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electromagnetic spectrum. The wavelength region and the range of a spec-
trophotometer is determined in part by the spectral data that the spectrophotometer is
designed to gather, and the type of light dispersion and light detection systems used.
This in turn puts limitations on the acquisition speed, sensitivity and resolution capa-
bilities of the spectrophotometer.

[4] Conventional spectroscopic systems can be classified in two categories; (a)
dispersive systems and (b) interferometric (FTIR) systems. In both cases the basic
system consists of a mechanism by which the light is dispersed (either spectrally or
temporally) with a grating or linear drive mechanism, plus a detection element (usually
a semiconductor based photodetector or photo-multiplier tube). Thus, such systems
consist of a minimum of two parts. In practice such systems require multiple additional
optical elements such as lenses, mirrors, shutters, slits and optical choppers in order for
the spectrophotometer to function efficiently. Historically, spectrophotometers use a

monochromator to analyse the spectrum, but there are also spectrophotometers that use
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[6] Many additional applications of interest arise if spectrophotometers were sig-
nificantly lower cost, lighter weight, smaller size, rugged, and incorporated signal
processing capability in the instrument.

[7] To overcome some of these disadvantages the art has developed miniaturised spec-
trophotometry systems, for example microelectromechanical systems (MEMS) such as
that of US Patent 7106441 entitled 'Structure and method for a microelectromechanic
cylindrical reflective diffraction grating spectrophotometer’, that discloses a tuneable
MEMS spectrophotometer with a rotating cylindrical reflective diffraction grating that
is integrated with a photodetector and an optical fibre light source on a Rowland circle
on a monolithic silicon substrate.

[8] Other examples include spectrophotometers disclosed in US2008198388 which

describes a miniature Fourier transform spectrophotometer having a moving scanning
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All the above prior art utilise separate components for light dispersion and detection
leading to issues during fabrication and performance degradation.

[11] All of the spectrophotometer above still have separate monochromator and detection
optics meaning that on a miniature scale they will lack resolution (due to the limited
spatial separation between the dispersion and detection elements), are difficult to
fabricate (due to the need for accurate alignment) and have issues relating to the effect
of stray light (since intense light may readily scatter within the spectrophotometer).

[12] Disk resonators, also known as micro disk resonators, or resonators are known in the
art for the addition and removal of specific wavelengths from a fibre optical cable in

telecommunications. Examples of disk resonators include United States Patent Ap-
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problems are described above. Such spectrophotometers are complex due to the

number of parts. These systems often contain mechanical grating monochromators to

disperse the light, slits, baffles and cooled photodetectors, lenses mirrors and shutters

which all have to be correctly aligned for the spectrophotometer to function properly.

These systems are prone to malfunction due to the complexity and large number of

parts, have slow acquisition times, are expensive to produce and have problems as-

sociated with stray light, as each additional component introduced into an optical

system, creates a loss of photons and so reduces signal intensity.

[15] Furthermore, array based spectrometers suffer the additional disadvantage of having
their optical properties fixed so that, it is not possible to increase spectral resolution or
sensitivity by altering the width of a slit as is possible in conventional grating based

spectrometers. Often these systems are heavy and therefore not suitable for portable



their optical properties fixed so that, it is not possible to increase
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Advantageous Effects

[20] Advantageously such a spectrophotometer would have little loss of input photons and
a high signal to low noise ratio, and thus would have an improved signal intensity.

[21] Accordingly, an embodiment of the present invention also provides a spec-
trophotometer with no physically moving parts.

[22] Advantageously such a spectrophotometer would result in a system which is not
complex, would be low maintenance, has no grating-detector alignment problems or
stray light issues. Such a system would also result in a spectrophotometer with a fast
acquisition time and high resolution.

[23] In a preferred embodiment the spectrophotometer comprises a monolithic substrate,
characterised in that the monolithic substrate (1) is a semiconductor having a one or
more waveguide means (2) and one or more resonators (3-14) wherein each resonator
(3-14) forms part of the waveguide means (2), or each resonator (3-14) is optimally po-

sitioned in proximity to the waveguide means (2).



nore wavegui de nmeans (2) and one or nore resonators (3-14) wherein each
resonator (3-14) forns part of the wavegui de neans (2), or each resonator
(3-14) iswopbioegizg p o sitioned in proximty to the wareguiBie1msaTss
(2).[24] Advantageously, a spectrophotoneter of this type, w thout noving
parts of the type described can be manufactured to have the foll ow ng
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resonatjogs ( 3-Advan¥BEsRIykuthg sPRYRIHbEReter would be cheaper to produce than those
currently on the market as the spectrophotometer does not have moving parts, gratings,
MEMS etc.

[30] Advantageously such a spectrophotometer would have no moving parts. Therefore,
the spectrophotometer would not suffer from failure due to moving part failure. Such a
spectrophotometer would be more rugged and reliable than spectrophotometers
currently on the market.

[31] In a preferred embodiment the spectrophotometer comprises a monolithic substrate,
characterised in that the monolithic substrate (1) is a semiconductor having one or
more waveguide means (2) and one or more resonators (3-14) wherein the waveguide
may be angled in relation to the incidence of input light, wherein each resonator (3-14)
forms part of the waveguide means (2), or each resonator (3-14) is optimally po-
sitioned in proximity to the waveguide means (2), the resonators are optimally di-

mensioned for a given electromagnetic wavelength, and ordered such that the smallest
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drawi ngs of whiteéts ([B3)) ¢ theireuface€oncept of spectrophotoneter [34] Figure
2: two_ cross{s&Qetipfioh M PRxWihgdshe sem conductor chip [1] corresponding to
those indicated by A and B in Figure 1. [35] Figure 3: Three dinensional
repr esédtlat i ordEnstdimpRs obhie PoFaLCRBINtORYill SRBelss¢risd iamore dgtal. tyWaoupl ed
with the wavegukgdeplé dhlyeivithesfeRatd womdak iYustriled ®F f@Edsi 1CBl4 of thBhc- [ 36]
Figure 4: Epitaxial. d§§%%? f?r a_typical spectrometer chip working in the
NI R regi on af8™m8&s'm PR ont al 1y aligned resonators as depicted in
Fi gure [3H. [ 3Higirt 1sGondegpt of spoctbephoainedert hat certai n aspects of the
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by ref er ence thaseiindicateskhy praafl & inddgwetlodi ments. However, the invention is
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spectrophot oneter in _which there no physical separatign between

n ich t (S [ | 1 t he
li ght di sper $$R52RE4As! SareURlerEWith gier WaeeREe (RFithenhaizoaialy (4) gpegtically
t rophot onet egBhavi ng no noving parts. For the reasons given above, the
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and designed with horizontally aligned resonators as depicted in Figure 3A.
[37] It should also be noted that certain aspects of the drawings are not to scale and that
certain aspects are exemplified or omitted to aid clarity.

Best Mode

[38] This invention will be exemplified by reference to its most preferred embodiments.
However, the invention is not limited to said embodiments.

[39] This invention relates to a spectrophotometer in which there is no physical separation
between the light dispersing means and the light detecting means, such a spec-
trophotometer having no moving parts. For the reasons given above, the inventors have
found that some spectrophotometers which have moving parts are prone to failure or
cannot be miniaturised or are expensive/difficult to manufacture or have other as-
sociated problems.

[40] It is therefore an object of the present invention to provide a spectrophotometer

having no moving parts. Accordingly, an embodiment of the present invention
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[43] Advantageously such a spectrophotometer would allow fast acquisitions of data as all
wavelengths of light would be read simultaneously. Therefore the entire spectra could
be read in milliseconds or less.

[44] Advantageously such a spectrophotometer would have superior spectral properties as
such a spectrophotometer would have low stray light and therefore produce high
resolution spectra. In addition such a spectrophotometer could be manufactured to have
very high resolution and wide wavelength coverage.

[45] Advantageously such a spectrophotometer would be cheaper to produce than those
spectrophotometers currently on the market as this spectrophotometer does not have
moving parts, gratings, MEMS etc.

[46] Advantageously such a spectrophotometer would have no moving parts. Therefore,
the spectrophotometer would not suffer from failure due to moving part failure. Such a
spectrophotometer would be more rugged and reliable than spectrophotometers

currently on the market.
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changed by manipulating the refractlve index. For example, for resonators with
diameters ~1 micrometre, by compositional/doping (with impurities) grading a total
index step of <0.02 across 10 resonators would produce resonances spaced 1nm apart,
eg from 1500-1510nm without varying the diameter of the resonators.
[52] Alternatively, the spectrometer chip could use the bias voltage as a means of tuning
the refractive index. Thus, part of the chip test could be to determine if the bias voltage
on any given resonator could be optimised to move one or more of the resonances.
This is also a very good way of altering the resolution of the spectrometer chip on-
the-fly.
[53] In a preferred embodiment the resonators work in the first order and only respond to
a single wavelength in the spectrometer. Alternative embodiments envisage using
resonators which work at a higher order (and are therefore larger and easier to man-
ufacture with sufficient tolerance). When larger resonators are used in the higher order
there are three ways in which unwanted wavelengths may be excluded:

1. The absorbing layer is chosen to have a fixed spectral absorption bandwidth
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[57] Preferably the resonators (3-14) have electrical contacts (19, 20) on their surfaces and
these contacts comprise a gold electrical contact, a gold alloy electrical contact or an
electrical contact comprising other electrically conductive materials.
[58] Optionally the cleaved facets of the semiconductor wafer may be coated with
multilayer coatings to accept or reject light over a particular wavelength range. Such
coatings are known to those skilled in the art.
[59] In a further option the substrate may comprise one or more solid state shutters/
modulators or light guiding optics.
[60] In a more preferred embodiment, the spectrophotometer comprises a monolithic
substrate, characterised in that the monolithic substrate (1) is a semiconductor having a
waveguide means (2) and one or more resonators (3-14) wherein the waveguide is
angled in relation to the incidence of input light, wherein each resonator (3-14) forms

part of the waveguide means (2), or each resonator (3-14) is optimally positioned in
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surf aces. wéh)%ﬂl\éeml onal spectroscopic systens can be classified in two

cat egori es; HePERSRS systens and (b) interferonetric (FTIR) systens.
I n bot h6Llases Adieemasiatsprysdeopic onseat sarfe dasyErlddmtsorcdygorescla) t he |1 ght

is dispersed (either spectrally or tenpor i th rating.or. l.inear
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In practice suc ens Fequlire nu optica enent s “such

as | enses, nidrEBicoNdudiofn haspdphagpdetectospy PBpieiBRiPEeIdpbRr Shusatiichyypne of

whi ch is showsmpAsdBrEARADS: tho fawtk  dIgsHTAIPersidnen&at Bhd a Gbht degecsipgct r onet er
is connected to signal .processing equi pnent such.as.|lock-1rn-anplifiers,

box- caraver Aars AGCHRSER STyt SUIB ARG A ETR of o) cBARER i S
interpretati densef, ranmosusiputrssslgnaid ofticat dheppes ean dxamptessfothith srsh¢whm mum
resol vable wyielenghlp if ARINIGS) SRR LPHE'SE O LOREPBYSI Gaha ST 26 Of
the unit, thus for high resolutton, & large rnstrunent is requir da

Ther ef ore comveessiggeduippet svapisdodnet anglifidis tborpeaveiragery adoitharisgmahave by

necessity beepndigbdfe 2Rchias whidIRIIURRERBERVYT ARl kipYal. FRerB@fe, the
resulted in the |] m%at-l on” of the use of s?é%&rgsgphot oneters. In addition

such spect r ofROlGIMBL B MAPEegy akla paveipngth scales inversely with the

physical size of the unit, thus for high resolution, a large instrument is required.
Therefore conventional spectrophotometers that have high resolution have by necessity
been large and as a consequence heavy and bulky. This has resulted in the limitation of
the use of spectrophotometers. In addition such spectrophotometers are delicate in
nature and therefore do not tend to be portable in nature.

[62] This application describes a spectrometer (element) which is based upon a single
monolithic semiconductor chip. This element is manufacturable using standard semi-
conductor fabrication processes. The chip incorporates both the light dispersion and the
light detection system in which one or more resonators acts as both the light dispersion
means and light detection means. Furthermore, in a particular embodiment the chip
may incorporate a shutter/modulator (solid-state) and other light-guiding optics.

[63] The basic concept is illustrated in figure 1. [1] represents the semiconductor chip of
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[64] Figure 2 | ustrates two cross-sSections th rou}%aL the sem conduct or chip

[1] corre spbRAPHEIES thBEactradve diled hyViuciamay Be Fhanerg by daying the plley
figure 2A repogpedition hdifor by introducing dopant impurities into the resonators.

[64] Figure 2 illustrates two cross-sections through the semiconductor chip [1] corre-
sponding to those indicated by A and B in Figure 1. [17] of figure 2A represents the
substrate material made of the materials listed as for [1] and doped either n- or p-type.
The substrate is typically ~90microns in thickness and is used as the template for the
spectrometer chip. Atop the substrate an active region [16] is grown (typically by
Molecular Beam Epitaxy or Metal-Organic Vapour Phase Epitaxy consisting of a
semiconductor as per [1] but for which the band gap is designed to cover the target
wavelength range of the spectrometer and which has a refractive index greater than
that of the substrate. The band gap (E,) of the semiconductor is chosen so as to
determine the maximum detection wavelength of the resonator, where A=hc/ E, where

h is the Planck constant and c is the velocity of light in a vacuum, which may be ap-
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then an In(0.601)Ga(0.399)As(0.856)P(0.144) layer of thickness 100nm and optical
band gap 1.5um [23]. This is followed by a second In(0.72)Ga(0.28)As(0.6)P(0.4)
layer of thickness 200nm with optical band gap equivalent to 1.3um [24] followed by a
p-type InP layer of thickness Sum doped to a concentration of 2x10'"%c¢m [25]. In this
embodiment, the input light is guided in the waveguide ([2] and [22-24] between the
top [25] and bottom [21] InP layers, travelling predominantly through the 1.3um
In(0.72)Ga(0.28)As(0.6)P(0.4) layers [22, 24]. The top InP [25] and
In(0.72)Ga(0.28)As(0.6)P(0.4) layer [24] are selectively etched in the resonator region
where the In(0.601)Ga(0.399)As(0.856)P(0.144) layer [23] forms the absorbing layer
providing absorption at and below 1.5um. Other epitaxial structure embodiments are

envisaged and known in the art.
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or [18] & 20]) orns a C proportiona nount of
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detector sengpidN&l fr8d@isPasttdChNeYStENIhdredRthiWheh RBnnected to an external
circuit via the electrical contacts (eg. [18]&[19] or [18]&[20]) this forms a current
which is proportional to the amount of light present in the resonator. Consequently
each resonator acts as a detector sensitive to a specific wavelength and when the
signals from each detector are connected to an appropriate circuit a spectrum of the
light may be produced. The speed at which the spectra can be recorded is limited only
by the electron and hole escape time in the resonators (typically microseconds or less)
allowing spectra to be obtained at a rate of up to typically 1 million per second.
Industrial Applicability

[70] The disclosed semiconductor chip provides a spectrophotometer with low mass &

low power requirement, cosmic ray-resistant, thermally stable, vibration-resistant,
atomic oxygen immune, space vacuum-compatible, and, with no moving parts, the
chip would be maintenance free. Thus this spectrophotometer is ideally suitable for hy-

perspectral imaging for earth observation (for example climate & atmospheric
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the use of mildgsk @ah 1ms. Advantageously such a system would also not require the use of mirrors
and gratings which age badly in space due to cosmic radiation and decrease the ac-
quisition time. This system, using resonator technology, exploits optically efficient
direct band gap semiconductor alloys, such as those in the III-V family.

[71] It is therefore highly attractive to produce a monolithic solution which targets
different wavelength windows each of which can be configured to have a dynamically
alterable resolution. This offers the flexibility to selectivity 'on the fly' meet the re-
quirements for small ground pixel size or high spectral resolution.

[72] Such a spectrophotometer could also be used for example in a digital camera
apparatus to replace the currently available colour sensors with sensors (the spec-
trophotometer chip) to take images in true colour. In addition the spectrophotometer

chips could be used for ensuring true colour calibration of TVs (measuring the spectral



and gratings which age badly in space due to cosm c radiation and decrease
the ac quisition tinme. This system using resonator technol ogy, exploits
opti cal | ywefbiocizeszs di rect band gap sem conductor all oyeCT8IR2010205013M0S€e i n
the Il1-V famly. [71] It is therefor® highly attractive to produce a
nmonolithic solution which targets different wavel ength wi ndows each of
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range, wth a |s I nventi on concerns a tuneabl e
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optical circui. veIe aratlo ection, take ce vmthout t he

need for moviHgost SBS? 4Rt YGSP%Y?"’@H&”%?‘Hicsénce@fé(%y
enbedded on anbeddden arﬂbglstroblhnt phiptstray liphtgk ninisnizddminil sz hghtwhtehsty 1lS| ght
intensity is nmaxi {Z‘e ged. [76] The invention can work across a large

bandwi dt h of wavel engths. The bandw dth used wi || end in part upon the
conposilf®lon ofTheHevendian eawadk asress adaige brpsiveiddyof \*parVéIl?f@g@abl Thettpadwidth

spect r ophot ongtewill §pdfdiiINeugod MOEdnpARitdhtor hSseMiR HiRBEn Hbh. Héwder,

preferably the spectrophotometer is designed to work in the vis-NIR bandwidth from
400nm to 2000nm and allows for flexibility of wavelength range/ resolution within that
bandwidth. For the design of a spectrophotometer in the near IR region (900nm to
1700nm) alloys based upon group III-V compound semiconductors are preferably used
as the optical properties of III-V semiconductor alloys are well known.

[77] Although the approach may be utilized with silicon, III-Vs alloys are more optically
active and cover a larger wavelength range. Typical materials include AlInGaN alloys
for short wavelength spectroscopy, AlGalnAsP alloys for the visible range, and
InGaAsP, InGaAsN and InGaAlAsSb alloys for the near- and mid-infrared. The
wavelength range of the chip can therefore be tailored through judicious use of
different semiconductor alloys. In addition, the introduction of impurities, e.g. Zn, C,
Te into the alloy can provide fine tuning of the optical and electronic properties of the

chip and components thereof.



400nm to 2000nm and allows for flexibility of wavel ength range/ resolution
within that bandw dth. For the design of a spectrophotoneter in the near IR
regi on (990nmowsF00nm) all oys based upon group I11-V ecxrmB2nm/ 050737

sem conductors are preferably used asi7t he optical properties of 111-V

sem conductor alloys are well known. [77] Although the approach may be
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waver endin s padieraedBRgorome s ERRdPa b ey PR PR SN s

| NGaAsP, | nGadsducamdllby GaAifsSith ahd aptsalf wavehiee fieaneoraing lughdandrrhe ared. The

wavel engt h r?&%ﬁaﬁf‘s Wi gi% EnER e fe@%rdefﬁé \%aﬁ% [a%'lé Pdrﬁ]%dtfﬁ%fb{ﬂ | thqj cious

use of different sem con ein I on of
impurities, @ogduclm mageriaf avhiers the ?H@Y Qlde@gn@hwcmhmt@lbaﬁdm i llmgqrghém‘tht: he

opti cal and 78]
OBk St LT BTG Sl Al 400 AP ARBL NGl

entirely senﬁ@&f?&d&%ﬁsgagcea uwrtrﬁu lfikyeiswih 2 oglkdefctugptug) %@a@t&yﬁﬁ%@n bot h
the opti cal \ﬂ@vlﬁgglthée:ofwbsbmlfgmeggmlsuahﬂlaamd obh&l rg@p@flﬁhb@é@ve/vegiroﬁ ig he 1ight

detected. Th b d t I
wher e the: ai 0o SREEEEGRS o Bubabd It PeR R e w SR RP R PhoRE Thhe
energy of t hdldﬁ)@hmmmpgyar(cbdmﬂgsﬂthmbe@mw afibptisdstephined f@raest . The
resonator 1Is é&ﬁf@ﬂ{ E%@le r B al[tl:‘)lg kédulnﬁ’éﬁg le\Mr}cQ]h%Pﬁégl lﬁn fheﬂHant um

wel | active region rm ng ng regi on suc at t eotlcal
gap of the a@h@f\?@elﬁ@{fﬁﬁﬁthesln@?lé%% .er than or equal to than the small est

ener gy [éd)ongesm\@@d}m%mla RE@KWI@TOKWU@’B@R@XGU CO”DOSI tions and
dopi ng { t he Hctor al l.oys is ei m ned f peC|f|cta]E
wavel ength r aﬁ@@ W%Vﬁﬁ‘r“ @fr}aﬁt%n%%?é) dhengRe T"éac,VFg‘r“E}%rlThl%lﬁtt? eqvenifack Her mal
char act eri st iflesti@f frbﬂnehdmi&ﬁacat et the 813@%%8&%%5@1&5@&%&&5@%
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spacin retati.ve 10 \ 0 X]l.mz cou I n
ot el oney antininrs g ATh ke Jrnen e fsnarar il 4>3Yl,1b ehe
resonat or di dneferd suth that D= beawdtespgiecy/Biuch wieatin D isthewdfeeti engtiactivent Pi *
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e-beam lithography techniques.

[82] Tolerances <20nm are feasible using electron-beam or deep UV lithography. At the
prototyping stage it is envisaged that electron- beam lithography would be used since it
is extremely versatile and current technology is much better for attempting multiple
designs on one wafer. In a production phase, electron-beam is also possible, however,
deep-UV and holographic lithography techniques are much quicker at producing large
numbers of devices with such tolerances.

[83] OPTICAL COATINGS

[84] The front and back facets of the spectrophotometer chip are optionally coated with a
coating to allow the spectrophotometer chip to work in a higher order, for example,
Ist, 2nd or 3%, 81 order and so on. This is a desirable feature as it will allow operation
with larger resonators, therefore making manufacturing simpler. The precise com-

position, thickness and refractive index of the layers is optimised to match the



| it hography techniques. [82] Tol erances <20nm are feasi bl e using

el ectron-beam or deep WV |ithography. At the prototyping stage it is

envi sagedwohato/eBmst ron- beam | it hography woul d be usedPsrmB20i000507
extrenely versatile and current technsl ogy is much better for attenpting
mul tiple designs on one wafer. In a production phase, electron-beamis also

possi bl e, homweréngtﬂe@frgewuﬂa@sﬂuﬂh@%ﬁm@I\ﬁllltyﬁlmQr@ﬂm dfechimitgues dar e much

qui cker at pr duci.ng | ar ch tol erances. [83]
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Al ternati vel¥ a @B?nr % @é}t (%U' ate coating nmay be used to resonantly
coupl e |ight 8’166% 1% P%Srom &Cﬁs into the chip. [85] ELECTRI CAL
COUPLI N&5] 86] WA HIHNGTHRwNGed el ectrons fromthe spectroneter chip form
an ele i cal
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order to extract t on1s
with a vol t adee spocandestopmateriakstirang thilc‘éﬂr lalstC@Hm&ﬁ@pF@WeSI@P@@mmmet%t of the

device. [87] ¢ V%Mﬁn&ﬁ‘mﬁpbﬁ&]no%oﬁr%tv@ﬂeﬁtlﬁgthaﬁé%ﬂ%@ﬁﬂnemHmr ange of

t he spectrophotgneter chip is determ ned t he ﬁ guct or Ierl al s

f rom whi ch .Fxrsgn%amsa%cga topgghicye gb%%?fl%b Fg n@%&? G A near IR
applications n@neplealumumlmgiﬁaoﬂ)ameg@h b&ﬁHﬂlmanhm(A@(B)/IﬂRaﬂéysngummwj&C hes
to achieve this eutll eh% nGaAs det.e nt nul tiple

0
quant um wel | "2 3B SRS G1'0 %“é%t rChlpﬁO %s“(glﬂ?% sty awesen QUi arso be

used. HoweverenVIswdtwﬁp]hdtcmpembmhtlw prelmatorndg:tmrmdﬁﬂﬂedqnng wasel engt h
ranges are epv,aaged,m th judicious conbinations of sem conductor material,
dopi ng and resonator size. '5]%89 I\/ASS AND FOOTPRI NT [90] The

spect r dptlot omB8pSeN HQQEPRI have a negligi bl e mass. Assuming an | nP

3as edt crba)rg \|M ghe@paaﬂ@h@t@mewrtchms&f%ﬁﬁ hev &4 ﬁé}% igkble BN, ers@mﬁmﬁfaarr?rﬁhl ch the
mos of the SHSCHPULNOE ORI FBEX A e 3B (S100g)
The equi val edtnsigsy [0l isat.8 g/t alhe BPassie A4sppeogmophibiicike swminexeadswd itheg
optics is s u@ﬁée%bh@tl)ﬁ%tep 'v@lIP BL the-gg?ociated micro optics (<100g). The equivalent mass of

a typical CCD based spectrophotometer excluding optics is substantially higher. The

typical dimensions of a CCD system are in the region of 5cm x 10cm x 15cm. In con-

ventional spectrophotometers, the resolution is limited by the size of the box (to

maximize dispersion). In this invention, the resolution is intrinsically linked to the

wavelength of the light meaning that the spectrophotometer can be extremely small.

[91] The claims as filed form part of the description.



typi cal dinensions of a CCD systemare in the region of 5cmx 10cm x 15cm
In con ventional spectrophotoneters, the resolution is limted by the size
of the bowo(vm/irssesm ze di spersion). In this invention, PCligGB2eslsot37on i s
intrinsically linked to the wavel engt®® of the |ight neaning that the
spectrophotoneter can be extrenely small. [91] The clains as filed form

part of the description.dains [I] t r ophot oneter conprising a
nonol it hi ¢ sem conductor substrate ﬁﬁfﬁ;ia nore wavel engt h di spersing

means (3r14), and, ﬁi&&r&ﬁho@ﬁ&eﬁ’@)@rﬁﬁﬁtdhgﬁélﬁﬁb's@tﬁw@ﬁ@lfb?oﬁs%bétfb)te (1), one
characterlsed in that there is no physical separation between the

di sper si ng neans °f BiuyayiensdedispibiRg Meahe - {43, and onejopmopp avelength
spect r ophot onet el’det@ moiihm (8948 |cahmutdrisecla i tiehd el fhysicMakpirigon

di 4 d det ect h h |

v ng parte. [3 e EBT & LORO G EBEr SEh o clai 2.
characﬂérised |nTmbapamb§MﬁosmErmunghmpanﬂmﬁﬁlk&pammdydenQWHMngﬁmﬁmhsg
(3-14) is am Cr%éaﬁé@“fig%@ﬁggfeéﬂé@]mkﬁls (?H%%EM%J &%ﬁ%@{ﬁ%@fnﬁ%ﬁ?rd' hg to

claim 3, characterise m cror esonat
opt i maI[B}y accept Thewesesiophripmetst a¢doghng tsrclpnut ar ¢layn a5 chagpgteriseryintbatdhe | i ght

in that t he di amgt@brs(dm@hs €REN) LRRRRLR d‘é rﬂeﬁnsd@tﬁ!)r@ @ﬁﬁ’cr@éfe&ﬁ@tof _, a
Etnllpql [ 5] The ;pectrogﬂﬁtoneter accor
teri

% | aim3 or. claim
char ac sed i n RAPCCHQRPOIRMEIEH 2T %%%@algt schars'wfgﬂaféitl@é]e%rea@f ML | evel
of light of a paﬁ$bﬁmbﬁ@ MauehangbhmuhﬁhyE&&p8@a@bﬂem@DbDHgMQﬂpaﬁmay@fng to

any one of the precef di clai.ns act d in,that
spect r ophot onet e ave S qlgsh g% i ht 11 thaﬂ%e gl%ev% f each feson 1s cie}e]rm,l,thed by

spectrophotoneteﬂ%dbanﬂdﬁﬁmeucIaln15 characterlsed in that each
resonatgy (3-14) B BBhdtofkect Dona gmﬁfn §BANSin{ 2) chaflerc PRGN ERR)

(3-14) 1's opti mal I oned pr ox e wavegui nmeans (2). [8]
The spectrophot o ﬁﬁ?f@rm%ﬂf@tﬂf artags @ée@Ptar Al @e dpvekpllight pf a @hré%!éf waydength.n

that the) wavegui dee Spadifop ﬁarbme&raegdr@lﬂg&@a@r@wth@@@kecﬁ@ &mﬁzﬁg QRaof Ilght
[9] The spectrophotoneter a aracterised

cor c
in that the wavedtifted! Eﬂlf’étﬁ%ﬁes@ﬁ“&g?élﬂ‘tonft%CSP@H’Sé’ﬁﬁ 058’86‘? W%YFgHi roTiss wi de,

about 1000 m crof®).l ong and about 1 mi cron and about 20 microns deep. [10]

The s piﬂ(tj r Op hot o ﬁ% ?%eﬁ:?r%éﬂ&gfnn%r Sé)coﬁtgx R) (ﬁal(ﬂ{ S,tcﬁlgra&re 1§;eecp’1n Q%t a@H @Ona?o ar

acteri in that sona 1S ns on or a girve
wavel ength. [11] (3ié) fs)p@@parépﬁ@pmtsgmd‘ammﬁ%g)rte@mw@m (Hfl4y he

precedi ng cl ai ms o,6hafy ?astl@(;ﬂeaqg fo&lﬁlnfto tthg%varvggtﬁﬁ@ﬁlgéns(é 14) is spherical,
coni cal , stepped gonlca t abul aP i ndrical™ cupped or” conprises one or
more fl %} or curJés sgqﬁlpa]é@gmeter accordmg to claim 6 or Clalm 7, characterised in that the

waveguide means (2) is angled to prevent back reflection of light.

[9] The spectrophotometer according to claim 6, 7 or claim 8, characterised in that
the waveguide is between about 1 micron and about 50 microns wide, about
1000 microns long and about 1 micron and about 20 microns deep.

[10] The spectrophotometer according to any one of the preceding claims, char-
acterised in that each resonator is dimensionally optimised for a given
wavelength.

[11] The spectrophotometer according to any one of the preceding claims, char-
acterised in that the resonator (3-14) is spherical, conical, stepped conical,
tabulate, cylindrical cupped or comprises one or more flat or curved surfaces.

[12] The spectrophotometer according to any one of the preceding claims char-
acterised in the waveguide means (2) is formed from cylindrical resonators
(3-14) arranged such that the resonators (3-14) are arranged in a linear manner,
wherein the resonators are arranged from small to larch such that the smallest

resonator is positioned at the first position and the largest resonator is positioned



[ 12] The spectrophotoneter according to any one of the preceding clains
char acterised in the waveguide neans (2) is formed fromcylindrical

r esonat orwo(28t0l32ar r anged such that the resonators (3-kéx/GB2e10a050Brged in
a linear manner, wherein the resonat®s are arranged fromsmall to |larch
such that the smallest resonator is positioned at the first position and
the | argest resoraaﬂl@nasitpom,ti onedat the last position. [13] The

spectr ot onet er, accor di to any one of cl ai .to_12, . characteri.sed in
That R eoonat dhE SEOBPdaiB” R Feft « il dhaRithes Kl rbrer riat o
is closest to théehgpdientsamfitoendre prdefred such mhan thel sngiilesti didroeteihes wavwe gueldeest
nmeans, and the | - di . t j I . f h i nt
of entry of 1 ncot He PP ORRELE ESAARIEE: ifh bEAAEREEHP LETHERE, R0
spect r ophot orret edisgresarreiongtor & farfpess awapiromrbe ppiatelintyy aflisgomsing babfrinto
acterised in thai,dhgguReiahg conprises silicon or a Il1-V sem conductor

onto which group_l11-V sem -conductor, alloy based | ayers are added [15] The
spect r dphlot onmet erh&ERISFHAPRYOMSICE perofing to F A5 Hie REEEIINE A4S cha-

substrate is dopackegiddifithdd thedubstraté yiaprided Gillicdier $ HeM feditiaidac®t 6iito
according to any gne of t recedi ng cl al ng, ar_acterised in that the
SUbstrate i s di v SED T BE RO G e g RGPURE the f11st
regi on[i5] a subsftlhatpedimpkotofhi?) acoading roortrian &6 rhareondsectio thad dpetibgidthier
por n- type, the;sarRdi@St WL &gL0N (16) conprising of a sem -conductor
in which a band g‘a&g)éh S ncng poPa@gd to cover the wavel ength range of the
spec tdbphot omet he sPREURAROIAMEE peserdingd afednef et rspcedigrelaimat Co# t he
substrate, and t Qgwetifidrif teRtiCRbsiEd@fdivided BE e @MERBaPreb e whREih A | Ve
i ndex than the second active. r egzl }%g, (é?% , whfr ein the sgcond active region
(16) is positiond@ betNRER VREET VP ddt MPES e birmp£eRduehyy dored either @-
active regi on (18yn- {ype]thdheospeaatveapdion oretempasiagbilh Bgnit-conduebmnl 6,
characterised in _that the third region (18) is a ¢ n_el ectrical contact
win the tirst raga AR AR Beb PR Gk Pat PN s BBk e C T Cl o
16 or claim 17, tieaheiometer sedihism nefragtiviehedes| gredten thai thebeft the sub(strfe, andgol d
el ectrical contagle mid9plichi dlah@e$EH68 hAGRL a RN 2Ctachle HUehRRlhd GRbpd
contact made by oteher cgrll uctai veg,ma@er %ﬁal gé %r conpo%ci t ?‘onse ] t,}ﬁler eo%‘? f19]
The spect r ophot o EreEOB 6Hli WHCIED BA JoCORS 21V eLTREIOP K K duPPNfiIcdiPRRYCCB har
act eLI sed | nf t hatthetflﬁgtom_slgef’@gﬁ@f &7§ gndlthy tﬁl@d/&tﬁb(?@gicﬁrzj@l%b. cont ?C_t S (119, 20)
on thel surrace e spectrophot onet.er ccordi ng .t.o _cl al )
char act b7 sed i n IPRGEe BN BEET Pearorge s § Fasseytddngia BehE ol o
el ectrical contactgiom(1§oisch ajn!lmyn elleetcit:gli coataccwith detfirstrregionél Bct ri cal
cont aCt[l@jade by %Q @ﬁec?r%ﬁﬁd‘{gﬁl'et}é? a&%}cﬁﬁé {38 Haifl 168 aim 17, characterised in that
the electrical contact (18) a gold electrical contact, a gold alloy electrical contact
or an electrical contact made by other conductive materials or compositions
thereof.
[19] The spectrophotometer according to any one of the preceding claims, char-
acterised in that the resonators (3-14) have electrical contacts (19, 20) on their
surfaces.
[20] The spectrophotometer according to claim 19, characterised in that the electrical
contacts (19, 20) comprises a gold electrical contact, a gold alloy electrical
contact or an electrical contact made by other conductive materials or com-
positions thereof.
[21] The spectrophotometer according to any one of the preceding claims, char-
acterised in that the facets of the chip may be coated with substances to accept or
reject light over a particular wavelength range.
[22] The spectrophotometer according to any one of the preceding claims char-

acterised in the substrate may comprise one or more solid state shutters or light



positions thereof. [21] The spectrophotoneter according to any one of the
preceding clainms, char acterised in that the facets of the chip nay be
coat ed Wwb 2810b888Cces t o accept or reject |light over aPpardB20LVE0737
wavel engt h range. [22] The spectrophdioneter according to any one of the
preceding claims char acterised in the substrate may conprise one or nore
solid state shut t@idsn dgocspdcgghtgw di ng opt |dcs [23] A spectrophotometgr
conpri g a sem,con characterised i.n e non substrate
(P s T4 e ° Cortitir BrP ey o rsisbigch eishuigop Shaaf o e A o
resonat ors ( 3- 14)monbbthid subktnge WB\e guerdecdanduanghadng awaedgaideanedns (2)hend

| nci dence of i ”pzﬂ% bt l%}e re&ﬂﬁfo% anﬁﬁ%er %ﬁ%%%egﬁ%e% gu}%flé)cf 1'i¥‘3re1Bﬁ‘&1i tothe t he

vvavegw de neans I one

proximty to the llmieélg@pﬁ@pﬁ@wi% \{/lze;femteh@ ﬁemﬁm(érlé) B}r@mplttpfrﬁllel y

di mensi oned for Qvagbg’tﬁ@e ﬁE@rﬁt(QP@QMtﬂe&)n‘é@)Y% Qﬁ'ﬁ% '&puﬁa@ﬂy 965@@6&@ iguch that
the smal |l est di aneter resonator is cl oses point” of entry of

i ncoming |ight i REGKIPHE QB NAYESEdsEIEARS ( éﬁbe lfeﬁ‘é“alt%{? @@ﬁptlmaélaf@e@?nw%nat or

is furthest away fcsﬂaogtwémaeamnﬁugnetﬁc ezatzdlyng@ﬁ ahﬂ@ﬁf&d’tgsubhgm tHenhaullefie
wavegui de neans, the. s vi ded 6{1& e functignal eegl ons,

wherein the first! af‘éeé?rc?ﬁsoﬂl%toél ‘iﬂ%%%t g Ifoé’(} PREQR Y TRt Ao
sem conduct or dopedegiiddmmeans; awh thalarpespdiantekes r@@ﬂ@tndlsafumhamawagfrom the 6)

conprising of a 281?& SPélﬂ 6ﬂ£edn‘i‘in§’ﬂ ﬁ‘nnﬁ) @@%V%\Edéhﬁeéﬂgcﬁlég%s@ltaﬁq to cover

the wavel ength r ect ot onet er a refractive index
greater than t hatdlvmledtln@ tht?l@§tlliicé1toéal rggians ehegdin the fopiegian icd Sidirag 13y8gi on

having a | ower refy) Eiﬁzide\fﬁ)rh a@%cbmw&pw&mp%ﬁm pd, @H RBorddLR)ive Wher ei n
t he second active re ogé @é 05|t|on d bet e first active region
(17) and the thi F%El £0y 8OTRI 1 B% ai%f)mlf “FWHIHW gad’ﬁn%éﬁ IS1CUPEieHon

el ectrical contaah covet thetwrevefeinpsitrafigegifahe {peéroptansmétticandame aaéfdacsiveé 3- 14)
have el ectrical R eg(ag(r:éa%er ﬁ'z%’ thz%to()f tl?ensutbgter'\étcra aSnHrtlfleat(fura ‘optical cladding region
having a lower refractive index than the second active region (16), wherein the
second active region (16) is positioned between the first active region (17) and
the third active region (18) the third region (18) is a common electrical contact
with the first region (17), and the resonators (3-14) have electrical contacts (19,

20) on their surfaces.



