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The present invention relates to a radiation detecting device and ﬁ
radi ati on detecting nethod, and nore parT|£uTarIy to a radiation detectlng
device and a radiation detecting nethod which are suitable for use in
detecting informati on such as i nages by converting the wavel ength of

radi ation including X-rays by neans of a wavelength converter typified by

a scintillator (or phosphg{apsA %rf'l ©sd eV el ength region
ate

detectabl e by a sensor el enent. Background Art When
radi ati on such as an X-ray i spriptReTeN pDETEC®LNE PMgr@iophot osensor in

radi ati on di agnostic
BACKGROUND OF THE INVENTION
5 Field of the Invention
The present invention relates to a radiation

detecting device and a radiation detecting method, and
more particularly to a radiation detecting device and a
radiation detecting method which are suitable for use

10 in detecting information such as images by converting
the wavelength of rédiation including X-rays by means
of a wavelength converter typified by a scintillator
(or phosphor) into a wavelength in a wavelength region
detectable by a sensor element.

15 Related Background Art

when radiation such as an X~-ray is detected

directly by a photosensor in radiation diagnostic
apparatus and X-ray photogréphic apparatus making use
of an X-ray or the like, the efficiency of such an

'20 apparatus becomes poor because there is no photosensor
having high sensitivity to the radiation. It is
therefore considered to use a scintiliator capable of
converting the radiation into visible light and a
photosensor in combination.

25 As the characteristics of the scintillator, there
are characteristics called the afterglow

characteristics of a luminescent screen. It is
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-apparatus and X-ray photographi c apparatus making use of an X-ray or the
l'ike, the efficiency of such an appar#t ust becones poor because there is no
phot osensor having high sensitivity to thezradiation. It is ‘therefore
considered to use a scintillator capable of “ converting the radiation into
visible light and a photosensor in conbination. As the
characteristics of the scintillator, there are characteristics called the
afterglow characteristics of a |um nescent screen. It is

-2- | ndi St Sebd Nlat Nend | High e Esd Koo R & @dlintd ¥istor,
which is attendant on radiati on exposure, i's caused and attenuated in

a certain functijipreh 1€ fttaaast on radidticn adgsbdurd; dis bausull arsd ow
conponent has a tine 5 constant as | ong as several hundreds
mlliseconds. &dftenuated airlea dexrtain ehindtioordl arelkeation @s aftergl ow as a
illustrated in Fig. 1, and a slow component has a time
5. constant as long as several hundreds milliseconds. In
order to correct the attenuation of afterglow as a
countermeasure thereof, in U.S. Patent No. 5,331,682 by
way of example, a great number of signal samples are
detected to calculaté out a compensation value by
10 complicated calculation, and the compensation value is
subtracted from the signals. In addition, for this
calculation, delay is caused until the initial
attenuation component can be-neglected.
On the other hand, it is proposed in, for
15 example, U.S. Patent No. 5,262,649 to use a photosensor
composed'bf thin film seﬁiconductors in combination
with a scintillator for X-ray photographic apparatus
and radiation diagnostic apparatus making use of an X-
ray 6r the like. In this publication, a relationship
20 among the time constant according to the sensor
composed of the thin film semiconductor, and a
transistor, the read rate of the apparatus, and an S/N
(signal/noise) ratio is described. In U.S. Patent No.
5,262,649, there are introduced a reading method of a
25 fluoroscopic mode in which an X-ray is continuously
emitted, and a photographic mode in which an X-ray is

emitted only for a short period of time, and all the



counternmeasure thereof, in U S. Patent No. 5,331, 682 by way of
exanpl e, a great nunber of signal sanpfes "are detected to cal cul ate
out a conpensation value by 10 conplicated cal cul ation, and the
conpensation value is subtracted frddnthe signals. In addition, for
this cal cul ation, delay is caused until the initial

attenuati on conponent can be negl ect ed. On the other hand, it
is proposed in, for 15 exanple, U S. Patent No. 5,262,649 to use a
phot osensor conposed of thin filmsem conductors in conbination

with a scintil| FRRSPTESTRILaFPIgRALSyAIpiTES £5P%r ' TS- and radi ation
pUDLi cat i on. a1l at FOWSRY - 38 OraRt ko Arseritng GERaadvRERoRf ng to the
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there are. i nt 1+ BRAEaqhe” EISlIaton dhaly SheSpiilerpfivion vatue A¥ %
uhich an ¥ ray dubeAuidedt Bt the signllid wall deditdh ided Gbgrgahi ¢ mode i
which an X-ray iIs emtted only for a short period of tine, and al
the ' example, U.S. Patent No. 5,331,682, expensive signal
processing circuit and arithmetic unit are required.
In addition, since delay is caused until the initial
attenuation component can be neglected, the fetch of
10 signals from a detector requires to wait by the delay
time.
In U.S. Patent No. 5,262,649, the fluoroscopic
mode in which an X-ray is continuously emitted, and the
photographic mode in which an X-ray is emitted only for
15 a short period of time are introduced. In the
photograpﬁic mode, no time constant of the light
emission and attenuation of fhe scintillator is
considered. Therefore, when réading is started in a
moment after the irradiation with the X-ray is
20 - completed, due to the time constant of the light
attenuation of the scintillator, a signal is read out
in the initial line of the reading while a dark current
is high, and a signal with a dark current component
integrated is read out in a reading line on the last
25 side. Therefore, the dark current mixed into the

signal due to the delayed attenuation characteristics

of the scintillator greatly varies according to the



- 3- sensors store signals at the sanme tine. However,

in order to detect a great number of -~ signals to calculate out a
conpensation value, and to make the cal cul ation that the conpensati on
value is 5 subtracted fromthe signals 4s-described in, for

exanple, U S Patent No. 5,331,682, expensive signal processi ng
circuit and arithnmetic unit are required. In addition, since delay i's
caused until the initial attenuati on conponent can be negl ected, the

fetch of 10 nals froma_ detector requires to wait by the del ay
tinme. reaég g l?’%de@a‘?%nq‘mg" 262,649, the fluoroscopic
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apparatus using a large screen sensor panel comprised
5 of sensofs composed of a-Si:H (amorphous silicon

hydride) and thin film transistors, and a relationship
émong a time constant obtained by multiplying the
capacity of the sensor by the ON resistance of the thin
film transistor, an S/N ratip and a frame frequency is

10 derived, which is required as a real-time image sensor.
However, this relationship is on the assumption that an
X-ray is continuously emitted, and such attenuation
characteristics of the scintillator as described above
are not referred to. This publication does also not

15 refer to the design of reading when an X-ray is
intermitfently emitted.

The attenuation characteristics of the.
scintillator do not become a considerable problem in
the case of the photographic mode or the like because

20 there is sufficient time. .In the case of a full moving
image having mény frames as in the diagnosis of the
circulatory organ system, however, it is considered
that the residual component of light may exert an
influence as noise.

25 . In such a case, however, it is not proposed to
make a design by combining the attenuation

characteristics of the scintillator with the reading



em ssion and attenuation of the scintillator is consi der ed.

Therefore, when reading is started in a moment after the irradiation
with the X-ray is 20 conpl eted, due to the tinme constant of the |ight
attenuation of the scintillator, a signal=-i% read out in the initia
line of the reading while a dark current I's high, and a signal with
a dark current conponent . integrated is read out in a reading |ine on
t he I?sé 25 hside. Therefore, the dark current mxed into the

si gha ue to the del ayed attenuyatjon_ cgharacteristics he
scintillator gFB%FP?tﬁéiﬁgécﬁce r&bﬁgtﬁgetﬁgnStant Somposed oF thl

-4- readi ng.order ,of the |ine. . U. t .
5 262, 649, thcFBPRELEN, PE( Ry Sensor §r’1‘dx-tP§y o g&r?&ssﬁag é’p%ﬁ%t Hlagl 0

rcg?r;)?;[ ng ther gapeit kG ansisto?PRA ThidS skalsBe Pahd199 nS St 5 Uiy, Panel
5 SUMMARY OF THE INVENTION
It is an object of the present invention to read
out signals of a desired S/N ratio, which are reduced
in noise and narrowed in scattering, by adopting a
reading method taking the attenuation characteristics

10 ° of a scintillator into consideration in a radiation.
detecting device for a radiation diagnostic apparatus
or the like which is cépable of reducing an exposed
dose by intermittent exposure to radiation such as X-
rays.

15 Another object of the present invention is to
derive a felationship for obtaining an optimum signal
to noise (S/N) ratio taking the attenuation
characteristics of a scintillator into consideration in
the inspection, diagnosis and therapy with radiation

20 continuously emittéd. |

The above objects can be achieved by the present
invention.described below.

According to the present invention, there is thus
provided a radiation detecting device having a

25 wavelength converter for con&erting radiation into
photoelectrically'convertible light and a plurality of

pixels arranged in the form of a matrix which pixel



5 of sensors conposed of a-Si:H (anorphous silicon

hydri de) and

thin filmtransistors, and a relationship anong a tine constant
obtained by nultiplying the capacity of the sensor by the ON

resi stance of the thin filmtransistod,-an SINratio and a franme
frequency is 10 derived, which is required as a real-tinme i nage sensor.
However, this relationship is on the assunption that an X-ray is
continuously enmtted, and such attenuation characteristics of the

scintillator as descri bed above are not referr.ed

publ i cati on do€Smprdsem@ sepsor element, for, cenvestig
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the attenuation

a means for turning on the TFT to be turned on

among of the TFTs for transfer after the

delay of at

least (n x T,), wherein 1, is a time constant of a

characteristic of the wavelength converter, and n is

10 1n(SN) in which SN is a desired signal to noise ratio,

after the irradiation is stopped, thereby transferring

a signal stored in its corresponding pixel.

According to the present invention,

there is also

provided a radiation detecting device comprising a

15 wavelength converter for converting radiation into

photoelectrically convertible light and a plurality of

pixels arranged in the form of a matrix which pixel

comprises a sensor element for converting the light

into an electric signal and a thin film transistor

20 (TFT) for transfer connected to the sensor element to

successively transfer a signal from the pixel, wherein

the detecting device satisfies the following relational

expressions:

(a x T, + P x7T) < 1/FPS; and

25 SN = exp(a + B)

wherein SN is the desired signal to noise ratio of the

whole device, FPS is the number of frames per second



characteristics of the scintillator with the reading

-5- characteristics of the tine constant conposed of the

capacity of the sensor and the ON resistor of the thin film
transistor in the sensor panel in such a €age- 5 SUMVARY OF THE

| NVENTI ON It is an object of the present invention to read

out signals of a desired S/N ratio, which are reduced I n noise and
narrowed in scattering, by adopting a readi ng met hod taking the
attenuati on characterlstlcs of a scintillator into consideration in a
radi ati on upgs; &be; ﬁgaéémceff &hey ragdiadidion, dgitegtdang dexdis®-adf

or the Iike which is capabl e of reducing an exposed dose b

intermttent e@p&eGiPTOSaly@fatthe, tdme, Tegutred for ayreading; T, is a
time constant of build up and attenuation of the

wavelength converter; T, is a time constant obtained by

5 multiplying the capacity of the sensor element by the

ON resistance of the TFT for transfer; o is a multiple

of [(storage time of the light signal in the sensor

element)/t,], or 1n(SN;) in which SN, is a signal to
noise ratio required of the Wavelength converter; and f

10 is a multiple of a time constant of the time the TFT
for transfer is turned on, or 1In(SN;) in which SN, is a
signal to noise ratio required of the TFT for
transferring the signal stored in the capacitor of the
sensor element.

15 Accbrding to the present invention, there is
further provided a radiation detecting method using a
wavelength converter for converting radiation into
photoelectrically convertible light and a piurality of
pixels arranged in the form of a matrix which pixel

20 comprises a sensor element for converting the light
into an electric signal and a thin film transistor
(TFT) for transfer connected to the sensor element to
successively transfer a signal from the pixel, the
method comprising:

25 turning on the TFT to be turned on first among

the TFTs for transfer after the delay of at least



15 Anot her object of the present invention is to derive a

rel ati onship for obtaining an optimm si gnal to noise (S/N) ratio
taki ng the attenuation characteristics of a scintillator into

caonsi deration in the inspection, dira8nesis and therapy with

radi ation 20 continuously emtted. The above objects can
be achi eved by the present I nvention described bel ow.

Acgording éo the present invention, there is thus provi ded a

radi ation detecting device hayin 25 . wavel ength caqnverter for
converting radi@ %) ntgherein 1pﬁ§t BelFd0Ey Fé’glslq%"gor?%glati ble light and a
plurality of pi xel s arranged in the .formof a matrix which pixel

- 6- corharankenl sie 9f ghesRvelangdhmvYertee 1hinidto

an electric signal and a thin filmtransi stor_(TFT or transfer
connected to t (& okn grhipin SN gis a desired (sfgga]f to noise rgclso,e

after the irradiation is stopped, thereby transferring
5 a signal stored in its corresponding pixel.

According to the present invention, there is
still further provided a radiation detecting method
using a wavelength converter for converting radiation
into photoelectrically convertible light and a

10 plurality of pixels arranged in the form of a matrix
which pixel comprises a sensor element for converting
the light into an electric signal and a thin film
'transistqr (TFT) for transfer connected to the sensor
element to successively transfer a signal from the

15 pixel, the method comprising satisfying the following
relational expressions:

(a x T, + B x7T,) < 1/FPS; and

SN = exp(a + B)
wherein SN is the desired signal to noise ratio of the

20 whole device; FPS-is the number of frames per second
upon the reading of a radiation detectipg device, or a
reciprocal of the time required for a reading; 7T, is a
time cbnstant of build up and attenuation of the

wavelength converter; T, is a time constant obtained by

25 multiplying the capacity of the sensor element bylthe

ON resistance of the TFT for transfer; o is a multiple



successively transfer a signal fromthe pixel, the 5 detecting device
conpri si ng: a nmeans for turning on the TFT to be turned on
anong of the TFTs for transfer after the delay of at | east (n x
[err]), wherein [err] is a tine constant ©fga- characteristic of the
wavel ength converter, and nis 10 In(SN) in which SNis a desired
signal to noise ratio, after the irradiation is stopped, 'thereby
transferring a signal stored in its correspondi ng pixel.

According to the present invention, there is also provi ded a -

radi ati on det eofi h§stovhroge €3mpr P Fhealight sigagd) dRgithec MRS Ter for
converting radiation into phot oel ectrical ly convertible |ight and a
plurality of elemeng)ysls &% éﬁ'@feﬁ%i)nlph&’hﬁ-ﬁpmsb%/ s it $1909khi 9 pi xel
conprises a sensor elenment for converting the |ight into an el ectric
signal and a thofiséi rativareqguticed 2F the( WAVelemgthr avsvertesinaade® t o
the sensor elenent to successively transfer a signal fromthe pixel,

wher ei n. ikha Aelesplegodew eemeatonstant e fubld @dimeg thel aFTonal
expr essi ons: ([err] x [err] + [err] x [err]) [err] 1/FPS; and
5 for transfer is turned on, or 1ln(SN,) in which SN, is a
signal to noise ratio required of the TFT for

transferring the signal stored in the capacitor of the

sensor element.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 diagrammatically illustrates an example of
the afterglow characteristics of a scintillator.
Fig. 2 is a schematic circuit diagram
illustrating an example of the schematic construction

15 of a radiation detecting device.

Fig. 3A is a schématic plan view illustrating an
example of a photoelectric cbnyersion circuit part.

Fig. 3B is a schematic cross-sectional view taken
on line 3B-3B of Fig. 3A.

20 Fig. 4 is a schematic circuit diagram
illustrating an example of a photoelectric conversion
part.

Fig. 5 is a timing chart illustrating an example
of the reading operation timing of a radiation

25 detecting device.

Fig. 6 diagrammatically illustrates an example of

the signal to noise ratio of sensor output.



25 SN = exp([err] + [err]) wherein SN is the desired signal

to noise ratio of the whol e device, FPS is the nunber of franmes per
second -7- upon t he
readi ng of the radiation detecting device; id - a reciprocal of the
time required for a reading; [err] is a time constant of build up
and attenuation of the wavel ength converter; [err] is a tine
constant obtai ned by 5 mul ti plying the capacity of the sensor el enent

by th ON t f the TFT f

o?‘/ I[(gtorage ti rrerg;‘slésjrisn'iclegfn ﬁ'gr?aﬁ' [ rPﬁTlé{?] e tai I S aé’lpéfeﬁ)/[err]]
SN SN d

of the wavel chghth W‘%ﬁ‘}%ﬁré earr&]m §'ohFedding onerd it dilery | 10 "¢

const ant of the t| ﬁgﬁ; er is turned on, or
In(SN[err]) in REfen er ]out % moJﬂ{g al to noise ratio required of
the TFT for triefisf o d gl A it A 1 P O Rib b £l fPRAGMAe Pt t he

5 the relationship between the transfer time of TFT and

the quantity of signals transferred.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention achieves the reading of
10 information with higher precision and stability by
taking the time characteristics related to the
wavelength conversion of a wavelength converter suéh as
‘a scintillator into consideration.
More specifically, according to the present
15 inventiog, in a radiation detecting device or method
" used in photographing using radiation emitted at a
prescribed pulse duration, the detecting device
comprises a wavelength convertér for subjecting the
radiation to wavelength conversion (for example, a
20 scintillator which converts the radiation into a
radiant ray having a wavelength in a wvisible fegion,
and has a time constant of the afterglow
characteristics of a luminescent screen) and a
photoelectrical conversioﬁ circuif part comprised of
25 pixels arranged in the form of a matrix and being
driven by turning on the thin film transistors (TFTs

for transfer) every at least one column prescribed,



sensor elenment. 15 According to the present invention, there is

further provided a radiation detecting nethod using a wavel engt h
converter for converting radiation into phot oel ectrically
convertible light and a plurality of - 1pixels arranged in the form of
a matrix which pixel 20 conprises a sensor elenment for converting the
| i ght into an electric signal and a thin filmtransistor :

(TFT) for transfer connected to the sensor elenent to successively
transfer a signal fromthe pixel, the met hod conpri si ng

turning on t he WHCh Pise} i aenprisedofhdighin fllmtf’r@‘ﬁ‘PﬂTse#%Fe@? ansf er
after the delay of at | east

‘(n x [err]), \Mﬂﬁ¥%qg[%HRHQ§QF¥PQQrﬁ?Hﬂﬁﬁﬁ%nﬂnQﬁa thin fllTﬁEﬁ%Rﬁ%ﬁ?%ﬁlc of
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and connected to the respective thin film sensor

5 elements; and the radiation detecting method uses these
respective parts, wherein the detecting device or
method is adapted to turn on the thin film transistors

after the delay of at least (n x T,) [T, being a time

constant of the characteristics of the wavelength

10 converter (the afterglow characteristics of a
luminescent screen of the scintillator)], after the
irradiation is stopped, thereby transferring signals
stored in their corresponding thin film sensor
elements, the above objects can be achieved by

15 designing a system so as to satisfy the following
relationship:

n = In(SN);

nxT = In(SN) x T,

wherein SN is a signal to noise ratio required of the
20 system.

According to the present invention, in a
radiation detecting device or method used in
radiophotographing, radiation diagnostic apparatus or
radiation therapeutic apparatus using radiation, the

25 detecting device comprises a'wavelength converter for
subjecting the radiation to wavelength conversion (for

example, a scintillator which converts the radiation



after the irradiation is stopped, thereby transferring 5 a signal

stored inits correspondi ng pi xel . According to the present

i nvention, there is still further provided a radiation detecting

met hod usi ng a wavel ength converter ¥2r- converting radiation

I nto photoelectrically convertible Iight and a 10 plurality of pixels
arranged in the formof a matrix whi ch pi xel conprises a sensor

el enent for converting the light into an electric signal and a thin
film transi stor (TFT) for transfer connected.to the S

el enent to sucdd®Q f KR Y hayiing@ f"‘fad’rﬁe"tw riSi 1)551%%'3 he met hod

((:grr!:()rl[zlrp]g iaflé%‘q/g[g[the foll ovmtr}%e':ﬁ_gn Wq: até Ot'}x 08 Sol—wogip([err] .
Lerrl) o %grelcq:ﬁ%qstsi D& £18° G Uil ts%xo%r?)e fid G of the 20

whol e devi ce; e nu e ranes per secon upon the

reading of a raj ecﬂgil o £ 1 HbriRM SN Q’flﬁ:u:l.t part &dnphocla e the tine

required for a'r is a time constant of build up and
attenuatien of gigis arraﬁ@a%li&fl%ﬂé FPESfera netrix idnhd Bify const ant

obt ai ned by

driven by turning on the thin film transistors every at
least one column prescribed, which pixel is comprised
of a thin film sensor element having a prescribed
capacity and a thin film transistor having a prescribed

10 ON resistance and connected to the respective thin film

- sensor elements; and the radiation detecting method
uses these respective parts, a desired signal to noise
ratio (SN) required of the system can be obtained by

satisfying the following relational expressions:
15 (a x T + B xT,) < 1/FPS;
SN = exp(a + pf); and
l/SN = exp(-a-B)
wherein T, is a time constant of the characteristics of
the wavelength converter (the build up and attenuation
20 of light emission of the scintillator); <, is a time
constant obtained by multiplying the capacity C of the
thin film sensor element by the ON resistance R of the
thin film transistor; FPS is the number of frames per
second upon the reading of the radiation detecting

25 device, or a reciprocal of the time required for a

reading; o is a multiple of [(storage time of the light



25 mul ti plying the capacity of the sensor el enent by the ON

resi stance of the TFT for transfer; ais a multiple

- 9- of [(storage tinme of the light signal in the sensor
element)/[err]], or In(SNerr]) in which SNzr¥] is a signal to noi se
ratio required of the wavel ength converter; and [err] Is a multiple
of a tinme constant of the tine the TFT 5 for transfer is turned on, or
In(SNferr]) in which SNferr] is a signal to noise ratio required of
the TFT for transferring the signal stored in the capacitor of the
sensor el enent signajlp in @ EerEOR (EEhaotvipe Gemgeny Ngsof build up

Fig. 1 diagrammatically illustrates an exanpl e of the aftergl ow

characteristi camf attariudtidrataf .1ight emission Fof).tleis a schematic

circuit diagram illustrating an exanple of the schematic

construction scintillator)], or 1n(SN,;) in which SN; is a signal to
noise ratio required of the wavelength converter

5 (scintillator); and P is a multiple of a time constant

of the time the thin film transistor (TFT) is turned
on, or 1ln(SN,) in which SN, is a signal to noise ratio
required of the TFT for transferring the signal stored
in the capacitor of the thin film sensor element,

10 whereby the above objects can be achieved.

According to the present invention, as described
above, signals of a desired S/N ratio, which are
reduced in noise and narrowed in scattering, can be
read out by adopting the reading method taking the

15 characteristics of the wavelength converter such as the
attenuation characteristics of a scintillator into
consideration, which enables us to reduce an exposed
dose by intermittent exposure-to radiation, or X-rays.

In addition, a radiation detecting device having

20 the desired S/N ratio can be designed with ease by
deriving the relationship for obtaining an optimum
signal to noise (S/N) ratio taking the attenuation
characteristics of a scintillator into consideration in
the inspection, diagnosis and therapy with radiation

25 continuously emitted.

According to the present invention, for example,

a radiation detecting device comprising a large screen



15 of a radiation detecting device. Fig. 3Ais a schematic

plan view illustrating an exanpl e of a photoelectric conversion
circuit part. Fig. 3B is a schematic cross-sectional view

t aken on line 3B-3B of Fig. 3A. 20 14 - Fig. 4 is a schematic
circuit diagram Il lustrating an exanple of a photoelectric

conver si on part. Fig. S5is atimng chart illustrating
an exanpl e of the reading operation timng of a radiation 25
detecting device. Fi g. diggrammptjcally il lustrajes an
exanmpl e of sengpe 8?ﬁﬁ£|W%Ehn%i%€“¥%f$BYg$?sth§ r¥%%mpik§ns stors

;Iﬁgétrating anaQQaFB?glg$1TZé%?%gg%g@%%%%%ﬂ£g$%FF%&gréﬁgﬁggSfI@%ég)
two-dimensionally arrayed in the form of a matrix on an
insulating substrate, and a wavelength converter such

5 as scintillator arranged on the surface of the large
screen sensor panel can be easily designed as a

radiation detecting device having the desired S/N ratio

by relating a time constant t obtained by multiplying

thé capacity C of the sensor by the ON resistance R of
10 the thin film transistor, the read rate, S/N, and the

attenuation characteristics of the wavelength converter

such as the scintillator to the timing of irradiation.

The present invention will hereinafter be
described in details with reference to the drawings.

15 [First embodiment]

Fig. 2 is a schematic circuit diagram centering
on a radiation detecting device 100 for describing this
embodiment. 1In Fig. 2, a relafionship between a |
subject 13 and‘a scintillator 14 or the like is

20 schematically illustrated.

As illustrated in Fig. 2, the radiation detecting
device according to this embodiment has a scintillator
14 as a wavelength converter which converts radiation
12 into photoelectrically convertible light, and pixels

25 109 arranged in the form of a matri# which pixels
comprises sensor elements Sl-1 to S83-3 for converting

the light into an electric signal, a unit of which



upon readi ng out a noving i nage. Fig. 8 diagranmatically
il'lustrates an exanpl e of 5 the relationship between the transfer tine
of " TFT and the quantity of signals transferred. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS - ® present invention achi eves
the reading of 10 i nformati on with higher precision and stability by
taking the time characteristics related to the wavel engt h conversion
of a wavel ength converter such as a scintillator into consideration.
More specifically, according to the present 15 invention, in a

radi ati on det ec@enapriedencnt iptrepresented l,tgedmmelpaﬂetkﬁﬁam Fg us? ng
radiation emtted at a e_é)rescrlbed pulse duration, the detecting

devi ce b TERS GRbR t Tl ARy ) f'H' ]su’ffj’ B33 EPHe

radi ation to wavel engt h conversi on (for exappl e scinti|

whi ch converts "Erf?é‘sr Tt TR AT fFonnecteq p a‘Fﬁe r%ﬁ:s?%ﬁ’ﬁh\ﬁeap% ength

in avisible re ; nd_has stant of, the. afferglow

characteristicsT fs%ccfetﬁﬁlh‘é %én‘fr%sfg )Sr%‘fbaolgs £¥on trb%o?jo’é?]te%‘t rical

conversi org i reurt pafﬁ ﬁ?f@rén?z%jdﬁfnent, in order to obtain a desired
signal to noise ratio SN, the detecting device further
comprises a means (a shift resistor 102 in Fig. 2) to
turn on the TFT to be turned on first among the TFTs
Tl1-1 to T3-3 for transfer after causing delay by means

10 (for example, a control circuit 15, a CPU 16 and a

program memory 17 in Fig. 2) for delaying for at least

(n x 7,), wherein 7, is a time constant of the afterglow

characteristics of a luminescent screen of the
scintillator 14, and n is 1n(SN), after the irradiation

15 with the radiation 12 is stopped, thereby transferring
a signal stored in its corresponding pixel.

The radiation detecting device 100 comprises the
scintillator 14 which converts the radiation 12 into
visible light, a photoelectric conversion part 101 in

20 which pixels comprised of the thin film sensor elements
S1-1 to S3-3 having a-Si as a semiconductor layer for
receiving the visible light and converting into an
electric signal and the thin film transistors (TFTs for
transfer) T1l-1 to T3-3 having a-Si as a semiconductor

25 layer for transferring the signal charges
photoelectrically converted by the thin film sensor

elements S1-1 to S3-3 on the side of matrix signal



25 pixels arranged in the formof a matrix and bei ng driven by

turning on the thin filmtransistors (TFTs for transfer) every at

| east one col unmm prescri bed, whi ch pixel is conprised of
a thin filmsensor el enent having'hfﬂ@é%cribed capacity and a thin
filmtransistor (TFT for transfer) having a prescribed ON resistance
and connected to the respective thin film sensor 5 el enments; and the
radi ati on detecting nethod uses these respective parts, wherein the
detecting devi GAsAngs m1 £dHdI0fd Stvﬁﬁ-aﬂtn@ké&ﬁaﬂ 1y %H}?eé hir fHid m
transistors ter t el ay of at |east err]) [[err] being a
tine CongraloOfa tifeohar afierd SHiG Qfeélf'ﬁi:d‘}.a\lmzirﬂiﬂq dfring

converter (the aftergIOW/characterlstlcs of a | um nescent screen of
the scintill at ahd ,gatid Aridd® G1 to G3 rgMditad ithin SESImwppathsidwyeiml -

transferring signals
1 to T3-3. In this embodiment, the pixels are
5 illustrated in a 3 x 3 matrix for the sake of brief
description.

A capacitance 3 times as much as the
interelectrode capacitance (Cgs) of the thin film
transistor is added to the matrix signal wiring M1 upon

10 transfer. However, in Fig. .2, it is not indicated as a
capacitor element. The same- shall apply to the other
matrix signal wirings M2 and M3. The photoelectric
conversion circuit part 101 in Fig. 2 comprised the
thin film sensor elements (hereinafter also referred to

15 as "photoelectric conversion elements") Sl1l-1 to S3-3,
the thin.film transistor (hereinafter also referred to
as "switching elements") Tl1l-1 to T3-3, the gate driving
wirings Gl to G3 and the matrix signal wirings M1l to
M3. These can be arranged on an insulating substrate

20 not illustrated. The shift resistor (SR1) 102 serves
as a driving circuit part for switching on or off the
switching elements T1-1 to T3-3.

Reference characters Ll to L3 indicate
operational amplifiers for amplifying and impedance-

25 converting the signal charges from the matrix signal
wirings M1 to M3. In Fig. 2, they are illustrated as

buffer amplifiers forming a voltage follower circuit.



stored in their corresponding thin film sensor el enents, the above
obj ects can be achieved by 15  designing a systemso as to satisfy the
fol | owi ng rel ati onshi p: n = In(SN); n x
[err] = 1n(SN) x [err] wherein SN+sl?A signal to noise ratio
required of the 20 system According to the present

I nvention, in a radi ati on detecting device or nethod used in

radi ophot ogr aphi ng, radi ation di agnostic apparatus or radi ation

therapeutic apparatus using radiation, the detecting deyice
conprises a M\%%W%&W?‘éﬂ’e‘f%rs“l to S%tﬂ%%’c?% &h ?%’}l‘%ﬁl on to

R At o AL B zonctnd "SI0 e il b 1 comver

| nta a radi ant é/ 'l?i\./olnrm]aql aam"@i’f%:.egr.gé IAt.i Nedt 4 S'Plg. , the outputs from

the respective matrix signal wiring M1l to M3 and
5 transferring them to capacitors CLl1l to CL3. The read
capacitors CL1 to CL3 are read out by the reading
switches Srl to Sr3 through buffef amplifiers Bl to B3
forming a voltage follower circuit.
Reference numeral 103 designates a shift resistor
10 (SR2) for switching on or off the reading switches Sril
to Sr3. The parallel signals from the read capacitor
CL1 to-CLS are converted into a serial signal by the
reading switches Srl to Sr3 and the shift resistor
(SR2) 103, inputted into an operational amplifier 104
15 comprising a final voltagé follower circuit and further
digitized in an A/D converting circuit part 105.
Reference characters RES1 to RES3 indicate resetting
switches fof resetting the sighal components stored in
.thelrespective capacitors (3 Cgs) added to the matrix
20 signal wirings Mlato M3, and the .signal components are
reset to a desired reset potential (reset to a ground
potential of GND in Fig. 2) by a pulse from a CRES
terminal.
Reference numeral 106 indicates a power source
25 for applying a bias ta the photoelectric conversion
elements S1-1 to S3-3. A reading circuit part 107

comprises the buffer amplifiers L1 to L3, the transfer



region, and has a time constant of the aftergl ow characteristics of

a |l um nescent screen); and a phot oel ectrical conversion circuit part
conpri sed of 5 pi xel s arranged in the formof a matrix and being
dr.iven by turning on the thin filmtransistlés every at | east one
col um prescribed, which pixel is conprised of a thin film sensor

el enent having a prescri bed capacity and a thin filmtransistor
havi ng a prescri bed 10 ON resistance and connected to the respective
thin film se el _ement a the r dlatIOULdet t.i

uses these respeEty spaﬁ‘}]s o FHERTaICARRS cir % réi‘t ‘0 ( SN)
required of thechevsomeﬁecza%g&en% 24 B B3 thesasa Ao Sl | oni ng
rel ati onal expréessions err] X [€err] err ) [err]

1/ FPS,; (er S5 too$r3 e@{e[ et r{e"é idtor ¥, the final L/ SN =

exp(-[err]- rein [er I's a tine‘constant of the

characteristi C%ﬁgratlonal téﬂ?plvi?f‘i%xew G el relddtt ity Ishisienaiad

attenuation of light em ssion of the scintillator); [err] is atime

const ant @pt ai I’!fBi;lb)tdﬂﬂHS@J ying tHee fapad,t \a @yaibdine'sMPL" denvtes id m
sensor elenent by the ON resistance R of the
SMPL terminal for SMPL pulses.

Fig. 3A is a schematic plan view illustrating an
example of a photoelectric conversion circuit part in
which photoelectric conversion elements and switching

10 elements are fabricated using a thin amorphous silicon
semiconductor film 312. Fig. 3B is a schematic cross-
sectional view taken on line 3B-3B of Fig. 3A. Thin
film sensor elements 301 and thin film transistors
(amorphous silicon TFT; hereinafter referred to as

15 "TFT" merely) 302 are formed in the same glass
substrate 303. The lower electrode of each thin film
sensor element 301 and the lower electrode (gate
electrode) of each TFT 302 are-formed by the same first
thiﬁ metal layer 304. The upper electrodes 305, 309 of

20 the thin sensor elements 301.and the upper electrodes
(source and drain electrodes) of the TFTs 302 are
formed.by the same second thin metal layer. The first
and second thin metal layers also form gate driving
wirings 306 and matrix signal wirings 307 in the

25 photoelectric conversion circuit part. In Fig. 34, 4
pixels in total of 2 x 2 are illustrated. 1In Fig. 3A,

. a hatched area indicates a light-receiving face of the



thin filmtransistor; FPS is the nunber of franes per second upon

t he reading of the radiation detecting 25 devi ce, or a reciprocal of
the tine required for a reading; ais a multiple of [(storage tine
of. the |ight - 19 - - 13 -

signal in the sensor)/(the time constant [err] of build up and
attenuation of light em ssion of the scintillator)], or In(SNerr])
in which SNferr] is a signal to noi se ratio required of the

Ume constant hin £ gRndis tape %n”)%«aaﬁfaéearnélﬁc%m% 3% or ne
Che TET for o1 A4 &e BT S %‘9@4 %frb%seﬁfo"rc’ IS e, ias SLHAL Fe
UTRITL R N b A S
desired S/N raﬁhﬂmeﬂglcgldufhdicates a contact hole for connecting the
5 thin film sensor element 301 to the TFT 302.
The thin film sensor element 301 has the same MIS
structure in section as the TFT 302. The insulating
films 311 of the thin sensor element 301 and the TFT
302 are composed of an insulating film formed in
10 common. A crossing area 314'of the gate driving wiring
306 and the matrix signal wifing 307 has an insulating
film 311, a thin amorphous silicon semiconductor film
312 and an ochmic conduct layer (n* layer) 313 between
their wirings. Numeral 315 denotes an insulating layer
15 of, for example, silicon nitride (SiN) film as a
protectiﬂg film, whiéh is formed after forming thin
film sensor elemenf 301 and TFT 302.
Fig. 4 is an equivalent circuit diagram to the
photoelectric conversion circuit part in Fig. 2. A
20 . pixel comprised of the thiﬁ film sensor element and TFT
is indicated by a square for the sake of convenience.
A bias line through which a bias is applied to
the respective thin film sensor elements ;s divided
into 4 systems (Vsl to Vs4), and the reset of the
25 sensor can be conducted separately in the 4 systems.
Fig. 4 illustrates an example where the pixels

are arrayed in an n x m matrix. Since the sensor bias



reduced in noise and narrowed in scattering, can be read out by
adopting the reading nethod taking the 15 characteristics of the
wavel engt h converter such as the attenuation characteristics of a
scintillator into consi deration, whi2@ enables us to reduce an
exposed dose by intermttent exposure to radiation, or X-rays.

In addition, a radiation detecting device having 20 the desired S/'N
rati o can be designed with ease by der|V|ng the relationship for
obt ai ni ng an opt

attenuation SnHEﬁﬁ?%ﬂtﬁ?ﬁgt?céy%geﬁggi #%Pratlo %a 8§§W%gfﬁ?i3n in

t he i nspection, di%?ﬂf%' gd therapy with radlatlon 25 conti nuously
emtted. ccording to the present invention, for exanple,

aradiation detectingrgVbferaeiBh! SENtha [8898¢36hC8Btecting device
according to the first embodiment will now be
5 described. Fig. 5 is a timing chart illustrating an
example of the operation of the radiation detecting
device as shown in Fig. 2 upon radiophotographing. The
operation will be described in detail with reference to
the drawing.

10 Charges remaining in the wirings M1, M2 and M3
after irradiation only'for the time T by an X-ray
source 11 are removed by turning on the CRES terminal
and the transistors RES1 to RES3, thereby rendering the
wirings M1, M2, M3 a ground potential.

15 | The X-ray 12 emitted from the X-ray source 11 and
transmitfed by subject 13 such as a structure or human
body enters the scintillator 14, thereby causing the
scintillator to emit light acébrding to the quantity of
the X-ray transmitted.

20 The light emitted frbm the scintiilator 14 enters
the respective photoelectric conversion elements S1-1,
S1-2, see¢ to S3-3 in the radiation detecting. device
100, and signal charges according to the quantity of
the light incident on the respective photoelectric

25 conversion elements Sl1-1 to S3-3 are generated.

The signal charges are stored only for a certain

period of time in capacitor components formed in the



sensor panel with a %Iurality of thin filmtransistors and thin film

sensors having a-Si (anorphous silicon) t wo- di nensional ly arrayed in
the formof a matrix on an i nsul ating substrate, and a wavel ength
converter such 5 as scintillator arrardfed on the surface of the large
screen sensor panel can be easily designed as a radi ati on detecting
devi ce having the desired S/INratio by relating a tine constant

[err] obtained by nultiplying the capacity C of the sensor by the ON
resi stance R of 0 the thin filmtransistor r e, N, and

t he at't éﬂ‘tﬂ];\‘i‘?eo’rf—‘%‘h%ﬁ% ccfoé}vf%’ﬁ?co? o??%‘?leenotv\%vée?%h g ?il%csro-ﬁ‘%fer t'@re

such as the scifit] t IR [ T %§g ' ; s~ The
present invent ié(} Avéﬁa!(ﬂﬂaeztr%én;%&e#éﬂbg% ¥nd B _es(?:érjl' gednl'cn c(?er}[ve.l?l' Ssm'v{/? th _
reference to thg JAWNWL-1 1 s1ldidSlededid@Nine are transfedidl 2 1S
a schematic circuit diagramcentering on a radi ation detecting

device 100 for @ekddddibst Moinponents QB¥HIEfEncd B Rifhes’ asd MiliratdHnshi p
bet ween a subject 13 and a scintillator 14 or the like is 20

schematica |y itHadgstefl.the switching fendntsiThido TFiz) 2, the

radi ati on detecting devi ce according to thi's enbodi mrent has a

scintillator respectively formed in the matrix signal wirings M1 to
M3 by turning on the switching elements Tl-1 to T1-3
only for the time tl according to a gate pulse signal
Gl from the shift resistor (SR1) 102. In Fig. 5, M1l to

10 M3 indicate the transfer where the gquantities of the
signals stored in the respective photoelectric
conversion elements vary. More specifically, in the
photoelectric conversion elements S1-1 to S1-3 of the
first line, the output level is as follows:

15 S1-2 > Sl1l-1 > S1-3. The signal outputs from the matrix
signal wifings M1l to M3 are amplified by the
operational amplifiers L1 to L3, respectively.

Thereafter, the switching elements Snl to Sn3
within the reading circuit pért are turned on only for

20 the time t2 according to an SMPL pulse illustrated in
Fig. 5, whereby the signals are transferred to the read
capacitor CL1 to CL3, respectively. The signals in the
read capacitor CL1l to CL3 are impedance-converted by

the buffer ampiifiers Bl to B3, respectively.

25 Thereafter, the reading switches Srl to Sr3 are
successively turned on according to shift pulses Spl to

Sp3 from the shift resistor (SR2) 103, whereby the



14 as a wavel ength converter which converts radiation 12 into

phot oel ectrically convertible Iight, and pixels 25 109 arranged in the
formof a matrix which pixels conpri ses sensor elenments S1-1 to S3-3
for converting the light into an eted2rtc signal, a unit of which

- 15 - sensor elenment is represented by nuneral 108 in Fig. 2,
and TFTs (thin filmtransistors) T1l-1 to T3-3 for transfer, which
are connected to the respective pixels to successively transfer

syanal s 1o S AIELE: argiat cherarel rihie A R Hhe b1 S, 2,
(e e T SRORGLEGR TGRS (R Tk kT Stal 1060l a Brap) L0,
for ransier alLfbnaR ahA0rd8h Wby "REHINiAG that! Pl 82NN Ehs Sof MO
shift pulses Spl, Sp2 and Sp3 are equal to one another
5 and t3 (i.e., Spl = Sp2 = Sp3 = t3), the time required
for the serial conversion and reading amounts to
t3 x 3. The signal sefially converted is outputted
from the final operational amplifier 104 and further
digitized by the A/D converting circuit part 105.

10 Vout illustrated in Fig. 5 indicates an analog
signal before being inputted into the A/D converting
circuit part 105. As illustrated in Fig. 5, the
parallel signals from the Sl1l-1 to S1-3 of the first
line, i.e., the parallel signals of the signal

15 potentials of the matrix signail wirings M1l to M3 are
serially.converted on the Vout signal in proportiﬁn to
the levels thereof.

Finally, the signal poténtials of the matrix
signal wirings M1 to M3 are reset to a certain reset
.20 potential (ground potentiai) through the respective
resetting switches RES1 to RES3 by turning on thé CRES
terminal only for the time t4 to apply a CRES pulse,
thereby providing for the next transfer of signal
charges from the photoelectric conversion elements S2-1

25 to S§2-3 of the second line. - After this, the

photoelectrically converted signals of the second and

third lines are read out repeatedly in the same manner



programnenory 17 in Fig. 2) for delaying for at |east (nx [err]),

wherein [err] is a tinme constant of the aftergl ow characteristics of
a lum nescent screen of the scintillator 14, and nis In(SN), after
the irradiation 15 with the radiation 128is stopped, thereby
transferring a signal stored in its correspondi ng pixel.

The radi ation detecting device 100 conprises the scintillator 14
which converts the radiation 12 into visible light, a photoelectric

conversi on part 10} €% sgi h plxe|S conprised of the thin film sensor
el enent s I the &tsstha a-Si as a seniconductor |ayer for

receiving the VISIb|e QFI qu td oo fﬁk agg nal
and the thin fil mtran5| S ors 5 IIQ:'I g sdifsoll 4 ranesfselfgn %ﬁ%{i#gﬁg&
having a-Si as gaE8&LEsNE {?121.50 Gsi YETRO I TETSNSES € ed Non ST gnal
char ges phot oel ectTically converted by the thin film sensor

e'igents S1-1 tRcSSrSingLy NotheFe £f dBddviatidiiBetween the time that
5 Gl first turned on for transferring a sensor signal is
turned on and the time that G3 last turned on is turned
on, so that the influence of the attenuation of light
emission of the scintillator varies every line. This
will be described with reference to Fig. 6. Fig. 6
10 diagrammatically illustrates how sensor output'varies
after stopping the irradiation.

In Fig. 6, an attenuation component is regarded
as a signal component S és illustrated in the drawing,
since the attenuation component is considered to be

15 stored as a signai component in an area in which the
sensor oﬁtput is attenuated on an axis of ordinate.
For example, when the TFTs for transfer are turned on
-upon the elapsed time of Tml after turning off the
radiation to read out the signal charges stored, an S'
20 ° component already stored can be read out as a signal.
However, an N' component generated on and after the Tml
is left as a remaininé component which may not be
transferred, because it is not yet stored.
Accordingly, this remaining component may be said to be
25 aﬁother noise component N' than the signal cémponent.
Namely, the sensors of a line that the gates of

the TFTs for transfer are eailier turned on after



wirings M to M3 are two-dinensionally arréyed in the formof a

matrix, and a shift resistor 102 for driving the gate lines Gl to G3
of"the thin filmtransistor T1- 1 to T3-3. In this enbodinent, the
pi-xels are 5 illustrated in a 3 x 3 me44ix for the sake of brief
descri ption. A capacitance 3 tinmes as much as the

I nterel ectrode capacitance (Cgs) of the thin film transistor is
added to the matrix signal wiring M upon 10 transfer. However, in

Fig.2, it is not |£@ apacitor elgﬂe The_sane ghall

| cat t
apply to the otH&f ’I‘gcac’FPn’ai's? ??%%Wa‘?rg T3 SERRPE %"‘UI\E’B" FRhorte
hot oel ectri ' i ' 0, .J ' ised th
Phin 711 m sensdFeaaRnta e it febbuid ind et dafadod 0P, 584 The
 Phot oel ect 11 ¢ MG ION RSP U fgraSled Adisd rhtio (51/kNE idiibdl ! M
transistor (hereinafter also referfed to as "switching elenents")

Tl-1-to T3-3, tdi¢ €dd ©thdY MEhd, the FRdUStEIndOs&SBraeo t 8/ NRISE X
signal wirings M to M3. These can be arranged on an 1 nsul ating

substrate 520 thdGenddtSidRi£dind hehdthi tHe Ieststis €ifed 162 Berees
as a driving circuit part for swtching on or off the
(for example, at Tm2) is high. Therefore, the signal
to noise ratio varies with the line, resulting in the
fact that the signal to noise ratio as the system is
reduced.
10 However, a signal to noise ratio (SN) required as
a system can be obtained by presetting the time

corresponding to the signal to noise ratio (SN)

required as the system to the time constant T, of

attenuatioh of the scintillator up to the time the gate
15 voltage qf the TFTs for transfer ié turned on.
Assuming thét the quantity of light emitted by
the scintillator right before stopping the irradiation
is 1, the quantity of light emitted by the scintillator

upon the elapsed time of n x T, after stopping the
20 irradiation amounts to exp(-n x T,). Accordingly, 1/SN

= exp(-n) and 1n(SN) = n can be set for the SN required
as the system.
Accordingly, the desired SN can be obtained by
presetting the time until the TFTs for transfer are
25 first turned on for reading out a sensor signal after

stopping the irradiation to Tm2 = n x T, or longer as

illustrated in Fig. 6.



switching elenents T1-1 to T3-3. Ref erence characters L1 to L3

i ndi cate operational anplifiers for anplifying and i npedance- 25
converting the signal charges fromthe matrix signal wirings M to
M3. In Fig. 2, they are illustrated as = 25 uffer anplifiers formng a
voltage follower circuit. , - 17 -
Ref erence characters Snl to Sn3 designate transfer swi tches for
readi ng out the outputs fromthe operational anplifiers L1 to L3,

and 5 transt orri e meRed LY GSGIRL gt Gfathd dady 8 10

capacitors CL1 to re read |k et ches Srl to
Sr3 throughtnﬁ?%nféﬁ%)iﬁnésg §¥E§0QESBQ$ &8§g¥ggﬁﬁnénab§§ tage follower

circuit. Ref erence_nuneral 10 i.gn ' '
As means for cor?trojll?irgge S*l:l'(:ge aétae,'l.'l?a};1 'g.'ﬂlllé turEtGﬂ S'Eﬁ)er
| TFTs for transfer are first turned on to at least

5 n X T,, there are means in which a control program is

driven by, for example, a microcomputer (CPU) to start
counting at the time the irradiation by the radiation
source 11 is completed, taking the circuit illustrated
in Fig. 2 as an example, and the Gl output of the shift

10 resistor SR1 is driven after delay of at least n x T,

and the like. Thus, this control can be easily carried
out by the conventional techﬁiques.

It may also be easily carried out by providing a
synchronizing signal line and a delay circuit between

15 the shift resistor SR1 and the radiation source 11 to
delay a completion signal of the irradiation from the
radiation source 11 in the delay circuit and then input
it as a start signal for the shift resistor.

[Second embodiment]

20 .In this embodiment, an example where a desired SN
is obtained in the case where many frame images are
continuously read out to form a moving image will be
described.

Although thé pixels of the radiation detecting

25 device in the photoelectric conversion circuit part in

Fig. 2 are arranged in a 3 x 3 matrix, a case where

pixels are formed in an m (line) x n (column) matrix



10 (SR2) for switching on or off the reading switches Srl to Sr3.

Tﬁe paral l el signals fromthe read capacitor CL1 to CL3 are
converted into a serial signal by the reading switches Srl to Sr3
and the shift resistor (SR2) 103, 9 futted into an operationa
anplifier 104 15 conprising a final voltage follower circuit and further
digitized in an A/D converting circuit part 105. Ref erence
characters RES1 to RES3 indicate resétting switches for resetting

the signal’ commeonte, SQLElAdh 1o tnid NEHEAREN V© GARAN Mabd 3 1995)

added to the natr I'gnal™ W r1ngs to , a si gna

component s are 4o gonedPSlo (fed TN PhJRRS AYRwIsd [ied Rk o7 0N

potenti al of g. y a pulse froma CR term nal.
Ref erence numergdodhif. | K CEHHS SimROVR! sifitiithg Aime gy ffmey/iiRg a bias
to the photoelectric conversion el ements S1-1 to S3-3. A reading

;:i rcu}t part 10i//30 (secyrponpreses33 esduiffer anplifiers L1 to L3, the
A 5 Figs. 7A to 7E are timing charts illustrating an
example of timing upon reading out a moving radiation
image. As illustrated in Fig. 7A, the irradiation is
continuously conducted.
Fig. 7B illustrates the case where reading or
10 storage of signals is continuously conducted.

Fig. 7C illustrates the case where after the
whole array is read out, a quiescent time Q is provided
before the next reading is started (indicated by a
broken line in the drawing). The quiesceht time can be

15 preset to at most t; - t;*q wherein t, is a scanning
time per.frame, t; is a read.time per column, and g is
the number of columns read (< n).

Fig; 7D illustrates the case where each column is

read out at a certain timing, but a quiescent time is
20 provided between reading times of the respective
columns (while storage is being conducted).

Fig. 7E illustrates the case where a quiescent
time is provided between reading times of the
respective columné like the case in Fig. 7D. However,

25 during this quiescent time, storage is also not
conducted in each column. An S/N ratio can be further

enhanced by, for example, conducting (refreshing) drive



- 18 - switches Snl to Sn3, the read capacitors CL1 to CL3,

the buffer anplifiers Bl to B3, the readi ng swtches Srl to Sr3, the
shift resistor SR2, the final operational anplifier 104, and the
resetting switches 5 RESL to RES3. In 2he-figure, a symbol "SMPL"
denotes a SMPL term nal for SMPL pul ses. Fig. 3Ais a
schematic plan view illustrating an exanpl e of a photoelectric
conversion circuit part in whi ch phot.oel ectric conversion el enents
and switching 0] el enents.are fabri e N ' ilicon
sem conduct or f%?ﬁ?SiZFe?f 91%%;?gm%pgéﬁéﬁgfférC?%égﬁgfaeén85§£§¥$% al view

taken on |ine 3B: Fi .sdhj filmsensor elenents 301 and
thin filn1trans?§@§rgﬂe égnsgféﬁ%r%ﬁ%ﬁgegilicon TFT; hereinafter referred

toas 15 "TET" mepglint 807 PhPahStoPd 18146603266 Sédd@Hng in a
substrate 303. The | ower el ectrode of each thin film sensor el enent

301 and the | ongyseb@CinOlgdifgt & radiatichedétediedr oin€bede THe 302 are
formed by the sanme first thin nmetal |ayer 304. The upper el ectrodes
305, 309 of following four parameters:

(1) SN required of the system;

(2) CR time constant T, according to a sensor and

a switch in each pixel;
(3) scanning speed (the number of frames)
10 required of the device; and

(4) time constant T; of light emission of a

scintillator as to build up upon exposure to an X-ray
and attenuation after the exposure to the X-ray.

The parameters (1) to (4) will be described in

15 more detail.

(1) The SN of a signal from a sensor panel is
defined by the quantity S of a signal transferred
through a switch and the quantity N of a signal left
after the transfer.

20 (2) The CR time constaht‘g is a value obtained by

multiplying a storage capacity C of the sensor by an ON
resistance R of the switch (TFT) in each pixel.
(3) The scanning speed (the number of frames) is
the number of scanning opérations (the number of
25 frames) of n columns (g < n columns as needed) per
second. In the normal monitor, it is 30 frames/sec.

(4) The build up of light emission of a



20 the thin sensor elenents 301 and the upper el ectrodes (source

and drain el ectrodes) of the TFTs 302 are formed by the sanme second
thin metal layer. The first and second thin netal layers also form
gate driving wirings 306 and matrix 28 ghal wirings 307 in the 25
phot oel ectric conversion circuit part. 1In Fig. 3A 4 pi xels in
total of 2 x 2 are illustrated. In Fig. 3A a hatched area indicates
a light-receiving face of the - 19

thin fil msensor elenent. The %P odes 305 309

%{Fmpg\é\ﬁgofugrgij}rﬁzﬁéle?r AR i SRPBY s . lgéf?le:area_‘cé‘{a_tl‘?%s%t?% t hin
for connecting ﬁ%téenu%t@‘eor?{%?eijqﬁnegﬁ%?&gloefro,rell%fé %ﬁﬁ)@%@%ﬁ% hote
Section as 1 he S PSRt e RATY o myet iR onsor
el ement 301 and,ifhelffial (Zat®) change. However, it is defined as

5 being expressed by an exponential function according to

" the time constant T, in the present invention.

Fig. 8 diagrammatically illustrates an example of
the relationship between the transfer time of TFT, and
the quantities of signals transferred and signals left

10 after the transfer, and shows the transferred quantity
in the case where signal charges stored in capacitors
within the photoelectric conversion elements (S1l-1 to
S$3-3 in Fig. 2 by way of exaﬁple) are defined as 1.
Consideration is given as to the above parameters with

15 reference to Fig. 8.

When transfer is conducted f times as much as the
time constant T, (wherein P = t/t,), the transferred

quantity of the signal component S may be expfessed by
S = 1 - exp(-B) as illustrated in Fig. 8 when the

20 parameter (1) is combined with the parameter (2). The
component N, left after the transfer is expressed by

N, = exp(-f) as illustrated in Fig. 8. When the

transferred signal component is defined as S, S comes
to 1 - N, =1 - exp(-B). Since exp(-f) « 1, S may be

'25 said to be nearly equal to 1 when standardized.

On the other hand, since SN, = S/N,, SN, may be



302 are conposed of an insulating filmformed in 10 . coﬁnnn. A crossing

area 314 of the gate driving wiring 306 and the matrix signal wring
307 has an insul ating film 311, a thin anorphous silicon

sem conductor film 312 and an ohm <€ 29%n€duct |ayer (n[err] |ayer) 313
bet ween their wirings. Nuneral 315 denotes an insulating |layer 15
of, for exanple, silicon nitride (SIN) filmas a protecting film
which is formed after formng thin filmsensor elenent 301 and TFT
302. Fig. 4 is an equivalent circuit diggramtao_the

phot oel ectric c%’l%%‘i‘g?% Ry (2{M2 Spdvesni 'Iﬁ%g. AccRr Q%Y'pi% conpri sed
of the thin film sensor elenent and TFT I's indicated by a square for
the sake of corwemipreeal of SN, comes Adhilad$SN;i reexhf ofyh=wWNich a bias is
applied to the respective thin filmsensor elenents is divided

into 4 systens Nafselyp tisd)componéire Nedeiftofafiter tie traswfear bewones
conducted separately in the 4 systens. Fig. 4 illustrates an

exanpl e where thergckptecal of SNy,e car fayed eiguadn to An®Ngmtri x. Since the
sensor bi as '
5 The scattering of output based on the parameter

(4) will now be considered with reference to Fig. 6.
1) The output S of a scintillator having a time

constant T, of light emission after the time t from

light emission according to the build up of the light

10 emission is expressed by S = S;*(1 - exp(-a)) wherein S,
is a sensor output when saturated, and o is t/=T,.

2) The change in output due to the delay of
attenuation of light emission of the scintillator is
expressed by S = Sooexp(-aj.

15 When the time constant of build up and
attenuation of the scintillafor is 0, namely, a change
is caused momentarily, there ié no noise. However,

since the scintillator has the time constant T,, a noise
component occurs in a proportion of exp(-a). At this

20 time, the output S may be said to be nearly equal to 1.
In actual reading, the storage time is almost a
reciprocal of the number of frames. When the number of
frames is 30 frames/sec by way of example, the storage
time is 33 msec. Therefore, good approximation is

25 achieved when the time constant of the scintillator is

on the order of milliseconds.



- 20 - Is divided into 4 systens, the nunber mof colums is a

mul tiple of 4. The operation of the radiation detecting device
according to the first enbodinent will now be 5 described. Fig. 5is
‘a timng chart illustrating an exaApB@ of the operation of the

radi ati on detecting device as shown in Fig. 2 upon

r adi-ophot ogr aphi ng. The operation will be described in detail with
reference to the drawi ng. 10 Char ges renaining in the
wirings M, M and after irradjation onl h T by an

X- 1 ay sour ce ﬂa'a%Yr e?nﬁ%@d yPER T hg %r?al%es%éfte d

and the transistors RES1 to RES3, thereby rendering the mﬁrlngs ML,
M2, MB a groundreaudredal . 15 The X-ray 12 emitted fromthe X-ray
source 11 and transmtted by subject 13 such as a structure or human
body enters the scint$N| zegpized Fﬁ%?eﬁb ecgutFiget A8 the systePnti|lator to

emt |light according to the quantit
g becomes a syn%hetgc ¥N of SN, = exp(f) come about from

5 the time constant bf the TFT and SN, = exp(a) come about
from the time constant of the scintillator.
_ A reciprocal of this synthetic SN can be set to
1/SN = exp(-a-8).
The time of the TFT for transferring a sensor
10 signal is f x t,, and the time during which light from
the scintillator is received by the sensor to store a
signai therein is a x T,. The total time of a x T, and
B x 7, cannot exceed the time of 1 frame.
| Accordingly, the following relatiénal expression
15 is satisfied.
(o x T, + B x1,) < 1/FPS
wherein FPS is the number of frames per second upon the
reading of the radiation sensor; 7T, is a time constant

of build up and attenuation of 1ight emission upon and
20 after the irradiation of the scintillator with the

radiation; 1, is a time constant obtained by multiplying
a sensor capacity by the ON resistance of the TFT; o is

a multiple of [(storage time of the light signal in the
sensor)/(the time constant of build up and attenuation

25 of light emission of the scintillator]; and f is a



the X-ray transmtted. 20 The light emtted fromthe scintillator
14 enters the respective photoelectric conversion elenents Sl1-1,
S1-2, ... to S3-3 in the radiation detecting device 100, and signal
charges according to the quantity of - 3%he light incident on the
respecti ve photoelectric 25 conversion elenents Sl-1 to S3-3 are

gener at ed. The signal charges are stored only for a certain
period of tinme in capacitor conponents forned in the

- 21 - | j | S1- - h
si gﬁal char ges 'E‘E{D)Fgéf?eng thél Hﬁ‘%g‘\é‘?‘g %r‘]"ée%gﬁéﬁ’o‘%e ehe ﬁ?%?%ntes S1-1

to S1-3 of the fi L.he_are nsferred to capaci tor conponents
(capacitance 3 F%%%féé %%cﬁ?ﬁééa-éﬁ' the Cgs of the switching el enments
TI-1 to T3-3) AESORGLAYRL Y diRéBthd Neddion IRy Mtins | SP YN LéiSr M tO

per frame is preset to at least (a x T, + f x 1;,) by, for

5 example, a control system using a microcomputer, a
radiation detecting device having a desired signal to

noise ratio, SN = ln(a + B), can be obtained with ease.

Incidentally, assuming that a signal to noise ratio

required of the scintillator is SN;, o may be
10 represented by 1n(SN,), while f may be represented by

In(SN,) in which SN, is a signal to noise ratio required
of the TFT for transferring the signal stored in the
capacitor of the sensor element.
As described above, when the relationship between
15 necessary SN and read rate is preset to the optimum
also in systems of radiophotographic apparatus,
radiation diagnostic apparatus. and radiation
therapeutic apparatus, various radiation detecting
devices having a satisfactory signal to noise ratio
20 taking the time constant of afterglow characteristics
of a phosphor and the time constant come about from the
thin film sensor element and the thin film transistor
into consideration can be prévided.
According to the present invention, radiation
25 detecting methods and apparatus.capable of conducting
stable reading can also be provided.

Further, according to the present invention,



MB by turning on the switching elenents T1-1 to T1-3 only for the
time tl according to a gate pul se signal GL fromthe shift resistor
(SR1) 102. In Fig. 5, M to 10 MB indicate the transfer where the
quantities of the signals stored in $he~respective photoel ectric
conversion el enents vary. Mire specifically, in the phot oel ectric
conversion elenents SI-1 to S1-3 of the . first line, the output |evel
is as foll ows: S1-2 > Sl-1 > S1-3. The signal outputs fromthe

15
oper a1 onal_anpr e revibR Bfeghihd ds bl Aa' abbhod¥ L4R be provided

oper at i onal Iers ctive

swi t ching e|enﬁ?£51 rtéb%?3because *ﬁéhaéslﬁg é&ﬁdﬁégmsaégﬁ*g%péééeafe

turned on only for e time t2 accor to an SMPL

illustrated in accordi%%gto5pe¥@§fﬁiﬂbéh@eéﬁgﬂéméneég transferred to the

r ead capaci tor 1 to CL3, respectively. The signals in the

read capacitor CL1 torfléhérprés®etanseeseive] t €hle badiationthe Retf er
anplifiers Bl to B3, respectively. 25 Thereafter, the reading swtches

Srl to Sr3are limited stsclssaye) yahdiraetaps, aferaygls noy-trayahidid gHeses Spl
to Sp3 fromthe shift resistor (SR2) 103, whereby the

like may also be applied to the systems in which
information subjected to wavelength conversion by a
~wavelength converter is outputted in the form of an
electric signal by a photoelectric conversion element.
10 However, it is desirable to apply the present invention
to systems using X-rays, which are widely in common
use. As the wavelength converter, a scintillator (or
phosphor) having a time constant in wavelength
conversion characteristics by the incidence of light
15 from a light source is preferably used.
Naturally, the presentiinvention may be suitably
modified within the scope and sprit of the appended

claims.



- 22 - paral l el signal charges transferred to the read
cqpacLﬂ re converted into a serial - signal and read
out . mﬂ“w]"uﬂlmﬂﬂlﬁe wi dt hs of the "shift pulses Spl, Sp2 and Sp3

are equal To'ond afother 5 and t3 (i=e33 Spl = Sp2 = Sp3 = t3), the

time required for the serial conversion and reading anmounts to
t3 x 3. The signal serially converted is outputted fromthe final
operational anplifier 104 and further digitized by the AAD
converting circuit part_ 105 Vout illustrated in Fig. 5

i ndi cates an arl¥#&% IS CLAI“Q’T‘%n@ bef ore bei ng inputted into the A/D

ti d, Fi th
paratlel o gnal's fromane Sadiqtien Setacting Hegied hadingia "% o (e
paral | el si gnal\yga\%léxbftélw&eré%ﬁ f&ot&ﬂ; rALS1,0 né %Qf)é@%éﬂxi&t nal

mnrlngs_M to are Serl y Conver ed o i'gnal in
proportion to photoelectrically convertible light and a plurality of

5 pixels arranged in the form of a matrix which pixel
comprises a sensor element for converting the light
into an electric signal and a thin film transistor
(TFT) for transfer connected to the sensor element to
successively transfer a signal from the_pixel, the

10 detecting device comprising:
a means for turning on the TFT to be turned on
first among the TFTs for transfer after the delay of at

least (n x 7,), wherein T, is a time constant of a

characteristic of the wavelength converter, and n is
15 In(SN) in which SN is a desired signal to noise ratio,
after the irradiation is stopped, thereby transferring

a signal stored in its corresponding pixzel.

2. The radiation detecting device according to

20 Claim 1, which further comprises a radiation source for

emitting:the radiation.

3. The radiation detecting device according to

Claim 2, wherein the radiation source emits radiation

25 selected from fhe group consisting of a-rays, P-rays, Y-

rays and X-rays.



Finally, the signal potentials of the

the le f
mtrlX\[EhlilJyl]@lm“m}"mtl ngs M to M3 are reset to a certain reset 20
pot ent i ial) through the respective resetting

switches RES1 to RES3 by turning on the CR - termnal only for the
time t4 to apply a CRES pul se, t hereby providing for the next
transfer of signal charges fromthe photoel ectric conversion

elenents S2-1 25 to S2-3 of the second line. After this, the

phot oel ectrically converted si, | s of .t he.secand .and , third lines
are read out repea ed|3%ﬁan§é%£;%B gﬁlng deviea” according to

- 23 - as in the first |ine. At this time, the
sensors store sfiyddPslunvherekp the wavglength cARERTter FOMRRIS@F *he TFTs
are turned on. Accordingly, there is a deviation between the tine

that 5 g $¢iRt1148k@B- on for transferring a sensor signal is

5 5. The radiation detecting device according to

Claim 4, wherein the scintillator comprises a phosphor;

6. The radiation detecting device according to

Claim 1, wherein the wavelength converter is a
10 scintillator, and the characteristic of the wavelength
converter is an afterglow characteristic of the

scintillator.

7. The radiation detecting device according to

15 Claim 6, ‘wherein the afterglow characteristic is an

attenuation characteristic of the scintillator.

8. A radiation detecting device comprising'a
wavelength converter for converting radiation into
20 photoelectrically coﬁvertible light and a plurality of
pixels arranged in the form of a matrix which pikel
comprises a sensor element for converting the light
into an electric signal and a thin film transistor
(TFT) for transfer connected to the sensor element to
25 successively transfer a signal from the pixel, wherein
the detecting device satisfies the following relational

expressions:



turn ' that G3 |ast turned on is turned on, so that
t he jﬂﬂmﬂﬂﬁm;‘ﬂ!ﬂ}“ﬁt tenuation of |ight em ssion of the

sci nt I «very line. This will be described with
reference to Fig. 6. Fig. 6 10 diagramm@®Pically illustrates how sensor
out put varies after stopping the irradiation. In Fig.

6, an attenuation conponent is regarded as a signal conponent S as
illustrated in the draw ng, since the attenuation conponent is

considered to be 15 storedjas a si mponent in an area in which
t he sensor out POt Xi % & tﬁeﬁ‘ugi)ed‘-gg&?%%p’aﬂ%fof or di nat e. For

exanpl e, when the TFTs for transfer are turned on upon the el apsed
time of Tm after tur8Nng efP(&ng B) radi ation to read out the signal
charges stored, an S 20 conponent already stored can be read out as a
si gnal . vberein SHnisl thengeadnedgshgnal etioonoipe ngtie eficthed

Is left as a renaining conponent which nmay not be transferred,
because it is nwhojetdeviecey. FPS is thecpubay 9f £rrEes RAF nFRGORBnponent
may be said to be 25 anot her noi se conponent N than the signal
conponent . 3 upon the xgadipg pficthentadiation dehecting ¢A¥igSt eST of

the TFTs for transfer ar ar |
a reciprogaf oflgﬁetggggdrggugiégrfor a reading; T, is a

time constant of build up and attenuation of the
wavelength converter; T, is a time constant obtained by
multiplying the capacity of the sensor element by the

10 ON resistance of the TFT for transfer; o is a multiple
of [(storage time of the light signal in the sensor

element)/T,], or 1n(SN,) in which SN; is a signal to
noise ratio required of the wavelength converter; and B

is a multiple of a time constant of the time the TFT
15 for tranéfer is turned on, or 1n(SN,) in which SN, is a

signal to noise ratio required of the TFT for

transferriﬁg the signal Stored in the capacitor of the

sensor element.

20 9. The radiation detecting device accordiﬁg to

Claim 8, which further comprises a radiation source for

emitting the radiation.

10. The radiation detecting device according to

25 Claim 9, wherein the radiation source emits radiation

selected from the group consisting of a-rays, B-rays, y-



fmz?iillltlﬂllﬂﬂlﬂjul i

urning off the radiation start transfer in a shorter
ﬁLng the irradi ation. Therefore, their signal
| ow. On the other hand, the signal to
noi se ratio (S the sensors of 3 I ne that the gate is turned
on | ater (for exanple at Tn2) is high. Therefore, the signal
to noi.se ratio varies with the line, resulting in the fact that the
signal to noise ratio as the systemis reduced. 10
However, a signal t’ﬁe ratio (SN) required as a system can be
obt ai ned by pr«fﬁtst ‘W@O corresponding to the signal to noise
rati o (SN) required as the systemto the tine constant [err] of
attenuation of the scintillator up to the tinme the gate 15 vol t age of

the TFTs for transfer is oy NeHiUtion detecting device according to
Claim 8, wherein the wavelength converter comprises a

5 scintillator.

12. The radiation detecting device according to
Ciaim 11, wherein the scintillator comprises a
phosphor.
10
13. The radiation detecting device according to
Claim 8, wherein the wavelength converter is a
scintillator, and the time constant of build up and
attenuation of the wavelength converter is the time
15 constant of build up and attenuation of the

scintillator.

14. The radiation detecting device according to
Claim 13, wherein the time constant of build up of

20 light emission of the scinfillator is 1.

15. A radiation detecting method using a
wavelength converter for converting radiation into
phbtoelectrically convertible light and a plurality of

25 pixels arranged in the form of a matrix which pixel
comprises a sensor element for converting the light

into an electric signal and a thin film fransistor



" \~‘ . .
Agsﬁnigg that the quantity of light emtted by the scintillator
right ﬁ e irradiation 1s 1, the quantity of Iight
emttedﬂl 'ﬁmmmmmr ‘mtor upon the elapsed time of n x [err] after

stopping"the 20" s|r|*ad|at|on amounts to ¥%pt-n x [err]). Accordingly,

1/ SN = exp(-n) and In(SN) = n can be set for the SN required
as the system Accordingly, the desired SN can be obtai ned by
presetting the time until the TFTs for transfer are first turned on

For reading out gpenags %%%Raifef‘fégﬁﬁg%?avééﬁ?%'%?"ég% clbadheiLon 10

- 25 - % §QQ P?ﬂt LI p£RUSI el ay of
at least n x [er?fces?TJigyﬂgggﬁ%scrl %i gdf the! ptid nﬂh%@ nmeans
for controH|rmh%£ﬁbgeégmp£ig§h§ptll t he TFTs for transfer are first
turned on to at Teast
turning on the TFT to be turned on first among
5 the TFTs for transfer after the delay of at least

(n x T,), wherein 1, is a time constant of a
characteristic of the wavelength converter, and n is
In(SN) in which SN is a desired signal to noise ratio,
after the irradiation is stopped, thereby transferring

10 a signal stored in its corresponding pixel.

16. The radiation detecting method according to

Claim 15, which further uses a radiation source for
emitting the radiation.

15

17. The radiation detecting method according to

Claim 16, wherein the radiation source emits radiation
selected from the group consisting of a-rays, P-rays, Y-
rays and X-rays.

20

18. The radiation detecting method according to

Claim 15, wherein the wavelength converter comprises a

scintillator.

25 19. The radiation detecting method according to

Claim 18, wherein the scintillator comprises a



n x [err], there are neans in which a control programis driven

5 - . .
i N s, S T e
circuit | Fustraled * in Fig. 2 as an ¥&ample, and the Gl output of

the shift 10 resistor SRl is driven after delay of at least n x [err],
and the |like. Thus, this control can be easily carried out by the
conventional techniques. It may al so be easily carried out by
provi ding a ﬁg@ghronizing signal line and a delay circuit between

15 t he shift99%§ﬁ ot SRL and the radiation source 11 to del ay a
conpletion signal of the irradiation fromthe radi ati on source 11 in
the delay circuit and then i nput it as a start signal for the shift

resistor. [Rpcond,& g i8] ded®cting metHdd tddcoefivent, an
exanpl e where a desired SN IS obtained in the case where many frane

| mges are L N . | ' i1l b
descri bed. Clafrﬁmfé’ W%%%b%eﬁﬂ%%&ée#)%ﬁﬁﬁQﬁ%%% :%Q;g%e}tmecti nS 25

device in ghe FgE&ﬁ%ifEﬂf&f,?Qﬂweéﬁécﬁhéiéét@fié%ié éf the wavelength

converter is an afterglow characteristic of the

scintillator.

21. The radiation detecting method according to
10 Claim 20, wherein the afterglow characteristic is an

attenuation characteristic of the scintillator.

22. A radiation detecting method using a

wavelength converter for converting radiation into

15 photoelectrically convertible light and a plurality of
pixels arranged in the form of a matrix which pixel
comprises a sensor element fof converting the light
into an electric signal and a fhin film transistor
(TFT) for transfer connected to the sensor element to

20 ° successively transfer a siénal from the pixel, the
method comprising satisfying the following relational
expressions:

(o x T, + P x7T,) < 1/FPS; and
SN = exp(o + B)

25 wherein SN is the desired signal to noise ratio of the
whole device; FPS is the number of frames per second

upon the reading of a radiation detecting device, or a



Fig. 2 are arranged in a 3 x 3 matrix, a case where pi xel s are

forzgeﬁlllm "ml mmwmﬁmyé gegg(r): lt;gg)i rr:H:E L: )s< enbodinment. In this case, it

is gentral t'o Meafl otit a sensor array at 3039ranmes per second. At
this time, a scanning tine per frameis 1/30 (sec), i.e., 33 msec.

5 Figs. 7Ato 7E are timng charts illustrating an exanpl e
of tim ng upon reading out a noving radiation i mage. As illustrated
in Fig. 7A, the irradiatjon_is cont | nupusly conduct ed. .

Fig. 7B iIIustrE?%§P¥ﬂ%aia2§ ther PR Aratee €%¥ a E?%&%ﬁ%’dﬁ &fgRals is
conti nuously conduct ed. Fig. 7Cillustrates the case where
after the tipporenstany ¢f bubbd gup and @itereatien Rf FRQ provi ded

before the next reading is started (indicated by a broken lipe in
t he draw ng). Tﬂ@ﬁﬁh@@&ﬁQHQO@vggtgﬁh'beis a time constant obtained by

multiplying the capacity of the sensor element by the

5 ON resistance of the TFT for transfer; o is a multiple
of [(storage time of the light signal in the sensor
element)/t,], or 1n(SN,) in which SN; is a signal to
noise ratio required of the wavelength converter; and B

is a multiple.of a time constant of the time the TFT
10 for transfér is turned on, or 1n(SN,) in which SN, is a

signal to noise ratio required of the TFT for

transferring the signal stored in the capacitor of the

sensor element.

15 23. The_radiation detecting method according to

Claim 22, which further uses a radiation source for

emitting the radiation.

24. The radiation deteéting method according to

20 Claim 23, wherein the radiation source emits radiation

selected from the group consisting of a-rays, B-rays, Y-

rays and X-rays.

25. The radiation detecting method according to
25 Claim 22, wherein the wavelength converter comprises a

scintillator.



preset to at nost t[err] - t[err].q wherein t[err] is a scanning

LL%JW“HWWH“MWE ﬁ) -refid time per cg: ;.rm’7Dainf]I Ss!t fat es thet Egse

where €acltt cél utm #s * read out at ac®tain timng, but a quiescent
time is 20 provi ded between reading tines of the respective
colums (while storage is being conducted). Fig. 7E
illustrates the case where a quiescent - tinme is provided between

di f the h
Hovever, 25 dur i ¢ R res&%*én * 9oy el &g &

conducted in eq&f li%”‘wﬁ%&é% fﬁ%&ff%éé%téﬁﬁprises aenhanced by,
for exanpl e, conh |ng (refres dr Ve

- 27 - éﬁﬁ @.renalnlng conponent after discharged (charged)
fromthe sensor enoved Essential paraneters relating to
reading in a
5 27. The radiation detecting method according to
Claim 22, wherein the wavelength converter is a
scintillator, and the time constant of build up and
attenuation of the wavelength converter is the time

constant of build up and attenuation of .the

10 scintillator.

28. The radiation detecting method according to
Claim 27, wherein the time constant of build up of
light emission of the scintillator is 1.

15



systemincluding a radiation detector include the 5 foll ow ng four

paraneters: (1) SN required.of. the system (2)- CR
ti.me constant [err] according to a sensor and ' a switch in each

prxel; (3) scanning speed (théthumber of frames) 10

requi _red of the device; and (4) time constant [err] of |ight
em ssion of a scintillator as to build up upon exposure to an X-ray
and attenuation after the exposure to the X—ray The

par anet ers (1) nore detail.

(1) The SN of %ﬂ& #&&#&%I |s defined by the

%“g][“ ;ty. S 0}‘ ﬁ fs'tgnaA Hﬂkﬁ{%’r{ ;':iﬂet%ctln &%; Kavifhd & Wé\{b Gyantity
signal le ranst er CR tine

constant [err] di?ééf%éf“¥d¥ﬁéadva¥{%h radiatibd | ¥ Ny a storage capacity

C of the sensor resi stance R of the switch (TFT) in each

pi xel . hotoéiﬁcﬂ%ﬁbéliﬁ”&dﬁbéﬁ%iﬁhétiﬁgﬁtﬂﬁmd &fpluraesyy iof

t he nunber of scannlng operations (the nunmber of 25 frames) of n
col ums (G < n phteldsamanfailetl) §es form of a matrix which pixel

comprises a sensor element for converting the light
into an electric signal and a thin film transistor
(TFT) for transfer connected to the sensor element to
successively transfer a signal from the pixel, the

10 detecting device comprises a means for turning on the
TFT to be turned -on first among the TFTs for transfer

after the delay of at least (n x T,), wherein T, is a

time constant of a characteristic of the wavelength

converter, and n is 1n(SN) in which SN is a desired
15 signal to noise ratio, after the irradiation is

stopped, thereby transferring a signal stored in its

corresponding pixel.
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second. In the normal nonitor, it is 30 franes/sec (4) The
build up of light em ssion of a B _

28 - scintillator upon exposure to the radiation and the
attenuation of light em ssion of the scintillator after t he exposure
to the radiation show a nultiple- exponential ([err]at[err]) change.
However, it is defined as 5 bei ng expressed by an exponential function
according to the tine constant [err] in the present invention.

Fig. 8 diagranmatically illustrates an exanpl e of the rel ationship
between the transfer tine of TFT and the quantities of signals

transferred and signals |eft felﬁ transfer, and shows the
transferred quantity in the C si gnal charges stored in
capacitors wi thin the photoel ectric conversion el enents (SI-I to
S3-3 in Fig. 2 by way of exanple) are defined as 1.
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Consi deration is given as to the above paraneters with
Fig. 8.

time constant [err]
guantity of the signa

15 reference to

When transfer is conducted [err] tines as nmuch as the.

(wherein [err] =
conponent S nmay be expressed by

t/[err]),

exp(-[err]) as illustrated in Fig. 8 when the

conbined with the paraneter (2).

transfer is expressed by

When the

1 - N2 =
said to be nearly equa
since SN2 = S/N[erﬂ

to

hand,
- 29 .

reci procal of16t

Nanel y,

N2 =

transferred si gnal cm

1 - exp(-[err])
to 1 wh

The

Si nce e

n

tel) [err] 1, S may be

the transferred
S=1 -

20 paraneter (1) is

conponent N2 |eft after the

exp(-[err]) as illustrated in Fig. 8.

is defined as S, S cones

n standardlzed

{-[érr]).

25
On the ot her
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a reciprocal of
scattering of ou
consi dered with
scintillator havi
the tinme t from
light 10 em
Slerr] S
2) The change in
em ssion of the

SN[err], or [err] is equal The
t put based on the paraneter
reference to Fig. 6. 1) The output S of a
ing a time constant [err] of light em ssion after
| i ght em ssion according to the build up of the

ssion is expressed by S = S[err]*(1 - exp(-[err])) wherein

a sensor output when saturated, and a is t/[err].

out put due to the del ay of attenuation of |ight

scintillator is lﬁpgﬁed by S = S[lerr].exp(-[err]).
L

to InSNerr]. 5
(4) wll now be

15 When the tinme constant and attenuation of
the scintillator is 0, nanmely, a change i s caused nonentarily, there
IS no noi se. However, since the scintillat@Qdas the time constant
[err], a noise cofpROoNgH ] xp(-a). At this
20 time, the outpu?:i [ S; I n
actual reading, the sto g—tl v cal of the
nunber of franes. Wen t ¢ / sec by way
of exanple, the stor 1 / "vgﬂﬁﬁ
approximation is
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25 achi eved when the tinme constant of the scintillator is on the

order of mlliseconds. - 30 -
Nanmely, 1/SN[err] = exp(-a) is satisfied for SN err] required.

SN required fromthe outside as the system becones a synthetic SN of
SN[err] = exp([err]) conme about from 5 the tinme constant of the TFT
and SN[ err] = exp(a) cone about fromthe tinme constant of the
scintillator. A reciprocal of this synthetic SN can be set to
1/ SN = exp(-[err]-[err]). The tinme of the TFT for
transferring a sensor 10 signal is [err] x [err], and the tinme during
which light from t he scintillafblcagﬁ%eceived by the sensor to store
a signal thereinis [err] x [efr total tine of [err] x [err]

and [err] x [err] cannot exceed the tinme of 1 frame.
Accordingly, the follow ng relational expression

[S1-1,T1-1] |
[Si2ri2) S1-m,T1-m
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15. I's satisfied. | (a x [err] + [err] x [err]) [err] 1/FPS

wherein FPS is the nunber of frames per second upon the readi ng of
the radiation sensor; [err] is a time constant of build up and’
attenuation of light em ssion upon and 20 after the irradiation of the
scintillator with the radiation; [err] is a tinme constant obtained
by nul tiplying a sensor capacity by the ON resistance of the TFT;, a
S a multiple of [(storage tinme of the light signal in the
sensor)/(the tinme constant of build up and attenuation 25 of Iight
em ssion of the scintillator]; and [e '
- 31 - multiple of a tine CE!GnBOf the time the TFT for
transfer is turned on. Accordi ngly, when the scanning tinme of
t he sensor per frane is preset to at least (a x [err] + [err] x
[err]) by, for 5 exanple, a control systemusing a m croconputer, a
X-RAY : — T
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radi ati on detecting device having a desired signal to noi se ratio,
SN =1In([err] + [err]), can be obtained with ease. I nci dental ly,
assunmng that a signal to noise ratio required of the scintillator
is SN1, a may be 10 represented by In(SN[err]), while [err] nmay be

repr esent ed- by | n(SN2) in which SN2 is a signal to noise.ratio
required of the TFT for transferrlng the signal stored in the
capacitor of the sensor el enent. As descri bed above, when the
rel ati onship between 15 necessary SN and read rate is preset to the
~optinmm al so in systens of radi ophot ographi c appar at us,

radi ati on di agnosti c apparatus and raErE€5PK3 t her apeuti c appar at us,
various radiation detecting ving a satisfactory signal to
noise-ratio 20 taking the time constant of afterglow characteristics

of a phosphor and the tinme constant cone about fromthe thin film
sensor elenent and the thin filmtransistor- into consideration can
be provided. According to the present invention, radiation 25
detecting nethods and apparatus capabl e of conducting st abl e readi ng
can al so be provided
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Further, according to the present invention,

- 32 - .radi ation detecting devices and nmethods can be provided
at’ | ower cost because the design can be nade with ease according to
per formance requirenents. In the present invention, the

radi ation i s not 5 limted to X-rays, and a-rays, [err]-rays,

[err]-rays and the like may al so be applied to the systens in which .

i nformati on subjected to wavel ength conversion by a wavel engt h
converter is outputted in the formof an -~ electric signal by a
phot oel ectric conversion el enent. ver, it is desirable to apply
the present invention to sys'glg:rlﬁs X-rays, which are widely in
comon use. As the wavel ength converter, a scintillator (or :
phosphor) having a tine constamNm-vxa#eJ—eng-t—h———een-\,ce{—s#em—
characteristics by RAIBlA'HQNienéEFof light 15 froma |ight source is

preferably used. _ TIME
FRAME P-1 P P+1 P+2
-4t -t -
READING OUT OF COLUMN PR AT "n"T'E'E' =
STORAGE TIME OF THE FIRSTFRAME ~ +————1 L :
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hbiurally, the present invention may be suitably nodi fied within the

scope and sprit of the appended cl ai nms.

- 33 - VWHAT IS CLAI MED | S: 1. Aradiation detecting
devi ce having a wavel ength converter for converting radiation into
photoel ectrically convertible light and a plurality of 5 pi xel s
arranged in the formof a matrix which pi xel conpri ses a sensor

el enent for converting the |ight into an electric signal and a thin
filmtransistor (TFT) for transfer connected to the sensor el enent
to successively transfer a signal fromthe pixel, the 10

detecting device conpri sing: a neans for turning on the TFT to
be turned on first anong the TF? (Eﬁdaﬁransfer after the delay of at
|l east (n x [err]), wherein [err] is a i stant of a

0 e S U
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TRANSFER BY TFT=exp(- 8)

2

5 %
G £
o 1-¢'# >
t WHEREIN m
= ﬁ-;; E;
<~ E
e .-
35 05 <
a8 o
= o
T o
2 i

’_

23 &
< Z
oo <
=~ o
- =

0 | l
0 1 2 3 4
TRANSFER TIME OF TFT
(TIME TFT FOR TRANSFER IS TURNED ON)\—+ )

p .
WHEREIN SN, IS APPROXIMATED AS SNz— x e'173=eﬁ .

Chis Sheet Has Been Re ﬂ

AR

THIS SHEET HAS BEEN
REPLACED




conprises a

= 9004034~

characteristic of the wavel ength converter, and n is 15 | N(SN) i n wfiashcory
SN~'s a desired signal to noise ratio, after the |rrad|at|on S

st opped, thereby transferring a signal stored inits i ng

pi xel . 2. The radiation detecting device @f?LAGE

daim1, which further conprises a radi at rof Sour ce _ cnltt np the
radi ati on. ' 3. The-.radiation detecting devVi ¢e ac 9@9 t

Caim2, wherein the radiation source enits radiation |24 el'ecte rom

the group consisting of [err]-rays, [err]-rays, [err]}

X-rays. - 34 rapIATION DETECTENG'BEViIeH & 0”‘#¥&¥Eﬂ“@5[

devi ce according to Caim1l, wherein the wave

scintill at ADIATION DETECTING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a radiation
detecting device and a radlatlon detecting method, and
more particularly to a radiation detecting device and a
radiation detecting method which are suitable for use
in detecting information such as images by converting
the wavelength of radiation including x-raYs by means
of a wavelength converter typified by a scintillator
(or phosphor) into a wavelength in a wavelehgth region
detectable by a sensor element.
Related Background Art

When radiation such as an X-ray is detected
directly by a photosensor in radiation diagnostic
apparatus and X-ray photographlc apparatus maklng use
of an X-ray or the like, the efficiency of such an
apparatus becomes poor because there is no photosensor
having high sensitivity to the radiation. It is
therefore considéred to use a scintillator capable of
converting the radiation into visible light and a
photosensor in combination.

As the characteristics of the scintillator, there
are charagteristics called the afterglow

characteristics of a luminescent screen. It is



5 ° 5. The radiation detecting device according to Claimd4,
wherein the scintillator conprises a phosphor. 6. The radiation
detecting device according to Claim 1, wherein the wavel ength
converter is a 10 scintillator, amd4fthe characteristic of the wavel ength
converter is an aftergIOM/characterlstlc of t he SC|nt|IIator

7. The radi aRADPATHON DRTE! ; i ITING ME] )]
afterglow characteristic is an attenuation characterlstlc of the
scintillator ation detecting device conprising a

di
mavelengthA@§W§@FFePFfgﬁEcgﬁ§5ﬁ9§%§a’ adiation into 20 photoelectrically
convertible |ight an It el_s. ar r ang e formof a
Imat L![x whi ch pi x razn.at?. K stléigs&%’&lgo i Zﬂ Ior conlfag'1 1J]‘ng 'th(eTFT)
ig | L m transi stor
conVet &Ep l;%?segg%f%qié%14ﬂlaaé |

for transfer connecte
photoelectrically convertible light and a plurality of

pixels arranged in the form of a matrix which pixel
comprises a sensor element for converting the light
into an electric signal and a thin film transistor
{TFT) for transfer connected to the sensor element to
successively transfer a signal from the pixel, the
detecting device comprises a means for turning on the
TFT to be turned on first among the TFTs for transfer

after the delay of at least (n x 7T,), wherein T, is a

time constant of a characteristic of the wavelength
converter, and n is 1n(SN) in which SN is a desi:ed
signal to noise ratio, after the irradiation is

stopped, thereby transferring a signal stored in its

corresponding pixel.

Figure 2
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25 successively transfer a signal fromthe pixel, wherein t he
detecting device satisfies the follow ng rel ati onal '~ expressions:

- 35 - ([err] x [err] + [err] x [err]) [err] 1/FPS; and
SN = exp([err] + [err]) wherein SN is the desired signal to noise
ratio of the : whol e devi ce; FPS ijgl__'t he nunber of franmes per second
5 upon the reading of the radiation detecting device, or a '
reci procal of the tinme required for a reading; [err] is a tinme
constant of build up and attenuation of the wavel engt h converter;
[err] is a tinme constant obtained by mul tiplying the capacity of the
sensor elenent by the 10 ON resiFt@e f the TFT for transfer; ais a
mul tiple of [(storage tine oftt kilght signal in the sensor
element)/[err]], or In(SNerr]) in which SN err] is a signal to

noi se ratio required of the wavel ength converter; and [err]
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is a multiple of a tinme constant of the tine the TFT 15

turned on, or I n(SN2) in which SN2
required of the TFT for
~capacitor of the
detecting device according to
- radi.ation source for

is a

sensor el enent.

radi ati on detecting device according to

radi ati on source emts radi ati on

si gnal

. transferring the signal

20
Cl-&m 8, which further conprises a

25

emtting the radiation.

9.

for transfer is

to noise ratio

stored in the
The radi ati on

10. The

Claim?9, wherein the

elected fromthe group consisting
of [err]-rays, [err]-rays,[err]- FlG - rays and X-rays.
11. The radiation detecting device according to :
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d afn18, wherein the wavel ength converter conprises a 5 scintillator.

12.. The radi ation detecting device according to Claim1ll, wherein the
scintillator conprises a phosphor. 10 : 13. The radiati.on
detecting device according to Claim 8, wherein the wavel ength
converter is a scintillator, and the time constant of build up and
attenuation of the wavel ength converter is the time 15 constant of build
up and attenuation of the scintillator. 14. The

radi ati on detecting device according to Claim 13, wherein the tine
constant of build up of 20 | i ght 8 S| of the scintillator is 1.

15. A radiation detecting nethod uJF%BE;.Eg wavel ength converter for

converting radiation into phot oel ectrically convertible light and a
plurality of 25 pi xel s arrange?oin the form ofgggmatrix which pixe
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conprises a sensor elenment for converting the |ight into an electric

signal and a thin filmtransistor -37- . (TFT) for
transfer connected to the sensor elenent to successively transfer a
signal fromthe pixel, the met hod conpri si ng: turning on
the TFT to be turned on first anong 5<4-the TFTs for transfer after the
del ay of at | east (n x [err]), wherein [err] is a tine constant of a
characteristic of the wavel ength converter, and n is | n(SN) in which
SN is a desired signal to noise ratio, after the irradiation is
stopped, thereby transferring 10 a signal stored in its correspondi ng
pi xel . 16. The radiation Féhﬁatumg met hod according to

Claim 15, which further uses a radiati solirce for emtting the

radi ation.
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15 17. The radiation detecting method according to _ Claim

16, wherein the radiation source emts radiation selected fromthe
group consisting of [err]-rays, [err]-rays, [err]- rays and X-rays.
20 18. The radiation detecting method according to Claim
15, wherein the wavel ength converter con®fises a scintillator. - 25
19. The radi ation detecting nethod according to Cl aim 18, wherein
the scintillator conprises a - 38 - phosphor .
20. The radi ation detecting nethod according to Claim 15, wherein
the wavel ength converter is a FlG 5
X-RAY : T | : :
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5 ° scintillator, and the characteristic of the wavel ength

converter is an afterglow characteristic of the scintillator.
21. The radi ation detecting nethod according to 10 Claim 20, wherein
the aftergl ow characteristic is an attenuation characteristic of
the scintillator. 22. A-Badi ation detecting nethod using a
wavel ength converter for converting radiation into 15
phot oel ectrically convertible light and a plurality of pi xel s
arranged in the formof a matrix which pixel conpri ses a sensor
el ement for converting the |ight into an electric signal and a thin
filmtransistor (TFT) for tﬂﬁra:onnect ed to the sensor el enent
to 20 successively transfer a di «Momthe pixel, the
met hod conprising satisfying the follow ng rel ational expressi ons:
([err] x [err] + [err] x [err]) [err] |/FPS; and - SN =
exp([err] + [err]) 25 wherein SN is the desired signal to noise ratio
of the
o STORAGE TIME
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whol e device; FPS is the number of franes per second { REPLACEMENGnSHEET
rreading of a radiation detecting device, or a - 39—
reci procal of the tine required for a reading; [err] {i{ t{ng
constant of build up and attenuation of the vvavgi %n%[f:% 1§%$war er;
[err] is a time constant obtained by -7- mul ti plfyil -y} of
the sensor elenent by the 5 ON rési stance of Lhe TET for transfégr;
is amultiple of [(storage tinme.of the |ight—stgmat—Tmthe—Sehsor
elenment)/[err]], or In(SN[err]) in ' rr] is a signal to
noi se ratio required of the wavel erE]G %ﬁter and [err] is a
multiple of a tinme constant of é;hetlrrethe TFT 10 for transfer is
turned on, or In( i cRONN—s—= stgrat—to—+et+se—rati o
required of the T%#’B‘WO\W .U_mwier_r_i_n_q_.tbg_gign_a_l_§t_Qr_e_d_ Lh the
capacitor of the sensor el enent . TIME
FRAME P-1 P P+1 P+2
= = bt = =t = = e = —
READING OUT OF COLUMN 123 a1 2 3 123 *FI
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STORAGE TIME OF THE nth FRAME = '
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15 23. The radiation detecting nethod'according'to Claim 22,

whi ch further uses a radiation source for emtting the radiation.
24. The radi ation.detecting nmethod according to 20 Claim 23, wherein
the radi ation source emts radiation sel ected from.the group
consisting of [err]-rays, [err]-rays, [dt]- . rays and X-rays.

25. The radiation detecting nethod according to 25 Cl aim 22, wherein
t he wavel ength converter conprises a scintillator. - 40-

26. The radi ation detecting nethod according to Claim 25, wherein the
scintillator conprises a phosphor.

' FIG.8
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5 ° 27. The radiation detecting nmethod according to Caim

wher gy e wav F q i § Amplication Nos@80489445at or, and t he tilfigs ©PY
coy of buiS ‘%gi ﬁm'ﬂ gnuati on of the wavel ength converter is
t he constant of build ug and attenuation of the 10

S #%ABST%C Z8. The radratron detfecting nethod according to

[elrn e tine constant of huild up of | ight emission of
he scintillator is 1. 15

—

RADIATION DETECTING DEVICE AND RADIATION
DETECTING METHOD

A radiation detecting device (100) having a wavelength converter (14) for converting
radiation (12) into photoelectrically convertible light and a plurality of pixels (109) arranged
in the form of a matrix which pixel (109) comprises a sensor element (S1-1 to $§3-3) for
converting the light into an electric signal and a thin film transistor (TFT T1-1 to T3-3) for
transfer connected to the sensor element (S1-1 to S3-3) to successively transfer a signal from
the pixel (109), the detecting device (100) comprises a means (109) for turning on the TFT
(T1-1 to T3-3) to be turned on first among the TFTs (T1-1 to T3-3) for transfer after the delay
of at least (n x 1), wherein 71 is a time constant of a characteristic of the wavelength
converter (14), and n is In (SN) in which SN is a desired signal to noise ratio, after the
irradiation is stopped, thereby transferring a signal stored in its corresponding pixel (109).

Fig. 2
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