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Introduction. It is known that the object of intellectual property is an important source of technological informa-
tion that can be used for assessing the industry development and the prospects for further study of scintillation
materials, finding competitors, etc.

Problem Statement. Today, nuclear medicine is very popular all over the world. Scintillation crystals are one
of the main materials used in modern diagnostic devices. Therefore, the development of highly efficient scintilla-
tion materials for medical imaging systems is a relevant task.

Purpose. The patent activity analysis for nuclear medicine is purposed to find out the dynamics of patenting
scintillation materials used in this field for the period 1992—2022 as well as to determine the most priority and
important research directions.

Material and Methods. The patent search has been made with the help of special search programs: informa-
tion database Lens.org and specialized database Inventions (Utility models) in Ukraine. While doing the research,
we used the methods of analysis, systematization, and comparison.

Results. Assessing the development of scintillation materials for nuclear medicine based on patent analysis
allows us to analyse the available scintillation materials for this industry, to find new materials for it, and to iden-
tify more promising directions for its development.

Conclusions. American companies have the largest number of patents on scintillation materials used in nucle-
armedicine, but in the Ukrainian market, there are similar patents. The main scintillators for nuclear medicine are
BGO, CAWO » ZnWO0,, LSO, LYSO, GSO, Nal, Csl, BaF,, LaBr,, LuAP, LuAG, GGAG, LGSO, CaF, : Eu, ZnSe :
Te, Gd,0,S : Tb or mixed scintillators such as NaBaLaBr,, Cs,NaLaCl, etc. in the design of pixels. They are used
as bulk crystals, ceramics, films and others. There appear patents on new materials, such as MAPbBr,, CeBr,_,
Tl,LiLaBr,, the properties and prospects for application of which have been currently being studied.
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Today, nuclear medicine is very popular all over
the world. Inorganic scintillators are one of the ma-
in materials for scintillation detectors, which are
used in modern diagnostic devices. So currently,
the development of highly efficient scintillation
materials that simultaneously provide a high sen-
sitivity of medical devices and a low radiation do-
se to the patient remains very relevant.

It is known that the main diagnostic methods
in nuclear medicine are [1, 2] as follows:

1. X-ray computed tomography (CT), for which
the scintillator should have a high light output
and registration efficiency of X-ray, a low after-
glow, a high density, and a significant stopping
power, etc.

2. Single-photon emission computed tomography
(SPECT) that uses scintillators with a high light
output to provide a significant sensitivity of the
device and its high spatial and energy resolution.

3. Positron-emission computed tomography (PET)
that needs crystals with a high gamma ray registra-
tion efficiency that is associated with a high density
and a high atomic number, and also with a fast
decay time for better image contrast. In addition,
there are special PET scanners for mammography,
which should have an improved resolution (posi-
tron emission mammography (PEM)).

It should be noted that intellectual property
objects (patents) are one of important source of
technological information that can be used for as-
sessing the trends in the industry development
and the prospects for further study of scintilla-
tion materials, finding competitors, etc.

In view of the above, we can say that the analysis
of patent activity in the field of nuclear medicine,
the identification of the dynamics of patenting the
scintillation materials that can be used in medical
diagnostic devices, and the determination of the
most priority areas of research are very important
and, therefore, are the purpose of this research.

Patent activity is the number of intellectual pro-
perty objects, namely patents on inventions or uti-
lity models, obtained over a certain period of time.

We have formed the patent search task, defined
the keywords and search characteristics, selected
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the CPC classification codes for the patent search,
for example, G01T1/00: Measuring X-radiation,
gamma radiation, A61B6,/00: Apparatus for radi-
ation diagnosis, e.g. combined with radiation the-
rapy devices, etc. The patent search is carried out
with the help of special search programs: informa-
tion databases Lens.org and specialized databases
Inventions (utility models) in Ukraine (base.uipv.org).
During the research, the methods of analysis, sys-
tematization, and comparison have been used.

The geographic concentration of patents is spre-
ad over the whole world, the retrospect of the pa-
tent search is 30 years. During the research, we
have used the methods of analysis, systematiza-
tion, and comparison.

Figure 1 shows a diagram as a ratio of the num-
ber of filed, granted, published patents for scintil-
lation detectors for nuclear medicine by years.

As we can see from the diagram (Fig. 1), the
patent activity in the field of the development of
scintillation detectors for nuclear medicine start-
ed to increase in the 1990s and reached its peak in
terms of the number of patents in 2002-2012.
This is due to the possibility of manufacturing
large-area scintillation detectors, the improve-
ment of electronic devices for scintillation signal
processing, changes in the policy of insurance
medicine in the USA. All this had led to a signifi-
cant increase in funding of research in this field
and, as a result, to an increase in the number of
patents in the field of medicine. However, nowa-
days, the number of filed applications, like the
number of published patents, has halved as com-
pared with 2002-2012. This means the market
has been oversaturated with patented solutions,
although at this time these materials are still
widely used in nuclear medicine. We can also see
from the diagrams, more than half of the patents
are not maintained, while since 2012, the number
of the valid ones has decreased from 1,500 to
about 700. Within the period from 2012 to 2022,
this number was constant, so we may suggest that
these patents are still relevant today.

The main patent applicants for new scintilla-
tion devices in nuclear medicine are representa-
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Fig. 1. The dynamics of the number of patents on scintillation detectors for nuclear medicine

tives of the USA, which account for about 8,000
patents, namely: Merck Sharp & Dohme Corp.,
Human Genome Sciences INC, Bristol-Myers
Squibb Company, General Electric Company, As-
trazeneca Ab, The Regents of the University of
California, Millennium Pharmaceuticals INC, Na-
tional Institutes of Health (NTH), Janssen Phar-
maceutica Nv, Siemens Medical Solutions Usa
INC, etc. The distribution of the number of pat-
ents for these applicants is given in Fig. 2.

There have been many simple and extended
patent families in this region. For example, the
US extended patent family [3] includes 19 patents,
18 of which are valid today. The applicant is Min-
nesota Imaging and Engineering LLC. Patent de-
scribes the detector module designs for radio-
graphic imaging, which include the first and the
second layers of scintillator rods or pixel arrays
oriented in the first and the second directions.

It is known that the most significant discovery
in the scintillation field is the obtainment of the
Nal:Tl crystal in the mid-1940s. This scintillator
has a significant light output that is higher than
that of many available scintillation materials [4].
There are also industrial technologies for grow-
ing large-sized Nal : Tl crystals. However, this sci-
ntillator is hygroscopic and has a high afterglow,
which can significantly affect the intensity of pul-
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Fig. 2. The number of patents hold by the main applicants for
patents on new scintillation devices for nuclear medicine

se counting. In addition to Nal : TI that is com-
monly used in SPECT, there is CsI:TI that is also
used in CT, SPECT, and PET systems. This scin-
tillator has a light output of 54000 photons/MeV
and a weak hygroscopicity [5—7].
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Fig. 3. The dynamics of the number of patents on scintillation materials with alkali halide crys-

tals for nuclear medicine

The main global holders of patents on medical
devices in which alkali-halide crystals are used are
American companies: Spectrum Dynamics LLC,
Biosensors Group International LTD, and Spec-
trum Dynamics Medical Limited.

There are also Ukrainian patents UA 87792 [8]
and UA 93840 [9] for a scintillation material ba-
sed on cesium iodide doped by thallium iodide, as
well as UA108798 [10] for a method of obtaining
alkali-halide scintillation crystals (the applicant
is the Institute for Scintillation Materials of the Na-
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tional Academy of Sciences of Ukraine (hereinaf-
ter referred to as ISMA of the NAS of Ukraine).

As one can see, for more than 20 years, these
scintillation materials for medical devices are as-
sociated with a very high patent activity (Fig. 3,
a, b), but in recent years, this patent activity has
been showing a downward trend.

However, the further development of alkali-ha-
lide scintillators is associated with their composi-
tions with other compounds. For example, patent
[11] for a radiation monitoring device (the holder
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Fig. 4. The dynamics of the number of patents on scintillation devices with BGO (@) and GSO

(b) for nuclear medicine

is Radiation Monitoring Devices Inc) includes a
mixed halide scintillator composition that con-
tains at least two different Cs, Na, La halide com-
pounds (Cs,NalaF, Cs,NalLaBr,, Cs,NaLaCl,
Cs,NaLal,) and Ce as a dopant, in which the scin-
tillator may have crystalline, ceramic, or polycrys-
talline ceramic structure.

Simple family [12] by the same US holder con-
sists of 4 patents, where the scintillator composi-
tion may include, for example, a scintillation com-
pound and a dopant. The scintillation compound

ISSN 2409-9066. Sci. innov. 2023. 19 (5)

has the formula, x-x,-x,-x, where x, is Cs; x, is
Naj; x, is La, Gd, or Lu; and x, is Bror I, and a
dopant or mix of dopants Ce, Lu, La, Eu, Pr, Sm,
Sr, Tl, Cl, E or I (for example, Cs,NaGdlI, : Ce,
Cs,Nalal, : Ce, or Cs,NaLul: Ce).

The following oxide scintillators have applica-
tion as a scintillation material in nuclear medicine
devices: Bi,Ge, O, (BGO), Gd,SiO, : Ce (GSO),
and Lu,SiO; : Ce (LSO).

For example, the combined Nuclear and Sono-
graphic Imaging Apparatus [13] comprises nuclear
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Fig. 5. The dynamics of the number of patents on scintillation materials with LSO (@) and LYSO

(b) for nuclear medicines

medicine imaging means including detector, where
scintillator crystals consist of individual pixels or
monolithic blocks made of one or more of the fol-
lowing scintillating materials: LSO, LYSO, LuAP,
LuYAP, BGO, GSO, LGSO, LaCl,, and LaBr,.
The BGO crystals are non-hygroscopic and
have a fast decay time, a high density and a high
atomic number, which allows significantly reduc-
ing the size of crystals in detectors. However, the
disadvantage of BGO is a long afterglow and a
low light output (15% of Nal : T1), which results
in a reduction in the energy resolution and a de-
crease in the refractive index, which leads to the
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loss of scintillation light because of internal re-
flection [14].

The GSO crystals are non-hygroscopic and
high-density fast scintillators, but their light out-
put is 20% that of Nal : T1. The BGO [15, 16] and
the GSO [17, 18] crystals are used in gamma ra-
diation detectors for PET systems.

The main holders of patents on BGO are Amer-
ican companies: General Electric Company, Min-
nesota Imaging and Engineering LLC, Toshiba
Medical Systems Corporation, Kabushiki Kaisha
Toshiba, Radiation Monitoring Devices INC, and
Siemens Medical Solutions USA INC. The main

ISSN 2409-9066. Sci. innov. 2023. 19 (5)
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package of patents on GSO scintillation materials
is held by General Electric Company (the USA).

Figure 4, a, b shows that in the last 20 years,
the BGO and GSO scintillation materials have
been widely used in detectors for nuclear medi-
cine. About 20 patents are filed annually for the
last fifteen years. That is, the BGO and GSO ma-
terials, which were developed in the 1990s, are
still quite relevant today.

Patents UA 77593 [19] for the method of grow-
ing BGO monocrystals (the applicant is ISMA of
the NAS of Ukraine) and UA 9942 [20] for the
method of heat treatment of BGO crystals (the
applicant is Institute of Monocrystals of the NAS
of Ukraine) have represented Ukraine in the mar-
ket of scintillators.

The LSO crystal has been widely used due to
the fact that it has a high density, is non-hygro-
scopic, its light output is close to 75% of that of
Nal:Tl, and the decay time is 42 ns, which makes
it possible to produce large crystals and to use
them in PET. However, the long decay of the ra-
dioactive isotope Lu'’® can affect the parameters
of highly sensitive detectors due to the fact that
the crystal has very deep capture centers [21]. The
dynamics of patenting LSO is shown in Fig. 5, a
that shows how many patents have been issued
for this material since 2012.

The crystal scintillators based on cerium-do-
ped rare-earth oxyorthosilicate (LFS, LSO, LYSO,
LGSO, and GSO) have defects in comparison with
the ideal crystal structure. These defects change
the optical transmission and absorption spectra
in the range of approximately 200—340 nm. They
underlie the invention that is subject of applica-
tion [22] (the applicant is Zecotek Imaging Sys-
tems Singapore Pte Ltd) and can be useful for
PET scanners, SPECT, positron emission tomog-
raphy with magnetic resonance imaging. The in-
vention deals with improving the scintillation
materials that have the emission maximum in the
range of about 400—450 nm.

There is an extended family of five patents [23],
which comprises the positron emission tomogra-
phy detector in which the scintillator is any of

ISSN 2409-9066. Sci. innov. 2023. 19 (5)

BGO, LSO, LYSO, LuAP, LuYAP, LaBr,, Lul,,
GSO, LGSO, and LuAG (the holder is Sogang
University Research Foundation).

The LYSO scintillation crystal has a high light
output, a fast decay time, a high density, and stable
physical and chemical properties [24]. Therefore,
LYSO: Ceis well suitable for the devices that require
the best energy resolution. The number of patents
with this material is not as significant as that for the
above mentioned materials (Fig. 5, b), but the ma-
terial is used for PET scanners and SPECT.

The scintillators based on LuGdSiO, : Ce (LGSO)
crystal have a high light output, but at the same
time, a high afterglow, which can affect the ener-
gy resolution of scintillation detectors [25]. The
number of patents on the devices that use this
scintillation material is shown in Fig. 6. One can
see, the peak of the use of this material in the pat-
ents has already been passed.

ISMA of the NAS of Ukraine is the applicant
for inventions UA 87767 [26] (the nanocrystal-
line lutetium oxyorthosilicate glow powder acti-
vated by rare earth metals, which has the general
formula Lu, _Ce Re SiO,, where Re is Yb or Dy,
0.0002 <x< 0.land 0 <7< 0.001), UA 108932
[27] (the method for surfacing a crucible with a
charge for growing high-temperature oxides),
and UA 92705 [28] (the method for obtaining a
melt for growing crystals of lutetium and gado-
linium oxyorthosilicates doped with cerium).

The extended patent families relates to a set of
multi-doped cerium-activated scintillation mate-
rials of the solid solutions on the basis of the rare
earth silicate that comprises lutetium and have
compositions represented by the chemical formu-
las: Lu2-w-x+2yAwCexSil-y)1-zMexJjOq and
(Lu2-w-x-2yAwCexSil+y)1-zMez]JjOq. The in-
vention is useful for TOF PET and DOI PET
scanners, SPECT, PET/MR, and for X-ray com-
puter fluorography.

The scintillation materials Lu,SiO_:Ce, LaBr, :
Ce, LuYAP: Ce, and LuAlO, : Ce are used in scin-
tillation elements of X-ray radiation detector mo-
dule, e.g. X-ray-computer tomography-device [30];
the applicant is Siemens AG.

49



Danylenko, Yu. A., and Nepokupna, T. A.

80
@ published patents

| [0 granted patents
M filed patents

Number of patents

1990 1992 1994

1996 1998 2000 2002 2004

2006 2008 2010 2012 2014 2016 2018 2020
Year

2022

Fig. 6. The dynamics of the number of patents on scintillation devices with LGSO

YAIO, : Ce (YAP) is also used in X-ray medical
systems. It is a non-hygroscopic, mechanically
stable scintillator with a relatively high density
and light output, has a fast decay time of about
27—28 ns [31]. Figure 7 shows the number of pat-
ents obtained for YAP scintillation material. One
can see that the number of patented solutions for
this material has significantly decreased over the
last five years.

The extended patent family [32] consists of
20 patents, 14 of which have been published; the
holder is Dkfz Deutsches Krebsforschungszen-
trum. Currently, these patents have been em-
ployed by 26 companies. The invention relates to
the optical imaging detector and the method for
fluorescence and bioluminescence imaging of an
imaged object, which that can be employed for
tomographic imaging. The invention is purposed
for providing a highly compact optical imaging
detector with a high detection sensitivity, a high
intrinsic spatial resolution, and a high time reso-
lution. The PET detectors consist of the most ad-
vanced materials in the form pixelized crystals op-
tically mounted to position-sensitive photo mul-
tiplier tubes.
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There is also another extended family of 11 pa-
tents US 8923588 B2 [33] for pixelated scintilla-
tors, non-pixelated or homogeneous scintillators
of LSO, LYSO: Ce, LuYAP: Ce, LuAP : Ce, LGSO,
LaBr, LaCl, GSO, BGO, and mixes thereof.

Patent [34] (the holder is ISMA of the NAS of
Ukraine) deals with the technology for growing
oxide crystals activated by cerium, in particular
garnets (Y,ALO,,:Ce, Lu,ALO,,: Ce, Tb,ALO,, : Ce,
etc.) and perovskites (YAIO,: Ce, LuAlO, : Ce, etc.)
from molybdenum or tungsten crucibles by the
methods of Chochralsky, Kiropoulos, EFG (Edge
Defined Film Fed Growth), TGT (Temperature Gra-
dient Technique), VGF 5 (Vertical Gradient Freeze),
and others, in a protective reducing atmosphere.

LaCl,:Ce scintillation crystal [21] has a stable
light output similar to Nal: Tl, but a much better
energy resolution and a fast decay time. LaCl, : Ce
is a promising scintillation crystal for various ap-
plications, including gamma radiation detection
and nuclear medicine imaging (PET, SPECT).

One of the most promising from the point of view
of efficiency and energy resolution is the LaBr, :
Ce scintillator [21]. These crystals have a light
output that is 1.3—1.7 times higher than that of
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Nal:TT, a fast decay time, a high density and a high
atomic number, but they are hygroscopic and have
a significant intrinsic background. Usually, it can
be employed in medicine in PET and SPECT.

The scintillation material based on rare earth
elements with reduced radioactive background has
been patented by Saint-gobain cristaux et detect-
eurs, UA 87683 [35]. Another applicant for the meth-
od of obtaining bromide scintillation single crystals
of high purity is ISMA of the NAS of Ukraine [36].

US 2022,/0206168 A1 [37] (the holders are Uni-
versitat Politecnica De Valencia, Consejo Supe-
rior De Investigaciones Cientificas (Csic), family
of 5 patents) deals with the device for detecting
Gamma Rays with the following scintillators:

« theorganic crystal scintillators: antracene, stil-
bene, and /or naphthalene;
¢ the inorganic crystal scintillators: CsI, CsI: Tl,

BGO, Nal:Tl, BaF,, CaF,:Eu, CAWO,, LaBr,: Ce,

ZnS : Ag, LYSO, CsE KI: Tl, CaF, : Eu, GSO

and/or LSO;
¢ the liquid scintillators: p-terphenyl (C,;H,,),

2-(4-biphenylyl)-5-phenyl-1,3,4-oxadiazole

PBD (C,,H, N, ), butyl PBD (C,,H,)N,,), PPO

(C,,H,NO) dissolved in such solvents as to-

luene, xylene, benzene, phenylcyclohexane, tri-

ethylbenzene or decalin; and
o the gaseous scintillators: nitrogen, helium, ar-
gon, krypton, and /or xenon.

Thereisknown patent family US2007 /0284534
consisting of 9 patents (the holder is General
Electric Company), where the radiation detector
for a positron emission tomography device in-
cludes a crystal scintillator that has the following
composition: an array material, at least with one
element selected from the group consisting of al-
kaline earth metals and lead; at least one lantha-
nide halide; an activator for the array material
that contains cerium, praseodymium, or a mix of
cerium and praseodymium; for example, BaGdCl,
Ba,GdCl, Ba,LaBr,, Ba,Lal, Sr,YCL, BaSrYCIL,
BaSrLuBr,, Ca,YBr, NaBaLaBr, CsCaGdCl, etc.

The next scintillator with a high density, a high
atomic number, and a relatively high light output
is CAWO,. The crystals have stable mechanical
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Fig. 7. The dynamics of the number of patents on YAP scin-
tillation material

properties, a low afterglow, are non-hygroscopic,
and easy to work with. The light output varies wi-
thin 30—50% of that of Nal: Tl. The high density
makes CAWO, an effective absorber, especially for
high-energy X-rays, and is optimal at this time.

In the market, there are the following Ukrainian
patents: UA77543 [39] for the method of grow-
ing scintillation monocrystals of doped CAWO,,
UA86104 [40] for the method of thermal treat-
ment of scintillation monocrystals CdAWO,, and
UA105335 [41] for scintillation monocrystals ba-
sed on ZnWO,. The applicant for these patents is
ISMA of the NAS of Ukraine.

Aluminium-gallium garnet Gd,Al,Ga,O, : Ce,
(GaGG : Ce) is recently decomposed scintillator
that has a high density, a high photon emission, a
high energy resolution and is non-hygroscopic.
The authors of [42] have found that GaGG : Ce
crystal is an excellent candidate for the further
development of visualization systems (PET, PEM,
SPECT, CT), especially those based on the Com-
pton distribution and depends critically on ener-
gy resolution.

Ukrainian patent [43] (the holder is ISMA of
the NAS of Ukraine) deals with the technology
for obtaining oxide single crystals. The invention
can be used for preparing iridium crucibles before
growing single crystals with a melting point abo-
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ve 1700 °C, such as: Gd,Ga.O ,, YAIO,, Gd,SiO,,
Y,ALO,,, Lu,SiO,, when the use of platinum cru-
cibles is impossible.

Ukrainian patent [44] (the holder is ISMA of the
NAS of Ukraine) refers to the technology of obtai-
ning a melt for growing single crystals of complex
oxides with melting points under 500 °C (Bi,Ge,O,,,
Bi,Si,0,,, CAWO,, PbWO,) and above 1500 °C
(Y,ALO,,, Lu,SiO,, Gd,SiO,, YAIO,, Gd,Ga,O,,).

The lutetium aluminum garnets are a good choi-
ce for medical scanning systems (PET, PEM) and
tomography. In particular, LuAG : Ce has such ad-
vantages as a high density and a fast decay time,
which is suitable for thin image screens. LuAG :
Ce crystal has a high density and a high light out-
put, a fast decay time, and a good energy resolu-
tion, which makes it suitable for fast imaging for
PET, PEM, etc.

CsI: Tl CsI:Na,Nal: Tl ZnS a6o ZnO, YAP :
Ce, YAG : Ce, BGO, CaF : Eu, LuAG : Ce, GSO:
Ce, CAWO,, PbWO,, NaBi(WO,), ZnSe : Te, La-
Br, : Ce, CeBr,, and LaCl, : Ce are used in patent
US 7612342 B1 [45]; the holder is Radiation Mo-
nitoring Devices Inc. The patent deals with the
devices for increasing the light output of a scin-
tillator, which have a tremendous potential in
many important applications, such as computed
tomography (CT), SPECT, diagnostic digital ra-
diology, etc.

Patent US6630077B2 [46] (the holder is Gene-
ral Electric Company) is for the scintillator com-
positions that have a garnet crystal structure sui-
table for the detection of high-energy photons,
X-rays and gamma quanta, as well as beta radia-
tion and contain at least one of terbium and lute-
tium. The scintillator has at least one rare earth
metal and at least one of Al, Ga, and In. Terbium
or lutetium may be partially substituted with Y,
La, Gd, and Yb. In particular, the scintillator com-
position contains both terbium and lutetium. The
scintillators are characterized by a high light out-
put, a reduced afterglow, a fast decay time, and a
high X-ray stopping power.

Ceramic scintillator Gd,0,S : Tb with a grain
size from 3 to 50 um is widely used in radiation
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detectors for medical diagnostics. For example,
there is the method for preparation and applica-
tion of gadolinium oxysulfide scintillation ceram-
ic where gadolinium oxysulfide polycrystalline
scintillation ceramic doped with at least one ele-
ment of Pr, Eu, Tb, Sm, Yb, and Tm has been ef-
ficiently obtained [47]. Improved (Gd, Tb ),0,S
X-ray glow powder, where x ranges from 0.0003
to 0.0045, possesses an increased brightness in
the blue region of the spectrum and, at the same
time, an acceptable resistance for X-ray intensi-
fying screens [48]. An X-ray receiver with a plate
X-ray optical converter based on materials of rare
earth elements, cesium iodide or gadolinium ox-
ysulfide has been developed [49, 50].

A PET scanning imager [51] (the applicants
are Grirem Hi-Tech Co. Ltd, Rare Earth Func-
tional Materials (Xiong ‘An) Innovation Center
Co. Ltd, and Grirem Advanced Materials Co.
Ltd) contains the scintillation detector with a
rare earth halide scintillation material CeBr,,,
where 0.0001 <x<0.1. The rare earth halide scin-
tillation material has excellent scintillation prop-
erties, including a high light output, a high energy
resolution, and a fast decay time.

The system for gamma ray and /or neutron de-
tection, which contains a scintillator material
comprising a thallium-based halide composition
(the formula is T1,LiLaBr,) with one or more do-
pants selected from the group consisting of Ce,
Pr, Eu, Sr, Ca, Ba, Mg, and Cd wherein the den-
sity of the composition is greater than 4 g/cm?
(the applicant is Radiation Monitoring Devices
Inc) has been patented in [52].

Multiwave Metacrystal S.A. has offered a de-
vice for detecting gamma radiation for PET ap-
plications, which uses the scintillating materials
comprising BGO, LSO, LYSO, GSO, Nal, Csl,
BaF,, LaBr,, LuAP, LuAG, GGAG, CdSe, polyvi-
nyl toluene-p-terphenyl PVT-PPP, methyl am-
monium lead bromide perovskite MAPbBr,, or a
combination thereof [53].

There is family of 10 patents [54] for low-tem-
perature perovskite scintillators and devices with
them; the holder is Deep Science Llc, Saliba
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Michael. The device is configured to be operated
as part of PET scanner and CT scanner. It has
been determined that the light output of CsI is
100,000 ph/MeV, at 77 K, while that of MAPb-
Br3 is 90,000 ph/MeV and 116,000 ph/MeV, at
77 K and 8 K, respectively.

Family of 6 patents [55] for scintillating nano-
crystalline compositions deals with the scintilla-
tor nanocrystalline structure of a perovskite ma-
terial with a diameter from about 25 nm to about
300 nm, in which the scintillator nanocrystal con-
tains (Y, Pr),ALO,,, (YAG:Pr),wherexis 0.0075,
0.01, 0.0125, 0.015, and 0.0175. This structure is
a fragment of the chemical agent that is a compo-
nent of drugs for treatment of infections or can-
cer (the applicant is the Regents of the University
of California).

Increasingly, patents on new devices specify the
properties the scintillation material has to pos-
sess. This allows us to extend the list of scintilla-
tion materials suitable for a certain device and to
use any new scintillator that appears over time
and meet the required properties.

CONCLUSIONS

1. Nowadays, the number of filed applications for
patents has halved as compared with 2002—2012.
The main patent applicants for new scintillation
devices in nuclear medicine are representatives of
the USA, but in the Ukrainian market, there are
similar patents.

2. In recent years, the patent activity associat-
ed with the use of scintillation crystals CsI : Tl,
CsI : Na, and Nal : Tl in medical equipment has
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AHAJI3 CHUHTUJIAIIMHUX MATEPIAJIB I AAEPHOI MEUIIMHNA
HA OCHOBI ITATEHTHOT AHAJIITUKU

Beryn. O0’ekTu iHTEIEKTYaIbHOT BJIACHOCTI € HANOUIBIN BXKJIMBUM JKEPEJIOM TEXHOJOTIUHOI iH(hOpMALLil, SIKYy MOKJIUBO
BUKOPUCTOBYBATHU JIJIsl OLIHIOBAHHS HANIPSIMKIB PO3BUTKY TaJly3i, EPCIEKTUBHOCTI MOAAJIBIIOTO BUBYEHHS CIIMHTUIISAIIN-
HUX MaTepiasiB, 3HAXO/[KEHHST KOHKYPEHTIB TOIIIO.

IIpo6GaemaTuka. Ha choroi simepHa MeMIMHA MA€ BEIMYE3HY MOIYJISPHICTD B yeboMy ¢BiTi. CUMHTUIIANINHI KprcTaiu
€ OJIHUMU 3 OCHOBHUX MaTepiajiiB, IKi BUKOPUCTOBYIOTh Y CYyYaCHOMY AIarHOCTUYHOMY OOJIaJiHaHHi, TOMY PO3POOJICHHS BU-
coKOe(heKTUBHIX CIUHTHIIALIIHNX MaTepiasliB Ui cucTeM MeANYHOI Bidyamisallil € akTyaTbHUM 3aBAaHHSIM.

Mero10 aHaJIi3y ATEHTHOT AKTUBHOCTI [JIs1 sIICPHOI MEIUIIMHU OYJIO BUSIBICHHS IMHAMIKY IATEHTYBAHHST CIIUHTUJISIILII-
HUX MaTepiaiB, sSKi BAKOPUCTOBYIOThCA s 1€l rasyai 3a nepiog 1992—2022 pp., a TakoK BU3HAYEHHST HAOLIBII IPiOpH-
TETHUX Ta BAXKJINBUX HAIIPSMKIB OCJIPKEHD.

Marepiauu it Metoau. [lareHTHMIT TTOTTYK TPOBOMBCS 3a JOTIOMOTOIO CIIEIaJbHOI MOTTYKOBUX TIporpam — irdopmartiii-
Hux 6a3 Lens.org Ta cnenianizoanux 6a3 ganux “Bunaxoan (KopucHi Mozesi) B YkpaiHi”; BUKOPUCTAHO METO/N aHaJIi3Y,
CHUCTEeMAaTHU3allii Ta TTOPIBHIHHS.

Pesyabratu. O1iHI0OBaHHSA PO3BUTKY CHMHTHIIAII THUX MaTePiasiB /1S 41ePHOI MEIMIIMHU HA OCHOBI IIATEHTHOTO aHAJII3Y
JTO3BOJIUJIO TIPOAHAJII3yBATH HASBHI CIIMHTUJIALIMHI MaTepiaiu /i 1€l raaysi, 3HaliTh HOBI MaTepiasu /I Hel Ta BUALIUTH
Hai6IIBII TEePCIIeKTUBHI HATPSIMKHY 11 PO3BUTKY.

Bucnoku. Hali6inbiny KiJbKicTh HaTeHTIB Ha CHMHTHIALIAHI MaTepiaiu 1JIst SAepPHOI MEAMIMHN MAOTh aMePUKaHChKI
KOMIIaHii, ajie aHAJIOTIYHI TATEeHTH TIPe/ICTaBIeHi i Ha yKpaiHCbKoMy PUHKY. OCHOBHUMMY CITUHTUIISITOPAMU, SIKi BUKOPHUCTO-
BYIOTb Juis sjiepHoi Meauinuy, € BGO, CdWOm ZnWO,, LSO, LYSO, GSO, Nal, Csl, BaF,, LaBr,, LuAP, LuAG, GGAG,
LGSO, CaF, : Eu, ZnSe : Te, Gd,0,S : Tb abo amimani cuunrunaropy, taki sk NaBaLaBr,, Cs,NaLaCl,, SrAl ,O,, Touo y
BUIJISA/IL TTIKCETiB, 00'€MHUX KPUCTAJIIB, KePaMiKH1, IIIBOK Ta iHIMNX. 3 IBJISAIOTHCS ATEHTH 3 HOBUMU MaTepiajiaMu, HAIPH-
KJIag, MAPbBry CeBr. leLiLaBrﬁ, BJIACTUBOCTI Ta MEPCIIEKTHBY BUKOPUCTAHHS SKUX HAPAa3i BUBYAIOTb.

Kmouosi crosa: siiepia MeIUIMHA, CHUHTUIIAIIHWIT MaTepias, 00’ €KT IHTEIeKTYaIbHOI BJIACHOCTI, aHAIITHKA.,

3+x”
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