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Fig. 1

a source of electromagnetic waves (1), like a laser or a diode, or an ultrasound generator
connected by wires to a specialised controller (3) with a microprocessor connected by
wires to a thermal radiation detector (2), like a pyroelectric detector or a thermocouple
detector, the source of electromagnetic waves and the thermal radiation detector being
placed at an angle a between 0° and 180° with respect to each other, and a method for
generating the profiles of radiation wavefronts and the use of the set to generate the
profiles of temperature fields using the profiles of wavefronts.
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A set for contactless temperature control, a method of
generating electromagnetic radiation wavefronts and the

use of the set to generate profiles of temperature fields

The object of the invention 1is a set for <contactless
temperature control, a method of creating profiles of
electromagnetic radiation wavefronts and the use of the set to
generate, shape and control profiles of temperature fields,
using profiles of wavefronts, planar and volumetric
temperature fields on material surfaces and in material
objects as a function of time. The invention is applicable in
industrial, biolocgical, chemical processes, in materials
testing and in other industries requiring a temperature which
is constant or variable over time and applied in a contactless

manner.

In contemporary technological processes, like many research’

areas, the information about temperature at a given point or

.about the distribution of temperatures constitutes a very

important element. Temperature measurement regimes are usually
divided into contact-based and contactless. In contact-based
measurements there 1is a need for a direct contact of the
measuring medium with the given substance or point at which we
want to know the temperature. In contactless methods, the
subject of the measurement is the wavelength of the emitted
infrared radiation, and then there is no contact of the
measured medium with the measurement device. The measurement
proceeds based on Planck’s law and Wien’'s law. Planck’s law

describes the amount of energy radiated by an idealised black
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body. Wien’s law on the other hand concerns a change 1in

wavelength with respect to a change in temperature.

Regardless of the measurement regime, temperature measurement
methods have been very well documented and developed in prior
art. They differ primarily in the physical phenomenon used. In

spite of this, new methods of its determination are still

~sought in terms of the construction of measurement systems.

Its precision 1s a very important issue related to the
determination of temperature. Currently used contactless

methods are not characterised by high precision measurement at

a given point. It is also necessary to move the studied object

to enable the measﬁreﬁgnt of temperature. Moreover, the
temperature sensor must be placed as close as possible to the
measured object 1in order to <collect the largest possible

amount of emitted infrared radiation, to exceed the threshold

- value of a physical phenomenon enabling proper recording of

the temperature.

Another important problem faced by practical applications is
the change in the temperature of the object, meaning 1its
heating. This is frequently impossible without wusing the
direct proximity to a heat source or indeed contact of the
object therewith. This may lead to the emergence of the

problem of material compatibility between the heater and the

'sample. Another problem related to contact-based heating

involves, e.g. in the case of biological samples (viruses,
bacteria) the necessity to isolate the object from external
environment. In contact-based heating methods, as well as the
measurement of temperature, an important role 1is played by
methods of delivering heat to an object (transferring it to a
thermometric element) . This may cause overheating or
underheating of the object. As well as this, the heat lost

through supply conduits leads to inaccuracy of the temperature
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measurement system, which requires additional isolation of the

measurement environment and measurement devices.

In many cases, the act of measuring the physical quantity
(temperature) and heating the object, regardless of it, 1is
insufficient. This involves both technological and research

processes. Hence, besides the measurement, it is still

necessary to maintain a constant value of temperature within a

precisely marked range, along with the possibility to locally
level the differences 1in given temperature profiles, both
discretely and on a two-dimensional surface. This is why
systems of this type - temperature sensor-heater - are
designed in a feedback loop. However, they do not offer the
possibility to create and modify in a selective manner the

profiles of temperature fields for the heated object.

In prior art, there are known methods enabling temperature
measurement 1n a contactless manner and regulation of . the
distribution of temperatures. The object of the invention
disclosed in document US77442714 (Bl) 1is a device and method
for remote surface temperature measurement. The device
consists of: a radiation source, a table moving the substrate
with respect to the radiation beam, a control unit and a
temperature measuring unit. The table on which a substrate is
placed, e.g. a silicon wafer, 1is subjected to treatment. by
means of a radiation beam. Temperature in the place subjected
to treatment 1is measured remotely by means of an optical
system. Temperature measurement proceeds by collecting
infrared radiation emitted close to the place of treatment via
an optical system. Subsequently, it is transferred by means of
an optical fibre (or a bundle of optical fibres), upon
polarisation, to a spectrophotometer which measures its
wavelength. The temperature is determined based on this and on

Planck’s law. Analogue temperature signal 1s converted into
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digital signal, subsequently transferred to a controller which

regulates the power of the beam treating the wafer.

In turn, the invention disclosed in document EP0836905B1
concerns a surface treatment method, controlled by
temperature, by means of laser radiation generated by systems
of diodes/lasers, distributed next to each other in the form
of rows arranged one after another. Radiation 1is concentrated
on the surface of the treated item whose temperature 1is
monitored by means of a diode sensitive to infrared radiation,
and the distribution of laser radiation intensity is adjusted
to the required temperature profile. Adjusting the
distribution of laser radiation intensity to the required
temperature profile is obtained by controlling and/or
activating and deactivating the individual rows of diodes or
lasers in a feedback loop with a diode measuring the length of

radiation emitted from the surface being treated.

Another patent document US006122440A discloses a device for
fast thermal treatment of silicon wafers. The essence of the
disclosed solution is a heating system based on a multi-zone
source of thermal radiation in the shape of a disc. The source
consists of concentrically arranged lamps on the envelope of
two circles along with one positioned centrally. Each lamp is
powered separately. The treated silicon material is
illuminated by the whole surface of the source. The
measurement of temperature proceeds by means of a sensor
coupled with a controller of the lamps. The controller checks
the amount of thermal energy delivered to the wafer surface,
and 1f 1t indicates deviation from the given temperature, it
can change the power of the lamp in the given zone (decrease
or increase), therefore modifying the temperature profile on

the wafer surface.

A technical problem faced by the present invention involves

proposing such a temperature control method to enable
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delivering proper amount of heat energy in a remote manner at
a given point, i.e. without direct contact of the object with
a source of electromagnetic waves (heater) and a thermometric
tool (detector), in order to provide a constant value of the
flux of electromagnetic waves at this point. It should be also
possible to regulate the amount of energy delivered from a
system of several sources in a selective manner, in order to
enable the shaping of the temperature on an irradiated surface
or 1in the given volume. The heater and the sensor should be
placed in a feedback loop in order to enable changing the
amplitude of radiation incident locally onto an object.
Surprisingly, the present invention solves the aforementioned

technical needs.

The first object of the invention is a set for controlling
temperature, characterised in that it comprises a source of
electromagnetic waves, like a laser or a diode, or an
ultrasound generator connected by wires to a specialised
controller with a microprocessor connected by wires to a
thermal radiation detector, like a pyroelectric detector or a
thermocouple detector, the source of electromagnetic waves and
the thermal radiation detector being placed at an angle o
between 0° and 180° with respect to each other. The source of
electromagnetic waves, the detector and the controller are
connected to each other by means of wires, in a feedback
system which provides regulation and stabilisation of the
power of sources, and consequently the temperature in the

irradiated object.

The second object of the invention is a method for generating
the profiles of electromagnetic radiation wavefronts,
characterised in that the shape of the wavefront profile is
generated in accordance with the system of electromagnetic
radiation sources, by placing the sources of electromagnetic

radiation in superposition with respect to each other or by
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changing the power delivered to the source of electromagnetic
radiation, not exceeding the maximum power of the source, or
by placing a lens or a system of lenses before the source or
sources of electromagnetic waves. In the first embodiment of
the invention, sources of electromagnetic waves with an equal
value of the flux of electromagnetic waves emitted by them are
placed in superposition with respect to each other. In such a
position of the sources of electromagnetic waves, a planar
wavefront of electromagnetic radiation is created. In another
embodiment of the invention, sources of electromagnetic waves
are placed 1in superposition, wherein at least one source of
electromagnetic waves differs from the remaining sources of
electromagnetic waves in the value of the flux of
electromagnetic waves emitted by them; a wavefront other than
planar is created. The created wavefront can have a positive
shape or a negative shape. In another embodiment of the
invention, before a single  source of electromagnetic waves
there 1is a lens transmitting electromagnetic waves, which
expands the flux of electromagnetic waves and the profile of a
wavefront of electromagnetic radiation 1s created with the
shape of the wall of the lens opposite with respect to the

source of electromagnetic radiation waves.

The third object of the invention is the use of the set
defined in the first object of the invention to generate
profiles of temperature fields using the ©profiles of

wavefronts generated according to the method defined in the

. second object of the invention. The detector and the source of

electromagnetic waves are placed and connected to each other
as defined 1in the first object of the invention. The
connection between the detector and the source of
electromagnetic waves creates a feedback loop between them.
The energy from sources of electromagnetic waves or a source

of electromagnetic waves 1s delivered to a point in space

(with coordinates of Ax, Ay, Az) or a point on a plane (with
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coordinates of Ax, Ay, Az=0) or a plane (with dimensions of Ax,

"Ay) in the form of a wavefront generated according to one of

the methods defined in the second object of the invention. The

energy delivered in the form of an electromagnetic wave is
absorbed by a point in space (with coordinates of Ax, Ay, Az)
or a point on a plane (with coordinates of Ax, Ay, Az=0) or a
plane (with dimensions of Ax, Ay). The absorption of
electromagnetic waves causes an increase in the temperature. A

change 1in the temperature 1is recorded by a detector. The

software of the détector compares the wvalue of temperature
measured at a point in space (with coordinates of Ax, Ay, Az)
or at a point on a plane (with coordinates of Ax, Ay, Az=0) or

a plane (with dimensions of Ax, Ay) to the wvalue of the given
temperature. If temperature values differ, then a change in

power delivered to the sources or source of electromagnetic

. waves 1is executed by a specialised controller. This causes a

change in the magnitude of the flux of the electromagnetic
wave delivered to a point in space (with coordinates of Ax,
Ay, Az) or a point on a plane (with coordinates of Ax, Ay, Az=0)
or a plane (with dimensions of Ax, Ay). Another reading of
temperature value 1is carried out by the detector. The
temperature reading-power change sequence 1is repeated .until

the value of the measured temperature corresponds to the value

of the given temperature on the detector.

Connection of the detector to the scource of electromagnetic
waves enables selective regulation of the amplitude of
radiation emitted by the source. Therefore, the amount of
energy in the form of a flux of electromagnetic radiation
delivered over time to the object remains constant, which
means the constancy of temperature. Coupling of the detector
(1) with numerous independent sources of electromagnetic waves

remaining in superposition allows independent regulation of
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the intensity of each of them, which results in shaping the
profile of the wavefront and, as a consequence of this, the

created profile of the temperature field.

The temperature control method according to the invention can
be used to control and regulate temperature in applications
where it 1is difficult to make (install) a heat source and a
temperature sensor in the controlled object due to very small
volumes or very small surfaces of generating large temperature
gradients on surfaces and volumes 1in materials with good
thermal insulation. An advantage of the method according to
the invention is the possibility of heating and measuring the
temperature 1in closed environments (e.g. bottles or sealed
plastic culture tubes with microorganisms). Moreover, the
method according to the invention may be applicable in many
fields of science. For example, in biology, for PCR reactions
and'other processes requlring temperature which is constant or
variable over time and controlled in a contact-free manner.
This can be a wuseful tool for destroying tumour cells by
precisely controlling the temperature in specified areas of
human body with a programmable profile. Another possible
application of the method according to the invention involves
controlling and initiating chemical reactions, studying the
states of equilibrium of chemical reactions etc. In physics -

for material research, phase transitions, or as a contact-free

- furnace. Another advantage of the invention is the elimination

of problems with cable entries, sockets, the impact of
humidity and temperature on materials of the heater and

temperature sensor.

The temperature control method according to the invention may
be used to measure the wvalue of temperature within a range
between several and several thousand degrees Celsius in any

area in space {e.g. in a crucible placed in vacuum, sunk in a
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quartz tube) or on the surface of a table placed in an

isolated environment.

Embodiments of the inventions are presented in the drawing,
wherein fig. 1 presents a method for controlling the
temperature of matter at any point or volume of space, fig. 2
the use of superposition of various sources of radiant energy
for the realisation of a temperature profile, fig. 3 shaping
the profile of a temperature field by means of an amplitude of
energy sources, fig. 4 the use of lenses to shape the field of
temperatures, fig. 5 the dependence of temperature in a
transverse cross-section of the plane, fig. 6 temperature as a
function of current for its various values, fig. 7 the
dependence of the value of temperature on the current
supplying the heat source, fig. 8A and fig. 8B a temperature
profile for a current of 100 mA in a three-dimensional
projection and its two-dimensional map, fig. 9A and fig. 9B a
temperature profile for a current of 200 mA in a three-
dimensional projection and its two-dimensional map, fig. 10A
and fig. 10B a temperature profile for a current of 300 mA in
a three-dimensional projection and its two-dimensional map,
fig. 11A and fig. 11B a temperature profile for a current of
400 mA in a three-dimensional projection and its two-
dimensional map, fig. 12A and 12B a temperature profile for a
current of 500 mA in a three-dimensional projection and its
two-dimensional map, fig. 13A and 13B a temperature profile
for a current of 600 mA in a three-dimensional projection and
its two-dimensional map, 14A and fig. 14B a temperature
profile for a current of 50 mA in a three-dimensional
projection and its two-dimensional map for a system with a
lens, fig. 15A and fig. 15B a temperature profile for a
current of 100 mA in a three-dimensional projection and its
two-dimensional map for a system with a lens, fig. 16A and
fig. 16B a temperature profile for a current of 150 mA in a

three-dimensional projection and its two-dimensional map for a
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system with a lens, fig. 17A and fig. 17B a temperature
profile for a current of 200 mA in a three-dimensional
projection and its two-dimensional map for a system with a
lens, fig. 18A and 18B a temperature profile for a current of
250 mA in a three-dimensional projection and its two-
dimensional map for a system with a lens, fig. 19A and 19B a
temperature profile for a current of 300 mA in a three-
dimensional projection and its two-dimensional map for a
system with a lens, fig. 20A and 20B a temperature profile for
a current of 350 mA in a three-dimensional projection and its
two-dimensional map for a system with a lens, fig. 21 the
dependence of the value of temperature on the current
supplying the heat source for a system with a lens, fig. 22
temperature as a function of current for its various values
for a system with a lens, fig. 23 the dependence of
temperature in a transverse cross-section of the plane for a
system with a lens, fig. the comparison of a temperature
profile for a system with a lens (M) and without a lens (A),
fig. 25 a measurement system without a lens, wherein: 15 - an
MILX90614 detector, 16 and 17 ©Lz1-00DB0O5 diodes {(maximum
working current 1200 mA), 18 - a plane irradiated with
electromagnetic radiation (a plate made of copper and covered

with copper oxide), fig. 26 fig. 25 a measurement system

' without a lens, wherein: 19 - an MLX90614 detector, 20 a UV

diode, 21 a lens, 22 a plane irradiated with electromagnetic

radiation (a polymer plate).

Example 1

Fig. 1. Presents a method for controlling temperature by means
of a specialised controller (3) with a microprocessor, at a
volume point (with coordinates of Ax, Ay, Az), wherein the
source of radiation (2) may be a laser, a LED diode or a

piezoceramic transducer. A detector (1) according to the
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invention may be a pyroelectric or thermocouple sensor,
absorbing radiation in the infrared range where the maximum of

thermal radiation is placed.
Example 2

Figure 2. presents the use of a system of sources for shaping
and controlling volumetric and planar temperature fields in
spaces and on material surfaces as a function of time by using
the superposition of wvarious sources of radiant energy (4, 5,

6).
Example 3

Another embodiment of the invention, presented in figs. 3A and
3B, presents a method for generating a field of temperatures
by means of controlling the intensity of the individual
sources of radiant energy (7, 8, 9) and by adjusting the
number of sources. Figure 3A presents a situation when one of
the sources of electromagnetic waves radiates with a higher
amplitude, while fig. 3B - when the amplitude of radiation for
one of the sources of electromagnetic waves is being reduced

(10, 11, 12).
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Example 4

Yet another embodiment of the invention enables the use of
lenses (14) in order to multiply the effective source of
radiant energy (13). By using various kinds of lenses and
adjusting the number of radiant energy sources, it is possible
to practically form any temperature profile in a volume or on

a surface and control it as a function of time (Fig. 4).
Example 5

Figure 5 presents the value of temperature measured for many
points in a transverse cross-section of an irradiated plane as
a function of current applied to the source of electromagnetic
waves. On the other hand, fig. 6 presents changes in the
measured temperature at a point as a function of time
depending on the current applied to the source of
electromagnetic waves. Figure 7 depicts a linear increase in
the measured temperature as a function of current flowing

through the source of electromagnetic waves.
Example ©

Figures from 8A to 13B present the shapes of temperature
profiles on a planar surface for various values of current
powering the sources of electromagnetic waves, created as a

result of using the method according to the present invention.
Example 7

Figures from 14A to 20B present the shapes of température
profiles on a planar surface for various values of current
powering the sources of electromagnetic waves, created as a
result of using the method according to the present invention

in a system with a lens.

Example 8
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Figure 21 depicts a linear increase in the measured
temperature as a function of current flowing through the
source of electromagnetic waves in a system with a lens. On
the other hand, fig. 22 presents changes in the measured
temperature at a point as a function of time depending on the
current applied to the source of electromagnetic waves in a
system with a lens. Figure 23 ©presents the wvalue of
temperature measured for many points in a transverse cross-
section of an irradiated plane as a function of current
applied to the source of electromagnetic waves upon placing a
lens shaping the profile of the wavefront between the source
and the irradiated surface. Figure 24 presents a comparison of
a wavefront modified by means of a lens(M) with a wavefront

without a lens (A).
Example 9

Figure 25 presents a measurement system comprising an MLX90614
detector (15), sources of electromagnetic radiation - LZl-
00DBO5 dicdes, a maximum working current of 1200 mA (16, 17)
and a plane irradiated with electromagnetic radiation (18, a
plate made of copper and covered with copper oxide) for

shaping planar wavefronts.

" Example 10

Figure 26 presents a measurement system comprisingvan MLX90614
detector (19), a source of electromagnetic radiation - a UV
diode (20), a lens (21) and a plane irradiated with
electromagnetic radiation '(a planar plate made of polymer, 22)

for shaping the wavefronts by means of a lens.



10

15

20

25

WO 2019/135687 PCT/PL2018/050068

14

Claims

1. A set for controlling the temperature, characterised in

that it comprises a source of electromagnetic waves (1),
like a laser or a diode, or an ultrasound generator
connected by wires to a specialised controller (3) with a
microprocessor connected by wires to a thermal radiation
detector (2), like a pyroelectric detector or a
thermocouple detector, the source of electromagnetic

waves and the thermal radiation detector being placed at

an angle o between 0° and 180° with respect to each other.

. A method for generating the profiles of electromagnetic

radiation wavefronts, characterised in that the shape of
the wavefront profile is generated in accordance with the
system of electromagnetic radiation sources, by placing
the sources of electromagnetic radiation in superposition
with respect to each other or by changing the power
delivered to the source of electromagnetic radiation, not
exceeding the maximum power of the source, or by placing
a lens or a system of lenses before the source or sources

of electromagnetic waves.

. The use of the set defined according to claim 1 for

generating profiles of temperature fields using profiles

of wavefronts generated according to claim 2.
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