2 70 CT2006 + *166166* 1 DI SPLAY DEVI CE AND PHOTCELECTRI C CONVERSHOdos
DEVI CE CROS O RELATED APPLI CATI ONS Thi s application clains
benefit of pi“‘m@ﬁ\ 35USC119 5 to Japanese Patent Applications No.
2003- 300476 f n August 25, 2003, No. 2003-300467 filed on August 25,
2003, No. 2003-4%t8¥%6 filed on Decenber 18, 2003 and No. 2004- 150826
-filed on May 20, 2004, the entire contents of which are incorporated by
ref erence her eiDISAIOABATRGERCENIN DFPRIBE O BMEGTRON COINY ERSIONNBEMIGENT | on
The present invention relates to a display device and a photoelectric
conversion device with an inmage capturing function. 15 Related Art A
liquid crystal displ ayROSE RFRERERCEATOaRES ATED APPLOCATIONS si gnal

li.nes, scanning liges, and. pixel thin filmtransistors (pix re
arranged; and a dr?‘ ﬂ%@&ﬁﬂ}%}mn s et Pﬁeori‘ér‘g\( éjr{hqperl §hyg§iﬁ13
scanni tng_et i p@@-J ari’éﬁ%eh@hppli@éﬂohs; MBI czbo@3-33@®1t17teffntelme o iA‘ﬂigm_Q;t
circuit is r 0 arr, e has been, pu r al _use
along with t'%érfm'r it @&el%@'ﬁ{&gé&i rfﬂ@érd?%q%fgr%i &Etpregi(hg 0gs .
tTﬂ_er eby, tgequilﬂzsmz%oﬁntetdggnhbéufrﬁb@rygsfl2@%85@& g_@vi;{@mgﬂs@szaage

inner and smal ler, and i een widely used as display, devices for
various type§iled Qbrf4dYe i Baéﬂtr dien g8tigecgantestst fephbie) amdea
-not ebook  comped@orat8giBierbpddencedhspdipy devi ces which have an image

capturi n% function conposed of contact type area sensors (photoelectric
30 conve @i on devices) for image capturing on the array substrate have been

proposed (refer to, for exgRERGROBNIBRGNSIEE RAMANTIARP! i cation
Publ i cati on No. 2001-292276, and the Japanese Patent Application

Publ i cation Kéeld20btbg3Iswamtion n a conventional display device with such an
I mage The present invention relates to a display device and a

photoelectric conversion device with an image capturing function.

15
Related Art
- A liquid crystal display device has an array substrate on
-which signal lines, scanning lines, and pixel thin film transistors
(pixel TFTs) are arranged; and a driving circuit which drives the
20 signal lines and scanning lines. A:process technology by which a
part of the driving circuit is formed on the array substrate has been
put to practical use along with the recent development of
integrated circuit technologies. Thereby, the whole size of the
liquid crystal display device can be made thinner and smaller, and it
25 has been widely used as display devi'ces for various types of
portable equipment such as a cellular telephone and a notebook
computer.
Incidentally, display devices which have an image capturing
function composed of contact type area sensors (photoelectric
30 conversion .devices) for image capturing on the array substrate
have been proposed (refer to, for example, the Japanese Patent
Application Publication No. 2001—292276,' and the Japanese Patent
Application Publication No. 2001-339640). |
In a conventional display device with such an image
35 capturing function, the amount of electric charge of the capacitors
connected to the photoelectric devices is changed according to the
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35 capturing function, the amunt of electric charge of the capacito{s
connected to the photoelectric devices is changed according to t he 2 P£T 12086
FEre 22222 e e rerer e 1rfl *@0002* 2 7 OC T 2006 2 amount  of
| i ght received by the photoel ectric conversion device, and inmage capturing
I's conducted by detecting a voltage at b6th ends of the capacitor. As a

t echnol ogy which pixel TFTs and a driving are formed 5 on the sane gl ass

substrate i nagmaqohtyofl light mEedtess bvstieqgihotsbiengid dohveaerii d@des, the
phot oel ectric _conversion device can  be %(gagl ly formed in ﬁ:ach pi xel ,  using
the pol ysilieBH PREgEsSIPHRRGES, Condpsted tbY GRteHRGhB XoHage afoefh

phot oel ect ri gndgWwfrigid caphbitbhe photoel ectric conversion device using
polysilicon. 10 Though a,technol o by which_a photoe] ectric conversjon
device is forned, _ﬁ§i gt%m‘)@%ﬁswgf/qh dixel FFEJSb%aﬁi @\éJrFV'k‘Spﬁ/ﬁe_t_Qrﬁ“Eﬁde, t he
technol ogy hgp ahdi sapy@ngr@s shastidte TRNHT Belyilideh CARdcedss hdP&ased.
because a different aporphous silicon process from those of a pixel TFT

and a drivi ngd¥PPeadtin sERBAT VEarhe thEI PEOLPelsstria TqnvaIsken idevieguiared to
be prepared. hs\BAGRY 6 EdEn W&Wi)@l,'d‘siﬁgdﬁ'fe btel}/%gllié’@n ygsgégg).ve- descri bed

probl em an object ‘of the present invention Is rovi I spl ay device
and a 20 phot oel etlowevebnifeisi@ifiadti @ obtain ean esmugh ghetaelpetiic

phot oel ect ri g, FrEHEN; t‘h%kégpfdgﬁig&gcp&&w&éi@rﬁ' F&ice @sﬁnﬁ@ﬁsiﬂegwg

i
according to_one enboJ?Le resent invention, conpl g. display
el enent sThr oThee@h msterhnglogyxly svhigdre pbpheelegtic conyersion idevigea s of

| nter secti ongoehed, Wdhg! diBTpABHSHREONhals! BEEN M JRRSvANITBEEL e ™M
and photoel ectric ¢onvefsion el enents, wheréin each of sai phot o€l ectric
conversi on efe@Rnelogy ntesdes diguivantage ddadnthanmanifartysma graficisor
regions di spgsgehasad agelblXel B %ﬁ%‘?gﬁ’é’ afh dlsifio g%éésfse brf
substrate; a first el'ectrode connected to sal I rst™ sém conductor

those of a pixel TFT and a driving circuit formed in the polysilicon

15 process is required to be prepared.

SUMMARY OF THE INVENTION
In order to solve the above-described problem, an object of
the présent invention is to provide a display device and a
20 -photoelectric conversion device which can obtain sufficient
photoelectric current without further production cost.
A display device according to one embodiment of the
present invention, comprising:
display elements provided inside of pixels, each being
25 formed in vicinity of intersections of signal lines and scanning lines
aligned in matrix form; and
photoelectric conversion elements,

wherein each of said photoelectric conversion elements
includes:
30 first, second and third semiconductor regions disposed
adjacently in sequence in parallel to a surface of a substrate;
a first electrode connected to said first semiconductor
region; and
a second electrode connected to said third semiconductor
35 region, _
said first semiconductor region being formed by injecting a



region; and a second el ectrode connected to said third sem conduct ry 0)?1'-3 0
region, said first sem conductor region being fornmed by injecting 2 d %
T 2006 3 first conductive inpurity in first dose anmount; said third

sem conductor region being fornmed by injecting a second conductive
inmpurity in second dose anpunt; and said second sem conductor region being
formed by injecting 5 said first conductive inpurity in third dose anount

| ess than saifist Conductivednapmwrity in Finst beseoamoumtyi spl ay devi ce according

t nmbodi t 2 j ntion, conprising. display el enments

p?oeingeg i (rjls: ggnof sgfdxgﬁﬁgpégﬁﬁg%%{jngOFIIEFQIBPn%%H’]%?QAT&EHi by 'Biél‘:tmg a

i ntersecti onse@bndicg)mdu¢ﬁivmi;rrmldit5/chnss\h0@1djidm aﬁﬁélg‘l‘ﬂti;dah@ rr]rat rix form
d photoel ectri i A , erei.n_each of sai otoel.ectric

conversi on o enent S SEEbAN S AEM FucttrClitiifio B o el o uRGHERor

regi ons dbspeséd firstj crehudtive nngsarignde thirdalcdld eimbane 18yt fraed edida

substrate; a fifrst . electrode connected to said first sem conductor region;
and a second f&lﬁégltorsgoi%géﬁﬁect ed to said third sem conductor 20 region,

said first seniconductieermere,on digpiwy fd@l\/ﬁmlab&oi'diirgﬁtd) w@egﬂic{cﬁhﬁent _
sem conduct or region

conductive it ity in first dose amount:. said thir
bei ng fornedr%&rhenﬁ'é%%rﬁdngeng@&nﬁo@gﬁmﬁg1' ve inpurity in second dose -
amount ; and 25 sai dlis;ﬂagncblemémncbllﬁi\ngege@hﬁﬂebe(bﬁﬁgllnﬂ‘)@lﬁﬁﬁbébh 't_ﬁ‘dgﬁ@t' ng g
sai d secgpd nduct i ve.i.nmpuri in thi.r se ampunt | ess than said “secon
dose armtﬁj)ﬁt . %EE&\%FW?%,HRX %’%\ﬁ?%ﬁ@‘é‘i'?f‘é 03&19852?"&5}%@03@%@9 ding§ to
one enbodi nerdligrfed re npatedefdrmnvard i on, conprising: 30 first, second and
third sem conductor_ reqgions which are formed on an insulation substrate
and are di sposed a(ﬁfboggﬁfq%rlpnconversmn elements,
wherein each of said photoelectric conversion elements
includes:
15 first, second and third semiconductor regions disposed

adjacently in sequence in parallel to a surface of a substrate;

a first electrode connected to said first semiconductor
region; and

a second electrode connected to said third semiconductor

20  region,

said first semiconductor region being formed by injecting a
first conductive impurity in first dose amount;

said third semiconductor region being formed by injecting a
second conductive impurity in second dose amount; and

25 said second semiconductor regidn being formed by injecting
said second conductive impurity in third dose amount less than said
second dose amount.

Furthermore, a photoelectric conversion device according to
one embodiment of the present invention, comprising:

30 first, second and third semiconductor regions which are
formed on an insulation substrate and are disposed adjacently in
sequence in direction paraliel to a surface of said substrate;

a first insulation layer formed on upper face of said first,
second and third semiconductor regions;

35 a gate electrode formed on a portion of upper face of said
first insulation layer;



sequence in direction parallel to a surface of said substrate; a figygtyey 2006
insul ation layer fornmed on upper face of said first, second and th|r£ .
sem conductor regions; 35 a gate electrode formed on a portion of upper
face of said first insulation layer; 270CT2006 4 a second insulation

| ayer fornmed on upper face of said first 4insulation | ayer and said gate

el ectrode; and an el ectrode | ayer connected to said first and said third

seni conduct or regi ansedid qABLARIGN flay B FoP P o ﬂ:p?e?ffa%%' gf Isbi @ tfirsp and
second insulation | ayers, said first Sem conductor gi on bei ng 1Jor med by
injecting a MSHSEiofblRyfEtaNe Sakd gateyelestradest aagdse amount; said third
sem conductor regi ga keetagoder TadePYcdih&@eld¢02 saff SRRy ‘é@'ad‘é%ﬁd Véhird
impurity in second dose anount; and 10 sai second sem-conductar regi on
bei ng f or medSBYNICANELICEAG regians via sordartaufeirned epwpontions of Isaid firste

amount 1 ess HhansegbAd ihkaRitidle$s &gount. Furthernore, a photoel ectric
ding to

conversi on device accor one énbodi nent of the present invention,

conprising: 15 fi r §8id sf?é’ébrﬁﬁrﬁi@ﬂdﬂQtorsl’@ﬁi@t)nblﬁiﬂgofomgdobs idjepsgd
adhacem sy LfirsedsRRtReive thbeFky IR MU abfdhsuiface of an Lneu ation

substrate; a first insulation | n upper’ face of said first,
second and third séai¢dhiigcsemicengduntor pegi@ngheneifermeadbyf imjeetingre a

portion of u f ' b QT 5 [ X ond insul ation
| ayer for mdggﬁbﬂgggﬁn?%%tzggsmsﬁalf@a}f irﬁrgé%ﬁﬁsdtj%aét géﬁ@ﬂ@esﬁ nd said gate
el ectrodt) and an ehéttsesoad sgaicepductaretegiandbéing foanedt by ridjeding

e Pocur SIS, MO AL AN, BEAAR FoBlosTetervil ool o,

injecting a fifr'rstsl_toseoammmh/e impurity in first dose anount; said third

;5re}lg“u(r:iotnsuf;o;e(r:ggh?ﬂéﬁgﬁgg@lﬁéf;rangﬂgl?@/el'e'&ﬁg tdM it deRT e E3h g to'e
one embodiment of the present invention, comprising:

15 first, second and third semiconductor regions disposed
adjacently in sequence in direction parallel to a surface of an
insulation substrate;

a first insulation layer formed on upper face of said first,
second and third semiconductor regions;

20 a gate electrode formed on a portion of upper face of said
first insulation layer;

a second insulation layer formed on upper face of said first
insulation layer and said gate electrode; and
an electrode layer connected said first and third

25 semiconductor layers via contacts formed on portions of said first

and second insulation layers,

said first semiconductor regions being formed by injecting a
first conductive impurity in first dose amount;

said third semiconductor regions being formed by injecting a

30 second conductive impurity in second dose amount; and

said second semiconductor region being formed by injecting
said second conductive impurity in third dose amount less than said
second dose amount.

Furthermore, a display device, comprising:

35 display elements provided inside of pixels formed in vicinity
of intersections of signal lines and scanning lines disposed in matrix



sai d second sem conductor region being fornmed by injecting said s QOHEH 2006
conductive inpurity in third dose anobunt |ess than said second do

anount. Furthernore, a display device, conprising: 35 display el enents
provi ded inside of pixels formed in vicinity of intersections of signal

| i nes and scanning |ines disposed in matr9 x 2 7 OCT 2006 5 form
phot oel ectric conversion elenents provided at | east one corresponding to
sai d displayfghﬁqents, each conducting imge pickup at a predeterm ned
range of a subject; 5 an array substrate on which said display el ements and
said photoel ect ri @hodaetadrien @rumasatan aelernenkedprevidedpali tieastibene at e

di sposed oppos| i Ik &Y A t S | Ghy eI
crystal | aye??%g%ﬁoaﬁcga kltig %tahah?lg@%)z ggsrﬁg@ie{% %s@%ﬁbﬁigmg (laqui d
crystal 10 Ipagieup @Rt @m@ﬂﬁgﬁwrﬁgﬁ%@iranger@ﬁ/awﬁgecme and radiates light in

hi el di ngSl ayer wahT i SHREREnoANRC (o MIRBIA SR ENSS, add Faid
backl i ght i s phuttoetedtiria eanversan elpruents ace formednver sion el ements. 15
i Lherre, % Phougf SRbsLiecaershen dSiockabERLAIAN Ly SRR ™"
sections whi slubsteateebgcandwidninganliquicdrystatdayieot aed and arranged
e ™ Lo SRR YPEHE AbobEER aBbSELERCE LDk oyl
di sposedi@at lappodiyt sasidudchingsaait aexandubisgrater andiradigteselighorn maid
Sandutch ng, SRR vGRbLA ecc) i ng sect Lon a second conduct ve, type
receiving section amderein 2aidi apasedutistoptwshas ai tightf shadldirg risyeki ght
(ecel i 19, ><ChhRR, MueBRTME O Rya0, duBeE I KA, EARESAGARTCHL BRy °
| i ght receiviradiatst imsaiy pbatdeledtiriogcanvensssn iehsnieattson | ayer; and

15 Furthermore, a photoelectric conversion device according to

one embodiment of the present invention, comprising:

first and second light receiving sections which are
electrically connected to each other and arranged adjacently;

a first conductive type of first electrode which is electrically

20 connected to said first light receiving section and is disposed at
opposite side of said second light receiving section by sandwiching
said first light receiving section;

a second conductive type of second electrode which is
electrically connected to said second light receiving section and is

25 disposed at opposite side of said first thtrecehﬂng section by
sandwiching said second light receiving section;

a gate electrode disposed oppositely to at least portion of
said second light receiving section by sandwiching a first insulation
layer; and

30 light shielding layer which is disposed oppositely to at least
portion of said gate electrode by sandwiching a second insulation
layer and covers the whole first light receiving section.

Furthermore, a display device according to one embodiment
of the present invention, comprising:

35 a transparent substrate;
photoelectric conversion elements formed on said



30 light shielding | ayer which is disposed oppositely to at

of ..said gate el ectrode by sandw ching a second insulation

| east portion
| ayer arddi §6Vei0eh

the whole first light receiving section. Furthernore, a display device
according to one enbodi nent of the present invention, conprising: 35 a
transparent substrate; photoelectric conversion elenents formed on said 2 7
OCT 2006 6 transparent substrate; and a |ight shielding section which

shields i ghttramglﬁgl,t@itemfbg@meogn@m te side of said transparent substrate
by sandwi ching said | phot oe@iétrl c elenment, 5 wherein each of said

phot oel ectric convér %'l

g Sﬁﬁ&ll%ﬂdwwhu $|§*ﬁ|@$1dlgs‘atcb'madlatgﬁt from

recei ving S?‘éﬁjpﬁd‘ﬁté’%l@@ 6'fesal§| Qﬁérﬁéﬁﬁﬁérﬁ %%@?r“att Cbyo s%ﬁ%bvuﬁﬁgfdfl fion

di sposed adj ace ntI ot her; 10 a rst -con

ive t

el ectrode whi té’lﬁ ?FQiE? connected to said f| rst |i ght receiving
section and di SPOSWhéFeanPéé’c?# t %f5's%“r‘?]Ofph?c?chIeQ&ﬂ%”dcdd\%}tsldr?‘:%'lé’ﬁwgﬁt

section by sandvm ching said first light 'receiving sect

conducti ve typelusteSecond el ect rode Whl chis 15 el ect rically connected to

sai d second light (RY; S d| sai d
RSB VARG S&sld t ArBEeRAg 2 Oé%;g&g d%@@y gg?y '

first Iight rece|V|n? section; an a te e ectro
at least a pcﬁﬂectmcaiy

cannededotd eaght otbeei andgd&emsemh ddjasentwi thi ng a

first |nsula %h er. 20 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
dlagra

schemati ¢ bl oc

m according to a first enbodiment of the present

inventioh® FIG 2 ia flrshicook uditivgr hyrmemfvmmj alqmmde)fwhlkth [ gHcteically 25
section 1. FlI a 0 t h art ,shown
in FIG 2. Flcg rﬁedltg_da t@ r%mtﬁgé m shgﬁﬂnggl S%g R§I %J%f(?aﬁpﬁﬁjoﬁ of

opposite side of said second light receiving section by sandW|ch|ng

said first light receiving section;

a second conductive type of second electrode which is

15 electrically connected to said second light receiving section and
disposed at opposite side of said first light receiving section; and

a gate electrode disposed oppositely to at least a portion of

said second light receiving section by sandwiching a first insulation

layer.
20

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram according to a first

embodiment of the present invention.

FIG. 2 is a block diagram showing a part of the pixel array

25 section 1.

FIG. 3 is a circuit diagram showing details of the part shown

in FIG. 2.

FIG. 4 is a circuit diagram showing internal configuration of

the SRAM.

30 FIG. 5 is a diagram explaining image capturing.

FIG. 6 is a cross section view showing structure of

photodiodes showing in FIG. 3.
FIG. 7 is a top view of photodiodes.
FIG. 8 is a perspective view of photodiodes.

35 FIG. 9 is a diagram showing a depletion layer formed in

photodiodes.



the SRAM 30 FIG 5 is a diagram explaining i mage capturing. FIG 62i7S0%T 2005
cross section view show ng structure of photodi odes showi.ng in FI G" 3.

FIG 7 is a top view of photodiodes. FIG 8 is a perspective view of

phot odi odes. 35 FIG 9 is a diagram show rg a depletion [ayer formed in
photodiodes. 2 7 OCT 2006 7 FIG 10 is a cross section view having an
n-regi on instead ofk_)HE)-reg_i on. FIG 11 is a diagramshow ng electric
properties of photloldrodBsis 3 FpEs seztiion il dgnanysivowi-nggriredtstiead of
properties Ofp-rFéE)%Hdi odes. FIG 13 is a diagram showi ng electric
properties of" photodi odes having a p+region.46, a p-region 47 and n+region
48 shown in FIG 6F1G0 BILG isl4ai sdiagdaayr ahosVingi nglezteict rpoureRer toes of
phot odi odes h Ebﬂ%y%d%gr egion 46, a p-region 47 and n+region 48 shown for
conparison. F I's~a di agram showi ng fabrication steps of photodi odes.

15 FIG 16 is a di agt@m 4Rowisngaf atinigeari oshawanﬁ Oélettﬁba_?mlgerfi'é'g- &f G
a

17 is a diagr ] fabrication steps of p channel TFT. G 18 is a
di agram show ﬁgbw@\gg;&"%perty of a phot'odiode 20 in the case of Vgp = Vnp.

FIG 19 is a cross EH6tid3 viewashdieigRantr @ppwiAgt | ORAtricSt g sOf ot he
di spl ay devi 06 EI&‘? 20 i,]s a Cross secti o%[ vi ew Sshow gg&cross ;sectional
structure of PP8 'Qﬁlleéy YN @ R LI PG 02 thEeQiads éhd argh neRBavinE§ .
FIG 21 is a ghawnvire®RI@f 6t he di spl ay device according to the present

enbodi ment. . .
! r]ItO FIG. 14 is a ‘diagram showing electric properties of

photodiodes having a p*region 46, a pregion 47 and n*region 48
shown for comparison.

FIG. 15 is a diagram showing fabrication steps of
photodiodes.

15 FIG. 16 is a diagram showing fabrication steps of n channel
TFT.
FIG. 17 is a diagram showing fabrication steps of p channel
TFT. |

FIG. 18 is a diagram showing I-V property of a photodiode
20 in the case of Vgp = Vnp. '

FIG. 19 is a cross section view showing cross sectional
structure of the display device.
FIG. 20 is a cross section view showing cross sectional
structure of the display device according to the present
25 embodiment.

FIG. 21 is a plan view of the display device according to the
present embodiment.
FIG. 22 is a cross section view of a case in which the
relation between the position of the array substrate 21 and that of
30 the opposed substrate 24 is obtained by reversing that of FIG. 20.

FIG. 23 is a plan view of a case in which the relation
between the position of the array substrate 21 and that of the
-opposed substrate 24 is obtained by reversing that of FIG. 20.

35 |

F.IG. 24 is a diagram having a light shielding layer made of a



FIG 22 is a cross section view of a case in which the relation between
the position of the array substrate 21 and that of 30 the opposed 27 0CT 2006
substrate 24 is obtained by reversing that of FIG 20. FIG 23 is a plan
view of a case in which the relation beigween the position of the array
substrate 21 and that of the .opposed substrate 24 is obtained by
reversing that of FIG 20. 35 FIG 24 is a diagramhaving a |ight shielding
| ayer made ofnetaliayér 6elorOfibotddiodesl | ayer bel ow photodiodes. FIG 25 is
a di agram showi ng fabrication steps of photodiodes. 5 FIG 26 is a cross
section view showing a liquid crystal display according to a third
enbodi nent of the pr@semmsinyend i allagrdiG shéwinga falrivateyn shstepsg ef phot o
sensor in the | id 10 crystal display of FIG 26 FIG 28 is a cross
section vi eV\PE‘ﬁgﬂ?\ﬁl‘l esstate form ng an anorphous silicon filmon a
transparent substrate of the liquid crystal display of FIG 26. 15 . FIG
29 is a cross sectlon view show ng fabrication steps of liquid cr taI
display of FIG 27FlGq @263iF i3 @056088CHERY |V6‘|°=|WV|5§WW'69I &M“ﬂ(j"aocﬁf
20 FIG 31 i gighlayccorary @8 é/'tﬁWdfé!HUB’Mlﬁger‘itooF'tBe piesentlifvedfohs a
cross section view followng to Fig. 31. 33 '1s a cross section
view followng to Fig. 32. FIG 34 is a cross sectlon view follow ng to
Fig. 33. FIG 35 pgGa £7Q8Sa 3¢t vw&mﬁgj ' Yrfto! eftér ifdhe AQuld G 36
is a cross section viewfollowng to Fig. 35 G 37 Is a cross section
vi ew f ol 1®wi sgy$t@! digplaysof B8GFI28. 38 is a perspective view showi ng
operation in the case where a voltage between the p-type el ectrode and the
gate 2 7 0 C T 2006 _ ) _

FIG. 28 is a cross section view showing state forming an

amorphous silicon film on a transparent substrate of the liquid
crystal display of FIG. 26.

15
- FIG. 29 is a cross section view showing fabrication steps of
a liquid crystal display of FIG. 27.
FIG. 30 is a cross section view following to Fig. 29.
20
FIG. 31 is a cross section view following to Fig. 30.
FIG. 32 is a cross section view following to Fig. 31.
25 FIG. 33 is a cross section view following to Fig. 32.
FIG. 34 is a cross section view following to Fig. 33.
FIG. 35 is a cross section view following to Fig. 34.
30
FIG. 36 is a cross section view following to Fig. 35.
FIG. 37 is a cross section view following to Fig. 36.
35 FIG. 38 is a perspective view showing operation in the case

where a voltage between the p-type electrode and the gate



9 el ectrode of the photoelectric conversion element is O/. FIG 39 Lémaz
per spective view show ng operation in the case where a voltage bez en qﬂfle
p-type electrode and the gate 5 electrode of the photoelectric conversion
element is -5V. FIG 40 is a |layout diagramgshowng a first exanple of a

specified form ng location of the light shielding layer. 10 FIG 41 is a
l.e of a specified form ng |ocation of

| ayout diagra 1 econd, exa S
the Iight shi g}e%\gﬂé’?gy"grﬁ‘%ﬁgpt%‘% Fig A fraians BlRmegtas Q. at i onshi p
between a potential and a photo current. 15 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON  Her ei naftﬁ] di splay device and a photoel ectric conversion
devi ce according to the: érgeé%ﬁtp RRERU U UEW siewispe ciffdrationyin ekpl @geed,

referring to dwhdregsa 6ItBHe Hetweeh S§ L I  agram,according to
a first elgbod' I%.g:nt f tf[}% prﬁsent inyen’?i@gﬁ. t%ée) g%ﬁ?‘g@‘gdég%e&@n&ﬂq n
FIG 1 has“an Jrode i HengheteRlertic camyersiopr ekernent ¢4 a5y, substrate 31
and a sem conduct or substrate 32. A pixel array section 1 in which signal

| i nes and scanni ng Iﬁgfs ?ie arranged, a 25 signal line drive circuit 2

whi ch drives the sighaf- 14thds, a dayeuhndiagram rehawing acifireti dxmph &F a
drives the scagpedified fogfnind"® Rt han; circuit 4 which captures
i mages for output are provinged ongﬁ ﬁgttgﬁgls%f&g%@ﬁ@ggelagfn These circuits
are formed with, for exanple, polysilicon TFTs. The signal line drive

circuit 210ncl udes &FIZH, Aot S ol = .conversion circuit which
converts digital .ﬁi xel data ?gtgg_ogg%éhg}r%'gpgbgg’éﬁg %éieFQBBeeX@mRiﬁiQfﬁ Ag
the display etRFRHEY "PRRvIBOgiocatioanafl tbe dightestsiehtinganybave a wel | - known
configuration. Alogic IC 33 for display control and i nage capturing one
is inplenmented on t sem_conductor substrate 32. 35 The gl ass substrate 31

and the seni conduct or&uf rigt @ Zhagpmt ehowingnsi t%&ia@@ns’;lﬁitjb RSP PN, of
I

various si gnalpotiemtrldnd 0phétd 2006 10 exanple, a exi bl e printed
circuit Fl?g FIG 2 is a bl %ck dicgéféaﬁr;%'shovm ng a part of the pixel array

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, a display device and a photoelectric conversion

device according to the present invention will be specifically
explained, referring to drawings.

20 FIG. 1. is a schematic block diagram according to a first

embodiment of the present invention. ‘The display device shown in

FIG. 1 has an image Capturing function, and comprises a glass

substrate 31 and a semiconductor Substrate 32. A pixel array

section 1 in which signal lines and scanning lines are arranged, a

25 signal line drive circuit 2 which drives the signal lines, a scanning

line drive circuit 3 which drives the scanning lines, and a detection

output circuit 4 which captures images for output are provided on

the glass substrate 31. These circuits are formed with, for

example, polysilicon TFTs. The signal line drive circuit 2 includes a

30 not-shown digital-analog conversion circuit which converts digital

pixel data into an analog voltage suitable for driving the display

element. The digital-analog conversion may have a well-known

-configuration. A logic IC 33 for display control and image

capturing one is implemented on the semiconductor substrate 32.

35 The glass substrate 31 and the semiconductor substrate 32

perform transmission and reception of various signals through, for




section 1. The pixel array section 1 shown in FIG 2 has the plxel TFTs 11
formed in the vicinity of each intersection of the signal 5 lines 25h #CT 06
scanning lines, which are vertically and horizontally arranged, |iquid ‘
crystal capacitors Cl and suppl enentary ?@paC|tors C2 connected between
one ends of the pixel TFTs 11 and a Cs, and sensors 12a and 12b for inmage
capturing in groups of two sensors mhlch are provided for each pixel TFT.
The sensor 12zaaamplelzbfléQibde eprinrettciredit 6PE. not - shown power supply l i ne

d trol Ii h T h th h b whi ch
fho “sensor e 105 sRiCL 2% 2eBRIK ARG ol SRaRRTG: 3 HATt SR PG GBI o
hi gher resol settional. i Thgepbaptanapgsedtion & ishon $RERIG 2| hag thki pikel 15 on
the part shobr TS nTeRehad TR Soedyidnftvibe datn ThEdiERiaT W thacsignal
phot ﬁd't ogae g)ﬂmggnénd thensanhdig Qﬂné@rwﬂﬂ@ﬁoéré\&lérﬁt@aﬂg aﬂih$héﬁ&6ﬁtanvb has
a phot odi ode a sor. swi t chi ng
phot odi odes Biraiiﬂﬁ%zfiﬁut EEV%PEE?%E'@H@ﬁ@néjcé'épﬁlﬁﬁeﬂéaﬂhéapéﬁﬁgfﬁ of

received |igl cdhpett@nPetiveich &headtdEbf e Ei%&:ﬂOTFTsSW SAU™Y & tR{ately
select either of a plurali txag phot odi odes D1 or I n one pixel'. Each

pi xel has t wo€BEREDrLa 8Rda1dD1f: IMaggpeRRINgIn Q’EP‘SFPﬁilOédWM ﬁﬁnﬁﬁéstwo
sensors 12a @iiich2Bré Qartoh@dé@%rpeéeh ?&elbpﬁerThBUEéﬂéérWaC*brmﬂl

bi nary data corre ng. to accumula char ges e capacitor to a
detecti ot | | RéE &P '?‘?%Fﬁgl 5] @r”@*—‘fr&WWP@‘é’eéoﬁHnQJV linetand ucpstradinand a
transi stor QghOMMWh the buffer 13 and the capacitor C3 are initialized
for reset. 30 The huf fer ‘%ﬁl ncLudes a static random access nenory (SRAM,
two inverters IV1L dr therenhaeebsen shoyr cdmeexample irawhidi Havo a

transistor Qg ﬁ@ba@q% la%\wz | h tfJia| V2 at
t he subsequente step and the i Epﬂ"t@tpg?%%d et @a%epi){r:g/le'h ng({%ﬁé O%rtFL

previous step, highfrrafesaledan Eitr'ziﬂé‘ggt(%ﬁpt%m@ﬂh/ﬁfecﬁ ne speahelckimmitaton he

out put tesm g tﬁ)é ridiﬁbbﬂ‘é‘?rth%rséﬁsd@e subsequent step, for exanple, as
shown in FIG 4. 11 Wien a signal SPOLB is at a high |evel,
the transistor Q5 , gG 3 IS a cnrcunt diagram showing details of the part shown

in FIG. 2. As shown in FIG. 3, the sensor 12a has a photodiode D1
and a transistor Q1 for sensor switching. The sensor 12b has a
photodiode D2 and a transistor Q2 for sensor switching. The
20 photodiodes D1 and D2 output electric signals according to the
amount of received light. The transistors Q1 and Q2 for sensor
switching alternately select either of a plurality of photodlodes D1
or D2 in one pixel.
Each pixel has two sensors 12a and 12b; a capacitor C3
25 shared with the two sensors 12a and 12b in the same pixel: a
buffer (BUF) 13 which outputs binary data corresponding to
accumulated charges of the capacitor C3 to a detection line; a
transistor Q3 for write control in the buffer 13; and a transistor Q4
by which the buffer 13 and the capacitor C3 are initialized for reset.
30 The buffer 13 includes a static random access memory
(SRAM), two inverters IV1 and IV2 which are serially-connected to
each other, a transistor Q5 arranged between the output terminal
of the inverter IV2 at the subsequent step and the input terminal of
the inverter IV1 at the previous step, and an output transistor Q6,
35 which is connected to the output terminal of the inverter at the
subsequent step, for example, as shown in FIG. 4.



turned on, and the two inverters IVl and IV2 perform a hol ding opqqabtpqw%
When a signal QUTI is at a high level, the held data is output to a
detection line. 5 The display device according to the present enbodi nent
can performusual display operations, ang, also, an inage capturing
operation, like a scanner. In the case of the usual display operations,
the transistor @B is set in an off state, and effective data is not stored
in the buffer 13. Miheoch signab&PQLBiignet alﬁll@dn l@/dplth@gﬁahsmtmstgnm

i ne drive ci | J Sl Iay cordlng
to the above thH@g@ (t?)% ffﬁjf‘ﬁ ‘E\%&ﬂ?\g&g %g%hﬁ{bd m ﬂ%@g

capt ur ed, Sn opigration22 Wi(hfeor anl@’lTH|€O]EJa'ISDQ§1‘t aOhlmTSIJ@VéI ftﬁé héﬁgﬁﬁ@@ﬁé uring
i s arrange t ce of an array substrate 21 as shown in
FIG 5, 15 ar?gj\{ﬁhéhtp ?mgﬁt@ﬁc'& Fi ght 23 is radiated on the sheet 22
through &n opposed’lmjbainlayedé‘ﬁice@tdd“rﬁ|raggllt@ytl’®bﬁé§éﬁt!3eﬁ1]bodTh¢‘eﬁﬂ 8444

refl ected by the sheet ecei ve e sensors 12a, 12b on the array

substrate 21 R Orrﬂab'éuéﬁpq"ﬁp OFP‘?{att @5/095‘@ a@ﬁerﬁ’f‘l BR8geoFapHH g

capt uring exezmeramolmf |l|lk%nC8$sdaﬁﬁeE“ SpIrﬁYthéocEBé APtHECY SUFROA|FRER | S
stored in the buffer t.o be s§nt tothelofgchCSS

| G
shown in FI GOPE 'P&?ghu}q]éraﬁé'tsé‘a'f rb)g iSi ﬁ@t ifhan 8fi state, 3and cefledlinve a

digital si gnaiateutsomtfsmdt fre tHesBLEnerdeyi cenagiees ¢ r&@séo d Bfy 4| emeat
enbodi rren for varlg i nds_of zzlﬁl@ atl ng processing such as reor derl ng of

data and!Boi seltage TELED Hvg. CiEpdit & is SUpRiiask §0 dbet signal

showi ng st rudqfiy esr Qfsdli?? adtet @GetheDébévé' d&s I ViotalgleG 3. FIG 7 s
a top view of the p)ré&hodl des DI and ,. FIG 8 1s a perspective view of

the photodi odes D %fnhaﬁﬂewbewnaa%%\ﬁrgr@wwed, @eppbieasr 30
| ayer formed @fartébearﬂlp%o%l epeet D3 b3 fo‘}slﬁﬁ@\@ da'btﬁhﬁ‘g E—h E;S F' G
ne

8, the phot odi ode D1 and D2 have a silicon filmi4l
appr oxi mat el Vothe HeRer W faggiafan erray ﬁé‘@StEﬁf-et At ag QBQW@UWSFI@H 5 21 a

sem condyst orahd@YiRfht4fom th bkt hgﬁk@%ﬁ% Qéd%tt@aozsh'@{ 's}‘aeé@ f@iﬁ t
irs

which is formed on the 35 silicon film41l, an oxid I con
i nsul at i ng f i3 ORPeFEd, substeatfe 24 (ﬁ”%ﬂﬂ%)ﬁrﬁ@‘{élybgwat%r%het é’h@ timhbugh
150 2 7 OCT 2efkecté@ by the sheet 22 is received by the sensors 12a, 12b on

the array substrate 21 for image capturing. In this case,
operations for image capturing exert no influences upon display.

20 The captured image data is stored in the buffer 13 as shown
in FIG. 3 to be sent to the logic IC 33 shown in FIG. 1 through the
detection line. The logic IC 33 receives a digital signal output from
the display device according to the present embodiment for various
kinds of computing processing such as reordering of data and noise

25 rejection for the data.

FIG. 6 is a cross section showing structures of the
photodiodes D1 and D2 shown in FIG. 3, FIG. 7 is a top view of the
photodiodes D1 and D2, FIG. 8 is a perspective view of the
photodiodes D1 and D2, and FIG. 9 is a view showing a depletion

30 layer formed in the photodiodes D1 and D2. As shown in FIG. 6
through FIG. 8, the photodiodes D1 and D2 have a silicon film 41
with a thickness of approximately 150 nanometers, which is formed
on the glass substrate 21, a semiconductor layer 42 with a
thickness of approximately 50 nanometers, which is formed on the

35 silicon film 41, an oxide silicon film 43 (first insulating film) with a

| thickness of approximately 50 nanometers through 150



nanoneters, which is formed on the sem conductor |ayer 42; a gate 27 0CT 2006
el ectrode 44 with a thickness of approximately 300 nanoneters which is
formed on the oxide silicon filma43 and an oxide silicon film 45 which is
formed on the gate electrode 44 and 5t oxide silicon film43. The
silicon film43 includes silicon nitride,” oxide silicon or a multilayer
filmthereof, based on a form ng nethod, for exanple, a plasma chem cal
vapor deposi haoon{eheDs, Wh'e:h;ém’ fmmleniton thgesemi2ondaktslesapert w2l izon as

a formng materj al egion, 10,46, a p: region.47 nd n+
regi on 48, V\#&één ggﬁgrd%nge {ﬂj éihc)}(@ﬁﬁf agfac%ﬂ?rlo%'m@t?ﬁ’ 30d
~hori zont al dnaa?m'eneref whigh $£ulfermrmde oanzhenoxImS svﬁddh Eﬂrlﬂi‘ﬁ gt and an g
concentration_o or _exanp |natey1 c e injecte
into the p+ Q)é&eoﬁ" ﬁ%ﬁ‘ éghw’h Qrm% ﬁﬁﬁl‘g% @Lerﬁthg‘?é{f‘ dfor
exanpl e, 515 Et;mom@er@ulectcyn filn 4819 atnian are i njected into the n+ region
48. Boron ions \M-Hj'ﬁ QW cfolnce r.at | for exanple, approximately 1
J

x 1015 atm cnB are Jueeg HBC'querseéll&QrW?'tr pxideoSticon or a
concentr at i omitildyer fitmr ager@mmaa@ed on é@@frﬁﬁw&%b%hé@qpérr esiahsl?@e a equal
to, or nore t ante to e of two, and refera Y, ua

appr oxi matel9 asgA quﬁmh@ Y)&é?r HePPsition oWk Glsﬁéﬂkﬁ&rﬂd&tﬁgr aYRh as
extreme bad nerfrmmr@e.e,qadlf/@nlcex\aaﬁl@,forﬁhngnnmtbﬁa\r) aﬂfd F{EsFa prré&.drﬁ
formed at_the sanme tine, are unanchra Ly Caused wh t he 1 mpur

concent r'@ i ofiof 3 Phel@ionedt i3 oo 'EGIRN 2§8Thé/|'tj1@fﬂeaé¢eat"‘ratﬁwd44
has, . for egéqnéﬂtlaalylvt%d(mha@&wmﬁuméthz%r{t%Y d g%?mdeote'ﬁﬁe”"de

50 connected o, the p+ region 46 through a contact , a cat hode

el ectrode 55UBBHEE! e@qr(? W%M'ﬁ g@o‘?ﬁ'ngCtolﬁ\C@@éFﬁfaO'&d?ﬁ dor e1ampdefs or ned
On the upperagg%ﬁﬁﬁa@élythw o0 ‘Aeatph ) drp®hrd | éfed e E}W\?%& ?éq/ghe&émde

50 and the ca el ectrode 52 conprlse a nu

(ol ybdenun) P Hépﬁpr?él deNRudithe e bigh sé@ﬂcé%"atﬂ%r@(ﬁ,f fs exampie,
thi cknesgs of aabeykurﬁaeenamwewﬁ%t nRRGAIT eAinjBttdd thief i anaslgnos
ght g el'd he p-

shields a direct rom a backl i necessary to
regi on 47. 3BOKOR;iQ B’I"i%@e'%ﬁo(‘ﬁe%'@t'@ [th éor expraplen appredgmatetyhan
that of p) i3 suppi? atm;cmh@renoqecmce¢mtwcdne59 réfivrcathodene 48 &t T

2006 concentration of the n* region 48 and p™ region 47 is required to be
equal to, or more than ten to the power of two, and preferably,

20 equal to, approximately, ten to the power of four. However,
disadvantages, such as extreme bad performance (for example,
the mobility) of TFT, which is formed at the same time, are
unfavorably caused when the impurity concentration of the p-
region 47 is too low.

25 The gate electrode 44 has, for example, a MoW
(molybdenum-tungsten) alloy. An anode electrode 50 connected
to the p* region 46 through a contact 49, and a cathode electrode
52 connected to the n* region 48 through a contact 51 are formed
On the upper surface of the oxide silicon film 43. The anode

30 electrode 50 and the cathode electrode 52 comprise a multilayer
film of Mo (molybdenum) and Al (aluminum), the tip sections
thereof has a film thickness of about 600 nanometers. Because a
wiring of the anode 50 shields a direct light from a backlight, it is
necessary to shield the p” region 47. |

35 A bias voltage Vnp (= +5V: a potential of n is higher than
that of p) is supplied to the anode electrode 50, the cathode



13 electrode 52 is grounded, and a gate voltage Vgp (= -5V: a pot 5
gis lower than that of p) is supplied to the gate electrode 44. The photo
di odes D1 and D2 according to the present 5 enbodi nent has the p+ region
46, the p- region 47, and n+ region 48,H£breinafter, t he above structure
Is called a PPN structure. In FIG 6, t substrate |l ength of the p-

region 47 in the horizontal directionis forned to be |onger than that of

ei ther of thgeptrddkgi B2 |s46gerurtd@j Naf@ghorAS. vB'ft%rg%bW depl-ehi:on | ayer
53 forned 10 betvve n the p+ i on_ 46 aﬂdthF n)+ ion 4 |s ext ended nore
widely in thROIENGAG06NI s 196 8hAn ANat of @) 15 supRlied Bacthe gate
efficiency 'éle'ctﬂﬂie a|4rrent conversion. Instead of the p- region 47, the n-
region 54 may be I‘OVI %ed as,_shown_in FIG 10. Even. in this case, t he

depl etion 15 Iaye he3pnotex digdehgPrhorandi @eayaecmrélug% te the ﬁre$%zyter to
cause a 'Settéhtﬁfélh?ér@ﬁ‘ﬁés'trhé nghﬁeqaehraet tﬁ%ﬂﬁe"rﬁgm uy té}%%ﬁﬂ?
He it en the

as the above. re, to provid n- région

p- region 4748nd H&f@'mla-ftﬁégmfhab@Va Atiutducade Gledha lﬂP@h%trrUﬁaura; dan 20
i mpurity congggt rgt Ny egi re
wi dely the dgﬁFetﬁﬁot@ayebrsttE%eme'ﬁg 3& ﬁge ?ﬁ'dr 6n 17 ?79 tWé ﬁ%nzyhg?m
and FIG 12 drrecvpem @fmﬂg,melp@dongcmthacfhamtz:pérelmercef bIﬂEtmer@@I@tfb

di od D1

Ile(rjlgteﬁ (i nanmﬁ!c%rreﬁe?sr)] F%W%g Eﬁrjggél%’m%aeﬁ%mﬁhﬁ@oﬁjgl E)dﬁl'r ection
(hori zorfttal hetweeanthe HE r@@lromeﬁﬁ agnd EaganT ragion s rextendelde nporst o

di odes D1 ang; J:Pély €rY9cHe' a'reg%‘dﬁ)ﬂm%% §518W?13 Y H1iog ¥ pcé Tsd b Oét?§r0 and

potenti al of o t'he aho 'R%tt o
Vgp = -5V. effwemzysndwtacumeattu mmmrrsl@m ween the gate voI tage Vgp 30

(horizontal axis), gani t ) fl t
di odes D1 and D2 (Iﬁ%ay;fof;)%h@) erm%a A’glgz VH’F% %%885\%21 rp‘%é(pp ed to
t he anode el peoyiskid 56. sho@n in EHowsl @:wo Everyés trnstchase;atleevxmpleltioght is
radi ate h, g ty T he t he
35 cased1va1erenﬂf E? I|§s§no agi 'g}derg Wlidé@rrgﬁoqqq’pltg %t dgggﬁp ﬁgg%uné{h
| ength of the betheegeﬁfrcuaricy(m liglet-ctiegnthandyetsion bngke sdywme manner

as the above.

Here, it is better not to provide the n™ region between the p’
region 47 and the n* region 48. In the case of the higher ratio of
20 impurity concentration of the p™ region 47 and the n™ region 48, the
more widely the depletion layer 53 is extending in the p~ region 47.
FIG. 11 and FIG. 12 are views showing electrical
characteristics of the photo diodes D1 and D2. FIG. 11 shows a
relationship between the substrate length (in micrometers) of the
25 p’ region 47 in the horizontal direction (horizontal axis) and the
current (in logarithms) flowing in the photo diodes D1 and D2
(vertical axis) when a bias voltage Vnp (= +5V: the potential of n
is higher than p) is applied to the anode electrode 50 and Vgp =
-5V. FIG. 12 shows a relationship between the gate voltage Vgp
30 (horizontal axis), and the current (in logarithms) flowing in the
photo diodes D1 and D2 (vertical axis) when a bias voltage Vnp (=

5V) is applied to the anode electrode 50.
FIG. 11 shows two curves in the case when light is radiated;
and in the case where light is not radiated. The current .in the
35 case where light is not radiated is almost flat, not depending on the
length of the p~ region 47. On the other hand, the longer the



270CT2006 14 substrate length of the p- region 47 is in the horizontal
direction, ‘the nmore the current is increased when |light is radiat2d.0Ch
reason is that the depletion layer 53 formed in the photo diodes DI and D2
is further extending. Thereby, with respigt to efficiency of 5
phot oel ectric conversion, it is found that the | onger the substrate |ength
of the p- region 47 is in the horizontal direction, the nore performnce

of the phOtOsdb@d%‘teDJerf%g BR the pMreeysd 4M§qwaﬁe ﬁdw@ﬂi'tatmﬁréwéﬁnt of

t he photo di pdes D1 an IS increased as shown in when the' gate
vol tage excetd® MEredHg cOrienk He threasedovhale II:QW{ d@ll Eﬁfb@tﬁﬁ aer"EDZ

decreases. | 9e9§aﬁnsttﬂavcrtﬁ@eaé§|étmw %l,ﬁéleata Brme @b th%dbﬁétcfes@ﬁwfease

dark «current, it is suit 0 set ate voltage an oV
On the ot her aRgnB2 9 fieitheriavesdinge J@ﬁr@hmv\b@tcﬁﬁﬁaectshalefﬂmwQfe gate

becones a ”eﬁﬁkptﬁélé’&hka%’nvmant WF is R U tRAE tWédﬁdncg@ri lthghﬂt‘iﬁ%?et on

I s decreased par ent i's pfeferable to nmake t
negative. Esperg® (of, thft A sregipned?i isein dhﬁahermhat@iaﬂs"e\(c&buomg@magama ve in

e ' ©; 25 WieffornfiaiL AR bhBRo 6B g DUREABOGeqs M an- The

reason is t t era ure I's raised rrent” under no |ight
20 radi ation is i ntMugoer: thaegbriher averemt afi @'lmm\todierdmdesr&hamd D2

f
S degr ees. colt iHEIGRSE B2 SHIRTTY BRGEE Jindy tade panabE BRI ¢ O
at a roohﬁ)tem;b@rté:tﬁ)r\é tdfe gormryr ebshegemtiogliades i1 raaqliD2 decFbaseholre
tenperature % 2{0 nﬁé’re%‘as &7e TRIYEht Y toflgﬁgfrggﬂaeﬂl&gh%%%d@é]%&gg%%a 'S a

vi ew showi ng t ectri ca charact eri s
shown in FI chﬁrermawitng suitabpe toeggtothel@ate udtane tedieolest7thamOVt he n+

region 48, and FI G 4 i SQ cal
characteri Zt7 IS(;;aﬁf %Iﬂ].omrbfhdftg@a m%lr’;:ed; 13}%&&\&5@%hgzg'%hr}tgglb%ﬁgﬁéfé t he
p- region e : al hegati oltdagehowwtharv ethe
Tn the” Tengtmrort HatBeP b 8RS FAdiaFil T8 gP bt PR, B
current, and prefemblshboi mpkehdingegdte vodttageotres atote.i ¢ Esprecatalhy, eitt idar k
current. effective to make the gate voltage negative in order to assure

normal operation when ambient temperature is high. The reason
is that, when the temperature is raised, the current under no light
20 radiation is increased to deteriorate an signal-to-noise ratio.
Specifically, the gate voltage may be set at 0 V for a use
temperature of 5 degrees centigrade as room temperature, and at
-5 V when operation even at a room temperature of 40 degrees
centigrade is required. The above temperature control may be
25 manually or automatically done.
FIG. 13 is a view showing the electrical characteristics of the
photo diodes D1 and D2, shown in FIG. 6, having the p* region 46,
the p” region 47, and the n* region 48, and FIG. 14 is a view, for
comparison, showing the electrical characteristics of photo diodes
30 D1 and D2 having the p* region 46, the p” region 47, and the n*
region 48. FIG. 13 and FIG. 14 show curves showing changes in
the photoelectric current which are caused by changes in the
length of the p” region 47, curves showing changes in the dark
current, and curves showing changes in the photoelectric
35 current/dark current.
In general, the more the photoelectric current, the more the



In general, the nore the photoelectric current, the nmore the 270CT72Q06 g5
phot o di odes D1 and D2 can be downsi zed, thereby inproving the aperture
rati os of each pixel. Mreover, the snaller the dark current is, the nore
excellent the signal-to-noise ratio (S/N1§atio) is. 5 As shown in the
above draw ngs, apparently, the photo divdes D1 and D2 shown in FIG 6
have | arger values of the photoelectric current and the

phot oel ect ri gritor @iidedaDd @widr B2t cahabé dowRaizdd)ogterebyt e pphole dhedes
D1 and D2 havi ng. t he Ip+_ rﬁ%l on 46
AP

, .the p- region 47, the n- region 54, and
the n+ regi ofP tungy @Qﬂrbgqéé‘egl d‘ﬂ@lrg@\’?favg“%xéglallﬁft tgﬁeQ?F’Fc
charact eri sticggrentfienthétmRsef @lrdirait fige tdignaheb ondisedesii®Ll md rPEo)t he n
channel TFT and the p channel TFT, which are " formed on the display device

by | owtenperdture polysilicon processing, will be sequentially explained.

Here, thegabove ph | Sl d 1 cw , d

channel TI5:T are gi %Iusft%ncggﬁslng trf?@or?r%%\./eﬂagﬂn@?’s Vi gﬂxgﬁohﬁﬁgpgtag%g for
manuf act ur i n§ieABS pRIt ANQi Bdeshowmnid AG.| § thave i kggepl wakies [ the
undercoat |a Iyl SEAMN, +6i I he

gl ass 20 subﬁ?at?él%%?gg dtlﬁ’lég%g/Débr‘gt ﬁﬁs%@gﬁe@}ﬁtrg‘nﬁ%ﬁrﬁéagf i%’éﬁgph m

i s formed on rehi®, utRR cowse & ethes PhBtoa dipdeseDdniaacc &2 femeimge dhevapor
deposition (PR t - [ n | k€. an;
Subsequent | yﬁg\’%;{e@ g‘e)éaj% ?Sﬁﬁgﬁj?getgﬁoﬂ%?g%na%ﬂd‘?{ﬁ)ﬁghéi +<i Crgﬂqunl I4r8n'for
crystal | 1Rat ilore photerdiodes Pbland DX bave excalemelaatrichecharactepstics,
after patterning of el G eR: A LSt hn er 43
conprising the Si &T'#él]f’me?ésyfg%%ggghb ﬁl%zpuh%ggp%é%(?%ic%io H‘#ﬁéet‘pg{]%?r(ned
pol ysi | i con f¢hanma Tidi ranpd Hdre RECY Meelhdd T, awhitlkecarenfayredt oonthe

" chen - T ' | i ke,
Voroover - bordieBRly (ke OF PR LRI EC DOIVERAAT paREsiy, WiFf e
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| il fi 5 i f h - i El Then,
P ounhor 08 ANy Shanfelifel, bd] WhE PHinddoTa el Sufuiaebhdsty 1"
the resist 5Foramtdthe |ike as a mask, in

FIG. 15 is a view showing steps for manufacturing the photo
diodes D1 and D2. In the first place, the undercoat layer 51
comprising SiNx, SiOx and the like are formed on the glass
20 substrate 21 by the CVD method. Then, an amorphous silicon film
is formed on the undercoat layer 51 by a plasma-enhanced
chemical-vapor deposition (PECVD) method, a sputtering method,
and the like. Subsequently, a laser beam is radiated on the
amorphous silicon film for crystallization to form the polysilicon film
25 52. In the next place, after patterning of the polysilicon film 52,
the first insulating layer 43 comprising the SiOx film is formed on
the upper surface of the patterned polysilicon film 52, using the
PECVD method, an electron cyclotron resonance-chemical vapor
deposition (ECR-CVD) method, and the like. Moreover, boron ions
30 with a low concentration are injected into the vicinity of regions' in
which the photo diode D1 and D2 are formed in the polysilicon film

52, in order to form the p- region 52 (FIG. 15(a)).
' Then, phosphorus ions are injected into a part of the
polysilicon film, using the resist 53, and the like as a mask, in
35 order to the n* region 48 (FIG. 15(b)). Subsequently, boron ions
are injected into a part of the polysilicon film, in order to the p+



35 order to the n+ region 48 (FIG 15(b)). Subsequently, boron ions are
injected into a part of the polysilicon film in order to the p427273013'm05(?6
16 region 46 (FIG 15(c)). Subsequently, the first netallic layer is ‘
deposited on the wupper surface of the figst insulating layer 43, and the
first gate electrode 44 is fornmed after patterning. In the next place,
using a 5 resist as a nask, boron ions are injected as inpurities into the
regi ons in whegion A6 PHéi.olb8(@de D1 and D2 are forned, and the p+ region

46 is formed on a ?%rbtgeﬁfuéﬂf?/ﬁggﬁ%(sﬁllétc‘?l[?eiélhp @a@e&&%%@%iggﬁg&%m? con

phosphorus ions w OW C ration are n
filmwhich i sppepasurfaicet loé thefinshanstiatingslayerad43j0andstise fastagaesk. At

this tinme, t LSaf [ N ked
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Gate bl ectrode 44, THAT" ReSRAOTERis whilh ek EHEierraReE e e R o
portion in whichat pelygiiicon ZDnemedith ddea phrdosStietn ekashe! THRUsihhea
Sbsequent |y e toraes FAtir ml Bae: SARE. riere: ke f9RBISH Gdes 6DIgRd D2,
contact hol epeaaeskothe@PN bEement ieahaskdd vaind thizerasist.egi on 48 are

exposed: 2, second el ety MHEhe: SAPRCE B hirodin SR S eredbep, °
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channel TFT, ,and FIG _17_i.S Vi ew shaw a. step for. manuf uring the p
channel TFT.t r@ﬁ%’f‘?e?f qvﬁ@%?é‘ps%%%‘%%%tﬁ%ﬁ?'upﬁw tth qul%wggf TFT
and the p5ch@wedling bondd ieheetdraiglatgioaf 6f TFMFormdd of alpopiliddrc 17.
e o e R A SRR B b (R ean eUtenP 17O
the TFT. When the substrate is exposed to the plasma of hydrogen,
the hydrogen is interrupted by the gate electrode 44, and indirectly
gets into the polysilicon film from a portion in which the gate
20 electrode 44 does not exists.
Then, the second insulating layer 45 is formed on the first
insulating layer 43. Subsequently, in order to form electrodes for
the photo diodes D1 and D2, contact holes are formed, the p*
region 46 and the n+ region 48 are exposed, a second metallic
25 layer is deposited on the exposed region, and the layer is patterned
into a predetermined shape (FIG. 15(e)).
On the other hand, FIG. 16 is a view showing a step for
manufacturing the n channel TFT, and FIG. 17 is a view showing a
step for manufacturing the p channel TFT. Hereinafter, the steps
30 for manufacturing the n channel TFT and the p channel TFT will be
explained, referring to FIG. 16 and FIG. 17.
In the first place, the undercoat layer 51 comprising SiNXx,
SiOx, and the like is formed on the glass substrate 21, using the
CVD method. Then, an amorphous silicon film is formed on the
35 undercoat layer 51, using the By the PECVD method, the sputtering
method, and the like, a laser beam is radiated on the amorphous



CVD net hod. Then, an anorphous silicon filmis fornmed on the 35 ?ndercoat

|l ayer 51, using the By the PECVD nethod, the sputtering nethod,? anfT A6
like, a laser beamis radiated on the anorphous 2 7 O C T 2006 17 silicon
filmfor crystallization to formthe poly | licon filmb52. Subsequently,
after patterning of the polysilicon film the first insulating |ayer 43
conprising the Siox film which is forned by the PECVD nethod, the ECR CVD
met hod, and sHidn kilmi dof ocrgstadizdiiametepfems theagmlysilicoe rfam ebied

olysilicon lL.m5 n..Jon ith.a lo cncenrat e nj ect ed
e Y ur o1 eSuRe e e Rarde g s Ry T ERh o B et ST
Elcglrg nglGE e?nmuhamllrtgﬁta@ ?;do%isi%%rthé&mnlﬂmaﬂhm I¢§)hmnedew Fﬁ%gz

a : in e.resi as
a mask, phosp %tig) S mect %ﬁ%’g & h%\?né‘lk%ﬂ:'f’ ?‘B’P’r‘@a
region, amd the lﬂlprpel‘ egirfaced 6f ithel pategned plommcdﬁ filrme 5ROl ysid | 5@fbrfl I'm
(FIG 16(b)) t he resist p- channel TFT f or ng

sin

region is I'Q)‘f‘%c‘f\’gg‘ ?o'?WaFoaﬁgnHﬁ&%cﬁrgué”J@Gﬁ%d A% 'ARYIIHESCHER EMerein
15 (FIG 17( -rhahned-TRSI fernvingl aredfonV agad thige pidtfanddleTir %rrﬁﬂ'ﬁ@' ! ' c
| ayer is deposited.on the r surface of the first insulatin

in the p-chafrREIQTHET & ,ppﬁ)gspﬁ%%ng’ﬂm i gader &p BddesBoN s Zf(%med by
patterning ofig(g amd #1G.c1y@)gr. 20 Subsequently, using a resist 56 as a
mask, boron ions are injected as inpurities into the p-channel-TFT form ng

region, ¥d a p+ r@g‘i% Nextiaces Heg e resistH3 asm mask, Pheephores

n- channel - TFToﬁgranenmJé@ﬁécpmﬁostrc@hetﬁanWetJTFa ffdrrrﬁhgrrﬁ‘ég%n' tiRE n4S0
t hat the boron ions areepot to be inj ecte her ei n

after the gat'€9&pRc3?dadXH¢ qrbrané’@rFrP t‘mae P@J\éfﬁhﬁ%@lﬁw - &P Yegi on,
phosphorus i Qﬂ‘éré’b\?é‘r %élﬁ@’ tf@'ﬂé@i@l s | etile 3-@hiaRin@f tieer 'fBFr?nﬁé:erelglon s o0

n- channel - TFT f orm%g usi ng a resist 58 as a mask
I

n- region 59.Prefect hlaéoH"@ |FPth$/ﬂ’1h%'P9LISs ipRs A2k Nafsiniactied thesginion
nmasked wigh (BOG h]_e7(qf,)§| st 58 is left as the p- region 52 (FIG 16(d)).

Subsequently, dangling bonds in the channel region of TFT in the
pol ysilicon filmard@enddting MigsTaydiegdnaneénthe ltkee Be first metallic

layer is deposited on the upper surface of the first insulating layer
43 in the p-channel-TFT forming region, and a gate electrode 55 is
formed by patterning of the metallic layer.

20 Subsequently, using a resist 56 as a mask, boron ions are
injected as impurities into the p-channel-TFT forming region, and a
p+ region 57 is formed (FIG. 17(c)). At this time, the
n-channel-TFT forming region is covered with a first metal layer 56
so that the boron ions are not to be injected therein (FIG. 16(c)).

25 Then, after the gate electrode 55 is formed in the
n-channel-TFT forming region, phosphorus ions with a low
concentration are injected into the n-channel-TFT forming region,
using a resist 58 as a mask, in order to an n- region 59. The
polysilicon film which is located just under a portion masked with

30 the resist 58 is left as the p- region 52 (FIG. 16(d)).

Subsequently, dangling bonds in the channel region of TFT
in the polysilicon film are ended by the hydrogenation in the CVD
device to control the leak current of the TFT.

Then, a second insulating layer 60 is formed in the same

35 CVD device on the upper surface of the first insulating layer 43
comprising SiOx. Subsequently, contact holes are formed in an



device to control the leak current of the TFT. Then, a second insul ating

| ayer 60 is formed in the sane 35 CVD device on the upper surfaca7diCT @85
first insulating | ayer 43 conprising Si Ox. Subsequently, contact holes are
formed in an 2 7 OCT 2006 18 el ectrode fgrmng region of the n channel TFT
and an electrode formng region of the p channel TFT, respectively, and
second netallic layers are deposited in the above contact hol es.

Subsequent | y eledisodectorining aiegien| af édhe ar ehpanedr iEd aondf anmekediredar ce

el ectrode 61 .a dral.n_el gc d _ Flna S|Nf|Im| formed,as a
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conpl et ed (Fheetalb¢e)lageds Flate 1dgppyiteds iesthiebedbabevecontadthehpiegsent
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t he | ow concehfanatdl OFF T agemomplelédt(ﬂHGwIes naald MG GW(@}) is [onger than
that of the p+ regi,on 46 OQ}%CLh n+ regi on 48. Thereby, hot oeI ectric

current is increasé® t4FSG £haveho eql'\?ctmeée&sn\%"r‘@?@ enti @ el and,
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ich the p oel e conversi on devi ces have't

th he
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be conposed (fbrﬁﬁ?ﬁg the piHht@ disdes e $&AED ad ey Qﬁn@sdéﬁlétﬁm%?@tg@
above- descm? 4Tb0dl nment n be obt aj ned gy settin ate length of

the TFTs %e%%?faa Bt Pl BRIy <3 naﬂé'wt@@ trb““bé‘eQ&fgef’f th%ln

those 25 of @)&t@hd‘éﬂﬁOh@EFSlr‘ft@r thlexebwdlcwk@htrmbw 'FQ%Fdrf GHi tordePdtcS he
like). Furthernore | as voIt ge Vngdof t he ot odi ode and the

gate vol tage r@&ﬂizﬁr@asteﬁ‘q §U§§?W§S-I\?1‘ﬁ9t i of faedavs Fﬁﬂéeﬂﬁatdﬁbﬂ’@g'&ﬂ !fhe

fluctuatiign ahet herlquhltelnanrétbm sspe@méemhbh tHdteogahe p& ?éélbwﬂ%' 8r
connected to hhe n+ si de ode. FigQ. Is a view 30 showing |-

property of tth& Bﬁ’of%?j'o(% | n eredys@ BPO%%LQ%BC CUSHENE i$ ﬂner@wedﬁcg 18
express char aeis? theiphawelestrof c¥gpedsipn efficiency and, at the same time,

the signal-to-noise ratio ca be improved.
Here, though the example in which the photoelectric
20 conversion devices have the photo diodes has been explained in
the above embodiment, the devices may be composed of TFT. In
this case, the same advantages as those of the above-described
embodiment can be obtained by setting the gate length of the TFTs
forming the photoelectric conversion device to be longer than those
25 of other TFTs (TFTs for pixel display, driving circuit, and the like).
Furthermore, when the bias voltage Vnp of the photodiode
and the gate voltage Vgp are set to be Vgp=Vnp, it is possible to
decrease the fluctuation of the current. More specifically, the gate
electrode is connected to the n+ side electrode. Fig. 18 is a view
30 showing I-V property of the photodiode in the case of Vgp=Vnp.
Solid lines of Fig. 18 express characteristic curves of Vgp=Vnp.
(Second Embodiment)
A second embodiment is characterized in that a light
shielding layer is arranged so that a light leak current does not flow
35 in the photo diodes for image capturing.
FIG. 19 is a view showing a structural cross section of a



(Second Enbodi nent) A second enbodinment is characterized in that a |ight
shielding layer is arranged so that a light |eak current does not E2I7o0CT 36
in the photo diodes for imge capturing. FIG 19 is a view showi ng a
structural cross section of a 2 7 OCT 20 19 display device according to
t he second enbodi nent of the present invéntion. As shown in the draw ng,
the display device has a configuration in which a back light (B/L) is

arranged undedisplayadeaice aunbstdiaget®theasecend icthbddemiesitads tisy greddnts
i nserted between an 5 ORgOSﬁd substrtﬁlted24, .which is arranged above the
substrate 21'"VaR4OPhe SabsPPE 151 thRndEpviRg, dbe displayamavice phastad

surface of aosfigetrationpaperhichas biatkgegFBRPBYLEid Sirfdr GOl RRONE drhsy
opposed substr%tgr%4. il ht frim tae back H\g@k}t 2 is tadiated on the

obj ect 25 forUPEHathag 'g%l?)QLﬁ lauid sSiviegat gR> ke inseredsheweanean1 and
the opposedoppesedasabsératén@4r avhrdi iomrrhafedl BBBVENG O BtrAe DO

| mage capturin 'ﬁ recei veg ﬁt thE phot o di odés D1 and D2 on the array
substrate 21 tiﬁa%}gb%éﬁ @i ihg. AProRIREE dasdor iearaple, pontpdssniacet y
that operati @fisaf eheelBeP SaAPLEY ifa8 BX A | dijse! ay.
After the captured image dgtg TD; storengn%ngHﬁ eirée%ggéaggéghggnquntlﬁ?G 3,
the data is Q&{{OS@@ 2u %H?E?I:@f-% shown in FIG 1 through a detection
[ine. This |ogic |Cigd FRAAI RS back Bhhe D2 IOPahiataH! G lenkr SFdR e gligP! Y
device in_the present enbodi mnent for 20 conputing processing such as
reorderi hg of & @RURB; Rassigethiicdtolt dihe mrrawt aubstratéie2 br asdnthe
enbodi ment, agjHeld shbeteitagokay I8 ctiBhT { dg_of

t he photo di o(?eljs D1 and D2 tgoz?hatq'haezQ?lﬂSﬁ%lepeggﬁgﬁrré)@nwgoée@w%tﬁ qu\r/v in
the photo di JIRIDEARFEMBG SrefriMedhat shotphaiodésden Rih@rtk Dbomethén t he
array substrgfreagluife8ty Q1 'f_GF‘tirrgéd@Q:lté(g%uW ! tﬂ?th?sc%a%ég%e?%is nQ
Incidentally, in_a di sgl ay device for electrom c ‘equi pnent,” "stch as a

cel lul ar tel Sossidlitydbatioparatians fonemos aapkiingtexerteany pnBuencesi | y
recei vesqgut dgyn dsplaght, a reflecting el ectrode, 30 which reflects the

outdoor daylight, has been installed in order to
After the captured image data is stored in a buffer 13 as

shown in FIG. 3, the data is sent to a logic IC 33 shown in FIG. 1
through a detection line. This logic IC 33 receives a digital signal
output from the display device in the present embodiment for

20 computing processing such as reordering of data and hoise
rejection for the data.

In the present embodiment, a light shielding layer 20 is
arranged on the lower side of the photo diodes D1 and D2 so that a
light leak current does not flow in the photo diodes D1 and D2

25 when the photo diodes D1 and D2 formed in the array substrate 21
receive light directly from the back light 22.

Incidentaily, in a display device for electronic equipment,
such as a cellular telephone, used in an environment in which the
equipment easily receives outdoor daylight, a reflecting electrode,

30 which refiects the outdoor daylight, has been installed in order to
secure good legibility for the display device even under strong
outdoor daylight.

The structural cross section of the display device according
to the present embodiment when the unit is provided with a

35 reflecting electrode is shown in FIG. 20, and FIG. 21 shows the
plan view of the unit.



secure good legibility for the display device even under strong b dRaT 2006
daylight. The structural cross section of the display device accordi ng
t he present enbodi nent when the unit is provided with a 35 reflecting
electrode is shown in FIG 20, and FIG 21 shows the plan view of the
unit. 2 7 OCT 2006 20 As shown in FIG 20 and FIG 21, one end of the
reflecting electrode 26 arranged at a higher position than that of a

t t el ect n. ar r i 0 e . 1 he
ot rode 27 e chSeowi ey RIS AL, Bhe' BpdoRr Bibrthtldtidd’
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changi ng vol tages a ied,to i xel el ectrodes, for eac xel . e ot her
hand,g FIgG Zﬁag§;sr};9 g&ﬂ’?éjggbctthegr%ﬁp% %‘f‘bgtra g éﬁse P'ﬁpt\lﬂ’l'lscﬁatsﬁe ation
beL “?e”tthgf?ﬁi“ﬂg‘?@s%g thehasikayis Prulﬁfr? @Eﬁofﬂltlgaﬂﬁe %ﬂgaau@g déf’e”mzs ged
substrate i,s obtain Jeversin 0 , .an S a
o e ot of il S8y R bl ENELRE8 s mIBErSe: oh el HYiAod 58] | &l s anged
at the sige ghd branfipR@ande sobshe diguidd crMiae 1apeeiisi @rinded taorBaig ure
rati o 20 becones, wors because,tae ref%ecth el ectrode 26 is provided in
the vicinity®f tPRe V@i?ﬁ%‘? 8pPPligd BP xEneaPixglolertiodre GANGRIPESw ofAN FI G

23. The aper tabgrap} ipateériicen Bé disphsid®byt kRENENRG Vitddds apphedTipugh a
TFT (for pixel djispla nd _for a drivijng circuit) and 25 a photodi ode are
formed, usin®%el 9&@?‘&%‘?’:5 fPoeashiriyelin the present enbodi nent, the

crystallinity of aeniHeondHer diahdy FIG. CRPPISI &i B ROL¥stibhaPView of a |
o for mod THESFedBoRv ISy ithE, TR0 bEtNep afér ANSLPR Ofc BESETEDY o TET
to increase amHMNrHeala and that of the opposed substrate 24 is obtained by
reversing that of FIG. 20, and FIG. 23 is a plan view of the case.
In this case, a reflecting electrode 26 is arranged at the side of the
opposed substrate 24. More specifically, the aperture ratio
20 becomes worse because the reflecting electrode 26 is provided in
the vicinity of the center of the pixel as shown in the plan view of
FIG. 23. The aperture ratio of FIG. 21 is better than that of FIG.
23. '

—
o

Though a TFT (for pixel display and for a driving circuit) and

25 a photodiode are formed, using polysilicon processing, in the
present embodiment, the crystallinity of a semiconductor layer
comprising polysilicon is intentionally deteriorated, compared with

a usual TFT when the photodiode is formed. The reason is that,
while it is preferable in the case of a TFT to increase an ON-state

30 current by promoting crystallization of a polysilicon film, a wider
wavelength spectrum can be absorbed when crystallization of a
polysilicon film is not promoted, and the photoelectric conversion
efficiency is improved in the case of a photodiode. That is, the
reason is that the photoelectric conversion can be realized even for

35 light with various kinds of wave lengths when many kinds of energy
gaps exist in a state in which the crystallization is not promoted,



30 current by promoting crystallization of a polysilicon film a w der
wavel ength spectrum can be absorbed when crystallization of a poly®idoTcens
filmis not pronoted, and the photoel ectric conversion efficiency is

i mproved in the case of a photodiode. That is, the reason is that the

phot oel ectric conversion can be realized 2dven for 35 | ight with various
kinds of wave |engths when many kinds of energy gaps exist in a state in

whi ch the cr a r t
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hol e when t hedid ias ele@iraantolie mhemthareasgacnd@mngght tigh largdetesramgped

energy gap E h 24 as an enlarged view, a |ight
5 shi el di ng ngﬁbggaﬁe%@?ﬁngwr%tﬁﬁg filmis arranged under the

phot o di odes D1 andMOreQvern ras §hes\e‘ntmelﬁlﬁmdi2#ea|$ arherndarged|view,id l|lgm0m3$
o oo 5 el Iag R 20 R e L BoeanhER ke
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Here, t héObadarmraymasrblhlomst gilimanghrbaght mhean@htwtsméld.hbum@t i v@lﬁeh he
Fabricat i ng tEVSNERS B G, b Gatiions 1536 beniinfa theanaranons p
channel TFT, siticeh fine ihdheecegionshim wdiishlthe pleviceibded T YHdd ¢ are
b and Do 1 1O EEn et ek even o Rt Rt diecheiatpanama @k auRgy
formed. FIG @& csysatavllrm\y s anvisegnisbepisi dtor |14yadr oﬁ@he Ftﬂwélhﬁdﬂiﬁ%spm 2Re
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after the |ight shildecds ngtHeayleadZ(trystélbmmd rABahbe tﬁb@SE’che amount of
fluctuation of the crystal size becomes large, or the defect density
is high.
Then, steps for fabricating the photo diodes D1 and D2, the
20 n channel TFT, and the p channel TFT, which are formed on the
display device by polysilicon processing, will be sequentially
explained. Here, the above photo diodes D1 and D2, the n
channel TFT, and the p channel TFT are simultaneously formed.
FIG. 25 is a view showing steps for fabricating the photo
25 diodes D1 and D2.

In the first place, a undercoat layer 51 having SiNx, SiOx,
and the like are formed on the glass substrate 21 by the CVD
method after the light shielding layer 20 is formed on the glass
substrate 21. Then, an amorphous silicon film is formed on the

30 undercoat layer 51 by the PECVD method, the sputtering method,
and the like. Subsequently, a laser beam is radiated on the
amorphous silicon film for crystallization to form a polysilicon film
52. At this time, as there is provided the light shielding layer 20
as described above, the laser energy escapes to the light shielding

35 layer 20 even without preparing conditions of laser radiation
separately for the TFT section and the photo diode section, and it



substrate 21. Then, an anorphous silicon filmis forned on the 302qnggf%ﬂ%t
| ayer 51 by the PECVD nethod, the sputtering nethod, and the I|ike.
Subsequently, a | aser beamis radiated on the anorphous silicon filmfor
crystallization to forma polysilicon film 52. At this tinme, as there is
provi ded the light shielding | ayer 20 ag2descri bed above, the |aser ener gy
escapes to the light shielding 35 | ayer 20 even w t hout preparing

condi {1 ons_ olbdcasss ' agbt | AFHLES! Shindde Ui TER SR A7 fephot o

di ode section, and it 2.7 0OC T 2006 econes nor e
the crystal | i@APIRACYE Sileon Sty phous silicon film Then, after patterning

of the polysiliconTy | NS @t Lng b ay 43 .havi a IO film
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using the PEOVBIRETHbdaYeRe4BCRagUIg nat hidx S tibefdrinked bbr ¢hweuppeer on

. N | o S eted into t I ' .
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(FIG 25(a)) Methalibileg=ERtGYDpmetbiodr, Lend dhe lke. | Maebeeri oo igagt of
th lysili fil ' , st E d.the like k, and th
e bgi o ag e a1 ESRPENt AR A S8 intered s P o Gy Pt TRBIGE Tt o b
part of the pehighi theemotpl diodenD1t Aed B2rag forméd] snd ereed (ddien 25(c)).

15 Then, the;fi [ er is deposited on the upper surface of the
first insulaﬁ%ggﬁ?gﬁﬁgﬁg%,ﬁgh%%a first gate electrode 44 is fornmed by
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49. Subsequerthiey N+t egpon r4giisnfa@ned HHiG.o@S(bYEd. THRE, bbRSH ions are
of “hydrogen. THERE, B8 AL ST oM BOBR fifh cant ERRGYT TeMOMCD 4 Che.
channel regidnrm&xWFHHEOQBédDof a polysilicon 25 filmare ended by the
2 expostl Lo the Al R UEF Sallenfe aly dsosiepasitathian r Ui capBsT ¢ he
gate el ectrodeirfiice afidhenfilisteosbiating layer 43, and a first gate electrode 44
is formed by patterning of the metallic layer. Then, phosphorus
ions with a low concentration are injected into a polysilicon film
which is a part of the n channel TFT, using a resist as a mask, in
20 order to form an n- region 49.
Subsequently, the p- region 52 is hydrogenated. Here, the
hydrogenation means a step at which the substrate is exposed in
the plasma of hydrogen. This step is done, using a CVD device.
Dangling bonds in the channel region of TFT formed of a polysilicon
25 film are ended by the hydrogenation to control the leak current of
the TFT. When the substrate is exposed to the plasma of hydrogen,
the hydrogen is interrupted by the gate electrode 44, and indirectly
gets into the polysilicon film from a portion in which the gate
electrode 44 does not exists.
30 Then, a second insulating layer 45 is formed on the first
insulating layer 43. Subsequently, in order to form electrodes for
the photo diodes D1 and D2, contact holes are formed, the p+
region 46 and the n+ region 48 are exposed, a second metallic
layer is deposited on the exposed region, and the layer is patterned
35 into a predetermined shape to form the anode electrode 50 and the
cathode electrode 52 (FIG. 25(e)).



gets into the polysilicon filmfroma portion in which the gate m?fg’ﬁqrro&gs
44 does not exists. 30 Then, a second insulating |ayer 45 is forngd t
first insulating |layer 43. Subsequently, in order to formelectrodes for
t he photo diodes D1 and D2, contact hol ﬁé are formed, the p+ region 46 and
the n+ region 48 are exposed, a second Pallic | ayer is deposited on the
exposed region, and the layer is patterned 35 into a predeterm ned shape to

;(;BQT'LZBSGan(Z)geTﬁI eft'hm(;leﬁ§0tlaegblableh|igh;hgde i€l gatan 3?nd§r|hcﬁhe25{r¢é\)-

s, as.,the 1 ght i,s arranged under the arra
substrate Zl?ugﬁgyattﬁeillif g@f?ggﬁlee|"@?}§gSﬁ®€kngzdaV§9£rQ dhg@idapgechen Xbﬁer
side of the phaee sidedsrstHal padoBodestihe anHaAY2SHPEE atfay? Sublsbrataer 1
present enbodi nent, there is n Ossiiglglglt'y that light directly 5 fromthe
back Iight 230 SEfesprie;ﬁe@tt%@ pbeTdl dderers AR PASEIbIERY thakdiahtghirecduk
current can bereottié Bd@dlight My epmerintastide HdssHddN DY afld DE an

sem conductorgleaﬁ/&rte whi ch’is forned of grol ysil1con and constitutés the

phot odi odes { lRgloRUreNtaeae bieor@nt®)ed . wi der wavel engt h spect rum can
be 10 absorbed, angdhme ot el rd I [ f gl

i nproved. Though an exanple in ﬁmﬁgdhr?tsﬁglll‘gﬁfgfO@F;itﬁgeg%@'&g}égﬂggoPﬁlg\yierr]g t he
p+ regi on 46Whikd (5 fpegiesh ofopokvsdiGen rasyd orpnditaias thee photodipdes 48 ar e
formed in the,alay CHl di i j - expl aj ged, a
configurati on in \Aﬁgwaﬁﬁ%ﬂ?éd?%ﬁ%ﬁu%ﬁ%ﬁﬁgﬂ?e Ie()ﬁ‘?@ﬁw aﬁ%t%g n-
regi on 490i s absorpa@drapnhethpppPhedoeiastriex amiversueneffigaocy diasdebaas
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diode without the p- region 52 and the n- region 49 is formed may
be applied. For example, when a photo diode has the p+ region
46, the p- region 52, and the n+ region 48, the depletion layer 53
is extended into the p- region 52 by a configuration in which the p-

20 region 52 is longer than other regions 46 and 45. Accordingly, the
photoelectric conversion efficiency can be raised, and, at the same
time, the signal-to-noise ratio can be also i'mproved.

Here, though the example in which the photoelectric
conversion devices have the photo diodes has been explained in

25 the above embodiment, the elements may comprise TFT. In this
case, the same advantages as those of the above-described
embodiment can be obtained by a configuration in which the gate
length of the TFT forming the photoelectric conversion device is
longer than those of other TFTs (TFTs for pixel display, driving

30 circuit, and the like).

(Third Embodiment)

A third embodiment has a configuration having the smaller
area of a light shielding layer which shields direct ray of light from
a back light.

35 FIG. 26 is a cross sectional view of a display device
according to the third embodiment of the present invention.
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pixel display, a thm f|Im transistor 106 of a p channel (p-ch) type

for pixel display, and a photoelectric conversion device (light
sensor) 7 for image capturing are formed on the undercoat layer
104 in a matrix state.

20 Each of these thin film transistors 105 and 106 has an active
layer (semiconductor layer) of a p- region 111 formed on the
undercoat layer 104. The active layer 111 comprises a
polycrystalline semiconductor (polysilicon). The polysilicon in the
active layer 111 is formed by crystallization through laser

25 annealing of amorphous silicon.

| A channel region 112 is formed in the center of the active
layer 111. On both sides of the channel region 112, a source
region 113 and a drain region 114, which comprise an n+ region,
or a p+ region, are arranged, opposing to each other. Lightly

30 doped drain (LDD) regions of an n- region 115 and 116 are formed
-between the channel region 112 in the thin film transistor 105 of
an n channel type and the source region 113, and between the
region 112 and the drain region 114, respectively.

A gate insulating film 117 (silicon oxide film) with a

35 insulating performance is formed on the undercoat layer 104
including the channel region 112, the source region 113, the drain



A channel region 112 is forned in the center of the active |ayer 2i1bcT Qgs
both sides of the channel region 112, a source region 113 and a drain
region 114, which conprise an n+ region, or a p+ region, are arranged,
opposing to each other. Lightly 30 doped drain (LDD) regions of an n-
region 115 and 116 are formed between t#2 channel region 112 in the thin
filmtransistor 105 of an n channel type and the source region 113, and

between the ré@@iro01412mNnehé MO PR’ 50811 gr eSPECtively. A gate
insulating filTm 117 (Silicon oxide fil nf wi_tﬂ a 85 i nsul ating performance
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112. On the Zlmkﬂ 1 ghty sensor 107 of a PINtype is forned on the
under coat Iag'tégech? a rgall(le)'l(]:gﬂtqlzdn adj acent to that of 10 the thin film

t ransi st or h106. ThON ithlet osbrsohamndy7 aslifbt nexhdor 10y Sc&‘rﬁadrmmﬁtypeursj gg
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be ln the 11 Ikl OF R dnlbkMar PRl 85 03 1985nPRsaeR o g °
subst r at 8 108he Tieén Ifilghttrarsistor 10B.i sThedigd sénsovolpioissfaicheddn, thend i s
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phot oel ectri € conversi oh sect
formed in therskife, andps arsangedetobetimettoe filavavithyre fHih fimttrensistom fil m

o L 0 br M DTSR dEs Lo esat, L aver 108 The
section 122 and a Jbeolight isgimsor eb@7 visnfgraesd iofrartFphowsi sificbas amdis
cection D PREvIdes it 1§ L6t reRBhG, SettioBnd Tcet Hihgl Javel ot 2122
and the secomdhdtbghactriece w ergicrectectionl 23T Havight redtep@nef séction 121 is
formed in the same steps as those of the active layer 111 in the -
thin film transistor 105 or 106, and is laminated on the undercoat
layer 104. The light receiving section 121 is provided with a first
20  light receiving section 122 and a second light receiving section 123,
which has a p- region.
FIG. 27 is a top view of the vicinity of the light receiving
section 121. As shown in FIG. 27, the first light receiving section
122 and the second light receiving section 123 have a shape of a
25 slender and rectangular plate with a substantially similar area to
each other, and sides of the both sections, which are opposing to
each other in the breadth direction, are electrically connected with
each other.
An n+ region 124 which comprises polysilicon, and acts as
30 an n type electrode region is provided at the other side of the
second light receiving section 123 across the first light receiving
section 122. The n+ region 124 is provided with a connecting
piece 124a with a shape of a slender and rectangular plate having
a substantially similar longitudinal dimension to that of the first
35 light receiving section 122. The longitudinal direction of the
connecting piece 124a is substantially parallel to that of the first
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an p type electrode region is provided at the other side of the firs
| i ght recei vpiegesadibons 12Dvidedssedheats @wnENd giit theceonieefin@chicss 123.

The p+ regqi ngiéﬁpiﬁqeo[&Ydiﬂﬁg'&n%td?r@ctW.”e‘:ti ng piece 125a wth a shape of
rec p

a slender an angular ate having a substantially simlar
| ongi t udi nal di menshgnt+tregioatl 25 whishsisckormned afi poly sHises, \and asks @ison

subst ant 1 1 91 gAY PEs REEHS PRafdn J ProfiiP el Bk BIACE MO8 the first 15,
and one of elighseeteivngg gfedtion 12@naemdasntheisecendlight reeeiying sggtiAN
direction isqghectfe | ¥egion 125 is provided with a connecting piece 125a
with a shape of a slender and rectangular plate having a
substantially similar longitudinal dimension to that of the second
20 light receiving section 123. The longitudinal direction of the
connecting piece 125a is substantially parallel to that of the second
light receiving section 123, and one of end sections of the
connecting piece 125a in the breadth direction is electrically
connected with that of the second light receiving section 123 in the
25 breadth direction for electrical connection.

A conducting piece 125b with a shape of a slender and
rectangular plate, which is extended along the breadth direction of
the connecting piece 125a, is provided at the other end section of
the connecting piece 125a in the breadth direction. The

30 conducting piece 125b is protruded along the breadth direction of
the connecting piece 125a from the other end section of the
connecting piece 125a in the breadth direction. The conducting
piece 125b is provided at the other end section of the connecting
piece 125a in the longitudinal direction.

35 Here, the n+ region 124 and the p+ region 125 are used as
a pair of electrode sections for the light sensor 107. Each of the



connected with that of the second |ight receiving section 123 in the
breadth direction for electrical connection. A conducting piece 12@N\HQHﬂ%§
shape of a slender and rectangular plate, which is extended al ong the
breadth direction of the connecting pi 125a, is provided at the other
end section of the connecting piece 125a in the breadth direction. The 30
conducting piece 125b is protruded along the breadth direction of the
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filmtransi sjigs ot0boe! th%gat@ee@@t@d% e526 %‘Pn’ilé’cﬁ ihotekdriet N/ esane
| ayer is 10 forrre on the gate insulatin m 117 opposing to the second
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direction Supééegomgal Lyctganal 280 thrﬁte cg‘atteh%lé@&eae hixghtha£csi BHawdth
section 123, an rises first netal the gate electrode 126 is

provi ded aboderetcﬁ@rsé@&as&antlaHv egdal \tpnaﬂ%éﬂmﬁ §23§OI‘51 {ighdueravid dGat e

insulating fip 18%7123”%nQP&6ﬁﬁ3rH& ﬁ?@pﬁs’eﬂamhtrhawgetmé HYhteeslelcpbde23. An
interlayer insulating fi (silicon oxide film of a “second |nsul ating
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137 penetrat Tﬁ@e't\/h'?‘@%t'@éb 8t the interlayer insulating film 131 and t he
gate insulating filam fhtedager insulating film 131 (silicon oxide film) of a

second insulating layer is formed on the gate insulating film 117
including the gate electrode 126, and the gate electrode 118 of the

20 thin film transistor 105 or 106. And, a plurality of contact holes
132, 133, 134, 135, 136, and 137 penetrating through each of the
interlayer insulating film 131 and the gate insulating film 117 are
provided in the interlayer insulating film 131 and the gate
insulating film 117, respectively.

25 The contact holes 132 and 133 are provided on the source
region 113 and the drain region 114 arranged on both side of the
gate electrode 118 in the n channel type thin film transistor 105,
respectively. The contact hole 132 is open and connected with the
source region 113 of the n channel type thin film transistor 105.

30 The contact hole 133 is open and connected with the drain region
114 of the n channel type thin film transistor 105.

The contact holes 134 and 135 are provided on the source
region 113 and the drain region 114 arranged on both side of the
gate electrode 118 in the p channel type thin film transistor 106,

35 respectively. And, the contact hole 134 is open and connected
with the source region 113 of the p channel type thin film transistor



provided in the interlayer insulating film131 and the gate i nsual7atGcngggg
film117, respectively. 25 The contact holes 132 and 133 are provi ded on
the source region 113 and the drain region 114 arranged on both side of
the gate electrode 118 in the n channel_type thin filmtransistor 105,
respectively. The contact hole 132 is oég% and connected with the source
region 113 of the n channel type thin filmtransistor 105. 30 The cont act

hol e 133 i's (6N aRE EBRBAG A8 135 liBeo BEAl dnd S ilectblf vt he Brgiannel
type thin filmtransistor 105. The contact holes 134 and 135 are provided
on the sourc@gieagi bh of theapd-haeneiryine tleigi Glimtranaistandd®.on both side of
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drai n regi onsource electrodes 141 are formed of a second metal, and are
electrically connected for conduction to the source regions 113 in
the thin film transistors 105 and 106 through the contact holes 132
and 134.
20 Drain electrodes 142 which are a signal line are provided in
the contact holes 133 and 135 connected with the drain regions
114 of the thin film transistors 105 and 106, respectively. These
source electrodes 142 are formed of a second metal, and are
electrically connected for conduction to the drain regions 114 in the
25 thin film transistors 105 and 106 through the contact holes 133
and 135.
An n type electrodes 143 which has the second metal are
laminated, and are provided in the contact hole 136 in connected
with the n+ region 124 in the light sensor 107. The n type
30 electrode 143 is electrically connected for conduction to the
conducting piece 124b in the n+ region 124, and has a function as
a cathode of the light sensor 107. As shown in FIG. 27, the n type
electrode 143 is protruded on the interlayer insulating film 131
toward the side of the tip of the conducting piece 124b in the n+
35 region 124 in the longitudinal direction.
A p type electrode 144 formed of the second metal is
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145 with a shape o er an ctangul ar
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shi el di ng | aygrinkds rQH8 S|ng to the 15 first light receiving
section 122, ¥ﬁth%h PbPSéﬂt g% gd only for the first light receiving

section only 122. THe Illlg@’it Sbtﬁlélrtﬂ hay emyledS lg5arianged, eappdsaigprg the

| ongi t udi pal I d the
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layer 145 is i @xtehfiad @dhgOlthe longitudinal direction of the first light

receiving section 122, and the longitudinal dimension of the layer

145 is longer than that of the first light receiving section 122. The
20 Dbreadth dimension of the lightproof layer 145 is wider than that of

the first light receiving section 122. That is, the light shielding

layer 145 covers in the breadth direction from the n+ region 124 at

the side of the first light receiving section 122 to the second light

receiving section 123 at the side of the first light receiving section
25 122 by centering on the first light receiving section 122.

In other words, the light shielding layer 145 covers
approximately one third at back-end side of the conducting piece
124b in the n+ region 124 in the longitudinal direction, the
connecting piece 124a in the n+ region 124, the first light receiving

30 section 122, and approximately one half of one side of the second
light receiving section in the breadth direction. That is, the light
shielding layer 145 exposes at least a part of the second light
receiving section 123 and that of the p+ region 125.

The longitudinal dimension of the light shielding layer 145 is

35 longer than that of the gate electrode 126 in the light sensor 107.
Moreover, the light shielding layer 145 is located so that the center



the first light receiving section 122. That is, the |ight shleldlgg 2y§lp
145 covers in the breadth direction fromthe n+ region 124 at &i0§ 6
the first light receiving section 122 to the second |ight receiving
section 123 at the side of the first receiving section 25 122 by
centering on the first |ight rece|V|ng t|on 122. In other words, the

| i ght shielding |ayer 145 covers apprOX|nater one third at back-end side

of the conduygt | \ace 2 ' R irRal
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section 122, ligmdredevaeg eedtioingh®23. recei vi ng section 123. Thergby t he
I ot el 00 | sy KISl SR URg, el et 220 Babe BpaRBLASD of
pi ece 134a irediba 124 aeugil tnatl 24, thdesddorst lighghtedetemgvisegtisaciRgn b9/22
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the opposed Suptearar bilsis PEBERY arcVBNOE Bt TR dhn g EhdigHt ot
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L0 1S g anaed oy R R IR b L RS RSB gt hata e o e
respecti vel ythdthahei secdie Ilgrmireséwamilseg:tlc&yelrzﬂﬂdi toessinet ofc oMer p+
appr oxi mat el y, oae, habls ofyheysecond gt recaiving sgeld oy 138, fhrd,
respectively. That is, the light shielding layer 145 does not cover
approximately one half of the second light receiving section 123 at
20 the other side in the breadth direction and the p+ region 125. The
light shielding layer 145 expose upward approximately one half of
the second light receiving section 123 at the other side in the
breadth direction and the p+ region 125, respectively.
Furthermore, the light shielding layer 145 is formed of the
25 second metal which is also used for the n type electrode 143 and
the p type electrode 144. That is, the light shielding layer 145 is
formed in the same steps as those of the n type electrode 143 and
the p type electrode 144. Accordingly, the light shielding layer 145
is formed on the interlayer insulating film 131 which is the same
30 layer as each of the n type electrode 143 and the p type electrode
144, |
On the other hand, a passivation film 146 made of a silicon
nitride film is formed on the interfayer insulating film 131 including
the source electrodes 141 and the drain electrodes 142 of the thin
35 film transistors 105 and 106, the n type electrode 143 and the p
type electrode 144 of the light sensor 107, and the light shielding



20 the other side in the breadth direction and the p+ regi on 125. zﬁh%CT 2006
l'ight shielding Iayer 145 expose upward approxi mately one half of

second |light receiving section 123 at the other side in the breadth
direction and the p+ region 125, respectively. Furthernore, the |ight
shielding layer 145 is formed of the 253%econd metal which is also used
for the n type electrode 143 and .the p type electrode 144. That is, the
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146 i ncl udi ng I.%a%ﬁlyaﬁogef@g‘t\ rlo rlcjgd'%tgﬁeo'ﬁ?ﬁ@ec%@ﬁ)g 1A% opposed
substrate 151 wit h(}an$hep@the15hahdatheccb[@{li@styé@rsulﬂs@ﬁaie Y\Blc\blthsa@% ng to
t he arrai%subit rate 102 bstrate, is dispagsed.
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substrate 151 is provided with a glass substrate 152 with a shape
of a substantially transparent and rectangular plate. An opposed
electrode 153 is provided as a common electrode on one principal

20 plane at the side opposing to the array substrate 102 on the glass
substrate 152. An alignment film 154 is formed on the opposed
electrode 153. A liquid crystal 155 is inserted under sealing
between the alignment film 154 on the opposed substrate 151 and
the alignment film 149 on the array substrate 102.

25 A not-shown back light is disposed as a back light source,
opposing to the side at which the opposed substrate 151 is
disposed opposing to the array substrate 102. The array substrate
102 is exposed to plane-like light with the back light, and an image
displayed on the array substrate 102 becomes visible by control of

30 the pixel electrode 148 through the thin film transistors 105 and
106 on the array substrate 102.

FIG. 29 through FIG. 37 are views showing steps for
manufacturing a liquid crystal display device according to the third
embodiment. Hereinafter, a method of manufacturing the liquid

35 crystal display device according to the present embodiment will be
explained, referring to the drawings. In the first place, the



el ectrode 153 is provided as a conmon el ectrode on one principal ,20,pk &
at the side opposing to the array substrate 102 on the glass substrate
152. An alignnent film154 is forned on the opposed electrode 153. A
liquid crystal 155 is inserted under sealing between the alignment film
154 on the opposed substrate 151 and th§2alignnent film2149 on the array
substrate 102. 25 A not-shown back light is disposed as a back |ight

source, oppesidwrdoatt /e degat heifid hes o d r NRS
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the array sublsisatsy b, kS . 30t he pixel

el ectrode 148 tgr]o Q%Q?Begfﬁrﬁgq/rﬁ Pi%n@%s?gpié%%@mg tOlBGDI@ﬁn?"ﬁg\Q?ray
substrate 1030N€ I@Jr 98 SwidR GG 287 are views showi ng steps for

manuf act ugi ng a | i qujeh crayst | lcecsaccording.to the third
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under coat Iafgp%l 45€t\é%ﬁn“§r%insiltﬂ8 Q%sgl(sl %@éﬁpﬂr‘?‘?gr?‘gé PFEMYIBONG , then PESMRIe
silicon fil m&ttny, onkbetsnuttekag metboded on the gl ass substrate 103 as

5o St P RSSER) 28, SRR Rl 12yl il
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silicon fil mCcrpatailized tasehtaindi polysilisoefilas1sown in FIG 29 for |aser
B0l yoi | gon 111 m 100tk e PSR A0S tenmadd Tiothmas isteodaike. |
i sl and- | i ke Pgitewst hyhgriieichinghang diy atdningesaty B sHEPnas FRY8oi n FI G
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of an islandexerted ionttheorwhols syrédess ofnthe patterned polysilicon films
162 with a shape of an island as a first ion doping'step, and,
assuming the island-like polysilicon film 162 as the p- region, a
light receiving section 121 of the light sensor 107, and channel
20  regions 112 of the thin film transistors 105 and 106 are formed.
Subsequently, the gate insulating film 117 comprising an
oxide silicon film (SiOx) is formed on the undercoat layer 104
including the island-like polysilicon films 162 according to the
PECVD method, the ECRCVD method, and the like as a step for
25 forming a gate insulating film as shown in FIG. 31.
Thereafter, resists 163 are formed on the polysilicon films
162 which will become the light receiving section 121 and the p+
region 125 of the light sensor 107, on the polysilicon films 162
which will become the active layer 111 of the p channel type thin
30 film transistor 106, on the polysilicon films 162 which will become
the channel region 112 and the LDD regions 115 and 116 of the n
channel type thin film transistor 105 as a first step for forming a
resist as shown in FIG. 32.
. Under the above circumstances, ion doping of the polysilicon
35 films 162 which will become the n+ regions 124 of the light sensor
107, and the polysilicon films 162 which will become the source



assum ng the island-like polysilicon film162 as the p- region, a lig
receiving section 121 of the light sensor 107, and channel 20 regi ché 013122005
of the thin filmtransistors 105 and 106 are fornmed. Subsequently, the
gate insulating film 117 conprising an §X|de silicon film(SiOx) is forned
on the undercoat |layer 104 including th 3i sl and-1i ke polysilicon filnms 162
according to the PECVD nethod, the ECRCVD nethod, and the |like as a step

for 25 fornmragich gaﬁBeahGSEH@U'rﬁEw Fér%]lf@rﬁi 151h8{""f'hérh Eh@nn:% tw;b_ F{rﬁﬁfmﬁf,
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of the n gch h il 5 .as e or rm ng
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t he pol ysili ¢ensighort iLDEsam_eaﬁommedrasNtme rb’edayrerthe n+ regions 124 of the
i ght sensor 107, ysi n |ch t he
source 270CT2006 35?% 41%&% A gfhew“%ﬁ’r‘ﬁ?egl 05 17 5b51ft5 he 8r chdhnel
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(P) as a , | S and,
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113 and 1Be d;ttaprfon'e‘@rcmnglti'le)fflrshenataihasnshlov\trypﬂ RIG.n3Bi torfotmamdirst or

105 are for layer. Subsequently, after renoving the resists
163, a nol ;/n?ﬂgﬁiw‘%pg ?glll??ﬁy(l\/b Ta) alloy and a nol ybdenumtungsten (M-W
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patterni ng streptaldicdbygen mem BbG fiBdt patterning step as shown in FIG. 34.
Under the above circumstances, ion doping of the polysilicon

films 162 which will become the p+ region 125 of the light sensor

107, and the polysilicon films 162 which will become the source

20 region 113 and the drain region 114 of the p channel type thin film
transistor 106 is performed with high density phosphorus (P) as a
third ion doping step, using the patterned first metallic layer 164 as
a mask, and, then, the p+ regions 125 of the light sensors 107 is
formed as the n+ layer.

25 At this time, the patterned first metallic layer 164 becomes
the gate electrode 118 in the p channel type thin film transistor
106.

Moreover, a portion in which the n+ region 124 and the first
light receiving section 122 of the light sensor 107 will be formed,

30 and a portion in which the source region 113, the drain region 114,
and the LDD regions 115 and 116 of the n channel type thin film
transistor 105 will be formed are opened by further patterning of
the first metallic layer 164 as a second patterning step as shown in
FIG. 35.

35 Thereafter, as a second step for forming a resist, a resist
mask 165 is formed on the gate insulating film 117 including the



Under the above circunstances, ion doping of the polysilicon fil ”BZ%QJ%T 2006
which wll becone the p+ region 125 of the light sensor 107, and the
polysilicon filnms 162 which will beconme the source 20 region 113 and the
drain region 114 of the p channel type thin filmtransistor 106 is
performed with high density phosphorus (¥ as a third ion doping step,
using the patterned first netallic |layer 164 as a mask, and, then, the p+
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118 in the pthenligheisenges 1B7 nand tha resist shask 16%.coMarsdherpolysiiioni on in
"Taht sensor 0% 7 WA RGN DEOMIS e h " kbR 1A T oo
region 113, sédian diZil ragildielp4, regidnt ba5Ldibthedigbhsehtorar@7. 116 of the n
e e e e VR S TR A
shown in Fl&hids willsb&hereafthersowaxearsgioond 18t apdf tie Geam lﬁe?'ﬁ)r_f qgi4st, a
28 2ome o B o TR, b MP R R R Pob L e ohipaTuRn " 2
el ectrode 12@ilbfbedomael tiyhtsoseneoregion, 1a8¢ theedr#isi SégidRS K 1465 6OUMEs t he
ecoiving seoPl BRdiBhe" TaRiathd 10 olie i Soahaer Byl thiR e heandlator. s
Under tHe abbd086 ¢ rperfetrarertswithotoworiaisinf phessliorrs adhiLifowrth fpecome
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113, the draresisegnask 1185 @nd hiesk, LAR) epeanthélSoand #Eiow 148e the
phosphor U’ o8N GERLEN | bR Rfntfie: B UBAGNE nbl Bapfer Hddd 1o Shenthal I ¢
| ayer 164 andhahrel tygse thimfdin §6msistor T@5Skandtle dheee AU T@ngegi on
channel petthidie FroldiasPias g Shantins tkearBun gt dranaisteadss ¢ he
drai n regi onadd fonheidhaes ghehantwlerd ype thin filmtransi stor 106
At this time, the patterned first metallic layer 164 becomes
the gate electrodes 118 and 126 in the n channel type thin. film
transistors 105 and 106. Moreover, the light receiving section 121
20 of the light sensor 107 becomes a region of the p- region into
which impurities with a low concentration are injected becomes of a
PIN type.
Subsequently, in order to activate impurities which have
been doped in the first through fourth ion doping steps, the light
25 receiving section 121, the n+ region 124, and the p+ region 125 of
the light sensor 107, the source region 113 and the drain region
114 of the p channel thin film transistor 106, and thin film
transistor 105 of n channel type the source region 113, the drain
region 114, and the LDD regions 115 and 116 of the n channel thin
30 film transistor 105 are annealed at a temperature of approximately
500 degrees centigrade as a thermal activation step.
Thereafter, the glass substrate 103 comprising the light
receiving sections 121, the n+ region 124, and the p+ region 125
of the light sensors 107, and the activation layer 111 of the thin
35 film transistor 105 or 106 are inserted into a not-shown plasma
CVD device, and the glass substrate 103 is exposed to the plasma



are formed as the n- layer. At this tinme, the patterned first net?}i 2006
| ayer 164 becones the gate electrodes 118 and 126 in the n channel 4@6e
“thin. film transistors 105 and 106. Mreover, the |ight receiving section
121 20 of the light sensor 107 becones a_region of the p- region into
which inpurities with a | ow concentrati ot are I nj ected becones of a PIN
type. Subsequently, in order to activate inpurities which have been doped

in the fi rsto{: ﬁggyg@eh%rtﬂyd%éﬂ%q 9 as%gqﬁ/d,{o?%nlfi%g;}t]stﬁér ecei ving
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section 121, n+-regi on 124" and the p+ regi . | i ght sensor
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ensors 107, ' ' I thin 35 filmtransistor
Semsors 307, S8 i MBIV ME g flof 281000 35 FLIm tanet <

105 or 106 are ins CVD devi ce, and the gl ass
substrate 103 is eXpeseds shohe pl &3Ga 27 the Ataxddtole35132, 3R, o, f or

(yorogenat | o838 36 0BSRR ARG 6P ndFREARLEL ndahPRL AAIE A7y O
film arid t hehelnkeregiendégdsanddthen p-heregaor 125uwfathedight sedddr ivFA udi ng
ransistors 268 5 So8"R MU 13" Iid HS R GiBng HRAeE g o
form the intehbayel typeulthiri fign itramditor T, aras thkonnchanfelGthay filtre
Chutating | HANASOT B8 FEekfESRd T ogi on 124 and the pr region 125 of the
| i ght sensor 107 affdhetr!aeflsa_muaceecrmg@i ametallk byert hé6disadeposgiednsnlie of
R g T R A T P e
deposi ted oncbheact holes 132, 133, 134, 135, 136, and 137 as a step for
forming the second metallic layer.
Subsequently, the n type electrode 143, the p type electrode
144, and the light shielding layer 145 of the light sensor 107, the
20 source electrode 141 and the drain electrode 142 of the p channel
type thin film transistor 106, and the source electrode 141 and the
drain electrode 142 of the n channel type thin film transistor 105
are formed by patterning of the second metallic layer 166.
Then, as a step for forming a passivation film, a passivation
25 film 146 which is a silicon nitride (SiN) film is formed on the
interlayer insulating film 131 including the n type electrodes 143,
the p type electrodes 144, the light shielding layers 145 of the light
sensors 107, the source electrode 141 and the drain electrode 142
of the p channel thin film transistor 106, and the source electrode
30 141 and the drain electrode 142 . of the n channel thin film
transistor 105 to complete the thin film transistors 105 and 106,
and the light sensor 107.
Thereafter, as shown in FIG. 26, the contact hole 147 is
formed in the passivation film 146, and the drain electrode 142 of
35 the n channel type thin film transistor 105 is exposed.
Under the above circumstances, after the pixel electrode



15 whol e surface of the interlayer insulating film 131 including L?g 0CT 2006
contact holes 132, 133, 134, 135, 136, and 137 as a step for for g Q%e
second netallic |ayer. Subsequently, the n type electrode 143, the p type
el ectrode 144, and the light shielding |layer 145 of the light sensor 107,
the 20 source electrode 141 and the drad® el ectrode 142 of the p channel
type thin filmtransistor 106, and the source el ectrode 141 and the drain

el ectrode 142 4@f ; b £ Emat Si; ry: 105 re f d by
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el ectrode 14 to'conﬁ]lﬁ(jtf he array substrate 102. 5 Subsequently, after
t he side of Qé5F8 ft€49 1 m 149 of the array substrate 102 and the side

of the alignment fiTlheréaftesf at backdppes ed instealedabe thel ofher isidd alrl @b
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of the opposedystdisdisplay devicelider insertion and sealing, and the liquid
crystal display device ,101 is, conpleted. Thereafter, a back light is
i nst al | egé at the oﬁJ 4} de? of R 'Oé}rgﬁ‘y?ﬁbsiggt e WhishacggeeretRs ophosed

substrate 15photoehectricquugrent in the light sensor 107 is extended from the
interface between the light receiving section 121 and the n+ region
124 to the light receiving section 121 and the n+ region 124 as
described above, the layer 168 is extended longer to the side of the
20 light receiving section 121 with a low concentration of impurities,
and is not extended so much to the side of the n+ region 124 with
a high concentration of impurities.

Moreover, when a voltage (Vgp) applied between the p+
region 125 and the gate electrode 126 is 0V, the depletion layer
25 168 is extended not only to the first light receiving section 122, but
also to the intermediate section of the second light receiving
section 123 in the direction toward the side of the light receiving
section 121 as shown in FIG. 38. 1In this case, light is shielded
with the gate electrode 126 with regard to the side of the light
30 receiving section 121 in the depletion layer 168, and light is
shielded with the light shielding 'Iayer 145 with regard to the side of

the n+ region 124 of the depletion layer 168.
On the other hand, a voltage at the second light receiving
section 123 is equivalent (p+ like) to the p type electrode 144 and
35 the depletion layer 168 in the light receiving section 121 is only the
first light receiving section 122 as shown in FIG. 39 when a voitage



crystal display device 101. 15 Though a depletion |layer 168 which generates
a photoelectric current in the light sensor 107 is extended from £Re0CT 2006
interface between the light receiving section 121 and the n+ region 124 to
the Iight receiving section 121 and the p+ region 124 as described above,
the layer 168 is extended |onger to the 3{de of the 20 light receiving
section 121 with a | ow concentration of inpurities, and is not extended so

much to the h h i
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i ntermedi ate secti 0 ' the second recelrvin section

direction towide of ibesligt seceiNing isge lomea;éilvam@t esidieodl 12 nais repsmth i n
FIG 38. 4¢n y{hips case, light is shielded with the gate electrode 126 with
regard to the S|de of the light 30 receiving section 121 in the depletion
| ayer 168, and |ighs asresstiethie@wirepiamd A5 ¢hinadhiegulired toagevrerl wgtiwi t h
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t he p+_regionnahﬂfatmhﬁmh covering the p+ region 125 with the light
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crystal di sfloagnidgvitoe light smieldinghlay dri MSqalalthEysa)‘neptmp fbendtasen oénd a
the n type electrode 143 and the p type electrode 144, while the
same material is used to manufacture the layer 145, the n type
electrode 143, and the p type electrode 144.

20 FIG. 40 is a view showing a layout of a first example in
which a specific method for forming the light shielding layer 145 is
indicated. In FIG. 40, the light shielding layer 145 is formed,
using signal lines 171 which are electrically connected to the thin
film transistors 105 and 106. In this case, the light sensors 107

25 are provided under the signal lines 171, opposing to one another.

The light shielding layer 145 in FIG. 40 and the signal line
171 formed in the same layer are formed as one body, and the
layer 145 is formed at the same step as those of the n type
electrode 143 and the p type electrode 144, using the same

30 material as those of the electrodes. The light shielding layer 145
is formed into a shape of a slender and rectangular plate by
enlarging both sides of a part of the signal line 171 in the breadth
direction, respectively. Moreover, the light shielding layer 145 is
extended along the longitudinal direction of the signal line 171, and

35 is provided in the center of the signal line 171. Intersecting
perpendicularly to the signal lines 171, a plurality of supplementary



hi gh- perf ormance readi ng function are separately included can be
manuf act ured. 15 Moreover, the manufacturing steps can be sinplifi2d BT 2006
formng the light shielding | ayer 145 at the same step as those of the n
type el ectrode 143 and the p type electrggle 144, while the sane materi al
is used to manufacture the layer 145, the n type electrode 143, and the p
type el ectrode 144. 20 FI 40 |s vi ew show ng a | ayout of a first

exanple in GRAPBAILY | é’b%%ll%Qo ARHER] YoPT 668 ANHYI t“r'il@sl gt ad @I pitiglibayer
145 is indi 6ﬁts@ﬂso+rtoﬂt%| ﬂﬂestlhﬁl Ea'r@*ﬁrrﬁﬁpéh%”ﬁa@} w&ﬂ aLert'ﬁ%

using signal lines 171 whi are el ectrical connecte to t
transi stors 209 ahaosgsonsg ﬁoﬂh‘? digtange fﬂQénlqr@ﬁ]ﬁn%hgbrs 107 25 are

provi ded under the [ 7 e ht
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vi ew showi ng 143 ayulitthe @ typeorleaxadpl @4dn uSinghitble saspecniateriataod for
formng the lthggépé‘hﬂﬁaé g|é&r65‘é’§r 145 is indicated. In FIG 41, the |light

shi el ding | ayer usi ng the sensor control lines 174 which
supply al%ol tage tdhendighti ghteldmgsdaged 0451 im tHIGs dases fbhmdd dhto sensor
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t he sensor c@ntnaj‘lt Pf nde 1sensare chotraldliae drvet bodyheabajeadkh | diyection,
respectively. Furthermore, the light shielding layer 145 has the
longitudinal direction along that of the sensor control line 174, and
20 is provided in the center of the sensor control line 174.

In FIG. 41, a portion in which a signal line 171 intersects
with a sensor control line 174 has a divided section 175 which is
obtained by dividing the signal line 171 at a predetermined
distance in the breadth direction. A contact hole 176 is formed at

25 each end section of each signal line 171 in the longitudinal
direction through the divided section 175. The contact hole 176 is
opened in an electrically connected state to the end section of a
signal line 171. A connecting and wiring section 177, by which
signal lines 171 divided at the divided section 175 are electrically

30 connected to one another for conduction, is formed at the contact
hole 176. The connecting and wiring section 177 connects the
signal lines 171 divided at the divided section 175 along the
longitudinal direction. Moreover, the connecting and wiring section
177 is formed in a layer different from that in which the signal line

35 171 is formed.

Thus, in FIG. 40 and FIG. 41, light shielding layer 145 of



145 is formed at the sane step as those of the n type electrode 143 and
the p type electrode 144, using the same material as those of the; gct 2006
el ectrodes. 15 The light shielding layer 145 in FIG 41 is forned into a
shape of a slender and rectangul ar plate enl arging both sides of a part
of the sensor control line 174 in the bréxdth direction, respectively.
Furthernore, the light shielding | ayer 145 has the |ongitudinal direction

al ong that ofigteseesmol ogorddindtid ne thetapandired%t s oPredipidiideo
center of. the sensor control line 174. In FIG 41, a portion'in Ich a
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in an electrically connected state 'to e end sec
171. A conned®8 HHP&AYeHi ri ng section 177, by which signal lines 171

anothor for conductyon s B bP LI CaBBHEGD te P TERMTE N ARHER:  ng
and wiring sd@htorensor t6dnecthe tinuid sryatdl displesy d@vict yodeVmp = 15e),
divided, sect BbtaeRkang difent ARG fLARl sEhiRsh Kby oIS R ind Mk, (v
in whi chjghe_@r@@all 7rié laghe, 179 shownringdG . TaRs foi 8 Fot@ntidl eqealFidCor 41,
i e T L L e e g
can be contrdaved W5 fior hedighteseager 1025 &rd theeothgndland, nehknlties t he
sensor cont r oteri d g IRTR sRRMInd'SoPer 1A8, M. IRR LohPSethr i/ Radi ng
per f or mance &anallge tb@;ﬁ\r appdoxivhately 2V wapbobbelecktit cuappht ¢d the figat n+
(69 00,278 SRRy SN of e i ehi AR YR el By e e
in the |ight 10 serdothisoimes the goteasiat dwthe m+Firégidh?, 1 30rinaheotight i al
equal to or sensor 107 is changed within a range of from 2.5V or more to 5V
or less when the light sensor 107 is an actual device. Moreover, if
the potential of the light shielding layer 145 in the light sensor 107
20 is changed within the same range as that of the n+ region 124, the
reduction in the light sensitivity of the light sensor 107 can be
prevented.
At the same time, requirements for new power supply wiring,
which is necessary for a case in which charges given to the light
25 shielding layer 145 in the light sensor 107 is different from those of
the other power supplies, can be eliminated by a configuration in
which the potential of the light shielding layer 145 in the light
sensor 107 is made equal to that of the n+ region 124 in the light
sensor 107. Therefore, the reduction in the aperture ratio due to
30 new power supply wiring can be avoided, and the reduction in the
aperture ratio of each pixel in the array substrate 102 can be
controlled. Accordingly, as reduction in the light sensitivity can be
prevented without reduction in the aperture ratio, a liquid crystal
display device 101 with a high-performance reading function and a
35 high-quality display function can be realized.
Though an array substrate 102 used for a liquid crystal



| arger than approximately 2V with regard to the light shielding |ayer 145
~in the light sensor 107. On the other hand, when the potential of 210eT 2006
light shiel ding layer 145 in the light sensor 107 is smaller than
~approximately 2V, a photoelectric current in the light 15 receiving
section 121 of the Iight sensor 107 is réduced. At this time, the potential
of the n+ region 124 in the Iight sensor 107 is changed within a range of
from 2.5V or yt o] e V\A’tf‘éb{ h | sens 1
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t he apertQur earatfoomea bnqthejacr@sssabstmtephaaeqiwrh@@.101 with a

hi gh- perf ormance readi ng function and a 35 high-quality display function
can be realized. Though an array substrate 102 used for a liquid crystal 2
7 OCT 2006 40 display device 101 has been explained in the
above-descri bed enbodiments, even a circuit board used for an electronic
| um nescence (EL) elenent can be applied with sone adjustnent. In each of
t he enbodi nents, the TFTs fornmed on the array 5 substrate 102 are not
limted to so-called top gate type in which the channel, the gate
insulation filmand the gate electrode are forned on the array substrate
i n sequence). The present invention is applicable to the TFTs may be
bottomgate type in which the gate electrode, the gate insulation film and
t he channel



10 are forned on the array substrate in sequence). 2 7 OC T 2000 74T 2006
CLAIM5S 1. A photoelectric conversion device, conprising: 5 first, secon
and third sem conductor regions disposed adjacently in sequence in
direction parallel to a surface of anjqsul ation substrate; a first
insulation | ayer fornmed on upper face of said first, second and third
sem conductor regions; a gate electrode forned on a portion of upper face
of said first 10 insulation layer; a second insulation |ayer forned on
upper faggMm$ said first insulation |ayer and said gate el ectrode; and an
el ectrode |l ayer connected said first and third sem conductor |ayers via
contacts forned on portions of said first and second insulation 15 |ayers,
said first sem conductor regions being fornmed by injecting a first
conductive inpurity in first dose anmount; said third sem conductor regions
being forned by injecting a second conductive inpurity in second dose
amount; and 20 said second sem conductor region being formed by injecting
said slecond Acphetieelegsric ganvargiamdenicel GUBergMdEint | ess than said second
dose anount.
5 first, second and third semiconductor regions disposed adjacently in
sequence in direction parallel to a surface of an insulation substrate;
a first insulation layer formed on upper face of said first, second and

third semiconductor regions;
a gate electrode formed on a portion of upper face of said first

10 insulation layer;

a second insulation layer formed on upper face of said first insulation
layer and said gate electrode; and
an electrode layer connected said first and third semiconductor
layers via contacts formed on portions of said first and second insulation
15 layers,
said first semiconductor regions being formed by injecting a first
conductive impurity in first dose amount;
said third semiconductor regions being formed by injecting a second
conductive impurity in second dose amount; and
20 said second semiconductor region being formed by injecting said
second conductive impurity in third dose amount less than said second

dose amount.



