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(57) Abstract

An ultra violet radiation detector comprises a slice of silica (10) having an entrance slit (18) from which radiation diverges to a
curved reflective face (20, 22) which reflects it to a planar diffraction grating (28) as a convergent beam. The grating focuses a required
spectral order on an array of UV detectors (24). Usually the first order spectrum is focused. The detector may be hand held.
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RADIATION DETECTOR

This invention relates to radiation detectors, and relates more

especially to a robust device which is small enough to be hand

held.

One application for a robust yet accurate spectrographic hand-
held device is in the measurement of ultraviolet radiation from
the sun. There are currently concerns in many countries about
the effect on living organisms, and especially on human health,
of UV radiation from the sun. Currently available detectors
however are either insufficiently accurate or are too large and
heavy to be made widely available, e.g. for use on an individual

basis as a personal portable device.

A known arrangement for providing a robust radiation detector is
to provide all, or substantially all, of the components attached
to a radiation-transparent body, the radiation path within the
detector lying substantially within the body.

Such an arrangement is disclosed in US Patent No: 5159404, Carl-
Zeiss-Stiftung, in which a diode-array spectrometer comprises a
biconvex lens having a concave grating mounted on one convex
surface, and a diode array spaced a small distance from the other
convex surface. The device relies on the small air gap to allow
tilting of the diode array to correct for tolerance variations
of the carrier body. The device uses a curved diffraction
grating which is not easy to manufacture, or to apply to the

convex surface.

Another arrangement is described in PCT patent application,
publication number: WO 92/11517, The Boeing Company, in which a
demultiplexor/detector for a wavelength division multiplexing
system comprises a planar waveguide having a variable line-

spacing diffraction grating formed on a curved edge and a planar
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According to the invention, a radiation detection system
comprises a radiation-transparent waveguide having on one face
entrance aperture means to receive radiation and a first planar
10 face with associated radiation detector means characterised by
comprising a curved reflective face positioned to receive
radiation from the entrance aperture means, and a second planar
face positioned to receive radiation from the curved reflective
face and having a planar diffraction grating associated
15 therewith, the arrangement being such that the curved reflective
face and the planar diffraction grating focus radiation diverging
from the entrance aperture means so that a required spectral band

and spectral order is focused on the radiation detector means.

Preferably the curved reflective face directs radiation onto the

20 planar diffraction grating as a converging beam.

Preferably the central ray of the converging beam is incident on
the planar diffraction grating at a small angle to the normal to

the grating.

Preferably a first order spectrum is focussed onto the radiation
25 detector means, and preferably this spectrum lies on the opposite
side of the normal to the grating to the central ray of the

incident convergent beam.

Opﬁionally the curved reflective face has wavelength dependent
reflectivity such that radiation in the required spectral band
30 is reflected towards the planar face and radiation at other
wavelengths is transmitted out of the waveguide. Such reflective



Optionally the curved reflective face has wavel ength dependent

reflectivity such that radiation'in the required spectral band 30 S
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3 properties may be provided by ase of a dielectric coating.
Alternatively, there is provided filter nmeans external to the entrance

apert ur eroparsisisi mayt benprovddedbdyamnsiealdfy aoMielectriqreatb®din t he
requi red spectral band.

Alternatively, there is provided filter means external to the
entrance aperture means which transmits substantially only
radiation in the required spectral band.

5 .Optionally the radiation detection system is ultra-violet
sensitive and comprises a plurality of ultra-violet sensitive
detectors, and optionally the first order spectrum is focused on
the plurality of detectors.

The entrance aperture means may be a slit in an opaque coating
10 on an input face of the waveguide or a 1light pipe may be

provided.

Optionally, selected outer surfaces of the waveguide may be
covered with a radiation-attenuating layer, such as a neutral
density filter material, to reduce unwanted internal reflections.

15 Preferably the waveguide is planar in form having upper and lower
faces which internally reflect radiation in the required spectral
band, so that efficiency is improved and no radiation in that
band incident through the entrance aperture means is lost.
Optionally the upper and lower faces carry reflective coatings,

20 or have a modified refractive index to enhance total internal

reflection.

In use at least one radiation detector or detector array
optically bonded to the planar detector face is connected to
circuit means and display means to provide a suitable display
25 relating to the intensity of the radiation incident on the
entrance aperture means. The optical bonding minimises
reflections at the interface of the detector arrayand the

detector face.

Preferably the waveguide comprises a silica body, and optionally
30 the waveguide is prepared by the steps of:-



5 ptionally the radiation detection system is ultra-violet
sensi.tive and conprises a plurality of ultra-violet sensitive

detectors, ?gg, %Qt,l onally the first order spectrumis focusgdr/gngsmgoz t he
plurality o etectors. The entrance aperture neans may be a slit in
an opaque coating 10 on an input face of the waveguide or a |ight pipe
may be provi ded. Optional l yg selected outer surfaces of the
wavegui de may be covered with a radiation-attenuating |ayer, such as a
neutr al densimychﬁ.hﬁag nat esibicat aodduoe wsrarttced hiavieer mal curved

reflections. faces Wﬁ{:g%ﬁ?' ¥aLle %@&fg?%ﬂgr'&egéé%{- '81%@ﬁ§h?§$hnﬁngpper

and | ower nt er nal ect ratroh rn the require
spectr al bandinptt faFe&fficiency is i nmproved and no radiation in that
band i ncident through the entrance aperture neans is |ost. Optionally

the upper and |ower faces car reflective coatin
nodi fi ed refracti vngﬁééQgt @ém:‘c’b‘i éﬁ‘? e ﬁ%sre%q‘e %ﬁc&‘l the
5 diffraction face, the input face and the detector

face;

applying a radiation-opaque material to the input face
so as to define an entrance aperture;

10 applying to the curved reflecting face a coating which
is reflective to radiation in the required spectral
band;

applying a diffraction grating to the diffraction
face;

15 and slicing the ingot to form a plurality of
waveguides.

When a radiation-attenuating layer is applied, it is attached to
the appropriate surfaces before slicing.

When a dielectric reflective filter is present on the curved
20 reflective face, it may be applied as an additional step in the

preparation process.

Optionally, the upper and lower faces of the slices are either
coated or otherwise modified to enhance internal reflection of

radiation in the required spectral band of wavelengths.

25 The plurality of detectors may be applied to the planar detector
face after slicing.

The invention will now be described by way of example with

reference to the accompanying drawings in which:-



In use at |east one radiation detector or detector array optically

bonded to the planar detector face is connected to circuit neans and
di spl ay maggeebsasprovi de a suitabl e display 25 rel ati ng tECT/GBISOII@NSItyY
of the radiation incident on the entrance aperture neans. The
optical bonding mnimses reflections at the interface of the
detector arrayand the det ector fde. Preferably the wavegui de
conprises a silica body, and optionally 30 t he wavegui de is 3repared by
the steps of:- Figure 1 iljgsdgapesofhe radiation path in-.a waveguide
PCT/ GB95/ 01902 of a radiation detection system 4ccording to the
machining a silica,rod sp as to have a curved reflecting

face, and pl anar d%?%ﬁﬁ%ﬁ?nﬂiffraction and i nput faces;

Figure 2 is a simplified optical diagram;

Figure 3 illustrates the manufacturing method of a

waveguide;

Figure 4 illustrates schematically the electronic
components of a UV detection system; and

10 Figure 5 illustrates an alternative optical
arrangement for light collection.

Figure 1 shows in plan a UV waveguide 10 coﬁprising a thin slice
of silica 12 having a planar input face 14 covered with an opaque

film 16 of a metal such as aluminium which defines a slit 18.

15 Opposite the input face 14 is a curved face 20 covered with a
layer 22 which is optionally reflective to UV radiation and
transmissive to other wavelengths. Usually the layer will be a

dielectric coating.

Next to the curved face 20 is a planar detector face 23 to which

20 is optically bonded a planar array of detectors 24. Next to the
input face 14 is a planar diffraction face 26 having a
diffraction grating 28 attached to it.

External to the waveguide 10 there is shown a source 30,
illustrated schematically and indicating the sun; an optional
25 prefilter 32; an optional dielectric filter 32a; and a light-

collection system 34.

In operation parallel light from the sun 30 falls on the light-
collection system 34 which focuses radiation on to slit 18, and

a divergent beam of radiation 36 passes within the waveguide 10



grinding and polishing the curved reflecting face, the 5

diffraction face, the input face 'and the detector face;

appl yi ng avé 9¢lésagi on- opaque material to the input face PCT/GB95/01902 SO
as to define an entrance aperture; 10 applying to the curved
reflecting face a coating which Is reflective to radiation-
In the required spectral 6 band, applying a
diffraction grating to the diffraction face; 15

and slteithe ne¢flechipg suxfadeon®., 32 phdrip r¢flerted to diffraction

wavegui geseing 28, WHEBhaaidgepiéoNiatEsNHAL Adtbayekr a¥raRplased, it is
attached to

If the optional prefilter 32 is present, it filters out non-UV

radiation. If the optional dielectric filter 32a is present, it

5 filters out any non-UV radiation. If unfiltered radiation is

" incident on the layer 22 and that layer is reflective to UV

radiation, such radiation' is reflected as a beam 38 to the

diffraction face 26 while radiation at other wavelengths is

transmitted as a beam 37. Usually at least one UV-selection
10 stage will be provided, preferably the reflective filter layer
22.

To avoid the effects of scattering of radiation within the
waveguide 10, optional baffles 13, 15 are provided; the baffles
may be in the form of saw cuts in the waveguide body.

15 For a solar UV detector, sensitivity is required to UVB between
280 and 315 nanometres, and to UVA between 315 and 400
nanometres. For the first order spectrum to fall on the detector
array 24, and using a grating having 1200 lines per millimetre,
the distance from the grating 28 to the detector array 24 is

20 typically 25 millimetres for typically 5 nanometres resolution.
For the dispersion from the grating the relevant equation is:

d (sin & + sin ©) = mx

where & = angle of incident light on the grating
© = angle of dispersed light from the grating

25 x = wavelength of incident light within the medium of
the waveguide 10

d = 1line spacing of grating



the appropriate surfaces before slicing. When a dielectric
reflective filter is present on the curved 20 reflective face, it may be
appl i ed aswaypeea7t i onal step in the prepar ati on proce®CI/GBIS/01902
Optionally, the upper and | ower faces of the slices are either coat ed
or otherwi se nodified to enhance internal reflection of radiation in
the required spectral band of wavel engtfs. 25 The plurality of
detectors nay be applied to_the planar -detector face after slicing.
The invention wil|®gw PEAgEsELi BRECHYURay of exanple with ref erence
to the acconpanyi ng draw ngs in which:-
A convenient detector array has a minimum of 24 elements to give
the required resolution of approximately 5 nanometres across the
range 280 to 400 nanometres. Each detector will be illuminated
5 by a narrow band of UV radiation resulting from the dispersion

and focusing effect of the waveguide.

An advantage of a thin-slice waveguide as described is that,
while light from the slit 18 diverges as shown in Figure 1 and
also orthogonally, the orthogonally-divergent light is reflected
10 back, by total internal reflection, or assisted by reflective
coatings on the upper and lower faces of the waveguide; this

improves overall efficiency of the detection system.

Figure 2 1is a simplified optical diaéram showing that the
convergent beam 38 incident on the planar grating 28 has a
15 central ray 38A which is incident on the grating 28 at a small
angle a to the normal N to the grating. For any given
configuration, there is an optimum value of a, which is of the

order of a few degrees, eg 5°.

The spectrum focussed on the detector array 24 is the first order
20 spectrum on the opposite side of the normal N to the central ray
38A; it will be referred to as the "south side" spectrum. It is
a feature of tha invention that the south side 1st order spectrum
has been found to have a better, sharper, focus than the 1st
order "north side" spectrum, ie the spectrum on the same side of

25 the normal N as the central ray 38A.

Both the north and the south side 1st order spectra will have a
curved locus of their foci, but for the wavelength range of
interest, ie 200-400 nanometres,the south side spectrum provides

excellent results.

30 Conveniently, Figure 2 also shows a feature omitted from Fig. 1
for clarity; to minimise unwanted internal reflections within the
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5 Figure 1 illustrates the radiation path in a wavegui de

of a radi aviogros@yect i on system according to the PCT/GBP5IMQ0Y | ON;
Figure 2 is a sinplified optical diagram 5 Figure 3

Il lustrates the manufacturing nmethod of a wavegui de;

Figure 4 illustrates schematically the &l ectronic conponent s
of a UV detection system and 10 Figure 5 illustrates an

al t er natsvieceptaftasilica 12, a lagerangnumutxal | dgmsidal | 86 | Shlter
Figure 1,sphows.in pianeg) b wapmeasd«de 1Q coppiisants Lhiarsll Céxternal

surfaces and is indicated by shading 17. The black glass is
applied to the face 19 between the input face 14 and the curved
5 face 20, and to the face 21 between the detector face 24 and the

grating 28.

The black glass is chosen to have a refractive index which is

closely similar to fused silica, and allows light to enter from

the silica slice 12, but any return beam from the black glass is
10 attenuated by a factor of about 10,000:1.

Figure 3 illustrates the method of manufacture of waveguide 10.
An ingot of fused silica is machined to have the shape shown in
the Figure at reference 40 as a shaped rod about 50 millimetres

in diameter.

15 The rod has a planar input face 42, an opposite curved face 44,
adjacent planar detector face 46, and a planar grating face 48.
After machining to the approximate cross section along the full
length of the ingot, the grating face 48 is ground and polished
to a plane; the curved face 44, the detector face 46 and the
20 input face 42 are also ground and polished.

The optional sawcuts forming baffles 13, 15 are also made, if

required.

The black glass, reference 17 in Fig. 2, is attached to the
appropriate faces, by cutting sheets to size and gluing them into

25 position. A grating, which may be a holographic grating, is
formed on the grating face 48 by known techniques, or
alternatively is attached to the grating face.

The rod 40 is then cut into slices as illustrated by dotted line
49, each a few millimetres thick, retaining the coating on the
30 prepared faces. The plurality of detectors is optically bonded
to the detector face. The upper and lower faces of each slice
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Figure 4 illustrates schematically the detector array 24
connected to an amplification and measurement circuit 50 which
in turn is connected to a display unit 52. The detector array
24, circuit 50 and display unit 52 are all connected to a power

supply 54, which may be a solar cell.

In operation, the detector array amplification and measurement
circuit combination is calibrated after manufacture and assembly
of the device, and the display unit is arranged to give a

suitable display of incident UV radiation.

This may if required indicate UVB and UVA separately; UVA is the
range 315 to 400 nanometres and UVB is the range 280 to 315
nanometres. Since the different wavelengths are focussed on
different individual detectors in the array 24, the outputs can
be grouped and summed by the circuit 50 to provide separate

outputs and displays relating to UVA and UVB.

Figure 5 illustrates an alternative arrangement of a radiation
detector according to the invention, in which a silica body 60
has an entrance slit 62. Incident light I is supplied through a
UV transparent, flexible lightpipe 64. The output end 66 of the
light pipe is placed closely adjacent the slit 64, and the input
end 68 receives incident light I through a spherical lens 70. The
flexibility of the light pipe 64 allows tha radiation detector
to be used more conveniently, eg directed more easily towards a

light source of interest.

Comparison of Figs. 1 and 5 will show that the silica bodies 12
and 60 are of slightly different shape. In Fig.5, the input slit

ght -
30
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.6 ‘ to the reflecting surface 20, 22 and is reflected to diffraction
grating 28wgMsieedg7di sperses it to the detector array 24. PCT/GBY%/010bE
optional prefilter 32 is present, it filters out non-WW radiation. If
the optional dielectric filter 32a is present, it 5 filters out any
non-WV radiation. |f unfiltered radi attoon is i ncident on the |ayer 22
and that layer is reflective to W radi ati on, such radiation is

refl ect @2 a8nd BeanPi8nap gheting adef pnatheosalec @ Revhidee razli avhboh at

ot her veygy epatiSré Sconvenid@SFot Rth@Fa@ep@m 37.  Usually at |east one
UV-sel ection 10 stage wi Il be provided, preferably the reflective filter
| ayer 22.

A radiation detection system based on the waveguide format of the
invention can be made by modern manufacturing techniques to be

5 ‘robust and lightweight; it can also be simple to calibrate, and
its performance not subject to degradation with time.



To ayoid the effects radlatlon within the wavegui de
.10, optional baffles t Ilmmlnam"wﬂ the baffl es be in the
es

f'orm of saWOA§{05487n t he waveguird For a sol ar UVT 9801987

sensitivity is required to UVB bet vveen 280 and 315 nanonetres, and to
WA between 315 and 400 nanonetres. For the fFret= mto
fall on the detector array 24, anttusing a df aHiSh§HEREVHAG BEEDD(lI i nes
per mllinetre, t he di stance fromthe grati-1_281ﬁ¥HHN§ tect@r array
24 is 26LAIMBG cally 25 millimetres for typicall “ution.

For theadi spw siramfammrt haegeeatinbg t bgstemevammpagustrioon d s:radiation-
d (sin [err] 4]r ])Yavgxgulde (1@M“ﬂ§b1n U%Téne f é@méi ance

i nci dent Ilg e grati = ang of “dispersed
| i ght fron‘th@egmaumngmeans (18) to receive radlatlon, and. a first

planar face (23) having associated radiation detector means
(24), characterised by comprising a curved reflective face
(20, 22) positioned to receive radiation (36) from. the
entrance aperture means (18), and a second planar face (26)
positioned to received radiation (38) from the curved
reflective face (20, 22) and having a planar diffraction
grating (28) associated therewith, the arrangement being
such that the curved reflective face (20, 22) and the
planar diffraction grating (28) focus radiation (36,38)
diverging from the entrance aperture means (18) so that a
required spectral band and spectral order is focused on the

radiation detector means (24).

2. A radiation detection system according to «claim 1
characterised in that the curved reflective face (20, 22)
directs radiation onto the planar diffraction grating (28)

as a converging beam.

3. A radiation detection system according to claim 2
characterised in that the central ray (38A) of the
converging beam (38) is incident on the planar diffraction
grating (28) at a small angle (a) to the normal (N) to the

grating.

4. A radiation -‘detection system according to claim 1
characterised in that a first order spectrum is focussed on
to the radiation detector means (24).

5. A radiation detection system according to claim 4
characterised in that said first order spectrum lies on the
opposite side of the normal (N) to the grating (28) to the
central ray (38A) of the incident convergent beam (38).
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characterised by comprising a plurality of ultraviolet
sensitive detectors (24).

A radiation detection system according to claim 1
characterised in that the radiation detector means (24) is
connected to circuit means (50) and display means (52) to
provide a display relating to the intensity of the
radiation incident on the entrance aperture means (18).

A radiation detection system according to claim 1
characterised in that the wave guide (10) comprises a
silica body (12).

A radiation detection system according to claim 8
characterised in that the silica wave guide (12) is
prepared by the steps of :-

machining a silica rod so as to have a curved
reflecting face (20), and planar detector, diffraction
and input faces (23, 26, 14);

grinding and polishing the curved reflecting face
(20), the diffraction face (26), the input face (14)
and the detector face (23);

applying a radiation-opague material (16) to the input
face (14) so as to define an entrance aperture (18);

applying to the curved reflecting face (20) a coating
(26) which is reflective to radiation in the required
spectral band;

applying a diffraction grating (28) to the diffraction
grating (26);

Sheet Has Been Replaced
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An advant age .of a thin-sj|g ' described is that, whi |l e
Jight fromthe slit 18 d“lmblm\nﬂ”umml n Figure 1 and al so

or t hogonalWQ 96/05487 or t hogonal § y-tdi wer §ent |ight is refl ect edPCUGBISBR, by
total internal reflection, or assisted by reflectivef Toat T nus_oir_fjhe
upper and |ower faces of the waveguide; this i mipr GUR SHEEE HAS BEEN
efficiency of the detection system 13 Figure 2 jis_a. s'lq$%”rq' By Qp
di agram showing that _the, .. convergent beam 38 incident on the planar
grating 28 has a amy sSiafipgl Yy BBICHLHLGh FIrmnE dehurspitie afr avavg 28
at a small anghyaes tadjhe normal N to the grating. For any given
configuration, there is an opti numvalue of a, which is of the or der
of a few degrees, eg 5[err]. The spectrum focussed on the detector
array 24 is the first order 20 spectrum on the opposite side of the
normal N to the central ray 38A; it will be referred to as the "south
side" spectrum It is a feature of tha invention that the south side
1st order spectrum has been found to have a better, sharper, focus
than the 1st order "north side" spectrum ie the spectrumon the sane
side of 25 the normal N as the central ray 38A

i cal

- This Sheet Has Been Rerlaced




Both the north and the south side 1st order spectra wll have a curved
.locus of. their foci, but for the wavel ength range of interest, ie

200- 400 nawooedsags, t he sout h side spectrum provi des - eraléresmigoesul ts.
30 Conveniently, Figure 2 also shows a feature omtted fromFig. 1

for clarity; to mnimse unwanted internal reflections within the

WD 96/ 05487 PCT/ GB95/ 01902
8 slice of silica 12, .a layer of neutral density NG filter
material, or "black glass", i's applied to several external

and is indicated by shading 17. The black glass is appl

face 19 between the input face 14 and the curved 5 face 20
face 21 between the detector face 24 and the -
32a 35

[FIGURE 1

28

FIGURE 2
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grating 28. The bl ack glass is chosen to have a refractive index

. Wwhigh is closely simlar to fused silica, and allows light to enter
from wdes/isig7 ca slice 12, but any return beam from t h@CAIGRIRIOA0ZSS i S
10 attenuated by a factor of about 10, 000: 1. Figure 3 illustrates
t he met hod of manufacture of wavegui de 10. An ingot of fused silica is
machi ned to have the shape shown in the Figure at reference 40 as a
shaped rod about 50 ml'linetres in dianeter. 15 The rod has a
pl anar input face 42, an opposite curved face 44, adj acent pl anar
detector face 46, and a planar grating face 48. After machining to the
approxi mate cross section along the full | ength of the ingot, the
grating face 48 is ground and polished to a plane; the curved face 44, -
the detector face 46 and the 20 i nput face 42 are also ground and
pol i shed. The aatLgnal sawc N m ng baffles 13, 15 are al so nmade,

if “requi red.

44—\

48
15
46 —¥< FIGURE 3
=
=
5 -~ 50 - 52
2
u '}
-
s FIGURE 4
=n 54
wa
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The bl ack gl ass, reference 17 in Fig. 2, is attached to the
-appropri,ate faces, by cutting sheets to size and gluing theminto 25
posi ti on. WO 8/88hg, which may be a hol ographic grating, RET/GBI5/01900r ned

on the grating face 48 by known techni ques, or alternatively is
attached to the grating face. The rod 40 is then cut into slices as
illustrated by dotted |ine 49, each a fewmllinetres thick

retaining the coating on the 30 prepared faces. The plurality of
detectors is optically bonded to the detector face. The upper and

| ower faces of each slice 9 are polished, and

optionally, alum nised. Alternatively, the upper and | ower faces are coated
wi t h wavel engt h dependent

30of3



coat.kng to. all ow nan-WV radi ation to eisc
the rood 40 is of Spectrosil. or Suprasi]
det ecti on system Fi gureP‘ﬁTENTuQQQQ’
24 connected to an anplification and rTE
I's connected to a display unit 52. The
di spl 4%
sol ar e
nmeasul€sent circuit conbi*hation is cali

o8 BBl RGN ab G

rated after manufacture and

ape fromthe wavegui de. —Jypically
rade fused silic ol.ar

ATHOMNTRBATY t hpR&ESTBCt
surenment Ci it 'M
té ga.lfg;r;d‘jm, i.rPui t sBCand
ower supply 54, | may b€ a
array anmplific onfand

assepl)| \GADLATENT depd ce, and.the displaylunit is arranged to give a suitable
di spl dy oBtapie demt UV radi ati on. Thid may_ if required i n(ill cate UVB and
UVA: s¢paONDeN WC1V\IgHi s t he range 315 to{400 N Eﬁ%ﬁ&’%‘@ range
280%t ¢ TRANPEABBEBAGNEs. Since the differ*nt vavel efgiMmarion Reegased on |
di ff'ejent individual detectors in the ajray 24, the outputs_ca r QiNpe
and sfmmed by the circuit’ 50 to provide|separate RECDEWED Pg)ﬁﬂ% i
T (PCT Rule 71.1)
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Qut puts and displays relating to WA and UVB. Figure 5 illustrates an

‘al ternative arrangenment o F 20 6PHIEA E‘Zﬁf i n Lhe invemt+an,.
i'n which a silica body 60ka§lqu§r? gldt?gnce ’gﬁ)?f ) ﬁg: d¢mREdirpht

supplied through a UV transparent, fgw l'i ght pi pe 64f~—The_out &NEHdlgg@
of the light pipe is placed closely c8nt the slit 6 YIRO t he
68 receives incident light | through a spherical lens 70. The T
of the light pipe 64 mmATRmmiinﬁtmﬁﬁﬁﬁkphﬁﬁméﬁﬂﬁfﬁhﬁfe
conveniently, eg directed nore easily towards a I1ght source of interest.
Conparison of Figs. 1 and 5 will sHBW AtirleB6 enthBuled) | ca bodies 12 and 60 are
of slightly different shape. In Fig. 5, the input slit WO
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10 .- 62 and the planar grating are on the sanme plane face 72. which

may be nore convenient for manufacture. A radiation detection system
based on the wavegui de format of the i nventi on. carintew. apptieatiop Yo der n
NN UFNERRNATION K [PRELBSINARY CEXAMINAIRON FiEbRT Oht Wei giit /dBosam 50 be
sinple to calibrate, and Its performance not subject to degradation
wth tine. CLAI M5 1. Aradiation

det deBisiofstpe repprt conpri si ng.a radi ati on-

1. This report has been dran up on the basis of (Replacement sheets which have been furnished to the receiving
Office in response to an invitation under Article 14 are referred to in this report as "originally filed" and are
not annexed to the report since they do not contain amendments.):

[ ] the international application as originally filed.

[x] the description, pages 1,3~8,10 , as originally filed,
pages , filed with the demand,
pages 2,2a,9 , filed with the letter of 12.09.96,
pages , filed with the letter of ‘ .
[x] the claims, Nos. , as originally filed,
Nos. : , as amended under Article 19,
Nos. , filed with the demand,
Nos. 1-9 , filed with the letter of 12.09.96,
Nos. , filed with the letter of '
[x] the drawings, sheets/fig 1/3-3/3 , as originally filed,
: sheets/fig , filed with the demand,
sheets/fig , filed with the letter of ,
sheets/fig , filed with the letter of .

2. The amendments have resulted in the cancellation of:
[ ] the description, pages
[ 1 the claims, Nos.
[ ] the drawings,  sheets/fig

3. [ ] This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)): :

4. Additional observations, if necessary:

Porm PCT/IPEA/409 (sheet 1) (January 1994)



transparent wave gui de (10) having on one face entrance aperture nmeans
(18) to receive radiation, a “first planar face (23) having associ ated
radi ation ‘detector nmeans (24), a curved refl ecti venferc eppl2ation2@d)

POSi INPERNATIONAK CPRELTRINARY OEXAMONATTON RESORI! I aNCe per /gEPS/ 1662 MTeans
(18), and a second planar face (26) positioned to receive radiation
(38) fromthe curved reflective tace (20, 22) and having a pl anar

di f f'- Reasenehstatenent yader (Aptdgle 3H2)owithaxegaeid tomevedtyi, tiiventivhetep and industriah gmphisabilityei ng
such teitatiodshafd 6plaidns’ Safpbr@fng sdek stabad@it (20, 22) and the planar
diffraction grating (28) focus radi ation (36, 38) diverging fromthe
entrance aperture neans (18) characterised in that the radration
det detSH¥MBBans (24) is nmounted on a different face fromdiffraction
grating (28), radiation (36, 38) is diffracted by the diffraction
gratin )edirectly onto radialio etection nmeans (24), and a

requi rg'a‘;egtg l(':)t ral band and specc?a}l?éﬁ Pﬁg-dﬁh-—i—s—f—eeﬂ-s-ed—e-n—t—hégsr adi ation
det ect or neans (24). 2. A rdiestion detection system accordimg to claim
1 characterised in that the curved reflective face (20, 22) is

config . S0 direct radiation onto the pl anar diffraction
5&5@%@%&@ ( éé) aigs"I™-8 TES

gratin convergi ng be
Clains NO

Industrial Applicability (IA) Clains 1-9 YES
Claims NO

2. CITATIONS AND EXPLANATIONS

1. The following document of the International Search Re-
port is referred as D1 in this Report:
Journal of Lightwave Technology vol. LT-2, no.S5,
October 1984, NEW YORK US pages 731-734;
Y. FUJII ET AL. ‘Optical Demultiplexer Utilizing an
Ebert Mounting Silicon Grating’
This document is cited as an article of "Review of Sci-
entific Instruments" in the International Search Report,
which is probably due to a clerical error.

2. The application relates to a radiation detector.

3. The closest available prior art is represented by the
document D1 (acknowledged on page 2 of the revised de-
scription).

4. The object of the invention is to provide a detector
which is simple to manufacture and which provides both
spectral and intensity measurement of a light source.

Form PCT/IPEA/409 (sheet 2) (January 1994)



3. Aradiation detection systemaccording to claim?2 characterised in
that the aperture (18), curved " reflective face (20, 22), and the planar
di ffraction grating (28) are configured relative tdmeachmﬁuﬁkmuso

t hat e EraETIONATR PREIMINAR Y 00O REFRT (38)  pct &HIW 0@z on the
pl anar diffraction grating (28) at a small angle (a) to thé normal (N)
to the grating. 4. A radiation defectron systemaccording to claimI
characterised in that the aperture (18), curved reflective face (20,

22), and g he plauv¥aitd tAdHeP N ndependent apparatus claim 1, this 12

i h_ other s
grating (28) %rbeje%%nf:i.lsguarc%q.erveelda telsvseenttc%.a algr by a rachz.ation detector

including a wave guide having an entrance slit, from

which radiation diverges to a curved reflective face,
which reflects it to a planar diffraction grating. The
diffraction grating diffracts the radiation directly
onto a detection means. Such an arrangement is not known
from or hinted at in the cited prior art. Thus, claim 1
fulfils the requirement of novelty and inventive step,
Art. 33(2) and (3) PCT.

6. Independent method claim 9 relates to a process, which
inevitably results in the manufacture of a radiation
detector having all the features defined in claim 1.
Thus, claim 9 fulfils also the requirements of Art.
33(2) and (3) PCT.

7. Dependent claims 2 to 8 relate to preferred embodiments
of the radiation detector of claim 1. Thus, these claims
fulfil also the requirements of Art. 33(2) and (3) PCT.

8. The industrial applicability is evidently given for the
subject-matter of all claims, Art. 33(4) PCT. )

Forn PCT/IPEA/409 (sheet 3) (January 1994)



_ REPLACEMENT SHEET
t hat, -a(f2|4;st orper—spee A-hs if ocussed on to the radi ati on detector
means : S radiation|de¢tecti on sy3temaccorei b 4
characterised.i ﬁlzagggmﬁ B f'o],':dg‘r speberiun | ié@g %05‘? ?t@ i@ e
side of tResdotlamleil N Aot b gt th (28) to the central ray (38A) of
the incident conver gent bg¢am (38). 2 ra @t [ od_iget ?t(D@f-Rsyst em
according to ' &t erised by tonprising a plural f%y 0

ul traviol et sensitive de (,24) : ragli at i t £ckd
system accor dilenge? Oo%|%éll]%€ éﬁc&%ﬁ%% a% ea} [ %%gda;}_%ﬁ% hat ?he%‘gl?a%i %%Gﬂce
det ect or neariss roby#t)in sthatnrtherel i® md ralf toaparkul 505 emPle3phay
means (52) tq, @E’a{cgl?m?%.di splay relating to the I ntensity of the
radi ati on i ncident on the entrance aperture nmeans (18). 8. A
radi ati on detection systemaccording to claim1

Various configurations for demultiplexer units and a convex
mirror are disclosed in the Journal of Lightwave Technology
vol. LT-2, no.5, October 1984, New York US pages 731-734;
Y. Fujii et al. 'Optical Demultiplexer Utilizing an Ebert
Mounting Silicon Grating'. These units include an input
fibre, a mirror, a flat diffraction grating, and an output
fibre. The radiation entering the demultiplexer from the
input fibre reflects off the mirror, onto the diffraction
grating, then back onto the mirror and then onto the output
fibre. The configurations shown all suffer to a greater or
lesser degree from reflection loss reduction of the

radiation and aberration.

It is an object of the invention to provide a radiation
detector which is relatively simple to manufacture, and
which provides both spectral and intensity measurement of a

light source.

According to the invention, a radiation detection system
comprising a radiation-transparent wave guide (10) having
on one face entrance aperture means (18) to receive
radiation, a first planar face (23) having associated
radiation detector means (24), a curved reflective face
(20, 22) positicned to receive radiation (36) from the
entrance aperture means (18), and a second planar face (26)
positioned to receive radiation (38) from the curved
reflective face (20, 22) and having a planar diffraction
grating (28) associated therewith, the arrangement being
such that the curved reflective face (20, 22) and the
planar diffraction grating (28) focus radiation (36, 38)
diverging from the entrance aperture means (18)
characterised in that the radiation detector means (24) is
mounted on a different face from diffraction grating (28),
radiation (36, 38) is diffracted by the diffraction grating

(28) directly onto radiation detection means (24), and that



RtPLACEMENT QHFET

characterized in thaf—the—wavre-guhdg (10) conprises a silica body (12).
9. A nethod of prpv}d 1&9 radi atli an detection system according to
cl.-aim 8 characteripefd &8 Whe isifli ca wave guide (12) is prepared by
the steps of:- machinifgja silica rod so as to have a curved
reflecting face (20), and pl anar detjector diffraction and i nput
faces (23, 26, 14); g+~Rdi ng anJipollshlng the curved reflecting
face a(gg%ulkea di EEEESE' BAnfagRd( gﬁlectfrﬁ? beael fidC®ocused on (14)
and the detector ing a radi ati on-opaque materi al

(16) to the the rale bGP ﬁﬁEECFTH)m§Bn§s(¥6)deflne an entrance

Preferably the curved reflective face directs radiation

onto the planar diffraction grating as a converging beam.

Preferably the central ray of the converging beam is
incident on the planar diffraction grating at a small angle

to the normal to the grating.

Preferably a first order spectrum is focussed onto the
radiation detector means, and preferably this spectrum lies
on the opposite side of the normal to the grating to the

central ray of the incident conwvergent beam.

Optionally the curved reflective face has wavelength
dependent reflectively such that radiation in the required
spectral band is reflected towards the planar face and
radiation at other wavelengths is transmitted out of the

waveguide. Such reflective



13 |« aper REPL!A%MENT SHEET applying to the curved reflecting face
(20) a cpa |ng (26) which ffs reflective to radiation in t he
required spectrhl | bdi2l:SEP 1996 applying a diffraction grating (28) to
t'he difffagtion face (26); and slicing the ingot to forma
plurality of waye gurdes (J10). 2. A radiation detection system
according to ankane__aof _CainB U o 8 chacterised in that the curved

refl ect i waef ed isied 2 2nch aptd analdiyon gtlivmisdaasent Aldferatinely s e

upper and lower faces are coated with wavelength dependent

coating to allow non-UV radiation to escape from the waveguide.

Typically the rod 40 is of Spectrosil or Suprasil grade fused

silica for a solar UV detection system.

Figure 4 illustrates schematically the detector array 24
connected to an amplification and measurement circuit 50 which
in turn is connected to a display unit 52. The detector array
24, circuit 50 and display unit 52 are all connected to a power

supply 54, which may be a solar cell.

In operation, the detector array amplification and measurement
circuit combination is calibrated after manufacture and
assembly of the device, and the display unit is arranged to

give a suitable display of incident UV radiation.

This may if required indicate UVB and UVA separately; UVA is
the range 315 to 400 nanometres and UVB is the range 280 to 315
nanometres. Since the different wavelengths are focussed on
different individual detectors in the array 24, the outputs can
be grouped and summed by the circuit 50 to provide separate.

outputs and displays relating to UVA and UVB.

Figure 5 illustrates an alternative arrangement of a radiation
detector according to the invention, in which a silica body 60
has an entrance slit 62. Incident light I is supplied through
a UV transparent, flexible lightpipe 64. The output end 66 of
the light pipe is placed closely adjacent the slit 64, and the
input end 68 receives incident light I through a spherical lens
70. The flexibility of the light pipe 64 allows the radiation
detector to be used more conveniently, eg directed more easily

towards a light source of interest.

Comparison of Figs. 1 and 5 will show that the silica bodies 12
and 60 are of slightly different shape. In Fig. 5, the input
slit



band is reflected towards the

that radiation in the required spectral
transmtted out of

‘planar face (26) and radiation at other wavel ength
t he wave gui de (10).

13 0.7 JAN 2000
aperture (18); : ]

applylng to the curved reflectlng face (20) a-
‘coating (26) which is reflectlve to radlatlon in

;the requlred spectral band,

_applying a.diffraction grating (28) to the
diffraction face (26);

and slicing the lngot to form a pluralrty of wave

guldes (10).

~ 10. A radiation detectlon system accordlng to any onme of
Claiwms 1 to 8, characterlsed in that the curved reflectrve
face (20, 22) has a wavelength dependent reflect1v1ty such
that radiation in the required spectral band is reflected
towards the planar face (26) and radiation at other
wavelengths is transmitted out of the wave gulde (10)



