, €3e7001d34L767T7v - 1 PHOTOELECTRI C CONVERSI ON DEVI CE BACKGROUND OF THE
| NVENTION Field of the Invention 17 MAY 2002 5 The present |nvenqqqmw2m2

rel at el ectric conversion device for formng an i mage b
visib ﬂ mm“ m Elatlon or the like and, nore particularly, to a
phot oel'ectri c conversion device suitably appllcable to a two-dinensional

photoelecf?@% 10 conversion apparatus such as a still canera or an X-ray

i mage pi ckup system Related Background Art The conventional photography
was nostly the silver salt photography using an optical canera and silver
15 salMmﬂummmwmﬂmmgevelopnent of the sem conductor technol ogy has brought
about f an py@ess ek abarBkgsorapalterof taking imges of
novi ng pi ctiski®s such as video cantorders, by a solid inmage pickup device
using Si single-crystal sensors typified 20 by CCD sensors or MOS sensors,
but these inmages were inferior in the nunber of pixels and in SINratios to
sil ver - sal t gpbaceataphoF e efNveNTIdgN Was conmon practice to use the
silver salt photography for taking still images with high quality. 25 On

t he ot her hghndlddemnrde Arerdmicasi ng i n recent years for inage processing
by conputer, storage of image in the formof an electronic file, and 17
MAY 2082 - 2 tramimsssnofinvegeidy etbatesnto aaphotordectzich

ci rcunstances, there are desires for electronic inage pickup device capable
of outputt|m@nyergﬁamudewgpﬁufqt formnimgeanobkpagebby vdsihdee of the
silver salt 5 photogr y. This is not the case only in the field of

ordi nary phdﬂ@@WQwﬁEﬁiigt%@%o ¢h the }rikedasd, nBEreaPaFIACULATd Y- r ay

hot ography is popularly known as
P araphy to é)éhotoe ectric conversion device suitably

applicable to a two-dimensional photoelectric

10 conversion apparatus such as a still camera or an X-ray
image pickup system.
Related Background Art

The conventional photography was mostly the silver

salt photography using an optical camera and silver

15 salt film. The development of the semiconductor
technology has brought about development of an image
pickup apparatus capable of taking images of moving
picture, such as video camcorders, by a solid image
pickup device using Si single-crystal sensors typified

20 by CCD sensors or MOS sensors, but these images were
inferior in the number of pixels and in S/N ratios to
silver~-salt photographs. Therefore, it was common
practice to use the silver salt photography for taking
still images with high quality.

25 On the other hand, demands are increasing in
recent years for image processing by computer, storage

of image in the form of an electronic file, and



application of the silver salt photography technology 10 in the field of
nmedi cal care. This is the photography for exposing the affected parity WAY?OUZ
human body to Xrays emitted froman X-ray source and, for exanple, for
determ ning whether a fracture or a tunor2is present, based on information
of X-ray transm ssion, which has 15 been and is widely used |ong in nedical
di agnosis. Normally, X-rays transmtted by the affected part are made

i ncident once to a fluorescent nenber to be converted into visible |ight,
and the silver salt filmis exposed to this visible light. The silver salt
film20 has ativantadgesioh bifghmagesity electawhie gimiksolUnden, sboh al so
has di sadvant ages of taking sone tinme for devel opnent, requiring nmuch tine
and | abor forcironmgtaanésnatdgaeedre detsiatdoviion efectkronbmsimageon of
data to a renote place, and so on. There are thus desires 25 for electronic
X-ray i mge pbéklppdéevdeec semsbd eofofowprpinuttigna alidigitaki ghamadf ofin

i mge equivalent to those of the silver salt photography, as stated above.
17 MAY 2002 -aB imaggggesrrdirhle tepltdrea 9f the slhehoei®r forming an

i mge by usingpg reduci ng optical, systemand a conpact photoelectric

conversi on dePPeECgIERGYa sithdiedsy el the Gesg @ thesbieldr ofhe Mo
sensors. 5 This_nethod . however, able to, utjilizg only about.on

t housandt h of °FPIRPT nP&%%&qﬁéﬁaﬁlﬁ??IQﬁﬁQ¥ﬁﬂnﬁh?m§kﬁ£ ant TH %cﬁgs stil
suscepti bl e t8a. rovement against the requirenent that diagnosis should be
made with as Weak X-rays as possi ble where the human body 10 was observed

wth X-rays. It is us _ | ﬁp] - Vil agnosi s device for
medi cal care by thgh%o?r{pggy gﬂot gg}eacﬂt% ;e}r%(r}%o _ersalg%)jr:fg}é%‘glg gél ng the
reduci ng opti gah13%ak8®n0b e |d1ARfetitdd ) € BROFoSEAHIN) CRE¥NNSDoLY OF der
to meet this requirenent, developnent is under way of an inmage piCkup

apparatug usi g @nhkakrde 19e 30 malifidan dane di MEBd oDal tiké I oebgtRRGe Pi ckup
devi ces using photoel ectric conversion el ements having hydrogenat ed

anor phous si | ifoenekipesdingafthe affertet]l gar20ofisa "laufan ) bodhetonge pi ckup
device of this type is constructed in such structure that a netal and a-S
are deposit edrpysaegdditedd forateraroX-aray rsekece ngnd ubfor aevampieng foach
side of 30 to 50 cm by a sputtering apparatus, a chem cal vapor deposition
appar at us (CvBersradpdng whetdien e F1a@LurerorxanpPROT apfr BXLARNEy 2000 X
2000 sem conduct or, di odes are formed_therein, an electric field of a
reverse bias PESEfpPredninFmatsion of X paw sBrpnsmission. cWaLGEs PBSowi ng in
t he reviﬁse d'rectio% [ respect di oges can iLndi vidual |y detected

i b
by a ChER 1| REEParars i O 7 et oy ofRenSifedt afpeioiiBe”at < he
same time as h%%m%'lg‘}e,s x-days RUNLRILYed® KPRt DBk 2PER phReLERIMic

field of the revers
made incident once to a fluorescent member to be

converted into visible light, and the silver salt film
is exposed to this visible light. The silver salt film
20 has advantages of high sensitivity and high resolution,
but also has disadvantages of taking some time for
development, requiring much time and labor for storage
and management, not allowing quick transmission of data
to a remote place, and so on. There are thus desires
25 for electronic X-ray image pickup device capable of
outputting a digital signal of an image equivalent to

those of the silver salt photography, as stated above.



direction is applied to the sem conductor di ode, a photocurrent flows
corresponding to a quantity of light incident to the sem conductor t?¥§W2
The above device utilizes this phenonmenon. However, a current, so 1 I@%
a dark current, flows even in a state in ghich no light is present at all
and this gives rise to shot noise, which is the cause of degradation of
detection capability of the overall system i.e., degradation of the
sensitivity called the SINratio. The point of 15 devel opnment is thus how
much this dark current can be decreased. EP-A-0660421 di scl oses structural

exanpl es of XAr anggesgdan doupmpisnerst fiot wad | sfyetigod hése fegmingnent s.
20 Fig. 1 is a schematic circuit diagramof a photoel ectric conversion

devi ce used i ananmageayy negagia kgdwyistemptical 2systemsahé@nat i ¢ bl ock

di agram of anot her X-ray imge pickup system The above image pickup
systens wer e, cRBROEYT phegagliddtris amyereion deptes cnehngagabhnglehe
requi rements of higher S/N, better operability, and | ower cost. The reasons
will be desch5&§Qﬁ¥«mﬁqﬁhlﬁs ?Pﬁlﬁéézﬁﬁﬂﬁor% °¥h%h%x%9§I§§n§Pr§he i mage
pi ckup systens of Fi 1 and Flg 2. In Fig. 1, S11. . S11 Sm (m and
n are posSitiv&nift RIRVS ot stp sutihhzepaly abogkn (m and

? n aretp05|t|ve |Ttegers Smﬁggﬂ%ﬂﬁhﬁﬂﬁggﬁeé.guéh €$ giPﬂfgaﬁﬁg)
ransi stors S
capaci tor el elRQly aapndd %@usawaggtﬁ&féuégg#ém S EmBL8ELnkReCoTPOSCd

of a photosensor capacitor e 10 or

Cm', and a smA r a4, xgls
: #%trlx patter ment -thaf'as oé@g %QSUP& BE mgﬁngn of

arranged in a e swtching e

each pi xel 'SwﬁﬂﬁjJéNWééﬁﬂxﬂﬂéy%(HbCBo§é££Eé wﬁ@%éstﬁé BbﬂaheﬁBa9t'Ve
swi tching el enents T11, , ITmm of pixels in each row are 15 connéected to a

control 1bi ne ghs @ibservederﬂm (xm Sy, poBttiygethisegot) eagpdtbhe control
lines gl,..., gmare connected to the shift register SRL. Each one main

el ectrode of timwplerspectdryX-avay odd agnes teedéeidd lfor Tmaddtapi cekke by each
colum are connected to each 20 signal line provided for every colum. One
el ectr ode the compact photoelectric conversion device using the
reducing optical system of poor light utilization
efficiency.
15 In order to meet this requirement, development is
under way of an image pickup apparatus using a large
sensor with a two-dimensional array of image pickup
devices using photoelectric conversion elements having
hydrogenated amorphous silicon (hereinafter referred to
20 as "a-Si"). The image pickup device of this type is
constructed in such structure that a metal and a-Si are
deposited in a desired order on an insulating substrate
having each side of 30 to 50 cm by a sputtering
apparatus, a chemical vapor deposition apparatus (CVD
25 apparatus) or the like, for example, approximately 2000

x 2000 semiconductor diodes are formed therein, an

electric field of a reverse bias is applied thereto,



of each of the photosensors S11, . . . , Sm and one el ectrode of each of
capacitor elenents C11, . . . , Cm in each pixel are connected in1?qﬁg2mg
and then connected to a switch SWy and-agswitch SW. The other electro 5
of each of the photosensors 511, . . . , Snf and the other electrode of
each of capacitor elements Cl1,..., Cm in each pixel are connected to the
ot her main el ectrode 17 MAY 2002 - 6 than the above one main el ectrode
of each switching device T11,..., Tm'. Each signal line is connected to a
switch ML, Mknd.ch&rgdd fbhowsng posthéeveevsireged)reatdonhénswhieches

ML, ..., M1 are successively driven by the 5 shift register SR2 to out put
signal s as outempectiverdeodésrocaghbaniadpiifivadlySdetteeedSHy and SW are
connected to desired power supplies Vg and Vs, respectively, and are driven
so as to givetlainlefilrdtpanehstalr (berbénsfiser| setfeyded ¢bo escH THT "t)he 10
phot osensors Sl11,..., Smm and the one el ectrode of each of capacitor

el ements Cl1,made ghmthe denertdmei abnghel Aipdgs.2, Ituks Popsd@Ylivndi cat es
a photoel ectric conversion portion, 6002 an anal og/digital signal converter
for comrti NPl Baeti WhaRstheoflerEris SﬁéﬂgeP&bF*F%lﬁﬁﬁvéﬁéion portion

6001 to digital sigpals, 6003 _subtracters for correction of fixed pattern,
6004 a menoryILERBELGN chiit PBPLEY BB0BNE BRFAEPNIMEFF0GHONE i fage

processor. Fig. shows anple in which.a pluralit f..shift regqgisters
BRe are 20 anvhpfRaurrent, FIEVEGorPprAPERiRG of Ay a8 RS | ¢ For
detection are, d u A i.n ted. gir Gyl I Ol
detection ar elﬁ]%ﬁ%‘]’q?ot?%kgnéégéggﬁéP?ngsﬁg%Q'cor?v%gr ?ae%rcé'%’aé%?‘}llcr? t he
processi ng ci i 08;. & Lt hzed. i git t is supplied
to the subtra%€£$£%§%3§?%§ ?g?ggg%ﬁgé'ofHggggggkafﬁg$ﬁ%%%ﬂ#e2¥£e unwant ed
fixed pghterncapieg Lheaskr edrrafd,t REBwkS e¥led §6h iah LB in which 7 MAY
2002 nmenory 6004. The information stored in the nenories 6004 is controlled
by the controhdeli§RO5isapdesentr atshelr efddt hagyikkes MifdertSBKpE 0 t he

i mge processor 6007 for signal processing to undergo image 5 processing.
As the first pobbéenvhibbnipi ¢bescabisenbdr beigradatfion ofndeidmeiattri c
conversion elenents are obtained fromthe photoel ectric conversion device
in which mlioe@sabilitphofoshecorveraddneysdieon dl.@ventdeanadattoniofine are
arranged, as in the exanple of Fig. 1, if n and mare not |ess than 1000,
the operati oniPespeBELisiviRy ApblESnEbet &N Faido suffheiraint 2% hough t he
A/ D converter _is pot illustrated in Fig. 1, it is conmon practice to
connectdne APEVELORBRVE, L& ThYSVHGY W@cébﬁﬂﬁﬁ AT K EHTFER I 92y P% o
digital inforaation. Ln order to obtain the digitized information fromthe
i nformation 78R PRE®BRot oel ectric conversion elenents in this: structure,

some tine is ne%s&%tg/(-)b%oha& é/ig.c%@\é%r.tse& J&&%V%ngﬁ”&% 20

vol tage outputted to ut to the digital informtion. d s defined

as a time necggpalaber phbfup QH%Q@\h%f R sataB)ihd Nenskigi t al o
information, the device needs the followng time T(1 line) for obtaining n

pi eces of digréglikrahenksti on fromthe pixels on one 25 line, i.e., T(1
line) > n x Tad. In practice, the device further requires a tine for
turni ng2@he transfedigi.ng IETa Echematho cdrcanidk adiagwam oof a

photoelectric conversion device used in an X-ray image

pickup system. Fig. 2 is a schematic block diagram of

another X~-ray image pickup system.

The above image pickup systems were, however,
25 still susceptible to improvement against the

requirements of higher S/N, better operability, and

lower cost. The reasons will be described below with



17 MAY 2002 - 8 successively turning the swwtches ML to Mh on. Therefore,
a furthernore time is necessary. The device requires the follow ng 17 rMAYTI02
frame) for obtaining information of one frane, i.e., 5 T(1 frame) ~ mx n x
Tad. If n = m= 2000, at least the time of 4,000,000 x Tad i s necessary for
obtaining information of one franme. Since the tine for anal ogto-digital
conversion of the A/D converter is normally 100 nsec to 1000 nsec, 0.4
second to 4 seconds are 10 necessary for obtaining the information of one
franme after all. This tine is desired to be decreased in view of the
desires for itbeeasampleS/ Nfr aheodmage phakupeyrdtems operedy ) il yandhis is
because an accumul ation tinme of dark current becones long. 15 Reading is
started afterFtgnpReti on of exposure to the photoel ectric conversion
el ements. Supposing the readi ng takes four seconds, the dark current
fl owi ng during thelpeFigd df Sewr Seconds Swule badascaxel posdtilve he
phot oel ectric conversion elenment read |ast. 20 This accunul ation time of
dark current iBtegerEdnyePresent Phefesensars pifaioeTectrirc Tankér Sinsh
el ements_having a small dark current descri bed above, thereby giving rise
to the sPot nBi8E® PREILHVE ipdeaged sdaf¥d taN 1IN AR eSHER R¢% i on
capability of  the rall 25 apparatuys, i, e., the_ cayse of, decrease of S/N
rati os. When Fhénr gﬁwngr@g@ t%&i?r' get:'orﬁs: “areSei 1 B &9 east four
seconds. In that. : tient nust .stQ 17 Yo P0Z hi reath
wth deternin8§%6%§§§ %%E%%%ﬁﬁ||cﬁﬁﬁFi% 5?%%§ﬂ§hﬁ?twa r%ﬁgnéﬁﬁeé%?e,
i nprovenent i I r o] [ ystem usi ng signa
wires SIG di v?ﬁggg?ggggﬁe%ﬁr g?ﬁg g’lig(%e% B]%?.gzwééé’%? AbA?Déconverters in
order to i rrprgustbgb_ﬁsaw ’t,1S.thgrsyst ed dapastinaie G idndi®-c,2; . European
Pat ent No. 0440282 discloses an'devic€ 'simlar to such a system These
systensigre, Bewever andls el theing sdnvemg the.secobed and =g dny obl ens
10 descri bed bel ow. The second problemis that 1n Fig. 1, "before the
sw tches M topikklar arsuarassiges] i W meckmix gdetérmansi e i sgi §&Hsndgx! to
Txn (x is a nunber selected

element T,,,..., or T, of each pixel is used for

transmission of signal. Gates of the respective

switching elements T,,..., T, of pixels in each row are

n

15 connected to a control line g,, g;,..., Or g, (m is a
positive integer), and the control lines g,,..., g, are
connected to the shift register SR1l. Each one main
electrode of the respective switching elements T, ,...,
T.. of pixels in each column are connected to each

20 signal line provided for every column. One electrode

of each of the photosensors S,,,..., S,, and one

mn

electrode of each of capacitor elements C;;,..., C, in

mn

each pixel are connected in common and then connected
to a switch SWg and a switch SWs. The other electrode

25 of each of the photosensors S;,,..., S,, and the other

mn

electrode of each of capacitor elements C,,..., C, in

mn

each pixel are connected to the other main electrode



fromintegers froml1l to m) have to be turned on to 15 stabilize the
potentials of the signal wires SIG Since the A/D converter must convert an
anal og voltage to a digital signal during a period in which one s%iﬂﬂWZNﬂ
(y is a nunber selected fromintegers frgm.l to n) is open, atine TM
necessary for successively turning 20 the swwtches ML to Mh onis TM>_ n X
Tad. In practice, a nore tinme is necessary, because the A/D converter is
unoper at able during the period after switching fromthe switch My to the
switch My + 1) and before stabilization of the potential of Vout. This
probl em 25 cagnh&e tRbaxBgvBYoHei mgin Bhetarbly of &=RhcemMednsg | i ke the
systemof Fig. 2 described above and the device disclosed in European
Patent No. O04d&282e Tf,,..-,ta@ .17 Béeh Xliphdls,lhmeiercomeeessar yot fat t he
transferring TFTs Txl to Txn be turned on to stabilize the potentials of

t he signal wswestGhGMtiurMRg.t he per Mad (betiseen pasdiiiviet iiortegen) ,gidrad
information of one |line and acquisition of 5 digital information of a next
i ne. Wien ththetswitcbedelilned.asMnt pre shecessd vely IGmiserf &y adwiiring n
pieces of digital information on one line is given as T(1l line) z TM +
Ttft. THe thiskiptobeaghstert RREZ, tehougRUthEigRRIShES MUtEN Y Ivh are
ideally to be turned on in order after the transferring TETs Txl to Txn
have been tur?egebnthyoughpen 2epPlid iggtenSvditehes S ahaW$i3® SIG a

smal | | eakage current flo in the signal wires SIGin practice to decrease
t he signal ch%?ﬁﬁeﬂﬁFﬁn§°?§8525egu88¥ i?@FEGﬁfﬁhﬁﬁbfﬁﬁpég%wation of the
swtches ML to Mi or.to.add_an additjqnal charge.to t.he aoriginal signal

t her eby | omer’f%ﬁp?ﬁ%igf'&lyr aff s.ar?hgrﬁrvaer?sfsé’r ralg‘.’né:ol'l—glisv%aave&as%é?(?ai n

resi stance ev j oR .S e 0 | y LYY Phe @aNd this could
20 make nnveﬂéﬁ%égFﬁgﬁgﬁglE@%a?é% f§§f§§?§¥g¥ﬁ£ é%%eggg ol S/INratios is

likely {® OCCHRo¥B8BnEBs! BNE L. 1S d Ongnd ronetbRet 818688088 8F EhAeh
transferring TFIs TxI to Txh'to the "honent of the anal og-to-digital

conversi on ofofi 8hpabRitbeN elemend sAD), convere erathaesghedStihengwi tch M.
If this time t is too short conversely, the on resistances of the
transferring TFTs tauFdgal 29 howerallhéO®IN imatiicestesa phietamslédatithere i s
a 17 MAY 200z - 11
conversion portion, 6002 an analog/digital signal
converter for converting analog signals from the
15 photoelectric conversion portion 6001 to digital
signals, 6003 subtracters for correction of fixed
pattern, 6004 a memory, 6005 a controller, 6006 a
buffer, and 6007 an image processor. Fig. 2 shows a
example in which a plurality of shift registers SRl are
20 arranged in series and a plurality of integrated
circuits IC for detection are arranged. Outputs from
the integrated circuits IC for detection are input to
the analog-digital signal converters 6002 in the
processing circuit 6008 to be digitized. Each digital
25 output is supplied to the subtracter 6003 for

correction of fixed pattern to remove unwanted fixed

pattern noise therefrom, and then is stored in each



desired value of this time t for obtaining high SINratios. On the other
hand, in the nmethod for successively turning the swwtches ML to Mh on and
converting 5 information to digital data by the A/D converter through the
switches My, the time t differs dependingzupon each of the phot ddl Mbt0c
conversion elenents SxlI to Sxn. Specifically, the photoelectric conversion
el ement SxI has a short tine t fromthe turning on of 10 the transferring
TFT TxI to Txn to the nonent of the anal og-to-digital conversion of
information by the A/D converter through the switch ML, whereas the

phot oel ect ri cmesnyer $I004 .el @henti nBarnizEsi en | Dtgrdd Mn tthe asemdeiéyr ni ng on
of the transferring TFTs Txl to Txn 15 to the nonment of the

anal og-t o-di gb084 denventirad lefd ibyf diheat¢amtiyl e GOQS comvérier t hrough
the switch Mh. This may cause such cases that information cannot be

obt ai ned i n t frasefieraed itheraudhorthel buffephROk| tetthe toager si on

el ements. This third problem 20 is not a problemonly in the device
illustrated i RrPCgSSPr B0 hfipraiss@nsl Preeseinarteandergachnaeei ce t hat
el ements _such as anplifiers exist before the switch group or so-called
anal og nl ti pPEREESSINGe t he device shown in European Patent No. 0440282.

25 A solution to the first_to thir robl ens descri bed_aboye is a
configuration in whfcHhe AiFsH ]Eﬁ"é' af erbr%f/?ﬁpe%l,of hgn%l?ﬁﬂgFéPPi ng TFTs

™I to ~ .7 + ~~tp ~.-.,12. Txn are turned on wthout using fhe sw.tches
My, and all tﬁg R é"oﬁ\?&?ocﬁlsec);trrei%o;?eor#a‘feeﬁs%??e%l\i%m?% 2 e 0of ?hgaéggldr ed

. ot ; oo ThiS: LS. " diffioul
tinme t to congelt, i (1é§qﬂdgléé£éyéyééﬁx fon ?%ﬁiﬁ%ob&oﬁﬁxgﬁ' ifficult

in practice where n arge, e.g., ess t en il such a

configurationi19aRed PIHBBE bl OlcHhvEXPEOS| ¥fefbht£08MCERBRS Wi I | be
used and thus raise the cost. SUWARY OF THE | NVENTI ON 10 An object of the

presenrlbnvenu&@@is&écaﬂﬁ_ 'éH%EhéCWhC@ﬁé é&@mgﬁéeﬁfrfﬁgcomye&$ian devi ce
with high SINratios and with good operability and a | ow cost system
capabl e of obtaidimard gidtlldsd otat | DO0OY t Bha bpsgetboral asgebidgld S/ N
rati os necessary for the X-ray imge 15 pickup systemor the |like. Another
obj ect of the tiveedoil donvettesn is nat pswlifieienphot oel ectric conversion
devi ce conpri si ng:
Although the A/D converter is not illustrated in
Fig. 1, it is common practice to connect one A/D
15 converter to Vout to convert an analog voltage to
digital information. In order to obtain the digitized
information from the information from the photoelectric
conversion elements in this structure, some time is
necessary for the A/D converter to convert the analog
20 voltage outputted to Vout to the digital information.
When Tad is defined as a time necessary for the A/D
converter to obtain the digital information, the device
needs the following time T(1l line) for obtaining n
pieces of digital information from the pixels on one
25 line, i.e., T(l1 line) 2 n x Tad. In practice, the

device further requires a time for turning the

transferring TFTs Txl to Txn on and a time for



a photoel ectric conversion portion conprising a plurality of photoelectric
conversion pixels arranged 20 in row and colum directions, a plurality of
signal wires wired in the colum direction, each of signal wres $gnMeCHINY
out puts of the photoelectric conversionm@xels in one and the same col um,
and a plurality of control lines wired in the row direction, 25 each of the
control lines connecting control termnals for controlling signal output
operation of the photoel ectric conversion pixels arranged in one and the

17 MAY 200z - 13 sane row, a plurality of analog nenory neans for storing
an anal og vol sageesbiaehgd turaingnaheg swdltdchgss Minves Mroromeans f or
converting an information charge based on the 5 photoel ectric conversion

pi xel s to t heThenebgreol tadartbecmose tthHimeans owegesaRly sTEANS bei ng
connected to each of the signal wires; and a plurality of A/D conversion
means each connect et dewdck sequirest theplfigldiawingftinel Byl sfwaned) neans,
10 each of the anal og swi tch neans being connected to each of a plurality
of output |in&oFreb3inAreh infermgtion RE Ang d5Puti®-41ines of each of

the anal og nmenpry neans into a plurality of groups. Another object of the
present $nven¥?6an§m?§ £5MroW de Tk aﬂﬂVé‘ﬁhdfd%l%QQédcaE i on

dovt oo et o Buke STL39 AR S | 9 sals, and Abe Snel g oy

present inven&h%@r%ﬁt&%n of one frame. Since the time for analog-
to~digital conversion of the A/D converter is normally
100 nsec to 1000 nsec, 0.4 second to 4 seconds are

10 necessary for obtaining the information of one frame
after all. This time is desired to be decreased in
view of the desires for increase of S/N ratios and
improvement in operability. This is because an
accumulation time of dark current becomes long.

15 Reading is started after completion of exposure to the
photoelectric conversion elements. Supposing the
reading takes four seconds, the dark current flowing
during the period of four seconds would be accumulated
in the photoelectric conversion element read last.

20 This accumulation time of dark current is too long even
with use of the photoelectric conversion elements
having a small dark current described above, thereby
giving rise to the shot noise. This will be the cause
of degrading the detection capability of the overall

25 apparatus, i.e., the cause of decrease of S/N ratios.

When the reading takes four seconds, a reading takes at

least four seconds. In that case, a patient must stop



20 provide the above photoel ectric conversion device wherein when the
plurality of output |line groups are conposed of N groups of output |ines,

t he photoel ectric conversion pixels are arranged in n colums, a conversion
time of the A/D conversion means is Tad 25 second, and a time for 17 MAY 200
conversion of the information charge outputted fromthe photoel ectric
conversion pixels to the anal og voltage through the anal og vol t age 17
MAY 2002 - 14 conversion neans is Ttft second, the N satisfies the
following condition: N>_n x Tad/Ttft. Another obj ect of the present

i nvention i s hosS5bpeathdaithe delteraiphaties] ae rdtarndreser Bl oforlegbee wher ein
the N satisfies the condition of n x Tad/ Ttft S N< n x Tad/ Ttft + 1.

Anot her obj ecteocbntibeopr epeert. | Mherefare,s impyovanaet the ddoarded in
phot oel ectric conversion device 10 wherein the photoel ectric conversion

pi xel has a pherwsl eft the opevrebdilditys| enent and a switching el ement for
controlling the signal output operation of the photoel ectric conversion

el ement and wherei A gYSéem disingr gilgnalowimes fhidt ol ekded cte opo®esi on

pi xel 15 is a control termnal of the swi tching el enent. BRI EF DESCRI PTI ON
OF THE DRA4~| 9RE8PEi §nd1 3 plyradddvafc Al aﬂl}V%ﬁ%@?%m o?ré%mmg an
exanpl e of theWBhotoeIectrlc converS|on devi ce; a schenatlc

bl ock sectiona dPYGr dRifoPodmdnilify ie SRR %ﬁ €g$ﬁ @oé?e%fgrc
o L e B R oS e 4000
to such a system. These systems are, however,
susceptible to solving the second and third problems
10 described below.

The second problem is that in Fig. 1, before the
switches M1 to Mn are successively turned on, the
transferring TFTs Txl to Txn (x is a number selected
from integers from 1 to m) have to be turned on to

15 stabilize the potentials of the signal wires SIG.
Since the A/D converter must convert an analog voltage
to a digital signal during a period in which one switch
My (y is a number selected from integers from 1 to n)
is open, a time TM necessary for successively turning

20 the switches M1 to Mn on is TM 2 n x Tad. In practice,
a more time is necessary, because the A/D converter is
unoperatable during the period after switching from the
switch My to the switch M(y + 1) and before
stabilization of the potential of Vout. This problem

25 can be relaxed by using a plurality of A/D converters
like the system of Fig. 2 described above and the

device disclosed in European Patent No. 0440282. It



Fig. 4 is a schematic circuit diagramfor explaining an exanple of
operation of the photoelectric 1 7 MAY 2002 - 15 conversion device; Fig.
5 is a schematic timng chart for explaining an exanpl e of operat i]anA)/fszqzhe
phot oel ectric conversion device; 5 Fig- &0 s-a schematic circuit diagra

for explaining another preferred exanple of the photoelectric conversion
device; Fig. 7 is a schematic |ayout diagramfor explaining a preferred
structural exanple of the 10 photoel ectric conversion device; Fig. 8 is a
schematic circuit diagramfor explaining another preferred exanple of the
phot oel ect ri ci8onPOWSvVaT daEaassanyy. that  the trarsfeTeing aRFTseRxior
explaining a 15 preferred structural exanple of the photoel ectric

conversi on de¥Pc&*rribg togned ornsdRfRaR! 7R sthe RepRFidtievwrfofhe

expl aining the preferred structural ex I hot oel ectri ¢. ¢conversi on

dovi et and 2GBngL rTes S rbiane B ueet Lod etrees cregphATFSPn
napect i on. usPRg T o GUBIAY KoL GTh &Tes i e, SR EEEEPPTREN oF THE
PREFERREE ENBQQBM%MESinformation of a next line. When this time is
defined as Ttft, the time T(1 line) for acquiring n
pieces of digital information on one line is given as
T(1l line) 2 T™ + Ttft.
The third problem is that, though the switches Ml
10 to Mn are ideally to be turned on in order after the
transferring TFTs Txl to Txn have been turned on to
stabilize the potentials of the signal wires SIG, a
small leakage current flows in the signal wires SIG in
practice to decrease the signal charge during the
15 successive switching-on operation of the switches M1l to
Mn or to add an additional charge to the original
signal, thereby lowering the S/N ratios. The
transferring TFTs have a certain resistance even in an
on state (so called "on resistance"), and this could
20 make movement of signal charge instable. The decrease
of S/N ratios is likely to occur when the time t is
long from the turning on of the transferring TFTs Txl
to Txn to the moment of the analog-to-digital
conversion of information in the A/D converter through
25 the switch My. If this time t is too short conversely,

the on resistances of the transferring TFTs could also

lower the S/N ratios. This means that there is a



The present invention will be described with reference to the draw ngs.

17 MAY 2002 - 16 (Exanple 1) Fig. 3 is a schematic circuit diagramof the
phot oel ectric conversion device according to the first exanple of qbe 0
present invention. 5 As illustrated in_Fpg. -3, a pixel elenent group q%%?Q%
pi xel elenments constituting a photoel ectric conversion portion are forned
of anorphous silicon (aSi) on an insulating substrate. One pixel elenent (a
phot oel ectric conversion pixel) is conmposed of a sensor 10 S as a
phot oel ectric conversion element and a thin filmtransistor T as a

sw t chi ng el efegiredheapusebfelthiBntigeottp £630 obt anionprsatigi ,s fior exanpl e,

1376 el enents per rowin the rowdirection (i.e., in the horizontal
direction in fagio8) and 1376 el enents per colum in 15 the col umm
direction (i.e., in the vertical directionin Fig. 3), i.e., 1893376 pi xel

el enents in total.OQuthet etbert handf,i lim tthengiedthed o rsudmegiicetlel ement s
arranged on the sane colum are connected in conmon to a signal wire SIG
and control ttwAhhagstbe s@itmhesi Mlmbtor dimsioft @ngl Tapvertyed on t he sane
row are connected in common to a control line g. Control |ines g nunber
1376 in 2ot al 1BAETERELIEBN}EC Hdq it Sattier ¥ ddiestherD BPPYRX¥RY t urned on in

der. W trol i b . 1376 thin fil [stors T 25
cConneet o0 1o FREPUGNERS] SPRAEDE S0 Womd ioh Vo 0By §47° IARFERILHG! ges i
the photoel ecr | i lements S ted to those thin fil

transi stors T/POR7SRAY Sgo3he” PRoCRed el GaripRtian S HRIEH 5 8 si gnal

ires SIG The signal W | int i gnal
wros, afirsfosrihal RPESATEHIlS AR Ribedbtiar AR fon L D0 oup

20 (512 wi reséleaaﬁgas&hi hesd a5 isHRlt wéiLnfa %%n@%ﬁé%%{ﬁ%)on-rgf first

signal wire group 10 1s connected together with thirty two mmy wres to a

reset syptch ghaURrbhsterddhg agatl B0 ttemn &b Y iddMen€r EPtAe of 384
anplifiers, and a sanpl e-and-hold circuit group 10 13 of 384

sanpl e- and- hokflatbgettiot-8ighaadl kanvergitirerged dfiontat bl by rchet A7p.
Qut puts of the 384 S/H
converter through the switch M1, whereas the
photoelectric conversion element Sxn has a long time t
from the turning on of the transferring TFTs Txl to Txn
15 to the moment of the analog-to-digital conversion of
information by the A/D converter through the switch Mn.
This may cause such cases that information cannot be
obtained in the desired time t for all the
photoelectric conversion elements. This third problem
20 is not a problem only in the device illustrated in Fig.
1, but may also be a problem arisen in such device that
elements such as amplifiers exist before the switch
group or so-called analog multiplexer, like the device
shown in European Patent No. 0440282.
25 A solution to the first to third problems

described above is a configuration in which n A/D

converters are provided, the transferring TFTs Txl to



circuits are connected in the formof an output wire group of 384 output
wires to one analog multiplexer 14 being an anal og switch. The anal og

mul ti pl exer 14 15 selects one of outputs fromthe 384 S/ H circuits113MwQ r
control through nine address lines ado-tp2ad8 to output a voltage thereor.
This voltage is guided through amplifiers 15 and 16 to decrease its

i npedance to a | ower value, and the anal og voltage is outputted 20 as
digital information through a connector 105 froman A/ D converter 17 to
Doutl. As for the second signal wire group 20, the anal og voltage is
simlarly outhr taade t tuboed 2oaswilthottl ushhgr thel switiches Myyi targt oups 21
to 23 of 512 sets of circuits, analog 25 nultiplexer 24, anplifiers 25 and
26, and A/ D corlvetherA 2. cosvévterhearai opesagrdl afiteg gr dapsd0,oft he anal og
voltage is outputted simlarly as Dout3 of digital - is 17 MAY 2002

i nformati on vike cdlegifred gtbupst3tot goggest Zn2ograesdion dior @digigtalanal og

mul tiplexer 34, anplifiers 35 and 36, and A/ D converter 37. Each of the
circuits is 3ol | Beiandsdrhowavey. 5ddffagud tofiny pracdice3 whags nand ado
to ad8 fromcontroller 102. This controller 102 generates four types of
reset siynal st cHP¥9er c®-dnd B8HL 18F8 £haNsHPPOnes BVE™ HE SR Zwit ch

11, 21 d 31 f itch in.th I di tion, th b
10 enabi i ng (4TS BELPAT POR BP APPLFRAPERG oBerS Gif SRRSO 4 nes. A

ref erence vol e ner 1 suppl.i -V m.and of f.- vol t age
Vss for thin #Wrﬁ‘?ﬁ‘éﬁg?‘é?%rwﬁ\% g’et Héggh%{i %(lla“é;l%gt%gg% f%t%nd:eorStc'ont rol of
the controller 102. The shift register 101 can 15 control the control Iines

g one by one, performon/off control of plural lines at one tinme during the

t hi nni ng opergymM@ARYOHF! $fie 9RvERREHRI |1 nes placed at discrete positions.
A pul se generator 104 supplies sensor bias pulses to a comon el ectrode of

the photwel ectric 2f eBjuetsbenthkepRBEen® iMRenilcre iGeRYY Pradvild a
generates four types of sensor bias pul ses and supplies a common pul se
every four |iDhes-tosthphotbelbcdiriectoaversiion ddvdws twiscH Mirgh gy N
operation or the alternating operation of four lines. 25 An exanpl e of
oper ati on of rakiaboandphdtbebeodr pperabidddiyomndew dovwriddsthesyketsami bed
below referring to Fig. 4 and Fig. OS. 1 7 MAY 2002 - 19 Fig. 4 typically
shows one pi xeppabégeff ebitadninge dggidple iadormagdqip WEGH ish J@xge 3. In
Fig. 4,
g area and high S/N ratios necessary for the X-ray image
15 pickup system or the like.
Another object of the present invention is to
provide a photoelectric conversion device comprising:
a photoelectric conversion portion comprising a
plurality of photoelectric conversion pixels arranged
20 in row and column directions, a plurality of signal
wires wired in the column direction, each of signal
wires connecting outputs of the photoelectric
conversion pixels in one and the same column, and a
plurality of control lines wired in the row direction,
25 each of the control lines connecting control terminals

for controlling signal output operation of the

photoelectric conversion pixels arranged in one and the



reference character "SIG' represents one signal wire SIGin the signal wire
groups 10, 20 and 30, nuneral 1 5 one reset switch out of the resetTSy%@fﬂmz
groups 11, 21 31, numeral 2 one anplifier out of the anplifier groups ,
22 and 32, nunmeral 3 one S/Hcircuit outi®f-the S/H circuit groups 13, 23
and 33, nuneral 4 one analog nultiplexes out of the analog nultiplexers 14,
24 and 10 34, and nuneral 7 one A/ D converter out of the A/D converters 17,
27 and 37. The anplifiers corresponding to the anplifiers 15 and 16 are
omtted in Fig. 4 for sinplification of explanation. Pulse 1101
schemati cal | wameimaées one circuit in the shift 15 register 101, and pul se
1104 schematically indicates one circuit a.n the pul se generator 104. In
Fig. 4, gx (x is an phhegkitgebfcandlbgomemoryemgans Foxro stIiS)ngleammt es one
control line out of the 1376 control lines g. Further, reference character
"rc" denot es anwled ol tagerebtaigednirom gpalegr ¥®l1 tRgee cankexsiprct er
"C' designates a capacitor fornmed in the signal wre. This capacitor Cis
not one for MRLARS FPR| PRYETthng paplefermation: CHRTESHAS @ othe he
1376 thin filmtransistors connected to the signal wire. Further, the 25
sane corpone®PEReIREELE (CRPYeTSigRePdERE FOh FIENENSARY MY EFaIR e

characters. Fig.. 5 s an exapmple of tine chart for show ng the 1 7 MAY
5000 - 50t i9RGR OF Eaf: FOALBY PRECTENTRGNS Db g SHTAHEL tharadhc
snpl, and ado %o ad8 in Fig..4 and tge timng of control by the control
line gx+1 nexl tfﬁ%eﬁl%ﬂaéfY§Ftheaplne gx, and the signals rc, snpl, and
ado 5o ads, Numbgr s, gi Xe0.5! oRUkSS BULERAR kllhd NidieledbeRech! Ve
times and one incre n? |ng|§a?es Z | apse of % psec.éThe operéﬁion of the

circuit of Fig, dathh!bubButleser bbpdurahenyy e bRalldy suiddd Shedlescri bed

herein 10 is the operation of the 1376 pi Xxel elements on one row. First, an
on pul s is abidhedet BheCahfl1sy EGR tERe meas! by kchribtddeto t&gcghar ge
in the capacitor Cis initialized. Then rc is turned to the off level to
switch the resetaspitiedlitof 6f Autputt Ndne @yraulpse WiELcD appl feoméd t he
control line gx to switch the thin filmtransistor T on, whereby an

i nformati on diwardgevidinpeophputeldoes ofceandr siforthd ammittod memoransf err ed
through the thin filmtransistor T to the capacitor C. This is because the
capaci t ance oteang &apacpt plucaldtyoofudrdulsger than the capacitance in

t he photoel ectric conversion el enent. The potential of the capacitor Cis

increased by the i APGFhaLi BRIERAr Q€. The PrEeSelip HTIEARN the Baplifier 2
Lo, be, G Pul o 720 Rl 8, 1oL FRGS NSl L, cape) gL, G the, reset 29
converting thﬁhé?&?ﬁn%hieogngligrgg%oltage converting means and the
analog memory means are connected to each of the signal
wires.
Another object of the present invention is to
20 provide the above photoelectric conversion device
wherein when the plurality of output line groups are
composed of N groups of output lines, the photoelectric
conversion pixels are arranged in n columns, a
conversion time of the A/D conversion means is Tad
25 second, and a time for conversion of the information
charge outputted from the photoelectric conversion

pixels to the analog voltage through the analog voltage



to the anal og vol tage. Another anal og converter may - 21 1 7 MAY 2002
enploy a current integration type anplifier instead of the anplifier 2. In
this case the reset switch 1 is located in an initializing circuit?7 MAYZ200?
(normal ly at the both ends of a capaciton4fer integral charge 5

accurnul ation) in the current integration type anplifier. This nethod has an
advant age of being not affected by variation of the capacitor C. Then the
control line gx is turned to the off level to switch the thin film
transistor T off and 10 thereafter a pulse is applied to snmpl to switch the
switch SWin tbevekridicinr owians3 ien TtHt seranyks t he anal og vol t age out putted
fromthe anplifier 2 to be recorded as a voltage in hold capacitor Csh.

This recorded vol t &pe N sadil sffifasc ttdre Ko lhmig grondkti®nanal og vol t age

outputted fromthe anplifier 2 after change of snpl to the off level to
turn off the switchl S\WD Ph&aF/FtEt+ he output of the S/IH circuit 3 is
mai nt ai ned as a vol tage. This, out put voltﬁge IS s%ﬁglied fromthe anal og
mul tiplexer 4 to t AROASD ISR eRferthe RTGRERY NP nYS0Ya pul se of
ado to ag8 to_be qut ted as digital jnforymation to ut ring a period
1 whi chothe. BREYAADENS 13t o Pe lEhr it £ Rt Ea R VAPYAGR and | he
information is,processed i.n conver 7 e pext thin film 25
transistor T iwggtrl?ﬁr?eg:%(?n ysa&aégeise%fa?g %%#b&aéﬁa%g the next information

is outputted as @Q‘agi"ﬁlt% Vol ageg, t, ,fg}%/,pgpéij_ifr 2. The above descri bed
-2 76 pi

the operation ~ 7 MAY 2002 of 1 I xel el ements on one row, and
further digital datgdep diPdct bf OWke Prosset £heaRbisSn| 95 epe frane,

i.e., 1376 colums x 1376 rows = 1893376 pi xel elenents, can be obtai ned by
repeating thi prera@id ithe above photoelectric conversion device
10 wherein the photoelectric conversion pixel has a
photoelectric conversion element and a switching
element for controlling the signal output operation of
the photoelectric conversion element and wherein a

control terminal of the photoelectric conversion pixel

15 is a control terminal of the switching element.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic circuit diagram for showing
an example of the photoelectric conversion device;

20 Fig. 2 1s a schematic block sectional diagram for
showing an example of the photoelectric conversion
system;

Fig. 3 is a schematic circuit diagram for
explaining a preferred example of the photoelectric

25 conversion device;

Fig. 4 1s a schematic circuit diagram for

explaining an example of operation of the photoelectric



5 1376 times with shifting the control line g to be turned on. In Fig. 5,
Ttft indicates the tinme necessary for converting the information ch]aﬁ%i E[B
t he photoel ectric conversion elenent S to the anal og voltage through/t 2
thin filmtransistor T and the converter jgcapacitor C, reset switch 1, and
anplifier 2) by gx. Further, Ttft' indicates the tinme necessary for
converting the next information charge by gx+1. Further, TMrepresents the
time necessary for operating the nmultiplexer 4 and 15 outputting the
digital information of outputs of 512 S/Hcircuits to Dout by the A/D
converter 7. ¢tont8rsiexadpkecelftft = Ttft' - 78 uses and TMis 76.8 usec
(the conversion tinme Tad of the A/D converter is 150 nsec in this exanple).
It is seen fromthFsgthat iEt &t s2hematandinivey dheert efoh ngxspaeding t he
phot oel ectric conversion device is determned by the tinme Ttft for
converting theni ekempidei of oOpmrgsion tdfe {glotphedttos Yectcbnveosvenseébanent S
to the anal og voltage through the thin filmtransistor T and the converter
(capacitor C,deSireset switch 1, and anplifier 2) by gx in the present
exanple. In the present exanple, the signal wires SIG are grouped into the
three grdups of si A8l & A&sa |schemptigpd ppobt dbagramef@rgnal wires SIG
are grouped into_two groups of signal wires, TMw |l be at |east 103.2 psec
(1376/ 2 x 150SKR&EINiRg PROthEXINTeigFaes RFIMRIR ChetRcreased. 1f the

signal wires S| G arg I‘OLiped into fiour dgrou s, of 5 signal wires, TMw Il be
only 51.6 NseBPPFSPerFtY IE5GNVEN I I I® Ttft is 78 usec, the reading

speed is also 78 usegs, there show no, change.. Th fpore, the increase
in the nunber of s?&%&il ngrse%érs(?upeéna%e%olna O%onqlr?%ﬁ{"g ? Yincrease of the
readi ng speed rder Rt tqtq Phetoe! L€, COBRV i on device
wi th good ope?é{gﬁﬁi&?‘%% n% e?ttﬂﬁ%w ccé;tst: e nu e&%‘?bg?oﬁgsgfc} t he signal

W res tegbe gFQBQ%@lie%ttﬂléS Heidron deteidd ned in consideration of
various conditions. 15 In the present exanple, information of each pixel

el ement can be obt Figed 8 1d ke seHstiaitc tdiFceit TdfdgPim78orsec for all the
pi xels. Since Ttft is constant fox all the pixels, influence of |eakage

current of sigrplladiniegSlaGotHeramre tecratksexxamsiandbffoheall the pixels, 20
and thus correction thereof is easy. The voltage at a constant tine 14 usec
after off of phetoeiledtinin toomestioon TAewiednverted to the digital
information. Even if a voltage change in gx affects the signal wire SIG at
the moment of off &RG-h&A Hish & isghanalrks sphan vievhfari arpiaapéng [ be
constant and can be reduced by correction or the like, If the S/Hcircuit

ver e notdpr ovPIEFSETTEY IR MU (ﬁxﬂ%l%i ohaFh&i PROEPRLERETLC

conversion device;

Fig. 9B is a schematic cross-sectional view for
explaining the preferred structural example of the
photoelectric conversion device; and

20 Fig. 10 is a schematic system structural diagram
for explaining a form of a system that can be applied
to nondestructive inspection using the photoelectric

conversion device.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be described with

reference to the drawings.



1 7 MAY 2002 - 24 had to be converted to the digital information after off
of the thin filmtransistor, the operation for converting the analo

voltage to the digital data by the A/D converter would not be all ol/\gaMAYaUﬂ%e
performed 5 at the sane tinme as the opera6ien for converting the
information charge in the photoelectric conversion elenment S to the anal og
vol tage through the anal og vol tage converter (capacitor C reset switch 1
and anplifier 2), unlike the operation of Fig. 5. 10 Therefore, the | ong
time of (Ttft + TM w |l be necessary and the influence of the |eakage
current of sigRaampleeldl G will differ depending upon the pixel elenents in
that case. Further, the influence of the voltage change in gx on the signal
wire SIG at the 15F&gmedt 18f apsFhematie CHineuwly diagnan Qorthe |1 al so

di ffer dependi ng upon the pixel elenents. Even if the present exanple is
subj ect to suBBERORLLSETIGcRORYErEdOR AGY 1R SEIT WUkt s yEikTte,

noi se included in ;ge Eix | elenents in one row will be 20 constant. The

reason of thiS¥PEPLE P FHRs PTESHNE YRt VY vol t ages of the 1376 signa

i S| h j,m f ' f I he of f
'evel tosswi toh (nBSSRiEEERFORT T AP ark Mo AN bE EB)E HERGR of i he
| | t 2 t ; { L.l th t put
of the S/H o100 PESERL RapaERY (B dOTea® YbAgyaeeeald Lo T

one row are aEEﬁ%‘EQIiBB' ?r??*i%&é??eea? d of Zmorphddy £00rco5aE-ti me.

In the present exanple, i xel el'enments ‘are arranged in 1376

rows and 1376g¢9l ypnan QRRuIA%E Y AsWARS. f Und §id0 Sfedadf €8l uMs
are grouped into the three groups, and the device is 5 provided with the

three anal og pnotebescardd oerreddinPisidley Sis Ndposedtderacesesosf the
nunber of colums, the nunber of groups will be described bellow. The
foll ow hQ dessr Bbes pbwtioeldettarid e riNrd s i i ehameratk | andn &/ thibefilm
operability and | owest cost 10 when n colums of pixel elenents are grouped
into N groupstransistor T as a switching element. The pixel element
group 100 is composed of, for example, 1376 elements
per row in the row direction (i.e., in the horizontal
direction in Fig. 3) and 1376 elements per column in
15 the column direction (i.e., in the vertical direction
in Fig. 3), i.e., 1893376 pixel elements in total.
Outputs of thin film transistors T in the pixel
elements arranged on the same column are connected in
common to a signal wire SIG, and control terminals of
20 thin film transistors T arranged on the same row are
connected in common to a control line g.' Control lines
g number 1376 in total and are connected to a shift
register 101 to be turned on in order. When one
control line g becomes on, 1376 thin film transistors T
25 connected to that control line g become on, whereby

information charges in the photoelectric conversion

elements S connected to those thin film transistors T



When n colums are grouped into N, each group includes at |east (n/N)
signal wires SIG and the tinme of not less than (n/N) x Tad is necessary
for 15 conversion of outputs thereof to digital information. Nanely, MAf8ile
is the following relationship of TMz (nAM x Tad. Here, information of all
the pi xel elenents needs to be converted to digital information as quick as
possible in order to produce the 20 photoel ectric conversion device with

hi gh S/IN and good operability. Therefore, the time for one colum al so
needs to be mnimzed. However, Ttft is necessary for conversion of the

i nformati on ofrtherBnseerebament the Hiecyialtedm wWildrage wired gged. wire SIG
Since the 25 operation for converting the information charge in the

phot oel ectri cThengeghadnwikreseSIGS are igreoupsd dntw! tlage igradps i el out at
the same tinme as the 7 7 MAY Z002 - 26 operation for converting the
anal og vol t ageigoafltheidiegi,t al fdaist Ipigned A/ire gnamip er0 i (B3hewpresént
exanple as illustrated in Fig. 5, the tine necessary for reading of one
colum is a | angecondreigeladcwdaes gmasp 9 Ll 2rivires ), iandeanthivé t he
above equation that TM decreases with increasing N. Therefore, when Ttft ?
TM the phot oshigpedi ¢igengaosivoBUd\ilde Witk provi ded with high S/ N and
good operability. Fromthe above two equations, the follow ng_equation is

10 obtained. Ttft FhenAlFst PRI PIMR, 19 Hes PMRFH equation is
phot 06! ect 1 o HPGSEBRToMAth S hith DI GARSH 55 % THaRe PRLER good
Vhi Ues.  1ni nETRERs i S 20 4SRY bttt T el ERE ' drduBE 2o ums,
{he af or ement Pano eri anens e ¥hdd ‘et Re Rma AR G5 RP R %080
0.15 (uggc)/ 783(R¥eBsa sankfi®-and-hold circuits (hereinafter
referred to as "S/H circuits"). Outputs of the 384 S/H
circuits are connected in the form of an output wire
group of 384 output wires to one analog multiplexer 14
being an analog switch. The analog multiplexer 14
15 selects one of outputs from the 384 S/H circuits 13
under control through nine address lines ad0 to ad8 to
output a voltage thereof. This voltage is guided
through amplifiers 15 and 16 to decrease its impedance
to a lower value, and the analog voltage is outputted
20 as digital information through a connector 105 from an
A/D converter 17 to Dou;l. As for the second signal
wire group 20, the analog voltage is similarly
outputted to Dout2 as digital information wvia circuit
groups 21 to 23 of 512 sets of circuits, analog
25 multiplexer 24, amplifiers 25 and 26, and A/D converter

27. As for the third signal wire group 30, the analog

voltage is outputted similarly as Dout3 of digital



Therefore, 3 > 2.646..., and it is, therefore, seen 25 that the

phot oel ectric conversion device can be provided wth high S/N and good
operability. When Nis larger than 3, for exanple, N= 4, T™M ﬁAﬁh@’f
- 27 Dbecones smaller, 51.6 uses, but thE8tine for one col um |s stll

Ttft. Therefore, it results in increa5| ng the cost in vain. For

acconpl i shing the photoelectric conversion 5 device with high S/IN, with
good operability, and of |low cost, it is suitable to set N closest to (n x
Tad/ Ttft) while maintaining the relatlonshl of N>_n x Tad/ Ttft. For that
pur pose, N sHAfAIRELRR ¥ h n‘é?:lr%‘dlﬁsgfﬁugﬁt ?%Wot Hé Pél Isé'nﬁ SetsIPIN - 1 <

n x Tad/ Ttft I\/Ddlf |ngth equa be _de ermned o_as to satisfy
the fol | owi ng*4¥ x I cﬁf‘f‘uﬂip%e’éef %ésc?i“B ng1eAPs3Sp8L i3l Iy with
nuner al s, the h ven as follows in the present exanple.

1376 x 0.15 (psdgcl§)l%8é?x§§ ‘):eé %7— 3.646... Therefore, 3 < 3.646..., and it

S Lhus seen that gdig, p?@teﬁéeeifaﬁlegnysrgbﬁ@rgg% afbt Bl %{J\' Wi th

good operability, an | ow cost can be obtaine is thus

concl uded thaf;dhe d aye casy photeg! echpiC SAAVEESI @B dayi ¢gow th high S/N
and good operabllity can be obt ai ned en the device satisfies the

fol I owi ng equadnerohe£hi G2 Ul tRNgoEEhYrbntbudes22geharattls &thrEq. (2) as
descri bed above. n x Tad/ Ttft 5 N< n x Tad/ Ttft + 1

types of reset signals rcO to rc3 and controls the
switches in the reset switch groups 11, 21, and 31
every four switches in the column direction, thereby

10 enabling thinning operation or alternating operation of
four lines. A reference voltage generator 103 supplies
on-voltage Vcom and off-voltage Vss for thin film
transistor T via the shift register 101 under control
of the controller 102. The shift register 101 can

15 control the control lines g one by one, perform on/off
control of plural lines at one time during the thihning
operation, or turn on control lines placed at discrete
positions. A pulse generator 104 supplies sensor bias
pulses to a common electrode of the photoelectric

20 conversion elements S. The pulse generator 104
generates four types of sensor bias pulses and supplies
a common pulse every four lines in the column
direction. This allows the thinning operation or the
alternating operation of four lines.

25 An example of operation of the above photoelectric
conversion device will be described below referring to

Fig. 4 and Fig. 5.



It is noted that Eq. (2) is not a condition for 17 MAY 200? - 28
specifying the performance of the thin filmtransistors and A/D converters.
Therefore, the photoelectric conversion device with high S/'N and gdddMAY 200
operability can be inplenented, for exaM®e; by using A/D 5 converters of

| ow cost and high speed (for exanple, Tad - 100 nsec). It is, however,
better to satisfy Eq. (2) in this case as well. (Exanple 2) Fig. 6 is a
schematic circuit diagramof the 10 photoel ectric conversion device
according to the second exanpl e of the present invention. The present
exanpl e is differdmtdf rbir¥Pecal 1 skuppPee | RikRdt SLRECHYe BCe Ot ode of
each of the photoe] ectric conversion nments.in the first row and 15 in
the first coltdn Bi¥elsmiRiteRy QEP¥$efé§E}%o§éﬂti I a&ﬂ ?ﬁg' %%toelectric

conversion elenents in the first r an n the first colunq ar.e used as
ég% Pic

d i
reference el & RS ITRCERe P LEt r bR BF A B8PS Pa P! c Yéddhver si on
element 15 kel al, Lhg, ARROL N1l ¢x 485 200 DNIHOEHACEY, C nRLYENSION
el ement becormes noh-feact 1ve to }lgH?. e phot oel ectric’conversion el enent
i's, however, ] inflye €46 e t siognal wire
SIG ang%to tﬁ%ﬂ$ﬁ§%%§%ga£%?b¢R%u€o€f§§§éc%§%gg ?ﬁggghogkfﬁgssﬁgﬁaﬁgMﬁre SI G
at the noment310f Zond1 03 dhe 4MbDifidm bhansestake. ahpfieraBil rRipdi gh
S/' N can be obtai ned by subtracting the information obtained fromthese
first-row el amntzm fan3he nume281 3 70MYs 2R02irelorkmaiiton fofcheha ot her
pi xel elenments. At this time, 1376 pieces of information can be stored to
be used as c@inmeaiiv®nys@ipesld pr238 ndod N8| onunérpilxdl oekermpaileog rom a
correspondi ng col um. However, an average of 5 the 1376 pieces of
i nformati on afulitic¥exet owtv 0§ theradalogbeuliténlaxexscdde@di @mdval ue for.
informati on of each pixel elenent, for sinplifying the circuitry. This is
becaus@0t he Floseand examgral |4 epafhdBreanserssrt eukaRE &b8sPdRt t he
i nfluence of the | eakage current 10 of signal wire SIG of each pixel
el enent and19ﬂ9??ﬁ¢%ﬁ%c%7of27h%n@o$YageTgﬁaﬁﬂglFﬁlS%SoHOFHQSHQ$%%HQMre

SIGat th t of off.of th hin_f] t I, . . The,, f thi

was desert bodd Honhetpt et drhh oohy herbERaBTERERY dPoFab ol e 15
f , i i i h b f [

average o trgiﬁégg%{ﬁéﬁﬁﬁﬂogfh?%?%%?gk?gn t gugggoﬁiogan e of a sma

scale and low'c el ron obtained fromthe first
schematically indicates one circuit in the shift

15 register 101, and pulse 1104 schematically indicates
one circuit in the pulse generator 104. 1In Fig. 4, gx
(x is an integer selected from numbers of 0 to 1375)

denotes one control line out of the 1376 control lines

g. Further, reference character "rc" denotes one of
20 the reset signals rcO to rc3. Reference character "C"
designates a capacitor formed in the signal wire. This

capacitor C is not one formed as an element, but
represents a stray capacitance of the 1376 thin film
transistors connected to the signal wire. Further, the

25 same components as those in Fig. 3 are denoted by the
same reference characters.

Fig. 5 is an example of time chart for showing the



columm el enents is used as correction values for information of pixel

el ements from corresponding rows, 20 the information can be obtained with
much higher S/N by subtracting it fromthe information of each pixkf MAY200]
el ement. The reason is as follows. The rdHiati on noi se and power-source

noi se, which could be the cause of degradation of S/N, also affects the
elenments in the 25 first colum, and no optical information is included in
the devices of the first colum. Therefore, the optical information of each
pi xel elenment can be - 30 17 MAY ?Q~Z obtained with _high S/ N by
subtracting ttHaing @rfeaniref Rhethe rSPRELP r’nllmigﬁeﬁé‘n? %ﬁ\et he

information of each pixel elenment, This is_hecause.the el in one row
are subj ect ﬁdgﬂﬂ%ﬁeﬁﬁrrﬁﬂgiyi?PqH%gérggeﬁ$85§8x§%ﬁreé fﬁgpﬁggéon of this

was al ready described_in the first_exanple, Th LeSSNl Pl E@E0ys the
structure t hdtiMiRg &k PREE? cEVOFh%a§§“0F°gh§i§ o?@éﬂectrlc conver si on

el ements in then#{%gey{lgw gl o the Bi ERE ggéﬂg&sar&’lgmnlnqﬁ{@daa@ t he

GND pot ent i al°h e used as reference enents. Hut, the present

nventiqn i s (0t 4d M [ EubOrLNhFvehNELPRAIGE! SWiiich gRmalsion el ements may

(@] -
al so be ~adaptéd Tor the réeference el enents, for exanple, in such structure

that the phot QelCLesCrdSnsaRYGestaRes! aRBNGNG Aridierdit inidieatesia the
first columm are connecte% under the sane Connection as the other pixel

el ements but piesande §o,88coptically unaffected by Iight. For exanple, a
bl ack organic filmis placed on the pixel elenments of interest to shield 20
them In the case 9het Bpepheioal et the edmeerisi arf dilg cet fwilldeecti on of
X-ray, a nenber such as a lead plate may be placed before or_after an

obj ect to be @xpostbetior¥feayingheopifid. & emdizst rAeser Bredoherediis and
in two or nore colums may al so be used as 25 reference el enents instead of
those in0one iswthedopereitdosolofmiherd37Eaipied SEBNER BRsCANA Fah§¥col ums

may be used, such as 100 rows and 100 col ums. This .
First, an on pulse is applied to rc to switch the reset

switch 1 on. Then the charge in the capacitor C is
initialized. Then rc is turned to the off level to
switch the reset switch 1 off. After that, a pulse is

15 applied to the control line gx to switch the thin film
transistor T on, whereby an information charge in the
photoelectric conversion element S is transferred
through the thin film transistor T to the capacitor C.
This is because the capacitance of the capacitor C is

20 much larger than the capacitance in the photoelectric
conversion element. The potential of the capacitor C
is increased by the information charge. This is
amplified by the amplifier 2 to be outputted as an
analog voltage. Namely, the capacitor C, the reset

25 switch 1, and the amplifier 2 function as an analog
voltage converter for converting the information charge

to the analog voltage. Another analog converter may



1 7 MAY 200Z - 31 configuration has the effect of easiness of optical
shi el ding and can decrease errors due to the influence of variation in the
| eak current of the pixel elenents and variation in various charactp7mﬁW§@f
of the 5 converters for reading, by averagi Rg the noise of the reference

el ements thensel ves. Each of the effects can al so be achieved even by use
of the reference elenents only in the rowdirection or only in the colum
direction. 10 (Exanple 3) Fig. 7 and Fig. 8 are a schematic structural

di agram and a schematic circuit diagram of the photoel ectric conversion
devi ce accor demuldopy 4 heutrhentl én&epretdbnt hyper eswdil filereninsteadofFig. 7
is a schematic structural diagram of the photoelectric conversion device,
which is a | athe-amebifherodk ecni thdsncase dhedagised soristahuck eds by

bondi ng four panels A B, Cand D wthout a clearance. In the figure,
nuneral s 1100tocabed Bnoanahpiziedigdsggrirewid dineamadilghett ¥®ups in the
respective panels. CP2 represents | Cs conpgosed of reset swtches,
anplifiers, PPR;eedrtef angoRARSESESTMIPE FERITAIELNRTYE i ncl udes 128 sets

of reset_sw tches, lifiers, and S/H cirqguits d a . quarter analo
mul ti pl eXer . af‘ﬁ%“'?%f%g‘é?f’ér iﬁnﬁ%&gcﬁﬁﬁlrﬁ“&l SPEPHAHM ARk a smal | )

bei ng. capabl 0P E6kB6e: ndrks methos” nal R Add F Hoddh R 1 o exes
capabl e of haggkg‘?geglgyi ?%%g%‘sttiggl orfeq:rh%s%g?c{)g degister 1Cs, and

| arge shift registers o ages are co y connecting el even

shift register |CsphAnSeheCeontBd1° 11U G 6% REBAY 18 s¢h&ig£pi t board)
consisting of a controller, a reference voltage generator and a pul se

generator, ange(Bi tBdsGakenh RHR aPAY Fi1n0 tafardiidford oFf SEPPAYANg signal s
and power to CP1l. CRL denotes a control circuit for controlling each of the

panel s.140 CPZhetepdter A pudlsedds a@ppided G smplchtarswdtchpeldei nto three
groups, each including three 1Cs, four ICs and four ICs, respectively, from
the right, andw3%2h SW2iandheld/$ grialcuilit 65 @I .G iy consest tlet o each
group, respectively. The rightnost I C includes 15 inputs of G\D |lines as
thirty two duBhpledr ¥oltige euvdmutted foiawihe Rl ifHiens gretasbehat in the

first exanple or in the second exanple. Panel H has the mirror structure of
panel A (| eft*e6OFAgRt asnPeMBFags dit 1 FeRAFieh{Shhe TRBER 20

t t | A, . D h t t t | B. Thus,
Che. conbi nat i BRCEF I 5P LARHE AT 2 ST HER 1 58 BRSpanel B wiih
| D i nt t . i nt of
ont act -Bmong (RSB0 dP RHRE SRl ot Gl (e FEOLGS BpeBehol O
anot her, ther gy ,6QMRASING, 101, | A{PIGPRNElve ted SpuPVErLr tn80kGdcLhat a

ckearance of spacing of pixel elenents, for exanple, of one row (or

SW. Therefore, the output of the S/H circuit 3 is
maintained as a voltage. This output voltage is
supplied from the analog multiplexer 4 to the A/D

20 converter 7 at determined timing by a pulse of ad0 to
ad8 to be outputted as digital information to Dout.
During a period in which the output of S/H circuit 3 is
maintained as a voltage and the information is
processed in the A/D converter 7, the next thin film

25 transistor T is turned on by pulses of rc and gx+l1l and

the next information is outputted as an analog voltage

to the amplifier 2. The above described the operation



- 33 - 17 MAY ~0a2 one colum) is created between the panels, for
facilitating bonding. Fig. 8 is a schematic circuit diagram of the

photoel ectric conversion device. Six A/D converters 5 and six menorj eMay 0
functioning as buffers are provided for ta% -panel s, panels A and B, cﬁ
outputs of these nenories are given as one digital output D1 froma digital
mul tiplexer. The nenories herein are so-called FIFO (First In First Qut)
type nmenories fromwhich 10 first input information is outputted first.
These two panel s _in the upper. part operate as if they were one, n dd|e

panel . This oRE A3d& é’iﬁ‘ffﬂeleltﬂ?%‘?’?ﬁl%“ R TME e%l“@of‘t‘ﬁﬁtf‘e¥h‘élglhﬁﬁér of
groups N = 3, the nunber 2. = 275 Tad = 0.15 Nsec,
T50and Tet =R adEn s d b1t Bivel | ELOTRECS LFPhWPRY

(rjgi/?yeoln:hlt IEle f{]&)ﬁl Igg -I%)‘];rz)_t];ae%eccfﬁ%m%%%e#&%+ %]i-%%;[ cefa%%;?\;séﬁngﬁpla;nghi >
good 20 oper ahi|J t‘%ﬁ% KEW S& &iEad % m@%&&ggnéﬁﬁro 8LL+8h5

provi ded with SiITX ‘converters an oni g as %uffers

and outpyls 1o Nase 1 S5n 2 €16 VBl Ao BP0 me' gOebPhl D2 froma

digital 25 rrultlplexer ese two panels 1nt ower t al so operate as
if they were inprr{gdjcg,p panel. Fig. 9A and Fig. 9H are a schematic
struct ural - 1 7 MAY 2002 plan diagram and a schematic secti onal

di agram of an appl iGRtEQy, i %, Wt £ iheipaesenthénventi ABckssapp! ifed to a
phot oel ectric conversion device for X-ray detection. 5 A plurality of
phot oel ectri c coorweartsing) ehentnfsrmation charge in the photoelectric
conversion element S to the analog voltage through the
10 thin film transistor T and the converter (capacitor C,
reset switch 1, and amplifier 2) by gx. Further, Ttft'
indicates the time necessary for converting the next
information charge by gx+l. Further, TM represents the
time necessary for operating the multiplexer 4 and
15 outputting the digital information of outputs of 512
S/H circuits to Dout by the A/D converter 7. In this
example, Ttft = Ttft' = 78 psec and TM is 76.8 usec
(the conversion time Tad of the A/D converter is 150
nsec in this example). It is seen from this that Ttft
20 > T™ and that the reading speed of the photoelectric
conversion device is determined by the time Ttft for
converting the information charge in the photoelectric
conversion element S to the analog voltage through the
thin film transistor T and the converter (capacitor C,
25 reset switch 1, and amplifier 2) by gx in the present
example. In the present example, the signal wires SIG

are grouped into the three groups of signal wires. If



and TFTs are fornmed in a-Si sensor substrate 6011, and flexible circuit
boards 6010 on which shift registers SRL or integrated circuits IC for
detection are nmounted are connected to the substrate 6011. The othpEmMAY7MiEs
10 of the flexible circuit boards 60Z0- &% —connected to a circuit board
PCBI (SR1 GROUP) or are connected to a circuit board PCB2 (1 C GROUP). A
plurality of a-Si sensor substrates 6011 descri bed above are bonded onto a
base 6012 to conpose a | arge photoel ectric conversion 15 device, and a | ead
plate 6013 is nounted for protecting nenories 6014 in processing circuit
6018 from X- rehes.signmk estees $EEearal 960upeds dptey g reyps P%r

converting X-rays to visible light is applied o onded ont e ,a- Sl
sensor subst retgnakodiresns TV waitaPed2501PASE; BOBQ , ERE (iotié/izg “hount ed

in carbon fiber case 6020, Fig. 10.is an_appli [ I

phot oel ect ri cL2@RERSI) oAndel gerSPdt'lﬂg Spgggnwgﬁh'vgnu%%@g%acﬁf -S}'régiy

di agnosi s system_ 25 X-rays 6060 erated .| -of RS d4rough
chest 6062 oflf E‘&?i%ﬁgn?ﬁ( ‘é{lﬁgﬁsgg tg%%egggggré\c}egyk Gﬁugogﬁt er the
phot oel ectric_gonversion_deyj,ce .6Q4Q o0 I &R . lduqneset yatsgial is
- 35 17 MAY %b%nﬁ'gumﬁﬁ.s’T#eq ?’rl\glgdg)ﬁt B)?— ag:/—,tsi itﬁrrlgllsudeqi nf or/rlriati on of the

i nsi de of thengggé Ogu@ats.%iﬁ@a Q.Q‘g% iEhegf hlsiesaa raddEmqlsguedgss about

| um nescence in"réesponse to 1 ncidence of the X-rays, and this light is 5

converted to t bhcakebnf hERIRN SPMOWARMRY @R etdrige Corthesse fore Thi s
i nformation igiggnzgr?eg fo digi tﬂg{ln data, and the digital data is subjected

to i mage procgasi RckrBaksende RHRCeRalerd G40 digrzl obiss: vaxbups diepsay 6080
placed in a control room 10 This information can also be transmtted

t hrough transpb%sicenti@dutes teh armedsd ephdite |Terd HIHSPeL@- r efdt e pl ace
to be displayed on display 6081 or stored in storage neans such as an

opti cal 1di sk~ brdardact obtademtite i tRelac i ke CORIRT LY 0BLESr at the
remte with good operability and at low cost, the number of

groups of the signal wires to be grouped is thus
desirably determined in consideration of various
conditions.

15 In the present example, information of each pixel
element can be obtained in the constant time of Ttft of
78 psec for all the pixels. Since Ttft is constant for
all the pixels, influence of leakage current of signal
wire SIG, if any, becomes constant for all the pixels,

20 and thus correction thereof is easy. The voltage at a
constant time 14 psec after off of the thin film
transistor T is converted to the digital information.
Even if a voltage change in gx affects the signal wire
SIG at the moment of off of the thin film transistor,

25 this influence will be constant and can be reduced by
correction or the like. If the S/H circuit were not

provided and the voltage of the signal wire SIG thus



15 place can nake a diagnosis. The information can also be recorded fn film
6110 by fil m processor 6100. The present invention is not limted to the

pi xel configurations of the exanpl es described above, but the pi xel1s] WVZDDZ
al so be arranged in other configurations?4s 20 long as they satisfy ‘the
requirenents that a plurality of pixels can be arranged in the row and
colum directions, outputs of the pixels (photoelectric conversion pixels)
in the respective columms can be connected to each of a plurality of signal

ires, 25 ti . and control termnals for, contro|i he_si gnal
out put_oper at Rafl 5 ke CovErrad knd Al 545 1ERERE 68 "etiREct ad to

h of | uraldit trol .. 17 MAY 2002 - 36 |] . tively. Th
Ctructure of PRE FRotts SR ¢iogh A i oRRBrLoRRRE, YT

par ti cul arly Lo, (hat,of, Lhe ahove XA SR, € LR q YT ERe aathepgbove

exanpl es were construc n suc ructure t anal 0g co

Teans was conqeg! g o Sacl-alr LR AL A remohud Lhenanglagosaayer si on

means may be provided for every plX ed above, e presen

i nventiog canaqr ped@ e di GRS it YRS LELoh CeEPNNERSEPRiHEVIERE 10 Wi th
high S/N ratios and good operability and a | ow cost system capabl e of

obt ai ni ng di giih&ormaftaloridiirdd) ith |8 ptas € PG ¥ & heBh @8 SA Bnr at i 0s

necessary for the X-ray pickup systemor the like. - 37 WHAT IS CLAI MED

IS: 1 7 NMAY Zel2mbntAhei dfHee dnd ing orvketsgentievugk thapahailong: a

phot oel ectric conversion portion conprising a plurality of photoelectric

conver si on pi ¥xell<ager aryaerter (capacitor C, reset switch 1, and
amplifier 2), unlike the operation of Fig. 5.

10 Therefore, the long time of (Ttft + TM) will be
necessary and the influence of the leakage current of
signal wire SIG will differ depending upon the pixel
elements in that case. Further, the influence of the
voltage change in gx on the signal wire SIG at the

15 moment of off of the thin film transistor will also
differ depending upon the pixel elements.

Even if the present example is subject to sudden
nolse such as radiation noise or power-supply noise,
noise included in the pixel elements in one row will be

20 constant. The reason of this is as follows. Since the
analog voltages of the 1376 signal wires SIG are
processed at the same timing of turning of smpl to the
off level to switch the switch SW off, they are not
affected by change of the analog voltage outputted

25 thereafter from the amplifier 2, and the output of the

S/H circuit 3 is maintained as a voltage. Namely, the

elements in one row are affected only by noise at the



5 in row and colum directions, a plurality of signal wires wired in the
colum direction, each of the signal wires connecting outputs of the
phot oel ectric conversion pixels arranged in the sane colum, and a7 MAY 20m
plurality of control lines wired in the 2Bw-direction, 10 each of the '
control lines connecting control termnals for controlling signal output
operation of the photoel ectric conversion pixels arranged in the sane row,
a plurality of anal og nmenory nmeans for storing 15 an anal og voltage
obt ai ned from anal o voltage conversi on neans for converting an information

charge based %A"¢ hEg‘Bﬁot otNethf PresRier §¥6M) el dq &I TRt Yol t age,
h of th | bei ted t f th i |
wires. and 20 LTPRFRI PFY BEEARBRR0nGerorn e oRsh s 1 AT Lo each
t put of i f | i t.ch h | itch
meahs boi ng ceimesed toBaE 3Ry EBE TRANIng U e MmO AL L T0,

are Tormed biofhihdhngoett BHE khags alceach dhPSuldsdanaleg gemory means

into a plural groups. piot o€l éctric conversion ice

according 14 MWadBi th38he! enkdl %H\ja’lo‘#;%rvﬂj&ﬁéke A Qo 40! 4 pge

conversion nmeans and the anal og nenory neans are connected to each of the

signal wires.cndertBesPhone!, egh bthnedn\RisdL b IS hamser dbag to daim
1, wherein when the plurality of output |ine groups are conposed of N

groups of out@sluhhBes thiehaupbekoelfegiroupse WA O ddioel sedrigeBL6RNgEd in
n colums, a conversion tinme of the A/D conversion neans 10 is Tad second,
and a tine for conTeesifodloiinge desariisd drove hay gietatnping ed toom t he
phot oel ectric conversion pixel to the anal og voltage through the anal og

vol t age conveashdeveeaasimumTSy/N,sdesid operaN sty sHndslavestordsti on: N ~
n x Tad/ Ttft. 15 4. The photoel ectric conversion device according to Caim
3, whertPn t hehghsyt colpaast B edx@ilt iedemants Bkf WFQUREA Nt N Tad/ Ttft
+ 1. 20 5. The photoel ectric conversion device according to Cdaiml,
wherein the pﬁBBHBFectric conversi on pi xel has a photoel ectric conversion

of the. phot o6l 66t r PRy EPOTIR % FER SRR ATl (98 OFPPBI orm nal
ng E L‘ﬁl ﬁgoéfg%gx%?.gd%sc%@/%re%s@ AR d Lol dAEM IR fhel BEme
. Ai: Af . Ay. AS. ArARAAG AL %ﬁ-rf‘\(-rﬁ(N ) ,y.ﬁdA{i$(,J§e(§eﬂ§rf\f foR&Y. AL. A"Y. AuLY. A
| . AU2. AY5ASY. BahvAircAdR Af oA6pANS AffarARE At AHGDEQD 1nBkEdhwashc Y] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] caU] ca] ca] cal] ca] cal] ca] ca] ca]
cal] cal] ca] ca] vajneRy|,cRhekre ise the following relationship of
™ 2 (n/N) x Tad. Here, information of all the pixel
elements needs to be converted to digital information
as quick as possible in order to produce the
20 photoelectric conversion device with high S/N and good
operability. Therefore, the time for one column also
needs to be minimized. However, Ttft is necessary for
conversion of the information of the pixel element to
the analog voltage of signal wire SIG. Since the
25 operation for converting the information charge in the

photoelectric conversion element S to the analog

voltage is carried out at the same time as the



Ua

/ Or G?\ >?=>}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ) Z1T*00AG8/ | vgl gb] X] cd]7cmhe é?c

] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca}capca] ca] ca] ca] ca] ca] ca] ca] ca] ca@ aj

cal calca]ca] cal /034=HrsVkl JK %) <

} xsmhb] X] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc

a] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca!

P x##e$9%&2&S T s' ((((((((()******+} xsnid_Z]] ca] ca] ca] ca] ca] ca]ca] ca] ca

] ca] ca] ca] ca] ep¢raftahciprafoapealtdage dheajerdleyy cedlckdas] vt ca] ca] ca!l +,
,)-s.y..../</s/FOZ0O00000%4Z152p222@y3333345;
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For that purpose, N should be determined so as to
satisfy the following.

10 N - 1 < n x Tad/Ttft
Modifying this equation, N can be determined so as to
satisfy the following.

N < n x Tad/Ttft + 1 (2)

Describing this specifically with numerals, the

15 right side is given as follows in the present example.

1376 x 0.15 (psec)/78 (psec) + 1 = 3.646...
Therefore, 3 < 3.646..., and it is thus seen that the
photoelectric conversion device with high S/N, with
good operability, and of low cost can be obtained when

20 N = 3.

It is thus concluded that the low-cost
photoelectric conversion device with high S/N and good
operability can be obtained when the device satisfies
the following equation which simultaneously includes

25 Eq. (1) and Eq. (2) as described above.

n x Tad/Ttft < N < n x Tad/Ttft + 1

It is noted that Eq. (2) is not a condition for
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(Example 2)
Fig. 6 1s a schematic circuit diagram of the
10 photoelectric conversion device according to the second
examnple of the present invention.

The present example is different from the first
example in that the one electrode of each of the
photoelectric conversion elements in the first row and

15 in the first column are connected to the GND potential
and the photoelectric conversion elements in the first
row and in the first column are used as reference
elements. When the one electrode of a photoelectric
conversion element is kept at the GND potential, the

20 photoelectric conversion element becomes non-reactive
to light. The photoelectric conversion element is,
however, subject to the influence of leakage current of
the signal wire SIG and to the influence of the voltage
change in gx on the signal wire SIG at the moment of

25 off of the thin film transistor. Information of high
S/N can be obtained by subtracting the information

obtained from these first-row elements from the
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This is because the present example is configured so as
to make constant the influence of the leakage current

10 of signal wire SIG of each pixel element and the
influence of the voltage change in gx on the signal
wire SIG at the moment of off of the thin film
transistor. The reason of this was described in the
first example. Since the memory stores only the

15 average of the 1376 pieces of information, the memory
can be of a small scale and low cost.

When the information obtained from the first-
column elements is used as correction values for
information of pixel elements from corresponding rows,

20 the information can be obtained with much higher S/N by
subtracting it from the information of each pixel
element. The reason is as follows. The radiation
noise and power-source noise, which could be the cause
of degradation of S/N, also affects the elements in the

25 first column, and no optical information is included in
the devices of the first column. Therefore, the

optical information of each pixel element can be
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one row are subject to constant noise in the present
5 example. The reason of this was already described in
the first example.

The present example employs the structure that the
one electrode of each of the photoelectric conversion
elements in the first row and in the first column are

10 connected to the GND potential and they are used as
reference elements. But, the present invention is not
limited to this, the photoelectric conversion elements
may also be adapted for the reference elements, for
example, in such structure that the photoelectric

15 conversion elements in the first row and in the first
column are connected under the same connection as the
other pixel elements but are made to be optically
unaffected by light. For example, a black organic film
is placed on the pixel elements of interest to shield

20 them. In the case of the photoelectric conversion
device for detection of X-ray, a member such as a lead
plate may be placed before or after an object to be
exposed to X-ray. The pixel elements in two or more
rows and in two or more columns may also be used as

25 reference elements instead of those in one row and in
one column. For example, many rows and many columns

may be used, such as 100 rows and 100 columns. This
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of variation in the leak current of the pixel elements

and variation in various characteristics of the

5 converters for reading, by averaging the noise of the

reference elements themselves. Each of the effects can

also be achieved even by use of the reference elements

only in the row direction or only in the column

direction.

10 (Example 3)

Fig. 7 and Fig. 8 are a schematic structural
diagram and a schematic circuit diagram of the
photoelectric conversion device according to the third
example of the present invention.

15 Fig. 7 is a schematic structural diagram of the
photoelectric conversion device, which is a large-area
photoelectric conversion device constructed by bonding
four panels A, B, C and D without a clearance. In the
figure, numerals 1100, 2100, 3100 and 4100 designate

20 pixel element groups in the respective panels. CP2
represents ICs composed of reset switches, amplifiers,
S/H circuits, and analog multiplexer. Each IC includes
128 sets of reset switches, amplifiers, and S/H
circuits, and a quarter analog multiplexer. The

25 quarter analog multiplexer herein means a small 128-

input analog multiplexer, which is an analog

multiplexer in four ICs being capable of composing a
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connecting eleven shift register ICs in series. DB2
5 indicates PCB (printed circuit board) consisting of a
controller, a reference voltage generator and a pulse
generator, and DBl indicates PCB consisting of wires
for supplying signals and power to CPl. CRL denotes a
control circuit for controlling each of the panels.

10 CP2 of panel A includes eleven ICs, which are
grouped into three groups, each including three ICs,
four ICs and four ICs, respectively, from the right,
and 352, 512 and 512 signal wires SIG being connected
to each group, respectively. The rightmost IC includes

15 inputs of GND lines as thirty two dummy wires. The
electrical circuitry is the same as that in the first
example or in the second example.

Panel B has the mirror structure of panel A (left-
to-right inverted structure). Panel C has the same

20 structure as panel A, and panel D has the same
structure as panel B. Thus, the combination of panel A
with panel C and the combination of panel B with panel
D have the point symmetry structure around the center
at a point of contact among the four panels. The four

25 panels are bonded to one another, thereby composing one
large panel. It 1s, however, noted that a clearance of

spacing of pixel elements, for example, of one row (or
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Fig. 8 is a schematic circuit diagram of the

photoelectric conversion device. Six A/D converters

5 and six memories functioning as buffers are provided
for two panels, panels A and B, and outputs of these
memories are given as one digital output D1 from a
digital multiplexer. The memories herein are so-called
FIFO (First In First Out) type memories from which

10 first input information is outputted first. These two
panels in the upper part operate as if they were one
middle panel. This one middle panel herein is
constructed so that the number of groups N = 3, the

number of columns n = 1376 x 2 = 2752, Tad

0.15 upsec,
15 and Ttft = 78 usec. These conditions satisfies the
following relationship.

n x Tad/Ttft < N < n x Tad/Ttft + 1
It is thus seen that this device is the low-cost
photoelectric conversion device with high S/N and good

20 operability.

Likewise, the two panels in the lower part are
provided with six A/D converters and six memories
functioning as buffers, and outputs from these memories
are given as one digital output D2 from a digital

25 multiplexer. These two panels in the lower part also
operate as if they were one middle panel.

Fig. 9A and Fig. 9B are a schematic structural
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detection.

5 A plurality of photoelectric conversion elements
and TFTs are formed in a-Si sensor substrate 6011, and
flexible circuit boards 6010 on which shift registers
SR1 or integrated circuits IC for detection are mounted
are connected to the substrate 6011. The other sides

10 of the flexible circuit boards 6010 are connected to a
circuit board PCBl (SRl GROUP) or are connected to a
circuit board PCB2 (IC GROUP). A plurality of a-Si
sensor substrates 6011 described above are bonded onto
a base 6012 to compose a large photoelectric conversion

15 device, and a lead plate 6013 is mounted for protecting
memories 6014 in processing circuit 6018 from X-rays.
Fluorescent material 6030, for example CsI, for
converting X-rays to visible light is applied or bonded
onto the a-Si sensor substrates 6011. As illustrated

20 in Fig. 9B, the whole is mounted in carbon fiber case
6020.

Fig. 10 is an application example of the
photoelectric conversion device of the present
invention to an X-ray diagnosis system.

25 X-rays 6060 generated in X-ray tube 6050 pass
through chest 6062 of a patient or a person to be
observed 6061 to enter the photoelectric conversion

device 6040 on which the fluorescent material is



10' 0 10' 0’ 910% 0& ()-L710% 0& () -4 }{Y7bC

10! Xx&yZ" 109R'RM& ()- ' n&" 109" H' & ()- 10% & ()- Z'10%& () -

Z"10%" & ()-"! Z"10%& ()-"}56"<.C 17

10VKVK! | 93. " 109%/KVKE ()-!x93. " 10%R' R' & t)3R&Nt 100& () - e! | &&ni' 109/ I MAY B0
10% & ()-&yZ"10% & () - 678?K! V2gHC

10VKVK! | 9391094V&’ () - S&YL09%VE () - 109%VE () - &TLOYVE ()- " 109%VE ()- 1OVKVK
10VKVK2f - f dEHC

OV L OB (L FIONE (L ST L 1O ) AR 1000 (-
A0 0. A s A G I e e - o
LoV 107 g %&g@saageaahdégéﬁ?&w e o
F iRt cattien bt Sgut T el i
o S I e Bt B e on 12
10t $t $! " F. " 10%:&h$&xrsiont [ Frhig%@hgbémblioh 10 BohvertealcS4igital

data, and the digital data is subjected to image

processing in image processor 6070 to be observed in

display 6080 placed in a control room.

10 This information can also be transmitted through
transmission means such as a telephone line 6090 to a
remote place to be displayed on display 6081 or stored
in storage means such as an optical disk in a doctor
room at the other place, whereby a doctor at the remote

15 place can make a diagnosis. The information can also
be recorded in film 6110 by film processor 6100.

The present invention is not limited to the pixel
configurations of the examples described above, but the
pixels may also be arranged in other configurations as

20 long as they satisfy the requirements that a plurality
of pixels can be arranged in the row and column
directions, outputs of the pixels (photoelectric
conversion pixels) in the respective columns can be
connected to each of a plurality of signal wires,

25 respectively, and control terminals for controlling the
signal output operation of the pixels in the respective

rows can be connected to each of a plurality of control
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As detalled above, the present invention can
provide the low-cost photoelectric conversion device
10 with high S/N ratios and good operability and a low-
cost system capable of obtaining digital information in

a large area and with high S/N ratios necessary for the

X-ray pickup system or the like.
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wires wired in the column direction, each of the signal
wires connecting outputs of the photoelectric
conversion pixels arranged in the same column, and a
plurality of control lines wired in the row direction,
10 each of the control lines connecting control terminals
for controlling signal output operation of the
photoelectric conversion pixels arranged in the same
TOW;
a plurality of analog memory means for storing
15 an analog voltage obtained from analog voltage
conversion means for converting an information charge
based on the photoelectric conversion pixels to the
analog voltage, each of the analog memory means being
connected to each of the signal wires; and
20 a plurality of A/D conversion means each
connected to each output of a plurality of analog
switch means, each of the analog switch means being
connected to each of a plurality of output line groups

which are formed by dividing output lines of each of

25 the analog memory means into a plurality of groups.

2. The photoelectric conversion device according
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to Claim 1, wherein the analog voltage conversion means

and the analog memory means are connected to each of

the signal wires.

3. The photoelectric conversion device according
to Claim 1, wherein when the plurality of output line
groups are composed of N groups of output lines, the
photoelectric conversion pixels are arranged in n
columns, a conversion time of the A/D conversion means
is Tad second, and a time for conversion of the
information charge outputted from the photoelectric
conversion pixel to the analog voltage through the
analog voltage conversion means is Ttft second, the N

satisfies the condition: N 2 n x Tad/Ttft.

4. The photoelectric conversion device according
to Claim 3, wherein the N satisfies the condition:

n x Tad/Ttft € N < n x Tad/Ttft + 1.

5. The photoelectric conversion device according
to Claim 1, wherein the photoelectric conversion pixel
has a photoelectric conversion element and a switching
element for controlling the signal output operation of
the photoelectric conversion element, and wherein a
control terminal of the photoelectric conversion pixel

is a control terminal of the switching element.



