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( 57 ) ABSTRACT 

A radiation detector includes a substrate including a first 
electrode portion , a radiation absorption layer disposed on 
one side with respect to the substrate and configured of a 
plurality of perovskite crystals , and a second electrode 
portion disposed on the one side with respect to the radiation 
absorption layer and being opposite to the first electrode 
portion with the radiation absorption layer interposed ther 
ebetween . Each of the plurality of perovskite crystals is 
formed to extend with a first direction in which the first 
electrode portion and the second electrode portion are oppo 
site to each other as a longitudinal direction in a region 
between the first electrode portion and the second electrode 
portion in the radiation absorption layer . 
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RADIATION DETECTOR AND METHOD 
FOR MANUFACTURING RADIATION 

DETECTOR 

TECHNICAL FIELD 

[ 0001 ] The present disclosure relates to a radiation detec 
tor and a method of manufacturing the radiation detector . 

BACKGROUND ART 

[ 0002 ] Perovskite materials have been suggested as mate 
rials applicable to a radiation absorption layer of a radiation 
detector . Since perovskite materials are inexpensive as com 
pared with Csi , a - Se , CdTe , or the like , perovskite materials 
are expected to have superiority in fields in which large - area 
radiation detectors are required ( for example , the fields of 
medicine and non - destructive inspection ) . Non - Patent Lit 
erature 1 describes a direct conversion type radiation detec 
tor including a radiation absorption layer formed of a 
perovskite material . 

CITATION LIST 

Non - Patent Literature 
[ 0003 ] Non - Patent Literature 1 : “ Detection of X - ray pho 

tons by solution - processed lead halide perovskites , " 
NATURE PHOTONICS , UK , Nature Publishing Group , 
May 25 , 2015 , Vol . 9 , p . 444-449 

SUMMARY OF INVENTION 

Technical Problem 

region between the first electrode portion and the second 
electrode portion in the radiation absorption layer . 
[ 0007 ] In this radiation detector , the radiation absorption 
layer is configured of the plurality of perovskite crystals , and 
each of the plurality of perovskite crystals is formed to 
extend with the first direction in which the first electrode 
portion and the second electrode portion are opposite to each 
other as a longitudinal direction in the region between the 
first electrode portion and the second electrode portion of the 
radiation absorption layer . Thereby , even when a thickness 
of the radiation absorption layer is increased to ensure the 
radiation absorption efficiency , a decrease in the charge 
collection efficiency in the plurality of first electrodes or an 
increase in crosstalk between the plurality of first electrodes 
is curbed , for example , in case in which the first electrode 
portion is configured of a plurality of first electrodes . There 
fore , according to this radiation detector , it is possible to 
ensure the radiation absorption efficiency while curbing a 
decrease in the charge collection efficiency or an increase in 
crosstalk between a plurality of pixels . 
[ 0008 ] In the radiation detector according to one aspect of 
the present disclosure , a length of the perovskite crystal in 
the first direction may be 2 or more when a width of the 
perovskite crystal in a second direction perpendicular to the 
first direction is 1 in the region between the first electrode 
portion and the second electrode portion . This makes it 
possible to more reliably curb a decrease in charge collection 
efficiency and an increase in crosstalk between a plurality of 
pixels . 
[ 0009 ] In the radiation detector according to one aspect of 
the present disclosure , a length of the perovskite crystal in 
the first direction may be 10 um or more in the region 
between the first electrode portion and the second electrode 
portion . This makes it easier to increase the thickness of the 
radiation absorption layer , and thus it is possible to easily 
and reliably ensure the radiation absorption efficiency . 
[ 0010 ] In the radiation detector according to one aspect of 
the present disclosure , the first electrode portion may be 
configured of a plurality of first electrodes , and a width of 
the perovskite crystal in a second direction perpendicular to 
the first direction may be equal to or smaller than an 
arrangement pitch of the plurality of first electrodes in the 
region between the first electrode portion and the second 
electrode portion . Alternatively , in the radiation detector 
according to one aspect of the present disclosure , the second 
electrode portion may be configured of a plurality of second 
electrodes , and a width of the perovskite crystal in a second 
direction perpendicular to the first direction is equal to or 
smaller than an arrangement pitch of the plurality of second 
electrodes in the region between the first electrode portion 
and the second electrode portion . With this , it is possible to 
more reliably curb an increase in crosstalk between a plu 
rality of pixels . 
[ 0011 ] In the radiation detector according to one aspect of 
the present disclosure , an existence rate of the perovskite 
crystals may be 80 % or more in the region between the first 
electrode portion and the second electrode portion . This 
makes it possible to ensure radiation absorption efficiency 
more reliably . 
[ 0012 ] In the radiation detector according to one aspect of 
the present disclosure , the perovskite crystal may be in 
contact with at least another perovskite crystal in the region 

[ 0004 ] In the direct conversion type radiation detector 
described above , it is desirable for a thickness of a radiation 
absorption layer to be large from the viewpoint of ensuring 
radiation absorption efficiency . However , when the thick 
ness of the radiation absorption layer increases , a movement 
distance of charges ( electrons and holes ) generated in the 
radiation absorption layer due to the absorption of the 
radiation increases , and thus there is concern about a 
decrease in charge collection efficiency or an increase in 
crosstalk between a plurality of pixels . 
[ 0005 ] Therefore , an object of the present disclosure is to 
provide a radiation detector capable of ensuring radiation 
absorption efficiency while curbing a decrease in charge 
collection efficiency and an increase in crosstalk between a 
plurality of pixels , and a method for manufacturing such a 
radiation detector . 

Solution to Problem 

[ 0006 ] A radiation detector according to one aspect of the 
present disclosure includes a substrate including a first 
electrode portion , a radiation absorption layer disposed on 
one side with respect to the substrate and configured of a 
plurality of perovskite crystals , and a second electrode 
portion disposed on the one side with respect to the radiation 
absorption layer and being opposite to the first electrode 
portion with the radiation absorption layer interposed ther 
ebetween , wherein each of the plurality of perovskite crys 
tals is formed to extend with a first direction in which the 
first electrode portion and the second electrode portion are 
opposite to each other as a longitudinal direction in the 
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between the first electrode portion and the second electrode 
portion . This makes it possible to ensure radiation absorp 
tion efficiency more reliably . 
[ 0013 ] In the radiation detector according to one aspect of 
the present disclosure , a length of the perovskite crystal in 
the first direction may be smaller than a thickness of the 
radiation absorption layer in the first direction in the region 
between the first electrode portion and the second electrode 
portion . Thereby , even when a thickness of the radiation 
absorption layer is increased to ensure the radiation absorp 
tion efficiency , it is possible to reliably form the radiation 
absorption layer configured of the plurality of perovskite 
crystals each extending with the first direction as the longi 
tudinal direction . 
[ 0014 ] In the radiation detector according to one aspect of 
the present disclosure , a thickness of the radiation absorp 
tion layer in the first direction may be 100 um or more in the 
region between the first electrode portion and the second 
electrode portion . This makes it possible to ensure radiation 
absorption efficiency more reliably . 
[ 0015 ] A method for manufacturing a radiation detector 
according to one aspect of the present disclosure includes a 
first step of generating mist from a solution containing a 
perovskite material , a second step of mixing the mist with a 
carrier gas , a third step of spraying the carrier gas containing 
the mist to a substrate including a first electrode portion in 
a state in which the substrate is heated , forming a plurality 
of perovskite crystals to extend with a thickness direction of 
the substrate as a longitudinal direction in a region corre 
sponding to the first electrode portion in a region on the 
substrate , and forming a radiation absorption layer config 
ured of the plurality of perovskite crystals on one side with 
respect to the substrate , and a fourth step of forming a 
second electrode portion on the one side with respect to the 
radiation absorption layer , the second electrode portion 
being opposite to the first electrode portion with the region 
corresponding to the first electrode portion interposed ther 
ebetween . 
[ 0016 ] According to this method for manufacturing a 
radiation detector , it is possible to manufacture a radiation 
detector including the radiation absorption layer as 
described above . 
[ 0017 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the first 
step may include generating the mist from the solution 
through ultrasonic vibration . This makes it possible to easily 
and reliably generate a suitable mist . 
[ 0018 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the 
second step may include xing a dilution gas with the 
carrier gas . This makes it possible to adjust a concentration 
of the mist , which is important for formation of the plurality 
of perovskite crystals to extend with the thickness direction 
of the substrate as the longitudinal direction . 
[ 0019 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the 
third step may include heating the substrate to a temperature 
of 110 ° C. or higher and 170 ° C. or lower . This makes it 
possible to reliably form a plurality of perovskite crystals 
extending with the thickness direction of the substrate as a 
longitudinal direction . 
[ 0020 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the 
third step includes heating the substrate to a temperature of 

130 ° C. or higher and 170 ° C. or lower . This makes it 
possible to more reliably form a plurality of perovskite 
crystals extending with the thickness direction of the sub 
strate as the longitudinal direction . 
[ 0021 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the 
second step may include supplying the carrier gas at a flow 
rate of 0.25 L / min or more and less than 0.45 L / min . This 
makes it possible to reliably form a plurality of perovskite 
crystals extending in the thickness direction of the substrate 
serving as a longitudinal direction . 
[ 0022 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the 
second step may include supplying the carrier gas at a flow 
rate of 0.30 L / min or more and less than 0.45 L / min . This 
makes it possible to more reliably form a plurality of 
perovskite crystals extending with the thickness direction of 
the substrate as the longitudinal direction . 
[ 0023 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the first 
step may include dissolving the perovskite material in a 
solvent containing DMSO and DMF at a volume ratio of 
DMSO : DMF = 1 : 0 or more and 10 or less to generate the 
solution containing the perovskite material . This makes it possible to reliably form a plurality of perovskite crystals 
extending in the thickness direction of the substrate serving 
as a longitudinal direction . 
[ 0024 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the first 
step may include dissolving the perovskite material in a 
solvent containing DMSO and DMF at a volume ratio of 
DMSO : DMF = 1 : 0 or more and 5 or less to generate the 
solution containing the perovskite material . This makes it 
possible to more reliably form a plurality of perovskite 
crystals extending with the thickness direction of the sub 
strate as the longitudinal direction . 
[ 0025 ] In the method for manufacturing a radiation detec 
tor according to one aspect of the present disclosure , the 
third step may include heating the substrate with a tempera 
ture of a boiling point of the solvent + 20 ° C. as an upper limit 
value . This makes it possible to reliably form a plurality of 
perovskite crystals extending in the thickness direction of 
the substrate serving as a longitudinal direction . 

Advantageous Effects of Invention 
[ 0026 ] According to the present disclosure , it is possible to 
provide a radiation detector capable of ensuring radiation 
absorption efficiency while curbing a decrease in charge 
collection efficiency and an increase in crosstalk between a 
plurality of pixels , and a method for manufacturing such a 
radiation detector . 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0027 ] FIG . 1 is a partial cross - sectional view of a radia 
tion detector according to an embodiment . 
[ 0028 ] FIG . 2 is a configuration diagram of the radiation 
detector of FIG . 1 . 
[ 0029 ] FIG . 3 is a schematic diagram illustrating a method 
for manufacturing the radiation detector of FIG . 1 . 
[ 0030 ] FIG . 4 is a cross - sectional view of a radiation 
absorption layer when a temperature of a substrate is 
changed . 
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[ 0031 ] FIG . 5 is a diagram illustrating a result of X - ray 
diffraction when the temperature of the substrate is changed . 
[ 0032 ] FIG . 6 is a cross - sectional view of a radiation 
absorption layer when a flow rate of a carrier gas is changed . 
[ 0033 ] FIG . 7 is a diagram illustrating a result of X - ray 
diffraction when the flow rate of the carrier gas is changed . 
[ 0034 ] FIG . 8 is a plan view and a cross - sectional view of 
a radiation absorption layer in Example 1 . 
[ 0035 ] FIG . 9 is a plan view and a cross - sectional view of 
a radiation absorption layer in Comparative Examples 1 to 
3 . 
( 0036 ] FIG . 10 is a plan view and a cross - sectional view 
of a radiation absorption layer in Examples 2 and 3 . 
[ 0037 ] FIG . 11 is a schematic diagram illustrating a 
mechanism when a plurality of elongated perovskite crystals 
are not formed . 
[ 0038 ] FIG . 12 is a schematic diagram illustrating a 
mechanism when a plurality of elongated perovskite crystals 
are formed . 

DESCRIPTION OF EMBODIMENTS 

[ 0039 ] Hereinafter , embodiments of the present disclosure 
will be described in detail with reference to the drawings . In 
respective figures , the same or corresponding parts are 
denoted by the same reference numerals , and duplicate 
description will be omitted . 

[ Configuration of Radiation Detector ] 
[ 0040 ] The radiation detector 1 includes a panel ( sub 
strate ) 10 , a radiation absorption layer 4 , and an electrode 6 , 
as illustrated in FIG . 1. The radiation detector 1 is a 
solid - state imaging device that detects X - rays as radiation in 
order to form an X - ray transmission image , for example . In 
the radiation detector 1 , the second electrode portion is 
configured of one electrode 6 . 
[ 0041 ] A panel 10 includes a support substrate 11 formed 
of an insulating material such as glass , and a functional layer 
12 in which a plurality of pixels P are provided . Each pixel 
P includes an electrode 13 , a capacitor 14 , and a thin film 
transistor 15. In the radiation detector 1 , a plurality of the 
electrodes 13 constitute a first electrode portion . One elec 
trode of the capacitor 14 is electrically connected to the 
electrode 13. The other electrode of the capacitor 14 is 
electrically connected to a ground potential . One current 
terminal of the thin film transistor 15 is electrically con 
nected to a wiring that electrically connects the one elec 
trode of the capacitor 14 to the electrode 13. The other 
current terminal of the thin film transistor 15 is electrically 
connected to a reading wiring R. A control terminal of the 
thin film transistor 15 is electrically connected to a row 
selection wiring Q. 
[ 0042 ] The thin film transistor 15 has a configuration of a 
field effect transistor ( FET ) or a bipolar transistor . When the 
thin film transistor 15 has the configuration of the FET , the 
control terminal corresponds to a gate , and the current 
terminal corresponds to a source or a drain . When the thin 
film transistor 15 has the configuration of the bipolar tran 
sistor , the control terminal corresponds to a base , and the 
current terminal corresponds to a collector or an emitter . 
[ 0043 ] In the panel 10 , a plurality of pixels P are disposed 
in a matrix form , as illustrated in FIG . 2. A pixel P , is a 
pixel that is located in an m - th row and an n - th column . m 
is an integer equal to or greater than 1 and equal to or smaller 

than M ( an integer of 2 or more ) , and n is an integer equal 
to or greater than 1 and equal to or smaller than N ( an integer 
of 2 or more ) . The control terminal ( see FIG . 1 ) of the thin 
film transistor 15 included in each of the N pixels P. , 
disposed in the m - th row is electrically connected to one row 
selection wiring Qm disposed in the m - th row . The other 
current terminal ( see FIG . 1 ) of the thin film transistor 15 
included in each of the M pixels Pm.n disposed in the n - th 
column is electrically connected to one reading wiring Rn 
disposed in the n - th column . 
[ 0044 ] The radiation absorption layer 4 is disposed on a 
surface 10a on one side of the panel 10 , as illustrated in FIG . 
1. That is , the radiation absorption layer 4 is disposed on one 
side with respect to the panel 10. The radiation absorption 
layer 4 is configured of a plurality of perovskite crystals 40 . 
Examples of the perovskite material constituting the perov 
skite crystal 40 include PbX , ( X = C1 , Br , I ) and CsY 
( Y = Cl , Br , I ) ( for example , CsPbBrz ) . When incident 
X - rays are absorbed by the radiation absorption layer 4 , 
charges ( electrons and holes ) are generated according to the 
amount of absorption . 
[ 0045 ] A thickness of the radiation absorption layer 4 is , 
for example , 1 um to 2 mm . When the thickness of the 
radiation absorption layer 4 is 100 um or more , X - ray 
absorption efficiency is improved . When the thickness of the 
radiation absorption layer 4 is 1 mm or less , disappearance 
of charges generated due to absorption of the X - rays ( that is , 
disappearance due to recombination of electrons and holes ) 
is curbed , and charge collection efficiency is improved . 
[ 0046 ] The electrode 6 is disposed on a surface 4a on one 
side in the radiation absorption layer 4. That is , the electrode 
6 is disposed on one side with respect to the radiation 
absorption layer 4. The electrode 6 is opposite to the 
plurality of electrodes 13 with the radiation absorption layer 
4 interposed therebetween . The electrode 6 is formed of a 
conductive material . Examples of the conductive material 
include a metal such as aluminum , gold , silver , platinum , 
and titanium , a conductive metal oxide such as tin - added 
indium oxide ( ITO ) , fluorine - added tin oxide ( FTO ) , tin 
oxide ( SnO2 ) , indium zinc oxide ( IZO ) , or zinc oxide ( ZnO ) , 
and an organic conductive material including conductive 
polymers . 
[ 0047 ] The radiation detector 1 configured as described 
above is used as follows . The electrode 6 of the radiation 
detector 1 is electrically connected to a bias voltage supply 
power supply 21 , as illustrated in FIG . 2. The bias voltage 
supply power supply 21 applies a bias voltage to the 
electrode 6 so that a negative potential difference is gener 
ated with respect to the plurality of electrodes 13 included in 
the panel 10. The row selection wiring Qm of the radiation 
detector 1 is electrically connected to a gate driver 22. The 
reading wiring Rn of the radiation detector 1 is electrically 
connected to a multiplexer 24 via a charge - voltage converter 
group 23. Further , the multiplexer 24 is electrically con 
nected to an image processing unit 25 , and the image 
processing unit 25 is electrically connected to an image 
display unit 26. The gate driver 22 , the charge - voltage 
converter group 23 , the multiplexer 24 , and the like may be 
formed in the panel 10 as a configuration of the radiation 
detector 1 . 
[ 0048 ] In this state , as illustrated in FIG . 1 , when the 
X - rays with which an imaging target has been irradiated are 
incident on the radiation absorption layer 4 and the X - rays 
are absorbed in the radiation absorption layer 4 , charges 

min 
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( electrons and holes ) are generated according to the amount 
of absorption of the X - rays in the radiation absorption layer 
4. The electrons generated in the radiation absorption layer 
4 are collected by the electrode 13 of each pixel P and 
accumulated in the capacitor 14 of each pixel P. On the other 
hand , the holes generated in the radiation absorption layer 4 
are collected in the electrode 6 . 
[ 0049 ] A control signal is transmitted from the gate driver 
22 via the row selection wiring Qm of the m - th row , and the 
thin film transistor 15 of each pixel P , of the m - th row is 
turned ON , as illustrated in FIGS . 1 and 2. The gate driver 
22 sequentially performs the transmission of this control 
signal for all the row selection wirings Qm . Accordingly , the 
charges ( electrons ) accumulated in the capacitor 14 of each 
pixel P. in the m - th row are input to the charge - voltage 
converter group 23 via the corresponding reading wiring Rn , 
and a voltage signal according to the amount of charges is 
input to the multiplexer 24. The multiplexer 24 sequentially 
outputs the voltage signal according to the amount of 
charges accumulated in the capacitor 14 of each pixel P , 
to the image processing unit 25. The image processing unit 
25 forms an X - ray transmission image of the imaging target 
on the basis of the voltage signal input from the multiplexer 
24 , and displays the X - ray transmission image on the image 
display unit 26 . 

plurality of electrodes 13 and the electrode 6 in the radiation 
absorption layer 4. An existence rate of the perovskite 
crystals 40 is 80 % or more in the region between the 
plurality of electrodes 13 and the electrode 6 in the radiation 
absorption layer 4. The perovskite crystal 40 is in contact 
with at least another perovskite crystal 40 in the region 
between the plurality of electrodes 13 and the electrode 6 in 
the radiation absorption layer 4. The arrangement pitch of 
the plurality of electrodes 13 is a distance between centers 
of adjacent electrodes 13. Further , the existence rate of the 
perovskite crystals 40 in a certain region is a ratio of a 
volume of the plurality of perovskite crystals 40 present in 
the region to a volume of the region . 
[ 0053 ] A shape , length , width , and existence rate of the 
perovskite crystal 40 described above can be confirmed as 
follows . First , the radiation absorption layer 4 is cut so that 
the region between the plurality of electrodes 13 and the 
electrode 6 in the radiation absorption layer 4 is divided into 
four equal parts in the direction D2 and is divided into four 
equal parts in a direction perpendicular to the direction D1 
and the direction D2 . In each of cut surfaces of the radiation 
absorption layer 4 ( which may be any one of a pair of cut 
surfaces facing each other ) , a cross - sectional region between 
the plurality of electrodes 13 and the electrode 6 is observed . 
The shape , length , width , and existence rate of the perov 
skite crystal 40 in the cross - sectional region can be pre 
sumed to be the shape , length , width , and existence rate of 
the perovskite crystal 40 described above . 

m , n 

m , 

[ Configuration of Perovskite Crystal ] 
[ 0050 ] The perovskite crystal 40 is formed to extend with 
a direction ( first direction ) D1 as a longitudinal direction in 
the region between the plurality of electrodes 13 and the 
electrode 6 in the radiation absorption layer 4 , as illustrated 
in FIG . 1. That is , in the perovskite crystal 40 , when an outer 
width of the perovskite crystal 40 is maximized in a certain 
direction , the direction is a direction in a direction D1 . In 
other words , the perovskite crystal 40 can be said to be a 
columnar crystal or an elongated crystal with the direction 
D1 as a longitudinal direction , or a columnar crystal or an 
elongated crystal extending in the direction D1 . The perov 
skite crystal 40 is , for example , a polycrystal of a perovskite 
material . The direction D1 is a direction in which the 
plurality of electrodes 13 and the electrode 6 are opposite to 
each other , and coincides with a thickness direction of the 
panel 10 . 
[ 0051 ] In the region between the plurality of electrodes 13 
and the electrode 6 in the radiation absorption layer 4 , a 
length of the perovskite crystal 40 in the direction D1 is 2 or 
more when a width of the perovskite crystal 40 in a direction 
D2 ( a second direction ) perpendicular to the direction D1 is 
1. In the region between the plurality of electrodes 13 and 
the electrode 6 in the radiation absorption layer 4 , the length 
of the perovskite crystal 40 in the direction D1 is 10 um or 
more . In the region between the plurality of electrodes 13 
and the electrode 6 in the radiation absorption layer 4 , the 
length of the perovskite crystal 40 in the direction D1 is 
smaller than a thickness of the radiation absorption layer 4 
in the direction D1 . In the present embodiment , the thickness 
of the radiation absorption layer 4 in the direction D1 is 100 
um or more . 
[ 0052 ] The width of the perovskite crystal 40 in the 
direction D2 is equal to or smaller than an arrangement pitch 
of the plurality of electrodes 13 in the region between the 
plurality of electrodes 13 and the electrode 6 in the radiation 
absorption layer 4. The width of the perovskite crystal 40 in 
the direction D2 is 50 um or less in the region between the 

[ Action and Effects ] 
[ 0054 ] In the radiation detector 1 , the radiation absorption 
layer 4 is configured of a plurality of perovskite crystals 40 , 
and each of the plurality of perovskite crystals 40 is formed 
to extend with the direction D1 in which the plurality of 
electrodes 13 and the electrode 6 are opposite to each other 
as a longitudinal direction , in the region between the plu 
rality of electrodes 13 and the electrode 6 in the radiation 
absorption layer 4. Thereby , even when the thickness of the 
radiation absorption layer 4 is increased in order to ensure 
the radiation absorption efficiency , a decrease in charge 
collection efficiency at the plurality of electrodes 13 and an 
increase in crosstalk between the plurality of electrodes 13 
are curbed . The decrease in charge collection efficiency at 
the plurality of electrodes 13 is curbed because a grain 
boundary gap in the radiation absorption layer 4 is reduced 
such that a moving speed of charges is increased . Therefore , 
according to the radiation detector 1 , it is possible to ensure 
the radiation absorption efficiency while curbing the 
decrease in the charge collection efficiency and the increase 
in crosstalk between the plurality of pixels P. 
[ 0055 ] Further , the length of the perovskite crystal 40 in 
the direction D1 is 2 or more when the width of the 
perovskite crystal 40 in the direction D2 perpendicular to the 
direction D1 is 1 in the region between the plurality of 
electrodes 13 and the electrode 6 in the radiation absorption 
layer 4. This makes it possible to more reliably curb a 
decrease in charge collection efficiency and an increase in 
crosstalk between a plurality of pixels . In view of this , the 
length of the perovskite crystal 40 in the direction D1 is 
more preferably 20 or more when the width of the perovskite 
crystal 40 in the direction D2 is 1 . 
[ 0056 ] Further , the length of the perovskite crystal 40 in 
the direction D1 is 10 um or more in the region between the 
plurality of electrodes 13 and the electrode 6 in the radiation 
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absorption layer 4. This makes it easy to increase the 
thickness of the radiation absorption layer 4 , and thus it is 
possible to easily and reliably ensure the radiation absorp 
tion efficiency . 
[ 0057 ] Further , the width of the perovskite crystal 40 in the 
direction D2 perpendicular to the direction D1 is equal to or 
smaller than the arrangement pitch of the plurality of elec 
trodes 13 in the region between the plurality of electrodes 13 
and the electrode 6 in the radiation absorption layer 4. This 
makes it possible to more reliably curb an increase in 
crosstalk between the plurality of pixels P and obtain an 
X - ray transmission image with high sharpness . 
[ 0058 ] Further , the existence rate of the perovskite crystal 
40 is 80 % or more in the region between the plurality of 
electrodes 13 and the electrode 6 in the radiation absorption 
layer 4. This makes it possible to ensure radiation absorption 
efficiency more reliably . 
[ 0059 ] Further , the perovskite crystal 40 is in contact with 
at least another perovskite crystal 40 in the region between 
the plurality of electrodes 13 and the electrode 6 in the 
radiation absorption layer 4. This makes it possible to ensure 
radiation absorption efficiency more reliably . 
[ 0060 ] Further , the length of the perovskite crystal 40 in 
the direction D1 is smaller than the thickness of the radiation 
absorption layer 4 in the direction D1 in the region between 
the plurality of electrodes 13 and the electrode 6 in the 
radiation absorption layer 4. This makes it possible to 
reliably form the radiation absorption layer 4 configured of 
the plurality of perovskite crystals 40 each extending with 
the direction D1 as a longitudinal direction even when the 
thickness of the radiation absorption layer 4 is increased in 
order to ensure the radiation absorption efficiency . 
[ 0061 ] The thickness of the radiation absorption layer 4 in 
the direction D1 is 100 um or more in the region between the 
plurality of electrodes 13 and the electrode 6 in the radiation 
absorption layer 4. This makes it possible to ensure radiation 
absorption efficiency more reliably . 

of the mist M in the air becomes impossible , and thus the 
particle size is preferably 10 um or less . 
[ 0064 ] Subsequently , when the mist M is sufficiently gen 
erated and an amount of the mist in the atomization con 
tainer 51 stabilizes , a carrier gas G1 and a dilution gas G2 
flow , the mist M , the carrier gas G1 and the dilution gas G2 
are mixed , and the carrier gas G1 containing the mist Mis 
carried to a nozzle 53 through a flow path 52. That is , the 
mist M and the dilution gas G2 are mixed with the carrier gas 
G1 ( second step ) . In the present embodiment , the mist M , 
the carrier gas G1 , and the dilution gas G2 are mixed , and 
this mixed gas is referred to as the carrier gas G1 containing 
the mist M. 
[ 0065 ] Next , the carrier gas G1 containing the mist M is 
sprayed from the nozzle 53 to the panel 10 that is set on a 
stage 54 with a heating device and heated to a predetermined 
temperature ( for example , 150 to 200 ° C. ) . In this case , the 
stage 54 is operated so that the panel 10 , for example , 
reciprocates with respect to the nozzle 53 and a predeter 
mined amount of mist M adheres to the surface 10a of the 
panel 10. Thereby , the radiation absorption layer 4 config 
ured of the plurality of perovskite crystals 40 is formed on 
the surface 10a of the panel 10. That is , the carrier gas G1 
containing the mist M is sprayed to the panel 10 in a state 
in which the panel 10 has been heated , and a plurality of 
perovskite crystals 40 are formed to extend with the thick 
ness direction of the panel 10 as a longitudinal direction in 
a region corresponding to the plurality of electrodes 13 in a 
region on the panel 10 , and the radiation absorption layer 4 
configured of the plurality of perovskite crystals 40 is 
formed on one side with respect to the panel 10 ( third step ) . 
[ 0066 ] In this step , the adhesion of the mist M on the 
surface 10a of the panel 10 and evaporation of the solvent 
from the mist M ( that is , deposition of the perovskite 
material ) are repeated , so that the plurality of perovskite 
crystals 40 are formed on the surface 10a of the panel 10 . 
[ 0067 ] The mist M is a micro - sized or sub - micro - sized 
droplet . Droplets of this size are called “ droplet micropar 
ticles ” and have properties of both a liquid and a gas . 
Therefore , it is possible to form a film using a vapor phase 
growth method while holding surroundings of the surface 
10a of the panel 10 in a solvent atmosphere . As a result , the 
plurality of perovskite crystals 40 are formed on the surface 
10a of the panel 10 to extend with the thickness direction of 
the panel 10 as a longitudinal direction . 
[ 0068 ] The nozzle 53 may be operated or the nozzle 53 
and the stage 54 may not be operated as long as a prede 
termined amount of mist M can adhere to the surface 10a of 
the panel 10. Further , a metal mask or a resist may be formed 
on the surface 10a of the panel 10 in advance to pattern a 
region in which the radiation absorption layer 4 is formed . 
[ 0069 ] Next , the electrode 6 is formed on the surface 4a of 
the radiation absorption layer 4. That is , the electrode 6 
opposite to the plurality of electrodes 13 is formed on one 
side with respect to the radiation absorption layer 4 with the 
region corresponding to the plurality of electrodes 13 inter 
posed therebetween in the region on the panel 10 ( fourth 
step ) . The electrode 6 can be formed using spray coating , 
screen printing , spin coating , or the like . Alternatively , the 
electrode 6 can be formed using a vapor deposition method , 
a sputtering method , or the like . 
[ 0070 ] Thus , the radiation detector 1 is obtained . Accord 
ing to the method for manufacturing the radiation detector 1 

[ Manufacturing Method for Radiation Detector 
[ 0062 ] First , the perovskite material is dissolved in a 
solvent to form a precursor solution . Examples of the 
perovskite material include PbX2 ( X = C1 , Br , I ) and CsY 
( Y = CI , Br , I ) . The solvent is , for example , an organic 
solvent such as y - butyrolactone , N - methyl - 2 - pyrrolidone , 
N , N - dimethylformamide ( DMF ) , or dimethylsulfoxide 
( DMSO ) . However , the solvent may be a solvent that can 
dissolve the perovskite material , may be formed of one type 
of solvent , or may be formed of two or more types of 
solvents . When PbX , and CsY are used as the perovskite 
materials , a molar ratio of the perovskite materials is , for 
example , PbX2 : CsY = 1 : 1 to 2 : 1 , and a concentration of the 
perovskite materials in the precursor solution is , for 
example , 10 to 100 mmol / L . 
[ 0063 ] Subsequently , as illustrated in FIG . 3 , the generated 
precursor solution S is put in an atomization container 51 , 
and the mist M is generated from the precursor solution S 
through ultrasonic vibration . That is , the mist M is generated 
through ultrasonic vibration from the precursor solution S 
that is a solution containing the perovskite material ( first 
step ) . A frequency of ultrasonic vibration is 2.4 MHz , for 
example . It is possible to adjust a size of the mist M by 
adjusting the frequency of ultrasonic vibration . When a 
particle size of the mist M exceeds 10 um , a sedimentation 
rate of the mist M in the air exceeds 1 mm / sec and retention 
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described above , it is possible to manufacture the radiation 
detector 1 including the radiation absorption layer 4 as 
described above . 
[ 0071 ] Further , in the step of generating the mist M from 
the precursor solution S that is a solution containing the 
perovskite material , the mist M is generated from the 
precursor solution S through ultrasonic vibration . This 
makes it possible to generate the suitable mist M easily and 
reliably . 
[ 0072 ] Further , in the step of mixing the mist M with the 
carrier gas G1 , the dilution gas G2 is mixed with the carrier 
gas G1 . This makes it possible to adjust a concentration of 
the mist M , which is important for formation of the plurality 
of perovskite crystals 40 to extend with the thickness 
direction of the panel 10 as a longitudinal direction . 

The arrangement pitch of the plurality of electrodes 6 means 
the distance between the centers of the adjacent electrodes 6 . 
[ 0075 ] Further , not only a glass substrate but also a silicon 
substrate or the like can be used as the support substrate 11 . 
In this case , a CMOS ASIC may be configured using FETS 
formed on the silicon substrate instead of thin film transis 
tors . That is , the panel 10 is not limited to the above 
described configuration as long as the substrate has a plu 
rality of electrodes 13 . 
[ 0076 ] Further , the radiation detector 1 may include a 
moisture - proof layer that covers outer surfaces of the panel 
10 , the radiation absorption layer 4 , and the electrode 6 . 
Such a moisture - proof layer can be obtained by forming a 
resin film using vapor deposition or the like or by forming 
an oxide film or a nitride film using ALD , CVD , or the like . 
[ 0077 ] Further , although the mist M is generated from the 
precursor solution S through ultrasonic vibration in the 
method for manufacturing the radiation detector 1 described 
above , the mist M may be generated from the precursor 
solution S using a pressurizing type ( a method of applying 
pressure so that the carrier gas G1 of which a flow velocity 
is increased collides with the precursor solution S , to gen 
erate the mist M ) , a rotation disc type ( a method of dropping 
the precursor solution S on a disc that is rotating at a high 
speed and generating the mist Musing centrifugal force ) , an 
orifice vibration type ( a method of applying a vibration 
using a piezoelectric element or the like to generate the mist 
M when the precursor solution S passes through between 
orifice plates ) , an electrostatic type ( a method of applying a 
voltage to a thin tube spraying the precursor solution S to 
generate the mist M ) , or the like . 
[ 0078 ] Further , each configuration included in the radia 
tion detector 1 are not limited to examples of the materials 
and shapes described above , and various materials and 
shapes can be applied . Further , each configuration in the 
embodiment or modification example described above can 
be arbitrarily applied to each configuration in other embodi 
ment or modification examples . 

EXAMPLES AND COMPARATIVE EXAMPLES 

Modification Example 
[ 0073 ] The present disclosure is not limited to the above 
described embodiment . For example , when the radiation absorption layer 4 includes the plurality of perovskite crys 
tals 40 formed to extend with the direction D1 as a longi 
tudinal direction in the region between the plurality of 
electrodes 13 and the electrode 6 in the radiation absorption 
layer 4 , the radiation absorption layer 4 may include a 
non - elongated crystal , void , or the like as some of the 
perovskite crystals 40. In particular , the plurality of perov 
skite crystals 40 formed to extend with the direction D1 as 
a longitudinal direction may not be included in a region ( for 
example , an outer edge region of the radiation absorption 
ayer 4 when viewed in the direction D1 ) other than the 

region between the plurality of electrodes 13 and the elec 
trode 6 in the radiation absorption layer 4 . 
[ 0074 ] Further , the radiation detector 1 may be configured 
to detect radiation other than X - rays . Further , a bias voltage 
may be applied to the electrode 6 so that a positive potential 
difference is generated with respect to the plurality of 
electrodes 13 included in the panel 10. In this case , each 
electrode 13 collects the holes generated in the radiation 
absorption layer 4 through the absorption of X - rays . Further , 
although the second electrode portion is configured of the 
one electrode 6 opposite to the plurality of electrodes 13 
with the radiation absorption layer 4 interposed therebe 
tween in the above - described embodiment , the second elec 
trode portion may be configured of a plurality of electrodes 
6 opposite to the plurality of electrodes 13 withe the radia 
tion absorption layer 4 interposed therebetween . In this case , 
each electrode 6 may be opposite to at least one electrode 13 
with the radiation absorption layer 4 interposed therebe 
tween . Further , although the plurality of electrodes 13 con 
stituting the first electrode portion have a function of the 
pixel electrodes in the above - described embodiment , the 
plurality of electrodes 6 constituting the second electrode 
portion may have a function of the pixel electrodes . In this 
case , the first electrode portion may be configured of at least 
one electrode 13 opposite to the plurality of electrodes 6 
with the radiation absorption layer 4 interposed therebe 
tween . Further , in this case , the width of the perovskite 
crystal 40 in the direction D2 perpendicular to the direction 
D1 is equal to or smaller than the arrangement pitch of the 
plurality of electrodes 6 in the region between the electrode 
13 and the plurality of electrodes 6 in the radiation absorp 
tion layer 4. This makes it possible to more reliably curb an 
increase in crosstalk between the plurality of pixels P , and 
obtain an X - ray transmission image with high sharpness . 

[ 0079 ] A substrate having a thickness of 0.7 mm made of 
borosilicate glass was prepared , and a radiation absorption 
layer was formed on the surface of the substrate under a 
condition illustrated in Table 1 below . In temperature veri 
fication , only a temperature of the substrate was changed and 
the radiation absorption layer was formed on the surface of 
the substrate . In flow rate verification , only a flow rate of the 
carrier gas was changed and the radiation absorption layer 
was formed on the surface of the substrate . 

TABLE 1 

Condition Temperature verification Flow rate verification 

= 1 : 1 Precursor ( mol ) 
Pb Concentration 
Solvent ( vol . ) 
Ultra - sonic generator 
Carrier gas 
Dilution gas 
Substrate Temp . 
Nozzle Temp . 

PbBr2 : CsBr = 1 : 1 
50 mmol / L 

DMSO : DMF 1 : 1 
2.4 MHz 

N2 0.3 L / min 
N2 5.0 L / min 
110-190 ° C. 

50 ° C. 
0.16 mm / sec 

PbBr2 : CsBr 
50 mmol / L 

DMSO : DMF 1 : 1 
2.4 MHZ 

N2 0.25-0.5 L / min 
N2 5.0 L / min 

160 ° C. 
50 ° C. 

0.16 mm / sec Stage motion 

[ 0080 ] FIG . 4 is a cross - sectional view ( SEM image ) of 
the radiation absorption layer when the temperature of the 
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substrate is changed . In FIG . 4 , ( a ) illustrates a case in which 
the temperature of the substrate is 110 ° C. , ( b ) illustrates a 
case in which the temperature of the substrate is 130 ° C. , ( c ) 
illustrates a case in which the temperature of the substrate is 
150 ° C. , ( d ) illustrates a case in which the temperature of the 
substrate is 160 ° C. , ( e ) illustrates a case in which the 
temperature of the substrate of 170 ° C. , and ( f ) illustrates a 
case in which the temperature of the substrate of 190 ° C. 
FIG . 5 is a diagram illustrating a result of X - ray diffraction 
when the temperature of the substrate is changed . 
[ 0081 ] It was found that it is preferable for the substrate to 
be heated to a temperature of 110 ° C. or higher and 170 ° C. 
or lower in the third step described above in order to reliably 
form a plurality of perovskite crystals extending with a 
thickness direction of the substrate as a longitudinal direc 
tion ( hereinafter referred to as “ a plurality of elongated 
perovskite crystals ” ) , as illustrated in FIGS . 4 and 5. It was 
also found that it is preferable for the substrate to be heated 
to a temperature of 130 ° C. or higher and 170 ° C. or lower 
in the third step described above in order to more reliably 
form the plurality of elongated perovskite crystals . 
[ 0082 ] FIG . 6 is a cross - sectional view ( SEM image ) of 
the radiation absorption layer when the flow rate of the 
carrier gas is changed . In FIG . 6 , ( a ) illustrates a case in 
which a flow rate of the carrier gas is 0.25 L / min , ( b ) 
illustrates a case in which the flow rate of the carrier gas is 
0.30 L / min , ( c ) illustrates a case in which the flow rate of the 
carrier gas is 0.35 L / min , ( d ) illustrates a case in which the 
flow rate of the carrier gas is 0.40 L / min , ( e ) illustrates a case 
in which the flow rate of the carrier gas is 0.45 L / min , and 
( f ) illustrates a case in which the flow rate of the carrier gas 
is 0.50 L / min . FIG . 7 is a diagram illustrating a result of 
X - ray diffraction when the flow rate of the carrier gas is 
changed . 
[ 0083 ] It was found that it is preferable for the carrier gas 
to be supplied at a flow rate of 0.25 L / min or more and less 
than 0.45 L / min in the second step described above in order 
to reliably form the plurality of elongated perovskite crys 
tals , as illustrated in FIGS . 6 and 7. Further , it was found that 
it is preferable for the carrier gas to be supplied at a flow rate 
of 0.30 L / min or more and less than 0.45 L / min in the second 
step described above in order to more reliably form the 
plurality of elongated perovskite crystals . 
[ 0084 ] Here , a case in which dimethyl sulfoxide ( DMSO ) 
and N , N - dimethylformamide ( DMF ) are used as a solvent 
for generating a solution ( precursor solution ) containing a 
perovskite material will be examined . 
[ 0085 ] The viscosity of DMSO ( 1.99 cp at 25 ° C. ) is 
higher than that of DMF ( 0.79 cP at 25 ° C. ) . Therefore , when 
a precursor solution is generated with a single solvent of 
DMSO , it is not possible to obtain a sufficient amount of 
generated mist with ultrasonic vibration having a frequency 
of 2.4 MHz . Therefore , it is preferable to mix DMF with 
DMSO as a solvent in order to obtain a sufficient amount of 
generated mist . 
[ 0086 ] On the other hand , for saturation solubility of a 
perovskite material ( PbX2 ( X = C1 , Br , I ) and CsY ( Y = C1 , 
Br , I ) , saturation solubility of DMF is lower than that of 
DMSO . Therefore , in a case in which a mixing ratio of DMF 
to DMSO is too high when the precursor solution is gener 
ated , an amount of condensation of the mist in the flow path 
increases , which may adversely affect the formation of the 
plurality of elongated perovskite crystals . 

[ 0087 ] As described above , it is preferable that , in the first 
step described above , the perovskite material is dissolved in 
the solvent containing DMSO and DMF at a volume ratio of 
DMSO : DMF = 1 : 0 or more and 10 or less , thereby generating 
the solution containing the perovskite material , in order to 
reliably form the plurality of elongated perovskite crystals . 
Further , it is preferable that , in the first step described above , 
the perovskite material is dissolved in the solvent containing 
DMSO and DMF at a volume ratio of DMSO : DMF = 1 : 0 or 
more and 5 or less , thereby generating the solution contain 
ing the perovskite material , in order to more reliably form 
the plurality of elongated perovskite crystals . A solvent other 
than DMSO and DMF may be contained as long as the 
solvent contains DMSO and DMF at the volume ratio 
described above . 

[ 0088 ] Incidentally , when a frequency of ultrasonic vibra 
tion is decreased even in a case in which the precursor 
solution is generated with a single solvent of DMSO , a 
generation amount of mist can be increased , but a particle 
size of the mist becomes large and the liquidity of the mist 
is impaired . On the other hand , when the frequency of the 
ultrasonic vibration is increased in a case in which the 
precursor solution is generated with the single solvent of 
DMSO , it is not possible to obtain a sufficient amount of 
mist , as described above . However , when the mixing ratio of 
DMF to DMSO is too high when the precursor solution is 
generated , the amount of condensation of the generated mist 
in the flow path increases , as described above . Therefore , the 
frequency of the ultrasonic vibration is preferably 100 kHz 
or more and 10 MHz or less , and more preferably 1 MHz or 
more and 5 MHz or less . 

[ 0089 ] The above - described numerical range is 
example showing a preferable numerical range or a more 
preferable numerical range . Even when the temperature of 
the substrate is increased , it is possible to form the plurality 
of elongated perovskite crystals by increasing the flow rate 
of the carrier gas or increasing a concentration of the 
perovskite material in the solution to increase a supply 
amount of the perovskite material to the substrate . For 
example , even when the substrate is heated to a temperature 
of a boiling point of the solvent + 20 ° C. , it is possible to form 
the plurality of elongated perovskite crystals in a case in 
which the supply amount of the perovskite material to the 
substrate is increased . It is preferable for the substrate to be 
heated with the temperature of the boiling point of the 
solvent + 20 ° C. as an upper limit value in the third step 
described above in order to reliably form the plurality of 
elongated perovskite crystals . In a solvent in which a plu 
rality of kinds of solvents are mixed , the boiling point of the 
solvent means a boiling point of the solvent having a highest 
boiling point . For example , in a solvent in which DMSO and 
DMF are mixed , a boiling point of DMSO is 189 ° C. and a 
boiling point of DMF is 153 ° C. and thus , it is preferable for 
the substrate to be heated with 209 ° C. ( 189 ° C. + 20 ° C. ) as 
an upper limit value . 
[ 0090 ] As examples and comparative examples , a sub 
strate having a thickness of 0.7 mm made of borosilicate 
glass was prepared , and a radiation absorption layer was 
formed on the surface of the substrate under a condition 
illustrated in Table 2 below . 

an 
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TABLE 2 

Comparison 
example 1 

Comparison 
example 2 Condition Example 1 

PbBr2 : CsBr = 1 : 1 PbBr2 : CsBr 1 : 1 PbBr2 : CsBr = 1 : 1 

50 mmol / L 60 mmol / L 80 mmol / L 

Precursor 
( mol ) 
Pb 
Concentration 
Solvent ( vol . ) 
Ultra - sonic 
generator 

= 1 : 4 DMSO : DMF 
2.4 MHz 

1 : 4 DMSO : DMF 
2.4 MHz 

1 : 4 DMSO : DMF 
2.4 MHz 

Carrier gas N2 0.4 L / min 
N2 4.0 L / min 

150 ° C. 

N2 2.0 L / min 
N2 3.0 L / min 

230 ° C. 

N2 2.0 L / min 
N2 3.0 L / min 

150 ° C. 
Dilution gas 
Substrate 
Temp . 
Nozzle Temp . 
Stage motion 

50 ° C. 
0.08 mm / sec 

50 ° C. 
0.16 mm / sec 

50 ° C. 
0.16 mm / sec 

Condition 
Comparison 
example 3 Example 2 Example 3 

PbBr2 : CsBr = 1 : 1 PbBr2 : CsBr = 1 : 1 PbBr2 : CsBr = 1 : 1 
80 mmol / L 50 mmol / L 50 mmol / L 

Precursor 
( mol ) 
Pb 
Concentration 
Solvent ( vol . ) 
Ultra - sonic 
generator 

1 : 4 DMSO : DMF 
2.4 MHz 

1 : 4 DMSO : DMF 
2.4 MHz 

1 : 4 DMSO : DMF 
2.4 MHz 

Carrier gas 
Dilution gas 

N2 2.0 L / min 
N2 3.0 L / min 

180 ° C. 

N2 0.4 L / min 
N2 5.0 L / min 

190 ° C. 

N20.5 L / min 
N2 6.0 L / min 

190 ° C. Substrate 
Temp . 
Nozzle Temp . 
Stage motion 

50 ° C. 
0.16 mm / sec 

50 ° C. 
0.16 mm / sec 

50 ° C. 
0.01 mm / sec 

[ 0091 ] As a result , in Example 1 , the plurality of elongated 
perovskite crystals was formed , as illustrated in ( a ) and ( b ) 
of FIG . 8. Example 1 satisfies a more preferable condition 
( 130 ° C. or higher and 170 ° C. or lower ) regarding the 
temperature of the substrate and a preferable condition ( 0.30 
L / min or more and less than 0.45 L / min ) regarding the flow 
rate of the carrier gas described above . In ( a ) and ( b ) of FIG . 
8 , the left side is a plan view ( SEM image ) of the radiation 
absorption layer , and the right side is a cross - sectional view 
( SEM image ) of the radiation absorption layer . 
[ 0092 ] In Comparative Example 1 , the plurality of elon 
gated perovskite crystals was not formed , as illustrated in 
FIG . ( a ) of 9. In Comparative Example 1 , it is assumed that 
a density of the mist is increased and a drying rate of the mist 
is increased , as compared with Example 1. Comparative 
Example 1 does not satisfy the preferable condition ( 110 ° C. 
or higher and 170 ° C. or lower ) regarding the temperature of 
the substrate described above and the preferable condition 
( 0.25 L / min or more and less than 0.45 L / min ) regarding the 
flow rate of the carrier gas described above . In ( a ) of FIG . 
9 , the left side is a plan view ( SEM image ) of the radiation 
absorption layer , and the right side is a cross - sectional view 
( SEM image ) of the radiation absorption layer . 
[ 0093 ] In Comparative Example 2 , the plurality of elon 
gated perovskite crystals was not formed , as illustrated in ( b ) 
of FIG . 9. In Comparative Example 2 , a concentration of the 
precursor in the mist , a density of the mist , and a moving 
speed of the stage are higher than those in Example 1 . 
Comparative Example 2 satisfies a more preferable condi 
tion ( 130 ° C. or higher and 170 ° C. or lower ) regarding the 
temperature of the substrate described above , but does not 
satisfy a preferable condition ( 0.25 L / min or more and less 
than 0.45 L / min ) regarding the flow rate of the carrier gas 
described above . In ( b ) of FIG . 9 , the left side is a plan view 

( SEM image ) of the radiation absorption layer , and the right 
side is a cross - sectional view ( SEM image ) of the radiation 
absorption layer . 
[ 0094 ] In Comparative Example 3 , the plurality of elon 
gated perovskite crystals was not formed , as illustrated in ( c ) 
of FIG . 9. In Comparative Example 3 , a concentration of the 
precursor in the mist , a density of the mist , and a moving 
speed of the stage are higher than those in Example 1 . 
Comparative Example 3 does not satisfy the preferable 
condition ( 110 ° C. or higher and 170 ° C. or lower ) regarding 
the temperature of the substrate described above and the 
preferable condition ( 0.25 L / min or more and less than 0.45 
L / min ) regarding the flow rate of the carrier gas described 
above . In ( c ) of FIG . 9 , the left side is a plan view ( SEM 
image ) of the radiation absorption layer , and the right side is 
a cross - sectional view ( SEM image ) of the radiation absorp 
tion layer . 
[ 0095 ] In Examples 2 and 3 , a plurality of elongated 
perovskite crystals was formed , as illustrated in ( a ) and ( b ) 
of FIG . 10. Because an increase in the flow rate of the carrier 
gas leads to an increase in the amount of mist to be carried , 
a flow rate of the dilution gas is increased ( that is , a density 
of mist is decreased ) in Example 3 , as compared with 
Example 2 , thereby achieving balance . Example 2 does not 
satisfy a preferable condition ( 110 ° C. or higher and 170 ° C. 
or lower ) regarding the temperature of the substrate 
described above , but satisfies a more preferable condition 
( 0.30 L / min or more and less than 0.45 L / min ) regarding the 
flow rate of the carrier gas described above . Example 3 does 
not satisfy the preferable condition ( 110 ° C. or higher and 
170 ° C. or lower ) regarding the temperature of the substrate 
described above and the preferable condition ( 0.25 L / min or 
more and less than 0.45 L / min ) regarding the flow rate of the 
carrier gas described above . It was possible to form the 
plurality of elongated perovskite crystals . In ( a ) of FIG . 10 , 
the left side is a plan view ( SEM image ) of the radiation 
absorption layer , and the right side is a cross - sectional view 
( SEM image ) of the radiation absorption layer . In ( b ) of FIG . 
10 , only a cross - sectional view ( SEM image ) of the radiation 
absorption layer is illustrated . 
[ 0096 ] Glass other than borosilicate glass , a substrate 
made of ITO , Pt or the like , a semiconductor substrate made 
of Si or the like , an integrated circuit , or the like may be used 
as the substrate . 
[ 0097 ] Here , a mechanism in a case in which a plurality of 
elongated perovskite crystals 40 are not formed and a 
mechanism in a case in which a plurality of elongated 
perovskite crystals 40 are formed will be described as 
assumptions . 
[ 0098 ] When a plurality of elongated perovskite crystals 
40 are not formed , and the mist M adheres to the surface of 
the substrate 100 as illustrated in ( a ) of FIG . 11 , a large 
amount of solvent 101 evaporates from the outside of the 
mist M before the mist M contracts inward so that a central 
portion of the mist M becomes thin as illustrated in ( b ) of 
FIG . 11 , and the perovskite material 102 is deposited in a 
ring shape ( so - called coffee ring phenomenon ) as illustrated 
in ( c ) of FIG . 11. Thus , under a condition that the perovskite 
material 102 is deposited in a ring shape , even when the 
adhesion of the mist M thereon and the evaporation of the 
solvent 101 from the mist M ( that is , the deposition of the 
perovskite material 102 ) is repeated , it is assumed that it is 
difficult for the plurality of elongated perovskite crystals 40 
to grow . 
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[ 0099 ] On the other hand , when a plurality of elongated 
perovskite crystals 40 are formed , and the mist M adheres to 
the surface of the substrate 100 as illustrated in ( a ) of FIG . 
12 , the solvent 101 evaporates from the mist M while the 
mist M contracts inward so that the central portion of the 
mist M does not become thin as illustrated in ( b ) of FIG . 12 , 
and the perovskite material 102 is deposited in a circular 
shape as illustrated in ( c ) of FIG . 12. Thus , under a condition 
that the perovskite material 102 is deposited in the circular 
shape , the adhesion of the mist M thereon and the evapo 
ration of the solvent 101 from the mist M ( that is , the 
deposition of the perovskite material 102 ) are repeated and , 
it is assumed that it is easy for the plurality of elongated 
perovskite crystals 40 to grow . 

REFERENCE SIGNS LIST 

[ 0100 ) 1 : Radiation detector , 4 : Radiation absorption 
layer , 6 : Electrode ( second electrode , second electrode por 
tion ) , 10 : Panel ( substrate ) , 13 : Electrode ( first electrode , 
first electrode portion ) , 40 : Perovskite Crystal , D1 : Direction 
( first direction ) , D2 : Direction ( second direction ) , G1 : Car 
rier gas , G2 : Dilution gas , M : Mist , S : Precursor solution 
( solution ) . 

1. A radiation detector comprising : 
a substrate including a first electrode portion ; 
a radiation absorption layer disposed on one side with 

respect to the substrate and configured of a plurality of 
perovskite crystals ; and 

a second electrode portion disposed on the one side with 
respect to the radiation absorption layer and being 
opposite to the first electrode portion with the radiation 
absorption layer interposed therebetween , 

wherein each of the plurality of perovskite crystals is 
formed to extend with a first direction in which the first 
electrode portion and the second electrode portion are 
opposite to each other as a longitudinal direction in a 
region between the first electrode portion and the 
second electrode portion in the radiation absorption 
layer . 

2. The radiation detector according to claim 1 , wherein a 
length of the perovskite crystal in the first direction is 2 or 
more when a width of the perovskite crystal in a second 
direction perpendicular to the first direction is 1 in the region 
between the first electrode portion and the second electrode 
portion . 

3. The radiation detector according to claim 1 , wherein a 
length of the perovskite crystal in the first direction is 10 um 
or more in the region between the first electrode portion and 
the second electrode portion . 

4. The radiation detector according to claim 1 , 
wherein the first electrode portion is configured of a 

plurality of first electrodes , and 
a width of the perovskite crystal in a second direction 

perpendicular to the first direction is equal to or smaller 
than an arrangement pitch of the plurality of first 
electrodes in the region between the first electrode 
portion and the second electrode portion . 

5. The radiation detector according to claim 1 , 
wherein the second electrode portion is configured of a 

plurality of second electrodes , and 
a width of the perovskite crystal in a second direction 

perpendicular to the first direction is equal to or smaller 
than an arrangement pitch of the plurality of second 

electrodes in the region between the first electrode 
portion and the second electrode portion . 

6. The radiation detector according to claim 1 , wherein an 
existence rate of the perovskite crystals is 80 % or more in 
the region between the first electrode portion and the second 
electrode portion . 

7. The radiation detector according to claim 1 , wherein the 
perovskite crystal is in contact with at least another perov 
skite crystal in the region between the first electrode portion 
and the second electrode portion . 

8. The radiation detector according to claim 1 , wherein a 
length of the perovskite crystal in the first direction is 
smaller than a thickness of the radiation absorption layer in 
the first direction in the region between the first electrode 
portion and the second electrode portion . 

9. The radiation detector according to claim 1 , wherein a 
thickness of the radiation absorption layer in the first direc 
tion is 100 um or more in the region between the first 
electrode portion and the second electrode portion . 

10. A method for manufacturing a radiation detector , 
comprising : 

a first step of generating mist from a solution containing 
a perovskite material ; 

a second step of mixing the mist with a carrier gas ; 
a third step of spraying the carrier gas containing the mist 

to a substrate including a first electrode portion in a 
state in which the substrate is heated , forming a plu 
rality of perovskite crystals to extend with a thickness 
direction of the substrate as a longitudinal direction in 
a region corresponding to the first electrode portion in 
a region on the substrate , and forming a radiation 
absorption layer configured of the plurality of perov 
skite crystals on one side with respect to the substrate ; 
and 

a fourth step of forming a second electrode portion on the 
one side with respect to the radiation absorption layer , 
the second electrode portion being opposite to the first 
electrode portion with the region corresponding to the 
first electrode portion interposed therebetween . 

11. The method for manufacturing a radiation detector 
according to claim 10 , wherein the first step includes gen 
erating the mist from the solution through ultrasonic vibra 
tion . 

12. The method for manufacturing a radiation detector 
according to claim 10 , wherein the second step includes 
mixing a dilution gas with the carrier gas . 

13. The method for manufacturing a radiation detector 
according to claim 10 , wherein the third step includes 
heating the substrate to a temperature of 110 ° C. or higher 
and 170 ° C. or lower . 

14. The method for manufacturing a radiation detector 
according to claim 13 , wherein the third step includes 
heating the substrate to a temperature of 130 ° C. or higher 
and 170 ° C. or lower . 

15. The method for manufacturing a radiation detector 
according to claim 10 , wherein the second step includes 
supplying the carrier gas at a flow rate of 0.25 L / min or more 
and less than 0.45 L / min . 

16. The method for manufacturing a radiation detector 
according to claim 15 , wherein the second step includes 
supplying the carrier gas at a flow rate of 0.30 L / min or more 
and less than 0.45 L / min . 

17. The method for manufacturing a radiation detector 
according to claim 10 , wherein the first step includes dis 
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solving the perovskite material in a solvent containing 
DMSO and DMF at a volume ratio of DMSO : DMF = 1 : 0 or 
more and 10 or less to generate the solution containing the 
perovskite material . 

18. The method for manufacturing a radiation detector 
according to claim 17 , wherein the first step includes dis 
solving the perovskite material in a solvent containing 
DMSO and DMF at a volume ratio of DMSO : DMF = 1 : 0 or 
more and 5 or less to generate the solution containing the 
perovskite material . 

19. The method for manufacturing a radiation detector 
according to claim 10 , wherein the third step includes 
heating the substrate with a temperature of a boiling point of 
the solvent + 20 ° C. as an upper limit value . 

* 


