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(57) The present disclosure relates to a probe for de-
tecting or measuring brain tumour cells using millimetre
waves, wherein the probe comprises a microwave
waveguide for conducting electromagnetic waves to-
wards the brain, said probe further comprising a readout
electronic element and a signal generator; wherein the
waveguide further comprises an excitation source port
for the signal generator and two measurement ports for
the electromagnetic waves inside the waveguide; where-

in the readout electronic element comprises electromag-
netic transducers for said measurement ports for meas-
urement of an outgoing electromagnetic signal to the
brain and a reflected signal from the brain; wherein the
readout electronic element is placed on the waveguide.
The present disclosure also relates to a system compris-
ing the probe for detecting or measuring brain tumour
cells of the present disclosure and a method of fabrication
of the probe of the present disclosure.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the detection of tumour cells. It is applied in the medicine field and provides
a device to detect and/or measure brain tumour cells through the use of MMW (MilliMeter Waves - high frequency
signals) technology in order to detect small tumour sizes.

BACKGROUND

[0002] Cancer is a major public health problem worldwide and is the second most common cause of death in Portugal
with 24.3% of these deaths caused by malignant neoplasms [1]. Cancers of the brain and central nervous system tumours
constitute a group of rare and heterogeneous tumours. These tumours represent approximately 3% of cancer cases
worldwide and they are more frequent among men than women [2]. Despite the low incidence rate, brain cancers appear
in the top 10 of cancer mortality [3], have one of the most devastating prognoses and are one of the cancers that have
fewer treatments solutions [4].
[0003] When brain cancer is diagnosed, surgery is usually the best solution, and a higher resection degree of the
lesion is associated with greater survival rates of the patient [3], [5]. However, until a few years, the tumour total resection
was a task with a low success rate due to the similarity between the appearance of the tumour and surrounding brain
parenchyma. Furthermore, most of the existing tools, such as Magnetic Resonance Imaging (MRI), fluorescent dyes,
ultrasound and mass electroscopy, have limitations in several aspects when applied in brain cancer resection. In fact,
errors in resection task, as extremely aggressive resections, can produce severe neurological damage, while less ag-
gressive resection can leave significant residual diseased tissue [3]. Tumors, as malignant gliomas, do not have a
distinctive margin between the tumour mass and the surrounding brain, representing a major challenge to the neuro-
surgeon compared with other tumours [3], [5]. This is the major problem and the reason for the poor prognosis of brain
tumor patients.
[0004] Studies that examining patterns of brain tumour recurrence have repeatedly shown that 80-90% of the recur-
rences are due to residual tumour cells left behind due to incomplete resections [6]. Therefore, it is important the
emergence of new surgical tools and methods to increase the resection quality and depth.
[0005] According to realized studies, it was noticed that human tissues have a frequency-specific dependent response.
In fact, laboratory measurements have been demonstrated to detect tumors using low frequencies (1 Hz to 100 kHz),
microwaves (1-10 GHz), and millimeter waves (10-30 GHz) [7], [8]. Furthermore, studies based on the dielectric properties
of tissues concluded that these properties differ between tissue types [11].
[0006] Most measurements and studies were based on tissue electromagnetic properties, and most of them conclude
that properties typically are different when measured in different tissue types.
[0007] In order to evaluate the response of both brain and tumour tissues, when electric signals are applied to them,
the properties that must be known are their relative permittivities and conductivities.
[0008] Aggressive brain tumours, metastatic tumours, malignant gliomas and any benign tumours such as meningi-
omas, produce a brain edema (an increased water content of the brain parenchyma) [12]. Therefore, in some cases,
there are significant differences between a completely healthy brain (all the area around the edema and tumour until it
reaches the bone) and a brain with a tumour, as it can be seen in Fig. 2.
[0009] A person skilled in the art knows that the brain edema can occur as a consequence of many neurological
conditions, and the tissue’s water content can increase from 77% to 80% [13]. In this way, if we measure in some way
the result of such water content modification, we can classify the different types of tissues. For this reason, it is necessary
to determine and distinguish the dielectric properties of healthy brain, tumour, and brain with edema.
[0010] In the ultra-high frequency (UHF) range and higher, the electrical properties of a tissue are almost entirely
determined by its water content due to the polarization of the water dipoles [14]. Consequently, it is possible to predict
the dielectric properties of soft tissues by performing a measurement of their water content [15]. In this sense, the
empirical equations presented by Schepps and Foster in [15] were duly used in the present invention to define the
permittivity (ε’) and conductivity (σ) of tumor, brain and brain with edema, as showed in Fig. 3.
[0011] The present disclosure applies the measurement of dielectric properties on human tissues using electromagnetic
waves, where in one option, instead of having a cable between the probe and a measurement desktop device performing
all measurements, all the relevant measurements are done on the developed probe. In this way, eliminating the cable
that forces to have a calibration for each measurement, as required at millimetre wave, the system will have accuracy,
repeatability, and enough sensibility to be used as a tool for medical support. It refers to the development of a probe
comprising a waveguide microwave for the detection of tumor cells, where the relevant and critical measurements are
made at the probe tip.
[0012] These facts are disclosed in order to illustrate the technical problem addressed by the present disclosure.
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GENERAL DESCRIPTION

[0013] The present disclosure relates to a probe for detecting/measuring tumour cells with a resolution in the order of
millimetres or smaller, to ensure that, when tumour cells are removed, the remaining tumour volumes have sub-millimetre
sizes. The device has high resolution (sub-millimeter) and works based on high frequency millimeter waves (MMW), like
the ones used for mobile communication systems, to support the detection as well the information acquisition and
delivery. The MMW technology is integrated in the device providing a fast and precise measure technology.
[0014] A person skilled in the art will understand that sub millimeter term should be any kind of unit of measure smaller
than millimeters, like as, micrometers, nanometers or any other unit of measure.
[0015] In an embodiment, the probe measures the dielectric properties on human tissues using electromagnetic waves.
More particularly, uses high frequency MMW, that are guided through a waveguide, to perform tumor imaging.
[0016] In an embodiment, the probe is capable to detect tumor tissues. More particularly, the probe is able to read the
differences between a signal obtained from a volume of tumoral cells and a signal obtained from non-tumoral cells.
[0017] In an embodiment, the device operates at a frequency range of 40 - 100 GHz, preferably at a frequency range
of 60-100 GHz, more preferably at 60 GHz. Considering that the dielectric constant of human tissues is higher than one,
together with the approach used to measure the electromagnetic properties, the probed described in the present dis-
closure, leads to the possibility to detect regions smaller than 1 mm thick.
[0018] The present disclosure comprises a probe that can be connected on a holder; a readout electronic element; a
signal generator and an external system.
[0019] The holder might be selected from any kind of support element or a surgical tool.
[0020] The probe can be connected on the holder by whichever physical means are usually used, like as glued, fitted
or other means. The probe is made of any suitable material for use with microtechnology processing, for example, silicon,
quartz, silica, glass. Preferable is made of silicon.
[0021] In an embodiment, the probe may be optionally coated with aluminium, gold, silver, titanium, or any non-toxic
conductive surface. For detection purposes, it may also be coated with a functionalized material like an electroactive
material, a magnetoactive material, an electro fluorescent material, or a surface that binds with tumour cells, to mention
a few examples.
[0022] In an embodiment, the probe comprises at least 2 ports and a readout electronic element for the MMW (high
frequency signals), specifically an electromagnetic transducer. With this readout electronic element, there is no need to
calibrate MMW system prior to each measurement. One port is the excitation source, region where the electromagnetic
wave will be applied and the others are measurement ports - where the sensing electronics will be connected to record
a signal that will allow to sense what type of tissue is in touch with the probe.
[0023] In an embodiment, the readout element might be selected from a list comprising readout transistors, magnetic
sensors, electric sensors, or any transducer that can translate the variation of the electromagnetic wave inside the
waveguide into a voltage, current, or charge.
[0024] In an embodiment, the signal generator is integrated within the probe.
[0025] In another embodiment, the signal generator is connected to the probe by means of a cable.
[0026] In an embodiment, the probe is for detecting and/or measuring tumour cells in the patient’s brain.
[0027] The present disclosure also relates to a device comprising the probe and a holder to support said probe. In an
embodiment, the probe comprises at least one excitation source and two millimetre wave signal detectors.
[0028] In an embodiment, the device is connected to an external device configured to analyze the data detected by
the wave signal detectors.
[0029] In an embodiment, the external device is a computer or any other electronic mean that analyses the signal
detected and received by the probe and gives information about the tissue that is being analyzed.
[0030] In an embodiment, the probe can be near or close to the tissue to be analyzed, or can reach it and be in contact
with the tissue (touching). The readout electronic element will register the outgoing signal from the tissue and afterwards
the reflected signal. The readout output is then changed according to the different properties of the tissue that is nearby
the probe.
[0031] In an embodiment, the data obtained from the analysed tissue is processed by the external device, based on
an algorithm developed to classify the condition of the tissue, i.e., if the tissue is a healthy tissue or a tumour tissue. The
status of the tissue is then provided to the user (surgeon) in the form of an image, a sound, among others.
[0032] In an embodiment, the probe uses preferably the available 5G technologies that are in development in the
MMW region, but any other technology providing the required frequencies can be used for this purpose.
[0033] In an embodiment, the device must be very small in order to allow the detection of regions smaller than 1 mm2

and this is assured if the signal frequency is high, thus the signal wavelength is low, which is why a high frequency
(MMW) of 30-100 GHz, namely 60 GHz, is used.
[0034] In another embodiment, the probe may also be applied in any other applications from different fields such as,
but not limited to, measure the properties of a grape (to assess its maturity state); measure the properties of human
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skin, allowing to detect a skin tumour; to be applied in lab-on-chip devices to detect the properties of fluids going through
its channels.
[0035] In an aspect, the present disclosure relates to a system to detect or measure the tumour cells comprising: a
holder; a probe; a readout electronic element; a signal generator; and an external system.
[0036] In an embodiment, said system applies a frequency range about 30 - 100 GHz to detect or measure the tumour
cells.
[0037] In another embodiment, said system applies a frequency of 60 GHz to detect or measure the tumour cells.
[0038] In an embodiment, the probe is located on the holder and has at least one excitation source and one meas-
urement element.
[0039] In an embodiment, the probe comprises a readout electronic element.
[0040] In an embodiment, the readout element might be selected from transistors, magnetic sensors or electric sensors.
[0041] In an embodiment, the signal generator is connected to the probe by means of a cable.
[0042] In an embodiment, the signal generator is integrated on the probe.
[0043] In an embodiment, the system may use any electronic auxiliary means such as computer, tablet, television, etc.
[0044] In an embodiment, the detection methodology is selected from S parameters, or others, and allows on-probe
electronics integration.
[0045] In an embodiment, an external system will run a software that will analyze the signal detected on probe by an
algorithm based on signal from readout electronics.
[0046] The present disclosure also relates to a probe to detect or measure the tumour cells wherein said probe is
placed on a tip of a holder or on the tip of the surgical tool, has a small dimension and uses microtechonologies to
properly guide the electromagnetic wave close to the brain to detect or measure the tumour cells sizes.
[0047] In an embodiment, the probe dimension is adapted to the tumour size and frequency of interest, and the size
and geometry of the probe must be adapted to the detection methodology.
[0048] In an embodiment, the dimension of said probe is, preferably with high about 10mm to 10mm, thickness about
10mm to 10mm and length about 10mm to 10cm.
[0049] In an embodiment, said probe operates at MMW (high frequency signals).
[0050] In an embodiment, a readout electronics element is duly placed on the probe tip.
[0051] In an embodiment, said probe is connected externally to a signal generator through a cable connection which
will allow that the measurement of the tumour size occurs directly in the probe.
[0052] An aspect of the present disclosure relates to a probe for detecting or measuring brain tumour cells using
millimetre waves, MMW, of 30 - 100 GHz, said probe being for connecting to a probe holder, said probe for being used
with an external system, said probe comprising a microwave waveguide for conducting electromagnetic waves towards
the brain, said probe further comprising a readout electronic element and a signal generator; wherein the waveguide
further comprises an excitation source port for the signal generator and two measurement ports for the electromagnetic
waves inside the waveguide; wherein the readout electronic element comprises electromagnetic transducers for said
measurement ports for measurement of an outgoing electromagnetic signal to the brain and a reflected signal from the
brain; wherein the readout electronic element is placed on the waveguide.
[0053] In an embodiment for better results, the frequency is 60-100 GHz.
[0054] In an embodiment for better results, the electromagnetic transducers are readout transistors, magnetic sensors,
or electric sensors, in particular graphene field effect transistors.
[0055] In an embodiment for better results, the signal generator is integrated within the probe or the signal generators
is external and connected to the probe by a cable.
[0056] In an embodiment for better results, the waveguide has a height of 10 mm to 10 mm; a thickness of 10 mm to
10 mm, and a length of 10 mm to 10 cm.
[0057] In an embodiment for better results, the waveguide is obtainable by microfabrication.
[0058] In an embodiment for better results, the probe waveguide is coated with a conductive surface and is made of
silicon, quartz, silica, or glass, in particular silicon, further in particular microfabrication silicon wafer.
[0059] In an embodiment for better results, the conductive surface coating is a coating of aluminium, gold, silver,
titanium, and/or a coating of a functionalized material, in particularly an electroactive material, a magnetoactive material,
an electro fluorescent material, or a surface that binds with tumour cells.
[0060] In an embodiment, the probe of the present disclosure may be used for detecting or measuring grape maturity,
human skin properties or skin tumour, or fluid properties of fluids going through lab-on-chip channels.
[0061] In an embodiment, the probe of the present disclosure may comprise readout electronics for registering the
outgoing electromagnetic signal to the brain and the reflected signal from the brain wherein the readout electronics are
integrated into the probe.
[0062] Another aspect of the present disclosure relates to a system comprising the probe for detecting or measuring
brain tumour cells of the present disclosure.
[0063] In an embodiment, the system may comprise a probe holder to support said probe.
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[0064] In an embodiment, the system may comprise an external computer system connected to the probe and con-
figured to analyse the registered electromagnetic signal for detecting or measuring brain tumour cells.
[0065] Another aspect of the present disclosure relates to a fabrication method for obtaining a probe according to any
of the claims 1-9 comprising the steps of:

providing a silicon wafer;
fabricating detectors in said silicon wafer for the electromagnetic transducers;
defining the waveguide on silicon;
metallization of the waveguide on a front and a back of the wafer;
interconnecting the obtained probe with a signal generator, optionally integrated on the probe.

[0066] In an embodiment, the detectors may be graphene transistors, GFETs, among ithers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] The following figures provide preferred embodiments for illustrating the disclosure and should not be seen as
limiting the scope of invention.

Figure 1 - It is an embodiment of the device described in the present disclosure.

Figure 2 - It is the T2 MRI images of a patient with a brain tumour which produced edema on surrounding cells [13].

Figure 3 - Shows the permittivity and conductivity data from brain with edema, healthy brain and brain tumour.

Figure 4 - It is a schematic representation of the proposed probe and interaction with a brain region.

Figure 5 - It is a schematic representation of an embodiment of the waveguide model with 3 ports. H = 290 mm, L
= 3000 mm and We = 1240 mm.

Figure 6 - It is a schematic representation of different tumor sizes, 1, 2, 3, 4 and 5, during a simulated resection.

Figure 7 - It is an embodiment of the results from S23 measurement. Plot A) represents the amplitude and phase
difference between normal brain with different tumor sizes, and normal brain only. Plot B) represents the amplitude
and phase difference between brain edema with different tumor sizes, and brain edema only.

Figure 8 - It is an embodiment of the electric field pattern and magnitude in the waveguide for two different scenarios
a and b. The patterns a1, 2, 3, 4 and 5 represent the Brain + Tumor case with different tumor sizes and the patterns
b1, 2, 3, 4 and 5 the Brain Edema + Tumor case also with different tumor sizes.

Figure 9 - It is an embodiment of simulated results of cases a and b, a1 and b1 without brain cells infiltration and
a1.1 and b1.1 with brain cells infiltration.

Figure 10 - It is a schematic representation of an embodiment of the device to detect the tumor volume.

Figure 11 - It is an embodiment of the simulation results: difference Magnitude in S11; S12; S13 and S23.

Figure 12 - It is an embodiment of the simulation results difference in: (a) Electric Fields; (b) Magnetic Fields position
1; (c) Magnetic Fields position 2.

Figure 13 - It is a schematic representation of an embodiment of an Array of Waveguides to obtain a 2-dimensional
image, 2D, image of the Tumour.

Figure 14 - It is a schematic representation of an embodiment of the fabrication method used to obtain the device,
considering that graphene silicon detectors are placed in such a way that they will measure the simulated S23.

Figure 15 - It is a schematic representation of an embodiment of the fabrication steps for one probe prototype. This
method does not yet include the integration of electronics.
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Figure 16 - It is an example of one fabricated probe, without the integrated electronics.

Figure 17 - It is an embodiment of for the integration of the information generated by the device within a surgical
environment.

DETAILED DESCRIPTION

[0068] The probe described in the present disclosure should be used during a surgery, like as a craniotomy, when the
brain is exposed. However, other options of use are possible where the medical doctor needs to use it to decide about
the volume of tumour to remove. It is just needed that the probe may be close or touching a healthy tissue, and after it
will be able to detect tissues differences. If the size of tumour is high, the probe just needs to be close to the tumour to
measure the size. Otherwise, when the surgeon needs more accurate information, the probe should touch the tumour
to measure the size. The figure 4 shows an embodiment of the probe, and how it may interact with the brain during the
surgery.
[0069] In an embodiment, the probe records the properties of the tissue to be analyzed when it reaches the vicinities
or touches said tissue. Therefore, the probe should be moved in order to analyze different regions of the tissue. A 2D
image of the tissue can then be retrieved.
[0070] In general lines, the surgeon approaches/touches the brain with the probe and the brain tissue properties of
that patient are recorded. After, during the procedure, the surgeon approaches/touches the region affected by the tumour
and a display, based on the signal collected by the probe, gives the information about the properties of the analyzed
tissue, namely the volume of healthy and tumour regions.
[0071] Depending on the difference between healthy tissue values and the values registered at each moment, the
surgeon may decide about what to do. Remove more tumour tissue or finishing the procedure.
[0072] In an embodiment, the probe’s waveguide is fabricated in a small dimension using microtechnologies to properly
guide the electromagnetic wave close to the brain, and receive the reflected signal from the brain. The use of micro-
technologies allows to obtain the waveguide with a size in the order of the tumour sizes to be investigated.
[0073] In an embodiment, the probe may have any dimension allowed by the microfabrication processes, but preferably
it must be millimeters sized, or sub-millimeters, for example, dimensions selected between high about 10 mm to 10 mm,
thickness about 10 mm to 10 mm, and length about 10 mm to 10 cm, but not limitative to this dimension. However, the
dimension must be adapted to the frequency of interest, which is previously selected in accordance with the minimum
dimension value of the tumour of interest. Also, the size and geometry of the probe must be adapted to the detection
methodology. The detection methodology should be selected from S parameters, or others, and should allow on-probe
electronics integration.
[0074] In an embodiment, the probe’s waveguide, is preferably made of silicon or by any other material that can be
tailored to the small required dimensions, with the required precision, and available for processing with microtechnologies,
and at the same time, must allow the integration of the electronic readout mechanism on the probe. Said probe can be
placed on a tip of a holder or on the tip of a surgical tool, such as a canula for tumour extraction. The probe operates at
MMW in order to be able to detect small tumour sizes (in the mm range, or below).
[0075] In an embodiment for an accurate result, the probe should be placed near or in touch with the tissue of interest,
such as in the brain, or in any other place where the surgeon can touch the tissue of interest. The probe should be used
for any brain region that the surgeon has access during the surgery.
[0076] Since the frequencies are very high, the disclosure includes the use of the probe on an intra-operatory room
integrated with the readout electronics element into the probe. Specifically, the readout element is duly placed on the
probe tip. This mechanism allows skipping the step of electronic calibration of the MMW system prior to each measure-
ment, that would not be feasible in an intra-operatory scenario since each time the probe changes the position, the path
between reader and probe would change and that would require new calibration. The readout electronics element
registers the outgoing signal to the brain and the reflected signal, or combinations of both. It then responds, and optionally
changes the output derived from different properties of the tissue nearby the probe.
[0077] In an embodiment, the probe also requires a signal generator element. Since the measurement occurs directly
in the probe, the signal generator may be placed externally and connected with a cable connection. In another embod-
iment, the signal generator is placed on the probe tip using preferable microtechnologies that allow the electronic inte-
gration with the probe.
[0078] In an embodiment, an external system, like a computer, tablet, television or any other equipment for this purpose,
is placed for example in the surgery room, and runs a software that analyzes the signal detected by the probe, using an
algorithm that, based on the signal from readout electronics, gives an information about the properties of the tissue that
the probe is detecting/touching, together with other image modalities or only with the tumour information calculated by
the algorithm. The information can be showed in an external device (fig. 16) that present on a computer or on a 3D
virtual system display.
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[0079] The following pertains to an application example. In the present example, the probe comprises one main port,
for the signal generator, and two auxiliary ports, to detect the properties of the tissue touching the probe. This configuration
can mimic a desired real environment setup, where the signal readout can be achieved without a standard calibration,
required for systems using millimeter waves. In this way, a cheaper and simple signal source can be used, avoiding the
expensive, cumbersome and time-consuming process of calibration, something that would be unacceptable in a clinical
process.
[0080] As proof-of-concept to perform tumour imaging, the developed probe was used on a liquid brain phantom.
Other applications requiring electromagnetic imaging can also use a device comprising the probe.
[0081] In this particular example, the waveguide of the probe received the energy of an electromagnetic signal to
detect the existence of tumour in the brain. The signal may be delivered to the probe by a cable attached to an external
signal generator, or it may be generated on the probe itself. Also, other mechanisms can be used to transfer the energy
and wirelessly power such a device (such as ultrasound, low frequency, optical, magnetic signals, among others).
[0082] The following pertains to a waveguide design. A rectangular silicon waveguide was obtained with a cross section
of 1240 mm 3 290 mm, in order to work at 60 GHz. The waveguide is responsible to conduct the electromagnetic signal
towards the brain regions that are analyzed.
[0083] An embodiment of the rectangular waveguide is shown in Fig.5. Port 1 is the excitation source (i.e., the region
where the electromagnetic wave will be applied), and ports 2 and 3 are the measurement ports, i.e., the place where
the sensing electronics will be connected to record a signal that will allow to sense what type of tissue is in touch with
the probe. In port 1, it is applied a 60 GHz signal, and in ports 2 and 3 it is measured the S23 parameter. In this example,
two auxiliary ports were used to detect the properties of the tissue touching the probe.
[0084] The S23 parameter refers the response at port 2 due to a signal injected at port 3.
[0085] For the simulations, several surgical scenarios were modelled in order to represent the multiple possibilities
that a surgeon can encounter. Firstly, different tumor sizes were studied in order to understand the expected discrimination
limits from the surrounding brain parenchyma, as demonstrated in Fig. 6. It was also simulated the case of a tumour
infiltrated with brain cells.
[0086] The following pertains to the measurement of S-Parameters. The measurement of S-parameters, i.e., the S23’s
module and phase, was the first detection method to be tested.
[0087] In Fig. 7, it can be seen an embodiment of the S23 amplitude and phase difference in two different scenarios,
A and B, wherein scenario A uses a normal brain model and scenario B uses a brain edema models. Since a difference
is observed between the tumour and non-tumour cases for both scenarios A and B, it is possible to conclude that it is
conceivable to differentiate the existence of different tumour sizes in the brain parenchyma. However, the difference is
small and irregular, which can be a problem in a real-life experiment due to the instability of the measurement procedure
of the S-parameters and the resolution of the measurement system. Also, when an infiltration of brain cells occurs in
the tumour, the difference observed in amplitude and phase is very small (Table I), which can likewise culminate in bad
results.

[0088] In another embodiment, the evaluation of the electric field distribution inside the waveguide can be used as a
more accurate measurement technique as compared to S-parameters.
[0089] The following pertains to evaluation of electric field. For this experiment, it was necessary to obtain the electric
field pattern in several scenarios with different tumour sizes and different types of tissues.
[0090] In Fig.8 it can be seen an embodiment of the simulation results of two different cases, a and b, where a represents
the case of a brain without brain cells edema, and b the case of brain with brain cells edema. It can also be seen the
electric field pattern and magnitude of a1-5 and b1-5 cases, which represent the results in presence of a tumour. The
different tumor size models that were simulated can be seen in Fig.6.
[0091] Analyzing Fig. 8 it is possible to see that there are differences, approximately 13% in amplitude and 3.3% in
phase, between the case when only brain was measured (a and b), and the case where the presence of a tumour inside
the brain is registered (a1-5 and b1-5). On the other hand, with the decrease in tumour size, the electric field pattern
starts to be the same as the one in the brain without tumour scenario. With these results, it can be concluded that it is

Table I. S23 results of tumour phantom analysis, with and without brain cells infiltration.

Brain Type S23 Without infiltration With infiltration Difference

Normal
A(dB) -23.18 -22.78 0.4

Phase(°) -143.80 -146.09 2.29

Edema
A(dB) -23.20 -22.88 0.32

Phase(°) -143.85 -145.70 1.85
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feasible to use the evaluation of electric field to distinguish tumour from the surrounding tissue more accurately.
[0092] Similarly, in case of infiltration (cases a1.1 and b1.1 in Fig. 9) the results show that the electric field pattern is
very similar but not equal to the brain case (case a and b in Fig. 9), as it can be seen in the magnitude plot. The electrical
field pattern is also slightly different from the cases without infiltration (case a1 and b1), which indicates that there are
brain cells near to the waveguide. This conclusion is important because it allows to determine that not only tumour cells
exist near to waveguide but also brain cells, which is a scenario likely to occur during tumour resection.
[0093] The following pertains to other proposed models. Other examples can be presented, based on Substrate
integrated waveguide (SIW) technologies and a mix between the coplanar waveguide technology (CPW) and Substrate
integrated waveguide (SIW) to have a better waveguide. Figure 10 shows some types of Waveguide available. However,
the present disclosure is not limited to these models of technology.
[0094] The following pertains to simulation Results. Difference of parameters was tested in where there is a tumour
or not in the brain (equation. 1). 

[0095] Where: Er is the Error, SB is the simulation of the brain intact and SBT is the simulation of the brain with tumour
[0096] Figure 11 shows the difference magnitude between the brain intact and the simulation of the brain has tumour.
[0097] In another embodiment of simulation, it was identified the existence of tumour. Figure 12 shows the comparative
study of the electric (12.a) and magnetic fields (12.b and 12.c).
[0098] The following pertains to array waveguide analysis. Figure 13 shows an embodiment of an array waveguide
to identify the geometry and the size of tumour. In another embodiment, it is used a SIW Waveguide with multicavity to
identify the geometry and the size of tumour.
[0099] The following pertains to detection methodology. In an embodiment, it is possible to have a modification of an
electromagnetic field due to the presence of a tumour, and that modification may be able to allow the detection of small
volumes of tumours, smaller than allowed by the available technologies nowadays.
[0100] In an embodiment, for validation purposes, it was used the simulation of S-parameters, being the most straight-
forward way of showing that the ability of a microprobe may have to detect small tumours, when it uses a high frequency
signal, such as millimeter wave (MMW) signals.
[0101] In another embodiment, it is possible to use other methods (lumped or distributed) to register and translate the
interaction between the tumour and probe to a readout signal. Instead of measuring only two-port S-parameters, the
probe may be coated with other sensing mechanism, like readout transistors, magnetic sensors, electric sensors. In yet
another embodiment, the probe surface can be coated with functionalized materials (e.g., piezolectric, magnetoelectric,
electro fluorescent, or surfaces functionalized to bind with tumor cells) that interact with the tumor, changing such material
properties and leading to a readout by a MMW signal, or by an optical signal, or low frequency electrical signal.
[0102] In an embodiment, the excitation signal can be generated by any kind of controllable signal or wave, like as
optical, electrical, acoustic, electromagnetic signal (RF, MMW, THz).
[0103] Figure 14 shows an embodiment for the probe fabrication, and integration with readout electronics. This is an
illustrative scheme to show how the fabrication can be and how it can be integrated with nanotransistors. Other solutions,
as presented in the simulations section, are also possible.
[0104] In an embodiment, the fabrication starts with a silicon wafer (1), where it is fabricated the detectors (in this
scenario, graphene transistors - GFET) (2), after the waveguides are defined on silicon (2). The obtained structure is
then finalized with a metal coating (4). After, the detachment of the probe from the initial silicon wafer (1), the detection
probe (6) can be interconnected with a signal generator (5). Optionally, a signal generator can be integrated on the
probe (6).
[0105] Figure 15 shows an embodiment of the implementation of the steps 3, 4, and 5 of figure 14.
[0106] The figure 16 shows an embodiment of the microprobe fabricated using microtechology.
[0107] These fabrications methods are shown to demonstrate the feasibility of such probe and are by no ways limitative
to fabricate the probe using other kind of fabrication methods or steps.
[0108] The following pertains to a full operating device. The present description discloses the core technology of the
proposed sensing methodology. Figure 17 shows an embodiment of the use of such device on a real scenario. In this
figure, it is presented an example on how the probe would look like and how it would be integrated in the surgical
environment. In an embodiment, the signal acquired by the probe is be collected and fed to the imaging system (MRI,
Ultrasound, Positron emission tomography (PET), or other used by the surgeon during or before the surgery) that is
used as surgery auxiliary. As example, presurgical MRI images can be fused with real time ultrasound images, that are
fed in real time to a virtual reality device that merges the images with optical images from a microscope to give a 3D
image of surgical area.
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[0109] The term "comprising" whenever used in this document is intended to indicate the presence of stated features,
integers, steps, components, but not to preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof.
[0110] The disclosure should not be seen in any way restricted to the embodiments described and a person with
ordinary skill in the art will foresee many possibilities to modifications thereof. The above described embodiments are
combinable.
[0111] The following claims further set out particular embodiments of the disclosure.
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Claims

1. Probe for detecting or measuring brain tumour cells using millimetre waves, MMW, of 30 - 100 GHz, said probe
being for connecting to a probe holder, said probe for being used with an external system, said probe comprising
a microwave waveguide for conducting electromagnetic waves towards the brain,
said probe further comprising a readout electronic element and a signal generator; wherein the waveguide further
comprises an excitation source port for the signal generator and two measurement ports for the electromagnetic
waves inside the waveguide;
wherein the readout electronic element comprises electromagnetic transducers for said measurement ports for
measurement of an outgoing electromagnetic signal to the brain and a reflected signal from the brain;
wherein the readout electronic element is placed on the waveguide.

2. Probe according to any of the previous claims wherein the frequency is 60-100 GHz.

3. Probe according to any of the previous claims wherein the electromagnetic transducers are readout transistors,
magnetic sensors, or electric sensors, in particular graphene field effect transistors.

4. Probe according to any of the previous claims wherein the readout electronic element, comprising electromagnetic
transducers, is arranged to measure electric field.

5. Probe according to any of the previous claims wherein the signal generator is integrated within the probe or the
signal generators is external and connected to the probe by a cable.

6. Probe according to any of the previous claims wherein the waveguide has a height of 10 mm to 10 mm; a thickness
of 10 mm to 10 mm, and a length of 10 mm to 10 cm.

7. Probe according to any of the previous claims wherein the waveguide is obtainable by microfabrication.

8. Probe according to any of the previous claims wherein the probe waveguide is coated with a conductive surface
and is made of silicon, quartz, silica, or glass, in particular silicon, further in particular microfabrication silicon wafer.

9. Probe according to the previous claim wherein the conductive surface coating is a coating of aluminium, gold, silver,
titanium, and/or a coating of a functionalized material, in particularly an electroactive material, a magnetoactive
material, an electro fluorescent material, or a surface that binds with tumour cells.

10. Probe according to any of the previous claims for detecting or measuring grape maturity, human skin properties or
skin tumour, or fluid properties of fluids going through lab-on-chip channels.

11. Probe according to any of the previous claims comprising readout electronics for registering the outgoing electro-
magnetic signal to the brain and the reflected signal from the brain wherein the readout electronics are integrated
into the probe.

12. System comprising the probe according to any of the previous claims and comprising said probe holder to support
said probe.

13. System according to the previous claim comprising an external computer system connected to the probe and
configured to analyse the registered electromagnetic signal for detecting or measuring brain tumour cells.

14. Fabrication method for obtaining a probe according to any of the claims 1-11 comprising the steps of:

providing a silicon wafer;
fabricating detectors in said silicon wafer for the electromagnetic transducers;
defining the waveguide on silicon;
metallization of the waveguide on a front and a back of the wafer;
interconnecting the obtained probe with a signal generator, optionally integrated on the probe.
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15. Fabrication method according to the previous claim wherein the detectors are graphene transistors, GFETs.
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