; e3ehdha$6T$ -~ WD 01109960 1 DE S CRI1 P T 1 0 N PHOTCSENSOR AND
PHOTOSENSOR SYSTEM 5 Technical Field Thi s i nvention relggfs to a

+ photosensor for 10 15 20 25 sensing |light or an image, éfﬁg 6P the

- sensed light and a photosensor system Background Art One known

ol Wo- di mensi onal image reading device for reading printed matter,
phot ogr apW®, 9149964 | ngerprints by very smal | |rregular|t|€§TPﬁmMH@4f|nger has
a phot osensor array conposed of photoel ectric conversion el enents

(phot osensors) arranged in a nmatrix. Generally, a solid-state
devi ce, such as CCD (Charge-Coupl ed Device), nmade of single C"M%@@w @
has been used as a photosensor array. Use of single crystal

t he problem of increasing th® BaAu€aRtTirB My IcOsN seriously. It is*g6d61

known that the CCD has a structure where photodi odes or photosensor
arranged in a matrix, causes a horizontal scanning circuit and mﬂmmﬂ@w

scanning circuit to derpﬁ% %ﬁ‘ﬁs&&%&%n@% ﬁﬁé&g Sqésgr%%(dl ng to

| i ght projected on the recei'ving sec Ion of photosensor:mﬁﬁﬁ
senses the lum nance of the projected Iight. In a photosensor system using
such a CCD, because select 2 2 SEP 2003 PCT/ JP00/ 05104 2 2 SEP 20d3 WO
01/ 09960 PCT/ JP0O0O/ 05104 2 tramechhbesl fmrelrdespecti vely bringing the
scanned phot osensors into the selected state have to be provi ded

i ndependent | y, anThhtriswsatiant Rrelatehdio ¢ PpPresensAUsEes t he probl em of

meking the °V2£§£Agfﬁﬁén nh? Ln 9magq according to the sensed light

and a photosensor system.
Background Art

10 One known two-dimensional image reading device for
reading printed matter, photographs, or fingerprints
by very small irregularities in the finger has a
photosensor array composed of photoelectric conversion
elements (photosensors) arranged in a matrix.

15 Generally, a solid-state imaging device, such as CCD
(Charge-Coupled Device), made of single crystal silicon
has been used as a photosensor array. Use of single
crystal silicon causes the problem of increasing the
manufacturing cost seriously.

20 It is well known that the CCD has a structure
where photodiodes or photosensors are arranged in
a matrix, causes a horizontal scanning circuit and
a vertical scanning circuit to detect the charges
generated according to the amount of light projected

25 on the light-receiving section of each photosensor,
and senses the luminance of the projected light. 1In a

photosensor system using such a CCD, because select



To overcone this problem an attenpt has been recently made to nake the
system snal |l er and reduce the manufacturing cost by appl yg?gsE"p bl%n-fi I m

- transistor with a so-called double-gate structure (hereinafter, referred
toas ad -aat e photosensor) to an i mage readi ng dey

¢ doubl e-ga@%@%@gsensor is such that a photosensor has \gcgﬁg?ogoggoé‘nse

" function and a select transistor function. The plane structure of a

phot osensor array 15 conposed of such doubl e-gate photosensors PS is so
desi gned, for exanple, as shown in FI 30 that doubl e-gate photosensors PS
are arranged with a specific pitch of Psp in a lattice-like form(or in a

matrix) int Lrectio o] ! i.ng. at .l angl es and t hat
light fromt Egaﬁ%gu Orgf!tsi Eérs%%%(é?%\?le‘ye(lg (%?J:I§'<I'§11 gngu%ﬂs% ?%%aen)%%gi de is projected
through the ghepBsdddr@l eMRBt the R Obded RehRe hayd i<e wento the subject.
Therefore, to project sufficient light on the subject to inprove the

| i ght - recei vpagvidediindepeydently s &0 imecessar ynt therakendbelre of

el enent-to-el enent region Rp as |arge as possible. FIG_ 31 is a sectional

vi ew showi ngPtKel8tFaraasr &he problyp ofp@rhindothe v AEATSYPEEM05104 3 of a
doubl e-gate hot osensor PS taken along line XXXI-XXXI in FIG 30. The

doubl e-gate phdE8Eensor PS conprises a sem conductor |ayer 1 where

el ectron-hol e pai h§ M& e’f"ﬁ&@dp?é{bié}ﬁ,i tatltiefﬂ?fc’ hds widi con S layers 7

provi ded at both ends of the sem conductor |ayer a source el ectrode 2

and a drain eleeehtogenadaMiicChareethi®rps N sie 18+ Shd i eQucleayaes 7 and

shut off light exciting the sem conductor layer 1, a block insulating film
4 provi ded omaphdasew cohdwstoby| apeky ity B tddnuppbr trarsiiswogl ating film5s
covering the source electrode 2 and drain electrode 3, a top gate el ectrode

3,.
TG forned on"ié BpPRTCY A FREBFETIRYS TS T8 (BRET € i'nsul ating film
0 Del ov L he seEeopdlel ofs | AuBute-0a DO SARARLEGE) o8l 1 A8a G o 1S

formed bel ow t he | ower gate I nsulat dshutsofelight

exciting the seiegndeeicd. | aner dodble fgd {ATRABEBAsSHES Idlc® 9.
Specifically, the doubl e-gate photosensor PS is such that a conbination of
two MOS tranditstitomasphotosdhsor hppes MBS ¢ resrsiestfonctboposed of the

sem conductor |ayer 1, source electrode 2, drain electrode 3, and top gate
el ectrode TG?2 &fdest| brRts Mot £4ASEEPDr conposed of the sem conduct or

| ayer 1, source electrode 3, and drain electrode 3, and bottom gate
el ectrode BG is The p?ane dtructure o? a Sﬁotosensor array

15 composed of such double-gate photosensors PS is so
designed, for example, as shown in FIG. 30 that
double~-gate photosensors PS are arranged with a
specific pitch of Psp in a lattice-like form (or in a
matrix) in the directions of x and y crossing at right

20 angles and that light from the insulating substrate (or
glass substrate) side is projected through the element-
to-element region Rp in the lattice onto the subject.
Therefore, to project sufficient light on the subject
to improve the light-receiving sensitivity, it is

25 necessary to make the element-to-element region Rp as
large as possible.

FIG. 31 is a sectional view showing the structure



25 fornmed on the transparent insulating substrate 9, such as a gl ass

substrate using the sem conductor |ayer as a conmobn channeg rggigam 2 2
- SEP 2003 WO 01/09960 4 PCT/ JP00/ 05104 Then, light hv emtt 8 rom above the

doubl e- gat e phot osensor PS advances in the direction of the arrow, passes
‘through t R @@pPe4at e el ectrode TG and transparent insul KIGTHROHSIAs 4, 5,
“and enters the 5 sem conductor layer 1. In the sem conductor |ayer 1,

el ectron-hol e pairs are generated according to the amount of incident

light. By sensing the voltage signal cbrresponding to the charges, the

| i ght -and shade information on the subject is read. 10 A photosensor system
applied to the aforenenti oned two-di nensi onal inmge reading device has the

fol | owi ng probl&MCUblErIFEe REPFIANAREt 88 Fayer alqny aid6ubl e- gate

hot osensor i t.on e si s,of various_ 15 di nensions termning the
(F:)_hannel r_egigﬁ,d'f v 8, F%?'t% 'rg“tqeo dc?iu%ﬁég%’ﬁ%npﬂ'@rz%lsgﬁﬁf)ﬁ g% to _chan%e!
width WO in &bg SeriCandunt e5nddyes: kaylhe 1ChDRele1ngiR-kOLE0i nei des wi th

the length of the block insulating film4 in the direction of channel
| ength. 20 Theits ansd seaerabadasy eirdcsidenitoflighe, doublid-digahe phot osensor PS

is generally expressed by the foll ow ng

5 layers 7 provided at both ends of the semiconductor
layer 1, a source electrode 2 and a drain electrode 3
which are formed on the n* silicon layers 7 and shut
off light exciting the semiconductor layer 1, a block
insulating film 4 provided on the semiconductor layer

10 1, an upper gate insulating film 5 covering the source
electrode 2 and drain electrode 3, a top gate electrode
TG formed on the upper gate insulating £ilm 5, a lower
gate insulating film 6 below the semiconductor layer 1,
a bottom gate electrode BG which is formed below the

15 lower gate insulating film 6 and shuts off light
exciting the semiconductor layer, and a transparent
substrate 9.

Specifically, the double-gate photosensor PS is

such that a combination of two MOS transistors, of

20 an upper MOS transistor composed of the semiconductor
layer 1, source electrode 2, drain electrode 3, and top
gate electrode TG; and a lower MOS transistor composed
of the semiconductor layer 1, source electrode 3, and
drain electrode 3, and bottom gate electrode BG, is

25 formed on the transparent insulating substrate 9, such

as a glass substrate using the semiconductor layer as

a common channel region.



expression (1}: Ids wO/LO (1) where Ids is a source-drain current val ue.
25 The doubl e- gat e phot osensor system recogni zes an |rra?2 ﬁélp Wdi ng the

- voltage at the drain electrode 3 that varies with the dfahc ent |ds
flowi ng on 22 SEP 2003 WO 011 09960 PCT/ JP00/ 05104 5 the basis of the
‘char ges gBRMA%Y in the senmiconductor |ayer 1 accordi n&CTdPR&04npunt of
“incident light. Therefore, to clearly recognize the inmage of the subject in
a high contrast ratio, the difference 5 between the drain current Ids of a
doubl e- gat e phot osensor PS positioned 4n a dark portion of the subject and
the drain current Ids of a double-gate photosensor PS positioned in a
bright portion of the subject has to be nade |larger. Since the source-drain
10 current val ue TRRR t R4BhEek ar PMNi&Seghbron apizded drmesdaybipvieye of the
doubl e-gat e Epot osensor PS iis_determ nel

. d qn the, basi f the ratio of the
channel wi dt RN T OFahRefY B H FOTH ﬁﬁegﬁh‘?rboﬁf&eoraqﬁ%r 1, it is
desirable fr j i 0. | 0T, it t ransi st or
sensitivity gf%%{i *ﬁ*g&‘gﬁg Sg%eé%ém doégéﬁg%é?qggﬁ?hg? t he design value of the

ratio WO LO sbanéshhmtradeudstl g oFi e RQSSI, bhed éMtdhe toleher hand, if the
ratio WO LO it set to be so that the doubl e-gate photosensor PSis set to a
hi gh 206 transesiopnduatsint ilavey, 1t helpltdee semigehduetay ltayersdni conduct or

| ayer 1 inevitably takes the formof a rectangul ar shape with a relatively
| ar ge channePlGFEEPR WO IEn@2ATP ePER | IRNSF 2SR PCERERIRI Y2ridteh LO. Because

t he doubl e-gghﬁggggégsﬁ%%%%ngslfgyées Bonls)éntsggghL%eCtY%%acsgﬁeused to enter the

sem conduct or y tThe part not Scover ade source

el ectrode 2 aigndl akdk & emslg 8o SENs &hardes!, | g9ht ﬁﬁﬁim-ﬂom above. 2
2 SEP 2003 WO 011 09960 PCTI JP0O0O/ 05104 6 As 'shown in G 30, the area in

whi ch the |i ghiader bnfédmntien conthetubjemterislrieadal | owed to enter takes a
formof a near rectangle Ip0O with the length of the shorter side being KO
and t he? | ength ofAtEBOFQﬁﬂﬁﬁor system applied to the aforementioned

two-dimensional image reading device has the following
problems.

(a) The semiconductor layer 1 in a double-gate
photosensor PS is set on the basis of various

15 dimensions determining the channel region, that is,
of the ratio of the channel length Lg to channel width
Wg in the semiconductor layer 1. The channel length Lj
coincides with the length of the block insulating film
4 in the direction of channel length.

20 The transistor characteristic of the double-gate
photosensor PS is generally expressed by the following
expression (1):

Ids &< Wg/Lg (1)
where Ids is a source-drain current value.

25 The double-gate photosensor system recognizes
an image by reading the voltage at the drain electrode

3 that varies with the drain current Ids flowing on



5 side being about WD. Since the short-side |length KO basically depends

| argely on the channel length LO, when the light enteri ngezt @E Sﬂl‘g conduct or
- layer 1 is perfect diffuse light or al nost perfect diffu Sh t he
anount of |ight entering the sem conductor layer 1 10 in the direction of x
‘i's smal | erwa pid099é0he anount of |ight entering the sem corRETEFEISEMyer 1 in
“the direction of Y, resulting in a noticeable deviation of the incident
light in the direction in which it travels. 15 Specifically, in such a
doubl e- gat e phot osensor PS, because the area of the sem conductor |ayer 1
constituting the channel region which light is allowed to enter is designed
to take the formof a single rectangle IpO the light transmtting area at
the 20 surfackheofagiprof ethe \anyesl gepagated mn e aesiegiduatoubl e-gate
phot osensor PS can baS|caIl sens?§bs a | engthwi se area EpO (the area

shaded with st3¥fited PFREEIFRS FUOUBEL Sht 3 HARNE] HPRT- in shape to a
near rect angl%éz%%?r\éhl QQ SaLL Viﬁ’rec g&mggeSJchgV%n?a di re\%éon 25 (or the

direction of € area assuring t esi red t-rece|V|ng sensitivity.

Thus, the devigl{n Qb hhEigXRANS @k tReibi UMe SBNFeREnaEea in the
dlrectlons - 2 2 SEP 2003 WD 01109960 PCT/JP00/ 05104 7 of x and y causes

di stortbons iletWwsen rhgedresn, codrenit Ieevent s ddublle-ghteand- shade
information on the subject frombeing read accurately. This causes the
pr obl em of bvethﬁﬂil@IOé P8 BesAftionesoud ¢ derkinartiorhod whgh 5 transistor

sensitivity an the re f nf or th.s ressed
distorti ony ?frceta Otgge‘g’: l “g’é:ﬁlre&eﬁga g Ei:ly‘\gs"[‘ﬁbl —BQB?I range of the
| i ght rece|V|Bg%?5ggH§Hrvb y 9£1{{5hé3“i I% ggg ryg ansge gﬁéaccurately

10 (b) when doubl e-gate pho Fosensors are a |n a matrix, the

di st ances bet wepfleddhendsi gbt béeﬁ&néllmg‘n&ctl Sﬁlﬁc@rﬁld’l@@uhiﬁbf-ﬂfmm n an
oblique direction (0 to 90) other than the two perpendicul ar directions (or
t he diﬂ@ction§u§¥e&taﬁdﬂy)Iéért@ﬁ#xﬂﬂﬁﬁﬂylmésthbﬁrﬁm&ﬂ&%StQS | eading to the

deterioration _of the reading. ac Spec fically, the .arrangenent of
doubl e-gat e pﬁ8P6§%ﬁ§6ﬁé°ﬁSgPﬁ é.ﬂ%ﬁ¥6§ﬁﬁ%8 OLPFERFHaL St A8 fol | owi ng

probl em beoaysee AP 4atRePhRL ASUP IR BRe25 o AN eRdahLON! Y two

directions of
width Wy to channel length Ly in the semiconductor

layer 1, it is desirable from the viewpoint of

15 improvement in the transistor sensitivity of the
double-gate photosensor PS that the design value of
the ratio Wp/Lg should be made as large as possible.

On the other hand, if the ratio Wgp/Lg it set to be

so that the double-gate photosensor PS is set to a high

20 transistor sensitivity, the plane structure of the
semiconductor layer 1 inevitably takes the form of a
rectangular shape with a relatively large channel width
Wo and a relatively small channel length Lp. Because
the double-gate photosensor PS senses only the light

25 caused to enter the semiconductor layer 1, only the
part not covered by the shade source electrode 2 and

drain electrode 3 senses the light entering from above.



20 perpendicular to each other in such a manner that they are spaced at
regul ar intervals of dinension Psp, the pitch between the double-gate

- phot osensors PS increases in the directions of x and y n@?- 8h¥ f y (for
exanple, (err)2 times for 45) in an oblique direction 25 (at a suitable
angl e ot h&vo u1Wa%¢00, 90, 180, and 270, for exanple, in tRCTEIPPESI40n of 45
“or 60) with respect to the directions of x and y corresponding to 2 2 SFP
2pp3 _ WD 01/09960 PCT/JP0O0/ 05104 8 the matrix, which prevents the object
put obliquely frombeing read uniformg with high accuracy. (c) The
difference in the reflection of the projected light due to regularities in
the finger is 5 sensed using carriers generated in the sem conductor |ayer
1 conposed ofSasSpwexil (fd§-wABn thgmares iy shidch| Fydtlidyi daoms i nci dent.

Since the to ate electrode TG for_ accunul ating carriers intervenes

bet ween suchgagsﬁ%‘f‘le%?néﬁc%grf 1?:}5%’? b t%%’&ﬁi gSnaﬁE‘?%r*‘?l‘ffﬁer 1, 10 it has
the property.o fLecti t I from f. | lLhhawi ng light in
t he wavel engtahg?glgi !())ﬁ atexd(ﬁ:élgtri %gc%%lgmseen#p ndL{}glt %?{QI g%/;éga{lld%%tggss t hr ough.
For this reagaBrtedChide IHAMYPRY CARd LIRS IINEIR AS ] TR (1awlidsm Ti n- Oxi de) has
to be used. The top gate 15 el ectrodes TG of the doubl e-gate photosensors
PS adj dcent tsadeabhing hayoutnWphe 8inestilon sdfontewiferlemgtidikpecti on of x)
are connected to each other_via toE&gate lines TA. The top gate lines TG

t hensel ves ar@shiadlBfdspdds, leGeRIN PRAMS ARRReLhe§REFR Toor ned 20

integrally thh{cl_nt @Ret ?P lgtate%tglr§ﬁt rggeesse-rmci:‘.chln-rugrtl_%s i‘a{;‘ie:gh]?risr esistivity
than such netalTic material as Chronmumw del'y used as"a wring |ayer,

whi ch causes eBEORE e tigmdi BY am&@y%ﬁe@@ ayskdsd heigytopagat i on of
signals. 25 To solve the high-resistance | TO problem the wiTting resistance

i s reduced byHeornbngtaot opigat enkenend Gihe arpaseddattarwiaer Wi ring | ayer
and maki ng the 2 2 SEP ?pp3 WO 01 /09960 PCT/ JP00105104 wiring
cross-5@cti ordl teedirgeien Henig shahkbpartdmn dahecapedet |9%ke | TO
attenuates the anount of trgnsmt .tin V\Elihi h,cauges a problem when

i ght,
the ol ectrodd IDElE EHEKAI CEPeFRREPSEST HAYS T LFobht vi ng

direction of ¥, resulting in a noticeable deviation
of the incident light in the direction in which it
travels.

15 Specifically, in such a double-gate photosensor
PS, because the area of the semiconductor layer 1
constituting the channel region which light is allowed
to enter is designed to take the form of a single
rectangle Ipg, the light transmitting area at the

20 surface of a protective insulating f£ilm that a single
double-gate photosensor PS can basically sense is a
lengthwise area Epg (the area shaded with slanted lines
in FIG. 30) substantially similar in shape to a near
rectangle Ipg, which narrows, in the sidewise direction

25 (or the direction of x), the area assuring the desired
light-receiving sensitivity. Thus, the deviation of

the expanse of the light sensing area in the directions



5 sensitivity decreases. In the manufacturing processes of the individual
conponent parts of doubl e-gate photosensors, top gate lines TG are forned
at a relatively upper layer, after various wiring |layers, anggpdjpp drain
| ines DL 10 connecting the drain el ectrodes 3 of the double-gate

phot 0sensd¥@ 09 r anged adj acent to each other in the AGEENNEHf col um
“(or the direction of y), source lines SL (or ground lines) connecting the
source el ectrodes 2 of the doubl e-gate photosensors PS 15 arranged adj acent
to each other in the direction of colufn, and bottomgate |ines BG
connecting the bottom gate el ectrodes BG of the doubl e-gate photosensors PS

arranged adj acent to each other in the direction of row, have been forned
in a stacked9fa¥ndRd WirAUSESr 61500rEiRNS o R iPpARsTERE, 4P able to be

influenced b I%ng?f:%ét%gt%tctg%hggsﬁééjcgqtgo%ra\égkgh&ﬁ?,% es. 3 problem there

is a strong possi e Wres w ernore, since the

top gate | i neschChe N tetl ZochirhBeipe baiiOMgate Lhogs-HFenbet ween the
doubl e- gat e photosensors PS adj acent  to each other in the direction of row,

the overl ap ceHpadeihgneealiist wees imhetdngowsitye rea2i2e SR pp iR 011 09960
PCTI JP00105104 10 lines TG, and the bottomgate |ines BG introduces the
probl en? of b&inf§SABERT | sH iEivd tyaase BheleteRdingt of simagordi ngly, an

object of the present invention to provide a photosgnsor_s em which S
“mbroves t he HBVERAFOR" of the WPPERPCERrS T res andPRaeod Fr0 |
hi gh-transi stQ«-S@Rsi LoytddedN¥HRSBR§PF S PhALGEeBE O Be & § ed therein

to achieve a well bal anced |1 ght-receiving range. sclosure of Invention 10

To achi eve theeddiregqi 8gnob]iaity afpbhé OSQIEI-gateopHbbgséfsdhepspr esent
i nvention includes one or nore
accurately.

10 (b} When double-gate photosensors PS are arranged
in a matrix, the distances between the light-receiving
sections are non-uniform in an oblique direction (0 to
90°) other than the two perpendicular directions (or
the directions of x and y) corresponding to the matrix,

15 leading to the deterioration of the reading accuracy.
Specifically, the arrangement of double-gate
photosensors PS in a photosensor array has the
following problem: because double-gate photosensors
PS are arranged in only two directions of x and y

20 perpendicular to each other in such a manner that
they are spaced at regular intervals of dimension Psp,
the pitch between the double-gate photosensors PS
increases in the directions of x and y non-uniformly
(for example, v 2 times for 45°) in an oblique direction

25 (at a suitable angle other than 0°, 90°, 180°, and
270°, for example, in the direction of 45° or 60°) with

respect to the directions of x and y corresponding to



sem conductor | ayers having channel regions in which drain current flows.
Provi di ng the channel regions nakes it possible not onlyfjé)g%gt {gh w L
but also to 15 set the positions of the carrier generating regi to the
channel regions in such a manner that the balance of incident light in the
di recti onwof1/0986) di nensi onal travel is equalized. This BEEHEESI8Ensing with
" less distortion and provides a large drain current, 20 achieving a good
transi stor sensitivity. Wen carrier generating regions are provided in the
direction of the channel length of the8sdrain region, this brings
particularly good results. A delta arrangenent of such photosensors
equal i zes 25 further the di stance between photosensors adjacent to each
ot her two- diF@ﬁuﬂ%ﬂﬁﬂxhyWhiﬂh3P3@W§ﬁés§@§ abiact tputh atddagpiycal i nformation
due to non-upiformty of E P 2003 WD 01109960 PCTI JPO0O/ 05104 11 the
Ilght-recelvFF@F %lnﬁﬁﬁyu8?$?¥ﬁ¥¥uY%ﬁ R18Re3CFYER2Y 0n, when the same
subject is placed 0 a t angle in a plane.
£ 0 JLERLPRR0E oy Wik ehsPeths ' B

As a result, ther ewer ich the subject is
pl aced, whi cBréftdifed QalghZzedde PO QKRNI ISt M Whd MEidlar ibetter inmage
readi ng characteristic. Brief description of Drawings FIG 1 is a plan view
showi n@ the sensed wsingf cafraedouddnsyeies Photbsessmicaiplcited to the

pr esent |nvent|on FIG 2 is a sectional view taken alon%&line [1-11 of

FIG 1; FIG EY?E b PRPSEPe Rt showt Pt HEDhysPRi bHIBE o s§é|1riconductor
layer; FIG ﬁta&é)&daégx vige néESX)ﬁ{'g LG de t?E' ¥8pg$%é gq_’é%t%d
ocC I

senlconductor ayer nsul a |ng
show ng the &@'@&kVébcumulatlng carriers intervenes between such

an view

a subject as a finger and the semiconductor layer 1,

10 it has the property of reflecting the light from the
subject and allowing light in the wavelength region
exciting the semiconductor layer 1 to pass through.
For this reason, such a transparent electrode as ITO
(Indium~Tin-0Oxide) has to be used. The top gate

15 electrodes TG of the double-gate photosensors PS
adjacent to each other in the direction of row (or the
direction of x) are connected to each other via top
gate lines TGL. The top gate lines TGL themselves are
made of ITO in such a manner that they are formed

20 integrally with the top gate electrodes TG. ITO has
a higher resistivity than such metallic material as
chromium widely used as a wiring layer, which causes
the problem of tending to cause a delay in the
propagation of signals.

25 To solve the high-resistance ITO problem, the
wiring resistance is reduced by forming a top gate line

TGL composed of a wider wiring layer and making the



20 positions of the block insulating filmand an inpurity doped | ayer; FIG
6 is a plan view of a photosensor array conposed of a twp-dinensional

- arrangenent of doubl egate photosensors applied to the pr@geﬁgp i2Mdention; 25
FIG 7 is a schematic circuit diagram of a doubl e-gate photosensor system
appl i ed t wadmeges esent invention; 2 2 SEP 2003 WO 01/ 296800k2104

" PCT/JP0O0/ 05104 FIG 8 is a sectional view show ng a state where a finger is
put on the photosensor system FIG 9 is a timng chart show ng an exanpl e
of a method of controlling the driving of the photosensor 5 system FIG 10
is a schematic circuit diagramshow ng the resetting operation of the

doubl e-gate photosensor; FIG 11 is a schematic circuit diagram show ng the
| i ght - sensi ngimipgy atrices-9éctivhaiouwlea- gatgephotmagnsorrahbpitént 12 is a
schematic circuit diagram showi ng the prechargi ng operation of the

doubl e- gat e plrAtssiesdike IR atFeanpageschbendheurdi rduitragdsagram showi ng t he
operation of fhe doubl e-gate hot osensor in a sel ection_node in the bright

state; 15 FIE&P94390t; ¥ h‘é’ﬁa IS racﬁ’irf’b&l?‘a'gr‘ét?ﬁnsﬁé\ﬁ fgefRECSDer ati on of
the doubl ¢- 071 G RIPLASERSOTchl 1418 E1 SALI PRAPUSAN JiaG dark State FIG

15 is a schematic circui ragram sHd operat’i on“of the doubl e-gate
phot osgnsor sandi Z,iRkgnusetegsdoHn node in the bright state; FIG 16 is a

schematic circuit di agram show ng the operation of the double--gate
phot osensor in thenndre seheftcour ingeriaveskesdaf ktisd atrejiviEkdGall7 is a graph
showi ng a drain voltage 25 characteristic of the doubl e-gate photosensor in
t he sel ecti ofi°RpeReNt parts of double-gate photosensors, top gate

lines TGL are formed at a relatively upper layer,

after various wiring layers, including drain lines DL

10 connecting the drain electrodes 3 of the double-gate
photosensors PS arranged adjacent to each other in the
direction of column (or the direction of y), source
lines SL (or ground lines) connecting the source
electrodes 2 of the double-gate photosensors PS

15 arranged adjacent to each other in the direction of
column, and bottom gate lines BGL connecting the bottom
gate electrodes BG of the double-gate photosensors PS
arranged adjacent to each other in the direction of
row, have been formed in a stacked manner. Therefore,

20 the top gate lines TGL are liable to be influenced by
steps in the stacked structure, which causes a problem:
there is a strong possibility that the wires will
break.

Furthermore, since the top gate lines TGL overlap

25 with the bottom gate lines BGL between the double-gate

photosensors PS adjacent to each other in the directien

of row, the overlap capacitance between the top gate



FIG 18 is a graph show ng a drain voltage 2 2 S EP 2003 _ WO 01109960
PCT/ JP0O0/ 05104 13 characteristic of the doubl e-gate phqé sensor in the

- hon-sel ection node; FIG 19 is a plan view showi ng the riFE 208 t hat
suppresses the parasitic capacitance between the top 5 gate lines and
bottom gaveoldaes; FIG 20 is a plan view showi ng t he sPeUHOUPHIOS a

" doubl e-gat e phot osensor provided with two sem conductor l|ayers; FIG 21 is
a sectional view taken along line 10 XXI-XXI of FIG 20; FIG 22 is a plan
vi ew showi ng the structure of a doubl es gate photosensor which is provided
with two sem conductor |ayers and has tour channel regions and four carrier
generating regions; 15 FIG 23 is a plan view showi ng the structure of a
doubl e- gat e JplnssoF6hsand whie tpatsopr geteelings BALodntsedicanduct or | ayers
and has four channel regi ons, and four, carrier generati ngaregi ons; FIG 24

is a plan viglF PHORIAY PhePetndudrarelbrPLe 2P diii5te 2g98E2hhot osensor whi ch
is provided with g gisngggcggﬂrg%r}du%%ogﬂgégggroéiq__qlehg) e%Qﬁ@e channel regions
i“dns; 57Ts a Séc

and three carrier générating re Ironal view taken

al ong |ine XpMeRtYodf tbl frovdide 20 phbGoséRsds #yleanwwigw of a photosensor
array where doubl e-gate photosensors are arranged in a matrix, each
doubl eSgat e pimtoeenshe Bevigtimrowifdetle light sensing area and
has high-transistor-sensitivity photosensors and
photosensors arranged therein to achieve a well-
balanced light-receiving range.
Disclosure cf Invention

10 To achieve the foregoing object, a photosensor
according to the present invention includes one or more
semiconductor layers having channel regions in which
drain current flows. Providing the channel regions
makes it possible not only to set high W/L but also to

15 set the positions of the carrier generating regions to
the channel regions in such a manner that the balance
of incident light in the direction of two-dimensional
travel is equalized. This enables sensing with less
distortion and provides a large drain current,

20 achieving a good transistor sensitivity. When carrier
generating regions are provided in the direction of the
channel length of the drain region, this brings
particularly good results.

A delta arrangement of such photosensors equalizes

25 further the distance between photosensors adjacent to
each other two-dimensionally. This suppresses a shift

in the optical information due to non-uniformity of



2 2 SEP 2003 _ WD 01109960 PCTI JPOOI 05104 14 with a single sem conductor
| ayer and having three channel regions and three carrier _ge bing
- tegions; FIG 27 is a plan view showi ng the structure ofzg g@ﬂ%‘@-gate

phot osensor which is provided with three 5 sem conductor |ayers and has

t hree chan¥®01/¥¥8i ons and three carrier generating regi d¥F/IPIYISI042B | s a

" sectional view taken along line XXVII1-XXVI11 of FIG 27; FIG 29 is a plan
vi ew of a photosensor array 10 conposed of a delta arrangenent of
doubl e- gat e photosensors applied to tha present invention; FIG 30 is a
pl an view of an array where conventional doubl e-gate photosensors are
arranged; and FIG 31 is a sectional view taken along line 15 XXXl -XXXI of
FI G 30, showhegliditc-stecgdvine sénsitdouldyedddfer photwisdngde. Best Mode for
Carrying Qut the Invention Hereinafter,, enbodi nents of a photosensor, a

photosensor_QFFﬁﬁﬁl%ﬂnj%&eﬁhBPSS%ﬁ%%rs%ﬁéﬁﬂénﬁﬁePé?%ﬂjZﬁlF&ethe present
I nvention w hhog s Al %gé’l 0 dgt @l tse %fteragxgﬁ]g 19 ggbeiaql%qorrpanw ng
ol 0 e

drawi ngs, a e gate p osensor appl1ed an’ima readi ng devi ce
accordi ng toathe ps@sent theventi-enrawdt eniexpLai PRE.afdie at is a schematic
pl an vi ew showi ng a doubl e 25 gate photosensor 10 applied to a phot osensor
array dccor diwhgchothidhesymiesentisi plamed orwhilehGhe2ps srealkigrt | onal vi ew t aken
along line I'l-1] of FIG 1. 2 2.S EP ZQ3 W 01109960 PCT/ JP00/ 05104 15
A concrete eRpPAASPFIERM ISYSEEMgVER ushary PEtEERe BRI X8AFNGur ation of a

doubl e-gat e @Rg%gggﬁg}gtio whi ch has a sem conductor |ayer acting as a

phot osensor sectiron %dch el ement and two divided channel regi ons of the
5 sem conductor | ayer.

Brief description of Drawings
FIG. 1 is a plan view showing the structure of
10 a double-gate photosensor applied to the present
invention;

FIG. 2 is a sectional view taken along line II-IT
of FIG. 1;

FIG. 3 is a plan view showing the position of

15 a semiconductor layer;

FIG. 4 is a plan view showing the relative
positions of the semiconductor layer and a block
insulating £ilm;

FIG. 5 is a plan view showing the relative

20 positions of the block insulating f£film and an impurity
doped layer;

FIG. 6 is a plan view of a photosensor array
composed of a two-dimensional arrangement of double-
gate photosensors applied to the present invention;

25 FIG. 7 is a schematic circuit diagram of a
double-gate photosensor system applied to the present

invention;



The doubl e-gate photosensor 10 according to the present enbodi nent

conpri ses a single opaque bottom gate el ectrode 22 fornmed on an insul ating
- substrate 19 that allows visible light to pass through, 226EP3IL0 gate
insulating film 16 provided on the bottomgate el ectrode 22 and insul ating
substrat e WOM/K®I®enm conductor | ayer 11 made of anor phousP@EVIPPEGSH40r t he
“like that is provided on the insulating film 16 so as to face the bottom
gate el ectrode 22 and generates 15 el ectron-hol e pairs when being struck by
visible light, block insulating filns 12a, 14b arranged apart in parall el
on the sem conductor |ayer, inpurity doped |ayers 17a, 17b provided on both
ends of the sem conductor layer 11 in the direction of channel |ength, 20
an inmpurity doped Al&yeB 18 prepdtdegadnvieie showimg aparatefwiere

sem conductor_layer 11 apart fr mtge in%gsrity doped | ayers 17a, 17b,
source el ect roded983alS18ht [bVitFed 8RO SIS doped | ayers 17a, 17b,

respectively, a drgigh gl ggté%@?@ g&gy%dgﬁo‘pﬂli he %ialnﬁf?ﬁr& y doped | ayer

18, a top gate insulating fi formed so as 1o cover e bottom gate

i nsul ating fiadmekhodbbeckohtrsdlldtnigngnbi dAbvift.ofl4e pAYEESe@ifCt rodes 2
2 SEP 2003 WO 011 09960 PCTI JPOQ OSl 04 16 12a, 12b, and drain el ectrode 13,
a singl & top geatermsl ectrode 21 provided on the top gate insulating film 15
facing the sem conductor |l ayer 11, and a protective insulating film 20

provi ded on the tdpF%att@ FhRsdlSERTRG S FLRFUEE WP IET GRPELRP Ele ode 21. As
shown in Fi Gréseéx{l% 5‘8@1;89?9&%@ t'h%yﬁé %ﬂ‘e-i- aded) 'ﬂ%@o‘s?négaﬂ?- hat ched area
and i ncl udes a por 'Gn bver t & crr

apping wt e source ele odes 12a, 12b and

drain el ectrode 13idl aiphang sdubniarnel r&€0E ASagklh sh8widh eyer !l apping
with the block insulating filnms 14a, 14b in a plane. The channel regions

lla, 11b are aiglngeshsiingpapatdtelon rft hee ddsweld-gatef phhansehsdength (in
the direction of y). As shown in FIG_ 4, one block insulating film 14a 15
is so I'8cated thatfithe lodfca efhanatdgecirquihddiraian sheviredeha3 overl ap

both ends of the film1l4a in a, plane. The other block insulating film 14b
is so |ocat edp’f%‘éﬁartq‘]'é‘gSBB?E%té"é&fr 548 g?@ﬁ‘?\‘@ﬂ%iﬂ@éf’é@??%ﬁéng overl ap

both ends of the fﬁfd? %%bignazghﬁbﬁgéy%ecircuit diagram showing the
operation of the double-gate photosensor in a selection
mode in the bright state;
15 FIG. 14 is a schematic circuit diagram showing
the operation of the double-gate photosensor in the
selection mode in the dark state;

FIG. 15 is a schematic circuit diagram showing

the operation of the double~gate photosensor in a
20 non-selection mode in the bright state;

FIG. 16 is a schematic circuit diagram showing
the operation of the double-gate photosensor in the
non-selection mode in the dark state;

FIG. 17 is a graph showing a drain voltage

25 characteristic of the double-gate photosensor in the
selection mode;

FIG. 18 is a graph showing a drain voltage



As shown in FIG 5, the inpurity doped | ayers 17a, 17b, 18 are nade of
anor phous silicon (n+ silicon) doped with n-type inpurity ions. The

- inpurity doped | ayer 17a intervenes between one end of th& $EhieBn 25
ductor layer 11 and the source el ectrode 12a. Part of the inpurity doped
| ayer 1l7awaoluwg#at ed on the block insulating film 14a. THEI/JPASId4t y doped
" layer 17b Z 2 SEP 2003 WD 01109960 PCT/JP00/ 05104 17 intervenes between
the other end of the sem conductor layer 11 and the source el ectrode 12b.
Part of the inpurity doped |layer 17b i3 |ocated on the block insulating
film214b. The inpurity doped |ayer 18 5 intervenes between the

sem conductor layer 11 and the drain electrode 13. Both ends of the

i mpurity dopelaragesris:isr ofl sbat edubletdrrehipbokoragspmtimghei | ns 14a, 14b,
respectively. FIG _6 is a plan view showi ng the configuration of 10 a
phot osensor 8PP§§9$$Eﬁ¥P¥1#%d&ﬁality of doubl e-gate photosensors 10 are
arranged in a mtgix, each douhle gale BROIOSENSQr SLPELUAING Lo

e]
sem conductor | ayer regions pg# el enent “serving as p osensors. The two

sem conduct OlsupdY8Esé£ Mt KN DarA st Bec St gPat i :R18C BRUWEER tHD dogyer 11 expose
bet ween the source el ectrode 12a, 12b and the drain electrodes 13. In the

figure,Sthe toypegairesl &t rhodeom?2yavé 1imestoubl e- gat e phot osensors 10
arranged adj acent to each other in the direction of row are connected to
two branched top §afe PP nks A Plan yoewoshovwike H6: E6AVGEEES fe@ rodes 22 of
t he double-gqﬁp

diTecti on of SORLAr S EorTBRss P8 aPBOT FOR JAE [HRe°TOL HE SE5p gat o
lines 10la, 4Qlkrare placed between the doubl e-gate photosensors 10 in such
a manner that 25 they do not overlap with the bottomgate |ine 102. The
drain el ectrodes ¥RGof 2t hes douldo-igake phed osaaspralohg ainéinged adj acent to
each other in the direction of 2 2 SEP 2003 WD 01/ 09960 PCT/JP0O0/ 05104 18
10 XXI-XXI of FIG. 20;
FIG. 22 is a plan view showing the structure of
a double-gate photosensor which is provided with two
semiconductor layers and has four channel regions and
four carrier generating regions;
15 FIG. 23 is a plan view showing the structure of
a double-gate photosensor which is provided with four
semiconductor layers and has four channel regions and
four carrier generating regions;
FIG. 24 is a plan view showing the structure of a
20 double-gate photosensor which is provided with a single
semiconductor layer and has three channel regions and
three carrier generating regions;
FIG. 25 is a sectional view taken along line
XXV-XXV of FIG. 24;
25 FIG. 26 is a plan view of a photosensor array

where double-~gate photosensors are arranged in a

matrix, each double-gate photosensor being provided



colum are connected to drain lines 103. The source el ectrodes 12 of the
doubl e- gat e phot osensors 10 arranged adj acent to each other in the

- direction of columm are connected to source lines 104. A2Q208$ER Q8035 VsSs i s
supplied to the source lines 104. The source el ectrodes 12a, 12b are so
formed thwboth®go project in a conb-tooth |ike manner i npchgradios®cti on of X
" fromthe common source |ine 104 toward the drain Iine 103. The drain

el ectrode 13 is so 10 forned that it projects in the direction of x from
the drain line 103 facing the source lhghe 104 toward the source |ine 104.
Specifically, the source electrode 12a and drain electrode 13 are so
positioned that they face each other with the region 1la of the sem con 15
duct or | ayerwidh hetsseeet Bemicdiucdi aayekeghd oger Indp taeedr ai n el ectrode
13 are so positioned that they face each other with the region 11b of the
sem conduct ofhéenelr rebibeswerd thwam darrEeG g@nerdeiny ote@dbhse i nsul ating
film20 20 provided on _the block insulating filns 14a, 14b, top gate

i nsul ating film 15:C bt o §aPecR ntAatSRyrel ffeeStEfFYSpOdat e el ect r ode
21 is made o i i j Len visil.e.li such as
silicon ni tr?déei&%r%%tagtﬁ ggf’féb% e%:cglflg%g’% llgné%\éha%%yeﬁﬂ Iﬁgg&iS 10l1la, 101b
are nmade of keghéoddtHA LhyBYsCoaMMlUdd war@Bt BhhRhel SHEdLoRs bhE

af orenentioned I TO, and present a high transmittance to visible light. on

t he ot her 2hPeSEar 203 gener YLD | 38HI8GSPCT/ JPO0/ 05104 19 hand, the
source el ectrodes_12a,_12b, drain electrode 13, bottom gate el ectrode 22,
and bottom gate |FHe: 12P i & fSagbiopahatiea™ &RkERapLPREVES visible |ight

fron1passingx&9%8g$%§fﬁ%}ié;nEQFﬁg£fd fromchromium chrone 5 all oy,

al um num al Um {ke. Specifically, the doubl e-gate

phot osensor 10 coppgi s£$ & fd HikndQubl SO SnRReLeREHS OirLRyosed of a
first upper MOS transistor made up of the channel region 1TIa in the

sem cormduct okcohmayeed 1df sawlte ibrehemiemdefldanblleagatel ectrode 13, top

gate insulating film15, and top gate electrode 21, and a first | ower MOS

transi stor nmphetepensorhardidsdetortp @resRat doveskietiectrode 12a, drain

el ectrode 13, botton1g§ée.insulatin film16, and bottom gate el ectrode 22
e_

and 15 a second d6aBt e2Yat® HRIEHsE §‘§Sr°%darﬁ)(?§§d‘yof"hﬁr§_econd upper MOS
transi stor ”Qgﬁg!§§g$n%%“ﬁéﬁﬁﬂéﬂgEtéggﬂégPQ%H%oE@ 5?8.§?€%@f#%;%%9r layer 11,

source electro aln electro op gate ins I''m15, and

top gate el ectroderdl andis seeerdohanesi NS dkeansiiohgr 126 made up of the
channel region 11b, source el ectrode 12b, drain electrode 13, bottomgate

i nsul at? ng fiXNXNIEBXXANCE FEG.0M0gasboelertttodest2ctwrehofhe first and second
doubl e-gat e photosensors arranged in parallel on the insulating substrate
19. 25 In thé‘&%ﬁﬁﬂ@fgéf%fﬁﬁﬁF%?@ﬁQBr 10, the channel region 1la in which
the drain current of

(e drel 1 cur om0l oL 0e 444 oLl e g MRS SRBOR LU T et a5

Hereinafter, embodiments of a photosensor,
a photosensor array, and a photosensor system related
20 to the present invention will be explained in detail.
Referring to the accompanying drawings, a double-
gate photosensor applied to an image reading device
according to the present invention will be explained.
FIG. 1 is a schematic plan view showing a double-
25 gate photosensor 10 applied to a photosensor array
according to the present invention. FIG. 2 is a

sectional view taken along line II-II of FIG. 1l.



shape whose two adj acent sides are defined by a channel length of L1 and a
channel width of WL. The channel region 11b in which the drain current of

- the second doubl e-gate photosensor flows is set as a recZ&ﬁ§ﬁ1aW35 shape
whose two adj acent sides are defined by a channel length of L2 and a
channel wwatovomeo WL. The carrier generating regi on on waCTHrdojosla# com ng

" from above the doubl e-gate photosensor 10 is incident and which has an
effect on the drain current 10 Ids of the first doubl e-gate photosensor
takes the formof a near rectangle witils a |l ength of about K1 and a wi dth of
WL and cl osely resenbl es the shape of the channel region 1la. The carrier
generating region on which the [ight com ng from above the doubl e-gate 15
phot osensor AOcoscrens cgempilaantiohiwilhdse givehf esingre tdvhetain current 1ds
of the second doubl e-gate photosensor takes the formof a near rectangle
with a | engt FOBfighraftiaR odng dovPHeteasTe WhosnaersB el WdednBRres t he shape
of the channelsre ioQil%%u-go The $hotosensor sgsten1co&$o§gd of a

t wodi mensi on&l 5Wr%%@éﬁ% ¥ of Y86ub %Qﬁu§§ 6h8p8 BRI 99168 expl ai ned
briefly by retergper dnddi® GhhCHLd & AHAMhEhfR]L 7rd tdecahby shows the
configuration of 25 the photosensor system conposed of a two-dinensional
arrangeirent cemdouhdecgat & ggleat. osensors. The phot osensor sensor system
roughly conprises a 2 2 SEP ?pp3 - WO 01109960 PCTI JP00105104 21

phot osensor arr ay The0debIanspt@opbPtogprsonHot @SEASBERT a9 ariged in, for
exanpl e, a matrix of rows X mcolums, top gate lines 101 (10l1la, 101b)
and botton1g&F@SFFﬁe§£%Ré;Wﬂﬁtcﬁ°88ﬁh%%ﬁ %tﬁ%nﬁgﬁ §BREIE FHTH s 5 TG (top

gate el ectrodes 2L} oDt FOALE S874H NAlh1BC: hOLLOM aale 18] ect T odes

22) of the double-gate photosensors adj acent to”each ot in the
direction of umaw, alespectisiadle 1agheptdpasdrdnreaghl’ 4 wewkon bottom gate

driver 112 connected to the top gate lines 10 101 and bottom gate |ine 102,
respectdvel y,gateaiinshiiaeind F3 lwhiléhpronireet drhéhdr behtemrgat®al s D (drain
el ectrodes 13) of the individual double-gate photo i
electrode 22 and insulating substrate 19, a semicon-
ductor layer 11 made of amorphous silicon or the
like that is provided on the insulating f£ilm 16 so as
to face the bottom gate electrode 22 and generates
15 electron-hole pairs when being struck by visible light,
block insulating films l1l4a, 1l4b arranged apart in
parallel on the semiconductor layer, impurity doped
layers 17a, 17b provided on both ends of the semicon-
ductor layer 11 in the direction of channel length,
20 an impurity doped layer 18 provided on the central part
of the semiconductor layer 11 apart from the impurity
doped layers 17a, 17b, source electrodes 1l2a, 12b
provided on the impurity doped layers 1l7a, 17b,
respectively, a drain electrode 13 provided on the
25 impurity doped layer 18, a top gate insulating film 15
formed so as to cover the bottom gate insulating film

16, block insulating f£ilms l4a, 14b, source electrodes



sensors in the direction of columm, a detection driver 113 connected to the
drain lines 103, a switch 114, 15 an anplifier circuit 1%2’qugﬁﬁe l i nes
- 104 which connect the source termnals S (source el ectrotes 12a, 12b) in
the direction of colum and to which a voltage of Vss is_ s | i q and a

pl ane 1igMOY48¥Le 30 bel ow t he photosensors 10. Al't hougﬁF#ﬁnggq tage Vss
“has only 20 to differ fromthe voltage precharged on the drain lines, it is
desirabl e that the voltage Vss should be the ground potential. The top gate
lines 101, together with the top gate & ectrodes 21, are made of |TO The
bottomgate lines 25 102, drain lines 103, and source lines 104 are nmade of

the sane naterj al gg t he Qgttpn1 ate el ect odes,22,l drain el ectrodes 13,
and source el@ér 6dBs 35% igrectsodedly B Aggle WePoiFER 960

PCT/ JPO0105104 224G, 8 SANGIed RA! (hRCKoRT Ead NLGELALLYEOEIE i th ¢ he

| atter. Here, tgi1st sl gna r-generating reset pul ses and

accunul ati on pulssesngTihe Temivondubitor-Tayed M 1 Mand ROpkstédeigoNtrol 5
signals for generating read pul ses and non-read pul ses Bl, B2, ~~~, Bi

~-~, Bn. And pwulstiheg pibuohad gruyisiegneh fie tcamtgadlel ingutaeing m hg of
appl yi ng a pre,char%e voltage vpg. Wth this configuration, the top gate
driver 211 10fHpItPednd (BPt IR t99-a9F€Cl8p2Yate term nal TG thereby

real i 2ing a phot osgnskag{unction » The batlomgale dringr 112 gppl i es a

voltage to the bottomgate ternihn causrng e detecti river 113 to

take in the sengRsiignaheVhacdied Hrdld ahbinend Ddadth PHrRYbnlS serial data
or parallel data Vout, which realizes a selective reading function. Next, a

met hod of con¢vextlappgngheidhi vhegsafrdehelphotodensiva, syebeamdi | | be
descri bed by reference to the acconpanying drawings. 20 FIG 8 is a
sectional vi eWaHokliegtacdeald ket line agerchanyrk Rvlons phdt osensor

of “contPol | 1 nbt Y ERPRIESof LR h DS e P L5 LT B08% RlRs. 10 fo 16
show concept uahy, di agy TR A1 thR 2@:189?&13%820% {he dayplggate photosensor
10. FIGS. 17 and 18 show optical response characteristics of the output
vol tage of therphojeaabans@ara¥seenin the direction of channel length
(in the direction of y).
As shown in FIG. 4, one block insulating film 14a
15 is so located that the source electrode l2a and drain
electrode 13 overlap both ends of the film 1l4a in
a plane. The other block insulating f£film 14b is so
located that the source electrode 12b and drain
electrode 13 overlap both ends of the film 14b in
20 a plane.
As shown in FIG. 5, the impurity doped layers l7a,
17b, 18 are made of amorphous silicon (n* silicon)
doped with n-type impurity ions. The impurity doped
layer 17a intervenes between one end of the semicon-
25 ductor layer 11 and the source electrode 12a. Part of
the impurity doped layer 17a is located on the block

insulating film 1l4a. The impurity doped layer 17b



2 2 SEP ?ppg - W 01/09960 23 PCT/JP00/ 05104 First, as shown in FIG 8, a

finger FN is put on the protective insulating film 20 of tgﬁ:photosensor
- system 100. At this tinme, while the projecting parts defin QZEHe
fingerprint of the finger FN directly 5 touch the protective insul ating
film 20, woengprwoves between the projecting parts do noteCropahstome

“ protective insulating film20, with air intervening between the finger and
the film20. Wen the finger FN is placed on the insulating film 20, the
phot osensor 10 system 100 applies signal (reset pulse as high as, for
exanple, Vtg = + 15V) Ti to the top gate line 101 at the i-th row and the
non-read signal Bi of O/ to the bottomgate |line 102 at the i-th row,

t her eby perf bnherNpnese beoween opa attiher ehddp € cthie glamjcondudson reset period
of Treset) the carriers %here, hol es) accunul ated in the sem conductor
layer 11 andlB¥eF btoded K881 8PVHRF SiertradeThed i fATY Rt kB®wavel engt h

range incIudkggu%%s'?#ﬁféi%8§%$r€ﬂéggg1%%gggdléggﬁu$qﬂigi 30 provided 20

bel ow t he gl as oubl e-gat e ot osensSors 10 is emtted

toward the deybhesualf MNAL 938NSOHRe LpHirdey Abpddisaydrm™g since the opaque
bottom gate el ectrode 22 intervenes between the plane |ight source 25 30

and serfi conduotervémyeibetieehhehenddntietbnldughdbr haaydy ldEntasmds thhe

sem conductor layer_ 11 directly, but the |ight passed through the
transparent PH34Pag}eRfFrode 23gEMBeth ends of the impurity doped

layer 1B are located on the block insulating films ld4a,
14b, respectively.
FIG. 6 is a plan view showing the configuration of
10 a photosensor array where a plurality of double-gate
photosensors 10 are arranged in a matrix, each double-
gate photosensor including two semiconductor layer
regions per element serving as photosensors. The two
semiconductor layer regions in the signal semiconductor
15 layer 11 expose between the source electrode 12a, 12b
and the drain electrodes 13. In the figure, the top
gate electrodes 21 of the double-gate photosensors 10
arranged adjacent to each other in the direction of
row are connected to two branched top gate lines 101la,
20 101b. The bottom gate electrodes 22 of the double-gate
photosensors 10 arranged adjacent to each other in the
direction of row are connected to a bottom gate line
102. The top gate lines 10la, 10lb are placed between
the double-gate photosensors 10 in such a manner that
25 they do not overlap with the bottom gate line 102.
The drain electrodes 13 of the double~gate photosensors

10 arranged adjacent to each other in the direction of



- WO 01 /09960 PCT/JP0O0/ 05104 24 substrate 19 and insulating filnms 15, 16,
20 in the elenent-to-elenent region Rp is projected on the finger FN on the
~ protective insulating film20. O the |ight projected or22 %6Pfi8her FN,
light QL projected at 5 an angle smaller than the critical angle of total
reflecti owam/9%b| ected irregularly at the interface betPOFSRONOSH4pr o) ecti ng
"parts of the finger FN and the protective insulating film20 or at the
inside of the epiderm s of the finger FN. The reflected light is 10 caused
to enter the sem conductor |ayer 11 ofig he cl osest doubl e-gate photosensor
10 via the insulating filnms 15, 10 and top gate electrode 21. The
refractive indices of the insulating filnms 15, 16, 20 are set to about 1.8
to 2.0 and t Felverraks iopanestes o drpinings §8Be cThetgaydse2l is set to

about 2.0 to . In contrast, in the groov of the finger FN, while |ight
Q@ is being FiFFE’& ®F ity é’ﬁultg?l gonhleRatsy @2\?&956?%01&‘“ uates in the air,

preventing a fgg%ﬁg&d L est Ogaéhg&h% qQq %ngaiggct%p sefm conduct or

| ayer 20 11 o gat e phot'osensor ecifically, the
anount of cakbil@hs sf@tc&m&edgeaew&@&e anceaCGYRUl ai eghidudehe

sem conductor |ayer 11 varies according to the anmount of reflected |ight
ent eri g t he Vseni.s osnaipel icrd ltay ¢éhelfoacooridimeg tto4the 25 fingerprint pattern
of the finger FN. Next, shown in FIGS. 9 and 11, the photosensor system 100
appl i es a bi as voFR&gEOWECY &rlertrrdsf 1aav | Rkelare §9 Eormed 2003 - WO

01/ 09960 PCT/ P 0 104_25 (e. to the to te line 101,
after the resi‘t Qopeg%t?rorﬂec(&n&%perf‘%@b t%"%’a?@ﬁk& ma%%’me’ét g operation,

starting a cafifle@ki86CaHUt atidRd tRer LoEndR sahﬁc@eleaérw& a&marRul ating
operation. 5 In the carrier accunulating period Ta, electronhole pairs are

generated in dhee deeih cbhokICiod. | aper didimosiyotireget 03t e sorount of |ight
entering fromthe top gate electrode 21 side. The holes are accunulated in
t he sehY conddcrded| é?é?- 14 puedechks vnctWtCletﬁCttlI@e o] xnfléqma@@ bet ween t he

sem conduct or e he bl o k insulatin | m 14, that in the
channel regl cﬁfa&\ﬁ/‘daf‘ @ﬁ’g ctlyf‘gof‘ Fh§°‘&ﬁ%"nn]é1 %r f OROWRH ttrjﬂée pr echar gi ng

operation, ascfaen:kfeH 5. é%%qf%galyﬂe t%’&ts%ﬁlré felaciidqed on the

basis of 15 t e prechargl ng si err)" pg 1 n parall he carrier

accunul ati ng yef iapd daadfde Feciemlel 18 b teWbdsiteehas genyw!drge) of Vpg is
applied to the drain lines 103, thereby causing the drain electrodes 13 to

retai n char geaqepreachaeghey yiesh ddieTpeghyn P Tfemhei aemicaad operati on, as
shown in FIGS, 9 and 13, after the prechar%lg period_ Tprch has el apsed, a
bi as voPtage ‘?‘%“é’é’& %éV@Et 1y Rfrfeenh&EPeRnaf SQUECEr PLBCEECR ¥2Pad pul se)

of (err) Bi ol @ bl Leyel & oy R0.5 5040018 SRRLI Efly radie Dot om

gatel|ne or t I nes e rowin selection m)de
t hereby bringédwh tcme@owbkﬁ Q?é erd@h@,howssef StHe slehi@ chAMuéFoit he sel ection

node into the ON state (read
layer 11 between them.
In FIG. 2, the protective insulating £ilm 20

20 provided on the block insulating films 1l4a, 1l4b, top
gate insulating film 15, bottom gate insulating film
16, and top gate electrode 21 is made of an insulating
film transparent for visible light, such as silicon
nitride. The top gate electrode 21 and top gate lines

25 10la, 101lb are made of light-transmitting conductive

material, such as the aforementioned ITO, and present

a high transmittance to visible light. On the other



t 2 SEP 208 WO 01109960 26 period Tread). PCT/JP00105104 In the read
period Tread, since the carriers (holes) accunmulated in the channel region
serve to alleviate Vtg (- 15V) of the opposite polarity2apfPi 2035 to the
top gate termnal TG Vbg at the bottomgate term nal BG forns an n"
_channel amrgb éime9sdrai n |ine voltage VD on the drain |ine B&i3Pb@ostR t 0
decrease fromthe precharge voltage Vpg gradually according to the drain
current as tinme passes as shown in FIG 17. 10 Specifically, when the
carrier accunulated state in the carriggy accunulating period Ta is in the
dark state and no carrier (hole) has been accunul ated in the channel
region, applying a negative bias to the top gate TG cancels the positive

bias at the bahhpmgatsoBeeleibetrbaesi ok t hew)- qehadnngleds.cdrown in FI GS.
14 and 17, bringing the doubl e-gate photosensor 10 into the OFF state,

whi ch causes 13hebdtaom geid agectopdehe2 yadtdget¥brogatael trailo2l i ne 103, to
remai n unchanged. On the other hand, when the carrier accunul ated 20 state
is in the briddst maegiet @ﬁqﬂﬁéaéaﬁhﬁésp{¢ﬁﬁﬁ§® Vﬁéﬁélﬁeéthﬁuﬁqﬂmed in the
channel regiqQn _accor armugt of ci dent g shown in FIGS.

13 and 17, tr?easééPﬁlg E‘g‘é%l} vaé‘dt d5caR %?t?ch é’bgth\?@l on{ehe top gate

TG Thes posi td1Meybi @SuRimidle ata%tlaqhgamoﬁ 4d Gakr @§99ndl ng to the amount
of the negative gl as cancel'ed forns an n-- channel, bri ngi ng the doubl e-gate

phot osensor 10 i nspethei&MN S¢ attthe \d@mbmee@mseswdﬁ:@senaor BEP 2003 WO
01109960 PCT/JPO0O/ 05104 27 drain current to flow. Then, on the basis of the
drai n currentCHIPEHSRG acékﬁﬁﬁrﬁ?WﬁéerﬁétanﬁﬁﬁﬁoﬁﬁnﬁoﬁcF§@9@5¢¢gmﬁ t he

vol t age VD on, the drain |ine 103 drops. refore, as SEI in FIG 17, the
t endency of 1rst upper MOS transistor ma e up of the channe

region 1lla in the semiconductor layer 11, source

10 electrode 12a, drain electrode 13, top gate insulating
film 15, and top gate electrode 21, and a first lower
MOS transistor made up of the channel region 1lla,
source electrode l2a, drain electrode 13, bottom gate
insulating f£ilm 16, and bottom gate electrode 22 and

15 a second double-gate photosensor composed of a second
upper MOS transistor made up of the channel region 1llb
in the semiconductor layer 11, source electrode 12b,
drain electrode 13, top gate insulating film 15, and
top gate electrode 21 and a second lower MOS transistor

20 made up of the channel region 1llb, source electrode
12b, drain electrode 13, bottom gate insulating film
16, and bottom gate electrode 22, with the first and
second double-gate photosensors arranged in parallel on
the insulating substrate 19.

25 In the double-gate photosensor 10, the channel
region 1lla in which the drain current of the first

double-gate photosensor flows is set as a rectanqular



5 the voltage VD on the drain line 103 to vary is closely related to the
anount of |ight received during the tine (carrier accunmulating tinme Ta)

- fromwhen the reset operation has ended as a result of thge Skpppiggati on of
the reset pulse (err) Ti to the top gate TG until read pulse 10 (err) B
has been gppjijosdot o the bottom gate BG Wien the nunber pofr/yeamsswl at ed

" carries is small, the voltage VD tends to decrease gently. \Wen the nunber
of accunul ated carriers is large, the voltage VD tends to drop sharply.
Therefore, when the read period Tread jp starts, the amount of projected
light is calculated by sensing the voltage VD on the drain Iine 103 after a
specific tine has el apsed, or by sensing the tine required to reach the
vol t age usi NGrapePekbddd Cudr@ShRekdtvVolda0a@s dariRECIBYCE crin@) the
assunption that the aforenentioned series of inmage reading operations is
one cycl e, apghngithgofouj ealdert chrooedswidriprodc@qur eShe eqemtredl y to t he
doubl e-gat e photosensors 10 in the (i + 1)th row enabl es the doubl e-gate
phot osensor s TE¥ies bperin evhishothg drplinliqiersingnaf skassecastem In the
timng chart sh in Fl 9, when e low level (e. g., Vbg = OV) is kept
applied to tﬁ%”%ﬁgfgﬁ?e é%gfggggsgr 6%70§b§@tPéf/3P68?Eﬁﬂﬁéb§% gate line
102 in the nansel L f q r r r,od, T as el apsed
as shom%. irf%%%gé.%%%ggzaﬂﬁgﬁt?ﬁﬁﬁﬁohg %?ﬁﬁ%g%ggg?ggehgo? ﬁ%ﬁggﬂhins in the
OFF state andldrighvekt Bgeand DreHaheedraidel idrewlQ3 5 keeps the precharge
voltage Vpg as shown in FIG 18 even if the photosensor 11 in the bright
state. In this wayhet harsier eggiryadingeresiomgn whigppliigdtt o t he bottom

gate line 102 realizes the function sel ecting the reading state of the
doubl e- gat e 1PHHE é§8ﬂs% VRt @%Bi&ﬁ%?b% Rﬂﬂ%"é&é‘s%) 6h g?\e drain line

103 at t enuat egh aGear ol 4. NS ATUNE 6L AN ob2ad agaLa,d Mo the

detection driver passes thr np er circurt and is

suppl i ed as ar@d wralkhef rypst agupi@UgakB pREIUNBRS rakegrtge or 15 parallel
output to a pattern authentication circuit. Here, how the shape of the

virtual incidéotm refgiaonegef fectangle wditteat leregilow)f abottheKexand i ng |i ght
on the channel regions l1lla, 11b of a photosensor of the invention conposed
of a doubl e- gatelPHorssBnsdrd 19LER ivnEPEETRELT HoeartbeefeEi BRRd two channel
regions 1la an i.S . ? qrthe transi st or ensitivltx g{ t he

11 | d
doubl e- gat e phBT YUY §891§P if%éte}ﬁigﬁﬁéﬁefng%ﬁﬁﬁﬁ 1Y) FEERR™ dBlbl e- gat e
pho osensor. e frdigr .eUeEeBlnl fip 410, 2000 Uirkogkbe amount of | oht
to (c channel

is 25 proportiona annel wdth ength™L). Since in the
doubl e1gat e pppbosadtser 10, 1§ henetwmelanbengidh ofad @ kifEstcdoubl e-gate

phot osensor is
on the drain current Ids of the second double-gate
photosensor takes the form of a near rectangle with
a length of about K; and a width of W; and closely
resembles the shape of the channel region 1l1b.

20 The photosensor system composed of a two-
dimensional arrangement ofsdouble-gate photosensors
will be explained briefly by reference to the circuit
diagram.

FIG. 7 schematically shows the configuration of

25 the photosensor system composed of a two-dimensional

arrangement of double-gate photosensors.

The photosensor sensor system roughly comprises a



2 2 SEP 2003 WD 01109960 set to L1 and its channel length of set to L2 and
its current Ids flow 5 photosensor 10 is expression (2}: PCT/ JPO0O/ 05104 29
- channel width is set to WL and the the second doubl e-ga otBensor is
channel width is set to W, the drain ng through a single double-gate
expressedwonipmo f ol lowing Ids (WL/L1 + Wi/ L2) (2) Her&cTisbeotoRtor L1, then
" expression (2) becones the followi ng expression (3): 10 Ids (err) 2W/L1
(3) Then, if the ratio (W/LI) is nmade equal to the ratio (WO LO of a
doubl e-gat e photosensor PS with the coyywentional structure shown in FIG
30, the drain current Ids of a double-gate photosensor 10 of the 15
invention is twice as large as the drain current Ids of the double-gate
phot osensor Bhotbs¥EEdNhridag pOECHArfeny dduidge-gate hshdiddHisogkat e
sufficiently, which enables even a subject in a |ow contrast ratio between
the bright stearenged ihe fer lexemate, td MRERAX odnvedowsf Ki @iently. As

descri bed above, since the source-drain current value Ids in the

doubl e-gat e [SRGEBRENSHIP HRtGepdn8s bRt bk @midiba #BEi PN channel width
/(ch | - i |1 i f 2
W)/ (channe @%%%%}P?%%)lég JqT%hC?ﬁHE§§tgf§%;¥Bp %t@n?efhffgféj of 25

(channel wd annel 1Té€éng e ‘chfannel "Tegi on 11b, an

i nprovegrent g tRg dgat@ SlEdteiledf 21 Degploulda-cgatarphedasanaer 10 requires
the value 2 2 SEB 009 WD 01/09960 PCT/JP0O0/ 05104 30 (W./L1 + WL/ L2) to
be nade as | @agyebastposgatd eldeatrotibe 2pubde-tgat dopbbéegersor 10 to read a
sufficient difference between the incident light in the bright state and
that in the ®OkosSeaEers of0 adfigcrateheeedeh B pRethar¢eteahi®rn vol t age) ,

it is desirthF thatrboth th ratiotvm/Ll an V&/L&,ihouéd be 1.5 or nore.
It is nore dédi rFaBI e ERBTC ThS Yeh8uFBPbE S 51 Shord!l FRCthe doubl e-gate

phot osensor I NGBk NGr SAUY G8 22LBRhELHES dlAnel 2BpaRedraifr £l ectrode 13
are 10 opaque to visible light, the carrier generating region |Ipl where

such hobes arslgendr abedomsgdtay aine ebhbectespedtivedlai Aret riginfesl ds in the
channel region 1la of the first doubl e-gate photosensor of the double-gate
phot osensor 100Xk Madehycorresih|tde dradar temminakf @ Wdrhin5 a | ongit udi nal

| ength of about Kl and a_lateral l|l.ength
9 éﬁectro%es 13) oéaé%e inggvidual double-gate photo-

sensors in the direction of column, a detection driver
113 connected to the drain lines 103, a switch 114,

15 an amplifier circuit 115, source lines 104 which
connect the source terminals S (source electrodes 12a,
12b) in the direction of column and to which a voltage
of Vss is supplied, and a plane light source 30 below
the photosensors 10. Although the voltage Vss has only

20 to differ from the voltage precharged on the drain
lines, it is desirable that the voltage Vss should be
the ground potential.

The top gate lines 101, together with the top gate
electrodes 21, are made of ITO. The bottom gate lines

25 102, drain lines 103, and source lines 104 are made of
the same material of the bottom gate electrodes 22,

drain electrodes 13, and source electrodes l1l2a, 12b in



equal to the channel width wi, and the carrier generating region |p2 where
such holes are generated as have an effect on the drain curr ntoids in the
- channel region 11b of the second doubl e-gate photosensorz%ffs héll3o

doubl e- gat e photosensor 10 closely resenbles a near rectangle with a

| ongi t udi nad o1/@9sgt h of about K2 and a | ateral |ength equRdT/Pe0/asy® channel
“width WL. Since the carrier generating region Ipl and carrier generating
region Ip2 are arranged in parallel 25 in the direction of channel |ength,
as shown in FIG 6, on the protective kRpsulating film20, at |east either
the Iight sensible region Epl (the region shaded with 2 2 S EP 2003 W
01109960 PCT/JP00/ 05104 31 slated lines in the figure) through which the

| i ght caused $eclert erannke that i Breyyerer antagrakly divdmeld wdth tesul t of
reflection fromthe finger at the surface of the protective insulating film
20 passes or tREL$T ghtie5esedsihliE 8§ 6ANEFR (Ri9@al8gfBR shaded with sl ated
lines in the f] CLhr which the |light caused tqo _enter.ihe carrier
generati ng re&%%%{ﬁlf%g%gg?egﬁ ?e%fanrdefalcggfn}lg FoRt Séagfid’n%fe’r at the
surface of theqrotectipwe,insul @chng gitin gRgPassafe ddidlrois, the 10 region
EpTl a single doubl e-gate photosensor can sense, is shaped nore |ike a
regul ar ssquar eigddks sknsigeheraegh®nse#T parrsbscahd Y\ndrddnesidr auesthe regi ons
assuring a specific light-receiving sensitivity, centered on the channel
regions 1lla, P, bbB2not r dRiesent @HREN.1528dswrBdusi her ange of

| i ght-receivi nggg t he sensible region

ensitivity accurately. .a result,
Epl and sensi BF&°PRES TP I:Sd%nﬁi ?‘ﬁ’é %ﬂ"l%— BEetPRotUEEIR ST 10 of the

i nvention are . n yﬁﬁg the 20 sensible region for
l'ight traveli ﬁgggglﬁ? ci%’%ggtg?é% ‘?)?lgae&an t"he sensible region for |ight
traveling in the duiegttions @onfigiregish) ze@ WebeghbandtRersangi bl e region
EpO of a conventional doubl e-gate photosensor PS, which suppresses

di storti®ns i rppéads ny told2Feditrehbe ore dategesrmbsatelL,r idhededbove,
because the ratio (W/L1 + WL/L2) can_be set higher and the doubl e-gate 2
2 SEP 2003 _ V®23116%996D BHCFLIRPDBLDS 15t  Phot gg%n%?ﬁ't% 44€ a good

sensitivity, %I\ég_gekf #{ue F%cpcig_;tersaglt vgf%%g%lt%} \é\:%%nb%/gg?rgr ia%&'{) state and the

dark state is Tow, clear St I'nglrs at’a c e outputted. At

the same tinetehagabsend Ne@inyetnd GeNIBlonndriedion i Rlo angtecarrier
generating region Ip2 are arranged in parallel in the direction in which

t he di stance dfmn lthghtessasiitgnailt yiastsdodtaim (tihe @03 emid cutgluty), this
i nproves the plane bal ance of the sensing
15 serial data or parallel data Vgut, which realizes
a selective reading function.

Next, a method of controlling the driving of the
photosensor system will be described by reference to
the accompanying drawings.

20 FIG. 8 is a sectional view showing a state where a
finger is put on the photosensor system 100. FIG. 9 is
a timing chart to help explain an example of a method
of controlling the driving of the photosensor system
100. FIGS. 10 to 16 show conceptual diagrams of the

25 operation of the double-gate photosensor 10. FIGS. 17

and 18 show optical response characteristics of the

output voltage of the photosensor system.



range of the light caused to enter the sem conductor 10 |ayer 11 at an
angle of 45 fromright to left with the direction of y in the mddle,
“enabling the fingerprint of the finger FN to be authentQQaSgwizM§|1 hi gh
accuracy) The plane structure of the photosensor array 15 conposed of such
_ doubl e- gaive opbkpsensors is so designed that doubl e-gat ecpimjpesensors 10
are arranged in a lattice (or matrix) with a specific pitch of Psp in the
two directions of x and y (the directions of row and col um) perpendi cul ar
to each other and that the 20 light fgemthe plane |ight source 30 is
projected on the subject through the el enent-to-elenent region Rp in the
| attice. For this reason, to project a sufficient anount of |ight on the
subject, it is dedigsabl est siadwit hien @lzenest - & of elese N rnegbad &p shoul d be
made as 25 | arge as possible. The nore the sensible region EpTl resenbles a
regul ar squatke Ruesepdivet rsuwlatiiag salnn2e hef the photpsepper - WO 01/ 09960
PCT/ JPO0/ 05104 33 |.ight-receivin senskt'vit caused hy the incident angle
of exciting TY%ﬁﬁ@'éﬂgeriﬁb s nel’ Fgﬁiﬁ%% Qﬁﬁiecfi%gigaﬁﬁﬁrected.

Tl trom i o8 TERORRR] Ehasdiule OF; <R ELAE ol QRRBER, TP Cant or

l'i ne ext endi pgudi dnze pbt8EL1 W HsuwiakSngRECINDIE, adealyrbovede sensitivity
of light entering the channel regions 1la, 11b fromthe region with an

angl e of 45 betwdmn rdhghbrapnecting partsf Hoohot heowsEnttdye | i ne 10 extending in
the direction of x. This corrects the variation (directivity) in the
| i ght - r ecei VPREERBHSS LppEyating 18y 80 dBstl dendinfieeveedgren EpTl whose

| i ght - sensi ng?g‘ggérpgh%éggggexal é@éttn“e”iffi%”*:g{bi %ﬁ%}]e tqjier ef\clti onsmgf x and y

(to take the Tormo ectangl e closer nost rgaﬁfar squar e} .

Therefore, syghofdutd] @ngahe PROLOSENROES 14028 X IHEe3eh8od Matrix to
construct a photosensor array 100 as shown in FIG 6, thereby equalizing

t he eXanse EBpstédre Mo eppildasofidried gersehl pulegian MByh aswhi ch 20 realizes
a photosensor array with a high lightreceiving sensitivity light-receiving
section and &°phefamRE®soVtayst £mSWhi ¢ BListppvhes $iokg Jéitst b¥R¢ on i n readi ng

connecti ng {REtBh 9% datl SPECEIDIRE SPnoFSthe LI <2 Bh & Phor osensor s 10
are arrangedgngnd o5 dmdy BatHChi A MBINGL LRAt 1 LY &Y E dileaBghed in a plane
and positioned uniformy
performing the reset operation of discharging (in
15 a reset period of Treset) the carriers (here, holes)
accumulated in the semiconductor layer 11 and the block
insulating film 14.
The light in the wavelength range including
visible light from the plane light source 30 provided
20 below the glass substrate 19 of the double-gate
photosensors 10 is emitted toward the double-gate
photosensors 10 side.
At this time, since the opaque bottom gate
electrode 22 intervenes between the plane light source
25 30 and semiconductor layer 11, the emitted light hardly

enters the semiconductor layer 11 directly, but

the light passed through the transparent insulating



2 2 SEP 2003 WD 01109960 PCTI JP00105104 34 (symmetrically) in the direction
of y, the exciting light reflected by the subject, pasz%n hr ough the top
- gate lines 10l1la, 101b, and entering the channel region$®l , B8 at t enuat es
uniformy, which prevents the 5 incident light fromhaving an effect on the
vari ati onwovitbsgoe | i ght -recei ving sensitivity as conpar e¢dcispé/diogase where
"wider top gate lines are arranged and forned in offset positions. This
assures the uniform expanse of the |ight sensing region accurately and
prevents 10 distortion in reading two-gjmensional inmages. Furthernore, with
t he doubl e-gate phot osensor 10, because the light-receiving sensitivity is
i ncreased remarkably, even if the anmount of incident light is small, the

|'i ght - and- shag®siphes B i 01 Q%@utiﬁtﬁﬁ%dfﬂ-ﬁn@rl%geﬁ%%Z@Six‘:‘otm@r ed with a
conventi onal doubl e-gate photosensor PS. This hel ps reduce the illum nance
of the pl ane dliegkhtsooreenmEryyirdgdohoRpt he preadictgddeni tke fiewrexasi ng t he
power consunption of the two-dinensional inage reading device. Wen the

i 1l um nance N CRetb® PYAREYLivVEhinsgdrEény st el OconSfakbe BrBhthpr ovenent

in the light-receiyi ensitivit ortens the carrier accunmulating tine
e b ST RS bR% SR Ltk SRS e Ll el eragouml ating ¢
two- di mensi ong| sngREeshLBH NG Gl fLA"BREE 2P el:r}é"lteh%rfn?{:gﬁlt he remarkably

i mproved lightrecéiving sensitivity permts excessive t-on current to
be gener at ed feflechéosab® reilsdted irfehdeatly a& 2h® EnPeZf45%e WO 01/ 09960
PCTI JPOO/ 05104 35 light as in a doubl e-gate photosensor 10. To suppress
such an on cweteien the ppeienting iparcentf othed ingelroWr ang thee drivi ng
vol tage applied to hoth, el ectrodes of the top and hottom gates. Thus, the

decrease of tHEHSHTTi hS VAT de SdPprdses®t Hdereifsr At i Hhf of the
characteri stl%lﬁ?ﬁq gguplllg-igﬂ.; rp@%t'os;ﬁggog?ﬂet&e}dhri?ﬁgg\g%%h enabl es the

reliability o e photosensor array to [ast Tong. t osensor array

100 of 161 G 6Eeaddid tteOedbet OphdHenildon@sciOtaladdlnicornest the top gate
el ectrodes 21 of the doubl e-gate photosensors arranged in each row. The

bott om gat e |¢¥msebd2 dovhheegstd phdimisteanpgal @ eleathreodasu22tidgt he

doubl e-gat e photosensors 10 arranged in each row. The top gate 15 |ines
101a, 101b i nf1Hes ddme 1P odPdr PR FFE fE4ctRage tHey Fhe BRARRFEHS n a pl ane

bet ween t he ag'%cceer;st o O%Qflaeixgsa%faﬁgg ﬁﬁﬁ??%ishoﬁgagﬂd%tﬁeggti n parallel,

whi | e keeping e uniform posSTtTo _ dgal wire width
and thi cknessyo SRR 1Cal LY. 2 They D (hQP g2t 8t ifesi nlidlacs10dd are arranged

and formed al nost symmetrically in the direction of colunm above and bel ow
t he botlSom gatep |gate Bl2cexdbéandingid sexueb about 2.0 to 2.2.
In contrast, in the grooves of the finger FN, while
light Q2 is being reflected irregularly in the grooves,
it attenuates in the air, preventing a sufficient
amount of light from entering the semiconductor layer
20 1l of the closest double-gate photosensor 10.
Specifically, the amount of carriers that can be
generated and accumulated in the semiconductor layer
11 varies according to the amount of reflected light
entering the semiconductor layer 11 according to the
25 fingerprint pattern of the finger FN.

Next, shown in FIGS. 9 and 11, the photosensor

system 100 applies a bias voltage of ¢Ti of low level



a manner that it connects alnost the mddl e of the doubl e-gate photosensor

10. That is, the top gate line 25 10l1a and top gate line 101b basically

- forman axial symetric structure with the botton1gate»big§p&@% in the
direction of x as an axis. This equalizes the 2 ~ SEﬁ 2p~ 011 09960

PCT/ JPQA whbloDdbesto6 bal ance bet ween the amount of the |igbtT/sdodencsat ed by

" passing through the top gate line 10la and top gate |line 101b and caused to

enter at the top gate line 10la side (top side) and the anmount of the |ight

caused to 5 enter at the top gate |inesl0lb side (lower side). In contrast,

the source line 104 side and drain line 103 side basically form an

axi al -symmetric structure with the line extending fromthe center of the

sem conduct orel. gyervid 4 » 1B®) dts elie Gopolgayeasina 101 axifeerWaka the |ight

attenuat ed by passing through the top gate line 10l1a and top gate line 101b

is caused toreftkror¢ratsiam,condurtpfolns & CarriehcaprittcE IBSt ween

i ncidence on the right side.and |eft side of tge hot osensor. 10 can be
equal i zed. SCREBIEHIL GHHAGALET18 PRI ASCEBUDREPRRCRETITZ Pha™ nci dence

bal ance of Lkggtcggggggaégy&%hléggggc dYataRd horizontally, the bal ance of

the directivity of lIight sensed can be I nproved. In addition, because the

top gat® |ines 10ia, tA8ldarricangeduliel sy tgee iad) @eenélghdqasensors 20 10
hardly overlap with the bottomgate line 102 vertically, there is al nost no
parasitic cap®diet aRses barevenerpsed opn gete Semigondodtor 13Merandd t he bottom

gate line 102, suppressing a delay in the signal .or a drop in the voltage.
25 Wth such 3£CCSAERrGuFAL Fikh 2™OHRA eofr%QQQﬁ)%}&Péléﬁeﬁf?Txﬁif >PPar e

basically co t i T, I e h -sect.i onal area per
wiring |ayer Qﬂﬁ% gqgéézéagoigfs 5\?\%%1%%26"%@%03?5@%% i'? the sane,
the cross-sectieoRahiabfau@®fod NAyWr 1N0ah$ BdmSlidoupl &6 @ conpared with
use of a single wiring layer. This halves the wiring resistance of the top
gate | Lhes 10lerer¥atk hatkeesf thEOsemiboégduatesi dbiyert y1 dndugpr essing a
delay in the read operation signal, which realizes the operation of reading
far better insk inguipbing ofdidad 14y r tbatiris ofing teupheos@t e phot osensor as

shon in FI G 2y 5158 LHS JRRGoL DEs AlaAdielaiyg!y upper layer are
In the precharging operation, as shown in FIGS. 9
and 12, the switch 114 is turned on the basis of

15 the precharging signal ¢pg in parallel with the
carrier accumulating period Ta and a specific voltage
(precharge voltage) of Vpg is applied to the drain
lines 103, thereby causing the drain electrodes 13 to
retain charges (precharging period Tprch).

20 Then, in a read operation, as shown in FIGS. 9 and
13, after the precharging period Tprch has elapsed, a
bias voltage (read select signal, hereinafter, referred
to as read pulse) of ¢Bi of a high-level (e.g., Vbg = +
10V) is applied to the bottom gate line or the bottom

25 gate lines 102 in the row in the selection mode,
thereby bringing the double-gate photosensors in the

row in the selection mode into the ON state (read



10 wiring layers (101a, 101b), even if one top gate line (for exanple,
101a) has broken due to steps nore prom nent at a higher layer in the

" stacked structure or due to particles, such as dust, ackingeRs08obstacles in
t he photolithographic processing, the other top 15 gate line (for exanple,
~101b) enalwesidbee top gate el ectrodes 21 to be connect edpdTorremasinosot her
electri cally, conpensating for the propagation of the read operation
signal, which provides a highly reliable photosensor array. 20 Wile in the
present enbodi nent, the top gate |ine Bas been branched in two |lines, the
present invention is not limted this. The top gate |line may be branched
into nore than two lines. The wiring |ayer to be branched is not restricted
to the top gaperidchgreaB)ln short, it goes wi thout saying that the present

invention is applicable to a mjrugg | ayer of higher wiring resistance than

that of another wi¥h ide paf penicd §nead,>§h3cH A IBFFE6TPCTI JPO0105104 38
(for exanple, I ied.to the photosensor array and phot osensor
system Even f%@{%e) \ggggaé%gggéwlgjnﬁthgnacl aagﬁ | e=Gat e Sﬁ (‘)’faot\s{%nsors, when a

phot osensor ag{ g iZAQ iv%gsgchlﬁr)t hat dnfae obpBs 98¢ diiaesy18811d@1b bet ween
doubl e- gat e photosensors PS are so arranged that they do not overlap with

the bot 6om gate theneccb0Zaas séumindln Td,Gvbi9ati theradtuoasgateh effects as
suppressing parasitic capacitance and preventing the breaking 10 of wres.

A phot osensor *eyBinan BCoFPERE ¥ th tHENNedt 838n8ke WG N 4i88ch that the
phot osensor arr 10Q.is replaced, with t phot gsensoy array 200. In the
doubl e- gat e pﬁ%f%%%%gl@r °i’0,gg8ngréélrrér?€1ﬁ’te H@%Bﬁ‘b‘gieﬁo c%ec(’fﬁéséeﬁf%%nduct or

| ayer. A phot r LRASE f LN -g phot osensor
50 with plur a?ﬁggén%coﬁt?%t grgxfggers a% gugﬁgkogéeﬁ%%@ygtoe?nﬁg\j Il be

expl ai ned by de&éef eftrrdn® GBetffe QrasdBs G @hawh Ngs.FIMe 1doubl e-gate

phot osensor 50 in the enbodi nent expl ained bel ow realizes a photosensing 20
functi df by the safeecifiidaidyandhen othe exanriersameunifansd sEaGe 20
schematical ly ,shows the _con:‘aiagur ation of a double-gate photosensor 50

applied to a pRotbeetRiriesr AEGUBEEI hhPardofnda ptesehttiendanki on. A
doubl o- gat o photocteE e as Lere | Mt e AR b dnE ™ (P Crene
serving as a channel region, applying a negative bias to the top
gate TG cancels the positive bias at the bottom gate BG
15 for forming the n~ channel as shown in FIGS. 14 and 17,
bringing the double-gate photosensor 10 into the OFF
state, which causes the drain voltage, or the voltage
VD on the drain line 103, to remain unchanged.
On the other hand, when the carrier accumulated
20 state is in the bright state, since carries (holes)
have been captured in the channel region according to
the amount of incident light as shown in FIGS. 13 and
17, the carriers serve to cancel the negative bias at
the top gate TG. The positive bias at the bottom gate
25 BG corresponding to the amount of the negative bias
canceled forms an n~ channel, bringing the double-gate

photosensor 10 into the ON state, which causes the



2 2 5EP 2Qp, ~ WO 01/09960 39 phot osensor section. PCT/JP00/05104 FIG 21 is
a sectional view taken along line XXI-XXI of FIG 20. The doubl e-gate

- phot osensor 50 according to the present enbodi nent conngsﬁE’dﬂBopaque 5
bottom gate el ectrode 22 formed on an insulating substrate 19 that all ows
_visible |ivgherogsopass t hrough, a bottom gate insul ati ng HAWRQAB14r ovi ded on
the bottomgate el ectrode 22 and insulating -substrate 19, two

sem conductor |ayers 51a, 51b that are made of 10 anorphous silicon or the
| i ke and generate electron hole pairs by incident visible light and that
are provided in such a manner that they are provided on the insulating film
16 to face the bottom gate el ectrode 22 and are separated from each ot her,
bl ock i nsul atdrgnlsufrirkns ddafldib aheangen wpardasiis pér ahéedraim t he

sem conductor |ayers 5l1a, 51b, inpurity doped |ayers 57a and 58a provided
at both ends YHr&RE §éﬂWé%%dﬁRﬁQﬁ2%n§yéP the, anaysitr iofy 186peEnt ayers 57b and

58b provided at hoth,ends. of t oth sem conduct qr, .| r 51b, 20 source
el ectrodes 52%?9 btgfog?%ga %nﬂ%ﬁﬁl%ﬁﬁurF?ﬁnggﬁghquy§¥§p§7a, 57b,

respectively, a sif@rdialNagl Sedrode 236k 0f Med O @ de@coxbend over the
inmpurity doped | ayers 58a, 58b between the sem conductor |ayers 5l1a, 51b, a

top gaté insutlze ivag thigenVhboh otleedirsdinadihe 263 coveraryheésbolbosalgat e
el ectrode 16, block insulating filnms 14a, 14b, source el ectrodes 52a, 52b,
and drain el eE2}TtRE 59 thespRYPRE (U gahe speeivesiduringr shHededme 2 2 SEP

?pp3 WO 01109960 PCT/ JP00/ 05104 40 . h te i | at i film15
fggi ng the sehfor HudCESP PagetRd 5&’%‘% !%fﬁ tfg%ag‘;‘%} gt%%glrl%lsggnslul thi ng film

o four oo AP 8 Eale At BT SRR pycbectr 0, 2 S
ends of the senkcoswbictlskayersS to the top gate TG until read pulse

10 ¢ Bi has been applied to the bottom gate BG. When the
number of accumulated carries is small, the voltage
VD tends to decrease gently. When the number of
accumulated carriers is large, the voltage VD tends to
drop sharply. Therefore, when the read period Tread

15 starts, the amount of projected light is calculated by
sensing the voltage VD on the drain line 103 after
a specific time has elapsed, or by sensing the time
required to reach the voltage using a specific
threshold voltage as a reference.

20 On the assumption that the aforementioned series
of image reading operations is one cycle, applying
equivalent processing procedures repeatedly to the
double~gate photosensors 10 in the (i + 1l)th row
enables the double-gate photosensors 10 to operate as

25 a two-dimensional sensor system.

In the timing chart shown in FIG. 9, when the low

level (e.g., Vbg = 0V) is kept applied to the bottom



5l1a, 51b, both of ends of the block insulating filnms 14a, 14b, and the
inpurity doped | ayers 57a, 57b, 58a, 58b in a plane. The inpurity doped

- [ayers 57a, 57b, 10 58a, 58b overl apping with both of tl2 Sgds t he bl ock
insulating filns 14a, 14b in a plane. The inpurity doped | ayers 57a, 57b,
58a, 58b @igwiawde of anorphous silicon (n+ silicon) dopedrupdosivat ype
inpurity ions. As shown in FIG 20, the source el ectrodes 52a, 15 52b are
so formed that they project in a conb-tooth |ike nmanner in the |ongitudinal
direction (fromright to left in the fjdggure) fromthe common source line
104 toward the sem conductor |ayers 5l1la, 51b. The drain electrode 53 is so
formed that it projects in the 20 direction of the channel width fromthe

drain l'ine 1@3téariny 1oze iR0Yh6E Enbn+rue it ibawabdet AfLeerdeonduct or | ayers
51a, 51b. Specifically, these source el ectrodes 52a, 52b and drain

el ectrode 53paeehsrgd @arsddi fivanh i e redapseidngs naheiet ithd@IGShey5f ace each
other with the 25 respective sem conductor |ayers 5la, 51b between them

The protecti #8% hul Bt MPIPLPAB2ES PRRAFREP SO tRerBFNE iMsd&ting il ns
14a, 14b, tO%Fgagg?{gﬁﬂhﬁ%hggvclg?%%sﬁgc%gggemgkglﬁogggg]REF/JPOO/05104 41

film15, bottom gate insulating _ top gate electrode 21 is nmade
of a light-tnaasel thé NGrddkatyat ¥BUthdé MpPUEh sAswai Lhcomp nittg i de. The top
gate electrode 21 and top gate lines 10l1a, 101b are nade of light 5
transmtti ng evendiu€t the phattosieakprsithimstiiehdrabgbrestate oned | TO, and

present a hig? transmttance to visible light. On the other hand, at | east
t he bottom gatte tBLECYRBAE IR SEAgepBRe Rt thet alitage189 PRI itHe of materi al

that prevents_ |ight,from passi th gh,.-such as _chromum (Cr) or the
i ke. Specifﬁ%ﬁﬁgﬁ,b?%%@%kéﬁ%eeﬂgg?eEggof%%é;ﬁﬁﬁf%%6 %%%% %%%s a first
doubl e- gat e RAOIRIBES PR CHP AR QG 8ciid Sir URREUNB L 20T stor made up of
the sem conductor |ayer 51la, sourcé electrode 52a, drain electrode 53, 15
top gale i nsutadtosgnkbtm 1b, ahe pepchatge etddiaged¥D24dn atite adfdimst | ower
MOS transistor made up of the sem conductor |ayer 5la, source 52a, drain

el ectrode 53,1l tl6mh ghtenyatad accRyALng ntd dheadonstt ofn YA el ectrode 22,

and a second doubl e-gat e phot osensar 20 conpgsed of second upper MOS
transi stor matfe ’iﬁ?%o IEHR YR d%@?ﬁ?tf%lé‘fmé’f& légmeﬁs%?sect rode 52b,

drain electrc$g%5§§hw%gg QﬂéfiffE%UEQESHgtfii 1 d i@dsﬁgﬁlﬁﬁﬁ‘%éﬂ ectrode 21
and a second | ower transi stor made up of the sem cohductor |ayer 51b,
source 25 el egtg0fiR1538, velgdde &l Gt 1adend3tohotdom gateal or
15 parallel output to a pattern authentication circuit.
Here, how the shape of the virtual incident region
(effective incident region) of the exciting light on
the channel regions 1lla, l1lb of a photosensor of the
invention composed of a double~gate photosensor 10
20 including the aforementioned two channel regions lla
and 11lb is related to the transistor sensitivity of the
double-gate photosensor will be explained in detail.
In the double-gate photosensor, the drain current
Ids flowing according to the amount of light is
25 proportional to (channel width W)/(channel length L).
Since in the double-gate photosensor 10, the

channel length of the first double-gate photosensor is



insulating film 16, and bottomgate el ectrode 22, wth the first and second

doubl e- gat e phot osensors arranged 2 2 SEP 2003 WO 01/ (0D66P4203 n paral | e

- on the insulating substrate 19. PCT/JP00/ 05104 Because the doubl e-gate

phot osensor 50 is so constructed that the top gate el ectrode 21 and bottom
gate el eciwodmesg® constituting the first and second 5 doghlresogaio

" phot osensors are each nade up of common el ectrodes and the source

el ectrodes 52a, 52b are forned by the projections fromthe comobn source

| ine 104, the doubl e-gate photosensor 2 provided with two semn conductor

| ayers per elenment serving as photosensor 10 sections can be operated by

t he above-described driving control nethod. In the sem conductor |ayer 51la,

the channel ®kegi @8 i avi Glist BBadhal nwiawy et sek tbewf it ttheubl e-gate
phot osensor in the doubl e-gate photosensor 50 flows is 15 set as a

rect angul ar §hap96hhb%ESﬂhM9fadPaceﬂcosdcﬁﬁnu%eagdeélpE@thﬁnﬁoghaﬁnel | engt h
of L1 and a channel w dth of . In_the_senm conductor |ayer 51k, the

channel regléﬁtlﬁomhlc?Pqfﬁ?%ﬂF&Fﬂ“EﬁrV%ﬁﬁh(ﬁs ﬁﬁé §@c@hd RRUSTEdEt e _
phot osensor f ug@@n slggtffg%¥apa ?8E§H fﬁgyi dou ose(gmo adj acent sides

are defined by a channel anne % of W. The drain
currents | ds fgn@bBenser the J.CLOlél%poEQQEQ/)Q'%"O&%S%@.Bw@Q:);' s represented by the

foll owi ng expression (4): 25 1ds ~ (W/L WL/ L2) (4) Wiile in the
doubl e- gat e Expresshsor (DX one
Ids &« (W1/Ljy + Wi/Ljp) (2)
Here, if Ly = Lj;, then expression (2) becomes the
following expression (3):
10 Ids o 2Wi/Lj (3)
Then, if the ratio (Wi/Lj) is made equal to the
ratio (Wy/Lg) of a double-gate photosensor PS with the
conventional structure shown in FIG. 30, the drain
current Ids of a double-gate photosensor 10 of the
15 invention is twice as large as the drain current Ids
of the double-gate photosensor PS, lowering the
precharge voltage in the bright state sufficiently,
which enables even a subject in a low contrast ratio
between the bright state and the dark state to be
20 sensed sufficiently.
As described above, since the source-drain current
value Ids in the double-gate photosensor 10 depends
on the sum of a ratio of (channel width W;)/(channel
length Lj) of the channel region 1lla and a ratio of
25 (channel width W;)/(channel length Lj)-of the channel
region 1llb, an improvement in the drain current of

the double-gate photosensor 10 requires the value



carrier generating region and a channel region in which 2 2 S EP 2pp3 WO
011 09960 PCT/JP0O0/ 05104 43 the drain current flows are &réékﬁe@ :{Jn one

* sem conductor | ayer 5la (51b), a doubl e-gate photosenso n P di ng

sem conductor |ayers 8la, 8lb may be used as shown in FIG 22. The

_doubl e- gatw ahedsosensor 80 has 5 substantially the sane pcanbeopsroat i on as
that of the doubl e-gate photosensor 10 except for the sem conductor |ayers
8la, 81b and produces a simlar effect. In the doubl e-gate phot osensor 80,
t he channel region of the sem conductagyy | ayer 8la is set as a 10

rectangul ar regi on whose two adj acent sides are defined by a channel |ength
of L1 and a channel width of W and as a rectangul ar regi on whose two

adj acent sidew dre defhjned ky Bechadwels |1eigehasf pbdsasik .a channel wi dth of
W2. The channel region of the sem conductor |layer 15 81b is set as a

rect angul ar Fegi thewhosla-gatadpheerseniaiesilate detdneduffiziensannel | ength
of L1 and a channel width of WB_and as_a rectangul ar_ regi on whose two

adj acent si dESTLPECHRT i PRAVSSY AhenipfridetergdhtotnLbhaRr ih¢hannel width of
WB. 20 The carri.er n i.ng ghon, whi ch causes ,such_hol es _as have an
effect on th%tgrtgi ﬁggu%agéntﬂ’l &ég ﬁgf%es%%taenn(e t egllg%e%%]nﬁ%emdoubl e-gate

phot osensor &Rel pre@haded draGhangutage § €U ©ON MRS rhMOe adjaacent sides are
defined by the distance K1 between the source and drain 25 el ectrodes and

t he channel wodthht®We, rasia Wigthiangd! @i /Eegomidhbselt fwormdiaesnt si des are
defined by the distance K2 between the source and drain el ectrodes and ?

2 StP 20p3 WAT01E09950 #=IitARE Gbabathay tshowlsadgeP - i o HORB- as a

rectangul ar regi on_whgse .t adj acen i des are defined t he di stance Kl
bet ween the sour cgnalrr ed?%‘i\{?lee'ldéa&erB 8g°3ﬁﬂs?§1e1°dh§r’rﬂgf3 F¥Uth WB, and as a
rectangul ar rggi js@C | ges; ar. Laed, by, e di stance
K2 bet ween théﬂﬁrggggﬁﬁéﬁ%a??aél gg%r%&es an teﬁ'gggﬁgﬁﬁe}?vagcf{]h WB. The
drai n torrentodaifuef kewbgibre tlHhdoubhe- gatLi i olensens Ofig & dion epresent ed
by the follow ng expression (5): 10 Ids ~ (W2/L1 + WB/L1 + W2/L2 + w3/L2)
(5) As shown imp Mhere2such hioifsl ergavenghaterd eass diaveOan nef figtitng

sem conduct or | ayers 9l1a, 91b, 92a, 92b namy be used. The doubl e-gate

phot osensor SEBSE aRETEAYy IRe 1B akRe cCOMGr Z8FoRAN akt 3 1Rf of the

the first double-gate photosensor of the double-gate
photosensor 10 closely resembles a near rectangle with
15 a longitudinal length of about K; and a lateral length
equal to the channel width Wy, and the carrier
generating region Ips where such holes are generated as
have an effect on the drain current Ids in the channel
region 11b of the second double-gate photosensor of the
20 double-gate photosensor 10 closely resembles a near
rectangle with a longitudinal length of about K and
a lateral length equal to the channel width Wj.
Since the carrier generating region Ipj; and
carrier generating region Ip; are arranged in parallel
25 in the direction of channel length, as shown in FIG. 6,
on the protective insulating film 20, at least either

the light sensible region Epj (the region shaded with



15 doubl e- gate phot osensor 10 except for the sem conductor |ayers 91a, 91b,
92a, 92b and produces a simlar effect. In the double-g&tg pgﬁ@osensor 90,

* the channel region of the sem conductor |ayer 9la is s E 0

rectangul ar regi on whose two adj acent sides are defined by a channel |ength
~of L1 andwoahegsnel w dth of W2. The channel region of tAoE/ARemismanduct or

| ayer 91b is set as a rectangul ar regi on whose two adj acent sides are
defined by a channel |length of L1 and a channel 25 width of WB. The channel
region of the sem conductor |ayer 92a 3jis set as a rectangul ar regi on whose
two adj acent sides are defined by a channel |length of L2 2 2 S EP 2003
WO 011 09960 PCT/ JP0O0O/ 05104 45 and a channel width of W2. The channel region
of the sem ceiddtedolideayem 9Bk fsgsee¢) ashmugbciwhahghl Ere rieigghan whose two

adj acent sides are defined b)}/‘ a channel length of L2 and a channel wi dth of
WB. 5 The caffrépdgenhiam§hee§rERIONI TMNeCAEd89 588HPHOIRS a8s dhave an
effect on the drain current I.ds in the channel regions of_ the sem conductor
| ayers 9la, §f5??52%f %Q¥1Pﬁefﬁ8ﬂbTQ§gﬁ;ﬂ§e h8Fo5BRSHH 45C i°¢ set as a
rectangul ar regi yhos .aCent £ 54 s fj hy .t he di stance
K1l bet ween tﬁgﬁsgg?ce aﬁ’dé gfr}lgﬁlﬁjag‘liggtfﬁi egz%a ggtség gﬁa%%?ll J’th W2, as a

rectangal ar r=gis@bluhosgidnveEpadj(@bentesisiesndeddeitnesdidyed he di stance Kl
bet ween the source and drain el ectrodes and the channel width w3, as a

rectangul ar ridgiesninhbbe fignred sbfaeehtwisidteshgr éideti erwsdsy tohe di st ance
K2 between the sourﬁe and drain el ectrodes and _the channel w dth W2, and as

a rectangul ar*&gi & emﬁ?ﬁﬁ??ﬁMﬁegﬁfaﬁéﬂ? HHE dPe aéf?nﬁﬁs%ﬁftQ¥e di st ance
K2 bet ween t%%%g?ﬁgnaggorgr@%gqhggglrQge&ea rtfggecggngﬁ wi dth w3. 20 The

drain current owing int e-gate photosensor 90 is represented
by the foll o eeXpieSshOM {ng FdIm~20 VBddsks, WBhklig, Whd 2 + WB/L2) (6)

FIG 24 schematically shows the configuration of

10 region Eppj a single double-gate photosensor can sense,
is shaped more like a regular square. The sensible
regions schematically illustrate the regions assuring
a specific light-receiving sensitivity, centered on
the channel regions lla, llb, but not represent the

15 distribution range of light-receiving sensitivity
accurately.

As a result, the sensible region Ep; and sensible
region Epy of the double-gate photosensor 10 of the
invention are such that the balance between the

20 sensible region for light traveling in the direction of
x and the sensible region for light traveling in the
direction of y is equalized more than the sensible
region Epg of a conventional double-gate photosensor
PS, which suppresses distortions in reading two-

25 dimensional images.

As described above, because the ratio (W;/Lj +

Wi/Lg) can be set higher and the double-gate



25 anot her doubl e-gat e phot osensor 60 applied to the photosensor array
according to the present invention. FIG 25 is a sectional view taken al ong
- line XXV- XXV of z 2 SEP ~ WD 011 09960 PCT/ JP00/ 05104 %&b SEPAW0d4. FIG 26
is a plan view of a photosensor array where the doubl e-gate photosensors 60
are arranQi«uo1/0p96a matri x. The sane conponent parts as tREFEPYNStMHe above
" enbodi nent are indicated by the sane reference synbols 5 and expl anation of
themw ||l be omtted. The doubl e-gate photosensor 60 conprises a single
bottom gate el ectrode 22 fornmed on an 3xnsul ating substrate 19 that all ows
visible light to pass through, a bottomgate insulating film 16 provided on
the bottom 10 gate el ectrode 22 and insulating substrate 19, a single
sem conduct oPhPEgeeNBE dd&asf aageePrrns idilviigyn eyer hif [thee that s

i ded face the bott te el ectrode 22 t
Gl oot ron- hol SOPEPPEE et B ERRYoSTr Lok By S FBRe| FBRTSMDRBRE | neul ati ng
films 15 64a..G40, ,i@“fof,r rcg%lgggga{?ﬁééiﬁ i%q{a%'ﬂeega% ¥he sgm conduct or

| ayer 61, an inpurity dope r 69a that extends ovel“bne end of the

bl ock insul atlengutphttddla int tthe gdamectimd, ®ecehaanehel engtikrand is

provi ded on the sem conductor |ayer 61, an inpurity doped | ayer 20 69b t hat
ext ends® over geherathey zsuicef Ipheahd oekry imulgenengting redsion dArphe
direction of channel |ength and_one end of the block insulating film®64b in

the directiof™6f 2ERaRRA YeRGERIAAY 1R oA FEG IR"t AR WhifitdfiGuct or | ayer
61, an '”p”r'cfi%t%??ﬂqo%i%ﬁh@%‘égggtU?ghei?%t %Q&tgge&?:ﬁ?edﬁt Qlioqnd of the

bl ock insul at1 ng nth I're on chann ength and one end of

the bl ock ingd ghi ngnis| M dsn thBepdifi@ddiomeef of 2nd Shfiimg WO 01/ 09960
PCT/ JPO0O/ 05104 47 channel length and is provided on the sem conductor |ayer
61, an i npuritapggopédthaykigiBocdanbat extemds: dher sehécondwrtand of the

bl ock insulating film®64c in the direction of channel length and is

provi defl on tes dénPEoRRIAIDe PAy4P° sliromiuidhts5ar éef bl el 5d€ 65, a
drain el ectrode 66, a source electr, 67 d a drain,electrode 68 which
are provi ded eTc% opnﬁgrhﬁp E&Se&l_?ggﬁr %’?}q’l%g Pt glﬁ%%%pcfllngyer 69b,

| mpuri ty dopegk LaweeiA9e: ANGd BRULLEKeAOREL dAYRERORdan T esPECt I Vel y, 10 2
top gate insulating %I m 15 formed so as to cover the %otton1gate

i nsul ating fidgoukacybl ock insulating filnms 64a, 64b, 64c, source el ectrodes

65, 67, and drain electrodes 66, 68, a single top gate el ectrode 21
provi ded on the tdhegatang nstfuatiuryg Pif| rheSpiekdsapsorearray

15 composed of such double-gate photosensors is so
designed that double-gate photosensors 10 are arranged
in a lattice (or matrix) with a specific pitch of Psp
in the two directions of x and y (the directions of row
and column) perpendicular to each other and that the

20 light from the plane light source 30 is projected on
the subject through the element-to-element region Rp in
the lattice. For this reason, to project a sufficient
amount of light on the subject, it is desirable that
the element-to-element region Rp should be made as

25 large as possible.

The more the sensible region Eppj resembles a

regular square, the more the variation in the



15 sem conductor |ayer 61, and a protective insulating film 20 provided on

the top gate insulating film15 and top gate el ectrode él\ 'B;agﬁ@use t he
“materials of the individual insulating filnms and el ectr2 dgg t he

remai ni ng configurations 20 are the sane as the materials of the
_correspondvangoomober s and configuration in the enbodi nrerdctofpodrds(éd. 2 and 6,
expl anation of themw ||l be omtted. The inpurity doped | ayers 69a, 69b,
69c, 69d are made of anorphous silicon (n+-silicon) doped with n-type 25
impurities. The doubl e-gate photosensoyz3 60 is such that a first double-gate
phot osensor made up of the 2 2 S EP 2003 WO 01109960 PCT/JP0O0O/ 05104 48
sem conduct or | ayer 61, source electrode 65, drain electrode 66, top gate

i nsul ating filightSrebeitinyg gahneitnsitatedigsdd b the inpidmite el ectrode 21,
and bottom gate el ectrode 22, a second doubl e-gate photosensor 5 nade up of
the senm cond@ewde biyexcBlingdigbe eheetinaiahg7chdnaeh reéaicinsode 66, top
gate insulating film 15, bottomgate insulating film 16, top gate el ectrode
21, and bottd‘r?'ngagatlébef%c‘f‘ﬁﬁfé’tfi' aRBeei 363 YdoiBPeS GRE £- Yosensor made

up of the sem t yer .61, rce elec de ydrain el ectrode
68, top gaterqfflggggt%i %%t%%/nrﬂ fge 5%??’3%[]9% l"ln%st&ﬁgfi %g‘?ff. r'ﬁgf e top gate
el ectrogle 21,r31dnbitRngalRyiel et t9deapy ArMCeBRept ey ithagparal lel. In
t he sem conductor |ayer 61, the channel region 15 in which the drain

current of thenfterstideudtteerghiing photbsedbsorctient bé doiublmadrat e phot osensor

60 flows is set as a rectangul ar shape whose two adj acent sides are defined
by a channel THFgERUSE FR Y SENERAANEEY vPHtH Ft RREeThRI cHifhnel region in

which the dral Gunr ¢0b80: of14, 18°8R0H £l GuRROLOSENAY flows is

of 45° to the right and to the left of the center line

10 extending in the direction of x. This corrects the
variation (directivity) in the light-receiving
sensitivity, which provides a sensible region Epmqi
whose light-sensing region expand almost uniformly
in the directions of x and y (to take the form of

15 a rectangle closer to an almost regular square).

Therefore, such double-gate photosensors 10 are

arranged in a matrix to construct a photosensor array
100 as shown in FIG. 6, thereby equalizing the expanse
in the direction of the sensible region Eprj, which

20 realizes a photosensor array with a high light-
receiving sensitivity light-receiving section and a
photosensor system, while suppressing distortion in
reading two-dimensional images. At this time, because
the top gate lines 10la, 101b connecting the top

25 gate electrodes 21 of the double-gate photosensors
10 are arranged and formed in such a manner that

they are branched in a plane and positioned uniformly



rect angul ar shape whose two adj acent sides are defined by a channel Iength
of L4 and a channel width of WL. The channel region in \g@g the drain
“current of the third doubl e-gate photosensor flows is s

rect angul ar shape whose two adj acent sides are defined by a channel |ength
~of L5 and wooci@ygoel wi dth of WL. Because the doubl e- gat epqiarboeseeasor 60 i s
o) 2 2 SEP 20p3 - WD 01109960 PCT/JP00/ 05104 49 constructed that the top
gate el ectrode 21 and bottom gate el ectrode 22 constituting each of the
first to third doubl e-gate photosensorggare each nade up of conmon

el ectrodes, the source electrodes 65, 67 are 5 fornmed by the projections
fromthe comon source line 104, and the drain el ectrodes 66, 68 are forned

by the proj ectdyametiioaliie LoraR ddirac8ibhnef 193, tHehextheegg doubl e- gate
phot osensors can be operated as a single doubl e-gate photosensor by the
above- descri beighdr irgifdgeted dantyhel swbURod, Fhesiraithroughente e flowing in
t he doubl e-gate phot osensor 60 is represented by the fol| ow ng expression

(7): Ids ~ (V313 Linggs L41a, Wi0iks) apd) epgeqyny, "tlhee DHBre- §aFEHhot osensor

60 construct efillaas ﬂ%s rtltgggl @bé)vu%lftogﬁll val ue. <g\/\ILII:LEBVG;;H__\QA L4 + WL/ L5) of the
sem conduct or~ Tdyer constrrutin e ¢hanh )i] egl on c&ncbe i ncr eased,

enabl i ng an i 4 RASR 'lfighhefﬂéré“rfth.lﬁrgr @Rt e PBEC O m:r{eowa&slafoﬁran& stor
sensitiv 20 ity of each doubl e-gate photosensor 60 remarkably. In the

sem conduct orit ayter 1Ghhtt-hecedvinersepeieiattpgas eghrgpasredp@ithpd, |1 p5 so
exposed fromthe source and drain electrodes 65 66, 67, 68 that |ight
coming from aBR¥R Whers Mafed EoP ¢irtér limesr agponsranged and formed

in offset positions. This assures the uniform expanse
of the light sensing region accurately and prevents

10 distortion in reading two-dimensional images.

Furthermore, with the double-gate photosensor 10,

because the light-receiving sensitivity is increased
remarkably, even if the amount of incident light is
small, the light-and-shade information can be read

15 properly, as compared with a conventional double-gate
photosensor PS. This helps reduce the illuminance of
the plane light source provided for the reading device,
decreasing the power consumption of the two-dimensional
image reading device. When the illuminance of the

20 plane light source is made constant, an improvement in
the light-receiving sensitivity shortens the carrier
accumulating time remarkably, which provides a reading
device excellent in the two-dimensional image reading
performance.

25 Furthermore, the remarkably improved light-
receiving sensitivity permits excessive light-on

current to be generated for the same amount of incident



25 take the fornms of a rectangle with a wwdth of WL and a |l ength of K3, a
rectangle with a wdth of WL and a length of K4, and a rectangle with a
- width of W and 2 2 SEP 2003 - WD 01109960 PCT/ JP00/ @A G4P580% | engt h of
K5, respectively. This brings a synthetic shape of the light sensible

regi ons Epd.okide EpS closer to a regular square. The | ipghtrooaswed by
“reflection fromthe finger FN at the surface of the 5 protective insulating
film20 to enter each carrier generating region passes through the |ight
sensi bl e regi ons Ep3, Ep4, EpS. In sucyy a doubl e-gate photosensor 60, the
top gate line 10la side and top gate line 101b side basically 10 form an
axi al -symmetric structure with the bottomgate line 102 in the direction of

X as an axi slighe souirtea ldond1d04asé dshadubedsaknidi nerd Ghppirdesbasi cal |y
forman axial-symmetric structure with the line extending fromthe center
of the seni csndhcawnron ayperedt,i hhehepdBatianedsi oantfolleds byn axi s.
Furthernore, .the sem conductor |ayer 61 basically farns a symmetric

structure verCWEAFPY Hifd HoVirgnVaFFI% ARP IHESpERLL PPN t$ETERCEF of the
phot osensor nstiiut L x-1i ph S ray 0 where the
di stance fr o%(%t %ggzﬁg%eérﬁdte%o%f g"?é{c] e o#ﬁlt_ e%égmgggﬁ%%% oor% Itgiger 61) to
the endsin theidihgCLd b hppsedBdS ARPILHIMbEat Qok Ner dingt ance fromthe
center to the end in the direction of y. This equalizes the expanse of the
| i ght - sensi nghaegtbari®iisr fuUppeedsible st hiotbseRbot nvirtadi ng

t wo- di mensi onal inmages, which realizes a photosensor array and phot osensor
syst em provi déaew vhigh | enfhlaseddpeyragigectiton ofi theaphetfransor

| i ght-recei vi% g 2 SEtP 003 WO 01 /09960 PCTI JP0O0O/ 05104 51 sensitivity.

In addition, BEEXUER tAE- o Yate |ines 101a, 101b arranged between the

adj acent phot osensQr $n80:AG¢ S oh RUCR-BRy M § JN§ 1RO Eomgatg,d i ne 102
vertically, there is alnbst no parasitiC capacitance between 5 the top gate
i nes 10la, Hkikbgand Lbeedoididp gate tofkect the top gate
electrodes 21 of the double-gate photosensors arranged
in each row. The bottom gate line 102 connects
the bottom gate electrodes 22 of the double-gate
photosensors 10 arranged in each row. The top gate
15 lines 10la, 101b in the same row are so formed that
they are branched in a plane between the adjacent
double~gate photosensors 10 and extend in parallel,
while keeping the uniform positional relationship and
an equal wire width and thickness. Specifically, the
20 top gate lines 10la, 10lb are arranged and formed
almost symmetrically in the direction of column above
and below the bottom gate line 102 extending in such
a manner that it connects almost the middle of the
double-gate photosensor 10. That is, the top gate line
25 101la and top gate line 10lb basically form an axial-
symmetric structure with the bottom gate line 102 in

the direction of x as an axis. This equalizes the



102, suppressing a delay in the signal or a drop in the voltage. The

phot osensor system provided with the photosensor 300 is such that the

- photosensor array 100 of FIG 7 is replaced with the phéto&fedddr 300. 10
FIG 27 schematically shows the configuration of another doubl e-gate

_ phot osens®o ®fo9ké ed t o a phot osensor array accordi ng t o RATEPPVOSEENT

i nvention. The sane parts of the configuration as those of the doubl e-gate
phot osensor 60 are indicated by the sane 15 reference nuneral s and

expl anation of themw |l be sinmplified3e As shown in FIG 28, the

doubl e- gat e photosensor 70 according to the present enbodi nent conprises a
single bottomgate el ectrode 22 forned on an insulating 20 substrate 19
that al |l ows wWadiabre bégiren dhsasgouht cufhthen lghtomtganeated wating film 16
provi ded on the hottom gate el ectrode 22 and insul ating substrate 19,

seni conduct oP3SEYBFs Ry fihe £op AAER bInanfifhaRs $PPi €8Ffor the Iike

h i.ded 2 d
Gencrat o 6l oot on hapoind bR ki eRBLt G SHOF, BaFE 1O TN ot ng

films 64a, 64deb4eocdr éﬁ@QFdarﬁpaJhte bRoRRE 8bt lnON ik cadsaa SE® ~ WO
01/ 09960 52 sem conductor |ayers 7la, 71b, inpurity doped |ayers 77a, 77b

t he senbcondumtter laayehe 7d4ap iqutleerighnik, 10 &l peide vidower spdeity 5 provi ded at
both ends of the s PCT/JP00/05I 04 71c, respectively, provided at both ends
of the directibfBtrapinnehe dpre dyepslyycsidy dnehideadduéi®® | ayer 71b in

the direction channel .l ength, respectively, inpurity doped |ayers 77e,
77f provi ded %)(ﬁj bsdt%% g’ﬁ‘aécjﬁ?gf hfeorétéﬁ]%caﬁaﬁgf%m%c %Eulcﬁ.ufﬁe direction
of channel |epalilercPSRRE! E¥Ehaidy SPURCERE! ELI{A0GAq A Ovi ded 10 on the
impurity doped layer 77a, a drain electrode 66 provided so as to extend

over the inpusénicaepedorayeyer 711 aind thapaitéytinpest lyayer ag7c, a source
el ectrode 67 provided so as to expand over the inpurity doped | ayer 77d and
i mpuri &Y dopeaxisyeWhpretha Highh atitecussdd BB H&s pinay itdedueh the inpurity
doped layer 77f, a top.gate insulating film15 formed so as to cover the

bottom gate eF&Rt¥fe 1162 BPORKARNSPALRRG 11Fs! 6, 1645 564c  sour ce
el ectrodes 65en'§%r A s%&bﬂ 8LELSE Q.%Sﬁ%rGQ 68n gaafiaﬂ@ee HeRRegAt & el ectrode
ga? ing Hmd

21 provided on the top e I1nsula acli ng the sem conduct or
llayer 11, andifciddfiCidnvenbnsugit idigidl ianm 20:provdslask ahet he top gate

insulating film15 and top gate electrode 21. The inpurity doped | ayers
77a, 77b, 77cph@Fesergty, 1p7faanr ke neaiswldfzednor phoes she itwen g@me silicon)
doped wi th , .
15 lines are so branched that the incidence balance of
light become equal vertically and horizontally, the
balance of the directivity of light sensed can be
improved. 1In addition, because the top gate lines
10la, 10lb arranged between the adjacent photosensors
20 10 hardly overlap with the bottom gate line 102
vertically, there is almost no parasitic capacitance
between the top gate lines 10la, 10lb and the bottom
gate line 102, suppressing a delay in the signal or
a drop in the voltage.
25 With such a configuration, since the top gate

electrodes 21 are basically connected by two wiring

layers, when the cross-sectional area per wiring layer



25 n-type inpurities. The doubl e-gate photosensor 70 is such that a first
doubl e- gat e phot osensor nmade up of the 2 2 SEP 2003 V\? 0%&99960

* PCT/ JPOO 05104 53 sem conductor |ayer 7l1a, source el ect dd 652,003drai n

el ectrode 66, top gate insulating film 15, bottomgate insulating film 16,
_top gate aevectmwgse 21, and bottom gate el ectrode 22, a secmrdogiaedbl e- gat e
phot osensor 5 made up of the sem conductor |ayer 71b, source el ectrode 67,
drain electrode 66, top gate insulating film 15, bottom gate insul ating
film216, top gate electrode 21, and boB87om gate el ectrode 22, and a third
doubl e- gat e phot osensor made up of the sem conductor 10 |ayer 71c, source
el ectrode 67, drain electrode 68, top gate insulating film 15, bottomgate
insul ating fiimth® sesp.ghhe efaarsegsipnal aptedorht civegaisingetdrode 22 are

connected in rallel. Ln the sem conductor |ayer 71a, the channel region
15 in which t%@“‘tﬁtaidﬁul?g??eﬁ SRIFES f‘%g H%%b?%-agétlélgé;ﬁo%%%or in the

doubl e-gat e p{]g&&s'en ESGBa%Q%\B%# ﬁqlingsrgﬁgﬁ%l@%%ﬁghghgﬁngMOse t wo

adj acent sides "are define annel I"eng nel w dth of

W . In the segagondueisonohayeroilmaddescheonet R{yH e@isartifivhj ch the
drain current of the second doubl egate photosensor flows is set as a

rect ang@l ar sheppresdsdse twdeddy avernthesirdes aperaieiomeddnpla whasmel | ength
of L4 and a channel width of W,, In the sem conductor |ayer 71c, the
channel regi oR®*M3AA GRS2SPERALIRIMIYF ERAERE BRF tPRE4SH Ad2d88b| e- gat e

phot osensor fl ows 'I§ S&t s%%cg?%e%#_g{%dzaér o%h%pgo%g%_eqa%tsadj acent sides

are defined by a channel 1eng and "a 1 0 54 channel

width of W. 2Roesder3 BBCIndR0{AHAA Bhe sdhak nekdindnigakds flowing in

t he doubl e-gate photosensor 70 is represented by the foll'ow ng expression
(8): 5 1ds (Wnhées at \Al/redatiVdly S)pfel) LEyerdenbl madmicEf pwot osensor 70 is
so constructed that the top gate el ectrode Z1 and bottom gate el ectrode 22
consti thfti ng HAERNSfLlanerst i(rlgﬂatolﬂfh)r'd even if one top gate line

(for example, 10la) has broken due to steps more
prominent at a higher layer in the stacked structure
or due to particles, such as dust, acting as obstacles
in the photolithographic processing, the other top

15 gate line (for example, 101lb) enables the top gate
electrodes 21 to be connected to each other electri-
cally, compensating for the propagation of the read
operation signal, which provides a highly reliable
photosensor array.

20 While in the present embodiment, the top gate line
has been branched in two lines, the present invention
is not limited this. The top gate line may be branched
into more than two lines. The wiring layer to be
branched is not restricted to the top gate line.

25 In short, it goes without saying that the present
invention is applicable to a wiring layer of higher

wiring resistance than that of another wiring layer



doubl e- gat e photosensors are nmade up of common 10 el ectrodes, the source

el ectrodes 65, 67 are forned by the projections fromthe comon source |line
© 104, and the drain electrodes 66, 68 are formed by the pr3gPeeiod ons fromthe
common drain |line 103. Because the doubl e-gate photosensors 70 are arranged
tn a 15 nworonagest her eby form ng a photosensor array 300pCT/eoonitoee
doubl e- gat e photosensors 70 can be operated as a single doubl e-gate

phot osensor by the above-described driving control nethod, which produces a
simlar effect as the doubl e-gate phoBésensor 60. 20 Wihile in each of the
enbodi nents, each of the doubl e-gate photosensors 10, 50, 60, 70 is such
that one to three sem conductor |ayers (or doubl e-gate photosensors) are
arranged, twbfen e¥pmpdeghafhel vigonaprdiedi th the phodesers®¥ent flows are
provi ded, 25 and two, to three carrier generating regions are provided,

t hese eIenen?Eriﬁﬂqﬂf‘5&P§ﬁ§§85?¥|Tﬁﬁﬁﬁq'el in the direction of channel

| ength, the pres I n; IO 2 1" ) 960

beTT IR00] 05104 Setye e Base %og ﬁ@s&%ﬁgaﬁiaﬁﬁgygg\% ng sensitivity

can be set aphotésdndorsacemedi Agphecddwmsunberapf 2G6Encanduct or | ayers
arranged consecutively. Wen the doubl e-gate photosensors 10, 50, 60, 70 5
are arrangedthat atpmtidnx gJadecdhnes ukdla hé Ophobeteemrdawbigygate0, 200, 300
and t hese arrgxs are %ﬁﬁlied to a two-di nensi onal readin% devi ce, because

li ght from t RBOFASIARITG s @58t PAL FF (VI 4S8 sEBSY reR &°%19 side is
proj ect ed thggggyaépggﬁ!qﬁgpgbkgaglggﬁgﬁj%%ggg? F?eéﬂaé%)ﬂhhe | attice of the

natyix onto thé"s I's ‘necessary ee enenp-to-elenent
region Rp sopag.t 09 septigrqauell ke s AlRUNtLs0Eubbadd s 0] ected on the

subj ect and then set arbitrarily the nunber of sem conductor |ayers
(doubl e- gat e pplnet s bnsmacitanger and epr evamsdaygt twel yreakimye regi on where a
| i ght receiving section is to be forned.
10 of wires. A photosensor system provided with the
photosensor 200 is such that the photosensor array 100
is replaced with the photosensor array 200.
In the double-gate photosensor 10, one element is
composed of one semiconductor layer. A photosensor
15 array composed of a single double-gate photosensor 50
with plural semiconductor layers and a photosensor
system will be explained by reference to the accompany-
ing drawings. The double-gate photosensor 50 in the
embodiment explained below realizes a photosensing
20 function by the same driving and produces the same
effect.
FIG. 20 schematically shows the configuration of
a double~gate photosensor 50 applied to a photosensor
array according to the present invention. A concrete
25 explanation will be given using a schematic configu-

ration of a double-gate photosensor provided with two

semiconductor layers per element serving as a



FIG 29 schematically shows still another enbodi nent of the photosensor
array according to the present invention. 20 A photosené géggéh400
- according to the present enbodi nent includes doubl e-gat q%ﬁ sors 10
and has a so-called delta arrangenent structure where the doubl e-gate

phot osensowaoib@vsar e pl aced at the respective apexes of @CTEUVIsSEKer al
“triangle 25 continuously set in a two-dinensional plane whose one side is
Psa. A photosensor system provided with the photosensor array 400 is such
t hat the phot osensor 2 2 SEP ~ WD 01309960 PCT/ JP00105104 56 array 100 of
FIG 6 is replaced with the photosensor array 400. The photosensor array
100 of FIG 6 encounters a problemin arrangi ng doubl e-gate phot osensors
10: since 5 whetdeemdar gacéiphoet osensors 10 are arranged in such a nanner
that they are spaced at equal intervals of dinension Psp only in the two
directions of x aR§Cy perifeddis€Grarned Beh tokser 21PR8 piteh bet ween the

doubl e-gat e t nsor O,i.ncregases i.n the directions 10 of x and y

non- uni f or m ;%I}?Fgﬁfe %rﬁsﬁ%, 2tohe gﬁ%t%%%ge}'eoﬁattﬁep%ﬁ%?%g%%ﬁ escbphot osensors 10
arranged obligeskyifl & MO eQbndSehsbdiferdl b8hbt8eTar Haghel S , 12
times the pitch Psp) in an oblique direction at an angle of 8 (a suitable
angl e di her tdozmofd, g&te i@ tradd 27Z0fodMed @n exatpbelatindg he direction of
45 or 60) to the directions of x and y, and therefore, the accuracy with

whi ch a subj &¥Pssrasedl dBiiaguailyors vestblaaddehtbeorpass zdrawhuni fornly as
and as hi ghl s.the accuracy ,w.th ich subj ect .not shifted is read. 20
I'n contragt,¥1%05%8mpﬁ%ﬁ% &FtéPﬁgglﬁbdﬁ%éEE?aﬁﬁa o ?%%}ﬁ?§§3ht o

enbodi ment, sjieech Be. Aoudl S Qake ;RBeT 28NS W s1QaREL L BY. f% light-receiving

sections are placed at the respective apexes of each equi eral triangle
conti nuousl y ssticbAdacte®-XHysrsisaaal spb aftest 2ret haddogbl e- gat e

phot osensors 10C are arranged uniformy

10 amorphous silicon or the like and generate electron-
hole pairs by incident visible light and that are
provided in such a manner that they are provided on the
insulating film 16 to face the bottom gate electrode 22
and are separated from each other, block insulating

15 films 14a, 14b arranged apart in parallel on the
semiconductor layers 5la, 51b, impurity doped layers
57a and 5Ba provided at both ends of one semiconductor
layer 5la, impurity doped layers 57b and 58b provided
at both ends of the other semiconductor layer 51b,

20 source electrodes 52a, 52b provided on the impurity
doped layers 57a, 57b, respectively, a single drain
electrode 53 formed so as to extend over the impurity
doped layers 58a, 58b between the semiconductor layers
5la, 51b, a top gate insulating film 15 formed so as to

25 cover the bottom gate electrode 16, block insulating
films l4a, 14b, source electrodes 52a, 52b, and drain

electrode 53, a single top gate electrode 21 provided



in the direction of x. At the sane tinme, even when the angle is 60, 120,
240, or 300, the doubl e-gate 2 2 SEP 2003 W 01/092? CT/ JPO0O/ 05104 57
" phot osensors 10C are arranged uniformy, equalizing th giE@hZE&tmeen t he
i ght-receiving sections. This assures operation with the sanme accuracy,
_even when Wh/09¥Bj ect is shifted through an angle of 60,PCFIB0/GHY 5 or
300. Since all the doubl e-gate photosensors arranged on a two-di nensi onal
surface are positioned with an equal pitch of Psa for the adjacent
doubl e- gat e photosensors in al nost all¢®he directions, even when a two 10
di rensional inmage to be read is placed obliquely to the directions of x and

y, the inmage can_be read cor;ectl¥,mﬁth.a hi gh reading accuracy, while
di stortions 9% rB5dFPR ??ﬁ?i%ﬁiﬁ%al%nﬂefhﬁméﬁgﬁﬁ€§§€dF % HEE-IWE doubl e- gat e

phot osensors qurc%log{ %g?%ggp%]?adﬁ§ﬁg’el gﬁdt%g’ep%éet%%i%t Yﬁsgff'ﬁn& t ge di rection

of x is set equa Sp O ot osensor o the pitch
Psb in the digiaet b@NpPvy¥ddd JrERMRSeBhegatly ﬁmrl%%&hgnfiim% afgb = Psa X
sin 60 (9) 20 As descri bed above, because the pitch Psb in the direction of
y is shorter tdmamatbeepedtiodsa1(.= Psp) in the direction of x, the

phot osensor array 400 enabl es the sanme nunber of doubl e-gate photosensors
10c to Be arrangedhienSPRECH| akrRCtRafesN SRE / r 2t idradReePECElAdect i on of y

el 1S Phane P e pa ol oot L9 PHek oBelBor LERY B0t o mmies
SEP 2003 51a, 51b, both of ends of the block insulating films

l4a, 14b, and the impurity doped layers 57a, 57b, 58a,

58b in a plane. The impurity doped layers 57a, 57b,

10 S58a, 58b overlapping with both of the ends of the block
insulating films l4a, 14b in a plane. The impurity
doped layers 57a, 57b, 58a, 58b are made of amorphous
silicon (nt silicon) doped with n-type impurity ions.

As shown in FIG. 20, the source electrodes 52a,

15 52b are so formed that they project in a comb-tcoth
like manner in the longitudinal direction (from right
to left in the figure) from the common source line 104
toward the semiconductor layers 5la, 51b. The drain
electrode 53 is so formed that it projects in the

20 direction of the channel width from the drain line 103
facing the source line 104 toward the semiconductor
layers 5la, 51lb. Specifically, these source electrodes
52a, 52b and drain electrode 53 are so formed in an
incorporating manner that they face each other with the

25 respective semiconductor layers 5la, 51b between them.

The protective insulating film 20 provided on the

block insulating films 14a, 14b, top gate insulating



- WD 01109960 PCT/ JP0O0/ 05104 58 photosensor array 400 enables 1/sin 60
times (1.15 tines) as many doubl e-gate photosensors 10c to be placed in the
" plane region M equivalent to the photosensor 100, whi ch2@n8éf e@gyga hi gh
packi ng density 5 of sensor elenents to be obtained. Wiile in the delta
_arrangenemQ orrdagsodoubl e- gat e phot osensors 10 of the enboimmeavossds FI G 1
have been used as the doubl e-gate photosensors constituting the

| i ght-receiving sections, any of the double-gate 10 photosensors PS, 50,

60, and 70 in the other enbodi nents nmeyl be used. It goes w thout saying

t hat doubl e-gate photosensors of still another structure may be used. In

t he doubl e-gate phot osensor arrays 100, 200, 15 300, 400 descri bed above,
the top gat e flilpess 10dettar0tateningel aing rfdumail é, sand oroeggatieat they are
branched in two in a plane between the, adjacent doubl e-gate photosensars 19
(or any of PS§le55ro@®, 2hnd PEPe Qhd ek e HrAnsBLEFLRY WFHE9dGi ng t he

uni f or m posi tj,qqal 8, rel afiansi b, and,an aluost equal W 1ing i dth.

I
Speci fically, WO top gate I'ines arranged and forned so

as to have ampialBStosydd® NiiaeBOSHisONgd 1Y &lrdl aR&NEP 1iyHdle direction of
col um above and bel ow the bottomgate |ine 102 that connects 25 a near
center ®f themxoshietiadecqghiicadensnatdfli{bs sweph e e 50, 60, and 70) and
extends. Wth such a configuration, since the top gate 2 2 S E P 200 _ WO
01/ 09960 PCT/2fo36re5tbared) Hbcerddriesantare Hadi EARPPFRERFARIE &® by two (or

1109960 BCT/IFD ; ' e f OFFIECT €4 | o
Do o) ey BB Trah D bl Beher Mad e R dbebl HIE BT | oel stance
of 5 the top gﬂ?cteeellie.e@x?o%%lﬁ 2HA1RoPRER gété TQrRf 18hobrEerigd igd ty,

suppressing a delay int read operatio
material that prevents light from passing through, such

10 as chromium (Cr) or the like.
Specifically, the double-gate photosensor 10

comprises a first double-gate photosensor composed of a
first upper MOS transistor made up of the semiconductor
layer 5la, source electrode 52a, drain electrode 53,

15 top gate insulating f£ilm 15, and top gate electrode
21 and a first lower MOS transistor made up of the
semiconductor layer 5la, source 52a, drain electrode
53, bottom gate insulating f£film 16, and bottom gate
electrode 22, and a second double-gate photosensor

20 composed of a second upper MOS transistor made up of
the semiconductor layer 51b, source electrode 52b,
drain electrode 53, top gate insulating £ilm 15, and
top gate electrode 21 and a second lower MOS transistor
made up of the semiconductor layer 51b, source

25 electrode 52b, drain electrode 53, bottom gate
insulating f£ilm 16, and bottom gate electrode 22, with

the first and second double-gate photosensors arranged



signal, which realizes the operation of reading far better inages.
Moreover, since the top gate lines at a relatively upper layer in the

" doubl e-gat e photosensor 10 of the stacked structure are9iza8EP @03pl ura
wiring layers (101a, 101b), even if a specific wiring |ayer constituting
_the top g&meoitpgse has broken due to steps resulting fromQIARIEISHKed
structure, the top gate el ectrodes 21 can be connected to each ot her
electri 15 cally by the remaining wiring layers with no break, conpensating
for the propagation of the read operatdon signal, which provides a highly
reliabl e photosensor array. Furthernore, because the light-receiving 20
sensitivity of the photosensor array is increased remarkably, the

i |l uni nance é® Pﬁéag¥%ﬁm9qiQ@ﬁti§§Hiéél@® Jupsta@teadd rel atively, which

reduces the power _consunption of .the inmage readin Vi, ce. 2 2 SEP ~ 60
CLAIMS 1. A phot o?@ﬁ%‘é?ec’iﬂﬁ)ﬂ"%’ﬁ’ﬂr&'gﬁtﬁg’%‘ftﬁ%ﬁne“ Iggt 19d®? s a first gate

| nsul ating fidopeoul ded BROWReS bl LiL3te Al CSHT 0AE: plledypast one

sem conduct or [ayer provi ve s firTst ‘gate insulting film source

and drain el ealteodesctfbds ASicRasdl BhPi kI r{RNte @l haw sdcsml d _
sem conductor |ayer; 10 a second gate insulating film provided above said

sem confuct orddudyergatedohn ssemsorgatee e¢adt modie ppovf dedmediove sai d second

gate insulating film characterized in that said sem conductor |ayer
i ncl udes a plUPRStrPFedt anthdififelSONEGRoRLCT HE AT 2@r aPAPcBF? ent fl ows and

car e Conighl bV ERy' it tBi Bhon gl el LSRRI e
sai d channel yRQi @RS double-gate photosensor 50 provided with two
semiconductor layers per element serving as photosensor
10 sections can be operated by the above-described driving
control method.

In the semiconductor layer 5la, the channel region
in which the drain current of the first double-gate
photosensor in the double-gate photosensor 50 flows is

15 set as a rectangular shape whose two adjacent sides are
defined by a channel length of L; and a channel width
of W1. 1In the semiconductor layer 51lb, the channel
region in which the drain current of the second double-
gate photosensor flows 1s set as a rectangular shape

20 whose two adjacent sides are defined by a channel
length of L, and a channel width of Wj.

The drain current Ids flowing in the double-gate
photosensor 50 is represented by the following
expression (4):

25 Ids o« (Wy/L; + Wi/Lj) (4)

While in the double-gate photosensor 50, one

carrier generating region and a channel region in which



2. The photosensor according to claim1, characterized in that said channel
regions are arranged side by side in the direction of agghggﬁg | engt h of
"said 20 sem conductor layer. 3. The photosensor accordihg to ima1,
characterized in that one of said source and drain electrodes is formed so
_as to ext SMAOYPEO said channel regions. 2 2 SEP ~ 61 APCHHIVBHB osensor
according to claiml1, characterized in that said sem conductor |ayer has a
plurality of carrier generating regions. s 5. The photosensor according to
claim1, characterized in that said se#3conductor layer is divided into

pl ural sem conductor |ayer sections and each of said plural sem conductor

| ayer sections has one of carrier generating regions. |0 6. The photosensor
accordi ng to ¥ieafir¥? eHarent &loyedarfs PRAYIEed drc QPRI BFMERMMET ati ng regi ons

are arranged side by side in t diregti of the channel | th of said
sem conduct ordsﬁcgfér?(a%?r %#ea p(r?ggﬁéeﬁsg?ugg%o?a(ﬁeng’ht%ggg g.lg% %?(gchar acterized

in that said jing1987hGO8EHEdHAUAKE 1h$etsVeded d1H fapl HeahssgmLonduct or

| ayer sections and each of said plural sem conductor | ayer sections has two
Oor nore carrisvowgeiar REICNQR 7 £giThas dofibléhgapdhaiinsesasoactorithsng to claim
9, characterized in that said carrier 20 generating regions are arranged

si de bySsi de substaatdpiiytthm seine gondhgnnetionrdf khet 9bi theeni conduct or

| ayer. 9. The, phqt osensor according to claim ], characterized in that at
| east either AOHRTeSgAFEePERLIREAT IO EREABE L% tﬁ‘leursﬁf“."c"ngucwr

layers 8la, 81b and produces a similar effect.
In the double-gate photosensor 80, the channel
region of the semiconductor layer 8la is set as a

10 rectangular region whose two adjacent sides are defined
by a channel length of Lj and a channel width of W; and
as a rectangular region whose two adjacent sides are
defined by a channel length of L; and a channel width
of Wy. The channel region of the semiconductor layer

15 8lb is set as a rectangular region whose two adjacent
sides are defined by a channel length of L; and a
channel width of W3 and as a rectangular region whose
two adjacent sides are defined by a channel length of
L and a channel width of Wj.

20 The carrier generating region which causes such
holes as have an effect on the drain current Ids in the
channel region of the double-gate photosensor 80 is set
as a rectangular region whose two adjacent sides are
defined by the distance K between the source and drain

25 electrodes and the channel width Wp, as a rectangular
region whose two adjacent sides are defined by the

distance K; between the source and drain electrodes and



2 2 SEP 2003 62 10. The photosensor according to claim1l, characterized in
that sem conductor layer is divided into plural sem conductor |ayer
“sections and one of said source and drain el ectrodes ar€2f dfM@3so as to
extend over said plural s sem conductor |ayer sections. 11. The phot osensor
~accor di ng Q¥ m 1, characterized in that said source W&?’%ﬁ‘&‘

el ectrodes are made of material that shuts off exciting light. 10 12. The
phot osensor according to claim 1, characterized by further conprising
inmpurity doped | ayers each interveni ng4etween said seniconductor |ayer and
said source and drain electrodes. 13. The photosensor according to claim1,
characterized by further %% conprisingﬁ? bl ock i nsul ating | ayer intervening

bet ween sai d *8&nfR _W& PaVér_%ﬁuF 9}39886ﬁﬁ paIEeR %ﬁiﬁﬂ@ film 14.
The phot OseHEQEaQ&QQB%!JC%% ta?e%@k?ﬁ:%%a@]gc{rﬁ%chgghéﬁge LXJC;[ : ng%%l d second

gate electrode”i's nm materi a ows said I ght to pass

through. 20 the AoRbéd QSRNYREiGO0BPEESHAMEs ankl EAE SR4en&l egldade; a first
gate insulating filmprovided above said first gate el ectrode; 2 2 SEP

20p3 63 at | @ast andeasanrechdunghbar | rygirormpwbvsdetwabadpasaitd first gate
insulting film
5 sides are defined by the distance K, between the source

and drain electrodes and the channel width Wj3.

The drain current Ids flowing in the double-gate
photosensor 80 is represented by the following
expression (5):

10 Ids < (W/Lj + W3/Lj + Wp/Ly + W3/Ljp) (5)

As shown in FIG. 23, a double-gate photosensor 90
including semiconductor layers 91la, 91b, 92a, 92b
may be used. The double-gate photosensor 90 has
substantially the same configuration as that of the

15 double-gate photosensor 10 except for the semiconductor
layers 91a, 91b, 92a, 92b and produces a similar
effect.

In the double-gate photosensor 90, the channel
region of the semiconductor layer 9la is set as a

20 rectangular region whose two adjacent sides are defined
by a channel length of Lj and a channel width of Wj.
The channel region of the semiconductor layer 91b is
set as a rectangular region whose two adjacent sides
are defined by a channel length of L; and a channel

25 width of W3. The channel region of the semiconductor
layer 92a is set as a rectangular region whose two

adjacent sides are defined by a channel length of Lj



source and drain electrodes for causing drain current to flowin said

sem conduct or | ayer; a second gate insulating film provided above said
“sem conductor layer; and a second gate el ectrode provi d@® abbvilkai d second
gate insulating film characterized in that said sem conductor |ayer
_irncl udes QPO ty of channel regions in which drain RFVEAVISMows and
said sem conductor layer is divided into 10 plural sem conductor | ayer
sections and each of said plural sem conductor |ayer sections has two or
nmore of said channel regions. 16. A ph#%osensor conprising: a first gate
el ectrode; is a first gate insulating filmprovided above said first gate
el ectrode; at | east one senm conductor |ayer provided above said first gate

insulting fi 13Rd _§‘OGPEEH%+1d'”tﬂt§i ?feflactrd %scﬁ%f}neé-aﬁsﬁh@nd?%litrpecyrrent to
fllow in said SETCasRduelo | avesp 292, 360000: Gale gyLating 4y | m provi ded

above said sem conduc er; ‘and a Second gate el'écirode ovi ded above

sai d second gaidse R%Hl éa?é&rfﬁ |gDaechar-acligei g&dl vy of Bakns&i d sem conduct or
| ayer includes a plurality of channel regions in which drain current flows
and sai d sem bonrpticlodr Lh aymed 4 shdinnedediddhoof Wy.2 SEP 2003 64 pl ural

sem conductor |ayer sections and each of said plural sem conductor |ayer
sectiond has one dihec§Arrder geengratiing regienswhich cAusket 8sehsor

conprising: holes as have an effect on the drain current Ids in the

channel regions of the semiconductor layers 91a, 91b,

92a, 92b in the double-gate photosensor 90 is set as

a rectangular region whose two adjacent sides are

10 defined by the distance Kj between the source and drain
electrodes and the channel width W5, as a rectangular
region whose two adjacent sides are defined by the
distance K; between the source and drain electrodes and
the channel width W3, as a rectangular region whose two

15 adjacent sides are defined by the distance K; between
the source and drain electrodes and the channel width
Wy, and as a rectangular region whose two adjacent
sides are defined by the distance K, between the source
and drain electrodes and the channel width W3.

20 The drain current Ids flowing in the double-gate
photosensor 90 is represented by the following
expression (6):

Ids ¢ (Wp/Ly + W3/Li + Wy/Lp + W3/Ljp) (6)
FIG. 24 schematically shows the configuration of

25 another double-gate photosensor 60 applied to the

photosensor array according to the present invention.

FIG. 25 is a sectional view taken along line XXV-XXV of



s a first gate electrode; a first gate insulating film provided above said
first gate electrode; at |east one sem conductor |ayer provided above said
"first gate insulting film source and drain el ectrodes f8r §§%§ﬁﬁg drain
current to flowin said to sem conductor |ayer; a second gate insulating

CFilm provivaed/assove
provi ded above said
sem conductor | ayer
drain current flows
sem conductor | ayer
sections has two or

sai d sem conductor |ayer; and a secdtGI/Faees1¢ ect r ode
second gate insulating film characterized in that said
includes a plurality of channel 15 regions in which

and said sem condudor layer is divided into plural
sections and each of said plural sem conductor |ayer
nore carrier generating regions. 2 2 SEP 2003 65 18.

A phot osensoFfI§ysEém et acbedszadPhyn cobfit iafi RgPRPRBEBRENS AT ranged in

a mtrix wth.an ig%ﬁr al, .bet ween

bei ng equal ﬁ#efgn

dj acent phatosensors_in a row direction
QRTINS v‘?g l"‘l?)%‘?r\lfxsfeoens’ %@j é&%n rp%%?%cgelnns\gr sina

col um dir ecty0% ik, €afhle MO LBRAPBhehBChAH NG S tRokk 88 €9 Gadweet rode, a
first gate insulating filmprovided above said first gate el ectrode, at

| east one serambodduehorareyiardigaeeddpd aheveansairéfereste gagmbolssul ati ng
filmand having carrier generating regions for generating carriers when
bei ng s?ruck and exeLenabien gift them Wwisénbe ormiidctes- | ayer being divided into

to plural sem cond ctgr #g er sections and each of said glura
sem conduct or | ayeres8erPLhed

single

H B T2 SERERN™ PO reRGTSes

bottom gate electrode 22 formed on an insulating

10

15

20

25

substrate 19 that allows visible light to pass through,
a bottom gate insulating film 16 provided on the bottom
gate electrode 22 and insulating substrate 19, a single
semiconductor layer 61 made of amorphous silicon or the
like that is provided so as to face the bottom gate
electrode 22 and generates electron-hole pairs when
being struck by visible light, block insulating films
64a, 64b, 64c arranged apart in parallel on the
semiconductor layer 61, an impurity doped layer 69a
that extends over one end of the block insulating film
64a in the direction of channel length and is provided
on the semiconductor layer 61, an impurity doped layer
69b that extends over the other end of the block
insulating film 64a in the direction of channel length
and one end of the block insulating film 64b in the
direction of channel length and is provided on the
semiconductor layer 61, an impurity doped layer 69c
that extends over the other end of the block insulating
film 64b in the direction of channel length and one end

of the block insulating film 64c in the direction of



source and drain electrodes for causing drain current to flowin said

sem conduct or | ayer, a second gate insulating film provi ded above said
“sem conductor |ayer, 15 a second gate el ectrode provi detiZ S¥6v@08ai d second
gate insulating film source lines connected to the source el ectrodes of
_sai d phot 342H488 arranged in a first direction; drain IFT¢&P¥HAected to
the drain el ectrodes of said photosensors arranged in said first direction;
20 first gate lines connected to the first gate el ectrodes of said

phot osensors arranged in a second direction; second gate |ines connected to
the second gate el ectrodes of said photosensors arranged in said second

direction; prechargin ans for outputting a precharge voltage to said
drain Iines;C%aQn? S 6§d665r%%Rﬁaﬂfqmégh§hFosﬁﬂfE$h?¥ﬁ$F§bharge vol t age
vari ed accordi tp,t i.nci,de j idsp S i S . Jnputted; a
first gate dgfggf %?Q§h6%@§%§3§a&§ gna.Jk%?agnggg%?s§¥%Egé§Iéﬁ%gs; and a

second gate dhkVethéPrersRiF ¥hBIObosk HiHula2 i%dl disRCONE Tatedrd i nes. s 109.
The phot osensor system according to claim 18, characterized in that said
first gate ddivertbon puf shanpegnaendor =l dct prekydbdi omitige sai d

phot osensors into one of a selection state and a_non-selection state. 10
20. The phot G&8#§BRAEGEIeMmAIELofdi ngNd @ TUERC18 1 eEREPAR t%Ti Zed i n t hat
sai d second qaLe ver ts_a_signal for selectivel ing said

dri br |
phot osensor s THEO é%%c%xfé)aet %Leéseta 5?%"?%6' a%laecézr(?grer %zr‘ %%%U%Hrg‘t%éld state.

electrode 68 which are provided on the impurity doped
layer 69a, impurity doped layer 69b, impurity doped
layer 69c, and impurity doped layer 69d, respectively,
10 a top gate insulating film 15 formed so as to cover the
bottom gate insulating f£ilm 16, block insulating films
64a, 64b, 64c, source electrodes 65, 67, and drain
electrodes 66, 68, a single top gate electrode 21
provided on the top gate insulating film 15 facing the
15 semiconductor layer 61, and a protective insulating
film 20 provided on the top gate insulating £ilm 15 and
top gate electrode 21,
Because the materials of the individual insulating
films and electrodes and the remaining configurations
20 are the same as the materials of the corresponding
members and configuration in the embodiment of FIGS. 2
and 6, explanation of them will be omitted. The
impurity doped layers 6%a, 69b, 69c, 69d are made of
amorphous silicon (n*-silicon) doped with n-type
25 impurities.
The double-gate photosensor 60 is such that

a first double-gate photosensor made up of the



21. The photosensor system according to claim18) characterized by further
15 conprising a light source for emtting |ight includi ng sai d exciting
“light. .Ay. Af.A3y.A A A A3.AH A Y. ARA[Y.A .A/&A . AQRZASER 288 A .e. A

Y. AF& A. 9. A
A¥> A3R. A3RR 0IBI0A" y. AFe. A3y. A. e. AS8, . A3., . A3e. A3. AFR. A?PATHRINGSIAE A3U&L. A3y
. AY. AY9y. AS. AYyy. Al . Af. AY. Al . A Al.AR Al.A y.Ay. AlLe. A, .Ale. Aly. Al. Al . A9. ALL
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20 ity of each double-gate photosensor 60 remarkably.
In the semiconductor layer 61, the carrier
generating regions Ip3, Ipg, Ips so exposed from the
source and drain electrodes 65, 66, 67, 68 that light
coming from above is allowed to enter the regions
25 take the forms of a rectangle with a width of W; and
a length of K3, a rectangle with a width of W; and

a length of K4, and a rectangle with a width of W; and
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10 form an axial-symmetric structure with the bottom gate
line 102 in the direction of x as an axis. The source
line 104 side and drain line 103 side basically form
an axial-symmetric structure with the line extending
from the center of the semiconductor layer 61 in the

15 direction of y as an axis. Furthermore, the semicon-
ductor layer 61 basically forms a symmetric structure
vertically and horizontally with respect to the center
of the photosensor 60 and constitute a matrix-like
photosensor array 300 where the distance from the

20 center (the center of the semiconductor layer 61)
to the end in the direction of x is made approximate
to the distance from the center to the end in the
direction of y. This equalizes the expanse of the
light~sensing region more, suppressing distortions

25 in reading two-dimensional images, which realizes a
photosensor array and photosensor system provided with

a light-receiving section with a higher light-receiving
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photosensor 300 is such that the photosensor array 100
of FIG. 7 is replaced with the photosensor 300.
10 FIG. 27 schematically shows the configuration
of another double-gate photosensor applied to a
photosensor array according to the present invention.
The same parts of the configuration as those of the
double-gate photosensor 60 are indicated by the same
15 reference numerals and explanation of them will be
simplified.
As shown in FIG. 28, the double-gate photosensor
70 according to the present embodiment comprises a
single bottom gate electrode 22 formed on an insulating
20 substrate 19 that allows visible light to pass through,
a bottom gate insulating film 16 provided on the bottom
gate electrode 22 and insulating substrate 19, semicon-
ductor layers 71a, 71b, 71lc made of amorphous silicon
or the like that are provided so as to face the bottom
25 gate electrode 22 and generate electron-hole pairs
by incident visible light, block insulating films

64a, 64b, 64c arranged apart in parallel on the
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*rom3bwll = the direction of channel length, respectively, impurity
doped layers 77e, 77f provided on both ends of the
semiconductor layer 71c¢ in the direction of channel
length, respectively, a source electrode 65 provided
10 on the impurity doped layer 77a, a drain electrode 66
provided so as to extend over the impurity doped layer
77b and impurity doped layer 77c, a source electrode 67
provided so as to expand over the impurity doped layer
77d and impurity doped layer 77e, a drain electrode 68
15 provided on the impurity doped layer 77f, a top gate
insulating £ilm 15 formed so as to cover the bottom
gate electrode 16, block insulating films 64a, 64b,
64c, source electrodes 65, 67, and drain electrodes 66,
68, a single top gate electrode 21 provided on the top
20 gate insulating f£ilm 15 facing the semiconductor layer
11, and a protective insulating film 20 provided on the
top gate insulating film 15 and top gate electrode 21.
The impurity doped layers 77a, 77b, 77c, 77d, 77e, 77f
are made of amorphous silicon (n* silicon) doped with
25 n-type impurities.
The double-~-gate photosensor 70 is such that

a first double-gate photosensor made up of the
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0% ()-3vw wwizdex xgBrtiCthe semiconductor layer 71b, source
electrode 67, drain electrode 66, top gate insulating
film 15, bottom gate insulating film 16, top gate
electrode 21, and bottom gate electrode 22, and a third
double-gate photosensor made up of the semiconductor
10 layer 71c, source electrode 67, drain electrode 68, top
gate insulating film 15, bottom gate insulating film
16, top gate electrode 21, and bottom gate electrode 22
are connected in parallel.
In the semiconductor layer 7la, the channel region
15 in which the drain current of the first double-gate
photosensor in the double-gate photosensor 60 flows is
set as a rectangular shape whose two adjacent sides are
defined by a channel length of L3 and a channel width
of Wi. 1In the semiconductor layer 71lb, the channel
20 region in which the drain current of the second double-
gate photosensor flows is set as a rectangular shape
whose two adjacent sides are defined by a channel
length of L, and a channel width of Wj3. 1In the
semiconductor layer 71c, the channel region in which
25 the drain current of the third double-gate photosensor

flows is set as a rectangular shape whose two adjacent

sides are defined by a channel length of Ls and a
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The double-gate photosensor 70 is so constructed
that the top gate electrode 21 and bottom gate
electrode 22 constituting each of the first to third
double-gate photosensors are made up of common

10 electrodes, the source electrodes 65, 67 are formed
by the projections from the common source line 104,
and the drain electrodes 66, 68 are formed by the
projections from the common drain line 103. Because
the double-gate photosensors 70 are arranged in a

15 matrix, thereby forming a photosensor array 300, the
three double-gate photosensors 70 can be operated as
a single double-gate photosensor by the above-described
driving control method, which produces a similar effect
as the double-gate photosensor 60.

20 While in each of the embodiments, each of the
double-gate photosensors 10, 50, 60, 70 is such that
one to three semiconductor layers (or double-gate
photosensors) are arranged, two to three channel
regions in which the drain current flows are provided,

25 and two to three carrier generating regions are
provided, these elements being arranged in parallel in

the direction of channel length, the present invention
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I 3@BYWO0IE () -are 40¥&ndeéd in a matrix to construct the photosensor
arrays 100, 200, 300 and these arrays are applied to a
two-dimensional reading device, because light from the
insulating substrate (or glass substrate) 19 side is
projected through the element-to-element region Rp in

10 the lattice of the matrix onto the subject, it is
necessary to set the element-to-element region Rp so as
to secure a sufficient amount of light projected on
the subject and then set arbitrarily the number of
semiconductor layers (double-gate photosensors)

15 arranged consecutively in the region where a light-
receiving section is to be formed.

FIG. 29 schematically shows still another
embodiment of the photosensor array according to the
present invention.

20 A photosensor array 400 according to the present
embodiment includes double-gate photosensors 10 and
has a so-called delta arrangement structure where
the double-gate photosensors 10 are placed at the
respective apexes of an equilateral triangle

25 continuously set in a two-dimensional plane whose one
side is Psa. A photosensor system provided with the

photosensor array 400 is such that the photosensor
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The photosensor array 100 of FIG. 6 encounters a
problem in arranging double-gate photosensors 10: since
5 the double-gate photosensors 10 are arranged in such
a manner that they are spaced at equal intervals of
dimension Psp only in the two directions of x and y
perpendicular to each other, the pitch between the
double-gate photosensors 10 increases in the directions
10 of x and y non-uniformly (for example, the distance of
the double-gate photosensors 10 arranged obliquely at
an angle of 45° to the direction of x or y is v 2 times
the pitch Psp) in an oblique direction at an angle of 6
(a suitable angle other than 0°, 90°, 180°, and 270°,
15 for example, in the direction of 45° or 60°) to the
directions of x and y, and therefore, the accuracy with
which a subject placed obliquely is read cannot be
realized as uniformly as and as highly as the accuracy
with which a subject not shifted is read.
20 In contrast, in the photosensor array 400
according to the present embodiment, since the double-
gate photosensors 10 acting as light-receiving sections
are placed at the respective apexes of each equilateral
triangle continuously set in a two-dimensional plane,
25 the double-gate photosensors 10C are arranged uniformly

in the direction of x. At the same time, even when

the angle is 60°, 120°, 240°, or 300°, the double-gate
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Since all the dou le -gate photosensors arranged on
a two-dimensional surface are positioned with an equal
pitch of Psa for the adjacent double-~gate photosensors
in almost all the directions, even when a two-
10 dimensional image to be read is placed obliquely to the
directions of x and y, the image can be read correctly
with a high reading accuracy, while distortions in
reading the image is being suppressed.
Since the double-gate photosensors are arranged in
15 delta, when the pitch Psa in the direction of x is set
equal to the pitch Psp of the photosensor of FIG. 6,

the pitch Psb in the direction of y is represented by

expression (9):

Psb = Psa X sin 60° (9)
20 As described above, because the pitch Psb in the
direction of y is shorter than the pitch Psa (= Psp)

in the direction of x, the photosensor array 400
enables the same number of double-gate photosensors 1l0c
to be arranged in the plane region Mc reduced in the

25 direction of y in the plane region Mp equivalent to the
photosensor array 100, which makes the two-dimensional

image reading device smaller. In other words, the
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used as the double-gate photosensors constituting

the light-receiving sections, any of the double-gate
10 photosensors PS, 50, 60, and 70 in the other
embodiments may be used. It goes without saying that
double-gate photosensors of still another structure may
be used.
In the double-gate photosensor arrays 100, 200,
15 300, 400 described above, the top gate lines 101la, 101b
in the same row are so formed that they are branched
in two in a plane between the adjacent double-gate
photosensars 19 (or any of PS, 50, 60, and 70), and
extend in parallel while keeping the uniform positional
20 relationship and an almost equal wiring width.
Specifically, the two top gate lines 10la, 10lb are
arranged and formed so as to have an almost symmetric
positional relationship in the direction of column
above and below the bottom gate line 102 that connects
25 a near center of the double-gate photosensor 10 (or any
of PS, 50, 60, and 70) and extends.

With such a configuration, since the top gate
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wiring is increased to an integral multiple of the
original. This reduces the wiring resistance of

5 the top gate lines 10la, 101b made of ITO of high
resistivity, suppressing a delay in the read operation
signal, which realizes the operation of reading far
better images. Moreover, since the top gate lines at
a relatively upper layer in the double-gate photosensor

10 of the stacked structure are made of plural wiring
layers (10la, 101b), even if a specific wiring layer
constituting the top gate line has broken due to steps
resulting from the staked structure, the top gate
electrodes 21 can be connected to each other electri-

15 cally by the remaining wiring layers with no break,
compensating for the propagation of the read operation
signal, which provides a highly reliable photosensor
array.

Furthermore, because the light-receiving

20 sensitivity of the photosensor array is increased
remarkably, the illuminance of the plane light source
30 is decreased relatively, which reduces the power

consumption of the image reading device.
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) A photosensor comprising:

a first gate electrode;
5 a first gate insulating film provided above said first gate electrode;
at least one semiconductor layer provided above said first gate insulting
film;
source and drain electrodes for causing drain current to flow in said
semiconductor layer,
10 a second gate insulating film provided above said semiconductor layer;
and
a second gate electrode provided above said second gate insulating film,
characterized in that said semiconductor layer includes a plurality of channel
regions in which drain current flows and said semiconductor layer is divided into
15 plural semiconductor layer sections and each of said plural semiconductor layer

sections has one of said channel regions.

2. The photosensor according to claim 1, characterized in that said channel
regions are arranged side by side in the direction of a channel length of said

20  semiconductor layer.

3. The photosensor according to claim 1, characterized in that one of said
source and drain electrodes is formed so as to extend over said channel

regions.
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4, The photosensor according to claim 1, characterized in that said

semiconductor layer has a plurality of carrier generating regions.

5. The photosensor according to claim 1, characterized in that said
semiconductor layer is divided into plural semiconductor layer sections and
each of said plural semiconductor layer sections has one of carrier generating

regions.

6. The photosensor according to claim 7, characterized in that said carrier
generating regions are arranged side by side in the direction of the channel

length of said semiconductor layer.

7. The photosensor according to claim 1, characterized in that said
semiconductor layer is divided into plural semiconductor layer sections and
each of said plural semiconductor layer sections has two or more carrier

generating regions.

8. The photosensor according to claim 8, characterized in that said carrier
generating regions are arranged side by side in the direction of the channel

length of said semiconductor layer.

9. The photosensor according to claim 1, characterized in that at least

either said source or drain electrodes are plural.

#



10%<& ()- 10 10 10S6F10%& ()-i 8x83&& =' dB~_@

1171098 () - Z1096 & () - FLO%&' ()-y" 10%& () - 109%& ()-L! Lz10%& ()-T="1""" (()aB~
_@ '#

T0%: () - &109%& () - 109%&' () -! 109%477& () - &@LO%& () - SMLOY: () - )?@)85’992‘?3%5

18/ 10% ()-s-" 109%& () - @&10%& () - *10%& () - LYVAO0%&: () - GLYVAO%R () - Gk** +t +u
vt~ @ | @109 ()- ! 10% ()- 10 10 Bdysmlov& ()-! O

10%E& ()-S1Y10% () - +++, >, 0, , dE~_ @

| &3109%&’ () - f MLO%&’ () - 109%&’ () - 109%& () -, S10%& ()-f 10%& ()-,--.../dE~ @

| L' 109%& () - Y40%& () - S#s10%& ()- 10%& () -, 109%& () - 10%& () - 9/ =/ P/ / | 000dE~_@

1T 1oval @”“ﬁﬁ/&»éémggég%f‘aé?qr%@é%%% ‘Debadefpad inglyy) 000

10&8@L0%& () -11(2\ 2233aB~\ L - 109 ( 10% & ()-1! @@

10997& () - | 1¥pngicondaciogiayer ﬁ)@{&ld@ﬁ 13@4mu pgu@qducton Iqurmtlpps and one
mMOY& ()-fS, 10%& ()- YOO ()- SH10%&' ()-! 10%&' ()- | 55%6X666666xnMhC!
111109 ()- dftsaid sboRBnArabdrall) eleslrodes @re §EMEShEDd a3 teesene quer salzplural
8s88}"<nbCl !'11'SS 10%00& ()-, 109& ()-s10%& ()-yl1l0%&' ()-!Pl 9%0%& () -

5 semiconductor layer sections.

11.  The photosensor according to claim 1, characterized in that said source

and drain electrodes are made of material that shuts off exciting light.

10 12. The photosensor according to claim 1, characterized by further
comprising impurity doped layers each intervening between said semiconductor

layer and said source and drain electrodes.

13.  The photosensor according to claim 1, characterized by further
15 comprising a block insulating layer intervening between said semiconductor

layer and said second gate insulating film.

14.  The photosensor according to claim 1, characterized in that said second
gate electrode is made of material that allows said exciting light to pass through.
20
15. A photosensor comprising:
a first gate electrode;

a first gate insulating film provided above said first gate electrode;
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semiconductor layer;
5 a second gate insulating film provided above said semiconductor layer;
and
a second gate electrode provided above said second gate insulating film,
characterized in that said semiconductor layer includes a plurality of channel
regions in which drain current flows and said semiconductor layer is divided into
10  plural semiconductor layer sections and each of said plural semiconductor layer

sections has two or more of said channel regions.

16. A photosensor comprising:
a first gate electrode;
15 a first gate insulating film provided above said first gate electrode;
at least one semiconductor layer provided above said first gate insulting
film;
source and drain electrodes for causing drain current to flow in said
semiconductor layer;
20 a second gate insulating film provided above said semiconductor layer;
and
a second gate electrode provided above said second gate insulating film,
characterized in that said semiconductor layer includes a plurality of channel

regions in which drain current flows and said semiconductor layer is divided into
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17. A photosensor comprising:
5 a first gate electrode;
a first gate insulating film provided above said first gate electrode;
at least one semiconductor layer provided above said first gate insulting
film;
source and drain electrodes for causing drain current to flow in said
10  semiconductor layer;
a second gate insulating film provided above said semiconductor layer;
and
a second gate electrode provided above said second gate insulating film,
characterized in that said semiconductor layer includes a plurality of channel
15 regions in which drain current flows and said semiconductor layer is divided into
plural semiconductor layer sections and each of said plural semiconductor layer

sections has two or more carrier generating regions.
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a first gate insulating film provided above said first gate electrode,
at least one semiconductor layer provided above said first gate insulating
film and having carrier generating regions for generating carriers when
being struck by exciting light, said semiconductor layer being divided into
10 plural semiconductor layer sections and each of said plural
semiconductor layer sections having a channel region,
source and drain electrodes for causing drain current to flow in said
semiconductor layer,
a second gate insulating film provided above said semiconductor layer,
15 a second gate electrode provided above said second gate insulating film;
source lines connected to the source electrodes of said photosensors arranged
in a first direction;
drain lines connected to the drain electrodes of said photosensors arranged in
said first direction;
20 first gate lines connected to the first gate electrodes of said photosensors
arranged in a second direction;
second gate lines connected to the second gate electrodes of said

photosensors arranged in said second direction;

precharging means for outputting a precharge voltage to said drain lines;
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19. The photosensor system according to claim 18, characterized in that said
first gate driver outputs a signal for selectively bringing said photosensors into

one of a selection state and a non-selection state.

10 20. The photosensor system according to claim 18, characterized in that said
second gate driver outputs a signal for selectively bringing said photosensors

into one of a reset state and a carrier accumulated state.

21.  The photosensor system according to claim 18, characterized by further

15 comprising a light source for emitting light including said exciting light.



