual-
photodiode detector could be employed as the element 52, where the two photodiodes have
different spectral response curves (e.g., by means of a spectral filter placed on top of the
photosensitive area) to allow monitoring power changes on a wavelength-dependent basis.

[0050] Figure 9 is a schematic plan view of a source module according to a sixth example not
according to the claimed invention combining multiple SLEDs and a laser diode, i.e. a
combined SLED and LD module. The design of Figure 9 may be considered to combine the
three SLEDs and associated components of the design of Figure 8 with a laser diode source
12/ which is arranged in an analogous position to the red emitter of Figure 5 to emit along the
enclosure in the z-direction and directly project onto the back face of a beam combiner 40/r-g
via a collimating lens 38/. In this way, the laser beam output from the laser diode 12/ is
combined and colinearly aligned with the combined SLED output beam to form a single output
beam path, i.e. an output with a common optical axis. The laser diode 12/ may be an edge
emitting laser, or a vertical cavity surface emitting laser. As an aside, it is noted that the
illustrated module has free-space output via a window 48, but a variant with fibre output as in
Figure 8 is also possible. Practical uses of a module according to this example may include use
as a source for an ophthalmic instrument. An example could be envisaged with two or three
SLEDs which are arranged to provide a common output as a combined beam for one modality,
as well as a laser diode for another modality. For example, there could be a group of three
RGB SLEDs for colour fundus imaging as well as a laser diode with an output at 488 nm for
dye excitation in fluorescence imaging, or spectroscopy, all accommodated in the same
package. Another useful application would be a module with a plurality of SLEDs to provide a
combined beam for OCT in combination with a laser diode for surgery, e.g. microvascular
surgery in the retina. OCT measurements could thus be integrated with the surgical
intervention. Further variants of this example would be to accommodate a second or still
further laser diodes in addition to the plurality of two or more SLED sources, or another group
of SLEDs, e.g. to have an NIR group and an RGB group. The module may thus include SLED
sources, or a mixture of SLED and LD sources, that are associated with different modalities.
Each modality may require a single SLED or laser diode source, or a group of two or more
SLED or laser diode sources. Modules according to the examples may thus provide a single
package for multi-modality applications, e.g. two, three, four or more different modalities.

[0051] Figure 10 is a schematic plan view of a source module according to a seventh example
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which, compared with previous examples, additionally incorporates beam-shaping components
and a diaphragm. The output coupling is free-space output through a window 48 in the end
wall of the housing 10, but it will be understood that a variant with fibre output is also possible.
The other components and their general arrangement will be recognized from the previous
examples, namely a butterfly package 5 with pins 18 accommodates first, second and third
SLED sources 12r, 12g and 12b, labelled 'r', 'g' and 'b'. As in the previous examples, the
SLEDs 12r/g/b are mounted on respective submounts 36r/g/b, which are mounted on a main
board 34. The SLEDs 12r/g/b have respective temperature sensors 54r/g/b arranged proximal
thereto on the submounts 36r/g/b as well as a further temperature sensor 54s being provided
on the main board 34. Collimating lenses 38r/g/b are arranged to collimate the divergent
output beams from the SLEDs 12r/g/b. The SLED sources 12r/g/b and their collimating lenses
38r/g/b are arranged on one side of the enclosure so as to generate collimated beams
propagating across the enclosure in the x-direction. As in previous examples, a mirror 40r is
provided for directing the collimated red beam into the z-direction as well as beam combiners
40r-g and 40rg-b for directing the collimated green and blue beams into the z-direction and
combining them with the red beam and the red-and-green beam respectively.

[0052] However, in contrast to previous examples, additional beam-shaping prism components
60r/g/b are arranged in the respective beam paths between the collimating lenses 38r/g/b and
the mirror and combiner elements 40r, 40r-g and 40rg-b. Beam shaping may be important for
SLED sources, since SLED sources tend to have a pronounced beam ellipticity due to their
specific design rules (e.g., having a relatively high optical confinement in the waveguide to
improve electro-optical efficiency, therefore resulting in relatively large vertical far field angles).
A beam-shaping prism as provided here acts to transform an elliptical beam into a circular
beam by magnifying the elliptical beam in one dimension. The beam-shaping prism for each of
the individual SLED beams is schematically illustrated as a single anamorphic prism. As a
consequence, the beam is deflected out of the x-direction, so the the mirror and combiner
elements 40r, 40r-g and 40rg-b are tilted away from a 45 degree orientation in order that they
deflect the beams into the z-direction. However, an anamorphic prism pair could be used
instead of a single anamorphic prism in which case the mirror and combiner elements 40r, 40r-
g and 40rg-b could be arranged at 45 degrees as in the previous examples. The reason why
beam-shaping prisms 60r/g/b may be useful is that, after the collimation lenses 38r/g/b, the
individual beams of the SLEDs may not have the same beam diameter in the horizontal and/or
vertical directions (respectively z- and y-directions in the drawings). This is because the light
from different SLED sources will not in general be emitted with the same divergence angles; in
particular the divergence angle (far-field angles) for the horizontal (slow) axis and vertical (fast)
axis are usually quite different, therefore resulting in a larger beam diameter in the vertical
direction and a smaller beam diameter in the horizontal direction. Beam-shaping may be
needed for certain applications, such as projector or display applications, in order to meet a
specification requirement to have the same beam diameters and hence the same divergence
angles in both horizontal and vertical direction for all three colours of the colour palette, i.e.
RGB here for additive mixing, or cyan, magenta and yellow (CMY) for negative mixing.

[0053] After the beams have been combined and before the combined beam is output from
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the module, the combined output beam is fed through an anamorphic prism pair 60w1, 60w2
to provide further beam shaping. With an anamorphic prism pair, it is noted that the prisms can
be arranged relative to each other so that the input and output beams are parallel, i.e. have
the same propagation direction, but offset from each other. The beam-shaping prisms for the
white (combined) beam could also be useful for performing a final adjustment to the ellipticity
of the combined beam as might be desirable for display or projector applications, or for
imaging applications where a certain beam shape on the object/sample is needed, as is the
case for fundus imaging, for example.

[0054] An aperture 62 (diaphragm/iris) is arranged prior to the output to clean up the output
beam characteristics, for example to remove diffraction artefacts that may have arisen as a
result of the collimation lenses or other unwanted effects. The aperture 62 may also serve to
block any stray light that is present within the enclosure of the optical module from exiting the
optical module. The diameter of the aperture may typically be between about 0.25 mm and 2
mm, for example 0.30 mm, 0.50 mm, 0.75 mm, 1.00 mm, 1.25 mm, 1.50 mm. The aperture
could be integrated into the optical window 48 of the module. Further apertures may be
provided for other beams, such as for the red, green or blue SLED beams, or for the combined
red and green beam. It will be understood that provision of apertures is an independent design
choice not linked to provision of beam-shaping optics, so for example any of the previous
examples could be modified by providing apertures and/or beam-shaping prisms.

[0055] It will also be understood that beam-shaping prisms may be provided selectively as
needed, e.g. beam shaping may only be needed for one or two of the SLEDs. A beam-shaping
prism or prism pair may also be provided for shaping the output beam of a laser diode in the
case that the module also includes a laser diode. Beam clean-up using beam-shaping prisms
and/or apertures (diaphragms/irises) may be particularly useful when the module is of the type
with a free-space output to improve the quality of the output beam, but may also be useful for
optical fibre output to improve coupling efficiency into the fibre.

[0056] In any of the above examples the beam combiners which receive a light beam on their
back faces preferably have antireflection coatings (ARCs) on their back faces. Each ARC wiill
typically be optimised for the incident wavelength range, the incident angle and the incident
polarisation state of the incident beam. The beam combiners may additionally or instead have
integrally formed on their back faces, and/or their front faces, coatings for other purposes such
as wavelength-dependent filtering, e.g. an edge filter, and polarisation, e.g. linear polariser.

[0057] It will be understood that variants of any of the above examples may be realised which
exchange the red, green and blue SLEDs with SLEDs in other wavelength ranges that can be
fabricated with available semiconductor crystal materials. In the above examples, the SLEDs
may be based on edge-emitting ridge structures. The principal materials systems of choice are
GaAlInN (sometimes referred to as GaN-based or nitride-based), GaAllnP (sometimes referred
to as phosphide-based) and GaAlAs (sometimes referred to as arsenide-based). Such
modules could be also realised with SLED devices based on the InP material systems for
broadband light sources in the wavelength range of 1200 to 1900 nm, for example. For current
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commercial SLEDs in the visible and near infrared (NIR) ranges, phosphide- and arsenide-
based systems are predominantly used for red wavelengths and nitride-based systems for blue
and green wavelengths. The wavelength range of each SLED may be, for example, between 3
nm and 30 nm at full width half maximum, i.e. at 3 dB attenuation, in the visible range or
between 10 nm and 160 nm in the NIR range.

[0058] In the above examples, the beam combiners could have any of the following features.
The beam combiners could have polarising beam splitter properties in that they behave in a
way that depends on the polarisation state of the incident light to reflect one polarisation (e.g.
TE/horizontal) and transmit another (e.g. TM/vertical) or vice versa. The beam combiners may
reflect or transmit depending on whether the incident light is above or below a threshold
wavelength, such as reflecting shorter wavelengths and transmitting longer wavelengths or
vice versa in the manner of a combiner used for wavelength division multiplexing applications.
The beam combiners may also be provided with different splitting ratios as desired, e.g. for
power balancing and to tap off a portion of the power for power monitoring.

[0059] It will be understood that the 3-SLED source examples described above can be
modified to remove one of the SLEDs to provide corresponding 2-SLED source modules. For
example, in the case of the example of Figure 5, if the "blue"” SLED components were removed
to make a 2-SLED module, then only one mirror would remain, namely mirror 40g.

[0060] While the illustrated examples have 3 SLED sources, further examples may be
implemented with four, five, six or more SLEDs. The SLEDs are preferably arranged on a
common substrate 34. The SLEDs are integrated in a common package as described in the
above examples for 3 SLEDs. With higher numbers of SLEDs, larger packages may be
needed, e.g. butterfly packages with more than 18 pins that have more internal volume. Four
or more SLEDs may be beneficial for achieving a desired specification, for example to span a
wider spectrum than would be possible with three SLEDs, or to combine visible (e.g., RGB)
SLED emitters with NIR SLED emitters or LDs to support multiple modes of use (modalities) in
a single module. One concrete example, would be to have an optical module accommodating
one group of, e.g. 2 or 3, SLEDs for RGB output (e.g., for colour fundus imaging) and another
group of, e.g. 3, SLEDs for high-resolution (HR) OCT. Another concrete example would be a
module with a combined SLED source (e.g. with 3 SLEDs) for HR-OCT in the wavelength
range 780-930 nm and a further single SLED source with a centre wavelength of around 750
nm for scanning laser ophthalmoscopy (SLO) and/or eye tracking.

[0061] Some system applications employing modules as described above are now discussed.

[0062] Figure 11 is a schematic drawing of a static-field Fourier-domain OCT system
employing an SLED source module as described above to provide illumination over an area of
the sample. This is a spectral domain system using the broad-band, high-brightness SLED
source module and a detector to separate the wavelengths spatially and project them onto a
one- or two-dimensional (2d), i.e. array, sensor. The illustrated parts are as follows:

SLED SLED source module
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A1 aperture

BS beam splitter

LO-L7 achromatic lenses
NDF neutral density filter
M1-M4 mirrors

DP dispersion prism
GR diffraction grating
DU detector unit

DA detector array

[0063] The SLED source module SLED outputs a circular section beam which passes through
circular aperture A1, is reflected 90 degrees by a plane mirror M1 and is then focused by
spherical lens L1. A beam splitter BS is arranged to split the light into a first component and a
second component. The first component traverses a sample arm by being projected onto a
mirror M4. The light is reflected by 90° from the mirror M4. The beam is collimated by lens L6,
projected onto mirror M3 and once again focused using lens L7. Ahuman eye is placed with its
lens being in an appropriate position, e.g. at the focal position of lens L2 as illustrated. The
light which is backscattered from the retina is directed back through the same path until beam
splitter BS. At the beam splitter BS the backscattered component interferes with the second
component returning from the reference arm. Meanwhile, in the reference arm, the source light
after passing for the first time through the beam splitter BS passes through a neutral density
filter NDF to adjust the power; after that it is recollimated by cylindrical lens L2 and reflected by
90° using mirror M2. It further passes a dispersion prism DP to compensate for the dispersion
in the sample arm. It is reflected by 180° with mirror M5. The reflected beam then goes back
through the same path in the reference arm until it reaches the beam splitter BS, where it
interferes with the backscattered component from the sample arm. From the beam splitter BS
the combined components from the sample and reference arms are projected via lenses L3
and L4 into the detector unit DU. A diffraction grating GR which spatially separates the
wavelength components and projects them onto a 2D sensor DA via a collimating lens L5, this
2D setup being suitable in a spectral domain configuration using a broadband source. It will be
understood that the illustrated transmission diffraction grating GR could be replaced by a
reflection diffraction grating.

[0064] It will be understood by those skilled in the art of OCT systems, that a free-space beam
splitter BS as illustrated may be substituted with a fused fibre coupler, and the free-space
beam paths between the optical elements with optical fibre, in particular single-mode optical
fibre, so that the interferometric part of the OCT system, i.e. the four arms around the beam
splitter, is implemented in optical fibre and optical fibre components.

[0065] We have illustrated a specific static OCT configuration, by way of example only, but the
SLED source module is also suitable for other kinds of OCT system. Example OCT systems
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that may use an SLED source module as described above include: imaging and sensing
techniques, where the beam is kept static; imaging and sensing techniques, where the beam is
scanned across an object; illumination, where the beam is kept static; and illumination, where
the beam is scanned. Scanning devices are, in the context of this disclosure, understood to
include methods that move a beam across an object. The beam might also be spatially
modulated, e.g. by using digital mirror devices, spatial light modulators or similar.

[0066] Figure 12 is a schematic drawing of a combined OCT and fundus imaging system for
obtaining images of a human or mammalian eye employing two SLED source modules as
described above, one with IR output band for OCT imaging and another with a visible (RGB)
output band for fundus imaging. The specification of the RGB SLED source module is, for
example: a blue SLED with a centre wavelength of 455 nm and a 3-dB bandwidth of 10 nm, a
green SLED with a centre wavelength of 510 nm and a 3-dB bandwidth of 10 nm, and a red
SLED with a centre wavelength of 650 nm and a 3-dB bandwidth of 10 nm. The specification of
the IR output may be met by a single IR SLED, for example an SLED with a centre wavelength
of 845 nm, 3 dB bandwidth of 145 nm, 10 dB bandwidth of 165 nm, 10 dB wavelength range of
765-930 nm, 10 mW output power and a coherence length of 2.9 micrometres. It will be
appreciated this output is from the red end of the visible to near-infrared, which is suitable for
OCT systems. The parts shown are as follows:

SLED (IR) IR SLED source module

SLED (RGB) RGB/white-light source module
BS1, BS2 beam splitters

L1 lens

M1, M2, M3 mirrors

[0067] Each SLED module outputs a collimated, circular or elliptical section beam. The
collimated beams are reflected 90 degrees by plane mirrors M1 and M2 into a common path,
wherein mirror M2 allows the IR SLED beam to pass through it and combine with the RGB
SLED beam at the front face of mirror M2. A beam splitter BS1 is arranged to reflect the IR and
SLED beam into a path, called the sample arm, that features a focusing lens L1, which focuses
the SLED beams onto a desired focal plane on the eye, e.g. cornea, lens, pupil or retina. A
certain portion of the IR/RGB light is transmitted at beam splitter BS1 into a separated path,
called the reference arm, which incorporates another mirror M3 that reflects the IR/RGB light
and that has a path length that is matched to the path length of the sample arm. The light
which is backscattered from the eye is directed back through the same path until beam splitter
BS1, where the IR light of both sample and reference arm interfere. At the beam splitter BS1
the backscattered component passes through without reflection to a second beam splitter BS2
which allows the IR component of the light to pass through it and be received by an OCT
imaging unit and which reflects the RGB component of the light by 90 degrees into a fundus
imaging unit. Ve have illustrated a specific static-field OCT/fundus imaging configuration, by
way of example only, but the SLED source module is also suitable for use in a scanning field
OCT/fundus system. Example applications of the IR SLED source module include: spectral-
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domain or Fourier-domain OCT where the beam is focused to a small point of high lateral
resolution and scanned in two dimensions across an object;, spectral-domain or Fourier-
domain line-field OCT imaging where the beam is focused to a narrow line and scanned in one
dimension across an object; spectral-domain or Fourier-domain full-field OCT imaging where
the beam is kept static and not scanned across an object; spectral-domain or Fourier-domain
optical coherence microscopy (OCM) where the beam is focused to a small point or narrow line
and scanned across an object. The beam might also be spatially modulated, e.g., by using
digital mirror devices, spatial light modulators or similar. It will be understood that either the
OCT-specific or the fundus-specific components could be removed from the illustrated system
to make a fundus system not according to the claimed invention or an OCT system
respectively.
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PATENTKRAVENE

1. Et optisk kohaerens tomografisystem, der omfatter:

et optisk bredbandskildemodul (5); og

en interferometrisk del,

hvor det optisk bredbandskildemodul (5) omfatter:

et hus (10) at definere et indelukke med frit rum;

en fgrstesuperluminescerende lysemitterende diode, SLED, kilde (12r) anbragt i
indelukket til at udsende en fgrste SLED-strale med et ferste belgelaengdeomrade og en
ferste centerbglgeleengde til at udbrede sig i det frie rum langs en ferste strélebane;

en anden SLED-kilde (12g) anbragt i indelukket til at udsende en anden SLED-stréle
med et andet belgeleengdeomrade og en anden centerbglgeleengde forskellig fra den ferste
centerbwlgelasngde til at udbrede sig i det frie rum langs en anden strélebane;

praeget af

en stralekombiner (40r-g) anbragt i indelukket til at modtage den farste SLED-strale
og den anden SLED-strale og kombinere dem til en kombineret SLED-strale med et
kontinuerligt spektrum med en bandbredde, der deskker det farste og andet
belgelaeengdeomrade, hvor den kombinerede SLED-strale straekker sig i det frie rum langs en
kombineret stralebane; og

en optisk udgangsport (16; 48) indrettet til at modtage lys langs den kombinerede
strélebane og til at udsende den kombinerede SLED-stréle med det kontinuerlige spektrum
fra huset.

2. Det system ifglge krav 1, hvor stralekombineren omfatter et i det veesentlige plant
optisk element med en forside og en bagside, idet bagsiden er indrettet til at modtage den
forste SLED-stréle ved en fgrste indfaldsvinkel og fere den gennem det optiske element til
forsiden og udsende den fra forsiden fra en fgrste position og i en farste retning, og forsiden
er indrettet til at modtage den anden SLED-stréle i en anden position, der er
sammenfaldende med den fgrste position og i en anden indfaldsvinkel, og at reflektere den
anden SLED-stréle i en anden retning, der er sammenfaldende med den fgrste retning.

3. Det system ifslge krav 1 eller 2, yderligere omfattende:
en tredje SLED-kilde (12b) anbragt i indelukket til at udsende en tredje SLED-strale
med et tredje belgeleengdeomrade og en tredje centerbelgelaengde forskellig fra den farste
og anden centerbglgeleengde til at udbrede sig i det frie rum langs en tredje stralebane; og
en yderligere stralekombiner (40rg-b) anbragt i indelukket til at modtage den
kombinerede ferste og anden SLED-strale og den tredje SLED-strale og kombinere dem til at
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danne en kombineret SLED-strale med et kontinuerligt spektrum, der daskker det ferste,
andet og tredje belgelaengdeomrade til den kombinerede stralebane.

4. Det system ifglge krav 3, hvor det ferste belgelaeangdeomrade deekker et
belgeleengdeomrade, der er laengere end det andet balgeleengdeomrade, som er laengere
end det tredje belgeleengdeomrade.

5. Det system ifglge krav 4 omfattende:

et kantfilter anbragt efter at kombinere den farste SLED-stréle med den anden SLED-
stréle og konfigureret til at afvise belgelaeangdekomponenter, der er kortere end det andet
belgeleengdeomrade; og

et yderligere kantfilter anbragt efter at kombinere den tidligere kombinerede farste og
anden SLED-stréle med den tredje SLED-strale og konfigureret til at afvise
belgelaengdekomponenter, der er kortere end det tredje belgelaengdeomrade.

6. Det system ifslge krav 5 omfattende:

et endnu yderligere kanffilter anbragt i stralebanen for den ferste SLED-strale, fer den
kombineres med den anden SLED-stréle og konfigureret til at afvise
belgelaengdekomponenter, der er kortere end det farste balgeleengdeomrade.

7. Det system ifglge krav 3, hvor det farste belgelaengdeomrade deekker et
belgelaengdeomrade, der er kortere end det andet balgeleengdeomrade, som er kortere end
det tredje belgelaengdeomrade.

8. Det system ifslge krav 7 omfattende:

et kantfilter anbragt efter at kombinere den fgrste SLED-stréle med den anden SLED-
stréle og konfigureret til at afvise belgelaeangdekomponenter, der er leengere end det andet
belgeleengdeomrade; og

et yderligere kantfilter anbragt efter at kombinere den tidligere kombinerede farste og
anden SLED-stréle med den tredje SLED-strale og konfigureret til at afvise
belgelaengdekomponenter, der er leengere end det tredje balgeleengdeomrade.

9. Det system ifslge krav 8 omfattende:

et endnu yderligere kanffilter anbragt i stralebanen for den ferste SLED-strale, fer den
kombineres med den anden SLED-stréle og konfigureret til at afvise
belgelaengdekomponenter, der er leengere end det farste belgelaengdeomrade.
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10. Det system ifglge ethvert af de foregaende krav, yderligere omfattende:

en laserdiodekilde (12/) anbragt i indelukket til at udsende en laserstrale til at udbrede
sig i det frie rum; og

en yderligere stralekombiner (40r-/) anbragt i indelukket, saledes at laserstralen og
SLED-stralerne kombineres for at udbrede sig langs den kombinerede strélebane.

11. Det system ifelge ethvert af de foregaende krav,

hvor den interferometriske del af det optiske kohaerenstomografisystem omfatter en
stréledeler og rekombinator (BS) indrettet til at modtage lys udsendte fra kildemodulet og til
at dirigere en komponent ind i en fgrste arm, prgvearm, til en prgveposition og en anden
komponent til en anden arm, referencearm, og at rekombinere lys modtaget tilbage fra den
ferste og anden arm og dirigere det rekombinerede lys til en detektor (DU).
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FIG. 6
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