1 SUPPRESSI ON OF LEAKAGE CURRENT | N | MAGE ACQUI SI TI ON CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application is based upon and cl ains the benefit
of 5 priority from Japanese Patent Application No. 2002-254851 filed on
August 30, 2002 and No. 2002-281665 filed on Septenber 26, 2002; the entire
contents of which are incorporated herein by reference. 10 BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention relates to a
technol ogy for suppressing a Ieakage1current at the time of inmge
acquisition in a display device including an inmage acquisition function or
15 in an inmage acquisition circuit. 2. Description of the Related Art A
liquid crystal display device includes: a pixel array part including pixels

at respective pogtj | i of signal lines and a plurality of
scan |ines interé@%ﬁﬁéﬁ¥ﬂﬁggmg§%%§é% e%&kﬁﬁﬁF vEAEE RUPY SR ®h drive the
signal lines and the scan lines. Along with the recent advanced devel opnent
of integrated circuit technol ogies, a process technology for formng a

part of the drive circuy | %ng t 5 rowith the pixel
array part has been pﬁ#kkg;g&g%?F@g#a§% us EJ c?@?h?ggi ?N%he whole liquid
crystal display demice . . re i N weight, and. si.ze. nsequently, the
liquid crystal 2 gﬁg%1géﬁgéﬁgggh}gg&§%%%£uagg Iggcgaﬁ?gpﬁgygg%?fﬂﬁgg vari ous
5 priority from Japanese Patent Application No. 2002-25485]1 filed
on August 30, 2002 and No. 2002-281665 filed con September 26,

2002; the entire contents of which are incorporated herein by

reference.

10 BACKGROUND OF THE INVENTION
1. Field of the Invention
The présent invention relates to a technology for
suppressing a leakage current at the time of image acquisition
in a display device including an image acquisition function or
15 in an image acquisition circuit.
2. Description of the Related Art
A liquid crystal display device includes: a pixel array
part including pixels at respective portions where a plurality
of signal lines and a plurality of scan lines intersect with
20 each other; and drive circuits which drive the signal lines and
the scan lines. Along with the recent advanced development of
integrated circuit technologies, a process technology for
forming a part of the drive circuits on an array substrate
together with the pixel array part has been put to practical
25 use. Accordingly, the whole liquid crystal display device can

be reduced in weight and size. Consequently, the liquidcrystal



portabl e devices such as a portable tel ephone and a |laptop conputer..
Incidentally, herein proposed is a display device in 5 which a contact-type
area sensor performng i mage acquisition is disposed on an array substrate.
For this technol ogy, for exanple, Japanese Patent Lai d-Open No. 2001-292276
and Japanese Patent Lai d-Open No. 2001-339640 are di sclosed. Polysilicon
has a |arger nobility of electrons th that 10 of anorphous silicon and
therefore it is preferable to use poﬁgsilicon in order to forma part of
the drive circuits on an array substrate. However, even if active |ayers of
various TFTs (thin film transistors) forned on the array substrate are
formed of 15 polysilicon, when a nunber of dangling bonds exist in the

active | ayerd, o diigf Gy REORL 81 Pfydhd GAKA0RICHILEMNindd GUNGalAbEs the

TFTs. For solving such a problem 7a technique of hydrogenating the active

ayers and LA M LiReLA300L! A0 ROBdecL1e 2L fARICAY. JHaugyep, 10 the

case of the ‘above- contact-type area sensor, there is a problemin
that, when thg,fangl i ng bonds in the active |ayers are term nated,
sensitivity to light is |owered. Mreover, in an optical sensor diode used

ina 25 conventigpalaemRge1aCcaNtséid Orddded tis QVeNLdphag GBVEESCiRI as
voltage is OV, a weak | eakage current is generated when light 3 is
irradiated, yiiih Gagsh st NaRCEHEAGENM O pBOLOARMHY ShhdOMcquisition
is disposed on an array substrate. For this technology, for
example, Japanese Patent Laid-Open No. 2001-292276 and Japanese
Patent Laid-Open No. 2001-339640 are disclosed.
Polysilicon has a larger mobility of electrong than that
10  of amorphous silicon and therefore it is preferable to use
polysilicon in order to form a part of the drive circuits on
an array substrate.
However, even if active layers of various TFTs (thin film
transistors) formed on the array substrate are formed of
15 polysilicon, when a number of dangling bonds exist in the active
layers, there is a problem of a leakage current flowing into
the TFTs.
For solwving such a problem, a technigque of hydrogenating
the active layers and terminating the dangling bonds 1is
20 considered. However, in the case of the above-described
contact-type area sensor, there is a problem in that, when the
dangling bonds in the active layers are terminated, sensitivity
to light is lowered.
Moreover, in an optical sensor diode used in a
25 conventional image acquisition circuit, even if a reverse bias

voltage is OV, a weak leakage current is generated when light



deteriorate. SUMVARY OF THE I NVENTION 5 A di splay device of the first

i nvention conprises switching elenents for driving pixels that are forned
at the respective intersections of signal |ines and scan |ines, and
phot oel ectric conversion elenments that are provided at | east one by one
whil e corresponding to the switching elenents 10 respectively and which
convert light received within a specified range into an electric signal.
The photoel ectric conversion el ement 3has an | | ayer between a p | ayer and
an n layer, and a defect density of this | layer is higher than a defect
density of a channel portion of the switching element. 1.5 According to this
i nvention, the defect density in the | |ayer of the photoelectric
conversion elenent is made higher than the defect density in the channel
portion of th& KHadftRY, ENERETRYSIOGNERYFSTITECYWRT |1@296ppresst g Ghe

| eakage current of the switching elenent, the sensitivity of the

phot oel ect ri 8etePie%mier sion el ement to light can be inproved. The second
invention is a method for manufacturing a display device of the first

i nvention. The method conprises the steps of formng a polysilicon |ayer on

an insulating substrate, formng a first i ' | ayer on the

polysilicon 25 | ayer, injectiﬁ fFi?HFoﬁgvﬁﬁ%%&?egions where the

switching el enents and otoelq&;r%g?c_ version_elements %ge formed 4
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ayer on the
first insul atsxlnr:legclglax}/gerélefm%rn sngo% cfhlrlj:vsj}ngg%tii.?:els that are formed at the

respective intersections of signal lines and scan lines, and
photoelectric conversion elements that are provided at least
one by one while corresponding te the switching elements
10 respectively and which convert 1ight received within a
specified range into an electric signal. The photoelectric
conversion elément has an I layer between a p layer and an n
layer, and a defect density of this I layer is higher than a
defect density of a channel portion of the switching element.
15 According to this invention, the defect density in the
I layer of the photoelectric conversion element is made higher
than the defect density in the channel portion of the switching
element. Consequently, while suppressing the leakage current
of the switching element, the sensitivity of the photoelectric
20 conversion element to light can be improved.

The second invention is a method for manufacturing a
display device of the first invention. The method comprises
the steps of forming a polysilicon layer on an insulating
substrate, forming a first insulating layer on the polysilicon

25 layer, injecting impurity ions into regions where the switching

elements and the photoelectric conversion elements are formed




el ectrode for the photoelectric conversion elenent and a second gate

el ectrode for the switching elenent by patterning the first 5 netal |ayer,
injecting inpurity ions into regions where the switching elenents and the
phot oel ectric conversion elenents are fornmed in the polysilicon |ayer
respectively, hydrogenating the polysilicon |ayer so as to set a defect
density in the region for form ng the, photoel ectric conversion elenent to
be hi gher 10 than a defect density in%he region for formng the switching
el enent, and exposing regions where the respective el ectrodes of the
switching el enment and the photoelectric conversion elenment are forned in
the polysilicon layer, and formng a second netal l|layer in the exposed
regions. 15 According to_.this invention, the hydrogenation of the
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el ectrode connecte
are formed in the polysilicon layer respectively, hydrogenating

the polysilicon layer so as to set a defect density in the region
for forming the photoelectric conversion element to be higher

10 than a defect density in the region for forming the switching
element, and exposing regions where the respective electrodes
of the switcﬁing element and the photeoelectric conversion
element are formed in the pelysilicon layer, and forming a
second metal layer in the exposed regions.

15 According tco this invention, the hydrogenation of the
pelysilicon layer is performed so as to set a defect density
in the region for forming the photoelectric conversion element
to be higher than a defect density in the region for forming
the switching element. Thus it can be made possible to

20 manufacture the display device in which the leakage current of
the switching element can be suppressed, and the sensitivity
of the photoelectric conversion element to light can be
improved.

An optical sensor diode of the third invention comprises

256 a semiconductor layer including a p region to which p-type

impurities are injected, an n region to which n-type impurities



to the p region, a cathode el ectrode connected to the n region, and a gate
el ectrode provided above the i region with an 5 insulating filminterposed
t her ebet ween. According to this invention, the gate electrode is provided
above the i region of the pin-type optical sensor diode wth an insulating
filminterposed therebetween, thus the threshold of the bias voltage when
the current starts to f low 10 into the optical sensor diode can be
controlled by the gate voltage. Consé&€quently, the | eakage current can be
prevented fromflowing into the optical sensor diode to which no bias

vol tage higher than the gate voltage is applied even in the state where
light is being irradiated. 15 An imge acquisition circuit of the fourth
invention conprises . a_plurality of signal lines installed on a glass
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provided above the i region of the pin-type optical sensor diode
with an insulating film interposed therebetween, thus the
threshold of the bias voltage when the current starts to flow

10 into the optical sensor diode can be controlled by the gate
voltage. Consequently, the leakage current can be prevented
from flowing ;i.nto the optical sensor diocde to which no bias
voltage higher than the gate voltage is applied even in the state
where light is being irradiated.

15 An image acqguisition circuit of the fourth invention
comprises a plurality of signal lines installed on a glass
insulating substrate, a plurality of selective lines installed
so as to intersect with the signal lines, a common control line
installed corresponding to each of the selective lines,

20 selection switches provided for the respective signal lines,
and gate-controlled type optical sensor diodes provided at the
respective intersections of the signal lines and the selective
lines, in which from an anode electrode and a cathode electrode,
one is selected to be connected to the signal line, and the other

25 one is connected to the selective line, and a gate electrode

is connected to the common control line.



di ode, one is selected to be connected to the signal Iine of the inmage
acquisition circuit, and the other one is connected 5 to the selective |ine,
and a gate el ectrode is connected to the comon control line. Thus, a
voltage applied to the gate electrode through the common control |ine can
control the threshold of a bias voltage when a current starts to flowinto
the optical sensor diode. 10 The fifth,invention is a nethod for driving an
imge acquisition circuit of the fourth invention. The nmethod conprises
the steps of applying a fixed voltage to the common control |ine, turning
on a selection switch of a signal line to which an optical sensor diode for
detecting the anount of 15 Iight is connected, and applying a voltage | arger

than the fixed t t I whi ch_t t
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is to be detected is 7 connected. f%us e current Tromthe optica
sensor di odechpys b8ﬁ9r6f31§h9f‘a&'hﬁépea voltage applied to the gate

electrode through the common control line can contrel the
threshold of a bias voltage when a current starts to flow into
the optical sensor diode.

10 The fifth invention is a method for driving an image
acquisition circuit of the fourth invention. The method
comprises the‘steps of applying a fixed voltage to the common
control line, turning on a selection switch of a signal line
to which an optical sensor diode for detecting the amount of

15 1light is connected, and applying a voltage larger than the fixed
voltage to a selective line to which the optical sensor diode
for detecting the amount of light is connected.

According to this invention, the threshold of the bias
voltage when the current starts to flow is determined by

20 applying a fixed voltage to the gate electrodes of all the
optical sensor diodes through the common control line. The
selective switch of the signal line connected to the optical
sensor diode of which the 1ight amount is to be detected is turned
on, a bias voltage larger than the voltage applied to the gate

25 electrode is applied to the selective line to which the optical

sensor diode of which the light amount is to be detected is



BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 is a circuit block diagram
showi ng a schematic constitution of a display device according to a first
enbodinment. FIG 2 is a circuit block diagram showi ng a part of a pixel

array part shown in FIG 1 in detail. 10 FIG 3 is a circuit diagram show ng
a part of FIG 2 in detail. FIG 4 is a circuit diagram show ng an internal
constitution of a buffer shown in FI 3. FIG 5 is asinplified

cross-sectional view showing a 15 structure of the display device of FIG
1. FIG 6 is atimng chart showi ng an operation during inage acquisition
in the display device of the first enbodinent. FIGS. 7A to 7E are process
diagrans in manufacturing an n channel TFT. 20 FIGS. 8A to 8E are process

di agranms i n manufagtuyri a channel TFT. _FlI 9A .t.o 9E are process

i agrams i n EROPAEERr i Hg R - BHST R SoErows EFORGhe SRE gP L S T

rel ati onshi pfgggg\sfve%r]\tg ate 2n5al| Ength and a | eakage current. FIG 11Ais a
pl an vi ew shoWw'ng a cons Pt 6 of "5 8 phot odi ode and FIG 11Bis a

cross-sectional view of FIG 11A. FIG 12A is a plan view show ng a
constitution of a TFT and FIG 12B is a cross-sectional view of FIG 12A

BRIEF DESCRIPTION OF THE DRAWINGS
5 FIG. 1 is a circuit block diagram showing a schematic
constitution of a display device according to a first
embodiment.
FIG. 2 is acircuit block diagram showing a part of a pixel
array part shown in FIG. 1 in detail.
10 FIG. 3 is a circuit diagram showing a part of FIG. 2 in
detail.
FIG. 4’ is a c¢ircuit diagram showing an internal
constitution of a buffer shown in FIG. 3.
FIG. 5 is a simplified cross-sectional view showing a
15 structure of the display device of FIG. 1.
FIG. 6 is a timing chart showing an cperation during image
acquisition in the display device of the first embodiment.
FIGS. 7A to 7E are process diagrams in manufacturing an
n channel TFT.
20 FIGS. BA to BE are process diagrams in manufacturing a
P channel TFT.
FIGS. 9A to 9E are process diagrams in manufacturing a
photodiode.
FIG. 10 is a graph showing a relationship between a gate
25 length and a leakage current.

FIG. 11A is a plan view showing a constitution of a



FIG 13A is a cross-sectional view showing a state of 5 hydrogenating a
phot odi ode and FIG 13B is a cross-sectional view show ng a state of
hydrogenating a TFT. FIG 14 is a cross-sectional view showi ng a
constitution of an optical sensor diode according to a second enbodi nent.
FIG 15 is a circuit diagramshowng a circuit 10 configuration using the
optical sensor diode of FIG 14. FIG, 16 is a graph show ng current-voltage
characteristics of the optical sensor &di ode when a gate voltage Vgn is set
at O/ in the circuit diagramshown in FIG 15. FIG 17 is a graph show ng
current-voltage 15 characteristics of the optical sensor diode when a fixed
voltage 1is applied as the gate voltage Vgn in the circuit diagramshown in

e oo o5 ContlahtaBe SIS T8 s LBl Do ng, Aot heror gonl! apr 2l on o

t he opti cal ensor dr'd I"agr'am's omnng acircuit
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the optical sepspiqdi pgie Jheh A X8 VOLAANR, &P deSFappligd, as a gate

vol tage Vgp in the circui I agram s 21 is a circuit

di agram show ng stgid aﬂ% hey aC'cFr%Hlst seEPPcﬁﬂ [Aleh, 01 H%!LH [‘é’ﬁ@é &0l ng

optical sensor diode. 22 1S circurt diagrams omﬁn anot her
Circult 5 hydrogenating a photodiode and FIG. 13B is a cross-sectional

view showing a state of hydrogenating a TFT.
FIG. 14 is a cross-sectional view showing a constitution
of an optical sensor diode according to a second embodiment.
FIG. 15 1is a circuit diagram showing a circuit
10 confiquration using the optical sensor diode of FIG. 14.
FIG. le is a graph showing current-voltage
characteristics of the optical sensor diode when a gate voltage
Vgn is set at OV in the circuit diagram shown in FIG. 15.
FiG. 17 is a graph showing current-voltage

15 characteristics of the optical sensor diode when a fixed voltage
is applied as the gate voltage Vgn in the circuit diagram shown
in FIG. 15.

FIG. 18 is a cross-sectional view showing another
configuration of the optical sensor diode.

20 FIG. 19 1is a circuit diagram showing a circuit
configurationusing an optical sensor diode according to a third
embodiment.

FIG. 20 is a graph showing current-voltage
characteristics of the optical sensor diode when a fixed voltage

is applied as a gate veoltage Vgp in the circuit diagram shown

3N
ot

in FIG. 19.



configuration using the foregoing optical sensor diode. 5 FIG 23 is a
circuit diagramshowing still another circuit configuration using the
foregoing optical sensor diode. FIG 24 is a plan view showing a structure
of the circuit shown in FIG 23. FIG 25 is a cross-sectional view of
XXV- XXV portion 10 in FIG 24. FIG 26 is a cross-sectional view of
XXVI - XXVI portion in FIG 24. FIG 27 is a plan view show ng anot her
structure of the <circuit shown in FI 23. 15 FIG 28 is a cross-sectional
view of XXVII1-XXVIIIl portion in FIG 27. FIG 29 is a cross-sectional view
of XXI X-XXI X portion in FIG 27. FIG 30 is a cross-sectional view of an
el ectrostatic 20 capacity portion, which shows still another structure of
the circuit shown in FIG 23. FIG 31 is a cross-sectional view of an
el ectrostatic capatft y1per &icdmcuhhicdiaosnaahosting staiddt dreethsn atreit of the
circuit shown in FIG 23. 25 FIG 32 is a circuit diagramshow ng a
confi gur at i of°BfL199RaT hery e Hdyuitdiet fornegriedi epiicialy sensept ftafe sensor di ode
10 according to a fourth enbodi ment. DESCRIPTION OF THE EMBCDI MENTS 1.
FI RST EMBCDI MENT FIG. 22 is a circuit diagram showing still another circuit
configuration using the foregoing optical sensor diocde.
5 FIG. 23 is acircuit diagram showing still another circuit
configuration using the foregeing optical sensor diode.
FIG. 24 is a plan view showing a structure of the circuit
shown in FIG. 23,
FIG. 25 is a cross-sectional view of XXV-XXYV portion
10 in FIG. 24.
FIG. 26 is a cross-sectional view of XXVI-XXV]I portion
in FIG. 24.
FIG. 27 is a plan view showing ancother structure of the
circuit shown in FIG. 23.
15 FIG. 28 is a cross-sectional view of XXWVI-XXVI portion
in FIG. 27.
FIG. 29 is a cross-sectional view of XXX-XXIKX portion
in FIG. 27.
FIG. 30 is a cross-sectional view of an electrostatic
20 capacity portion, which shows still another structure of the
circuit shown in FIG. 23.
FIG. 31 is a cross-sectional view of an electrostatic
capacity portion, which shows still another structure of the
circuit shown in FIG. 23,

25 FIG. 32 is a circuit diagram showing a configuration of

an image acquisition circuit using an optical sensor diode



5 As shown in a circuit block diagramof FIG 1, a display device of a
first enbodi nent includes, on an insulating substrate nmade of glass: a
pi xel array part 1 in which pixels are disposed at the respective

intersections of signal lines and scan lines; a signal line drive circuit 2
which drives the 10 signal lines; a scan line drive circuit 3 which drives
the scan |I|ines; a detection/output Ci@ﬁUit 4 whi ch acquires and outputs an
i mge; and a sensor control circuit ich controls sensors for inmage

acquisition. This detection/output circuit 4 includes anal og/digital
conversion circuits for inmage 15 acquisition and parallel/serial conversion
circuits for output. These above-described circuits constitute an array
substrate. As shown in a detailed circuit block diagramof FIG 2, the
pi xel array Parerdingste ZgGouchingmBrPeHBeR’s: 11 for driving pixels, which
are formed at the respective intersections of the 20 signal lines and the
scan lines (gate lines) that are installed vertically and horizontally;
liquid crystal capacities auxiliaré ga&gcities C2 which are

e

connect ed between one end ﬁ%s é%%?qFﬁgﬁngﬁ ¥ ?%Wﬁ”ﬁf el emrents 11 and
auxiliary capacity |lines; and §hej e [.Sition sensors 12a and 12b,
both of 25 which are provided for 5@523 E@ﬁ@@h@ﬁtﬁglenent 11. The sensors
12a and 120, are SNSRERH Lo ni LRt SALeS oM LESTIED 1 dOEg) L T
oo o B P KEFE o BRI Eup LR Lo e U 1L S
pi xel TFT. substrate made of glass: a pixel array part 1 in which pixels
are disposed at the respective intersections of signal lines
and scan lines; a signal line drive circuit 2 which drives the
10 signal lines; a scan line drive circuit 3 which drives the scan
lines; a detection/output circuit 4 which acquires and cutputs
an image; and él sensor control circuit 5 which controls sensors
for image acguisition. This detection/output circuit 4
includes analog/digital conversion circuits for image
15 acquisition and parallel/serial conversion circuits for output.
These above-described circuits constitute an array substrate.
As shown in a detailed circuit block diagram of FIG. 2,
the pixel array part 1 has: switching elements 11 for driving
pixels, which are formed at the respective intersections of the
20 signal lines and the scan lines (gate lines) that are installed
vertically and horizontally: liquid crystal capacities Cl and
auxiliary capacities C2 which are connected between one end of
the respective switching elements 11 and auxilliary capacity
lines; and the image acquisition sensors 1l2a and 12b, both of

26  which are provided for every switching element 11. The sensors

12a and 12b are connected to unillustrated power lines and



5 As shown in a circuit diagramof FIG 3, the sensors 12a, 12b have
phot odi odes D1, D2 as photoel ectric conversion elenents and sensor
switching transistors QL, 2, respectively. The photodi odes DI and D2
output electric signals, respectively, which correspond to an anmount of

| i ght received thereby. The 10 sensor switching transistors QL and @ are
connected to a sensor switching line, ,and alternately select one of the
phot odi odes D1 and D2 within one pixéﬂ in accordance with a signal PAR
supplied via the sensor switching |ine. Each pixel has: the two sensors 12a
and 12b; a capacitor 15 C3 shared by the two sensors 12a and 12b within the
sane pixel; a buffer 13 which stores binary data correspondi ng to charges

| at ed | t it C3: t i St. whi ch f or, it
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| evel , the transistor
elements and sensor switching transistors Ql, Q2, respectively.

The photodiodes D1 and D2 output electric signals, respectively,
which correspond to an amount of light received thereby. The
10 sensor switching transistors Q1 and Q2 are connected to a sensor
switching line, and alternately select one of the photodiodes
D1 and D2 within one Pixel in accordance with a signal PAR
supplied via the sensor switching line.
Each pixel has: the two sensors 12a and 12b; a capacitor
15 C3 shared by the two sensors 12a and 12b within the same pixel;
a buffer 13 which stores binary data corresponding to charges
accumulated in the capacitor C3; a transistor Q3 which performs
write control for the buffer 13; and a reset transistor Q4 which
initializes the buffer 13 and the capacitor C3. On/off of the
20 transistor Q3 is controlled by a signal SPOLA. A gate of the
transistor Q4 is connected to a reset line and on/off of the
transistor Q4 is controlled by a signal RST.
The buffer 13 includes a static RAM (SRAM). As shown in
a circuit diagram of FIG. 4, the buffer 13, for example, has
25 a constitution having: two series-connected inverters IV1 and

IV2; a tramnsistor Q5 connected between an output terminal of



5 @ is turned on and the two inverters IVl and IV2 performa retention
operation. An output termnal of the transistor @ 1is connected to a
detection line and when the transistor QG is on, data retained by the
inverters V1 and 1V2 is outputted to the detection Iine as a signal OUTi.
10 The display device of this enbodi nent can performa normal display
operation as well as inmage acquisitiogn simlar to that perforned by a
scanner. In the case of perform ng the normal display operation, the
transistor @B is set inits off state and no effective data is stored in
the buffer 13. A signal line 15 voltage corresponding to video data is
supplied to the signal line fromthe signal line drive circuit 2. This
signal line voltage is applied to I|gU|d crystal through the pixel TFT 11
and t hus thetﬁﬁrﬁﬁgtﬂFs%ﬁ%ﬁF?ﬁﬁﬂ¥¥Pléﬁ |§np%99%ﬁrﬁﬁ§mlwﬁénﬂﬁlF%e ¥ e case
of performng the imge.20 acquisition, as shown in a cross- sectlonal Vi ew

of FIG 5, a nVFﬁﬁﬁE EHU|§??|?ﬂl?ﬁﬁQﬁﬁ ransdgtozy QhpFenieCR e dSaper is

di sposed on an ugg sugggfe Si an array substrate 21 and |ight froma
backl i ght 23°PEPRF hgTSt éaﬁﬁﬁﬁrl THioddik -+ an opp03|ng substrate
24, liquid crystal__and the ar bstrate, 2 The i refl ected on the
paper 22 is recei VEFh{? ?ﬁ%naég%ﬁﬁgslﬁ éﬁﬁﬁfﬁé'}ﬁv?%e rB A Yat e 21

and inage cgyi s |t|o d The uir g

tenporarit ggo%gd Jﬁ%% gﬂdlnY?éké} &ﬂ ang gggtpe{ Ph @

uni Il ust rat ejd;eggyti%r? ope?:aq:%o%(.:t IZQn olultggt 1Iahll‘mslng:3L of the transistor Q6
is connected to a detection line and when the transistor Q6 is
on, data retained by the inverters IV1 and IV2 is outputted to
the detection line as a signal OUTi.

10 The display device of this embodiment can performa normal
display operation as well as image acquisition similar to that
performed by E; scanner. In the case of performing the normal
display operation, the transistor 03 is set in its off state
and no effective data is stored in the buffer 13. A signal line

15 wvoltage corresponding to video data is supplied to the signal
line from the signal line drive circuit 2. This signal line
voltage is applied to liquid crystal through the pixel TFT 11
and thus the normal display operation is performed.

Meanwhile, in the case of performing the image

20 acguisition, as shown in a cross-sectional view of FIG. 5, an
image acquisition object 22, for example, a piece of paper is
disposed on an upper surface side of an array substrate 21 and
light from a backlight 23 is irradiated onto the paper 22 through
an opposing substrate 24, liquid crystal and the array substrate

25 21. The light reflected on the paper 22 is received by the

sensors l2a and 12b in the array substrate 21 and image



receives a digital signal outputted fromthe display device of 5 this

enbodi nent and perforns operation processing such as

and renobva

of noise in data. Note that the CPU may include one

sem conductor chip or a plurality of sem conductor chips. Next, an

operation in the image acquisition will be 10 described by use of the
timng chart of FIG 6. Here, it is ﬁfsuned, as an exanple, that the pixe
240 dots and there are 240 gate

array part

lines. First,
QL is turned on and the sensor 12a is 15 selected. At the tines
array part 1 are sequentially driven
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i ncl udes pixels of 320
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rearrangement of data and removal of noise in data. Note that
the CPU may include one semiconductor chip or a plurality of
semiconductor chips.

Next, an operation in the image acquisition will be
described by use of the timing chart of FIG. 6. Here, it is
assumed, as an example, that the pixel array part 1 includes
pixels of 320‘x 240 dots and there are 240 gate lines.

First, at the time tl, the signal PAR reaches the high
level, the transistor Ql is turned on and the sensor l2a is
selected.

At the times tl1 to t2, the gate lines of the pixel array
part 1 are sequentially driven one by one and all the pixels
are set in the same color, for example, white.

At the time t3, the signals RST, SPOLA and SPOLB are all
set so to be at the high level and all the transistors Q3, Q4
and 05 are turned on. Accordingly, initial values are set in
the buffer 13 and the capacitor C3.

At the time t4, the signal RST reaches the low level and
the sensors 12a and 12b start image acquisition. When light
reflected from the paper 22 is received by the photodiodes DI

and D2 in the sensors l12a and 12b, charges accumulated in the

rearrangenent of data

he paper



decreased. 5 At the tinme of t5, the signal SPCOLA reaches the high |evel

the transistor B is turned on and binary data corresponding to the
accurrul ated charges of the capacitor C3 at this point is stored in the
buffer 13. At the tinme of t6, the signal SPCLB reaches the high level, 10
the transistor @ is turned on and the buffer 13 starts a retention
operation. Thereafter, at the tine of,{7, the data stored in the buffer 13
is sequentially supplied to the detettion line for each of the pi xel s and
sent to the wunillustrated CPU. 15 The reason for providing the buffer 13
for each of the pixels in FIG 3 is as follows: The accunul ated charges of
the capacitor C3 |leak due to currents flowi ng through the photodi odes D1
and D2 in the sensors 12a and 12b and al so due to currents flow ng through
t he respecti vepaehhel sEdrElow thea20rpireing Theinglt ENhethzped et i e,
the accunul ated charges of the capacitor C3 are decreased and vol tages at
both ends of Phetediedut DlopndP Zar eSnEeHE 1oWdTed2 Coteda8KRPG, CHHETBUT f er
13 is provided for each of the pixels and the accumnul ated charges of the
capacit or C3fheest r FhgiFer Fo@ AN abaff Spange Hef ot ke PPk geCE R&Beof
occurs. Thus, image acquisition that is not affected by the | eakage is nmade
possi bl e. Asd@e5e3#$%¥2d above, 15 the reason why the SRAMis used as the
buffer 13 is that, even . if the light of several hundred thaousand lux is

irradiatedl, the SRANPPSIEE Hotrid eo‘i‘i‘-’é’é‘&ssf’rf&'ﬁaﬁe%? Gt TREEH IR 9VE i cal
' nversion. the transistor Q3 is turned on and binary data corresponding
to the accumulated charges of the capacitor C3 at this point
is stored in the buffer 13.
At the time of £6, the signal SPOLB reaches the high level,

10 the transistor (5 is turned on and the buffer 13 starts a
retention operation. Thereafter, at the time of t7, the data
stored in th:a buffer 13 is sequentially supplied to the
detection line for each of the pixels and sent to the
unillustrated CPU.

15 The reason for providing the buffer 13 for each of the
pixels in FIG. 3 is as follows: The accumulated charges of the
capacitor C3 leak due to currents flowing through the
photodiodes D1 and D2 in the sensors 12a and 12b and also due
to currents flowing through the respective transistors in the

20 pixel. Thus, with the lapse of time, the accumulated charges
of the capacitor C3 are decreased and voltages at both ends of
the capacitor C3 are also lowered. Consequently, the buffer

13 is provided for each of the pixels and the accumulated charges

of the capacitor C3 are transferred to the buffer 13 before

| 8]
[y

leakage thereof occurs. Thus, image acquisition that is not

affected by the leakage is made possible. As described above,



After the time t8, the sensor-switching signal PAR 5 reaches the |ow | evel
and the display device of this enbodinent perforns the inmge acquisition by
switching the sensors 12a and 12b. The pixel array part 1 and the
respective transistors including the pixel TFT 11 used for each of the
circuits 2 to 10 5, all of which are on the array substrate 21 of this
enbodi nent, are n channel TFTs or p annel TFTs. The n channel and p
channel TFTs (hereinafter collectively“called TFTs) are formed in a conmon
manuf acturing process. By using FIGS. 7A to 7E and 8A to 8E, the

manuf acturing 15 process of the n channel and p channel TFTs will be
described below First, on a glass insulating substrate 31, an undercoat

| ayer made of SiNx, SiOx or the |ike is formed by CVD. The reason for
formng the E%Ie‘?%e&n FRyethe SRANcHT S shBarthe é’é‘fﬁ?é DY isr Eheht é¥erher eby
fromdiffusip eI enents fornmed on the insulating substrate 31. Next,
after an arm’r%ﬁ 1ght (95n5‘?‘fef1?ﬁ31 Eu‘f“éﬂ"ﬁ%&hBHSPHE l"i"n%%lléﬁ-“ﬁﬁ@a’éﬂﬁsttp&te 31 by
PECVD, sputtg%hgg or. the I|i the. anorphous silicon filmis crystallized
by Iaser irradrattdit Qﬂcflsi‘so%CBBF%?IaPc F5 FRFR 25| oK Sadetn VaRS&On -t he

polysilicon film iS's ected p ternln 16 and a first |nsulat|ng
| ayer 33 nade of 2f§|e6< 1?’?4 m%frgef%grregthebys DSYEERREVD SLIPRL FRRe.

TE?gegf : gilél Or.Ee eée%px% ionw ’i‘e'lyrg}{van%o%g%lrs% !a:?nde%ri%el % %%tigdem Sodlr;rrgur Ities
performg the image acquisition by switching the sensors 12a and
12b.

The pixXel array part 1 and the respective transistors
including the pixel TFT 11 used for each of the circuits 2 to

16 5, all of which are on the array substrate 21 of this embodiment,
are n channel TFTs or p channel TFTs. The n channel and p
channel TFTs (ilereinafter collectively called TFTs) are formed
in a common manufacturing process.

By using FIGS. 7A to 7E and 8A to 8E, the manufacturing

15 process of the n channel and p channel TFTs will be described
below.

First, on a glass insulating substrate 31, an undercoat
layer made of 5iNx, SiOx or the like is formed by CVD. The reason
for forming the undercoat layer is because impurities are

20 prevented thereby from diffusing into elements formed on the
insulating substrate 31.

Next, after an amorphous silicon film is formed on the
insulating substrate 31 by PECVD, sputtering or the like, the
amorphous silicon film is crystallized by laser irradiation and

26 a polysilicon film 32 is formed.

Next, the polysilicon f£ilm 32 is subjected to patterning



the n channel and p channel TFTs are fornmed in the polysilicon 5 film 32 and
thus a p- layer is formed (FIG 7A and FIG SA). Next, by use of a resist
34 as a mask, phosphorous ions are injected into a region where the n
channel TFT is fornmed and an n+ layer is formed in a part of the
polysilicon film32 (FIG 7B). The resist 34 prevents the phosphorous ions
from 10 being injected into a region ere the p channel TFT is forned

(FIG 8B). Next, a first netal layer i's formed on the first insulating

| ayer 33 by use of Mo-Ta, Mo-Wor the |ike and patterning of the first

netal layer forns a second gate el ectrode 35b. 15 Thereafter, by use of the
resist 34 as a nask, boron ions are injected as inpurities into the region

where t he channe TFT IS e FI G__8C The resist. 34 prevents the
bor on |onspf F'oﬁﬁ b%ell 1y |lﬁ]sé‘&figan?g}%’et$éﬁr’Eé‘ii%r?fv\ﬁe?%mfHfé'x}"bﬁgnﬁ%]fmeﬁ:T i's

formed (FIG,,7 0 .Nex b e of t he resi 34 as_a nask,, hos horous
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channel TFT h |I| ¢on filml ocated |rectly
bel ow t he Spg?négéEF%t%Sﬂ e re Fgge§4 uﬁ% égst¥Pt° §- *FAy &P . WHE r esi st
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are injected into a region where the n channel TFT is formed

and an n' layer is formed in a part of the polysilicon £ilm 32

(FIG. 7B). The resist 34 prevents the phosphorous ions from

10 being injected into a region where the p channel TFT is formed

(FIG. 8B).

Next, a first metal layer is formed on the first insulating
layer 33 by use of Mo-Ta, Mo-W or the like and patterning of
the first metal layer forms a second gate electrode 35b.

15 Thereafter, by use of the resist 34 as a mask, boron ions are
injected as impurities into the region where the p channel TFT
is formed (FIG. 8C). The resist 34 prevents the boron ions from
being injected into the region where the n channel TFT is formed
(FIG. 7C).

20 Next, by use of the resist 34 as a mask, phosphorous icns
with a low concentration are injected into the region where the
n channel TFT is formed (FIG. 7D). The polysilicon £ilm located
directly below the spot masked by the resist 34 remains as the
p- layer. The resist 34 prevents the phosphorous ions from

25 being injected into the region where the p channel TFT is formed

(FIG. 8D). Note that, instead of using the resist 34, the first



of the various conditions of the manufacturing process, one that 5 is nore
advant ageous than others nmay be used. Next, so-called hydrogenation is
performed. The hydrogenation is a process of exposing the substrate in

pl asma of hydrogen. This process is performed by use of a CVD appar at us.
The hydrogenation enables the term nation of dangling bonds in 10 the region
where the TFT channel is fornmed in th? polysilicon film32. This

hydr ogenation is perfornmed for the pu Bose of suppressing a | eakage current
of the TFT. Wien the substrate is exposed to the plasma of hydrogen, the
hydrogen is blocked by the gate el ectrode 35b and goes around from a
portion where 15 no gate electrode 35b exists to enter the polysilicon film
32. This hydro natlon be described later in_ detail. _Subsequently to
t he hydrogenQFlgﬁ %V%%éﬁﬁ&eFﬁgﬂlﬁfFﬁbthVEFi§6ﬁﬁﬁﬁg%ﬁm¥§%%5P§PPdWﬁbd on

the first |nEuIat| ? igr 33 in the sane CVD_agFaratus Next, providing a
contact hol ePe28°EkpoS8sPatiegrhsbi34 AR Fhenfihel Bet@lpl eremAeN e T and a

d t al t hi d t al
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hydrogenation is a process of exposing the substrate in plasma
of hydrogen. This process is performed by use of a CVD apparatus.
The hydrogenation enables the termination of dangling bonds in
10 the region where the TFT channel is formed in the polysilicon
film 32. This hydrogenation is performed for the purpose of
suppressing a‘leakage current of the TFT. When the substrate
is exposed to the plasma of hydrogen, the hydrogen is blocked
by the gate electrode 35b and goes around from a portion where
15 no gate electrode 35b exists to enter the polysilicon £ilm 32.
This hydrogenation will be described later in detail.
Subsequently to the hydrogenation, a second insulating
layer 36 made of SiOx is formed on the first insulating layer
33 in the same CVD apparatus. Next, providing a contact hole
20 exposes a region of the n channel and p channel TFTs and a second
metal layer 37 is formed in this exposed region. The second
metal layer 37 is patterned and thus source and drain electrodes
are formed (FIG. 7E and FIG, 8E). Lastly, a SiN film is formed
as a passivation film, thus the n channel and p channel TFTs
26 are completed.

Subsequently, by use of FIGS. 9A to 9%, description will



a p- layer, an n- layer and an n+ layer. This is because the 5 PIN structure
has a w de depletion | ayer and a good conversion efficiency of light to
current. Here, an | layer is equivalent to a layer including the p- |ayer
and the n- layer which are fornmed between the p+ |layer and the n+ | ayer.
The n- layer is effective for suppressing a thermal |eakage current. The
nore 10 the thermal | eakage current ia suppressed, the higher an on/of f
rati o of a photocurrent beconmes. Int 8 manuf act uri ng process of the
phot odi odes DI and D2, an anorphous silicon filmis first f ornmed on the
insulating substrate 31 by PECVD, sputtering or the |ike and, thereafter,
15 the anorphous silicon f ilmis crystallized by laser irradiation and

thus a polysilicon f ilm3 2 is f ormed. Next, the polys ilicon_ film32 is
patterned and€a9tVFRoF ﬁsrﬂﬁrﬁ{ﬁwulréylfgrP%‘?:Ceﬁéd’é-o’éftheap%‘g@d%‘oﬁefmmsalfd or med
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to a layer including the p° layer and the n” layer which are
formed between the p' layer and the n' layer. The n” layer is
effective for suppressing a thermal leakage current. The more
10 the thermal leakage current is suppressed, the higher an on/off
ratio of a photocurrent becomes.
In the I;:anufacturing process of the photodiocdes D1 and
D2, an amorphous silicon £ilm is first formed on the insulating
substrate 31 by PECVD, sputtering or the like and, thereafter,
15 the amorphous silicon film is crystallized by laser irradiation
and thus a polysilicon £ilm 32 is formed. HNext, the polysilicon
film 32 is patterned and a first insulating layer 33 made of
a S5iox film is formed by PECVD, ECR-CVD or the 1ike. Thereafter,
boron ions with a low concentration are injected as impurities
20  into a region where the photodiocdes D1 and D2 are formed in the
polysilicon film 32 and thus the p” layer is formed (FIG. 9A).
Next, by use of a resist 34 as a mask, phosphorous ions
are injected into a part of the polysilicon film 32 and thus
the n' layer is formed (FIG. 9B).

25 Next, a first metal layer is formed on the first insulating

laver 33 and patterning the first metal layer forms a first gate



in a part of the polysilicon film32 (FIG 9C). 5 Next, by use of the resist
34 as a mask, phosphorous ions wth a |low concentration are injected into
the polysilicon film 32 (FIG 9D). The polysilicon filmlocated directly
bel ow the spot nasked by the resist 34 renmains as the p- |layer. Note that,

i nstead of using the resist 34, the first netal |ayer patterned 10 to have a
predeterm ned shape may be used. Both bhe resist 34 and the first netal

| ayer have the sanme effect of blockind“he ion injection. In consideration
of the various conditions of the manufacturing process, one that is nore
advant ageous than others may be used. Subsequently, hydrogenation of the I

| ayer 15 is perforned. This hydrogenation mﬁll be described later in

detail. Next 3 t
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FIGS. 9A to 9E can be manuf actured sane proce e TFT

shown in FI G ZApkPt 7E¢ %§3%Qﬁy%AlﬁeoﬁEflﬁﬂeﬁéfggﬁi7 FIGS 7A 8A and 9A

are perfornmed in the sane process. Simlar SB and 9B are 20

performedsin the sgéer P'bgctﬁé ofﬂl@reggst%; aad, %Qsﬁr epfﬂf‘srﬂh%rr%g iddk the
sanme process, FIGS. 7D, 8D and 9D are performed in th sanme process and
FIGS. 7E, 8Ewahf PEoR'@ent@ai®dnidtel N8jS@® into the polysilicon film
32 (FIG. 9D). The polysilicon film located directly below the
spot masked by the resist 34 remains as the p~ laver. Note that,
instead of using the resist 34, the first metal layer patterned
10 to have a predetermined shape may be used. Both the resist 34
and the first metal layer have the same effect of blocking the
ion injection: In consideration of the various conditions of
the manufacturing process, one that is more advantageous than
others may be used. Subsequently, hydrogenation of the I layer
15 is performed. This hydrogenation will be described later in
detail.

Next, a second insulating layer 36 is formed on the first
insulating layer 33. Thereafter, providing a contact hole
exposes a region where electrodes of the photodiodes are formed,

20 a second metal layer 37 is formed in this exposed region and
this second metal layer is patterned so as to have a
predetermined shape (FIG. 9E).

The photodiode shown in FIGS. 9A to 9E can be manufactured
in the same process as that of the TFT shown in FIGS. 7A to 7E

25 and 8A to BE. Specifically, FIGS. 7A, 8A and 94 are performed

in the same process. Similarly, FIGS. 7B, 8B and 9B are



process. In such a manner, by sharing the manufacturing process, 5 a
reduction in manufacturing costs can be achi eved. As descri bed above, in
this enbodinment, in either case, when formng the TFT or the phot odi ode,

t he hydrogenation is perfornmed. However, in the case of formng the
phot odi ode, progress of the hydrogenation is curbed when conpared to the 10
case of formng the TFT. The reason fqr, the above is as foll ows:
Specifically, in the case of the TFT, e dangling bond in the polysillcon
film32 is preferably term nated by the hydrogenati on because the | eakage
current is reduced in this way. On the contrary, in the case of the
phot odi ode, a trap 15 level is increased if the dangling bond in the

polysilicon fil 32.is pot term nated and_ thus, the effjciency_ of
Dot oel ect ri @= EERIERSMONAT S ARRTRRRES Thi & 1 dohdianed %6 THBSF 6 TB8f ng
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| ength LT of the second gate electro ereinafter ca
when forming the TFT or the photodiode, the hydrogenation is

performed. However, in the case of forming the photodiode,
progress of the hydrogenation is curbed when compared to the
10 case of forming the TFT. The reason for the above is as follows:
Specifically, in the case of the TFT, the dangling bond in the
polysilicon :film 32 is preferably terminated by the
hydrogenation because the leakage current is reduced in this
way. On the contrary, in the case of the photodiocde, a trap
15 level is increased if the dangling bond in the polysilicon film
32 is not terminated and thus, the efficiency of photoelectric
conversion is improved. This is because of the following
reason: Specifically, when light with an energy larger than
a given energy gap Eg is made incident, the electrons and holes
20 are generated, and the 1light leakage current occurs. Therefore,
when a number of dangling bonds exist in the photodiode, the
trap level is increased and thus the photoelectric conversion
is made possible even for light with an energy smaller than the
given energy gap.
25 The inventors of the present application have confirmed

by conducting experiments that the longer the length of the gate



the gate length of the TFT), which is disposed on the channel 5 of the TFT
shown in FIGS. 12A and 12B, is nade shorter than the Ilength Lp of the first
gate el ectrode (hereinafter called the gate |ength of the photodi ode) ,
which is made of MoWand di sposed on the |I |ayer of the photodi odes D1 and
D2 shown in FIGS. 11A and 11B. Note that FIG 11B shows a state where the
first gate 10 electrode is fornmed on %Iih]e p- layer of the photodi odes D1 and
D2, and FIG 12B shows a state where e second gate electrode is formed on
the p- layer of the TFT. The reason why the |ight | eakage current can be
variably controlled by the gate length is as follows. As shown in a 15
cross-sectional view of the photodiodes DI and D2 in FIG 13A and a
Cross-secti on?I Vi e%v of the TFT.in FIG 13B, the hydrogenation occurs so as
to go around®tfetgate BPECTTDUetRT oRPTENERBorldi%hs [5okeRe GaFEeBledsr ode.
Therefore, the |onger the gate ngth is, the less likely the hydrogenation
is to occur ﬁﬁc?%ag%‘ia\?i iR )}nollfleq'héospor‘thedﬁerfé’aelfyl’b&h&\ﬁ/ R digieat

el ect r ode. ccqrdi nal t ate length of the photodi gdes D1 a D2 is
made | onger ﬁ%%etnl%%g% & ﬁhéﬁ?%f‘&‘-ﬁ%ﬁ& e%r%get(%‘eﬁleé%ﬁfer ﬂ‘?gq'ﬁfiogr ess
of the hydro atj.on.for the. photadiodes D and..D2 compared to that for the
TFT. Thus, a\glgél A&%{ ﬂ%ﬁgct) ?%ghfSQgtggﬂ%ﬁfhbﬁﬁd‘??%o ed!:gg ﬁé‘? rﬁq"r%‘flg in the
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portion of the
gate length of the photodiode), which is made of MoW and disposed

on the I layer of the photodiodes D1 and D2 shown in FIGS. 11A
and 11B. Note that FIG. 11B shows a state where the first gate
10 electrode is formed on the p~ layer of the photodiodes D1 and
D2, and FIG. 12B shows a state where the second gate electrode

is formed on {:he p  layer of the TFT.
The reason why the 1ight leakage current can be variably
controlled by the gate length is as follows. As shown in a
15 cross-sectional view of the photodiodes D1 and D2 in FIG. 13A
and a cross-sectional view of the TFT in FIG. 13B, the
hydrogenation occurs so as to go around the gate electrode from
end portions of the gate electrode. Therefore, the longer the
gate length is, the less likely the hydrogenation is to occur
20 in the vicinity of the spot directly below the gate electrode.
Accordingly, the gate length of the photodiodes D1 and D2 is
made longer than the gate length of the TFT so as to prevent
the progress of the hydrogenation for the photodiodes D1 and
D2 compared to that for the TFT. Thus, a proportion of the
25 dangling bonds that are terminated in the photodiodes is made

smaller than that of the TFT. Conseguently, a defect density



For exanple, the gate length of the first gate electrode 5 disposed on the
p- layer of the photodi ode showmn in FIG 11B is nade |onger than the gate

| ength of the second gate el ectrode disposed on the channel portion of the
TFT shown in FIG 12B. Thus, the defect density in the p- layer of the
phot odi odes DI and D2 is nmade higher than the defect density in the channel
10 portion of the TFT. Moreover, contégl of the tinme of the hydrogenation
also makes a difference in the progress of the hydrogenati on.

Specifically, the shorter the hydrogenation tine, the smaller the
proportion of the dangling bonds to be term nated. 15 Accordingly, the tine
taken for hydrogenating the |I |layer of the photodi odes D1 and D2 is made
shorter than the tinme taken for hydrogenating the channel portion of the
TFT. Thus, tHR&e b dp6r ErBAldrg thrndsangt i irgmEeads dt &t riheal civier phethe
photodi ode is nmade snaller than that of the TFT. Consequently, the defect
20 density i REPheIfofagdil 6% Hé bharde biekeDihanda pefecthdgashtyhar  t han
the defect depnsity in the channel portion of the TFT 11. As descri bed above,
in this enbod ﬁeﬁg?“Pﬁlt%%rﬁﬂﬁhﬁgbﬁﬁﬁiHETprocess of the display device, the
hydrogenation in {he | Iaxer of the photodiodes DI and D2 is_prevented from

25 progressing conpdr EFHEEne I GREGeRRIENF PR ELERRBFEE SHFIWE of the
pixe! TFT 1;..Accor&in I? thefgrgﬁog%%%n of 23 tﬁﬁ%d ng]ing bonds
terninat el | ACRESPRLDA S BAYEhPIDIPes PRARAR & SReP ™ Alnt T hatl 8 t he
TFT, thus t hgsdng ec.rl.orqggj_sitth%ni trhe gate length of the second gate electrode

disposed on the channel portion of the TFT shown in FIG. 12B.

Thug, the defect density in the p~ layer of the photodiodes D1

and D2 1s made higher than the defect density in the channel

10 portion of the TFT.

Moreover, control of the time of the hydrogenation also
makes a différence in the progress of the hydrogenation.
Specifically, the shorter the hydrogenation time, the smaller
the proportion of the dangling bonds to be terminated.

15 Accordinély, the time taken for hydrogenating the I layer of
the photodiodes D1 and D2 is made shorter than the time taken
for hydrogenating the channel portion of the TFT. Thus, the
proportion of the dangling bonds terminated in the photodiode
is made smaller than that of the TFT. Consequently, the defect

20 density in the I layer of the photodiodes D1 and D2 is made higher
than the defect density in the channel portion of the TFT 11.

As described above, in this embodiment, in the
manufacturing process of the display'device, the hydrogenation
in the I layer of the photodiodes D1 and D2 is prevented from

25 progressing compared to the hydrogenation in the channel

portion of the pixel TFT 11. Accordingly, the proportion of



the | layer of the photodiodes DI and D2 is nmade higher than the defect
density in the channel portion of the pixel TFT 11. 5 Consequently, while
suppressing the | eakage current of the pixel TFT 11, the sensitivity of the
phot odi odes D1 and D2 to |ight can be inproved. Mreover, it is known that,
even when no light is irradiated, the thermal |eakage current occurs. The
thermal 10 | eakage current is suppreféed by an LDD | ayer (the n" |ayer
portion in FIG 9E). In addition, the®Yonger the gate |l ength becones, the
nore the thermal | eakage current is suppressed. Accordingly, in the TFT, in
order to suppress both the Iight |eakage current and the thermal |eakage
current, a plurality 15 of gate electrodes with a short gate length are
provi ded and, thus a so-cal |l ed doubl e-gate structure or triple-
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Or s he ahaBIETsk a8 P uEE ok Me Ritine L mattidl O K SRBRNRE A0 e gace
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light can be improved.
Moreovey, it 1s known that, even when no light is
irradiated, the thermal leakage current occurs. The thermal
10 leakage current is suppressed by an LDD layer (the n’ layer
portion in FIG. 98). In addition, the longer the gate length
becomes, the ﬁore the thermal leakage current is suppressed.
Accordingly, in the TFT, in order to suppress both the light
leakage current and the thermal leakage current, a plurality
15 of gate electrodes with a short gate length are provided and
thus a so~called double-gate structure or triple-gate structure
is adopted. Consequently, it is preferable to suppress the
light leakage current by facilitating the progress of the
hydrogenation with the short gate length and suppress the
20 thermal leakage current by lengthening the total gate length.
From the above reasons, in this embodiment, the gate
length Lp of the single gate electrode is 6 um in the photodiodes
D1 and D2 (FIG. 11A) and the TFT such as the pixel TFT 11 and
the transistors Q1 to Q4 has the double-gate structure using
25 two gate electrodes with the gate length LT of 3um (FIG. 12A).

Note that, in this embodiment, an example of constituting



constituted by use of the TFT. In this case, the gate length of the TFT
which is to be the photoelectric conversion elenent 5 is nade | onger than
that of the other TFT and thus an effect simlar to that of this enbodi nent
can be obtained. 2. SECOND EMBODI MENT As shown in a cross-sectional view of
FIG 14, in an 10 optical sensor diode according to a second enbodi nent, a
silicon film1l02 is fornmed to have a hhickness of about 150 nmon a gl ass
i nsul ating substrate 101 by plasm CVB. The silicon film102 is forned of
silicon nitride, silicon oxide or lamnation thereof. On the silicon.film
102, a sem conductor layer 110 15 rmade of polysilicon is forned so as to
have a thickness of about 50 nm This sem conductor |ayer 110 is forned by
di sposing a region_111 with p-type inpurities injected therein, an
region 112 i F.g? PHPRGeREFEFYC &N VERPHPT el8TeakE by Bs¢ editde phatodiadesn- t ype
inpurities injected therein_adjacently to each 20 other in this order. In
the p regi onP11209 82045 Feiectied - ~ FoWeregnpItdosst edefieghscdii¥eher ati on
of about 1 x 1019 atmicnB. In the n region 113, phosphorous is injected at
a high concEhtfh 1f‘i}heqc)beaBB‘t’n""fl the1 818 athy EhBS 98%eq thegPahe 'Ry Dbe a
region to whi bo r. phosphorous is_injected at a | ower 25
concentratioﬂ?qgﬁ%hggééﬁ}%% i@f%’éFn¥?ﬁﬁ?qPﬁ8ﬁlFﬁErbcﬁ%%ﬁW?ﬁsiTE elefenithe n
region 113, in order to prevent, chargcteristjc | uct uati ons caused by
unexpect é% i WpUlTtT e G0 ?ﬁ@ns'f}f?%ooﬁf %F‘Fn?%%%rﬁ%ﬁ ﬁél%t Egu%?ﬁ‘ or
layer 110 Torpflt NES 49kt 3eSthh BN AR W02 LEcLofIRd: as an

2. SECCOND EMBODIMENT

As shown in a cross-sectional view of FIG. 14, in an

10 optical sensor diode according to a second embodiment, a silicon
film 102 is formed to have a thickness of about 150 nm on a glass
insulating sut;strate 101 by plasma CVD. The silicon f£ilm 102

is formed of silicon nitride, silicon oxide or lamination
thereof. On the silicon film 102, a semiconductor layer 110

15 made of polysilicon is formed so as to have a thickness of about
50 nm. This semiconductor layer 110 is formed by disposing a

P region 111 with p-type impurities injected therein, an i
region 112 including hardly any impurities and a n region 113
with n-type impurities injected therein adjacently to each

20 other in this order. In the p region 111, boron is injected,
for example, at a high concentration of about 1 x 10 atm/cm’.

In the n region 113, phosphorous is injected at a high
concentration of about 1 X 10 atm/cm®. The i region 112 may

be a region to which boron or phosphorous is injected at a lower

25 concentration, such as 1 X 10 atm/cm® than the p region 111

E;_md the n region 113, in order to prevent characteristic



insulating film so as to have a thickness of about 50 to 100 5 nm On the
silicon oxide film 103, a gate electrode 114 is forned with a thickness of
about 300 nm which is nade of nolybdenumtungsten alloy, so as to cover at
| east the i region 112. In this state, on the silicon oxide film 103, a
silicon oxide film104 is further fornmed. On the silicon oxide film 10 104,
an anode el ectrode 115 and a cat hode gkectrode 116, which are nmade of

nol ybdenum and an al um num | am nation<?ilm are formed at positions
corresponding to the p region 111 and the n region 113, respectively.
Specifically, respective tips of the electrodes are about 600 nmt hick.
Respective main body 15 portions of the anode and cat hode el ectrodes 115 and
116 are fornmed so as to contact with the p region 111 and the n region

113, respect FHEFYFIAGEENE oFREREd Ky eeepperted IPPWHEISS i con oxide films 103
and 104. In this state, on the silicon oxide film104, a silicon nitride
film 105 is furthef?fidteedlisonaites'd? beyiagotiee semcopdueaPrsbager di ode
of this enbggi nt has a constitution in which the gajte el ectrode 114 is
provi ded above®t h@rTe¢ ddiedigor122 gt hivenpPHids fet ¥hilA 31 1§ horgeddeas G opt i cal
sensor with the 'hjnts:ul at%'rhgnfi | minterposed  therebetween. 25 As shown in the
circuit di agr3ATSPTERETHEY PR &H Wk AREEe Wik nGSScaf 2RI GOt ke YRt cal
sensor di Qde of this enbodi.nent, 28 a_bjas, voltage Vpn_is supplied to the
anode el edtrB8e 1% e THd Pt PEAResERLYB LU ode shachrgde el Ybiiage vgn
is supplied fggmggewg%eaeltggtﬁode 114. The c%(pode el ectrode 116 is

cknesgs of about nm, which is made of
molybdenum tungsten alloy, so as to cover at least the i region
112. 1In this state, on the silicon oxide film 103, a silicon
oxide film 104 is further formed. On the silicon oxide film

10 104, an anode electrode 115 and a cathode electrode 116, which
are made of molybdenum and an aluminum lamination £ilm, are
formed at positions corresponding toc the p region 111 and the
n region 113, respectively. Specifically, respective tips of
the electrodes are about 600 nm thick. Respective main body

15 portions of the anode and cathode electrodes 115 and 116 are
formed so as to contact with the p region 111 and the n region
113, respectively, via contact holes pierced in the silicon
oxide films 103 and 104. In this state, on the silicon oxide
film 104, a silicon nitride film 105 is further formed.

20 As described above, the optical sensor dicde of this
embodiment has a constitution in which the gate electrode 114
is provided above the i region 112 of the pin-type thin film
diode for optical sensor with the insulating film interposed
therebetween.

25 As shown in the circuit diagram of FIG. 15, in an example

of a circuit using the optical sensor diode of this embodiment,



connected to the ground. 5 The graph of FIG 16 shows current-voltage
characteristics when the gate voltage Vgn is set to OV in the <circuit

di agram shown in FIG 15. Specifically, this graph corresponds to
current-vol tage characteristics of a conventional optical sensor diode with
no gate el ectrode. This 10 graph shows a characteristic 401 in the case of
irradiating no |light and a characteri,stic 402 in the case of irradiating
light. 1In the case of irradiating Iiéﬁ{, a | eakage current occurs at Vpn =
OV at which a reverse bias current starts to flowinto the optical sensor

di ode 100. 15 The graph of FIG 17 shows current-voltage characteristics of
the optical sensor diode 100 when a fixed reverse bias voltage is applied

25 he 93t e YoLt 300 ML yhlle s oCLLGH L4l ATLAD Shown JibcFlGue1f, T o graph

shows a characteristic se of 1rradiating no Tight and a 20

char act er i st k4044 1 Den685%,00cl 1489HALL BALI Ateod 4011 ; Lhis,{Age O

Vgn<Vpn<0, a nctive characteristic wherein y rrent flows

i's Obtai“ed-tEh%%é”§H€§“é¥§é¥£éae hows that éﬁ}%ﬁ%ﬂ?ﬁ%ﬂﬁﬁﬁk&s tiq fiow unti

the reverse bias voltage between the anode a termnals 1 and

116 25 beconggnhLgbgs thamhd hpdimyerse bias voltage applied to the gate
el ectrode 114. Specifically, the characteristic indicates 27 that the gate

vol tage Vgn can copid ol @-aphresgpl d @fc t heibi assny@l t agarwBge- fo Ll LNt
starts to flow into the optical sensor diode.

characteristics when the gate voltage Vgn is set to 0V in the
circuit diagram shown in FIG. 15. Specifically, this graph
corresponds to current-voltage characteristics of a
conventional optical sensor dicde with no gate electrode. This

10 graph shows a characteristic 401 in the case of irradiating no
light and a characteristic 402 in the case of irradiating light.
In the case of irradiating light, a leakage current occurs at
Vpn = 0OV at which a reverse bias current starts to flow into
the optical senscr diode 100.

15 The graph of FIG. 17 shows current-voltage
characteristics of the optical sensor diode 100 when a fixed
reverse bias voltage is applied as the gate voltage Vgn in the
circuit diagram shown in FIG. 15. This graph shows a
characteristic 403 in the case of irradiating no light and a

20 characteristic 404 in the case of irradiating light. Within
the range of Vgn<Vpn<0, a distinctive characteristic wherein
absolutely no current flows is obtained. This characteristic
shows that no current starts to flow until the reverse bias

voltage between the anode and cathode terminals 115 and 116

]
o

becomes higher than the reverse bias voltage applied to the gate

electrcde 114. Specifically, the characteristic indicates



As descri bed above, according to this enbodinent, the 5 gate electrode 114
is provided above the i region 112 of the pin-type optical sensor diode with
the insulating film interposed therebetween, thus the threshold of the bias
voltage when the current starts to flowinto the optical sensor diode can
be controlled by the gate voltage. Consequently, the 10 | eakage current can
be prevented fromflowng into the op&%cal sensor diode to which no bias
vol tage higher than the gate voltage®ls applied even in the state where
light is being irradiated. In this enbodinent, as the optical sensor diode
in which 15 the gate electrode 114 is provided, one which has the
cross-section structure showmn in FIG 14 is used. However, the optical
sensor diode is not limted thereto. For exanple, as shown in a

cross- sect i of&PtvERGY Fteveltage Yon icenareptrehd shagfhedd f 488 Rifopti cal
sensor di ode in%Iudin an n 20 region 201 to which phosphorous is injected

at a low coNC&HPE&t YT & CabbERt 15 %ertF1 Yo A At A tBethR &P L8 i SFRYon 112

and the n regLog 113. The sem conductor layer 110 in this case is formed by
di sposi ng th&*8%Fegion 111 to which boron is injected at a high 25

concentration, the,i regio %ﬁz i ncl udi ng_har dI ny. inR rities tnghn
region 201 to mhlcﬁspéﬁé%ﬁéhe 5§q9¥ernF§88E. g %§f¥ﬁ%52§ ESH%@ﬁ?FatF and
LD BT ghEd AR, HPRIOE BT A0 dBhCLR e o gosgepi ot on
current-volt89¢ +vpe optical sensor diode with the insulating film
interposed therebetween, thus the threshold of the bias voltage
when the current starts to flow into the optical sensor diode
can be controlled by the gate wvoltage. Consequently, the
10 leakage current can bhe prevented from flowing into the optical
sensor diode to which no bias voltage higher than the gate
voltage is aﬁplied even in the state where light is being
irradiated.
In this embodiment, as the optical sensor diode in which
15 the gate electrode 114 is provided, one which has the
cross-section structure shown in FIG. 14 is used. However, the
optical sensor diode is not limited thereto. For example, as
shown in a cross-sectional view of FIG. 18, it is also
satisfactory to use an optical sensor diode including an n
20 region 201 to which phosphorous 1is injected at a low
concentration of about 1 X 10" atm/cm® between the i region
112 and the n region 113.
The semiconductor layer 110 in this case is formed by
disposing the p region 111 to which boron is injected at a high
2h concentration,theqiregionllzincludinghardlyanyjﬂmurities,

the n region 201 to which phosphorous is injected at a low



characteristics shown in FIG 17 are obtained simlarly to the 5 above case
and the | eakage current can be prevented fromflowng into the optical
sensor diode to which no bias voltage is applied even in the state where
light is being irradiated. Note that, in FIG 18, the sanme constituent
conmponents as those of FIG 14 will be denoted by the sane reference
nuneral s and repetitive 10 descriptigg will be omtted here. The optical
sensor di ode described in this enbodifient can be applied to the photodi odes
D1 and D2 of the first enbodinment. 3. TH RD EMBODI MENT 15 As shown in the
circuit diagramof FIG 19, in a circuit configuration of a third

enbodi nent, a bias voltage Vnp is supplied to the cathode el ectrode 116 of

the optical sedfs@¥ntditode 1A and a gaggpﬂoﬂ@g@o Ve drs piHsdncedykosLhe gate
el ectrode 114. The anode el ectrode 115 is connected to ground. 20 The graph

of FIG 20 shovfediyd et a\olggencehereid,i ahijgsedfily e OREL GHneteRgor
di ode 100 when a fixed voltage is applied as the gate voltage Vgp in the

circuit diagrams shawed.n FIfsd9.infhithigr apRsshowshé charrGieriogthge405 in
the case of irradiating no |light onto the optical sensor diode 100 25 and a

char act eri st ichaiif-tieritshe ceaserwal ihrFmarli avidig bbelinedBimilgraphchpys a
good characteristic in which a current ratio of 29 a current at the tine of
irradi ating laghte ¢hee andaftecledled @ catireti© cas prévdradi@E+ON faABWIRHL ') tO
a current at the tinme of no irradiation. (hereinafter referred to as a
"non-i rradi atird® theopenti) sensehiiicgiel ta anli et homicwr vEtdgeons appadéat i on

even in the state where light is being irradiated. Note that,

in FIG. 18, the same constituent components as those of FIG.

14 will be denoted by the same reference numerals and repetitive

10 description will bhe omitted here.

The optical sensor diode described in this embodiment can

be applied to the photodiodes D1 and D2 of the first embodiment.

3. THIRD EMBODIMENT

15 As shown in the circuit diagram of FIG. 19, in a circuit
configuration of a third embodiment, a bias voltage Vnp is
supplied to the cathode electrode 116 of the optical sensor
diode 100 and a gate voltage Vgp is supplied to the gate electrode
114. The anode electrode 115 is connected to ground.

20 The graph of FIG. 20 shows current-voltage
characteristics of the optical sensor diode 100 when a fixed
veltage is ainlied as the gate voltage Vgp in the circuit diagram
shown in FIG. 19. This graph shows a characteristic 405 in the
case of irradiating no light onto the optical sensor diode 100

25 and acharacteristic 406 in the case of irradiating light. This

graph shows a good characteristic in which a current ratio of



5 current, reaches double digits or nore within the range of 0 S Vgp C Vnp.
Particularly, the graph shows the maxinmum current ratio at Vgp = Vnp/2. A
circuit configuration in consideration of these characteristics will be
described below. In a circuit diagramof FIG 21, the gate electrode 114 10
of the gate-controlled type optical sensor diode 100 is connected to the
cat hode el ectrode 116 and the bias voééage Vnp is supplied to both the gate
el ectrode 114 and the cathode electrtde 116. The anode el ectrode 115 is
connected to ground. Wth this constitution, Vgp = Vnp is established and a
good 15 current ratio of irradiation current/non-irradiation current 1is
obtained. In the circuit diagran1of FIG 22. the gate electrode 114 of the
gate-control | ed pﬁge sen 100.is_ connected to the anode

0
el ectrode 115 “%h IFh891%¥9tﬁw%8fHE&&déﬁtiTiléﬁBtﬂﬁ&rﬁhaaﬁt%¥€8F?Bﬁ%d115 are
bot h connect The bi as olt ge Vn S S d to the cat hode
el ect rode 11%% ggv%h £ r:“jrsad%gﬁ% chﬁ \ér’ft boﬂ ulfge’ég?a&btﬁgh?d“eaﬁg % good
t t t/ t t bt d.
55 1n'a of rodrraiab 8t SheERyfHbLan tORRe 30 B R e Taspatqslon
gat e-cont ol Led,1.ype opt il Sensor, gi,ade 100 | |8, A0 nonneeted oot he, anode

el ectrode 115 via irst electrostatic capaci t he

gate e ech ogeiifel Srog LG 1k0at e el g {vf&s{rgtdcﬁlce%n\geaoé gecond

el ectrostatic CapaCIty e aving an electros
= vgp = vnp. Particularly, the graph shows the maximum

current ratio at Vgp = Vnp/2. A circuit configuration in
consideration of these characteristics will be described below.

In a ci:;cuit diagram of FIG. 21, the gate electrode 114

10 of the gate-controlled type optical sensor diode 100 is
connected to the cathode electrode 116 and the bias voltage Vip
is supplied t1o both the gate electrode 114 and the cathode
electrode 116. The anode electrode 115 is connected to ground.
With this constitution, Vgp = Vnp is established and a good

15 current ratio of irradiation current/non-irradiation current
is obtained.

In the circuit diagram of FIG. 22, the gate electrode 114
of the gate-controlled type optical sensor diode 100 is
connected to the anode electrode 115, and the gate electrode

20 114 and the anode electrode 115 are both connected to ground.
The bias voltage Vnp is supplied to the cathode electrode 116.
With this constitution, Vgp = 0 is established and a good current
ratio of dirradiation current/non-irradiation current is
obtained.

2b In a circuit diagram of Fig. 23, the gate electrode 114

of the gate-controlled type optical sensor diode 100 is



5 capacity approximately equivalent to that of the electrostatic capacity
el enrent 701. The anode el ectrode 115 is connected to ground and the bias
voltage Vnp is supplied to the cathode electrode 116. Wth this
constitution, Vgp = Vnp/2 is established and the best current ratio of
irradiation 10 current/non-irradiation current is obtained. The

el ectrostatic capacity elenents are pggvided, respectively, between the
gate el ectrode 114 and the anode el eetrode 115 and between the gate

el ectrode 114 and the cathode electrode 116. As a result, the potential of
the gate electrode 15 114 will always be internedi ate potential between
anode potential and cathode potential. Thus, there is no influence or

di st urbance such ag %Qit caused b% an induced el ectronotive force of a
peripheral wFPPRGETEH LT EBIFAQYS ELEGTEPIS drPatk? achirYesleqhgoakasieh, the
resi stance never ¢ S grea 20 an anpunt of ht can pe detected
stably and aEEH?Sig gf%ﬁ%?Fui+ 4§rqﬂ¥§relgg?r§§Fﬁt? CEEEPALT t Y bl Ehent s
701 and 702cshomg o F% t vaI des%élggg beI mnth reference to the
pl an view of “BIEE5%Y Fids. 9% é‘ cr8§§ sBct PO vi ew of
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di sposed and sica hows a ¢ rtution simflarto CT %S s6cti on of
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film102 is forne
ground and the bias veltage Vnp is supplied to the cathode

electrode 116. With this constitution, Vgp = Vnp/2 is
established and the best current ratio of irradiation
10  current/non-irradiation current is obtained.

The electrostatic capacity elements are provided,
respectively,‘between the gate electrode 114 and the anode
electrode 115 and between the gate electrode 114 and the cathode
electrode 116. As aresult, the potential of the gate electrode

15 114 will always be intermediate potential between anode
rotential and cathode potential. Thus, there is no influence
or disturbance such as that caused by an induced electromotive
force of a peripheral wiring, static electricity or surface
charges, and as such, the resistance never changes greatly and

20 an amount of light can be detected stably and accurately.

A structure of the electrostatic capacity elements 701
and 702 shown in FIG. 23 will be described below with reference
to the plan view of FIG. 24, FIGS. 25 and 26. FIG. 25 is a

cross-sectional view of the XXV-XXV portion in FIG. 24 in

]
o]

which the electrostatic capacity elements 701 and 702 are

disposed. FIG. 26 is a cross-sectional view of the X XVI-X



5 to have a thickness of about 150 nm on an insulating substrate 101 by
plasma CVD. On the silicon film 102, separated polysilicon filnms 801 and
804 are formed so as to have a thickness of about 50 nm respectively.
Boron or phosphorous is injected to the polysilicon filnms 801 and 804 at a
hi gh concentration 10 of about 1 X 1019 atmicnB8. On the silicon film 102, a
silicon oxide film103 is further foryyed so as to have a thickness of

about 50 to 100 nm On the silicon oxide film 103, upper electrodes 802 and
805 made of nol ybdenum tungsten alloy are fornmed so as to have a thickness
of about 300 nm respectively, 15 at positions above the polysilicon filns
801 and 804, respectively. In this state, a silicon oxide film104 is

furt her forn%Q on the S|I|con oxide film103. On the silicon__ oxide film
104, draw out® ‘eI SFed "gB3C antt: sﬂdswwéﬁhnghsb%*ilcaéo@eﬁﬁprtﬂmetll%’

t d a K fil
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polysilicon films 801 and 804 are formed so as to have a thickness
of about 50 nm, respectively. Boron or phosphorous is injected
to the polysilicon f£films 801 and 804 at a high concentration
10 of about 1 X 10" atm/cm’. On the silicon £ilm 102, a silicon
oxide £ilm 103 is further formed so as to have a thickness of
about 5C to fOO nm. On the silicon oxide f£ilm 103, upper
electrodes 802 and 805 made of molybdenum tungsten alloy are
formed so as to have a thickness of about 300 nm, respectively,
15 at positions above the polysilicon films 801 and 804,
respectively. In this state, a silicon oxide film 104 is
further formed on the silicon oxide f£ilm 103. On the silicon
oxide £ilm 104, draw-out electrodes 803 and 806 having about
600 nm-thick tip porticons, which are made of molybdenum and an
20 aluminum lamination £ilm, are formed at positions corresponding
to the polysilicon films 801 and 804, respectively. Main body
portions of the draw-out electrodes 803 and 806 are formed so
as to contact with the polysilicon films 801 and 804,
respectively, via contact holes pierced in the silicon oxide
25 films 103 and 104. On the silicon oxide f£film 104, a silicon

nitride film 105 is formed.



5 802 and 805 are forned in comon wth the gate el ectrode 114 shown in
FIG 26. The drawout electrode 803 is forned in common wth the anode

el ectrode 115 and the draw out electrode 806 is fornmed in common with the
cat hode el ectrode 116. As descri bed above, the electrostatic capacity
element 10 701 is formed by use of the portion where the upper el ectrode
802 overl aps the polysilicon film 80 nd the electrostatic capacity

el enent 702 is fornmed by use of the poTtion where the wupper electrode 805
overlaps the polysilicon film804. Thus the electrostatic capacity el enents
701 and 702 can be fornmed 15 sinultaneously at the tine of formng the
optical sensor diode 100. Next, another structure of the circuit shomn in

FlG 23 will be descrihedwibhoralarenge Lo be Rlap yhew of (FLG. 27

FIGS. 28 and 29. F 1S a Cross- sec |ona vView o

Porti on i n FhGyo27 e i ol L el et TASIAL | £1620A) me')F(ﬁgEXi%;% and 702

are di sposed 29 I's a cross-secti vrem/o portron in

FIG 27 in V@h?ﬂri@?e@@fec%Jeét.eﬁ(%&leg'e(egeat;'goceécé:l’l Ocﬁ%ql &?ﬁ] énctal ly

shows a constitution simlar to the cross section o e oprtrl sensor

di ode shown g5tnd pFb&eyidBa1RSariI@WE A ReBhiGh 25, aTﬁél ;:%'} £id J:]t%sl S

formed so as 33 to have a thickness of about 150 nm on an insulating .
substrate; 1042bynd! @ERIEVRorfBa the &ﬂ:d&%ﬁh'tﬁel%%rteae%!:tf%b %'40'9 film

103 is forned so as to have a thickness of about 50°to 10 nm On t

silicon oxi dehbiwhinlfi. heonerrmel Baw-9dese 2k 13/ad 803 is formed in common
with the anode electrode 115 and the draw-out electrode 806 is

formed in common with the cathode electrode 116.
As described above, the electrostatic capacity element
10 701 is formed by use of the portion where the upper electrode
802 overlaps the polysilicon film 801 and the electrostatic
capacity element 702 is formed by use of the portion where the
upper electrode 805 overlaps the polysilicon film 804. Thus
the electrostatic capacity elements 701 and 702 can be formed
15 simultaneously at the time of forming the optical sensor diode

100.

Next, another structure of the circuit shown in FIG. 23
will be described with reference to the plan view of FIG. 27,
FIGS. 28 and 29. FIG. 28 is a cross-sectional view of the X
20 XW-XXWVl portion in FIG. 27 in which the electrostatic capacity
elements 701 and 702 are disposed. FIG. 29 is a cross-sectional
view of the XXIX-XXIX portion in FIG. 27 in which the optical
sensor diode 100 is disposed and basically shows a constitution
similar to the cross section of the optical sensor diode shown

25 in FIG. 18.

As shown in FIG. 28, a silicon f£ilm 102 is formed so as



5 903 made of nol ybdenum tungsten alloy are forned so as to have a
t hi ckness of about 300 nm respectively. A silicon oxide film 104 is
further formed on the silicon oxide film103. On the silicon oxide film
104, draw out el ectrodes 902 and 904 nade of nolybdenum and an al um num
| am nation filmare formed so as 10 to have a thickness of about 600 nm
above the | ower el ectrodes 901 and 9:%)% respectively. Inthis state, a
silicon nitride film105 is further rmed on the silicon oxide film 104.
The | ower el ectrodes 901 and 903 are formed in cormmon with the gate
el ectrode 114 shown in FIG 29. The drawout electrode 15 902 is forned in
common with the anode el ectrode 115 and the draw out el ectrode 904 is forned
in cotmon with the cathode electrode 116. As described above, the
el ectrost at i COCPEEIA PéFERRnt of7phont k5 pedrrbyprubeswiatting pobstomtavher e
the draw out _el ectrode 20 902 overlaps the |lower el ectrode 901 and the
el ectrost ati ¢°LapacPtas®r &ight 9p2the siddseea Byilmskldf a Kalpepni @widthere t he
draw out el ectrode 904 ogverlaps the | ower el ectrode 903. Thus the
el ectrostati 1@5p]a9::? ty EPERRHS 9 QRaVeoR tharkpBesT sifngBoutiGfuteakbus| y at
the tinme of form;ﬁprg L"‘g’ﬁ qQpti cal sensor. diode 25 100. FIG 30 is a

W

cross-secti offar riGOBt P¥ e fotifet 034 deveiciahes tardeRe?® il t shown
in FIG 25’3. A asitfe %t_ruﬁc?:vtt%g [ stagggoxi mat elyy tge s?nrée gg th%t skl’oem in
the cross® seéP N i BRI tERISERRAMCY fFe FoE Sos° (e tgdi®
?LS?;:‘Ode 11% tﬂisczlgn%%rsrecgf g 03‘% 3%8 ncl)nv,erl:‘éggecbtoritvrt]al.tyhe g s&ﬁglczglq o]i(]i]aeafnidlrg he n
104 is further formed on the silicon oxide film 103. On the
silicon oxide £ilm 104, draw-out electrodes 902 and 904 made
of molybdenum and an aluminum lamination film are formed so as
10 to have a thickness of about 600 nm above the lower electrodes
901 and 903, respectively. In this state, a silicon nitride
film 105 is fﬁrther formed on the silicon oxide film 104.
The lower electrodes 901 and 903 are formed in common with
the gate electrode 114 shown in FIG. 29. The draw-out electrode
15 902 is formed in common with the anode electrode 115 and the
draw-out electrode 904 is formed in common with the cathode
electrode 116.
As described above, the electrostatic capacity element
701 is formed by use of the portion where the draw-out electrode
20 902 overlaps the lower electrode 901 and the electrostatic
capacity element 702 is formed by use of the portion where the
draw-out electrode 904 overlaps the lower electrode 903. Thus
the electrostatic capacity elements 701 and 702 can be formed
simultaneously at the time of forming the optical sensor diode

25 i00.

FIG. 30 is a cross-sectional view showing still another



5 113. The portion where the gate el ectrode 114 overlaps the p region 111
forms the electrostatic capacity elenment 701 and the portion where the gate
el ectrode 114 overlaps the n region 113 fornms the electrostatic capacity

el ement 702. Note that the sane constituent conponents as those of FIG 14
are denoted by 10 the sanme reference nunerals and repetitive description
will be omtted here. Next, still angther structure of the circuit shown in
FIG 23 will be described by use of ﬁé cross-sectional viewof FIG 31

In FIG 31, on the silicon oxide film 104, the anode 15 el ectrodes 115 and
the cathode el ectrodes 116 are fornmed so as to overlap the gate el ectrode
114, respectively. The portion where the anode el ectrode 115 overl aps the

ate electrode_114 for the.elecirqostatic aci.ty elenent 701 and the
ot tion whor EPREuEs b TR B EE oA G0k Tone r hel (PSP EELTOIRE 114 20

fornms the el ggt atic .capagcity el ene 702. Note that the sa
constituent g%n%%%eon’%%maécse% hgféeé ng“eF‘_flﬁncthfo %F%W%éﬁoifléed cﬁgssfﬁgcgg?fbal
reference nugeLal seand; repetiti escription wl] be ., onm.tted here., K Wth
the structur ggé oﬁfw in Fﬁ% A%?"%'ngﬁ%é't%g' Eéeegfaetc re(:)lgtcgf?%ec]glp‘laci ty

o oTent s 1oL A0 an. e ondy slmLianeouel s 81 LA elel o m no

the optical sensor ereforeé, "acc iIs e I nment, as

e onet ST IABHRREnCHRE S8 Jhde, 2 SANMRE!EOL A BEUAES
region 111 forms the electrostatic capacity element 701 and the
portion where the gate electrode 114 overlaps the n region 113
forms the electrostatic capacity element 702. Note that the
same constituent components as those of FIG. 14 are denoted by

10 the same reference numerals and repetitive description will be
omitted here.

Next, st“ill another structure of the circuit shown in FIG.

23 will be described by use of the cross-sectional view of FIG.

31. In FIG. 31, on the silicon oxide film 104, the anode

15 electrodes 115 and the cathode electrodes 116 are formed so as

to overlap the gate electrode 114, respectively. The portion

where the anode electrode 115 overlaps the gate electrode 114

forms the electrostatic capacity element 701 and the portion

where the cathode electrode 116 overlaps the gate electrode 114

20 forms the electrostatic capacity element 702. Note that the

same constituent components as those of FIG. 14 are denoted by

the same reference numerals and repetitive description will be
omitted here.

With the structure shown in FIG. 30 or FIG. 31, the

electrostatic capacity elements 701 and 702 can be formed

2
ot

simultaneously at the time of forming the optical sensor diode



5 voltage Vnp. Consequently, the good current ratio of irradiation
current/non-irradiation current can be obtained. According to this

enbodi ment, as shown in FIG 22, the gate electrode 114 is connected to the
anode el ectrode 115 and thus the good current ratio of irradiation 10
current/non-irradi ation current can be obtained. According to this

enbodi nent, as shown in FIG 23, the Fg rst electrostatic capacity el enent
701 is formed between the gate electrdde 114 and the anode el ectrode 115,
the second electrostatic capacity element 702 is fornmed between the gate 15
el ectrode 114 and the cathode el ectrode 116. As a result, the gate voltage
Vgp becones half of the bias voltage Vnp. Thus, the best current ratio of
irradiationniﬁrrent/non-irradiation current can be obtained. According to
this enbodi P; as shown in FIG 25, the 20 first electrostatic capacity

element 701 is fcwiﬁgkcg t he o%ﬁékggﬁgd portion between the polysilicon
filma801 in the sarmt " T&fér d%Y B8R Fbedimepée a8 ARy 10 Upper
el ectrode 8?% qggyng&to thg 83é§ glﬁctrode 114 wg%ch i.s formed over the
pol ysi licon fith 8oLt REFEEVETIS thE *SeCoMPHISE? SSEAT TS ehgdtiad el enment
I T 8 A PE0 Lot et A BRI S 690, am 804 0
comn s heogthge SUELI o biAuetBLEY, e TR, NS Bl cor
formed simul §{ ApEOUSE YorfleultDEnt ) HBn O L1190t BE- PRI G8h 8E"SN asnea.
According to this embodiment, as shown in FIG. 22, the
gate electrode 114 is connected to the anode electrode 115 and
thus the good current ratic of irradiation
10 current/non-irradiation current can be obtained.
According to this embodiment, as shown in FIG. 23, the
first electros;tatic capacity element 701 is formed between the
gate electrode 114 and the anode electrode 115, the second
electrostatic capacity element 702 is formed between the gate
15 electrode 114 and the cathode electrode 116. As a result, the
gate voltage Vgp becomes half of the bias voltage Vvnp. Thus,
the best current ratio of irradiation current/non-irradiation
current can be obtained.
According to this embodiment, as shown in FIG. 25, the
20 first electrostatic capacity element 701 is formed of the
overlapped portion between the polysilicon film 801 in the same
layer as the semiconductor laver 110 and the upper electrode
802 common to the gate electrode 114, which is formed over the
polysilicon film 801. Moreover, the second electrostatic
25 capacityelement 702 is formed of the overlapped portion between

the polysilicon £ilm 804 in the same layer as the semiconductor



5 di ode 100. According to this enbodi ment, as shown in FIG 28, the first

el ectrostatic capacity elenent 701 is forned of the overlapped portion

bet ween the | ower el ectrode 901 common to the gate electrode 114 and the
draw out el ectrode 902 conmon 10 to the anode el ectrode, which is provided
above the |l ower electrode 901. Mreover, the second el ectrostatic capacity
el emrent 702 is fornmed of the overlappgg portion between the |ower el ectrode
903 comon to the gate el ectrode 114 d the draw out el ectrode 904 conmon
to the cathode el ectrode, which 15 is provided above the | ower el ectrode
903. Thus, the electrostatic capacity elenents 701 and 702 can be forned
simul t aneously at the time of formng the optical sensor diode 100.

According to JLOLS odj ., as._sho fi,r

el ectrostati ¢ apagﬁgy eﬁgﬁ%ﬁﬁ YRR & q§ggeoﬁ%%héxgmgplgbpé:E’d?%lon

bet ween t he a he g Lectrade 114 formed 4.0 overl ap
with the p rgéf"g%k%i]l% ‘leéh% ?‘%ém%‘gggﬁ‘ée Prog%a }%Oncgﬁzjirgsﬁ y el enent

702 is  for f %f t @eﬂYS&&%BQSQ Boéé e aﬁ?%ﬁ?ﬁg?ﬁgenﬂ_%ﬁ%F982 %%1 d 25 the

gate electro orned SO as e n region us, the

el ect rost at | goeABaUg ﬁg‘seﬁ%%lf&ltﬁ@@i%g%dfcegn&ﬁ,bgg@hg% 31 suidaneous! y

at the tine ormng the opti sensor I ng 0 this
enbodi nmeng , a§oagoy@0|n FIG 31, the first electrostatic capacity el enent
701 is forned of the

According to this embodiment, as shown in FIG. 28, the
first electrostatic capacity element 701 is formed of the
overlapped portion between the lower electrode 901 common to
the gate electrode 114 and the draw-out electrode 902 common

10 to the anode electrode, which is provided above the lower
electrode %01. Moreover, the second electrostatic capacity
element 702 is formed of the overlapped portion between the
lower electrode 903 common to the gate electrode 114 and the
draw-out electrode 904 common to the cathode electrode, which

15 is provided above the lower electrode 903. Thus, the
electrostatic capacity elements 701 and 702 can be formed
simultaneously at the time of forming the optical sensor diode
100.

According to this embodiment, as shown in FIG. 30, the

20 first electrostatic capacity element 701 is formed of the
overlapped portion bhetween the p region 111 and the gate
electrode 114 formed so as to cverlap with the p region 111.
Moreover, the second electrostatic capacity element 702 is
formed of the overlapped portion between the n region 113 and

25 the gate electrode 114 formed so as to overlap with the n region

113. Thus, the electrostatic capacity elements 701 and 702 can



5 overl apped portion between the gate el ectrode 114 and the anode el ectrode
115 fornmed so as to overlap with the gate electrode 114. Moreover, the
second el ectrostatic capacity element 702 is forned of the overl apped
portion between the gate electrode 114 and the cathode el ectrode 116 forned
so as to overlap with 10 the gate electrode 114. Thus, the electrostatic
capacity elenents 701 and 702 can be %orned sinmul taneously at the tine of
form ng the optical sensor diode 100. 3fhe optical sensor diode described in
this enbodi mrent can be applied to the photodi odes DI and D2 described in
the first 15 enbodinent. 4. FOURTH EMBODI MENT In a fourth enbodi nent,

description will be given of an inage acquisition circuit to which the

optical sens econd nd, thir odiments ar

appl i cabl e. P hﬂggrrxalsg':jﬁe%élcqaunles%tSi n2i b %IU|P%':1" %‘1 g&ﬁng tfﬁ?u‘?%"f’icﬂ} of

signal lineg ngg d?@&? 10g. @and a plurality of selective lines 603a, 603b
are installed on a glass insulating substrate so as to intersect with

each other. AL the,i&snAGld ¥8 LALETSAEIIGN 825aL B Sl poBcal, seasor

di odes 100a, 100b . are “di sposed one e signal i nes’ a, 602b

are CO“”EEI:@Q Ie@eétfb'éf&&{c 3§a§HH%hﬂéJ Hen@OE YA ress%i%le‘ée el %t' on

swi tches 605a, . respective optic sensor odes 100

i's based pn BO@rf&ﬁﬁéﬂ b&@%h%&%‘eﬂ“ﬂﬁé’&%e e@.e'éltg'oﬁésild ép&‘cihte'eﬁﬁaldey a
cathode termnal is connected to the seléective I ne 603 corresponding to
a certain di gdectfda@nade tbenBiNA as to overlap with the gate electrode
114. Moreover, the second electrostatic capacity element 702
is formed of the overlapped portion between the gate electrode
114 and the cathode electrode 116 formed so as to overlap with
10 the gate electrode 114. Thus, the electrostatic capacity
elements 701 and 702 can be formed simultaneously at the time
of forming the optical sensor diode 100.
The optical sensor diode desgribed in this embodiment can

be applied to the photodiodes D1 and D2 described in the first

15 embodiment.

4. FOURTH EMBODIMENT
In a fourth embodiment, description will be given of an
image acguisition circuit to which the optical sensor diodes
20 of the second and third embodiments are applicable. In the
image acquisition circuit of FIG. 32, a plurality of signal
lines 602a, 602b .. and a plurality of selective lines 603a, 603b
are installed on a glass insulating substrate so as to
intersect with each other. At the respective intersections
25 thereof, optical sensor diodes 100a, 100b .. are disposed one

by one. The signal lines 602a, 602b .. are connected to a current



is connected to the signal |line 602 corresponding to the diode and a gate
termnal is connected to a conmon control |line 601 comon anong all the
di odes. For exanple, in the optical sensor diode boob, the cathode term nal
is connected to the selective 10 Iine 603b and the anode termnal is
connected to the signal line 602a. Next, a driving nethod of the inmage
acquisition circuit of this enbodinegg w Il be described. First, the
potential of all the selective lines¥603 is set to OV and a reverse bias 15
vol tage of 3V, for exanple, is applied to the conmmon control 1|ine 601
Accordingly, in all the optical sensor diodes 100, absolutely no current
flows until a reverse bias voltage of 3V or nore is applied via the
selective lines.6 he case of, for_exa detecting an _amount of
reap AP 1ERE TR

light in the 0Bt é’ﬁ?o?e%ﬁ%%*el"ﬁéﬁ WLCBRHIRA 1 PURP T being

Lur et on the si gt A Gins, Len RS VR PR b e toroges W8 onnact ed
bl o the ket e%lﬁ.eitiffs.eﬁté‘f%ﬁé o S8HE RlearsbBl MR a§8§t|§lrv5géf t han
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flows from §hge0phi g ode, 'c%%alﬂt {ilaéi'ee %&E‘%} hid 6 606.

In this event, abs ?ute age Tdrient flows Tron1 er optical

sensor di Odeis%éé%dl@gctrfé)%ﬁ%fdﬁrfé 588 b:HedPRhalihfe SWa anhe hus

only the current fromthe optica
and a gate terminal is connected to a common control line 601

common among all the diodes. For example, in the optical sensor
diode 100b, the cathode terminal i1s connected to the selective

10 line 603b and the anode terminal is connected to the signal line
602a.

Next, a"driving method of the image acquisition circuit
of this embodiment will be described. ¥First, the potential of
all the selective lines 603 is set to 0V and a reverse bias

15 voltage of 3V, for example, is applied to the common control
line 601. Accordingly, in all the optical sensor diodes 100,
absolutely no current flows until a reverse bias voltage of 3V
or more is applied via the selective lines 603. In the case
of, for example, detecting an amount of light in the optical

20 sensor diode 100b in the state where light is being irradiated
on the circuit of this embodiment, the selection switch 605a
is turned on, the signal line 602a and the current amplifier
606 are connected to each other and a reverse bias voltage of,
for example, about 5V is applied to the selective line 603b.

25 In this event, a voltage larger than the gate voltage is applied

between the cathode and anode of the optical sensor diode 1060Db.



sensor di ode 10Cb can be accurately detected. In such a manner, scanning
the signal lines 602 and the selective lines 603 drives the optical sensor
di odes 100 at desired positions. Thus, taking out the current signals from
the desired optical sensor 10 diodes as inage information perforns the inmge
acquisition. Therefore, according to this enbodi nent, the cathode term nal
of the gate-controlled type optical ggsor di ode 100 is connected to the
selective line 603 of the inmge acquisition circuit, the anode termnal is
connected to the signal line 602 15 and the gate electrode is connected to
the common control line 601. Thus, a voltage applied to the gate el ectrode
t hrough the comon control line 601 can control a threshold of a bias

vol tage wheRndsCWl Eﬁ@&eﬁ%%&&e&%o%@%%@ fnd ?xﬁg%ﬂ?:'&@hﬁﬁg owdi £, 1N

addition, a |eakage current can be prevented | ow ng into an opti cal

sensor di ode th@ ﬁw&bmews@,% apéé@%oh' ohes trlehalrtbbee 9ahS 1¥QkLags | S

applied even in e state where light is being irradiate Consequent | vy,

the image acqui shikogvédn, Awsda%rtfqunﬁé m;hha gﬁﬁrre%occwlaw ££GR Y Ng tO
this enbodi ment, the threshold of the bias vol tage when the current

starts to fl eenks gpteesineshivr @Ry NGod Eah&edovsel befifeded N Gale
el ectrodes of all the 40 optical sensor diodes 100 through the conmon

control |5nes6@lal Thee sed BLtdnde thvst 6RALPOMOfcdernt greh theesHizonnect ed
to the optical sensor diode of which the light amount is to be detected is

turned on, asbhasrdibidage degebetdtafurialte 1yadtagaea.appd kedh ronddiergat e
electrode is applied to the selective line
scanning the signal lines 602 and the selective lines 603 drives
the optical sensor diodes 100 at desired positions. Thus,
taking out the current signals from the desired optical sensor
10 diodes as image information performs the image acquisition.
Therefore, according to this embodiment, the cathode
terminal of the gate-controlled type optical sensor dicde 100
is connected to the selective line 603 of the image acquisition
circuit, the anode terminal is connected to the signal line 602
15 and the gate electrode is connected to the common control line
601. Thus, a voltage applied to the gate electrode through the
common control line 601 can control a threshold of a bias voltage
when a current starts to flow into the optical sensor diode.
In addition, a leakage current can be prevented from flowing
20 into an optical sensor diode to which no bias voltage higher
than the gate voltage is applied even in the state where light
is being irradiated. Consequently, the image acgquisition can
be performed with higher accuracy.
Accoxding to this embodiment, the threshold of the bias

25 voltage when the current starts to flow is determined by

applying a fixed wvoltage to the gate electrodes of all the



603 to which the optical sensor diode of which the light anbunt is to be
detected is connected and thus only the current from the optical sensor
diode flows into the signal |line 602. Consequently, the inage acquisition
can be perfornmed with high 10 accuracy. Note that, in this enbodi nent, the
cathode term nal of each of the optical sensor diodes 100 is connected to
the selective line 603 and the anode4 ermnal is connected to the signal

| ine 602. However, the anode term nal y be connected 15 to the selective
| ine 603 and the cathode term nal may be connected to the signal |ine 602.
In this enbodiment, the wiring of the respective optical sensor diodes 100
is based on the circuit configuration shown in FIG 15. However, besides

t he above, the wirin thergof may 20 be based on the circuit configuration
shown in FI GOpfi,ca;I nsopdhpdes d008hrepah fhe qouren gopbrf ddPpetfil ratio of
irradiation urrent/pon-irradiation current can be obtained and the i mge
acqui si tion ggﬁ B%E%%F*Yﬁrﬁﬁi hO§V%ﬁ1ﬂﬁbﬁé?n§&c%ﬁ%ﬁnﬁoETHQRPﬁﬁb%ﬂ to
acquisition ¢ircuit.of .this e dijyent. can be . 25 applied to the display
Govi o shown T PREFPY FoReih AiAdtt O APLRNTENS IGERVERCHEE 43 5 B pi ay

devi o COMDULELIGLSHE LA 2| TR 3t Vi a0, RLEL S el g d oo

at the respective Intersections

phOt oel eCS ri %pﬁ?ﬂf&rt% Qﬂeec_!yae{gagigc$:£'g&e %rseagﬂfi/ég%% Qltle selective line

603 to which the optical sensor diode of which the light amount

is to be detected is connected and thus only the current from

the optical sensor diode flows into the signal line 602.

Consequently, the image acquisition can be performed with high
10  accuracy.

Note that, in this embodiment. the cathode terminal of
each of the 6ptical sensor diodes 100 is connected to the
selective line 603 and the anode terminal is connected to the
signal line 602. However, the anode terminal may be connected

15 to the selective line 603 and the cathode terminal may be
connected to the signal line 602,

In this embodiment, the wiring of the respective optical
sensor diodes 100 is based on the circuit configuration shown
in FIG. 15. However, besides the above, the wiring thereof may

20 Dbe based on the circuit configuration shown in FIG. 21, FIG.
22 or FIG. 23. 1In this case, a good current ratio of irradiation
current/non-irradiation current can be obtained and the image
acguisition can be performed with even higher accuracy.

The image acqguisition circuit of this embodiment can be

256 applied to the display device shown in the first embodiment.



| east one by one while corresponding to the switching el ements respectively
and which convert light received within a specified range into an electric
signal, 10 wherein the photoelectric conversion elenment has an | |ayer
between a p layer and an n |ayer, and a defect density of this | layer is
hi gher than a defect density of a channel portion of the switching el enent.
2. The display device of Claiml, mhe%gin 15 the | layer includes a p- |ayer
and an n- |ayer which are forned between a p+ |ayer and an n+ | ayer and a
defect density of the p- layer is higher than a defect density of the
channel portion of the swtching elenent. 3. The display device of Caim1l,
further conprising: 20 a first gate el ectrode di sposed on the |I layer of the

phot oel ectri guaaNysr sy, . nt; and a second gate el ectrode di sposed on
t he channel portioﬁ éd$f¥ﬁ%ggﬁjtching el enent, wherein the first gate

el ectrode ha§_azgq§%£h%@gh vifpRgeL mé?&éﬂﬁﬂlthai of the second gate
a

el ectrode. 4. The display device o I'm”3, wherein the nunber of the 42

second gate el ect roges. iihd Beedt {£ 2bRt AT £k B LALICL:d BBk g, NUMDer

of the first gate electrodes in the photoelectric conversion elements. 5. A
met hod for mapufAcd e idapbayr foyd & WALAD1 T PElddesa 3cam 16INNg

el ements for driving pixels that are forned at the respective Intersections
of signalslipgg and scan |ines, and

photoelectric conversion elements that are provided at
least one by one while corresponding to the switching elements
respectively and which convert light received within a
specified range into an electric signal,

10 wherein the photoelectric conversion element has an I
layer between a p layer and an n layer, and a defect density
of this I layer is higher than a defect density of a channel
portion of the switching element.

2. The display device of Claim 1, wherein

15 the I layerxr includes a p~ layer and an n  layer which are

formed between a p* layer and an n' layer and

a defect density of the p” layer is higher than a defect
density of the channel portion of the switching element.
3. The display device of Claim 1, further comprising:

20 a first gate electrode disposed on the I layer of the

photoelectric conversion element; and
a second gate electrode disposed on the channel portion
of the switching element,
wherein the first gate electrode has a gate length longer
25 than that of the second gate electrode.

4. The display device of Claim 3, wherein the number of the



phot oel ectric conversion elenments that are provided at | east one by one
whil e corresponding to the switching elenments respectively and which
convert light received within a 10 specified range into an electric signal,

t he met hod conprising the steps of: formng a polysilicon |ayer on an

insul ating substrate; formng a first insulating |layer on the polysilicon

| ayer; 15 injecting inpurity ions iﬂ% regi ons where the switching el enents
and the photoel ectric conversion ele ts are forned in the polysilicon

| ayer respectively; formng a first nmetal |ayer on the first insulating

| ayer; formng a first gate electrode for the photoelectric 20 conversion
el ement and a second gate electrode for the switching elenent by patterning

the first nme yer., ihjecti L rity..jons into regions where .the
swi t chi ng e%glr:rgh?sg%ar?dégﬁ%&b%%%ojéﬁc er?‘}c/ltccglrf\? r%‘{[%"ﬁene enents “ar etrfaonr med in

the pol ysi|! &80 AAWSL: "GSRES! EVELYioRR udcogenal 0 dteholusildean. | aver

e
SO0 as to set a ect nsity rn the region for formng ot oelectric

conver si on 4§oﬁb§ﬁ§f6nt Afdigher than a defect density in the region for
formng the swtching el'enment; and exposing regi ons where the respective

el ectrodes ok, hemesHohCARaBLIRAL: AN al dee i) REL£EL L HOIYEN e

element are 5 fornmed in the po I con |ay ormng a second netal
layer in §hesgXpesedy &Mt s for driving pixels that are formed at the

respective intersections of signal lines and scan lines, and
pPhotoelectric conversion elements that are provided at least
onne by one while corresponding to the switching elements
respectively and which convert light received within a
10 specified range into an electric signal, the method comprising
the steps of:
formingﬁa polysilicon layer on an insulating substrate;
forming a first insulating layer on the polysilicon
laver;

15 injecting impurity ions into regions where the switching
elements and the photoelectric conversion elements are formed
in the polysilicon layer respectively;

forming a first metal layer on the first insulating layer;
forming a first gate electrode for the photoelectric

20 conversion element and a second gate electrode for the switching
element by patterning the first metal layer;

injecting impurity ions into regions where the switching
elements and the photoelectric conversion elements are formed
in the polysilicon layer respectively:

25 hydrogenating the polysilicon layer so as to set a defect

density in the region for forming the photoelectric conversion



6. The manufacturing nmethod of Claimb5. wherein a gate length of a first
gate el ectrode of the photoelectric conversion elenent is nade |onger than
a gate length of a second gate 10 el ectrode of the switching elenent. 7.
The manufacturing nmethod of Claimb5, wherein the tinme required for
hydrogenating the region for formng the photoelectric conversion el enent
is made shorter than the tine reqU|r2g for hydrogenating the region for
formng the switching 15 el enment he manufacturing nmethod of C aimb5,
wherein the nunber of the second gate electrodes in the switching el enents
is made |arger than the nunber of the first gate electrodes in the

photoel ectric conversion el ements. 20 9. An optical sensor di ode,

conpri si ng: 2, gen1go oagt [ IaXe%hlnq%u fg%t nf g% mhlch oR-Lype
, 0 y

|npur|t|es are Injecte an n reglon ur| I are

i njected andfggminéegggns‘w{&l ech 2 e ngpugléy concentratl on than t hose of

the p and n region an ano frode™connected to the p region; a

cat hode el ectrode &%‘.—.eﬁ{gf"Q"e Qoﬁg%lﬂa:feeg Qr!cesgﬂ‘g:ti%eae S e

c
provi ded above the 1~ region an 1 nsulatin I'Tm’i nterpose %ﬁere et ween.

10. The opti g@ht?ﬁﬂ?&%l@m@ﬂ% &}L a thaigfctoetaELE, D Cfto*ﬁgeﬁ ‘1%%8% Urd ayer is

formed of polysilicon e optical sensor Wher ei n

the p-typg EgpPHeht i€t epcblq;s.q&l%ﬁ §8eP; LYRE ¢JMHGIG heSe86£a RASANOT OUS.

layer in the exposed regions.
6. The manufacturing method of Claim 5, wherein a gate length
of a first gate electrode of the photoelectric conversion
element is made longer than a gate length of a second gate
10  electrode of the switching element.
7. The manufacturing method of Claim 5, wherein the time
required f0r1 hydrogenating the region for forming the
photoelectric conversion element is made shorter than the time
required for hydrogenating the region for forming the switching
15 element.
8. The manufacturing method of Claim 5, wherein the number of
the second gate electrodes in the switching elements is made
larger than the number of the first gate electrodes in the
photoelectric conversion elements.
20 9. An optical sensor diode, comprising:

a semiconductor layer including a p region to which p-type
impurities are injected, an n region to which n-type impurities
are injected and an i region with a lower impurity concentration
than those of the p and n regions;

25 an ancde electrode connected to the p region:

a cathode electrode connected to the n region; and



12. The optical sensor diode of CAaim9, further conprising: another n
region, to which n-type inpurities are injected at a |ower concentration
than that of the said n region, between 10 the i region and the said n
region. 13. The optical sensor diode of Claim9, wherein the gate electrode
is connected to the cathode el ectrode. 14. The optical sensor diode of Claim
9, wherein the gate electrode is coq&gcted to the anode el ectrode. 15 15.
The optical sensor diode of aim9, Tarther conprising: a first

el ectrostatic capacity elenent forned between the gate electrode and the
anode el ectrode; and a second el ectrostatic capacity el enent formed between
the gate el ectrode and the cathode el ectrode. 20 16. The optical sensor

di ode of Caim 15’a ae{eei%ielt&%rofdier Sﬁ&"o%l:i.ggélrgégééi ght.%a:[)%% :iYOI'lel ntani S
I int

formed of a polysilicon min € 'sane |layer as'the s conductor | ayer

d . de, which i i ded
and an upper gl g;go gff““nyﬁt%?P%?§%39%§?§ﬂ§¥a€é3-e ich is provided so

as to overlap t i con e second el ectrostatic capacity

el ement is fopmed uf, %gggmi ldegan fidmdd Lbe Sank | fyegnadseie

. h
sem conduct or [ayer 45 an upper el ectrode conmon to the gate glgctrode,

whi ch i's proyigdeds i@t A.0%e hepfﬁgﬁ?@%f/%dﬂy@%ﬂ:bhm 17. The opti cal

a
sensor diode of Claim15, wherein t Irst el éctrostatic capacity el enent

is formeds of 18, THOWRE 1BhECEERES RTMRNoEOC | L G GHBLEEAT Ole FU
draw out el ectrode common to the anode el ectrode, which is provided so

impurities are boron and the n-type impurities are phosphorous.
12, The optical sensor diode of Claim 9, further comprising:
another n region, to which n-type impurities are injected
at a lower concentration than that of the said n region, between
10 the i region and the said n region.
13. The optical sensor diode of Claim 9, wherein the gate
electrode is connected to the cathode electrode.
14. 'The optical sensor diode of Claim 9, wherein the gate
electrode is connected to the anode electrode.
15 15. The optical sensor diode of Claim 9, further comprising:
afirst electrostatic capacity element formed between the
gate electrode and the anode electrode; and
a second electrostatic capacity element formed between
the gate electrode and the cathode electrode.
20 16. The optical sensor diode of Claim 15, wherein
the first electrostatic capacity element is formed of a
polysilicon film in the same layer as the semiconductor layer
and an upper electrode common to the gate electrode, which is
provided so as to overlap the polysilicon f£ilm and
25 the second electrostatic capacity element is formed of

a polysilicon £ilm in the same layer as the semiconductor layer



as to overlap the I ower electrode and the second el ectrostatic capacity
elenment is forned of a lower electrode common to the gate electrode and a
drawout 10 el ectrode conmon to the cathode el ectrode, which is provided
so as to overlap the | ower electrode. 18. The optical sensor diode of Caim
15, wherein the first electrostatic capacity element is formed of the p
region and a gate electrode f ornmed sp_as to overlap the p region, 15 and
the second el ectrostatic capacity elerent is formed of the n region and a
gate electrode fornmed so as to overlap the n region. 19. The optical sensor
di ode of Claim15, wherein 20 the first electrostatic capacity elenment is
formed of the gate electrode and an anode el ectrode forned so as to overlap
the gate el ectrode, and the second el ectrostatic capacity elenent is forned
of the gat e?Rf &t MBRET AR G T Ath SaBmeR kg tHgegd be RB¢cssods - twhicts igver | ap
the gate electrode. 20. An inmage acquisition circuit, conprising: 46 a
plurality of PEPHHERD I9h&S itRsCHPF &P ofh ey Rlgsd1irpsufdtfng substrate; a
plurality of_ selective lines installed so as to intersect with the signal

lines; 5 a cbfmod€ofPrdrati penFstdladsd oEoftetPolRi ihersi8ach of the

sel ective |ines; . ) ,
the first electrostatic capacity element is formed of a

5 lower electrode common to the gate electrode and a draw-out
electrode common to the anode electrode, which is provided so
as to overlap the lower electrode and

the second electrostatic capacity element is formed of
a lower electrode common to the gate electrode and a draw-out
10 electrode common to the cathode electrode, which is provided
g0 as to overlap the lower electrode.
18. The optiéal sensor diode of Claim 15, wherein
the first electrostatic capacity element is formed of the
P region and a gate electrode formed so as to overlap the p region,
15  and
the second electrostatic capacity element is formed of
the n region and a gate electrode formed so as to overlap the
n region.
19. The optical sensor diode of Claim 15, wherein
20 the first electrostatic capacity element is formed of the
gate electrode and an anode electrode formed so as to overlap
the gate electrode, and
the second electrostatic capacity element is formed of
the gate electrode and a cathode electrode formed so as to
25  overlap the gate electrode.

20. An image acquisition circuit, comprising:



sel ection swtches provided for the respective signal I|ines; and
gate-control l ed type optical sensor diodes provided at 10 the respective

intersections of the signal lines and the selective lines, in which froman
anode el ectrode and a cathode el ectrode, one is selected to be connected to
the signal line, and the other one is connected to the selective |line, and

a gate electrode is connected to the,common control line. 15 21. A nethod
for driving an i mage acqui sition circﬂlt which has a plurality of signal
lines installed on a glass insulating substrate, a plurality of selective
lines installed so as to intersect with the signal lines, a common contr ol
line installed corresponding to each of the selective lines, selection 20
swi tches provided for the respective signal |lines and_ gate-controlled type
optical sensor di cde®1FrEvidEd %t %h@nafeéﬁééﬁi v’élﬁ'tﬁtléﬁ‘-gecfﬂ ofs d¥2she
signal lines and_the selective I|ines, in which froman anode el ectrode and
a cathode el dBFPOBEING oiPSITad&iect ed t 0 be connected to the signal |ine,
and the other 25 one i s connected to the selective line, and a gate
el ectrode is conrfecPelTEdlthe °forifh®ddier otinGshel Pt e sk i @8nFA si ng 47
the steps of. agg%ging6$ fixed voltage to the common control line; turning
¢h

on a sel ecti oft thy Uy FaerpntifeSivhi ch  an optical sensor di ode for

5 cqnn %&Ed' and aggkx&g a voltage | arger

detecting.the anmount of i g 98 to each o

ht, i
than the 7ixed volt £ganpR Gontrol 17ne ins

the selective lines;

selection switches provided for the respective signal
lines; and

gate-controllied type optical sensor diodes provided at

10 the respective intersections of the signal lines and the
selective lines, in which from an ancde electrode and a cathode
electrode, oné is selected to be connected to the signal line,
and the other one is connected to the selective 1ine, and a gate
electrode is connected to the common control line.

15 21. A method for driving an image acquisition circuit which
has a plurality of signal lines installed on a glass insulating
substrate, a plurality of selective lines installed so as to
intersect with the signal lines, a common control line installed
corresponding to each of the selective lines, selection

20 switches provided for the respective signal lines and
gate-controlled type optical sensor diocdes provided at the
respective intersections of the signal lines and the selective
lines, in which from an ancde electrode and a cathode electrode,
one is selected to be connected to the signal 1line, and the other

256 one is connected to the selective line, and a gate electrode

is connected to the common control line, the method comprising




selective line to which the optical sensor diode for detecting the anount
of light is connected. 10

47

the steps of:

applying a fixed voltage to the common control line;

turning on a selection switch of & gsignal line to which
an optical sensor diode for detecting the amount of light is

5 connected; and

applying a voltage larger than the fixed wvoltage to a
selective line to which the optical sensor diode for detecting
the amount of light is connected.

B

10



