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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 devices 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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-r 2 amount of light received by the photoelectric conversion device, and
| mge capturing is conducted by detecting a voltage at both ends of the
capacitor. As a technol ogy which pixel TFTs and a driving are forned 5 on
the sane gl ass substrate in a polysilicon process has been advanced in
recent years, the photoelectric conversi@n device can be easily forned in
each pixel, using the polysilicon process. However, it is difficult to
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i ncreased, b&& %Pgh%icfalp@rcétl‘?t'" anor phous silicon process fromthose of a

pi xel Tth ang a dring agt@gm%¥f @@ﬁgi?ﬁgﬂp%m&a idlgwnl_:ﬁ aped;mmaed s
required to be prepared. . \.In order to solve the
above-des@r! BEY theoiSRaRE  9iASShjskibStrate; i BrQQLY%\"“F%QeHW%%ﬁ 9% tb?%i de a
di spl ay devi grhvaitted %9 reltehes)&sis! itheC photoalewtridevdmeersioe d@vgeotdmi n
sufficient phot oel ﬁCtI‘IC current, wi.t hput .further Pro uction cost. A display
devi ce accor di€h§ag V(fﬁé“l@rd;%?ﬁﬁhtp'ﬁﬁ t$RING ES RO HUERR iR €& Bpr i si ng:
displ ay el ements prakdodr siigedificoltxeb sobtsioh dveieouish | photseleatric
vicinity of intersectjons of sign ines and .scanning lines aligned in

Tt rix Torm GHECRROVE! G MNODEIRRFIS SANEPESIER: deviRepsing aRIKMESD, o
phot oel egpri crHANYI§rHteEhA/b by WhithdephoBleldctAt, coarmearibmrtbvide sl

sem conduct or_ regl ons di sposed, adj acently in sequenc arallel top a
: Emarphasl « NanREE , Bhé

surface of a foumRd HENGaMar, Seelic8e Nash Fe‘ﬁfeﬁdl('g%‘ﬁﬂ tq date

sem conduct oriel-Agiodgy 2Rds 2 aS ’fi advahERje Ofatc eheeFhaAufacteriry { bostd is
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injecting a increased, because a ifferent amorphous silicon proCess from
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 present 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



v 3 first conductive inpurity in first dose anount; said third sem conductor
regi on being formed by injecting a second conductive inpurity in second
dose amount; and said second sem conductor region being formed by injecting
5 said first conductive inpurity in third dose amount |ess than said first
dose anount. Furthernore, a display devid& according to one enbodi nent of
the present invention, conprising: display el enments provided inside of

pi xel s, each_bejn ormed in, Vi Y. ctions of signal lines
and scanni ngf'lrr"tlégnélucéwgd'rﬁﬂ %Yﬂﬁf'{‘sg drﬂ eahﬁ%od#ifoel ectric conversion
el enents, wherein gatdh thirdsseripbntdaet@ctegioncbeirey fonmeel byeimjectingl aides:
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in direction pa to a 'surface sal d subst rate;
a |gned |n matrix form; ang
photoelectric conversion 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 region 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 parallel 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;



»a first insulation |layer formed on upper face of said first, second and
third sem conductor regions; 35 a gate electrode fornmed on a portion of
upper face of said first insulation |ayer; 4 a second insulation |ayer
formed on upper face of said first insulation |ayer and said gate

el ectrode; and an el ectrode |ayer connectdd to said first and said third
sem conduct or regions via contacts forned on portions of said first 5 and

second insulation |a sl e ' req) ej f: Qr by
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according.to an i i esent invention, conprising: 15 first,
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amount; - and Furthermore, a photoelectric conversion device according to

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 formed by injecting said second
conductive inpurity in third dose anobunt | ess than said second dose anount.
Furthernore, a display device, conprising: 35 display el enments provided
inside of pixels fornmed in vicinity of intersections of signal |ines and
scanning lines disposed in matrix 5 fordm photoel ectric conversion

el ements provided at | east one corresponding to said display el enents, each
conducti ng i?§ﬁ$rpiCkUp at a predeterm ned range of a subject; 5 an array
substrate on ich said display elenents and said photoel ectric conversion
el enents are fornmeg@hahoeteaisii teonuarsiont elamepts eproyidesi tafl east sand
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Teast por i1 oiWBICTh el Galt! s fTate dlrest i S groton SaI ArKIaN: fy ety o
i nsul ation | axRfiatéden 3Aid igtdtoehéctidi denvensesn \Bieaterits. di sposed oppositely
sul at 0B 1 byer  anERBREIO N ARSTECISHEC Yo S CRdNInE Searie 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 light receiving 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



» Furthernore, a display device according to one enbodi nent of the present
I nvention, conprising: 35 a transparent substrate; photoelectric conversion
el enents forned on said 6 transparent substrate; and a |ight shielding
section which shields light irradiated from opposite side of said
transparent substrate by sandwi ching sai d®photoel ectric elenent, 5 wherein
each of said photoelectric conversion elenent includes: first and second

| i ght receivi | | ace electrically connected to each other and
di sposed adj gg%ﬁ%‘?%%@%%%\%ﬂ%?%’er%ﬁdlo a first conductive type of first

el ectrode which is allightr sbi@lding sectionewvhichsshields rligghtl iyadiatedefromg

Section by sARRTIR rgagach PrEL reipatert sibSRERECeY, SAAAERIng, Fhid
Cad Secogd TTont Tecrut o sock Lan and i Snosed At oppacL b o1 oot gal o
fS ?Irst | i ght regei vivﬁégt%i@t ?%%a%aﬁg zi.'%b%t i@g%ﬁ%ﬁ& o‘fcg’b\(?)esrégo%pﬁi%rinte&%y to
at | east a pdntiudesif said second |ight receiving section by sandw ching a

first i | ati | . 20 ,BRI EF SCRI,PTI ON OF. THE DRAW NGS FI G, 1 i
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i nvention. Fldhecritally obmséctédagbamathowtheraandr Higoddie adjaeendlyr ay 25
section 1. FIG 3 'ﬁ a circuit diagramshowi ng details of the part shown in
FIG 2. each other;

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

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.



«FIG;4 is a circuit diagramshow ng internal configuration of the SRAM 30
FIG 5 is a diagramexplaining image capturing. FIG 6 is a cross section
vi ew showi ng structure of photodiodes showing in FIG 3. FIG 7 is a top
vi ew of photodiodes. FIG 8 is a perspect E7ve vi ew of photodi odes. 35 FIG 9
is a diagram show ng a depletion |ayer fofned in photodl odes. 7 FIG 10
is a cross section view having an n-region instead of p-region. FIG 11

i sadi agr am show ngefFRGt 10CisP4 @P6ES | Q i@dq I id i _
showi ngel ectric properti esgf phot odisgggifgWFf%Gl i @83?'55?5%5%@%@%@3@ ric
properti esof ppofi®PBdeshavi nga p+region 46, a p-region 47 and

n+regi on48shown i npft G 16. 1R FRG didgirsasi 38K howg ect i f
properti esof phot odi.odesha?;i nga p+regigon 46, g‘g%\ghgegéfoer@ﬁb ;éllgip%rties 0
n+r egi on48shoRROfAiogl&par i son. FI G 15 i sadi agr am showi ngf abri cati on

st epsof phaf odi odes. FI 161 I ki f pcat i Of¢ N
channel TFT. FIG 17&%' a@(% a%r a§1 S 8%9%'1'3‘1} §b§p@gg‘| o%géclttggs @'?)p?rg%%nné
TFT. FIG 18 pbBokodiiog®sam showi ng |-V property of a photodiode 20 in the

case of Vgp = Vnp. I & a,Cr ti Lew 1.ng ct i pnal
structur eggf thepdi Etp(%ay]J‘g)’ev?‘:'ce.a F‘?‘é@rgﬁﬂ é‘;ﬂgwébgssélrség%?orﬁ'{?fb:%t%%om‘)ﬁg
cross secti onphotedioctas baving e pdiregicay 4fgva cgragian dikh@nd nfiegpreskht 25
enbodi nment . Féﬁsow%llr}:f @ | an view of the display device according to the
present enbodinent. & 2 is a cross section view of a case in which the

rel ati on et ween t hBIQosild ois ob tdiagaamay shobdhgat eleZtriancpitdpertials 36f t he
op e cn by GAbEadbdcS, PGS oPYeERIE 08, hebid £ 3nd rrEhin 4 5.
substrate 21 shdwrhfor comperisgposed substrate 24 is obtained by reversing
that of FIG 20. 355, 15 s 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 |
FIG. 24 is a diagram having a light shielding layer made of a



+FIG, 24 is a diagram having a |light shielding |ayer made of a 8 netal

| ayer bel ow photodi odes. FIG 25 is a diagram showi ng fabrication steps of
photodi odes. 5 FIG 26 is a cross section view showing a liquid crystal

di splay according to a third enmbodi ment of the present invention. FIG 27
is a top view showing a photo sensor in Bhe liquid 10 crystal display of
FIG 26. FIG 28 is a cross section view show ng state form ng an anor phous

IS:: IG| 0(232- f igmﬂ?%aqié{lgg%%?é&gégagc gﬁjgﬁe of the liquid crystal display of

G _ “view showi ng fabrication steps of a
liquid crystal display of FIG 27. FIG 30 is a cross section view

followng to Fig. 2 G, 31 i 0S I.ONe Wi 0l | ow taeFig.
30. FIG 32 is a oF3Gs a1 iin 91 SHPBER vvisslt@%hgﬁ 53./5@%6'% 339 s
cross secti omhotedidded.oning to Fig. 32. FIG 34 is a cross section view
foll ow ng5to Fig. 33. FIG 35 is a cross section viewfollowng to Fig. 34.
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FIG. 26 is a cross section view showing a liquid crystal
display according to a third embodiment of the present invention.

FIG. 27 is a top view showing a photo sensor in the liquid
10 crystal display of FIG. 26.

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



. | is a cross section viewfollowing to Fig. 35 FIG 37 is a cross
ggc'lt:il (()in \?/)i6ew followng to Fig. 36. 35 FIG 38 is a perspective view shovmhng
operation in the case where a voltage between the p-type el ectrode and gge
gate 9 electrode of the photoelectric conyersion element is OV. FIG

IS a perspective view show ng operation in the case where a vol tage between
the p-type electrode and the gate 5 el ectrode of the photoelectric

first
ersion el edectrode-ahth&photdelectria danaarisich a0emartiewng a

ggg\r/rpl e of a specified form ng |ocation of the |ight shiel d| ng layer. 10
FIG 41 is a layout diagramshowi ng a second exanple of a specified formng

| ocation of the |ighFI&hi39 dsmgpleaspectrﬁé wiek2shéwing 'ﬁﬂélﬁlﬁr?ﬁé’gﬂ@ éase

b nd a photo current:
DESCR PTi ON GF T S NDERRI e cpefisef o thea Arfips aleatiode and athe gate
phot oel ect rf c etestrodecst ey ipbetaekateicnd iviersith ) BIGpRA i ré“Wt ion will be
specifically explained, referring to draw ngs. schemati c

bl ock di agram according to a first enbodi nent of t he present i nvention. The

di spl ay device shownFI@. H@irslahﬁlo‘m diERgarR2ohONiRY 4 YS! anmarﬂ\g of 8

I rate 3 sem<conductor s bstrate
;?rrg;l :2; ?og %E’Eﬁ%r&ﬁw@l%i?ww%@fam ighhahigldingtayen e arranged a 25
signal line drive circuit 2 which drives the signal lines, a scanning line
drive circyit 3 whi CE;éI‘I ves the scanning lines, and a det ecti on out put

ircuit 4 Which capt if8s 41y éslavautodiggionshowiog deseaomd lexaghplesof a
substrate 31. Specifiedl fonirey #catieh GEne fidht SAlel i Ry, POI YSTI T con

TFTs. The signal line drive circuit 2 includes a _
di gi t al - anal gg conversion circuit which converts digital pi er data into an

anal og vol tage suitabl@®. f4p ﬂb"a/'@i%gtrﬁﬁ disevrg eéeP@B‘ci'ongﬂg%dbgi:‘k’g%eégggilog

I

conversi on may _have, .a wel,l own configuration.” A logic T

control and mBBge'agﬁlaF'pn% OjQiirgPLenent ed on the sem conduct or
substrat e 13.

DETAILED DESCRIPTION QOF 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




. 35 The gl ass substrate 31 and the sem conductor substrate 32 perform
transm ssion and reception of various signals through, for 10 exanple, a
flexible printed circuit FPC. FIG 2 is a bl ock diagram showi ng a part of
the pixel array section 1. The pixel array section 1 shown in FIG 2 has
the pixel TFTs 11 fornmed in the vicinity16f each intersection of the signal
5 lines and the scanning lines, which are vertically and horizontally
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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.



+ 10 voltage fromthe signal line drive circuit 2 is supplied to the signal
line for display according to the above-described voltage. On the other
hand, when i mages are captured, an object 22 (for exanple, a sheet of
paper) for image capturing is arranged over the upper surface of an array
substrate 21 as shown in FIG 5, 15 and lilght froma back light 23 is
radi ated on the sheet 22 through an opposed substrate 24 and the array

substrate 21. The kj{ : t; q b K 1 i t i
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anode el ectrodgithG thitkneatofdgpproximately 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



13 el ectrode 52 is grounded, and a gate voltage Vgp (_ -5V: a potential of
gis lower than that of p) is supplied to the gate el ectrode 44. The photo
di odes D1 and D2 according to the present 5 enbodi nment has the p+ region
46, the p- region 47, and n+ region 48. Hereinafter, the above structure is
called a PPN structure. In FIG 6, the sldbstrate length of the p- region 47
in the horizontal direction is fornmed to be | onger than that of either of
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FI G 11 showspHydhHarusesidry tmhcaée HigRN ddrﬂi@ntrétléﬁd'éff efor aésiampltehe _
case where light is not radiateg, The current in e 35 case wher e ght is

not radi aPed dRPraxEAtely dt X 8t abpéam n@r%mJ@ﬁéecﬂ é'ﬂEﬁ khem’t Feaien flég. on
47. On the otderorfgis Witk d FWeoridEhtration of, for example, approximately

1 x 10*® atm/cm? are injected into the p~ region 47. The ratio of
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



+ 14 substrate length of the p- region 47 is in the horizontal direction, the
nore the current is increased when light is radiated. The reason is that
the depletion layer 53 forned in the photo diodes D1 and D2 is further
extending. Thereby, with respect to efficiency of 5 photoelectric
conversion, it is found that the |onger the substrate |length of the p-
region 47 is in the horizontal direction, the nore perfornmance of the photo

di odes D1 and i S 1 pRrove e t ho th hgt o
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the p~ regi onmore widely- thﬁegﬁﬁfﬁtfﬂﬂ AR PRdS extep Uit Bh‘gz

di odes D1 and D2 hapg;exqal | gid e'F?G”'lCZCWCWEW§“§1'$ow'Hg3n eletternsl
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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



FIG. 15 is a view show ng steps for manufacturing the photo di odes D1 and
D2. In the first place, the undercoat |ayer 51 conprising SiNx, SiOx and
the like are formed on the glass 20 substrate 21 by the CVD nethod. Then,
an anorphous silicon filmis forned on the undercoat |ayer 51 by a

pl asma- enhanced cheni cal - vapor depositi ohd(PECVD) net hod, a sputtering
nmet hod, and the |ike. Subsequently, a |l aser beamis radiated on the
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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



+ 30 for manufacturing the n channel TFT and the p channel TFT wll be

expl ained, referring to FIG 16 and FIG 17. In the first place, the
undercoat |ayer 51 conprising SiNx, SiOx, and the like is formed on the

gl ass substrate 21, using the CVD nethod. Then, an anorphous silicon film
is formed on the 35 undercoat layer 51, d8ing the By the PECVD nethod, the
sputtering nethod, and the like, a |aser beamis radiated on the anorphous

17 silicon fi (o] o | ' onLEo | psd WNye
subsequont | y PRKCCHIGS %, i 12 2ah B MGty Miurel ko finge the
i ntsEI gt i tng I?grtaee cratpos soﬁg%acﬁe [Bixex. fiMoremmgtthe gma‘r@r thet darlPFC\/D
met hod, e - . i ; ] r ace
of the pat t erHBiePbISe et ehb@ieitiihe’ Jgnal TBndRe Al (GHFratt]
concentratiorisare injected as inmpurities into the n-channel TFT form ng
regi on and the p-channel TET.forning,.reqi gn_in e polyvsil.ico [ , In
orger to the p-pre |%nsq3%WPFI'@ Eli%(gs)o};{%lj%ﬁ?&még'( a%DBMVFB‘tM ?lﬂél hg??g |
pl aﬁe, ulsi fll_gTdiPaes_egptaﬁ@ 5V ashc}wtsﬁ iphEKph@ usa\'z@_nlsarfgee vajussg ef theo ]'Ehe
n- channel - or m.ng, region, an n+ region 54.is for napart o
the pol ysil i d?J?P'%qE?'ﬁgVﬁ gc%“f’fé’_{‘g) ?!‘dNEPgoxFé?‘?‘OSé?%é'ct‘_ﬁH"Fég? &?_Hés?”‘_{)rﬁé‘k
p'f“?ﬂj”i'ctZET?E%Z}‘"“QTmé%"fi‘%“%‘g;“%‘ﬁ?fdﬁﬂ‘ﬁ’“ i
no . : : , -
like the fir@OiAB4G; E‘Eélpafég'ﬁ)é epd i fedegien %e“r@’b@rth&'?féég'% 4ghe
el ot roda 55 | e e e o e ot L b omaractensties oai

. e netal].i r.
Subsequent |y, usi ng-Plgerr‘eétéPsEfg%é'sca 'r}ga§&? PPt 4'3&95 j;);i ?'ﬁ%glagecﬁhgsn
}rrpurijti(glsGi nérgaﬁﬁt)ﬂ pr-Alflhtaémh_ |tH’ETpft@IP]§hﬁGI L‘ﬁgr,o?NhTiqufaaepﬂonmedo_onSYhés
orne ) : , s tine e n-channel . ormng.regianp is
Covered w th QIS4 ARdCE by JoN-tegnBaranae. PR Pitresargnsiil bebe
i nj ected thergéquétial i@égp|)a)ne<2.5 Hees, thet ghovéd g asticedrddey DadandSDi2s

f din_th -ch -TFT. ' [ h ' 1.1 h I
concent 1 6 onthiB o7 ANBBNED ThLo ATe (eHBrRAN T 1y 1o SEMIIERhSalTy o

resist 58 as ey, i n order to an n- region 59. The polysilicon film
58.is left

which is located ju upder a portion masked wi.th 30 the resis
%% the p- region 5oF1H &5 eet oo Himelidsters FoR many sthBHasthe Pholo
channel regi ogjgfesTfI1i Andh® 2ol Mai kheofirdt Ipraes e thedechdarcbhe layer 51
hydr ogenation in the CVD_ devi ;le to crgan@_?l hhe | eak currgnt of .the TFT.
Then, a seconBOMIFAG ngNVay e 080 ad 1 Higre k?naf%ef%'%m@_ SQW%egliaéé on
t he upperpgur §gpstratete by tisé GVBUhathod. | aneh, 4h epndrpious sHicon. film
Subsequent |y,  cont act  hol es  are farrred |r] an iB el ect rode fornhnﬂ r89| on
of the n chankel TOFET€An@MatNg RPHBHOALHAYRY PdgiDh Bf AIAYMF-ERARAREFITFT,
respectivel y, chgthiea-vaporet @pbsitidray PESVD e niethasd ,t ads punttehieigabosthomhnt act
holes. Subsequentliie Y%, SCERSs LRIy, o WELS FLEPAL! BhaRTel® ohOthe?
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+



. 5 source electrode 61 and a drain electrode 62. Finally, a SINfilmis
formed as a passivation film and the n channel TFT and the p channel TFT
are conpleted (FIG 16(e) and FIG 17(e)). As described above, in the
present enbodi nent, a | ow concentration rﬁgi on conprising the p- region 47
or the n- region 10 area is formed bet weéf t he p+ region 46 and the n+
region 48 formng the photo diodes DI and D2, and the depletion |ayer 53

fornmed betweep ;dﬁ:wgﬁﬁgj Qggéﬁ.and the n+ region 48 is extended | onger
into the | ow cgncentr tion redgi'on in order to realize that the substrate
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fl uct uat 10n okestdte asuar enaskMorAt dhiscitimeal there lie fpamead| vot nedeegion,

Connect ot il DAY BB RIR s Thds el e R0 shong Y
eﬁgggis?mxair act erirﬁtitlhrs;eqmmet_slypfhwgpﬂ:m@i.on( sé?ci_tsnbg&m)gﬁ:margd.i) Hese,cblmeid -
'?hat a light ﬁ?@%ﬁﬁﬁ#}'ﬁ%&égsnggtﬁﬁow g&“ﬁi\h%ﬁé %ﬂgﬁ%gg‘? é)%iee}'fgos{e@ﬁige
g?gt Iu(;i ng. ViFItGe p9a9};m_aaoﬁiIwatlmm.nngaissstemitisrcMne,r usmegsear:tqs\dh d@éviaie.tilgn
oot 981 SanahanaNod T ie. RASPE GEAER, P TETIoutln BT BRhRERL o
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egg\r/rgl te,he_p(r)i rnlmjlaydré%ee i?finbetshe_eedd)‘y plaqae;a)tefdectnm?rﬁéamnﬂir mdi;eemy Zgggg
f?he obj ect 25 r 'ﬁggjl%ege&éigp'&bbg%@sf?% ﬁr%@gﬁ)d hig' QY&%{/‘ iﬂésgﬁ‘g‘%e 21
and the @ppossldctrdus Adt @o@d nothexiskd.| ection light fromthe objhect 25 for
. . r
| mae canturi o 1S BEGHLYG ol SRR S0 B Mo B e iR,
:[AP?ter ot)ﬁreaté;dnsuiating riagerofhgi iugimge?menittlyqlriyl o;ﬂemmicfesnﬂﬁleqtqus Is;‘pziay.3
the data is %%&??ﬁ%ﬁggl Blﬁﬁgdﬁg?( icﬁni?g’ @qéﬁrgﬁﬁﬁfoﬁﬁé@ew?o | né.
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| i ght direct|manufactidngatie In ghanael 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 SiNx,
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



. Incidentally, in a display device for electronic equipnent, such as a

cel lul ar tel ephone, used in an environnent in which the equi pnent easily
recei ves outdoor daylight, a reflecting electrode, 30 which reflects the
out door daylight, has been installed in order to secure good legibility for
the di splay device even under strong outddor daylight. The structural cross
section of the display device according to the present enbodi nent when the
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TFT (for pixel _dis and for a driving circuit) and 25 a photodi ode are
formed, Us) ng Fﬂéygﬁ%‘)on processing, in the present enbodi ment, the
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polysilicon film w der, wavel e h spectrum can be absorbed when
crystallizati rBFgaP\b(ﬂa}’éqm”agrpr}%ﬁTerﬁTF%amﬁ Pt ed, and the
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ener g?/ than psadﬁarmmﬁdrmeggslaé_emcﬂ?to Merie?geetred tiseriavFIG) 1F6|1ﬁ@)).2;1_ ias
an enl ar view, a_light shi ing.layer onpLi sj ng. a netal.li ilm
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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



+ 10 an anorphous silicon through the light shielding | ayer 20 when
polysilicon is formed by radiating a | aser beam on the anor phous silicon
filmin the regions in which the photo diodes DI and D2 are forned.

Ther eby, even w thout special technique L@ manuf acturing, the crystallinity
of a sem conductor |ayer of the photo diodes in the 15 present enbodi nent
can be worse than that of the TFT. Here, the bad crystallinity nmeans that
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of the pol ysmha:sngrfaHhQ-namf rmo;n;a begl‘rtm’o&/@dl s for rred (FI G 25(c)). 15
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30 showing I-V property of the photodiode in the case of Vgp=Vvnp.
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



. 35 into a predeterm ned shape to formthe anode el ectrode 50 and the

cat hode el ectrode 52 (FIG 25(e)). 23 Thus, as the back light 22 is
arranged under the array substrate 21, and the light shielding layer 20 is
arranged on the | ower side of the photo diodes D1 and D2 in the array
substrate 21 in the present enbodinent, th#ere is no possibility that |ight
directly 5 fromthe back light 22 gets into the photo diodes D1 and D2, and
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ght. 35*“FI cross sectional view of a display device according
to the third enbodi After tHe tdaptored amtagavéstd 99 -storéd 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 noise
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.

Incidentally, 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 reflects 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.



. FIG. 26 shows a structural cross section structure of a liquid crystal

di spl ay device 101 as one exanple of the display device. The |iquid crystal
di spl ay device 101 shown in FIG 26 is provided with an image capturing
function. This liquid crystal display device 5 101 conprises an array
substrate 102, which is of an active mat20x type, and has a shape of a
substantially rectangular plate, as a circuit board. This array substrate

102 includes a gl ass substrat transpa S strate 103, wWhi ch, i s.
substantial |y tranéﬁa?lé%‘f" 0 Hé(hé'r f@ %lf[)??{satZPwopﬁ ghd fgéthrﬁ'e‘:%m%
substanti al | y|d@eba8IWGE atkaméd ! eatAra uh@ﬁ@:oapotnm mén hatiatgof < |icon
nitride film(Si , an oxide, silli (y ) d%ihellkelsformed
on one pri nct@?sﬁ‘ﬁ'@ﬁ@ ejectindeRdse giﬂ?s?l“?c Sy §tra%ﬁ ARt tPer 104
prevents i npgkpt E@trwecmhaw\begnow mdtiee plen oliess cfulFSGrape, Ithe from
diff t bt

iffusing_to e

filmtransigtor (TET) of .an n channel
(n-ch) type F’@?eﬁt'ﬁgl gﬁ‘?@ﬁ@é@ é@ tshl??lrmieﬂmah%%sﬁlq d?e(ri o of 8 BREinel
(p-ch) type fiofe Rutdloo? 8BYAYht ad refleb@ideyechel pefleatingsersttesye c26( 1 i ght
sensor) 7 for 1mage capturing are fornmed on the upndercoat, |layer 104 in a

matri x st at e Pasgimcthrough tOpRsed nsubsiafe: éfts 1468 Hh@ fa8endhenn
active |ayer Wdﬁgé%hﬁképs M p@o?ortﬁéﬂ'&ntﬁé%rb@b%@(bfonntéiﬁslty

under coat | aye active | ayer rises paol ycrystall

seni conduct oof (@éidean daghght’ Lrﬁadpdqrgasmlt:t@mqenﬁ keediquidecrysial aJYPIE s
formed byg Cr»‘r‘%@'t%@rw'&?nkeremhe'W@mrd %Eyﬁ%mqayéﬂq::,oéhﬁ@é@w&ramg con.

A channel “regi on or ned cent er active [ayer
both sides oftot rtbechemmeragpbﬁdlig thespixele Q'@Qtr@lﬁ’ell@%ﬂfnﬁddraﬁn

regi on 114, Fﬁ ﬂtéﬁh ﬁ:‘éﬁ‘ﬁer@igg%ed)’byacﬁéngg% UdltFIes @ rpﬁ@ﬂeﬁb

opposi ng to each ot %@ ed drain regi ons o an n-
regi on 115 arfixehel Qﬁtéoqi@‘i ﬂeﬁéhv@éﬁ t he channel region 112 in the thin

filmtransistor 10~”oqftr?é1 éﬂh%'?aﬁ‘é'ﬁ&l Fige 200t Becﬁd&srgecﬁsatapmléwofamd
bet ween the region 2 an drain region 114, respectively gate

i nsul ati Ag flqaﬁellllﬂ vehichc dheoxieletion| b)etweterﬁ\ dhes pesitiont .qu tb@r \%’F%nce
Is formed on éJb%stvgﬁrqu%hd' @wsfzg%%e B p'é@bﬂgs&B&rﬁFé‘thrcﬁﬂia%‘eélb?y the

source region 11 re |o LDD areas 115, and
116. A gate eleversinge thag ofofdss Qpngal’éﬂfﬂ%tzﬁrelﬁaa ﬁ"@nf vievepfothe Kasgat e

i nsul ating flﬂrmﬂy 0§'r@aeka Ig?h?le%@uke'zer I%Qb% at thedaiHe & @sd rode

118 is opposing to c regi o he 5 th |n Il mtransistor 105 or
106 t hrough toRPeSEE isﬁbﬁtra'itﬁngz‘h | mMare spacifiga!ly, dFl'h%nﬁp@ﬁ Wie ¢ Fkio

oreadth Sebsipaididsywifiue. bé@aééf@tthef réﬁr@?tﬁ#@@e&trb% 98 ikl Brofledn ot her

hand, a [1ght sensor 107 a PINt ormmed on the under coat Iaygr 104
at a | ocati onthgiMVi@eity Qf)thﬁa‘iefﬁiﬁ" t"h% Rixehasi shawndRsthe glanogewrh

light sensor f el 8ot 4s iuttef eRa aﬁ'tatth@ﬁﬂgf t he
thin fllmtralsr:fszlzstor %@@?rﬂqg%@gﬁﬁﬁfg arranged to be in n he flat with the

thin filmtraddistor 105 or 106 on the glass substrate 103 The |i ght
sensor 107 is formeg 8u gﬁarsmklemrs |a?0bmds 3P APHAVIKEEinthitt) and i ght

recei vi ng section 121 O er 1n a oel ectrl C conversion’ section.

The |i ght2d ecei @lhﬁ?éogl&dfi oﬂ"Qthorr@e@orWdi‘gl Pali&ilicane RIOSESSHY, t WdsEN®f t he
active |ayer r& té?ﬁbbﬂ'ir'i‘lédt' ”ilﬁia&‘}/'s%lﬂhltjyo%f% _Jsfé@mc@rm@u&& aayeat ed

on the underc ayer t receivi %secu on provi d
with a first Q@lﬂn"@ﬁiﬂgr B@Bﬁﬂi“ﬁ@" dédf‘t@‘ht'QQQ”\é @fb@’@&ﬂﬁr I@&h@a'f'%é‘w\‘ih ng

section 123, whighahgFTawhed 886CPhotodiode 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,



FIG:. 27 is a top view of the vicinity of the |light receiving section 12Z.
As shown in FIG 27, the first light receiving section 122 and the second
| i ght receiving section 123 have a shape of a 25 slender and rectangul ar
plate with a substantially simlar area to each other, and sides of the
both sections, which are opposing to eacl2lother in the breadth direction,
are electrically connected with each other. An n+ reglon 124 whi ch

orovi ded at tRusthel ighfdedR SuRotdsntered B BelRPRERBERTRAGH00, oss
the first |ighdreetestirog bele wdferiLIIerehs intiderdi D@ht 2#ithdapger iethedgyi th a

connecting piece 124 th a e of a slender and rectangul ar plate
having a subs P5?€9¥gsﬁ eéf Eﬁ%YtQ?cﬁfF di mension to that of the first

35 light recel Vi ng Mee¢ower, 182 shohen linnklG uannat ah re@ﬂér@éd afieihe light
connect i n ce, l24a,is s stanti al l é)ara ﬁ ft of the fi r%
i ght rec ﬁ&] Bgi @Yefz %Q{B‘P&?é”éf allig f} I%ésﬁrr?ﬂ@egdﬂl’ﬁ@%’f §

pi ece 1242 lrphdma lol @l FDﬂlar&!:u)zmnlm@pnegemeén\t\bédmmem OActdRiihghst
light receivi n%psectlon 122 in thi breadth direction for el ectrhﬁﬂthe
2

connect i on. REHIES: MY S Aiticulty 4in ﬁPf‘?’P%\r@%ﬁ’é' f daCage ey

rectangul ar plighe, sWEI@I'ith layeend2mg igl ongt t Peodickapt htgli rpehere othehe
connecting piece rovi ded at the other end section of the

1
connect i ng pl‘érd’étié'lé‘tﬁoﬁ‘ PE@’B‘P&B PHSGPitiERD: &5 asRr ePRBIX1eS@ARSeE®M24h

is protryded ghoaedrphdusaiiconlitheelighn tRE kGht NehiefNRGCIAyEr RiRGRheR4A
fromthe other en section of the connecting piece 124a”in the breadth .

di recti on. ThBO'cY SHiRAN i JOp by radiading @vﬁf@d beam &n she an@rehouse

connecting pigifieoh2fianiin tthe régitgist Hﬂmﬂbhcﬁﬂeﬁ‘?hb%‘ 5"2‘2??2%% Qgﬁe@PO%%?gm' ch

is formed of &g%sulgi_g‘n, gnd acts 15 a

provi ded at t edher THENEDY SVRB ‘f"lt QUL SRAdak NiAHG iseBtaryHfactpriagr oss
the second |igfd c"r?§t§éill\(h|@9 ﬁestsje@ﬁucb%%lu&hmwerr 80itAB PREtd Elldtl@é’irﬁj‘ﬁﬁev“ th
a connecting piece 1251&% a sha a sl ender and rectangul ar plate

havi ng a 'SubsPERRE € ent £an erﬁﬁlth@%ﬂ?ﬁﬁ ehthe Tffat of the second

20 light receiving geeé) ofhd 2Bad Thaykedldhitydimaland rp@t! (tﬁeOfath%nt f
connecti ng pi ﬁce 125a i's. subst ant | aI I arallel to that t he secon(? | i ght

recei vi ng sectiiaBan ofthe ceystal i QrBRS éfgﬁhércr&%éﬁﬁ‘fg gNait¥ 125a
in the breadt{s Higrection is electrically connected with that of the second
| i ght receiving sect on 123 |301r21e 25 brea%ﬁI irection for electrical

connection. A condu-E FRg SEERE aBrigatingat tgrdigdgscRdeandra2, the
rectangul®y phatBannBi CiFT, Saﬁdtm@lqﬂ chaireid TIHE b\nﬁaﬁtaréi'fbﬁﬁéo%rpfthéhe

connecting piece 125a is provid B{Sﬂt t he ot her' end sectl on of

connecti ng pi 8isPlays4evice h@ybrﬁﬁ 1N eBrPERSSifge ¥l c&ﬂjuéﬁﬂHQnBaH&’e

125b i s protragdpfhiakdny Herebr eaélt AbaveephoRd @iodds DANnfed | P, Ptigeenl2sa
fromthe other end fj_% on of the connectl n%rél ece 125a in the breadth

direction. ThENBBRE n§Ng e pichannel FFhargsimytltangousiydoraedsect i on

of the connecting pFEGe 2258 ANviehe Jrvdingetess far' RBAGingXHE photbhe n+
region 124 an((jj t he &1 éﬁ%l @2 12S are used as a pair of electrode sections
1 c

for the 149ht 0iQ4RD h of the 27
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



+ n+ region 124 and the p+ region 12S is fornmed on the undercoat |ayer 104
which is the sane | ayer as those of the first light receiving section 122,
and the second light receiving section 123. As shown in FIG 26, the gate
insulating filns 117 are 5 fornmed on the upper surfaces of the first |ight
recei ving section 122, the second |ight 2&ceiving section Z23, the n+
region 124 and p+ regron 125, and the undercoat |ayer Z04. According to the

sane steps a of e t he t fi.lmtransj stor
105 or 106, ?%ée&’gﬁ 2 dl rode&fgt f‘;‘% %ggn%(#eth %aﬁ@'ﬁqéygatl@ 19? E’F‘?red on
the gate inswmormboﬂslsﬂlddﬂfmprposr ng to the second light receiving section
123. The gate el ec dt rection,subs uaI to
that of the second-ﬂlrlﬂrP tja%g% ?@?@SP@ %t 0(? %lff?)poé’ﬁﬂiﬁg'ﬁp%? sﬁfrr rast ﬁEt al .
That is, the |garrleatm@chary@de432$rav$n9rade@@t ﬁrﬂxwestfmrﬁédoﬁﬁl théhtipper
receivi ng se 2 h te insu m 117 and covers
the second %y{f&% gf% é%c{g '3%18 %\Hc?ﬂt b? ;@r N%Ugalthﬁg PECGMP 131
(silicon oxi deethtd) the ecaeQVdeemddatam theykke SMd?'emér,OBoFdW‘rQﬁ&e
insulating fil 217 i ncl udi ngrﬁ %?_te el ect ode 26, .and the gate

el ectrode 118VBP 3 @Yo0PRER Sdé‘ﬂ%@ eM@n'Wnt rﬁgtﬂnrﬁr #Mity
of contact havkichl@fe phito dr@fde D35andA62 @rréifdr?rﬁeae%?rtdrﬂﬁé'bg 8t each

of the interl.a er i m 131 and the gate (nsulating fi are
et (efter 286e

provided in thao *ating film 131 and the gate |nsulat|ng film

117, respectrvely S ddru @ty aothoiphevus3 3 r dgd
source regio 113 R‘Sﬂ td;rth a?n(pr gi?lon lil14P0arfgrq§r:‘$eﬁugE€edgtlﬁ¥2|§ pé’ﬂ' bE

gate el ect r od®€1P8ViSHiGHx film; ising| hley'ffe';'ﬁhrsﬁ ﬁ"ldmtlf‘?é'ﬂfﬁ QS@rTTlQﬁEk; and
respect h\{gl yfthtﬁﬂa%mﬁmah »8l B ﬁ@r?nea fFJllrIBl t ntnqtﬁe?ﬂ %Fdh EHE?' SQH.% Cet
region o] annel_ty il mtransistor . e contac
hole 133 is dBe%cecgﬁd'rQBnﬁéario&\?\m% RYbgsicanAT G@gra&ﬁj the ot ﬂelgémh 4hdsnel
type thin fi IfmrmeajrﬁFIstQS(@)S) The contact holes 134 and 135 are provr ded
on the sgfgr ce regi r¥%nd Ih dr ai egr on 114 arranged on both side of

the gate 8l ectrode Fhé“‘ﬁ cmetabic topertisi Klenasiiad oni therupper 35
respectivel y.suMigce Tdﬁeth@OﬂtﬂCTnSHM@néiié Ep @%@@fr?ﬁngﬁﬁé %ﬂeéﬂz'%&e[% The

source regi on 3 of hannel e%y e thin'filmtransfstor

contact hol e '23 'T‘%e%pte\‘r 'g?rr&eﬁ'a'ﬁ‘rge gimetalie @varn Td@nnphespberusie p
channel type ibhsnwitH ra toansostentrdifon B1e ¢RRIREY ifnebes 63@ fkfbb ¥ m’”e
si d

provi ded on th region + re i'on 125 arran

of the 5 |i gﬁe’ﬁﬁgeﬁ A RGT tsé’% h@nnlﬁgaf‘ﬁ br‘-@r\'ﬂgc%r@éﬁtl@ﬂ a Ragectn veI y.

The cont aot Imidserjt%fown(men Fedicwect ed with an internedi ate section at
the tip section i npéléhlg breadth direction al gng t e | ongi t udi nal direction

of the conducting ALY the P-ntegign; 88 isoRydnagenatiadactH ﬂfﬂletl'l%7 |s

open and Conrh!yodmd]ematibmnﬂé@nsné%‘t@da@t\ﬁhﬁ.‘?ﬁth@r‘s@ésﬂ‘ﬁl‘é q#éx?%
t he breadth $rec |on al fgﬂ’éfﬁg Ion t.udi nal ection of t on ctr

pi ece 125b | he,8133Ma.g ENgoy |E'§ %‘ieeR:ﬁ llu§'%|acﬁ:\ﬁ?ed%1Vl§Egnal
line are provl])dnglmg lbdiwd@@rmtthetcl’im’m?él regdonnek TR f%?ﬁiﬁpg?% é‘b%lﬁ&ﬁ'}

15 11 filmtransistors 105

source r
respect i ?g’l y. R Arg §8 Fgeg\élt%'@t BXGE@QQ_Qa_t'QF‘etq Gpﬁﬁrdﬂdiih&a'%%‘céﬁdrﬁfﬁt Qf and
are el ectri cailey TEONn®¢ihed thersulsteate! iso8xpBsél @oSHe pRagriE dFSy the

thin filmt A ﬁyarrggérg 5|s "rirquerlrggted] rb?/uﬂwhe tggl(%eCqu}-:éar(é:tclehér)lresan%i?’rznd‘?r[]ectllyg4
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)).



« 20 Drain electrodes 142 which are a signal line are provided in the contact
hol es 133 and 135 connected with the drain regions 114 of the thin film
transi stors 105 and 106, respectively. These source el ectrodes 142 are
formed of a second netal, and are electrically connected for conduction to
the drain regions 114 in the 25 thin fil#®transistors 105 and 106 through
the contact holes 133 and 135. An n type el ectrodes 143 which has the

second netal are | & nRated, d i gled;d n pn
connected with the?ﬁygr‘ eg?o% 29,3{:% Fﬂ@¥|?gh{é gﬁ§§9%§ogﬁﬁlﬁ1ﬁqhgt %ﬁ@a‘%o
el ectrode 148ubstmitec2di cand ytheohigadt shieldinge daverc 2o hs tarrahgedoatuthe ng

Pl ece 1240 | Tqf dile R phito 8531 A 158 RSP BERAEE 31
protruded onin libei pteserdyembodioient, thefrelimrid possitility that sighe difecthe tip
o Lo coBuFIROnRE S5k ol 2o P s 1€ HRa bR bhch o i
provi ded in the lightt eak botrert3farcbeneanrdlledi h the p+ region 125 in |ight
conduct i on to the MRS el S sErnRelor thel sERIRSBLEEGS aver .
function as avhighotie fofrmidie dfi polyssierororarid ©orstitheep thepphatediodee id44 is
R e e

| ongi t udiipal abgorbedpnandl | tieht phloitebldictdcl apsverdforni effidenbppeanl be

sl ender and rect an%u‘ ar plate is fornmed on the interlayer insulating film

131 10 opposi'PHO e first light receiving section 122 in the |ight
sensor 107. This | iTdidugihia dexemipby dn Which sther phrgoddiodey der drad 2 el d

l'ight directly froma not shown ck,light arranged.,at the back side of the
opposed substqad\f'ggl ¢ ﬁ’%er 9'gh thil%gledgﬁgrqgé%rg?llgﬁﬁsnérrrez%é@d?bo% si ng
to the 15 fi ridle hHghegimeel8iare fmchedninleBe alovdateddridied iessnbbdiaheatd only
for the first _light receiving sectiion only 122, The.light shieldin yer
195 | & eXPendBETIInR i Ry cxRIADedy fetoradtitiohd vilich) £ Rfiots
recei ving secdiode withoutnthd Ipe reghgn t52iiamal tlle mensegionodotisefolrayed mMdyp i s
| onger than that of'lbqtd’ue %i rst Iispt r(ﬁcei Vi ng %e(@i (c)in 522. hThe 20 breadth
di mensi on of RAARARIGA pr Y EXQAMRPIE JWHED & REPTY HURIELDAS NG Re™ HBGLN | i ght
recei ving sec4othd3» rddgian b2, dritkthegit dyiehddBgtheydeplétionclay@rss3n the
br eadt h direc.ti%&%rat e Q"Jr region 1 %: t he %ide f the fi.rﬁthli ht
recei vi ng sec®i ok S8 ﬁ@'??éﬁ% YeBfQN h%f"r il U?\V‘i'}@ A& Ra si de
of the fi2ost tdglbh Fé%dsilahggashahi othét‘Srér?aalnbw&wncbh 4|539 ﬁcm:lotrdmglw shel i ght
receiving sectjio In other. words.. the |ight i i_n r_ 14 overs
opr oxi mat of yPBAPEREIIE SpPyReRioth Bfitighed carh e, FlsE: Fhg  Fulle KmET
the n+ regi ontifr¥e, the signdleginbisk ratio darebei also itErov@thect i ng pi ece 124a
inthe n+t region 1 he fir lLi.ght_receivin 0,.sectjion 122 d,. .
approxi mately one ﬁépfé'of tl?)%‘é&éi &bgofe)f%péﬁcdﬁd%yhﬁzﬁ't #@%eP\%‘Pﬁgng&H'Fon in
Ithe breadth dta?metsbon ﬁréatcleissnaveethé gjhotmidedadiémgwaaxtmedri@(ma'mmbf gnat
east a t the secon i ght .receiving section an p+
ogron 178 | tile 1A sahRar!BRnon ERE Al eRE iR, cdmeilih T a3b, t5s" s
35 longer thagatdatthd shmegaddvahkagesdas 186ose dhethe glaboverdescribéd
Mor eover, theeH cp il‘l’?gli‘l Icoa"nnBeI ggtearin%ésbyiisa lc%%%tg%q‘aa%nt Pnatwﬁip:ﬁ ﬁweentg%rte
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.



.30 of the layer 145 in the |ongitudinal section is coincided with the

| ongi tudi nal centers of the connecting piece 124a in the n+ region 124, the
first light receiving section 122, and the second |ight receiving section
123. Thereby, the light shielding layer 145 is 5 protruded in the

| ongi tudi nal direction of the first |igh®4receiving section 122 fromthe
both ends of the connecting piece 124a in the n+ region 124, the first

| i ght receiving segij ' bV t ] 3.
That is, the |ight C@ﬁ?%%ﬁ@@%&%&?@%?&%ﬂ&g\t')ut gre?]io(fl (H?'é%&on
124 and t hat arfstdledispdapddévigiet 10dcasvong exatiple 6f3hey displagrdegicen t he

back 11 ght ¢ A Sl sy Fevied 101 %Mot i B AQ T itayTdbg oM

Shieryng e withsaninprge captuingdumetiomn TS lidild onystabdislay deviee 1 ont

195 at (5 orii SoToRBsES S artay Bubiftare Ba20 WhiEh is20h ab Ve Tatik

gpvvard_, rtezfngqrgir?\éebnd Rhstai shapdeof iagkubstaretidilyordctaayguldd plaes astacover
ppr oxi ma :

Hfllf f the second hiﬁ_hi:l r (‘ifi"’i sectiPn 123 a‘%{ %0 t he
other side i Fi4EtH®BE h HilreltR¥nSURStA %ﬁ r'EﬁF 5 9591355 Stpatate
shi el di ng | ayeradgparertosabsprate) 20Br oXiicht B Y substahtiafly tkmsprrend
| i ght receivin ei:ctlon %23 gt t?ﬁmﬂsj{ Si def in tkbe br%aﬂlfth di recti,on and
the p+ regi odng9§i NG pURFEREE yWItH, 4 RI1aRSE OF theYRSRNt e FBFIRNIWSEr 145
ils f?rrrgdoiz 3¢|be%.2i3ﬁ$egn§:4@ra@a?llam §D4i Eael agsﬁiioh?ﬂiti‘i:@l% mrhYE&il\}x .
el ectrode and .t he. el.ect rode . That, igs, | shi e] din
Cayor 4t i o andriae sifees Mk SEoxbeand e, Lke s Riaiel o Bne: BAPEARRL $43
and the p typslagleecifr athe IdidssAcaoktiiatel W.03.he Thightusderloditntay@yer0445 is

formed on the interlayer ipnsulatjin i1lm131 _which is the sane 30 | ayer as
each of the rP';tey)’p?é‘tél' P\"Iﬂg'@%lzl’;‘srl“& d;‘%’ﬁ;ﬁeﬁ?q JB@%@peéFrmfegqﬁﬁ SERSEREC ot her

hand, a passiy@sj érorhi diffulb#eg tedeach eterpigntcon nitride filmis fornmed on
the interlayer insu Lng. film131.in Lng the sogurce el ectrodes 141 and
t he drai ﬂ5e?/ect rodeéq:&‘mgfb'fnttl‘i@n{sﬁitﬂr gkpg‘bl‘% PPaHs&%@%’F%’ (A= bYR®d0rt he n
type el ectrodsixbf3isprayt e thin Yivm el@ssisiste 10640pfa phehhnabl (Femprcyéél
and the |light_ shiel di ng. .31 |ayer 14%9&0 L%%t, the thin filmtransis (grs
105 and 106, [@fd RIKE! | FighEGerIH 20 Phataeleribice FONaSIaTHeNSFo g

penetrating tdu Vhforpingeatapturing raret formed oni deel umdértocki layekds.
The cont act hﬁé(ﬂ; 147 is,_open _and connected with the source el ectrode 141
in the n chanh@ff INAENHIX SEATEn t ransi stor 105. A pixel electrode 148 is

fornmed omrpgt he passiEath @f thidse BA filne brshdistdriel GO M1 0Bohas B actibe
pi xel electrode 148 is.electrjcally connected to fhe rce electro 141
of the n chan'ﬁé(lerlgs?wgo? Fﬁ{qri 1Y ea i 8t b i@g'ocrhrﬁﬁghgqrﬁée oﬁf‘agﬁehol e
147. 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



» Here, the pixel electrode . 148 is controlled by the n channel type thin film
transistor 105. An alignnment film 149 is forned on the passivation filmi46
i ncluding the pixel electrode 148. On the other hand, the opposed substrate
151 with a shape 15 of a rectangular plate, which is opposing to the array
substrate 102, and acting as a common suBStrate, is disposed. The opposed
substrate 151 is provided with a glass substrate 152 with a shape of a
substantially _tran rent t.an plLate n opposed el ectrode 153

i s provided é@ iﬁ%ﬁ g@ ﬁ% giﬁ PH@lb&é 20 plane at the side
OlOposi ng t]9_thelgLAagas@t@Iegaﬂto@elﬂaaonomipréglni@sa ﬁtd(}shlaw% iéAa‘lb_rrrmtl_ on |
al i gnment fi t he, opposed el gct.rode A | qui rysta
155 is mserl;g]@ @ﬂ%?er'@‘é%{{erfﬂgcm@aéeﬁ RRO3YNEg Fh?ﬁpféle(gho'?hﬁlgpposed
substLate é5‘-’fh@@a1téee|@cggjd@mt18nls%|§ S'E'@| t@ﬁcmmmﬂ pegisti aue b$2the2ﬁ A
not - shown_ bac t.is dispo c t rce pOsS t he
side at whi cﬁ ?%H@é@ﬁt@ﬂbkqeg el@@ %lrgull‘g&?s I,ag bnﬂhtf?ifrray
substrate 10%ndT|h%saér @Nnénbﬁirr ah Qh@Breadaxmwahaangaequl k6 dhaahdf Wi th

t he back light, and aq ge dliplayed on the array substrate 102 becones
visible by céherdlamyrelsegine el ectrode 148 through the thin film
transistors 105 an@bri%é)rbtth@ Aehdy 8uRght st 107 f 20 FIiv aype NG 37

are views show ng step ali UI d crystal displ ice

for manufacturin de
accor di ng t o feREadhPp ﬁ"@‘r’d@ﬂ’l%@@ allé@"ei’-aéf@‘é? 053%9%@%9%%% i ng
the I'iquig 3%nherttiihafilrdi trBhatstdeviors apﬁerlrbﬁtgsé@sémgom%swmeahﬁdm@nt -

wll be explained, referring to the draw ngs. In rst place, the
under coat | a@meoNadBHEtWiing steps| aécmqsﬁt of é‘l@ef‘ih'me'Qi‘ WnS@ﬁOM%

silicon fil mc(rslg%a@% aRQrigdeetd %efmewéfm Mtﬂ HHeassinstiattrahsistes as a

step for plasma according’to a g asma CVD nmet hod, as shown in FIG
5 Then, an ard?pRéuL0&ian Ebe 9‘|P$$nsﬂ! stigteat03nor phous semi conduct or Iayer

i's dep05| ted to a t‘ﬂ%ém@ﬁsséﬁsoﬁrpm?xﬂs”ﬁir%é‘dw éﬁﬁﬁ'bh@@soﬁlkbﬁ b $s
substrate 103 according’to the met hod, or Sputterjng method.

Ther eaf t 8P, a:roy*@eﬂewms@rh%%nﬁchwm HESEI0Fn lt%le Qb amol JAYEE 113 con
filml6Z as g?] hoRecat abhvérs%ﬁps@émﬁhovvnhe NigHtGecehving seaen @meal i ng,

and the amorphous silicon film161 is crystallized to obtain a polysilicon
film 162. Thdermest 'Bo‘i’-rﬁlslam%rﬁt\epﬁn?id:@C’i% phdbe ﬂFBV%HaVﬂaWde'Pk

pattern by drﬁhlﬁtﬂﬁ'\ rtgaﬁ§|s€otdr1)059b9m(5‘9 %h%plsal%rﬁh%d' BnFtHe u%erééat

Thereafter, ion do boron (B) with a |ow density is, exerted on the
whol e sur f acdayer % pah@elrlgaa rsse%ngliemlqn Lt 1%@r@ytde%w§ﬁla@fwﬁt an

| sland ‘agga fﬁqr% rééél ﬂfq)b@@tléhemz%ﬁh awmgghheetémﬁe@ecmn 123,
pon5|I|con fi - region 1 ght réceiving section 121 of the

| i ght sensor Wbich ﬁ‘é %tﬁ’arﬁ?&'oﬁo regions 112 of the thin filmtransistors

105 and 106 are formRrgl. 2$Ub§€51ltéﬂt{/béwt61€tﬁét\ﬂclﬁ1§w|ﬁttﬁ'@ lidHtrEdeiving
conprising an oxide silicon film ( Hé f or med Igb&e under coat | ayer

104 i ncl udi ngS@HEM st &hd- Aﬁkﬁ‘%ﬂy‘@i or27f:|tl|'lﬁs firgh | cﬁe&ﬁﬁgngose%o ECVD
met hod, the %HWH’EP@EC@HQ I‘idﬂ?t lrb&ivittg et 193 Raveos BHEpe 0¥ah €

i nsul atln%'fl m as shoa/n | Thereafter, resists 163 are forned on
6

the pol y&#3 i celendarnan Qeq;ﬁin@wwm atRWWhR 2 Huihstgrtiallycsimilag areat ton 121
and the p+ regheR d@%rOfaricﬁgndéQBT twaathwctum tWRidPlaral bpgeﬁn @B 162

which will becone the active layer 111 t he Rannel "ty
t ransi st or 1063C|6n°tth%' 'ﬁbt%|h"ﬁégﬁhfd'FW'Q’GrZaleJﬁCW@ YbE@Bﬁ@CWﬂe V‘ﬂH&nneI
region 112 andztRethldp regions 115 and 116 of the n channel type thin film

transistor 105 as a first step far fchrnhng a resist f’:lS shown in FIG 32.
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



* Under the above circunstances, ion doping of the polysilicon 35 filnms 162
which will becone the n+ regions 124 of the light sensor 107, and the
polysilicon films i62 which will becone the source 33 region 113 and the
drain region 114 of the n channel type thin filmtransistor 105 is
performed with high density phosphorus @P) as a second ion doping step,
using the resists 163 as a mask, and, then, the n+ regions 124 of the |ight

sensors 107,,. and . rc i o 1 he,edr a4 i 1 h
channer 1yndiHE feITY SRR 170, BRATnE DI SERioRs (M thethe T
Subsequent | ycorafdeting epiecent 26hein dbiesbseadtd) directigndencannaated withivo- Ta)

all oy and lLyb t . . ' .

Tnsul at | ng- ek ah e st agn; BetdBind sBehish Fa2 fFROEGiRadtA dRecaghe,

FIhG 33 to ffarrelactricslt comnhedtion. | ayer 164. Thereafter, a portion in which

whtch the sour e rRgroRayskEnaTEeR 1748 nwitil; 3. nthafe oBf 2, HEn8eloahper

]Eihirgtfinle{nallfr_écdtlanguﬁp Lait@} \Mh}d_h i@teektencﬁdgaamngoemedmpdmht ieection off the
| ayer 164 as a fi patter. '
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32{ 1;] gr {‘ﬁ@ \éwaﬁrﬁg ?ggﬂgng_@ﬂﬁ?t )pi?@@ispﬂqawrc(rﬂ)l 6tae athierr énidorsettimmgofsttbge,

| first me i.c Layer . , , ,
regions 125 6‘Pnf‘ﬁ€t'ﬂggﬁfe%eer;£4§ 'Toghggbﬁﬁcﬁgg%é'ieq@@n+%B§y8b!q89§t'hget ﬁrs
itlnrrf’het Becﬁgﬁ‘nﬁ@??deb riﬁ_t ppga{,ilaleldit ﬁelaayag drﬁez‘toééﬂtsibfeshEheogaEetiBgeptGC@de 1i 8

1 in_ filmtransistor ) , [ [

whi ch the n+124g %EhQioﬁﬂﬁuﬂHP|fq'F§?t'9?ght recei vir ﬁgvgtract ?ogorltzlzogf | '?he
li ght sensor 107 wall pherégiomed2530hatdisafaened wf polysilicon,t dved smis @s

channel ‘1§ peamipriviad MIAGtiage SEG1of 05 RIOVITEE o atart SFERIaH Frst (her
gﬁgs\gr In'nng | gigggereﬁ:?i\ﬁjﬁgpzééﬁéeﬁ: qzzaﬁeroééﬂhassmom?bghg pateiwimg rsgctioep as
oot mask 15 sThermed agiothk2 Sl dOVIERETHE s iRpred Bk 17 e °
34 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 1253, 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



~first metallic |ayer 164 which will becone the gate el ectrode 126 of the

i ght sensor 107, and the resist nask 165 covers the polysilicon film 162
which will becone the n+ region 124, the light receiving section 121, and
the p+ region 125 of the light sensor 107. 5 Under the above circunstances,
i on doping of a portion which will becod the source region 113 and the
drain region 114 of the p channel type thin filmtransistor 106, and a

portion whi cﬂﬁmégl,gl?‘ea ?g.la &erergﬁgm?%é fdrh?edir&r\ theegh@erdot, and

t he LDD regi type thin filmtransistor 10
105 is perf orayed WG thl'delﬁsthﬁ SR hEes &5 é;hpéﬁrtqfl the fsph dipht ep,

uSLho Lhe PALELGHh SbERbRTPEZ) bhA i Secdfd ML PRIV SkcfiBAl B as o

mask, and, urce regron | 114, and the LDD
regions 115 and 11Asofhoin nncHinGne[ZGt,yti’@emateflll‘\ISleHﬁﬂsfl&liMr 105 ai€d t he

source regiop 113 .an t-hi N
filmtransis erm§660 'gltég @ﬁﬁﬁ%gt@%g%ffh%ﬁ;%@?ﬁ eEeRnﬁprE’?éctLd’rP‘ig%‘er ned
flhrst Imet al | tﬁﬁlgewndlﬁ ¢ hteamebsinghsegtior ]323ptthedla$~ Iegloadef‘Z@ndnptl'he n
channel type thjin mtr i Sto i
recei vi ng sekegion ﬂzilg zﬁng?tq}%gﬁqﬁﬁ%ggéﬁggﬁi ]](1&847 égﬁ%@hg ?Qgpclemggéjet he p-
rfgl on into %é;@shgsnﬂwsé Ioththa glata dlemtrodlecémsrm tba thie film é:talésisb@l‘corres
of a PIN typ Subs u e
been doped i OtSné’ fiﬂgt n'itl'}# ﬁ 8%&& %éé)ofm\f% %?hge%ﬁgpghétﬁﬂ%‘ﬁbm?
lreCﬁl Vi o see%:gedlaﬁ tﬁ&gatelmslgabmgig#n Jéma apEogingr ey tle sezslndfhglnte
|gt sensor the source,r 10 | g
channel thi nr?F‘F'M”f‘gaﬁEF PBr 1?%% jﬁ# ﬁ fqt'ggﬁrgpgng‘lis hggoé 61ré)g'dﬂﬂannel
tygeltlge ?OULdtiﬁedtﬂﬁh cgutils’tan_thm%()dgglah toeghab of1the aeg&;tctrtcb light recgivityg 115
an of the n ¢ el _thin filmtransisto a a
t enper at ure SGECHGHY i&gm §°§W'ﬂ%ﬁﬁ5§é n&é@, gﬁ_g'%g 3s &ﬁe%néﬁ%gﬁqgat i on
stef The;L S?fltﬁ ist Ngrogiides ?‘2’29’” aghe ¥e3ondnpighti mgcehanyi glectloe\ﬁdiZB ng
sections e n+ n re . _RENSOrs
107, and'®he thEPHY tpb‘?'lgqa}fefn R'B ﬂ?n %ﬁ%q%% Qhésggtcé glggﬁgr 106
are inserted reaéwmﬁngéctmmml asma CVD devi ce, and the gl ass subst rate
103 is exposed to t pl d e or [ S
hydr ogenati on st ep. Af’rhé\tsaﬁflsr,"\sH?%‘H@ Q&g gl3&sr¥f§hﬁﬁpﬁ%eﬂg§3 Re Pl asma
SVD de;n ge US}ﬁﬁ:ofrﬁf t|h§tdlmu}iy?ay@mflsi’:fnrme;ﬂ&rmthecgat?nhsulainmlg tﬁilm Ilkédare
eposited on , ate .| nsul atl,n | | es
118 and 126 df"cte ng; HYis 9 ?éﬁs%? Bﬁlegiuéét I‘?@Ia‘t:h'y% gﬁqfan%‘%;gﬂ)qees?%?sgﬁg@gand
106 ?stazgtfe%mﬁrlgwhaaﬁﬂT sfstbr as0 5 hel 060 FAGd, %ﬂlorélmyrmfr@ntatbmczigerl?)?)
i nsul a I Ng | , n, S, | . CO
134, 135, 1361 ij3§rr fg‘c‘sr &g’?rlﬂfwéngnﬁ?%ﬁ?%ﬁ'&? Q‘{‘?‘%LW% 'S%hgnd 10
the n+ regi Oninl‘%ila?éd |hba|al‘ciing e‘ﬂnomBJJZEarmr theegatalinsslatig fmcw 1&1r7d arae
sour ce regl ons r n_reqion e n
filmtransi stBro‘iéG%an'El‘ f\ﬁ_@ ﬁ&'ﬁwglr 'ﬁ?‘i‘jaﬁmin H}gnm ’g}tﬂor Hi?e gteaE%osed
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



- Thereafter, a second netallic layer 166 is deposited on the 15 whol e
surface of the interlayer insulating film 131 including the contact hol es
132, 133, 134, 135, 136, and 137 as a step for formng the second netallic
| ayer. Subsequently, the n type el ectrode 143, the p type el ectrode 144,
and the light shielding | ayer 145 of th@8light sensor 107, the 20 source
el ectrode 141 and the drain el ectrode 142 of the p channel type thin film

transi stor 106 t he souyr el 4 I r 142 of
the n channé‘ioq y%ﬁﬁﬁh?%“‘?ﬁq%nﬁ %&ﬁf%%ﬂ%ﬁ%ﬁ%@&\%&gégy\ngﬁt én@lr%gn of the
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array substghgrdd2e &?cﬂﬁfeé "e4 PPERSCRbANEGL DRl 3&done hietal] quid eystal
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| nterface bepygaf ffind kelisisanel YO9BRPAUMtARIGIREHe duntatt heteon 3124 to

the light recerving section 121 and the n+ region 124 as descri bed above,
the | ayer 16@ndsl8ftended | onger to the side of the 20 |ight receiving

section %ﬁi Wi th apr%\m%lee&we%tmn whmmawéIsrﬁgnalandelarenpromt:dnmed S0
much to e side o

the n+ region 4 B entr |ono
impurities. NbeecoBEACtRONES t J(%p@@b%?q% dYy ﬂg‘ 591U on

125 and the o fcﬁ*‘é’r?értﬂﬂ‘i’ AP tranéitodshe 0%enhdt 108, |r@:€9€cﬂ5eﬂ;ﬁ8 Teese
ext ended not on to the first Light receivin sectlon 122ét133m al so to t he

i nt er medi at e wpeml@etrpﬂsssééan rei §AEMedc &vengesabd; snetele 390 ¢
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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



- 30 receiving section 121 in the depletion |ayer 168, and light is shielded
with the light shielding layer 145 with regard to the side of the n+ region
124 of the depletion |ayer 168. On the other hand, a voltage at the second
| ight receiving section 123 is equivalent (p+ like) to the p type el ectrode
144 and 35 the depletion layer 168 in th29light receiving section 121 is
only the first light receiving section 122 as shown in FIG 39 when a
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P EN L TR g RSO T B
sensor control [|inelnl74thepporirdg, t ehendightot &igielding 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



- 10 The light shielding |ayers 145 in the light sensors 107 and the sensor
control lines 174 are fornmed as one body, and the layer 145 is fornmed at
the sane step as those of the n type electrode 143 and the p type el ectrode
144, using the same material as those of the electrodes. 15 The |i ght
shielding layer 145 in FIG 41 is forneddnto a shape of a slender and
rectangul ar plate by enlarging both sides of a part of the sensor control
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el ectricall y@g q@gﬁmh gkd@igH e 200t her for conduction, is formed at the
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layer different fromthat in Bg%te signal” line, 35 rmed. . Thus,

in FIG 40 af8nkedngspn |hhﬁ1tf'r§ﬁ| nbeqedymg 1seftign Pgr‘i atelight 107
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or the sensor, h8!sddt 194, 5 Accordingly, the di spl ay quality and the
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in the |ight sensor
breadth dlrectlon 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 interlayer 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 is changed within the sanme range as that of the n+ region 124, the
reduction in the light sensitivity of the |ight sensor 107 can be p
revented . At the sane tinme, requirenents for new power supply wring,

whi ch is necessary for a case in which charges given to the light 25
shielding layer 145 in the |ight sensor 307 is different fromthose of the
ot her power supplies, can be ellnlnated by a configuration in which the

pot enti al of the Li | a 145 th d
equal to thal@¥Er ¢ g]ﬁQ EQ@%& nyﬁiqherqr}%ﬁqorgeiuégraT§$TB$he%rgJ ee mtahg
redegt :jon |3|,gpe mﬁ;rd otru;_[@7raaé| @b\mdt,o 30 new power supply wiring can be
avoi ded, and the reductjon jn,t t t h I
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substrate 10%4feérispstor 109ui d crystal 40 di spl ay devi ce 101 has been
expl ained in the above descr| be errbodl nts, eveg}a circuit b%@rd ussed for

an el ectronic | unm Hedbepicelect(ode 4Rk s Bﬂﬁ‘egeoﬁp ¢ P@saiMatianp
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substrate 102 are n to so-called top ga

channel , theajﬁ@'é'lqaib’upﬁﬂf@ﬁt@q Itﬁ\ﬁ}ﬂjswéc@@ﬂ%dép@@t*%ﬁ fé&te Bnﬁh t he

array supgtr el S abletothe
T ey L PRl 05RO A gerlages

i nsul ation film andleng Birpixel eleckiade dd%is santradled bxyt%%eﬁﬁaﬂeﬂ n

sequence) . tﬁ e hﬁﬁncir%'n@%%\“slosl Andaﬁ@hﬁVerqemrﬁe149qeprdrmwon
di splay el ene provid i nside of pixels @ach being formed in vicinity

of intersect |tb|¢sD@$S|§ﬁ§||Qz§\l filmnkAd aln@lugmﬁhﬁ@wehskeﬁm%é&a n matrix form
and photoel ectric q9RufieSbeerchamNithe opposed substrate 151 with a shape

15 of a rectangular plate, which is opposing to the array substrate 102,
and acting as a common substrate, is disposed. The opposed
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



. wher.ei n each of said photoelectric conversion elenments includes: first,
second and third sem conductor regions di sposed adjacently in sequence in
parallel to a surface of a substrate; a first el ectrode connected to said
first sem conductor region; and a second el ectrode connected to said third
sem conductor reg ion, said first senicoaﬂgctor regi on being formed by
injecting a first conductive inpurity in first dose anmount; said third

hsecond dodlAtelR TR ABTRRORHHSMNE R Oflee: RPHRls, TR LENSr oAled by
i nj ecting saiokider stlicoondilot i (&iOxdpuandy the tiker dsdegenaDem thessyihhan
saJidfirgt d n Za A ds a'y fievice onpri sj.ng: dlspilayeements
provi ded i ns%@@sgég)%i f>'Zgl?'s,s éa%?pﬁt‘? ng q‘%‘?‘ﬁ&vﬁna 'indrwaioo@ nlasaras 6MD ons
of signal |imaettaod, asashuvng ihiFIG 28j gned in matrix form and _
phot oel ectric conversion _elenents, wherein eaﬁEnOf sai d_phot oel ectric
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di sposed adj aseenitdondutterdapacdsi depasidbdeto t tAiRHRCBF A pFrSURTItey € @
fi rgt el ectjrg.?gje coanect ed t%ﬁsai prI‘S sem conductor regi O%I;?f anﬁﬁaeyecond

el ectrode comreEPHYTERN PR 9 @SSertiBat@Le bP3 ragrasidingatiad ther BECVD
sem conduct ometigodpobehasfutterdghmetibacting a 42

Thereafter, an excimer laser beam is radiated on the
10 amorphous silicon film 161 as a laser radiation step as shown in
FIG. 29 for laser annealing, and the amorphous silicon film 161 is
crystallized to obtain a polysilicon film 162.
Then, the polysilicon film 162 is made into an island-like
pattern by dry etching as a dry etching step as shown in FIG. 30.
15 Thereafter, ion doping of boron (B) with a low density is
exerted on the whole surfaces of the 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




«first conductive inpurity in first dose anount; said third sem conductor
regi on being formed by injecting a second conductive inpurity in second
dose amount; and said second sem conductor region being formed by injecting
sai d second conductive inpurity in third dose anbunt | ess than said second
dose anount. 3. The display device accord8ng to claim1, wherein said
second sem conductor region is larger than said first and third
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to said first agg ,sqi d tH{f’r‘g sem conduct or regions via contacts forned on
portions of SAFEHICIaYes econd insulation layers, 43 said first

senmi conduct or regi arhdreafigerf @r peetidy innveidh e +i regfion AABIGSi thee lightirity
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metallic layer 164 as a first 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 channe! 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



. 8. The photoel ectric conversion device according to claim7, wherein a
positive bias voltage is applied to said electrode |ayer, and said gate

el ectrode is set to substantially OV. 9. The photoel ectric conversion
device according to claim7, wherein a positive bias voltage is applied to
said el ectrode |ayer, and a negative gat3 voltage is applied to said gate
el ectrode. 10. The photoel ectric conversion device according to claim 7
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15  the drain region 114 of the p channel type thin film transistor 106
are formed as the n- layer.

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



- phot.oel ectric conversion elenments provided at | east one corresponding to
sai d display elenents, each conducting i mage pickup at a predeterm ned
-range of a subject; an array substrate on which said display el ements and
sai d photoel ectric conversion elenments are fornmed; an opposite substrate

di sposed oppositely to said array substr3@e by sandwiching a liquid crystal
| ayer; and a backlight which is disposed opp05|tely to said liquid crystal
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transistor 105 are exposed.
Thereafter, a second metallic layer 166 is deposited on the
15 whole surface of the interlayer insulating film 131 including the
contact 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



~a first conductive type of first electrode which is electrically connected
to said first light receiving section and is disposed at opposite side of
said second |ight receiving section by sandw ching said first |ight
receiving section; a second conductive type of second el ectrode which is
electrically connected to said second |i8ht receiving section and is

di sposed at opposite side of said first |ight receiving section by
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conversion devjce according to claim 18, wherein said Ii ght shi’el di ng
section coveddlok gompIstedon of said second fight receiving |ayer: and
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| ayer. 22. The photoel ectric_conversion device according to claim 18

wher ei n ei t h@Tdy sddisirate dP2pckassokhe é’lpétﬁsre@déubﬁ@ﬁe%ﬂlﬂ@ thebguite:

and potenti alcrpétaiadidpldyolevadd ¢bding section is substantially equal to
that of said n type ePectrode. A di spl ay device, conprising: a

transpar &t subst r dOUGhot Bel ééghtﬁo"toﬂgé{%i ohO8| eNENECR f GEMETAERS s d
Lo cn.( PARSERGcRd e e R ghCcenseeto 1 wkEhed e I
said phot oel é@gqrﬁgg@ﬁ@ﬁg\(ﬁe,n the light receivingpsection 121 and the ¥1+ region J
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. In 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 layer 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 voltage



- wherein each of said photoelectric conversion elenment includes: first and
second |ight receiving sections which are electrically connected to each
ot her and di sposed adj acently to each other; a first conductive type of
first electrode which is electrically connected to said first |ight

receiving section and disposed at 47 opposite side of said second light
recei ving section by sandwi ching said first |ight receiving section; a
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sandwi chi ng ghiglding islﬁé'ﬁrgf#%nwﬂgyé?.ga"zéj.t%ﬁ eﬁ%@%ﬁ?”&ﬁﬁ'}éhﬁc%ﬁ%nt oy
claim23, fugideofapElight receivivg isegtivect Ronaed ¢bier sidel éfythomaecegibrio at

| east one_of said first and second el ectrodes, wherein said |ight shielding
section i® mdd#.of the same material as that of said W ring section. .A
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{. AhS. A . AA J4vén 15 ichrb bé Peduced by exposing the p+ region 125 without
covering the p+ region 125 with the light shielding layer 145.

10 Accordingly, as reduction in the aperture ratio of each pixel due to
the light shielding layer 145 can be prevented, a liquid crystal
display device 101 in which a high-quality display function and a
high-performance reading function are separately included can be
manufactured.

15 Moreover, the manufacturing steps can be simplified by
forming the light shielding layer 145 at the same step as those of
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
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dee 5 which a specific method for formlng the light shielding layer 145 is

2{ 0a) ca) cal cHUePEETuaTELTAg o Ate ot (G C o AERERS BV kAN LY TABA A @
“dee using the sensor control Ilnes 174 which S;ZE; a voltage to the

2{ 001 cal cal cloby] SSpsnoAPZ] o Bl 2ped] ERRCRY BRlsetoH g Bk pppVits ) ©
TO(}/SZ(EfL-()cf r”2"|d2é§gﬂuwé%'{®£ contfol Qe 1 74, opPldking ftgo&oﬁé another.
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10( 10(0 tl_1|e sensor control lines 17? are formed as one bod_ and the layer
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143 and the p type electrode 144, using the same material as
those of the electrodes.
15 The light shielding layer 145 in FIG. 41 is formed into a
-shape of a slender and rectangular plate by enlarging both sides of
a part of the sensor control line 174 in the breadth direction,
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
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5 Accordingly, the display quality and the reading performance can
be improved. : _

When a voltage of 5 V is applied to the n+ region 124 of the
light sensor 107 in the liquid crystal display device 101 (Vnp = 5V),
a photoelectric current at the light receiving section 121 in the light

10 sensor 107 is large, as shown in FIG.'42, for a potential equal to or
larger than approximately 2V with regard to the light shielding
layer 145 in the light sensor 107. On the other hand, when the
potential of the light shielding layer 145 in the light sensor 107 is
smaller than approximately 2V, a photoelectric current in the light

15  receiving section 121 of the light sensor 107 is reduced.

At this time, the potential of the n+ region 124 in the light
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
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310% ": & () - F110%firsk (3econd 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
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

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

2. A display device, comprising:

display elements provided inside of pixels, each being
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:

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
region,

said first semiconductor region being formed by injecting a
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second and third semiconductor regions are made of polysilicon.

7. A photoelectric conversion device, comprising:

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

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

an electrode layer connected to said first and said third
semiconductor regions via contacts formed on portions of said first
and second insulation layers,
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second and third semiconductor regions;
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
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pickup at a predetermined range of a subject;
an array substrate on which said display elements and said
photoelectric conversion elements are formed;
an opposite substrate disposed oppositely to said array
substrate by sandwiching a liquid crystal layer; and
a backlight which is disposed oppositely to said liquid crystal
layer by sandwiching said array substrate and radiates light in said
liquid crystal layer,
| wherein said array substrate has a light shielding layer
which shields light so that direct light from said backlight is not
radiated in said photoelectric conversion elements.

14. The display device according to claim 13, wherein the
subject for image pickup is disposed oppositely to said opposite
substrate.

15. The display device according to claim 13, wherein said
display elements and said photoelectric devices are made of
polysilicon; and '

crystal size of polysilicon in said photoelectric conversion
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conversion elements is higher than that of polisilicon in said display
elements.

17. The display device according to claim 13, wherein said light
shielding layer absorbs energy of laser irradiated on a region
forming said photoelectric conversion elements.

18. A photoelectric conversion device, 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
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
disposed at opposite side of said first light receiving 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

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.

19. The photoelectric conversion device according to claim 18,
wherein said first electrode section, said first light receiving section,
said second light receiving section and said second electrode
section are disposed adjacently in sequence on a layer of the same



'z 109% & ()- 3:10% & ()- 10% & ()-10 10 Ygg5hhhii{Z9A410 y, 10% & ()-
(@109% & ()-& (@10%:& ()- s° T 109k & ()- T 109 & ()- i 3g 109k

& ()-iiiihjtjjj|[:-410k d9S 109% & ()- y8f10% & ()- [y5@10% & ()- 3
109% & ()- "y210% & ()- i-S 10% & ()- Jé&Jck |11 nbA410k @ 10% & ()-
i°Y S 10% & ()- 'Y S 10% & ()- Y.S 10%F ' 10% & ()-10k 10k |Immck

|1l mbA410k @10% & ()- i‘YSlO%~&() Y810%~ & ()- Y S 10% & ()-
10% & @10(?/@19&1:() Nor mal " "Heading 13]c" "Heading 23]c" "Heading 33] c
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c
'Head| ng 93] c"A "Default Paragraph Font4 "j$*0"5e<DVcVAgpx[?)-tL(C

"$i-. 6?2A~GNT, n
"9u_LP! 2% (>{@9J- pl'lﬁé’%c%%%é/@érjﬁ i%%’flr ons. deviee AOCRSRIING ST G o
@1&xz@ I\/[>’\4Nbe£¢'$" lﬁogtI@&A nolgergiywelinalveirectiongof (said first and second
$UR' () *+, - 1 _
<= >’>@\B&EFG—|I4JML %ﬂ]f arg bctcrl]eef ?’n ensqtmwlﬁorlrgﬂgﬁugl'%lurl er
New'h Root Erdlirgedeamicsaignfirst and second electrodes and
length in longitudinal direction of said light shielding layer is

longer than length in longitudinal direction of said first and second
light receiving sections.

21, The photoelectric conversion device according to claim 18,
wherein said light shielding section covers only a portion of said
second light receiving layer; and

said gate electrode covers only a portion of said second light
receiving layer.

22. The photoelectric conversion device according to claim 18,
wherein either of said first or second electrode is an n type
electrode; and

potential of said light shielding section is substantially equal
to that of said n type electrode.

23. A display device, comprising:

a transparent substrate;

photoelectric  conversion elements formed on said
transparent substrate; and '

a light shielding section which shields light irradiated from
opposite side of said transparent substrate by sandwiching said
photoelectric element,

wherein each of said photoelectric conversion element
includes:

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

a first conductive type of first electrode which is electrically
connected to said first light receiving section and disposed at
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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
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.

24. The display device according to claim 23, further comprising
a wiring section electrically connected to at least one of said first
and second electrodes,

wherein said light shielding section is made of the same
material as that of said wiring section.



