PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

GO01J 3/10 A2

(11) International Publication Number:

(43) International Publication Date:

WO 00/04350

27 January 2000 (27.01.00)

(21) International Application Number: PCT/NO99/00230

(22) International Filing Date: 9 July 1999 (09.07.99)

(30) Priority Data:

19983251 14 July 1998 (14.07.98) NO

(71) Applicant (for all designated States except US): SIMRAD
OPTRONICS ASA [NO/NO]J; Postboks 6114, Etterstad,
N-0602 Oslo (NO). :

(72) Inventor; and
(75) Inventor/Applicant (for US only): LIND, Steinar [NO/NOJ;
Rosenlundgt. 11, N-0474 Oslo (NO).

(74) Agent: ABC-PATENT, SIVILING. ROLF CHR. B. LARSEN
A.S; Brynsveien 5, N-0667 Oslo (NO).

(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB,
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG,
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TJ, T™M, TR, TT, UA, UG, US, UZ, VN, YU, ZA,
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ,
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR,
NE, SN, TD, TG).

Published
Without international search report and to be republished
upon receipt of that report.

(54) Title: RADIATION SOURCE

(57) Abstract

Radiation source for
emitting radiation in pulses with
a duration and at intervals within
chosen ranges, comprising at
least one plate—shaped radiant
element (1), and at least two
electrical conductors coupled to
the element(s). The source also
includes at least one plate—shaped
surrounding, thermally conductive
element (2) being thermally
coupled to a radiation element at
its inner edge, and being thermally
coupled to a cooling device (3) at
its outer surface.
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RADIATION SOURCE

This invention relates to a radiation source for
emitting radiation in pulses with a duration and at
intervals within chosen ranges, comprising at least one
plate-shaped radiant element and at least two electrical
conductors coupled to the element (s).

Infrared radiation e.g. for use in gas analysers, are
typically generated using a thermal radiation source whose
surface is heated to such a temperature that the surface in
accordance with Plancks radiation law and the spectral
emissivity of the surface emits the required radiant power
at the wavelengths measured by the gas analyser.

A number of this type of emitters are known, being
adapted to emit pulsed or continuous black or grey body
radiation. Examples are shown in the following patent
applications: EP 692.702, EP 729.016, NO 149.679,
PCT/GB95/02446, PCT/N096/00216, US 4.644.141 and US
5.220.173.

In EP 692.702 a source is described in which the
radiant element is surrounded by an insulating material to
minimize the heat loss. The source is not prepared for
pulsing.

A problem related to pulsed infrared transmitters is
the need for effective cooling of the source to obtain
sufficient contrast between radiation in the pulses and
during the intervals. At the same time, the heat conduction
must be sufficiently small to let the source obtain the
required temperature during the pulse.

EP 729.016 describes a pulsed infrared source using
filaments being heated by an electrical current. The
filaments are positioned at a chosen distance from a
surface, this distance being dependant on the required
cooling of the filaments.

In PCT/GB95/02446 an infrared emitting device is shown
comprising a foil provided with resistive elements being
heated by an electrical current. The device is cooled by
radiation, and thus has to be thin.

A problem related to the use of filaments and thin
foils is their relatively short life span, as they are



10

15

20

25

30

35

40

WO 00/04350 PCT/NO99/00230

2

vulnerable and may easily break as a result of overheating
or mechanical shock.

A solution discussed in PCT/N096/00216 and NO 149.679
comprises electrically conductive, planar surfaces adapted
to emit infrared radiation. The emitter is mounted on a
substrate supporting the emitter and conducting the excess
heat away. A problem with this solution is that the heat is
conducted transversally through the substrate to the
environment, resulting in large dynamic differences in
temperature and corresponding thermic stress in the material
making the lifetime of the source unpredictable, or limiting
the temperatures which may be used on the source.

US 5.220.173 is another example showing a radiation
cooled source being sufficiently thin to radiate more energy
during the pulse than is stored in the element. This,
however, is not a practical solution, as it is difficult to
produce a sufficiently thin membrane being able to withstand
the high temperature of the source when radiating and the
mechanical strain on the membrane at rapid changes in
temperature. Also, when the membrane is sufficiently thin,
the material will become transparent, reducing or destroying
the capability of radiating the supplied energy. A similar
solution is shown in US 4.644.141, in which a radiator
comprising a resistance layer is arranged on a thin
substrate.

The required temperature of the source is usually
obtained by adjusting the provided electrical current in the
source, thus demanding a system capable of adjusting the
current through the source.

It is an object of this invention to provide a pulsed
radiation source having sufficient contrast in radiation
between the exited and the relaxation periods. This is
especially important when used in gas detection instruments
using two or more pulsed radiation elements radiating on
different wavelengths, the radiation of which being
separated in time, so that the radiation from the different
sources in their relaxation periods do not disturb the
radiation from the emitting source.

It is also an object of this invention to provide a
radiation source being capable of controlling the
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temperature, and thus the emitted wavelength, of the source
in a simple way.

The objects of the invention is obtained using a
radiation source as described above, being characterized in
that it also includes at least one plate-shaped surrounding,
thermally conductive element being thermally coupled to a
radiation element at its inner edge, and being thermally
coupled to a cooling element at its outer surface.

The present invention will be described below with
reference to the accompanying drawing, showing by way of
example one embodiment of the invention.

Figure 1 shows a simplified sketch of an embodiment of the
invention, as seen from above.

Figure 2 shows a cross section of the embodiment shown in
figure 1.

Figure 3 shows a more detailed view of one embodiment of
the invention.

Figure 4 shows a cross section of the embodiment shown in
figure 3.

The plate- or membrane-shaped radiation element 1 of
the source comprises in a per se known way a resistance
layer adapted to be supplied with an electrical current.

The material in which the radiation element is made is
preferably silicon or other materials suitably for micro
machining. The resistance layer, as well as the electrical
conductors 4 (see figures 3 and 4) supplying the electrical
current, may be produced by doping the silicon, thus
providing a simple manufacturing method including few
separate parts. Thus, the production of the source is
simple and inexpensive, only requiring well known
technology.

An important aspect of the invention is that the
radiation element 1 is surrounded by a plate-shaped heat
conductive element. The heat conductive element 2 has a
width L.

In the drawing the heat conductive element is thermally
coupled to a cooling device 3. This may be any type of heat
sink or active cooling device removing the heat conducted
from the radiating element, such as a Peltier element.
Preferably the cooling device simply constitutes the housing
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of the source, thus being cooled by the environment.

During a pulse an electric current is sent through the
radiation element for a chosen period of time, heating it to
a certain temperature to obtain radiation with a chosen
effect. The heat stored in the radiation element during the
pulse is lead away by thermal diffusion through the heat
conductive element 2 during the interval between the periods
in which the electric current is sent through the radiation
element. The value of L is thus chosen depending on the use
of the radiation element, the pulse frequency, and the
length of the intervals between the pulses.

The exact value of L may be chosen through
experimentation or calculated for example by using the
following formula in which 8Ty (r,, t,) is the initial
temperature difference resulting from a pulse with energy Q
at the time t=0 in the point r=0 will change due to thermic
diffusion to &T(r,t)

ST(r, t)=— 2 o-raxe

4pc(nkt)3/?

where p is the density and C is specific heat.

The thermic diffusion time for the material to a
distance r from r, is proportional to the square of the
distance

The thermic diffusion length for the material during
the time t is thus

If the heat conductive element is made from silicon,
which has a thermic diffusion constant x=0,9 cm?/s, the
diffusion length r is 2 mm at 7 ms.

To obtain effective heating of the membrane, the width
L is chosen to give a diffusion time t, being longer than the
emitted pulse.
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As mentioned above the radiation element 1 must be
cooled sufficiently to radiate insignificantly at the
relevant wavelength. The time between the pulses must
therefore be longer than the diffusion time t,, where t, is
the diffusion time from the centre of the radiating element
1 to the outer edge of the heat conductive element 2. This
way the central part of the radiating element is cooled
effectively.

If two or more radiating elements are used emitting
with different maximum wavelengths, the interval between the
pulses from the different elements must at least be long
enough to let the radiation from the previous radiating
element be insignificant at the maximum wavelength of the
next radiating element.

The heat conductive element 2 essentially surrounding
the radiating element 1 maximizes the heat transportation to
the cooling device 3, thus providing an effective cooling of
the system. 1In some cases it may, however, be preferable to
provide a heat conductive element 2 which does not surround
the radiating element completely, e.g. to
reduce the capability of the membrane to conduct the heat
away in chosen directions, for example to obtain a certain
emitter shape or to increase the cooling time.

The temperature obtained by the radiating element
depends on two parameters, the current conducted through the
resistance layer and the time the electrical current is
provided. The temperature may thus be adjusted by
controlling the duration of the supplied electrical current.
Therefore the temperature may be controlled using well known
technology controlling the duration of an electrical pulse,
without the need for complicated power supplies controlling
the electrical current. The temperature may be measured
directly or by measuring the spectrum of the emitted
radiation.

Figure 2 shows the cross section of the embodiment of
the invention shown in figure 1. The diffusion time is
independent of the thickness of the membrane and the
temperature obtained by the radiating element. Thus the
membrane may be produced with the thickness required to give
a long lifetime and to withstand the high mechanical strains
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occurring at rapid changes in the temperature of the
membrane.

In figure 2 the cooling device 3 has a relatively large
volume, preferably having a high heat conductivity,
providing an effective heat sink with an essentially
constant temperature. As mentioned above the cooling device
3 may be thermally coupled to the housing of the source.

Figures 3 and 4 illustrates in more detail how a
radiation source according to the invention may be
constructed.

In addition to the radiation element 1, the heat
conducting element 2 and the cooling device 3, electrically
conducting areas 4 are shown. The illustrated electrically
conductive areas 4 are, as mentioned above, preferably made
by doping the membrane material, but other solutions are
also possible, such as thin metal layers damped on the
surface. It is, however, important that the electrically
conductive areas do not affect the heat conducting
capability of the heat conducting element 2 in any
substantial degree.

Electrical conductors 5 are bonded on the electrically
conductive areas for supplying power to the transducer,
being connected to available power supplies in a well known
manner. The electrical conductors 5 may be of any suitable
type which may be bonded to the electrically conductive
areas 4. It is also possible to construct a radiation
source according to the invention in which the electrical
conductors are connected directly to the radiation element
1, thus omitting the electrically conductive areas 4.

In figure 4, showing a cross section of an embodiment
of the invention, the membrane is provided with a structure
6 for improving the radiation characteristics of the source.
The structures may in per se known ways be adapted to shape
the emitted beam, or be constructed as a filter transmitting
a chosen range of wavelengths. The structure 6 may be a
multi layer structure built as a plurality éf layers in
order to optimize the mechanicle, optical and electrical
characteristics of the source. The structures may also
comrise diffractive structures, such as linear or circular
gratings, or holographic structures and gratings, for
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shaping the emitted beam, and which also may provide a
filtering of the beam.

Figure 4 also shows the cooling device 3 as comprised
by the outer part of the membrane and a thicker substrate.

As mentioned above the figures show one possible
embodiment of the invention. Other embodiments are possible
within the scope of this invention, as defined by the
claims. for example the shape of the radiation element 1
shown in the drawings is rectangular, but other shapes, such
as circular, is also possible.

The materials used in the membrane comprising the
radiation element 1, the heat conductive element 2 and at
least part of the cooling element may be made from a wide
range of materials using other techniques than micro
machining.



WO 00/04350 PCT/NO99/00230
8

Claims

1. Radiation source for emitting radiation in pulses with
a duration and at intervals within chosen ranges, comprising
at least one plate-shaped radiant element (1), and at least
two electrical conductors coupled to the element(s), and
also comprising at least one plate-shaped, surrounding,
thermally conductive element (2) being thermally coupled to
a radiation element at its inner edge, and being thermally
coupled to a cooling device (3) at its outer edge
characterxrizedin that the distance from the
centre of the radiant element (1) to the cooling device (3)
is chosen to provide a thermal diffusion time over said
distance being less than the time interval between the
pulses.

2. Radiation source according to claim 1,
characterizedin that the thermal diffusion time
over said thermally conductive element, depending on the
width L of said element, exceeds the duration of each of the
pulses.

3. Radiation source according to any one of the preceding
claims,

characterizedin that said cooling element is
the housing of the radiation source.

4. Radiation source according to any one of the preceding
claims,

characterizedin that it comprises a structure
(6) on the surface of the radiation element (1).

5. Radiation source according to claim 4,
characterizedin that the structure is a
diffractive structure (6), e.g. a grating, adapted to shape
and/or filter the emitted beam.
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6. Radiation source according to claim 4,
characterizedin that it the structure (6) is a
multi layer structure constituting a filter transmitting a
chosen optical frequency range.

7. Radiation source according to any one of the preceding
claims,

characterizedin that it comprises a control
circuit being electrically coupled to the radiation

element (s), for controlling the pulse length and thus the
emitted wavelengths of the source, as well as the pulse

intervals.

8. Radiation source according to claim 7,
characterizedin that it comprises two or more
radiation elements, each being thermally coupled to a
thermally conductive element (2) and being coupled
separately to said control circuit for individual control of
the emitted wavelengths and pulse intervals.
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