1 DESCRI PTI ON SEM CONDUCTOR DEVI CE AND METHOD FOR DRI VI NG THE SAME 5
TECHNI CAL FI ELD [ 0001] The technical field relates to a photosensor
and a driwpngiwsssisd t hereof. The technical field al so rerarsaon6s8 di spl ay
devi ce including a photosensor and a driving nethod thereof. Further, the
technical field relates to a sem conductor device 10 including a

phot osensor and a driving nethod thereof. BACKGROUND ART [0002] In recent
years, a display device provided with a |ight-detecting sensor (also 15
referred to as a photosensor) has attracted attention. In the display

devi ce including a photosensor, ®EBGEPAYONCcreen al so serves as an i nput
region. A display device having an inage pickup function is an exanpl e of
such a display devi ce (see Patent Docunent 1, for exanple). [0003]

20Exanpl es ggf éﬁmggéﬂsbﬁmémﬁﬁ Mgﬁﬁdﬁ%w NG TIRERAM AMEae @ CCD

i mage sensor and a i mage sensor I mage sensors are used in, for
exanpl e, electronic apparatuses like digital still caneras or cellular

phone play device including a photosensor, first, light is
enittéd 5$gﬁﬁ%%%ﬂ¥gﬁﬁ§§|ay device. Wen the light enters a region where an
object t (nﬂ detected exists, the light is blocked by the object to be

det ect ed, and is partly reflected The light reflected by the object to be
detected is deflbetechinibal fichkrefrtes toaqhomsepoomdiedriving mephadghereof.  The

technical field also relates to a display device including a photosensor and a driving
method thereof.  Further, the technical field relates to a semiconductor device

10  including a photosensor and a driving method thereof.

BACKGROUND ART
[0002] _
In recent years, a display device provided with a light-detecting sensor (also

15 referred to as a photosensor) has attracted attention. In the display device including a
photosensor, a display screen also serves as an input region. A display device having
an image plckup function is an example of such a display dev1ce (see Patent Document
1, for example)

[0003]

20 Examples of a semiconductor device provided with a photosensor are a CCD
image sensor and a CMOS image sensor. Such image sensors are used in, for example,
electronic apparatuses like digital still cameras or cellular phones.

[0004]
In a display device including a photosensor, first, light is emitted from the

25  display device. When the light enters a region where an object to be detected exists,

the light is blocked by the object to be detected, and is partly reflected. The light
reflected by the object to be detected is detected by the photosensor provided in a pixel
in the display device, whereby the object to be detected can be found in the region.
[0005]

30 In a semiconductor device including a photosensor, light emitted from an
object to be detected or extérnal light reflected by the object to be detected is detected

directly by the photosensor or condensed by an optical lens or the like and then



in the display device, whereby the object to be detected can be found in
the region. [0005] 30In a sem conductor device including a photosensor,

| i ght enmwoOedifoses¥8an obj ect to be detected or external peirghtoio/efdessct ed by
the object to be detected is detected directly by the photosensor or
condensed by an optical lens or the Iike and then 2 detected. [Reference]
[ 0006] [ Patent Docunment 1] Japanese Published Patent Application No.

2001- 292276 5 DI SCLOSURE OF | NVENTI ON [ 0007] In order to take an

i mage of an object to be detected, incident |ight needs to be converted
into an @eectedi ¢ signal in a photosensor. In addition, the electric signal,
10whi ch i n anal og signal in general, needs to be converted into a

di gi t al iﬁﬁ%ﬁpc an Al D converter circuit. [0008] Thus, an obj ect
of the preggmt invention is to accurately convert incident |ight into an
el ectric sighal in a photosensor. Another object of the present invention
is to [Patent Document 1] Japanese Published Patent Application No. 2001-292276 :

5
DISCLOSURE OF INVENTION
[0007] '

In order to take an image of an object to be detected, incident light needs to be

converted into an electric signal in a photosensor. In addition, the electric signal,
10  which is an analog signal in general, needs to be converted into a digital signal by an .

A/D converter circuit.

[0008]

Thus, an object of the present invention is to accurately convert incident light
into an electric signal in a photosensor. Another object of the present invention is to

15  provide a photosensor with a new circuit configuration for achieving the above object.
[0009] .

In the case of taking an image of an object to be detected which moves-fast,
there is a problem in that the image is likely to blur.  An object of the present invention
is also to solve that problem.

20 [0010]

In order to take an image with high resolution, an A/D converter circuit is
required to operate at high speed, leading to .an increase in power consumption.
Another object of the present invention is to solve that problem.

- [0011]
25 Also in order to take a color image with high resolution, an A/D converter
~ circuit is required to opetate at high speed, leading to an increase in power consumption. -
Still another object of the present invention is to solve that problem.
[0012]
Moreover, in the case where faint light enters a photosensor, it is difficult to
30  accurately convert the light into an electric signal. Still another object of the present
invention is to solve that problem.

[0013]



15 provide a photosensor with a new circuit configuration for achieving the
above object. [0009] In the case of taking an inage of an object to
be det ectwo 20tv/0sb848DVves fast, there is a probl emin tha®Crheiiwatpess s
likely to blur. An object of the present invention is also to solve that
probl em 20[ 0010] In order to tdke an image with high resolution, an
A/ D converter circuit is required to operate at high speed, |leading to an
increase in power consunption. Another object of the present invention is
to solve that problem [0011] 25Also in order to take a color inage with

hi gh resol uti oQneambddinanfetid priesent invetiién Issa sedsitdridRbtol @eﬁ@@h’@h@h hi gh
speed, Ieacﬂ ng to an |Hcrease in power consunption. Still another object of
the presénPhqipsFasariRsAvided mathsy phetodiede. it Eansisiasoam a second transpgreover |

inthe c f t to
30accurate \P{gg)?\l\ﬁ/)gfregl'a%quc?g ?Flg]%n?c?ﬁag QEF%H%%)” C Q&ndlﬂ(%‘tm %19 ‘{tl Jther

obj ect ofgatehef the disstritansistoehé first irandigtos dsveefunbiddn oif‘aﬁnhmmauh@@lie?x}harg"‘e

One e ntiaqn | a sem conduct or. devi ce i ncluding

odi of .the present in
a phoggséﬁg@}ed JUF &als \?‘P‘f I‘lh"aseﬁ%‘férép%ﬂér 3 ¢ ifpagtiop of yetaming theaehrge second
transi st %Eeurﬂ-llﬂgtegm&@%'a@%tlﬁ@ﬁrsﬁtréﬂéﬁ%r' on of .supplying a charge

corresponding to incident light to a gate of the first transistor, the
first trd®@idtor has a function of accunul ating the charge 5supplied to the
gate, and the cond {irana st or nction,of retajning the charge

accumul ated in ﬁéecé’ﬁ gaB?ISt%%refef%z¥ %[CI LA pge Sc[n@)‘ﬁ UCe second

transi st goopmef erably includes an oxide sem conductor.

10 The photodiode preferably includes a single crystal semiconductor.
[0016]
The photosensor includes a third transistor that controls reading of an output
signal of the first transistor.
[0017] -

15 Another embodiment of the present invention is a semiconductor device
including a plurality of photosensors. The plurality of photosensors performs reset
operation, accumulation operation, and selection operation, and performs the reset
operation simultaneously, the accumulation operation simultaneously, and the selection
operation in sequence. Thus, in the plurality of photosensors, the reset operation is

20  performed at the same time, the accumulation operation is performed at the same time,
and the selection operation is performed individually. The total time for the selection

* operation in all the photosensors is preferably longer than the time for the accumulation
‘operation.
[0018]

25 - The semiconductor device also has a function of performing, after the reset
operation, the accumulation operation and the selection operation a plurality of times
repeatedly.

[0019]
Another embodiment of the present invention is a semiconductor device

30 including a plurality of photosensors and a light source of a certain color. The
plurality of photosensors performs reset operation, accumulation operation, and

selection operation, and simultaneously performs the reset operation for the certain



[ 0015] 10The phot odi ode preferably includes a single crystal sem conductor.
[ 0016] The phot osensor includes a third transistor that controls
readi ng ovoaniiassgast signal of the first transistor. [O0@CTPPAGBHDTIGSRRr
embodi ment of the present invention is, a seni conductor device including a
plurality of photosensors. The plural |4ty of photosensors perforns reset
operation, accunul ati on operation, and sel ection operation, and perforns
the reset operation sinultaneously, the accumrul ati on operation

si mul t aneously, and the selection operation in sequence. Thus, in the

pl ural it yobk, phodtes®oslyrrforhe the astunopeaionat d)pmatiom ﬂ)@ thecéainedloat atdhe same

time, the acc | at i.on ‘operation is perfo d.at arret and t he

sel ecti or?e%‘i?&ﬁ B?‘ff(?rglsptg %F?f’g’d‘ PRE t\?lndué-ge%r n T]PFeP ‘éY of PL{%‘O’F%‘ISOItShe

sel ect i Oﬁhé)l?&*e@to'p%tlbﬁ‘ 1§|ﬂerfohﬁecprh@ttﬁées9§19r§mbstl{ér el QAR o él fhan the
time for the accunul ati on operation. [0018] 25The sem conduc evice al so

has a fumetfoomedutt thesamsrtimegnd alfetwtecubmopﬂaettn 1spenf<a1mednndwhha]ayccurml ation
operati OTO@ﬂ)ﬁl the selection operation a plurality of tinmes repeatedly.
[0019% Anot her enbodi ment of the present inventionis a

sem conduct or  gie e as3 Ok YR @Qﬂzﬁn%ﬁfrails'at ylupjhtm@tc%ﬁﬁmﬁé %»1&% ot | ght
source of a certain color. The plurality of photosensors perfornms reset

oper at | oRhotgsenseisisanuleaneoysby perfasms reset omatmnt floo pachyd il plom,llt)aoiftbolors

ZBTJJ_} nggﬁ@%ﬁf@%&oﬁ%% ggﬁlﬁlﬁgtsonogpeerrglon or eac otfhh urath?y of co\f\(gs, and

sequentially performs selection operation. Thus, in the plurality of photosensors, the
10 reset operation is performed at the same time for each color, the accumulation operation
is performed at the same time for each color, and the selection operation is performed
individually.
[0021]
In the present invention, the reset operation is operation to initialize a
15  photosensor, the accumulation operation is operation to accumulate a charge
corresponding to incident light in a photosensor, and the selection operation is operation
to output an electric signal from a photosensor (reading operation).
[0022]
The semiconductor device refers to an element having a semiconductor
20  property, and all the objects having the element. For example, a display device having
a transistor is simply referred to as a semiconductor device in some cases.
[0023]

Since one embodiment of the photosensor includes a transistor using an oxide

semiconductor, incident light can be accurately converted into an electric signal.
25  [0024]

In addition, since the accumulation operation is simultaneously performed in
the plurality of photosensors, the accumulation operation can be completed in a short
time, so that an image of an object to be detected can be taken with little blur even when
the object moves fast.

30  [0025]
Furthermore, a transistor controlling the accumulation operation includes an

oxide semiconductor and thus has an extremely low off-current. Consequently,



4 color, sinmultaneously perforns the accunul ation operation for the certain
color, and sequentially perforns the selection operation. Thus, in the

pl ural i t ywof2oplnstsasensors, the reset operation is perfoPCEIP210/HTBE58ane
time, the accunul ati on operation is pg{forned at the sanme tine, and the
sel ection operation is performed individually. 5[0020] In the case
where the certain color is a plurality of colors, the plurality of photo
sensors sinultaneously perforns reset operation for each of the plurality
of colors, sinultaneously perforns accumul ati on operation for each of the
pl ural i t yinc@flent dight @an endceratpieadivaitd inte bii elctBicsidnat éveanvigmehahumber Thus,
in the pk#&ﬁéity of,photosengogs, the 10 reset operation is perforned at
the sane A iPRBIOPTISOBAAFCRH GRd theyeelertion ARCEALOB HeGpEs A0Rash tine- pdihbprated at
the same iﬁlbé@“fitﬂrhi%??%ﬁoﬁl@ibﬂrcan Baldhe BRI ORCABR! Rtk B bE LAIARNTE

i ndi viduall'y. [002 n the present 1nvention, t operation-i
oper at i omonreerfedi intoahn zkecticl Sigpdl oives ewismr the t tuentaee aff mhogtsesorsoped adlomsn | s

operation to accujryl ate a charge corresponding to jncidept light in a
phot 08endBfeasgha S§§F'é%"t P%gtlfﬁ’e‘ieﬁl“ir??nlof]%erd%%"r até‘sb?\ rqSBR’O%JP%IGf gLl ectri c

Si g_nal frvgmlﬂg@p@,g)mggﬂgg{bé{ag&gi ng operati on)_. [ 0022] _ , The
sem conduct or "device refers to an el enent having a sem conduct or

20pr oper 19926dnd al | the objects having the el ement. For exanple, a display
devi ce havi ng transistor.is simply referred to sem conduct or devi ce
in some cases. '[U023] faint light §Pt‘?glglgo%gﬁ%t%e3a?r il 21(53? aqeh‘éonﬁfﬁlg‘?‘gérgﬂsaﬁr

i ncl udes egectricaigiab hdraddly.,ng an oxi de sem conductor, incident |ight can be

accurately converted into an electric signal. 25[0024] I n addition,
si ncd%t hd0@&/dunul ati on operation is simultaneously performed in the

Chort ti e, | sof PR anck fhe BHE BE BHEIAHHE 00RA0G eh Be SRR B Ren i th
littl e blconveereeiratiedoet het mdopatilyropeese tdsgh sp20d OB resblts in a reduction
in power consumption.
[0028]
15 That is, an image with high resolution can be taken while the power

consumption of the A/D converter circuit is reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0029]
20 In the accompanying drawings:
FIG. 1. illustrates an example of a display device;
FIG. 2 illustrates an example of a display device;
FIG. 3 is a timing chart;
FIG. 4 is a timing chart;
25 FIG. 5 is a timing chart;
FIGS. 6A to 6D illustrate examples of a photosensor;
FIG. 7 illustrates an example of a semiconductor device;
FIG. 8 illustrates electric properties of a transistor;
FIG. 9 illustrates an example of a semiconductor device;
30 FIG. 10 is a timing chart;
FIG. 11 is a timing chart; and

FIG. 12 illustrates an example of a semiconductor device.



i ncident |ight can be accurately converted into an electric signal even
when t he nunber of photosensors increases and the sel ection operation
requi res worgerosstgsse. Thus, an-i mage with hi gh resol uti eaTdamiverssssken.
Mor eover, incident |ight can be accurately converted into an electric
signal even when the nunber of photosensors and col ors 5increases and the
sel ection operation requires longer tine. As a result, a color inmage with

hi gh resol ution can be taken. [0026] Moreover, faint light entering
a photosensor can al so be converted into an electric signal accurately.
10[ 0027] Further, since the tine for the selection operation can be

I ncr ease ver CJ | t t necessarily operate at high
speed, mﬂygﬁpygbﬁﬁﬁgﬁﬁ§A§§$35%£§ﬁgﬂj%§%gxagpjgbhsunption. [ 0028] 15That is,
an i mage ahid hi gh resol ution can be taken while the power consunption of
the AID converter circuit is reduced. BRI EF DESCRI PTI ON OF DRAW NGS [ 0029]

201 n the accompbarbpdmgenty awil rhgsdeséiit@dlini ddtaib belatwe svithrreterarcplto driwingdi spl ay
oo R B b e S B P A e Bl o 710
it is apparent to those skilled in the art that modes and details can be modified in various
ways without departing from the spirit and scope of the present invention. Therefore,
the present invention is not construed as being limited to the description of the
embodiments. Note that in all the drawings for explaining the embodiments, like
10  portions or portions having a similar function are denoted by like reference numerals,
and the description thereof is omitted.
[0031]
(Embodiment 1)
In this embodiment, a display device will be described with reference to FIG. 1,
15 FIG. 2, and FIG. 3.
[0032]

A structure of the display device will be described with reference to FIG. 1. A
display panel 100 includes a pixel circuit 101, a display element control circuit 102, and
a photosensor control circuit 103.

20  [0033]

The pixel circuit 101 includes a plurality of pixels 104 arranged in matrix in a
row direction and a column direction. Each of the pixels 104 includes a display
element 105 and a photosensor 106. The photosensor is not necessarily provided in
each of the pixels 104, and may be provided in every two or more pixels 104.

25 Alternatively, the photosensor may be provided outside the pixels 104.
[0034]

A circuit diagram of the pixel 104 will be described with reference to FIG. 2.
The pixel 104 includes the display element 105 provided with a traﬁsistor 201, a storage
capacitor 202, and a liquid crystal element 203; and the photosensor 106 provided with

30  a photodiode 204 which is a light-receiving element, a transistor 205, a transistor 206,
and a transistor 207.

[0035]



FIGS. 6Ato 6D illustrate exanples of a photosensor; FIG 7 illustrates an
exanpl e of a sem conductor device; FIG8 illustrates electric properties of
a transi sWonp11Rise48 il |l ustrates an exanple of a sem conaaTup010/@%s68%;

30FIG 10 is atimng chart; FIG1l is a timng chart; and FIG 12 _

Il lustrates an exanpl e of a sem conductor device. 6 BEST MODE FOR CARRYI NG
QUT THE | NVENTI ON [ 0030] Enbodi nents will be described in detail below wth
reference to drawings. 5 Note that the foll ow ng enbodi nents can be

i mpl enmented in many different nodes, and it is apparent to those skilled in
the art that nbdés dspdaydeements 06 angdte ofrti tfaneidtor B0V & dleusscallgydnuédidibut
departi ng?]f romthe nd .scope of 't sent invention. Therefore,

the presdhf SPinsena fﬂﬁé ?éé’r?g‘F Oé_aﬁewaéﬂd ag?%gi%fe@q trapsistog 204 1§ ﬁ_éCtEié%lb’r i ption
of the enBRdichENLS: vibed BathRfnal In@bl2, 18 tﬁé el 9P t}fepsrouﬁ)ggin?'tﬂé Afhid fe

enbodi ments, |ike 10portions or portions having a sim unction are _
denot ed Islectridally cerinected de oneietectadde, of dlmistotage degmeitoritli2amdtone ekofrodesodom tt ed.

BN T — T e e
other electrode of the liquid crystal element 203 are each kept at a constant potential.
The liquid crystal element 203 is an element including a pair of electrodes and a liquid
crystal layer interposed between the pair of electrodes.
[0036]

10 The transistor 201 has a function of controlling injection or releaée of charges
to or from the storage capacitor 202. For example, when a high potential is applied to
the gate signal line 208, the potential of the video data signal line 212 is applied to the
storage capacitor 202 and the liquid crystal element 203. The storage capacitor 202
has a function of retaining a charge corresponding to a voltage applied to the liquid

15  crystal element 203. The contrast (gray scale) of light passing through the liquid
crystal element 203 is made by utilizing the change in the polarization direction due to
voltage application to the liquid crystal element 203, whereby image display is realized.
As the light passing through the liquid crystal element 203, light emitted from a light
source (a backlight) on the back surface of the liquid crystal display device is used.

20  [0037]

For the transistor 201, an amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, display quality can be
increased by using an oxide semiconductor to obtain a transistor with an extremely low

25  off-current. |
[0038] ‘

Although the display element 105 described here includes the liquid crystal
element, the display element 105 may include other elements such as a light-emitting
element. The light-emitting element is an element whose luminance is controlled with

30  current or voltage, and specific examples thereof are a light-emitﬁng diode and an
OLED (organic light-emitting diode).

[0039]



[ 0032] A structure of the display device will be described with
reference to FIG 1. A display panel 100 includes a pixel circuit 101, a

di spl ay eWvermentosesagtrol circuit 102, and a photo sensor PCoAP2ED/OTI6FLCUI t
103. 20[ 0033] The pixel circuit 8101 includes a plurality of pixels
104 arranged in matrix in a row direction and a columm direction. Each of
the pixels 104 includes a display el enent 105 and a phot osensor 106. The
phot osensor is not necessarily provided in each of the pixels 104, and nmay
be provided in every two or nore pixels 104. 25Alternatively, the

phot osensor nayn hiee phatvsalest 8, sordeeledimdpi ofeths phdtbdiddR0BBY is electricAlyci r cui t
di agram of the pixel 104 wll be described with reference to FIG 2. The

pi xel 10£°PREfedgins a nhetagy IWtélgi?zdtnelw, fndvihe ciberi electepdertherepEior 201,
a storag { , LA . 3n7an

phot osengée?ﬁ%%gytgrggr\l/%g%dmw h&SJOg&%%eg%rg{j%[?}@ Sgﬂ%‘%h@?‘f I ?)d]LeFO -%raecei Vi ng
el ement , saurce aandi & tdoain 2 5the dransiatos i 2X50is de@ricalyd canriectad stb sd @hotd&ehsof 0035]
7 In the displ.a enent. 105, a _gate of the transjstor 201 is

el ect Pi cé?ﬁgﬁfnﬁ%ﬁfgé‘éf Lﬂgtzgga‘?‘@gtﬂée Stghat tﬁ? rausggnd, pingisselestegaling a
drain of chhectdiaBonsoPh sé@e hid 8ldesh bF BR!thnsSRRNO6! el R & tHé @I%%i&@ﬁ a
signal line 212, and the other of the source and the drain 1s electrically
connect e@06ds elgetrichléic corodetedfio igatestignad dime 2d paaridt the oB@2 ofitlie srvececarsict r ode
of 5 theﬂlli ugd ﬁ{ sttéall.ﬁ)l ?r(%nt fOB. ﬂ'he ot hter teI ectrode of the storage
capaci t of " 20 LAY TEHESIRE A8 13 SleFBisally Forested 10 & RPOLYSERSOL oWHUE ighel 203 ar e
each keptlinaR1a cansicaTithP@iRkidral07 idecttitAn &nﬁédﬁt@lagt@ﬂgﬂal 1%8309 s an

el enent including a pair of electrodes and a |iquid crystal |ayer

i nt erPosepd et of tigesoptgerand theedraint of dpeisansisgp 267 i3 elveteicallygeanettat to201 has

a functi f i injection or release of charges to or fromthe
st or age %%S%C?tﬁgé: %%%J.tdr or5' exanpl e, when a high potential is applied to the

gat e sigf@d40]i ne 208, the potential of the video data signal line 212 is
applied to the_storage capacitor 202 and the liquid crystal elenent 203.
The storage cas%i‘%‘ér p%?‘gﬂ‘i% 2% UMt FBRPBIUS, SERICONARFIS, ch amiggocrystal

cor r espoRghREndiRté, WObLRES sARRL! ﬁa‘iiniE&idtuBﬁ)r,l P Uiel §erﬁfc¥ﬁ&1ﬁltor,e L€ Hﬁglie 203.
I t e a

The contrast (gray scale) “of lig passi ng through t fquid cry I
el emdnt 208tal ssemactmdbgtoyt o1 itled ket ban dbeangpd. i Ant patipdbara zaidlorcreitalect i on

due 1, OLAASR AR SaLl O Lot A LYSLEL eherent 20, Migeby | mege
el ement 203 ihp@hve REpESRAITH MR cldo@lt sis@TdeRerad bR ihahtn: 1k (f€ back
surface of the liquid crystal display device is used.
‘quantum efficiency). As the semiconductor material, it is preferable to use silicon
semiconductor such as silicon or silicon germanium, the crystallinity of which can be
20  easily increased.
[0041]

For the transistor 205, an. amorphous "semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, a single crystal

25 semiconductor is preferably used for the transistor 205 so that the transistor 205 has
high mobility and has a function of converting a charge supplied from the photodiode
204 into an output signal. ~ As the semiconductor material, it is preferable to use silicon
semiconductor such as silicon or silicon germanium, the crystallinity of which can be
easily increased.
30  [0042]
For the transistor 206, an amorphous semiconductor, a microcrystal

semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single



20[ 0037] For the transistor 201, an anorphous sem conductor, a

m crocrystal sem conductor, a polycrystalline sem conductor, an oxide

sem conduwoanil/@esiBngl e crystal semi conductor, or the |ipke/seznobmsesssed. |In
particul ar, display quality can be |ncgr eased by usi ng an oxi de

seni conductor to obtain a transistor with an extrenel y | ow 250ff-current.

[ 0038] Al t hough the display el enment 105 described here includes the
liquid crystal elenent, the display elenment 105 nmay include other elenents
such as a light-emtting elenment. The light-emtting elenent is an el enent
whose | urtyseacsemisorinntor,0bt atle vikich c@0cher uswk oln yetticalgs, a agifgls pagthi ¢

| th f t t di od d CLED
HGht - e ERIHE TS e o Sedplor e ransiion Rb s sens 305206 hes
el ect rode;af mbB&inPhe ALl LARcAO4 of ﬁ.\etﬁ)llﬁ{i%'éh ot uY s 951%5@@3;5%?&81; @W{qO?;Ode

reset signal line 210, and the ot ctro er eof rica
connect edhd phadorensyfr oathugod lam214. dAaithe sﬁmltcbmlutuoanmmtahnt RQtefefable of a

source and a drain o ran sto 205 is electrically connected to a
oot odendbrSs ShEsdicunikir Sorhas Sish gt CHTREITB (e KB BHRiBEohnd t he

drain is vali@fémivedabiyy menagat ed to one of a source and a drain of the
transi stor 206. A gat'e of the transistor 206 is electrically connected to a
gat e ‘si gh@@43] ne 211, and the other of the source and the drain of the

transi stor 206 | e trlcall onnected .to a phot osensor output signal
line 214. A gatF &‘ ﬁé‘“%‘?tgns. t’o?nzﬁwof%hogf’eé{)‘?]ic‘&% CE}’ ’ccf’nn’é‘b‘te‘é"dyi ?}ga gate

si gnal | isergicdB@uctdD a Bl clysRIlBeh&miedndubr,S Bkl @A REmIBRIHG N 8 Iehe
transistor 207 is electrical Iéﬂconnect ed to a gate of the transis 205.

[00489  crystal seraicondystasipsitbellibrieandgaisedin Iarﬁartmm,sans@ﬂdq:@numdgctor ss
mcrocry }@émﬁms@@w&m s&&%ov%ytﬁ&% §t‘8P‘26’7'”11?§8}1 ey xl,de

sem cond ctor, "a si rystal sem con °Be used.
| n parti offfarenaasd hgd e famo;mhaif Ie'amna;g)udahartge rof(tbe ga‘ue ofi the |t1an§i§t)z$ﬁ pes.
silicon) defects is ef er d so as to_inprove the

th fe c st
proporti éw"%’f plg fEa‘?ﬂsﬁ?félarﬁgﬁ’é ‘!'Jlffé’de ﬂ‘bﬁ?‘ioﬁ ngenith thgnfunetiens quant um
ef fi ci eng¥dessahy fdrike ﬁ@t{ﬁs@&E‘QH@E&?orﬁﬁB@er bffthe B&toéeﬁscﬁr gé g?é/rgt %CF | use silicon

sem conductor such as silicon or 1 con ge mani um inity of
whi ch5 cah00d] 20easi | y i ncreased. [0041] For the tranS| stor 205, an
anor phous sem a mcrocrystal sem conduct or ystal line

n or cr
seni conduct or, Lig%gfﬁfaﬁed%‘?ﬂtf%&ﬁc TSPU 102 45 B GHTEUIE £, qogfrogig g oAy or . or
the |ike eFeﬁﬂ:nb@OSJ,Sﬁd-mdlﬁdd%ad 8isplHY dlemedt HRGH d‘i‘rcﬁftYI@Vq}om which a signal is

input to the display element 105 through a signal line (also referred to as a source signal
line) such as the video data signal line; and a display element driver circuit 108 from

20 which a signal is input to the display element 105 through a scan line (also referred to as
a gate signal line). For example, the display element driver circuit 108 electrically
connected to the scan line has a function of selecting a display e‘lerﬁent included in a
pixel in a specified row. The display element driver circuit 107 electrically connected
to the signal line has a function of supplying a predetermined potential to a display

25 clement included in a pixel in a selected row. Note that in the display element
connected to the gate signal line to which a high potential is applied from the display
element driver circuit 108, the transistor is turned on and supplied with a potentiall
applied to the video data signal line from the display element driver circuit 107.
[0045]

30 The photosensor control circuit 103 is a circuit for controlling the photosensor
106, and includes a photosensor reading circuit 109 electrically connected to the signal

line such as the photosensor output signal line or the photosensor reference signal line;



25 sem conductor is preferably used for the transistor 205 so that the
transi stor 205 has high nmobility and has a function of converting a charge
suppl i ed woamtdses4phot odi ode 204 i nto an out put signal . PAS/IPEE0/073658

sem conductor material, it is pref era?ée to use silicon sem conductor such
as silicon or silicon germanium the ystallinity of which can be easily:’

i ncreased. 30[0042] WD 2011/086848PCT/JP2010/073658 9 cryst al

sem conductor, or the like can be used. In particular, a single crystal

sem conductor is preferably used for the transistor 206 so that the

t ransi st and a@hotoamshi diverolcdit 130 eledrididly canfiecelttb dlie 2bn HEP! Yi ng an out put
signal of é{?ﬁj transi stor 205 to the photosensor output signal |line 214. As
the seni ¢8 ctor material, it is preferable 5to use silicon sem conduct or
such as silico IhLd I (04 1y of ' n be
easily incr easgg%fl%%‘f SHurifk gﬁégtjmtohltéigtea r%%és(t?(gnta%ﬂrﬂeg%wm ﬁh%ﬁnéorrggﬁg%s

sem conddesaibed aresdt coppcationt alccwwpuibtandpetaton, andeklgctions optlatid® on the

sem cgndu&tor, an Ooéﬁl glgds m canduct or, Ia ingle 10 crystal sem conductor,
or thd | PREOseRioRLII0 uelded in apixeliip g shrciliedrodki de semi conductor s

pr ef er abliyogrsed for the transistor 207 so that the transistor 207 has an
extrenely | ow off-current and has a function of retaining a charge of the
gate of the trdhsiphptoseros readingnciptuit 409 handsfuoftiar afiskisdoting ar eutpinus

di sposed _in rdance wth t.h uncti ons .necessary for the transistors,
he per 1 SiaRAaRE PRNEndtr 05 dBludt BB if RSFRpRuToS Yo dpat Hom the The

di spl ay ghetediisoceadinglcirehit ¢U9,t anl@RphtSofah€ phétbidnsbror06¢ YHichols|dnhaldae A
di splay el enent 105, and includes a display element driver circuit 107 from
whi ch0a siggalalis pxirackpduas it ds thehedewpiapl eheedisplny poseltwitlo thehuse ofi gm@P | i ne
(also re e t L SsouRce. S| Ly 1] s.the videg dat.a. signal

l'i ne; an%ﬁlylglgré p%&%%al%g?r@h{h% ru?é/‘g ?)?éllnér Eﬁl]oﬁ%seﬁ%g hl1‘0 ?ol?ncmﬁv(f iR aaélglt%nal i's

i nput t osighel dits heayecalfaret/D ddivetttr dregh aad Skkanextiaded (@kiscontafiepbrgd to as a
gate signal . line). For exanple, the display elenent driver circuit 108

el ectri cAI%PiAYPaAected to the scan line has a function of selecting a

di spl ay nt included in a pixel in a specified row The display el enent
driver circuit 107 electrically connected to the signal line has a function
of swpplyi ng aApprecetrgr nirqiedinsbitdedtinahe tphot@setisspreadin@setonitei9 it lbeéded i n a

ixel in.,a selected row No that in the display.ele t. connected to the
gat e sigfls crlﬁ?cﬁgltﬁdefﬁmngﬁ t%&ﬁ@% BB?@Q‘[?&I pre aé%%‘f‘Wé‘H%B(fﬁ’i PReCUIBB| ay
el enent dfiphels Gichilds ta #8RistdrhB1d haD S Iﬁfe&{ar%'ésighmnm oy andos YRR ined Wi th a

potential applied to the video data signal Tine fromthe display element
driver cphefgsansargadipgongit W9 Thay ipblote sePampdifiet odn AiD cerivertdi0Srcus a

circuit fc@ﬁne&%ﬁ% 2 ls&l;sgcﬂletnp sgtaé)eh(%t e Sr%g}?grge circuit 200. |
20  [0049]

In the precharge circuit 200, before the operation of the photosensor in the
pixel, the potential of the photosensor output signal line 214 is set to a reference
potential. In FIG. 2, the precharge signal line 217 is set to “L (Low)” so that the
transistor 216 is turned on, whereby the potential of the photosensor output signal line

25 214 can be set to a reference potential (here, a high potential). Note that it is effective
to provide a storage capacitor for the photosensor output signal line 214 so that the
potential of the photosensor output signal line 214 is stabilized. Note that the
reference potential may be set to a low potential. In that case, the conductivity type of
the transistor 216 is made opposite to that of FIG. 2 and the precharge signal line 217 is

30  set to “H (High)”, whereby the potential of the photosensor output signal line 214 can
be set to-a reference potential.

[0050]



106, and includes a photosensor reading circuit 109 electrically connected
to the signal |ine such as the photosensor output signal line or the

phot osenswo 20efi8s&8ce signal |ine; 10 and a phot osensorcCaPyas/owiescuit 110
el ectrically connected to the scan line. [0046] The photo sensor
driver circuit 110 has a function of 6grform' ng the hereinafter described
reset operation, accunul ati on operation, and sel ection operation on the
5photo sensor 106 included in a pixel in a specified row. [0047] The
photo sensor reading circuit 109 has a function of extracting an out put
signal of the phat,aseosoatichOd the photdsthsoml (6 wilkied désbribedswltk eéfednt®w Not e
that from the. phqtos r_readi circuit 109, an oqutput of the photosensor
106, whi ghe Pgﬂ%ﬁﬁﬁaﬂ%}ggié sﬁ“gﬂ.rlgiig 3, 3 gizpal 304 ct signalS 0 a signal 3 Wpa swweki de of
t he di spl ot f | £ 8l ' e

out put of t e Bha e enht SERR oA Re p Glia BGE PRUDIEIN (T (e
use of amighaDimecHVetheagateciigmalilite 200 thehgate dgnal diat adll,tthe ghesigaldind@16f t he

di spl ay nel . [0048], 15A pr.ech e gircuit includ [ he phot osensor
eant Ry ChY SsiesEiess ot et Hae ol Ped 1 RIS BRLENS §1 krOPBINER: FI &2, a
prechar ggogdypcuit 200 for one colum of pixels includes a transistor 216

and a precharge signal line 217. Note that the photosensor reading circuit
109 may i ncl udétameaR, thapbichiidrof dhe photodi@lecresat srgnel linsi 210Uithe Sgrahéli)ed to a

subsequent st age..of ,the precharge circuit 200, 0049 . | n.the
prechar g&° ?:el%l’t% uﬁt a%(tﬁ},‘e %e?rbi’az Ofﬂ’l? %%eef‘lﬁ??ldwegpgt?(ﬁ{? Sﬁﬁﬂ‘?l BQQE)HE 67t Pnthe
pi xel, t hies@@pentibals irtddnahdt) BleasRRsREdeURY turSdOitdnd theBodd¢hl ibftiRet to a
reference potential. In FIG 2, the precharge signal line 217 is set to "L

(Low)l® s@atehgignalnbing 2dasithe signgh §04) beeamesd “Bi,  Whenethy potentisdt efnthieal of

t he phot I l il 214 . reference

pot enti a?ﬁé(%ﬁgr%é ,s&gglﬂ?%hﬁgo enstlédzeal ?06%3&% ’tﬂﬁe:‘?m?lﬁla? §hél%$’ él@&of%“éo’i %UQB?tovi de a
st or age capaldirted14f(the signal pOf0)tiopreeasged totitiput signal |ine 214 so that the
pot enti al @{2 t he photosensor output signal |line 214 is stabilized. Note
that the (P& ence potential may be set to a |low potential. In that case,

2 and the. precha g B PO SRR AR ST RPRR TSI 400" e T ©

pot edbi alis seft ta He” pibthe petestal dithggate siggaldinel 209g(tiR1AgmhA0D)as kept 4t GHA

refer enC?thgorteseeqtc;p%lrdtioLoig5000]mpleted and accumulation operation is started); then, the
potential of the gate signal line 215 (the signal 304) is started to be lowered because of
the off-current of the photodiode 204. Since the off-current of the photodiode 204
increases as light enters, the potential of the gate signal line 215 (the signal 304)

20  changes depending on the amount of incident light. In other words, the photodiode
204 has a function of supplying a charge in accordance with the incident light to the
gate of the transistor 205. Then, the channel resistance between the source and the
drain of the transistor 205 changes.
[0053]

25 : At time C, the potential of the gate signal line 209 (the signal 302) is set to “L”
(the accumulation operation is completed); then, the potential of the gate signal line 215
(the signal 304) becomes constant. This potential is determined by the charge that has
been supplied to the gate signal line 215 from the photodiode 204 during the
accumulation operation. That is, the amount of charge accumulated in the gate of the

30  transistor 205 changes depending on the light entering the photodiode 204. In addition,

the transistor 207 uses an oxide semiconductor so as to have an extremely low

off-current; consequently, the accumulated charge can be kept constant until the



11 Next, the operation of the photosensor 106 will be described with
reference to the timng chart of FIG3. In FIG 3, a signal 301, a signal
302, a siwyoab113Bes48a si gnal 304, a signal 305, and a si @oAPI0GITEFE espond
to the potentials of the photodiode r %et signal line 210, the gate signal
i ne 209, the gate signal |ine 211, gate signal line 215, 5the :

phot osensor output signal |ine 214, and the precharge signal line 217,
respectively. [0051] At time A the potential of the photodi ode
reset signal line 210 (the signal 301) is set to "H' and the potential of

t he gat e ssbsggadnt béleiod@Pefatibr. si gnal 302) is set to "H' (reset operation is
started); z t he phot odi ode 204 is turned on and the potential of the
10 gate ipéﬁ? | line 215 (the signal 304) becones "H'. Wen the potential of

the precharge 5iighalp!heSofidalfi %‘uﬂﬁgﬁal%ﬁg? ggtgs: L{'gnalt%g%ﬁ%teﬂa“ } of ‘the

phot osensor out put signa I ne e sl arged "H'.
[ 0052] At(theissiectiyn bpmrammt sndtarteld);othett, the |plansistdi Q0@ i &mﬁd &i @ﬁ’tﬁhlebﬂrﬂ&@l 210

th | "L+ and the potential of the gat
i ne 305 SOREIEN dnErabigi betsp ihe Photopersph B irasi igl i 2 Pl Sismp! et ed
and accummb@birsr eﬂﬁma&g@an line §1t4afhtr&f§t)n the h%sm{o?%o %eﬂhé@b an§btof '266 gate

signal line 215 (the signal 304 arted ovvered ecause of the
of f - cur r diten,ghe potentpth of i nthQSQIMr Oprut(mgItalhhn@ﬂM Ghe slgmetl 305) nshm@’ed).t odi ode

(the of onare o5 peisty Piafife D dusbAerRs i Ais<Boret ot inendt GURt &Mt - In
ot her WOB(JS) ist e (oAt adi maethd Gedhaszedofl tﬂ@%bﬂ)@e&f)r SHPR YibRdl 1theCHRS g€ 1N

accordance with the incident I'ight to the gate of the transistor 205. Then,
t he dRansempletesh sHers dhpeatsatewhich shespaiential af the: photaserdon ovfput bignalrlaesi st or

205 chan | { £t ate s al_line 209
(the si g%%i§ (t&%%%ﬁglswégé lowe%? dgf’? dg%ggg%%}%egﬁ }j%tﬁlegrbglra 1SR apéng? (i’Wﬂ“et ed);
then, thefphd enhsigtbr A05,t ienddpt the singruat off ilpdt 2¢&difttdeo Ih@PhdtoddAy dpacomes
constant., Thi otentl al is determ ned by the charge that has been supplied
to the g&?@n%i‘ﬁﬁ&?um‘? AEPARSTHIOBm t he phot odi ode 204 during the accumul ation
operati OTOOS-EQ is, the anmount of charge accurmul ated in the gate of the 30
transi st or 5 changes depending on the light entering the photodi ode 204.

I n addition, tAetimednshspaent)sf theasteaigmkiide? se(thesipohldDdyisset tasit’o have
an extre

o X STl O LeCALY S SOSEOREnt LY Ll oguny 2t chargg can be
- potential of the photosensor output signal line 214 (the signal 305) becomes constant.
The constant value here changes depending on the amount of light irradiated to the
photodiode 204. Thus, the amount of light entering the photodiode 204 during the
20 accumulation operation can be determined by obtaining the potential of the photosensor
output signal line 214.
[0056]
In the above manner, the operation of individual photosensors is realized by
repeatedly performing the reset operation, the accumulation operation, and the selecting
25  operation. The transistor 207 controlling the accumulation operation preferably uses
an oxide semiconductor to have an extremely low off-current as described above.
With such a circuit configuration, the function of retaining the charge accumulated in
the gate of the transistor 205 can be improved. Accordingly, incident light can be
accurately converted into an electric signal in the photosensor 106.
30 [0057] v
Although the display device including the photosensor is described in this

embodiment, this embodiment can be easily applied to a semiconductor device



At time D, the potential of the gate signal line 211 (the signal 303) is
set to "H' (the selection operation is started); then, the transistor 206
i s turnedworoardesBectrical 5 conduction is establishe#Charraenisise

phot osensor reference signal line 213 gnd t he phot osensor out put signal

| i ne 214 through the transistor 205 ahd the transistor 206, Then, the
potential of the photosensor output signal line 214 (the signal 305) is

| ownered. Note that before the time D, the potential of the precharge signal
line 217 (the signal 306) is set to "H' so that the precharge of the

phot osendnsluding phe shogesahsdri N@hatl4s,i & sefficandagabetdedice Hame be t foemeatiy, at

whi ch the potential, of the pﬁot osensor output signal |ine 214 &t'he.si gnal
305) is I'EMRYIBY cHEWERESCHANY: 19t displayethecifisalheBis display elgment eangrol pacwf ai n of
t he trangist : Cantolh ' J.rragi a : e

phot odi ogg%%g tﬁgﬁls glj t g%grétf:uh%ﬁl at| gf%e g{)sglra;%#.e 1?18%)35%15?@1?1# ] rreA nE, the
pot ent i alexafhipkeld tlpatemicingnetbr dévine 12 4 irhadesseasognal 303) is set to "L" (the
sel echio (?qgﬁration is conpleted); then, the transistor 206 is turned off
and the E% tial of the photosensor output signal |line 214 (the signal

305) becomes cqmgt aRbodiBr EANBL AMblhRNA iaea%gm#%ggm@gﬁﬁ&@iv% ap the

anmount of light irradiated to the photodi ode e anount of |ight
ent er i ng othee ephodiowntsde 204 during the 20 accunul ati on operation can be
determ ngg(i@f obtaining the potential of the photosensor output signal |ine
214. [00 In the above manner, the operation of individual '

phot osengBm$odimene?) i zed by repeatedly performng the reset operation, the
accunul ation operation, and the selecting 25 operation. The transistor 207
cont A8l | i ng t hén gt gmbpdimesh aopethad ifondipyiag ér plbfalityugepheipseosdreevill be

sem condygl Q4 .50 have an extrenely |ow off-current as described above. Wth
such a circuit configuration, the function of retaining the charge

accunul afe@oijn the gate of the transistor 205 can be inproved. Accordingly,
incident |ight_can ?e accurately converted into an electric signal in the

phot osensor 105sispfgungmethost izt inghe wainstbeg 9EHES A is drwribed Ia

seni condygt0l, geyhgeaan, agliwﬁ APEGnPY SSEPUOTGE }sfgﬁé’ik tsﬁoaﬁ%gagﬁg{ﬁgﬁ{lgfe

di spl ay, specifically the splay el ement control “circurt
di spllay ehagernif thephofodmae trheet digapl bye d&Vice photdshiser efitld firerow, the exanpl e

o eSS SR 5055 S LR0e RSDSCr L0001 et o Ll e
enbodi meabs are HORE sh6§mgoéjﬂ)d’f@rﬁ¥al gﬁange of the gate signal line 209 in the photosensor
‘of the first row, the second row, and the third row, respectively. - Asignal 407, a signal
408, and a signal 409 are signals showing a potential change of the gate signal line 211
20  in the photosensor of the first row, the second row, and the third row, respectively. A
period 410 is a period required for one imaging. A period 411 is a period during which
the reset operation is performed in the photosensor of the second row, a period 412 is a
period during which the accumulation operation is performed in the photosensor of the
second row, and a period 413 is a period during which the selection operation is
25  performed in the photosensor of the second row. By thus sequentially driving the
photosensor of each row, images can be taken.
[0061]
It is found here that the accumulation operation in the photosensor of each row
has a time lag. That is, imaging in the photosensor of each row is not performed
30  simultaneously, leading to blurring of the image taken. In particular, an image of an
object to be detected which moves fast is easily taken to have a distorted shape: if the

object to be detected moves in a direction from the first row to the third row, an



10l n this enbodinent, a nmethod for driving a plurality of photosensors wl|l
be described. [0060] First, a driving nethod illustrated in the
timng chaip2onfoskd4& 4 i s described. In FIG 4, a signal 20TJr21ehTpesd 402,
and a signal 403 are signals show ng 3 potential 15 change of the

phot odi ode reset signal line 210 in a ﬁhot osensor of the first row, the
second row, and the third row, respectively. A signal 404, a signal 405,
and a signal 406 are signals showing a potential change of the gate signal
line 209 in the photosensor of the first row, the second row, and the third
row, respabkiieddiage &5 mkenkehvidQ 4, tradl indhifdail; 2hA3f therubjcdt & Bhadte @O nives si gnal s
showi ng g potenti.al .change of the gate signal line 211 20 in the

phot osendBheAPPesits Qqe,cg?n AdGiuced gnageds fakeRow, and the third row,

respecti \{@d)ég] A period 410 is a period required for one imaging. A period
411 is a period during which the reset operation is perfornmed in the

phot osensor of In Imrd&e(t@rmevecmw the fheeilag @flZhd sacwmelau@d aperatiog ishitigh t he
r of, the second row,

accur’rgl at i oper a rmed in th hoto s
and a°pe 8&95%@? P ea& %% lg ngthfeﬁﬂw CRSEr @ ?40 doype seryeatiallys 25
per f or nedriven §he sﬁ&@ércb"‘ygﬁsoﬁn Qfat the, AewoRd heWutphY SI%Hilen ?gg%fﬂs&y

driving the photosensor each row, |mages can be I t
is found nhedsembhabtauh:d aav:@urmglmmecmwabeném amplifrer bhen plibtewensaircoit, each

row has a .ti,ne | ag. t he enso f each row is not
bor t or med St Bttt por@Edgmbot Al FIRG BF SB RuTRHGRoRatect® 1 n
parti cul axlhagsﬁﬂnhﬂ%&eaﬂutﬁjh Qbﬁ,@@@ulgro be detected which noves fast |s easily
~taken to have a distorted shape: if the object to be detected noves in a

diredPi oh%483dm the first rowto the third row, an

2011/ 086848PCT. t ne | eavi n rail
behind it; and't[‘lﬂ t(21 ﬁ{ %ﬁ%ga? %lhugﬂétg&g] gﬁ 1?}%%%% |ff1}:liﬁ 15@6%%°§??e It

di rect i oFIGas J £digaeld50ITegsdghd 302k end a[ﬁg}ﬁ\Z]soB rr®6igasls tshowimpve pbiehig ti me

| ag of th acc | afi on qgperation_ in the 5 photosensor of each row, it is

effectivé ‘P}gﬁto P %9183% fs6t signal dwe 2 104w th% phesgrasr of thy fiastiroenthen a
shorter QYGh& rowNadd'dk thidd Fow, h@éﬁ\éﬁ*&elyt h& st P_l}'(§4 'sg%}%:l 5P§ z}rﬁea %losensor

needs to be obtained at very speed WI I’er AD
convépt ep0¢arecigals shhivalg Tpotemsl elmnign of tegpatel sngqab]mer Zﬁﬂ)msthasrp]hotostnsc&nd makes

I]_})[ \68[%] %H Ifc rléltI rtov} %eosgggr{dnroevn aﬁﬁ% }”OQV r}é gctgvee yoI % I51§t:g)rr1]al 5|09 aP gl’glt];ﬂCU' ar

508, and a signal 509 are signals showing a potential change of the gate signal line 211
in the photosensor of the first row, the second row, and the third row, respectively. A
period 510 is a period required for one imaging. A period 511 is a period during which

20  the reset operation (at the same time in all the rows) is performed in the photosensor of
the second row, a period 512 is a period during which the accumulation operation (at the
same time in all the rows) is performed in the photosensor of the second row, and a
period 513 is a period during which the selection operation is performed in the
photosensor of the second row.

25  [0064]

FIG. 5 is different from FIG. 4 in that the reset operation and the accumulation
operation are each performed in the same period in the photosensors of all the rows, and
after the accumulation operation, the selection operation is sequentially performed in
each row without synchronization with the accumulation operation. When the

30  accumulation operation is performed in the same period, imaging in the photosensor of

each row is performed simultaneously and an image of an object to be detected can be

easily taken with little blur even when the object moves fast. Since the accumulation



Thus, a driving nmethod illustrated in the timng chart of FIGS5 is
proposed. In FIG 5, a signal 501, a signal 502, and a signal 503 are

si gnal s sWwowbnigses4pot enti al change of the photodi ode re®et/IB2igmaiess ne 210
in the photo sensor of the first row, %he second row, and the third row,
respectively. A signal 504, a signal 5 5, and a signal 15 506 are signals
showi ng a potential change of the gate signal line 209 in the photosensor
of the first row, the second row, and the third row, respectively. A signal
507, a signal 508, and a signal 509 are signals show ng a potential change
of the gaberatogisaperfored atlthe kamé timeph oiti ereH06i0 tarDbe hlo@ided s torh@vn fdhe
second row, and the third row, resPectiver. A period 510 is a period

requi r ed HopPhtediode iesetiignahlipe 21 Gt each phetosenser i Jenrthgr iardsivenrigenit can t he
reset op t1.0 : i I t J # d Ln.the
phot osenggsﬁ Boef &toﬁgtegtélggﬂ ﬂ?‘)glwifOk gﬁe p él}le ggngllg&;i g@%’ﬁ%gé@oﬁ% é%sglﬁ%lg% V\%‘ilc('.l‘?h t he
accumul adriver cipmitaiproidddain donemsame dfferévd i @idiicihd ehe owabericf peeiphaained i n

t he photosensor of the second row, and ﬁe@erig,d, 513 is a Ee“ od during

whi ch®t h&T§¥f%e @ Pft‘}uf)‘ﬁgr_ﬁ?‘i"gn COESYIRRO8y aﬁ 1B, dhot WisHSBr ORfTalide second
row. 25[ Q@fahidilyefdrediif EAHEAY fbREY iF#}&Sﬂ)lé B fo*&:%h tﬁergpel}ﬁﬁ)‘?ltra E&Ta%“ on and
the accunul ati on operation are each perfornmed in the sanme period in the
phot o sef¥bamplafierair|ant A cowsrtencidcuif when thheugat signhbof tha phpesatsboiy, t he

sel ection erati Js. sequenti.all erfornmed in each row w { hout

synchr oniogé?r}egn ﬁ'?{‘]ﬂs t%t'?ée’ gl&ec{}hﬂlatﬁ?%/gﬁ thf)é?lﬁcttfoé]n‘?p%@ﬁ Lfﬁ’éefél@hg’c]@ﬁﬁﬂl ation
oper at i OfhdnSthe GffeforraR dcburhiRti&RBBerBedt, QthicH KRRl dReiRh Rl @S %Q%Of of
each row i s perfornmed sinultaneously and an image of "an object to be

det ed® ed of abtainingeansimage watbdnghwiesolution.t | e bl ur even when the object noves
fast. Si Té‘(%slt]he accurul ation 15 operation is perforned at the sane tine, a
driver circuirt can be provided in common for the photodi ode reset signal
line 210 of eabloteptiat F1G.ehdbustrateyrthbeiming ofibit WEY the im&@Hbd feraseqabsmlie

provi ded .i.n. conmon for the gate signal |ine 209 of each photosensor. Such
driver crfi¥ipe;be q&wsawri BERON: dif ds @dsoeelisaliveity seguentiay drive tenber of
peri pher i I 3 i q :0n...l R ifion, the

sel ecti oﬁh%t[())%rngétn{%w glzathgéertr?ér?al l;ngg%}gﬁhggpﬁ e Cﬁﬂ?éﬁ%ﬂfﬁ%ﬂ%kfo ' pé‘gsi ble to
| oned5 t he reguliyr atlesored iabge cin @robBRnahphild the ppermtiomatd fhvearvoasuingstioni Jfcui t

when t he ,out.put signal of hot osensor is optajned. At this tinme, the
total tifh b ramﬁét??e?re@“?i%/ﬁfégweéﬁ GHOME ang é?‘g'FeaAol &dqr@ﬁbé methad f%e time
for the aECHBYhEPHRELARS ro;@teir]&g i,femm nﬁe%&n&&%&* et’é‘%l}ﬂ'ali%t BFQ{&N%SE%QOE# he case

10of obtaining an image wt gh resolution. [00 at FIG5
i |1 ustratsedlsq pectived ngs elrasult, oh imhge wish lesirddoresdetdprecen tzd dbtaided wihilg t he

phot osengor of each.row it is also.effective.to sequentially drive the
phot osen §1§ rOPSFITOMARd POYEE £ %ﬁsﬁnﬂpg\%l ok ﬁ}?r (gg [ampﬁﬁgrb?ratsﬁ AR §omygrder Gireytt
specid i edrerre@icen. As |

[0066]

In order to realize the aforementioned driving method, the potential of the gate
signal line 215 in each photosensor needs to be kept constant even after the
accumulation operation is completed. Thus, the transistor 207 preferably uses an

25  oxide semiconductor to have an extremely low off-current as described in FIG. 2.
[0067] ‘

In the aforementioned manner, it is possible to provide a low-power
consumption display device or semiconductor device which allows a high-resolution of
an object to be detected to be taken image with little blur even when the object moves

30 fast.
[0068]

This embodiment can be implemented in appropriate combination with the



15 a result, a desired image can be obtained while the operation and power
consunption of the OP anplifier or the AID converter circuit are reduced.
Furt her, wometimses4Bor driving the phot osensor of every PewIrPmas/p73as8Tel Vv,
sone of a plurality of photosensors, gg al so effective. As a result, an
imge wth desired resolution can be tained while the operation and power
consunption of the OP anplifier or the AID converter circuit 20are reduced.
[ 0066] In order to realize the aforenentioned driving nmethod; the:
potential of the gate signal |ine 215 in each photosensor needs to be kept
const ant ogtweemabdiatentshe accumul ati on operation is conpleted. Thus, the
transi st 6 7 preferably uses an 25 oxi de sem conductor to have an
extrenel& ¢ of f-current as described in FIG 2. [0067] In the

af or enen r, it is possible to provide a | ow power consunption

di spl ay zggﬁggngﬁpggnlconductor device which allows a high-resolution of an
obj ect to be déi dut edbodimieat, hakethod fomgleivirigtpluidlity ef phatoseasces) wiiekh is he

obj ect nmoves 30f 0068 16_0 od 069] (Enmbodi nent 3)
I'n thPs ERHSSUPRE %?&xgh hH“PbEH‘?]Uﬁﬂgyéwbq§25$¥#ﬁgof phot osensors, which
is 5 an g le different fromthat in Enbodinment 2, will be described.

[ 0070] First, a driving nethod illustrated in the timng chart of
FI G 10 i s descFirbed.drivingrnghod lllwt@te@nalthﬁﬁmin@cmmﬂdaz is alastribedi gnal

703 are g§i | 5, show £ Pot | change t he . di ode reset. signal
(The 2101 $18' B 3RBHeL AL PEHT R el 2103 REF S B0 TEE p SR e
third rowvharfgessremt iphiodiodd 8éc@Rinal Ade 280 $h @NsHotdRsor I Ihe figdt GBR! 17e06 ar e
signal s show ng a potential change of the gate signal line 209 in the

phot d8engesongdfrovhand thedhird sy, reprecerlnndA sigmal A0d a Hignal 0% dandomsignal

t i . I signal s
eopect VBl ke Ay BBl oo Il (P AL AR UADRo (O RASHRRINLS
of the fiof e ﬁl@tv\t;ow, be ﬁe@ﬁh@w and th’erthhrd ke, trbdpbdl\feqw A SigpAc07y£ekignalA 15

one inagin period 711 is a period

d 7
dﬁi: (rjlg \A/??B% h'mtd e“ gg? é‘feeiq%épaf%s}‘ﬁé’lgl%‘i‘ Refgnt Cb%emfél%%?é?@éﬁaldfnetﬂé second
row, a pef iRhbiielsdr 8f ﬂﬁrﬁﬁpro‘w rtlﬁen&cm R fahd $te ﬂﬁﬁqwl %tsﬂ)]e%gwlager ation is

performed in the photo sensor of the second row, a perio a period
duri ag wieced 710 ista psebe ctquond &pematmeging.s peefiot fitldisiarpetibé dpting whzhsor  of
the seconéjse 81\3’\ératlonp1%r};e? orn71g'ci1 11'1 The® p}Po?rslercl)s%rdo gecvgplh Crcr)lwsg %grqu 712 is a
period during which first accumulation operation is performed in the photosensor of the
second row, a period 713 is a period during which first selection operation is performed
in the photosensor of the second row, a period 714 is a period during which second
20 accumulation operation is performed in the photosensor of the second row, and a period
715 is a period during which second selection operation is performed in the photosensor
of the second row. By performing the second selection operation, it is possible to find
the amount of light entering the photodiode 204 in a period from the starting of the first
accumulation operation to the end of the second accumulation operation.
25  Consequently, even faint light can be accurately converted into an electric signal by
repeatedly performing the accumulation operation and the selection operation a plurality
of times. By thus sequentially driving the photosensor of each row, images can be
taken.
[0071]
30 In the timing chart of FIG. 10, it is found that the first accumulation operation

and the second accumulation operation in the photosensor of each row have a time lag.

That is, imaging in the photosensor of each row is not performed simultaneously,



20 accunul ation operation is performed in the photosensor of the second
row, and a period 715 is a period during which second sel ection operation

i s perforwoadoiwssdse phot osensor of the second row. By pecTopming73esse second
sel ection operation, it is possible tﬁ7fi nd the amount of |ight entering

t he photodiode 204 in a period fromthe starting of the first accunul ation
operation to the end of the secohd accunul ati on operation. 25

Consequently, even faint |light can be accurately converted into an electric
signal by repeatedly perform ng the accunul ati on operation and the

sel ect i ofeadjier at blurrigg pf thieinige aked.i Maspar@Bulirthus ifagSAtanabljyctdbi bd ng t he
phot osensor of each row, .i mages can be taken. [0071] 30ln the timng chart
of FI G 1d¢ctepted vénehymoyes fat istreily taken toabavigraifisiorts skapsr Hithe abigadtothte second
accunl aLRUCAREHAL i dilchiPFBRAROTERTO BRI MR R RA I, A0, That
is, imaging I n the photosensor of each row is not pef?orrre sinu ?aneously,
17 | eadi takehdedling nitraj twhirtdni; amdbifahd akject. tol be aediéd mloaes inathei oppositeof an
obj ect t%. be. det ect ed. whi ch ves fast is easily taken to have a distorted
shape® i HIFFPNBTeduCed 988 148Kkt ed noves in a direction fromthe first row
to the t @)(yﬁgrow, an enlarged inmage is taken |leaving a trail behind it; and
if the object to be detected noves in the opposite 5direction, a reduced

i mage i s takenln pgi729 prevent thel timerlapof the firseveaumulitgont dpeaticagamf thehe fir st
accurul at i on ,operation and the. second, accumul.ation operation in the ’
phot osenSBP 8 FACEHRYalioR, OPST ?tl(?"sme&’f’ P15, 8{: 4hOBh ot ‘Sseﬁ‘?gthe g‘lat g‘ﬁc h row
I's sequephb@bdntoddf chirdvwnisdeGRAGAIRY diGYes if a sh&térft?klpcaﬁﬁhaM\éé,\fl%wev&Q the
out put signal of the photo sensor needs to be obfained at very high speed
wi t h18n e epntisignal olgthe ahotassnsermesds rbecobtaingd at v kish speedewittaan Ofcr ease

in power unpt 1.0 k It y..di£f1G to obtain an i e wth
hi gh res 8&8’9 ;ﬁon, énnﬁga%{hl gﬂ?racﬁ&ultog)é‘%\ 4 élfg ,anéHécf%?ssil?]é’ Ol ﬁ%ﬁuﬁpﬂg‘g’t rat ed
in the tiand ngkehiavérydiffictiBto dbtainsinpmagoah highkbsdlwtion| fa pakticutarsi gnal 801, a

si gnal 88@ an a signal 803 are signals showing a potential change of the
phot odi 0 Beset si gnal line 210 in a photosensor of the first row, the

d , i ) K . A i 1 a.Si 805,
second row, angytdhe dfikis g{e%d iI6SREAE vk ¥1m1ﬁ%?h%ﬂﬂ% FRO4:1 1?@26;8)3 L

and a signal 806 are si s show ng a pot ent ange of 3 si gnal
| i ne1209In KIG.He, pkipnes&Hs arsignbl 8015 ahil mstigmabdf)3 tkeigrbahdwimpng patedtidlhe t hird

row, respgctively. si.gnal 807, i g . 20.808, and si.gnal 809 are
si gnal s §ﬁ%\f€|erf’ tﬁe [Bﬁ?@ﬂ&gﬁlre%ﬁéﬁﬁa ﬁ)‘?e ?ﬂ‘&e%atpémgqsarﬁg Ofi%ﬁ‘eﬁ i 19Wnthehe
phot oseng@on@frowd fhe Third BW, rbRcERINNAA kRWal &2 alsiEhal BHS, diniWignal

respectively. A period 810 is a period required fqr one 1 magi ng. A period
811 i s aSpenicstRndlsrshayingtd pentia ehangpef dicigate s{gnial liee2(ainehd phmgosensaal | t he

rows) is rformed ,n the photosensor. of the second r.ow, JReriad 812 is a
peri od dﬁfﬁlﬁgﬁﬁ%ﬁoghh}ei e %‘{nda{e‘é’u?ﬁfftgf: ?lgﬁé)gwe[rgpfwgwe@at Atﬂ%“a%Bzawgfe% me in

al | the BOSY:hdiaSigRl BOY ARGidnAlsthewRIpOd PGIEMED Chatge i EheSREOHEndl Qe 231 PEr i Od
813 is a period during which first selection operation is perfornmed in the

phot osen#bthephotorenseeebit firgiowathseserend BIY and the thisd ik genectivelwhi h second
cCcurnl SELAD OB AR LSl SALTE Spdhly 1SR BB T I
whi ch secsebreedtioat(atahe ogee dinedn all Shprifsp isdformed tethe photosensor of the
second row, a period 812 is a period during which first accumulation operation (at the
25 same time in all the rows) is performed in the photosensor of the second row, a period
813 is a period during which first selection operation is performed in the photosensor of
the second row, a period 814 is a period during which second accumulation operation
(at the same time in all the rows) is performed in the photosensor of the second row, and
a period 815 is a period during which second selection operation is performed in the
30  photosensor of the second row.

[0074]
FIG. 11 1s different from FIG. 10 in that the reset operation, the first



30 photosensor of the second row. [0074] 18 accunul ati on operation, and
the second accunul ati on operation are each perfornmed in the sane period in
t he phot oweneoresesa8 all the rows, and after the first aecuIBREd/HT6SS
operation, the first selection operati gn is sequentially performed in each
row wi t hout synchronization with the f rst accunul ati on operation, and
after the second 5 accunulation operation, the second sel ection operation
is sequentially perfornmed in each row wi thout synchronization with the
second accunul ati on operation. When the first accunul ati on operation and

t he secondcundation apdrativroped did oot ecoaamiutiprrdperaien atdedchepesformedar i 0d,

i magi ng in the photopsensor, of each row js performed sinmultaneously and an

i mage of tg‘h SYBY QE’PO‘&‘P Rhotesensags o all ghe &, |and takier thefirsh apsunpylafion ur even
when 10 j V. : b 3 ion ' 3

por for modPar D g Bk opg O s LA RO R MM o for
t he phot cindueniza®at witlgnthe [firste a2dindbtien copepdimnp samnds cafter Ftitet hetonda dri ver

circuiit can al.so be provided in co n for the gate si | line 209 of each
phot odendBfumdgIan Gperolen. o SErRS Ty PREReTHoR dmsewieaNa e PrERTITei n
reduci ng eh&ierdw ¥RBbUy AR bAPAIPIvith HECibbid MeumBfich BPeRAVE" H®ABS WPt i on.
15 I'n addition, since'the first selection operation is performed wthout

synchr onifirsitacesmplation epesatidnrand the seeond atduonilasparapeiatinn arceach pefemaomid

sel ection eratian ks _perforpmed.wthout nchroni zation. with the second
ccunl ach O 53k e3fed imBgink T PPl £ R R R RlanRe Prifheteis ) b
conver t efané iah Grbge 684h Hgedtus bBetecrdtarde WheK thig With Ditle SLOSRN Wihent he

phot osensor i s obtained. At this time, the total tine for the sel ection

oper aPi oithg 2bigw mves Bstbl Yindedheatcuntwaionpperation isiiesiirmerbatshasameaigmes t he
f11st aCGURbAN ORBAOMEN O bORHRRG Olhe iSRRG SEHIMA A O

operation, which 1s par arly ectirve i e ca obtai

i mage wi tehcthplydtoseasm! uFiciterf & driveatinduil caphilso be@r&lidddire céhimbn FbGhkl
illustrates the f.im hart of the thod .for sequentially 25 driving the
phot osen&8® Sbgnaéé’&‘g}&’gﬁea% phetosgnsey. g%flgbg‘i“(ﬁ’é CHEUERIWAE] Bl ¢ynEen 9% t he
phot osengaectRdlif rédhcthgtRE hanBer heriph &Lk ki e BAR bt

speci fied rcegi oln.r AsC égqr esul t? %V%elgi red icr‘#%tggpg‘{fﬁb@ﬁg%"tea| neah@/ﬁl&?'e t he
oper abi ohn agditipowence therfsnangsidction operatien iOPedonpiddf wighouo syricheonfdaBox eviter t er

circuit are.reduced, .Further, a nethod for, driving.the photosensor of every
few rows ?hen%rrsrﬁﬁf?mg{?ﬂﬁn 8Per3t.1%’l ﬁ}dgtﬁe PVOB% S?Jﬁ%’t"Bs"@ﬁ’gB?%F FP"’?%”P% %tg%“t .
ef f.ecti veynohfordzatiof Uvith tiRNsebSMD GcdthiutBaSdpeffioh SHR! dHel#1n GaR H¥e0bpai ned
while the oF_eratlon and power consunption of the OP anplifier or the AID

1

conver t eem@fifieor argAQD cemesier circunegn0gE7Byther reducedrwlandtde output sighalzd t he
af or enent,j one | Vi net hod he..potgntial ..of th ate.signal.line 215 in
HeORRR oY o e AL HEE B PR ALURR e Rleush A0GiAnE: on

each phot osensor need cons
oper abi oprdferablgriph@t elthn thBtisne frb@ thé SBRING! Athe st REQIAN A YopesRBHNAD 5 OXi de

sem conductor to have an extrenely |l qw off-current as described in FIG 2.
[0077] the end of the second accumulation operation, which is particularly effective in the case
of obtaining an image with high resolution from faint light.
[0075]
Note that FIG. 11 illustrates the timing chart of the method for sequentially
25  driving the photosensor of each row; it is also effective to sequentially drive the
photosensor only in a certain row in order to obtain an image in a specified region. As
a result, a desired image can be obtained while the operation and power consumption of
the OP amplifier or the A/D converter circuit are reduced. Further, a method for
driving the photosensor of every few rows, namely, some of a plurality of photosensors,
30  is also effective. As a result, an image with desired resolution can be obtained while
the operation and power consumption of the OP amplifier or the A/D converter circuit

are reduced.



Al t hough the display device including the photosensor is described in this
enbodi nent, this enbodi nent can be easily applied to a sem conductor device
i ncl udi ngwohelpisess8sensor. That is, a sem conductor devipCE/Jezmobesessor ned by
10renpving circuits necessary for disqbay, specifically the display el enent
control circuit 102 and the display el'enent 105, fromthe display device in
this enbodi nent. [0078] In the af orenenti oned manner, it is possible
to provide a | ow power consunption display device or sem conductor device
whi ch allows an inage of an 150bject to be detected to be taken with little
bl ur everf0®fdn t he obj ect noves fast and which allows a high resolution

i mage to be ta%en(fven en_faint |ight ﬁnters. qg79] o Thi s

enbodi ment can "bEHH & @8 afqrempioped dayine P &b Briential pf theesatt her
enbodi menichal 4H0089]in( gé@ﬂp?hgf%&tnsélr) needs to l%en KEpY %ox?sﬁ?ﬁ’d VBN hfie (Bt hOd
for taking a color image with the use of a plurality of photosensors wl |
be descr isbeumulptd@B dperatgn ¢olcompletmige Thas, the traisestorb01preferabliyouseexanpl e, a
color filter, a.so-called color filter nethod. In thi. thod, |ight
enmitt8d © lc{?r‘?e%‘i(’é‘é‘f&?rotog'@v?i@% 8’8{6&?&36{0“{ ?%ﬁ?“?@@?é&%cé‘ge‘g@ ﬁ%’ezobj ect to be
det ect ed [pgisges through a color filter and enters a photodi ode as |ight of
a certain color &g.%b, red (R, green (G, or blue (B)), whereby the anount
of light of eadfitheugloithecdisplog deytnedinciadingl te phrotabansoors idesgybedan this

produced e?h%oidﬂne%?,c 9{1sd A eod\ll}jnénq E:a%e b"é‘”ga%ﬂ;ty ggplile(ii gt%t aogemelggnr}lugg)lr O(Ee'vigeOOBz]
including the photosensor. That is, a semiconductor device can be formed by |

10  removing circuits necessary for display, specifically the display element control circuit
102 and the display element 105, from the display device in this embodiment.

[0078]
In the aforementioned manner, it is possible to provide a low-power
consumption display device or semiconductor device which allows an image of an

15  object to be detected to be taken with little blur even when the object moves fast and
which allows a high resolution image to be taken even when faint light enters.

[0079]
This embodiment can be implemented in appropriate combination with the
other embodimentls.

20  [0080]

(Embodiment 4)

In this embodiment, a method for taking a color image with the use of a
plurality of photosensors will be described.
[0081]

25 A color image can be taken by using, for example, a color filter, a so-called
color filter method. In this method, light emitted to an object to be detected or light
reflected by the object to be detected passes through a color filter and enters a
photodiode as light of a certain color (e.g., red (R), green (G), or blue (B)), whereby the
amount of light of each color can be found. A color gradation image can be produced

30  inaccordance with the amount of light of each color. |
[0082]

In the color filter method, however, the amount of light emitted to an object to



20 be detected or light reflected by the object to be detected is
significantly reduced when the |ight passes through a color filter.

Accor di ngwg,20imses4der to obtain a sufficient amount of PCghP2eMBEINg a
phot odi ode, nore intense |ight needs L9 be emtted to the object to be
detected, which causes a consi derabl e“fncrease in the power consunption of
5 a display device. In addition, the photodiode is required to have nuch
hi gher performance, |eading to an increase in manufacturing cost. [0083]
Thus, in this enbodinent, a field sequential nethod is used. Reset

oper at i orbeakttcedautighttdflected pgrtbd blgjactan depletdedrie digntfichstly fedliéedoWhén certain
col or (e.l%;. .ﬁed %F\% 1(?]tgreian fté)lG), or blue (B)) is em tted froma I|ight
source (& e i PRt thrughy & golor; filfgr. ofcqardingly) d oFder | t@ cqbiaan 1 sEficisbf ect to
be det ectygfhyhsof ﬁ%ﬁcélﬁéhr%ya PhBRAIAS CASRY intdilst Fonf R&4RSS lf)@lgn?iFtF&) % Qperation
of each color is conpleted, selection operati or% IS sequentrally peref or med
in all phbjoseriealesctednwhebycaases alconsideralge iacasbn thalpewer {d9@AptidbSUCh a

drivipg nethod is described.with referepnce to the timng chart of FIG5. A
di ffeEené‘ed‘rSP@Vn ﬁ?:“r%?}di dﬁni‘éjdéﬂ% ‘ﬁ’ﬁalfhoéoﬁﬁb‘gcil% ireieg) ©r ﬂ{“??elné‘,Chr Bgh¢R)) s
det ect ed poyfoRn RO IORBASR anQhci8AEn hWhfallifihg cSst. the signal 501, the signal

502, and the signal 5 are signals show ng a potential change of the
phot odi ode083¢set signal |ine 210 in a photosensor for detecting red (R)

|l ight. The si | 504.. th i gnal and.the signal .2Q,6506 are, signal

slhgwi ng a pglt gzﬁ‘ﬁ%’tlm @H%ﬁ’ﬂgocilffgflﬁé tgeg‘?@e%eﬁtr‘élmeftﬁl 13158 ﬁ{‘?sﬁteoli?ﬁ%ﬂog‘lsgnsof

for det eahd Bgcunadat(dn) opekidh. ard BerforntaakhikOfghttdre, &irﬁﬂmaéol&oéz%.,%g (Rhe signal
na

509 are signals showing a potential change of the gate sig line 211 in
t he pRot GEEAIEY: el as phiteddepm )light gomrce ﬂaqbacgsgghtwogm light pheheper i od
required | i I ( Loht ;.. The rigd 511 is er,i od
during V\/((]:II)@F’I r%térdggygtaﬂg)gg‘{cétt?%ﬁ %etc‘%dhg %eéergged gg % li% r?éoslelﬁsoéll Ig#%e{hreows) IS
per f or medciumulstenphietaionesfsach kolor det@aplered, sabettioRlopkiagbi is tda@emeniyod 512
is a period duri.n \rggich t he agcurrul ation operation (at the same tinme in
all the P fidgnglal BioREEOISnWREEDH A 6RIg5 WRAES Can BF takgR-ecting red (R) i ght,
and the E@mj@d 513 is a period during which the selection operation is
performed in the photosensor for detecting red (R) light. 30[0085] 21 (R
of allh the rowSychandrivifig erethodas descuibed with oefemper ttthe timidhastelfdiG) fin
operation i.s. sequentially.perfor in each row w th synchroni zati on

o tht he A FeRarER B aer oS e Pr el P ORI AT GhEY 3

per f or medhétBsdnB&t TREEL RAV. 1 Othat isMB@isi@al 501t AR sl 992 AR@thelYnafSdLGLI N9 red
(R of each rowis performed sinultaneousiy and an 5 i mage ofa an object to
be det ecsigtalg ahopingeaspotyntiahkehangd ©fi the tphogodidder resetesigndlehng Rd0obj ect noves

fast. Si tion rati is perforned a e ne tine, a
driver c g@ﬁ%e{ﬁ g%rgf(rgl?gggéﬁﬁl&ﬁegé}g?ﬁ%ﬁcog‘ﬁ%ﬁlgflglrﬁ“h epﬁ]ﬁﬂai) {)o&gaﬁl&ggnaﬁ? gnal

| i ne2@10506 araihaBhabwignstentialcHafgs of the @hle\s@InaLlikeC29tin Gl pldtSen e
provided in _conmon for the gate signal line 209 of each photosensor. Such

com .
driver ci¥cdntecdingredi(Bedicht ddwnienahP87.1 theesignad 1508 eanch theetigmal 7§9tdre nunber

of peri pby i i : j _ Folgk: ty dition, the
el bt | onehner iR 4 Bl RAMALE BOAHL: SO IE Q1T e aRAE e Bl o 1o
| ower t hdetogtagatd ¢R) tighte dhe prari6P 580N the iperiod tequire M6 @RNMREINGrofGkd CUi t

total ti HOFBH « RbPenedst biv sperad Aons Shidhehenast prriigelathasmne o a
t Ih ge:(z:éa g;a@f@ﬁgﬁgﬁ%g@éﬁ@%@&g@% _%% irt]}%nh%)}bdr’g@eﬁgbri for Beeldfpea (RY 185 a6t ve in
period 512 is a period during which the accumulation operation (at the same time in all
the rows) is performed in the photosensor for detecting red (R) light, and the period 513
is a period during which the selection operation is performed in the photosensor for
detecting red (R) light.
30 [0085]

FIG. 5 is characterized in that the reset operation and the accumulation

operation are each performed in the same period in the photosensors for detecting red



resol ution. [0086] When the above driving method is applied to other
specified colors (e.g., green (G or blue (B)), an inage of plural colors
can be t akornilses4Be case of taking an inmage 20 of pluralr/Jeniensess he
total tine for the accumnul ati on opera #on IS increased; therefore, inmaging
time can be reduced by enpl oying the orenmentioned structure in which the
accunul ati on operation is perforned sinultaneously. Note that there is no
limtation on the order of colors on which each operation is perforned.
[0087] 25Note that FIG5 illustrates the timng chart of the method for

sequent i @R) yf dili the rrgws hendo hiedrothe rt&aumﬁleﬁoxdepaatid)mgha seletti@l Bpaaidy is €. g. ,
red (R), green g G, bl ue (B)) of .each row, Is also effective to
sequent i éF‘l‘S?nH?I X/@ertf?féneﬁh’élt RSNy vithoyt FYPCQK%@PQF ity fhg Acqumydatiano obt ai n

an i mge , p

obt ai ned Rﬁrl F}%I?t ﬁgﬂhg%g%aa[c??%{ﬁﬁgtﬁﬁ%%&mg&% éﬁ%%%e?gﬁ It%f%? %@d %gﬂ% er 30
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met hod, ldheelp@tcelm ¢aal beoprovided gaicemsiogniak thd pleotedisded msetaﬂgnqdhmbcﬁsl@nﬁ”or needs

to be kepach Sﬁ‘o%sae%or.e Vﬁtrl]rt}?efrtae derQI’eCII‘CLllt can also be provided in common for the

gate signal line 209 of each photosensor. Such driver circuits provided in common are
10  effective in reducing the number of peripheral circuits or reducing power consumption.
In addition, the selection operation sequentially performed in each row makes it
possible to lower the operation rate of an OP amplifier or an A/D converter circuit when
the output signal of the photosensor is obtained. At this time, the total time for the
selection operation is preferably longer than the total time for the accumulation
15  operation, which is particularly effective in the case of obtaining an image with high
resolution.
- [0086]
When the above driving method is applied to other specified colors (e.g., green
(G) or blue (B)), an image of plural colors can be taken. In the case of taking an image
20  of plural colors, the total time for the accumulation operation is increased; therefore,
imaging time can be reduced by employing the aforementioned structure in which the
accumulation operation is performed simultaneously. Note that there is no limitation
on the order of colors on which each operation is performed.
[0087]
25 Note that FIG. 5 illustrates the timing chart of the method for sequentially
driving the photosensor for detecting a certain color (e.g., red (R), green (G), or blue
(B)) of each row; it is also effective to sequentially drive the photosensor only in a
certain row in order to obtain an image in a specified region. As a result, a desired
image can be obtained while the operation and power consumption of the OP amplifier
30  or the A/D converter circuit are reduced. Further, a method for driving the photosensor
of every few rows is also effective. As a result, an image with desired resolution can

be obtained while the operation and power consumption of the OP amplifier or the A/D



S5accunul ation operation is conpleted. Thus, the transistor 207 preferably
uses an oxi de sem conductor to have an extrenely |low off-current as

descri bedworofAGRs [ 0089] In the driving nethodPpcrlyeste/atsess i n Fl G
5, the selection operation nmay be performed after the reset operation and

t he accunul ati on operation are perforffed in all 10 the photosensors for
detecting the specified colors (e.g., red (R, green (G, and blue (B)) of
each row. For exanple, one imaging is performed in the follow ng order: the
reset operation and accunul ati on operation of red (R), the reset operation
and accuruh&irieptirQesratédateddf green (G, the reset operation and

accunul ai'bo operation of blue (B), the selection operation of red (R), the
selectio Qﬁgérati on of green (G, and the 15sel ection operation of blue

(B). There is Sllgdi(gfiot x%&liié%r\hg?fotré}ﬁerﬁfoqg& dqu’ing gxltxe(?ﬁoéd, M %ncfgl §REH §? eration

is perforned. nce the accunu Ion’operation o “the
col or s i sigpelr flimen®L iin eachhphdtodensar, nsédsutd deeképt obnstamagiveg affert e
phot osensors for detecting all the cglors is ensured and 20 an inmage of an

obj ect t 4By pRFatoH %b éo@ﬁ@fqdy t é‘}%% nthfivi Epsisir 30 preferaklyevseitidn t he
obj ect MRYRR sEARondibiith Bhve £h Qd'tlleiﬂl%[)i oW Stllchrr&ft3s H@scﬂh@d’ indqe; 4N common for

driving the photodi ode reset signa I ne 210 of the photosensor for

det ecti ng0@&th color, and a driver circuit can be provided in comon for
driving the gate. signal |i f the t.osensqr for detecting each

col or, which i s g‘aYlfl%én'fr}ﬁO(fg@llfgriaﬁa_‘Ph@%ﬁén% ng?a‘?g ‘R%’F?t‘;ﬂ‘femélg BEi r cuits
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object to be detected to b&\ taken with little blur even when the object

noves f ag%c operation 18 periorme

[0090]
Since the accumulation operation of all the colors is performed in a short time,
simultaneity of imaging in the photosensors for detecting all the colors is ensured and
20  an image of an object to be detected can be easily taken with little blur even when the
object moves fast. Further, a driver circuit can be provided in éommon for driving the
photodiode reset signal line 210 of the photosensor for detecting each color, and a driver
circuit can be provided in common for driving the gate signal line 209 of the
photosensor for detecting each color, which is effective in reducing the number of
25  peripheral circuits- or reducing power consumption. In addition, since the selection
operation is performed without synchronization with the accumulation operation, the
operation rate of an OP amplifier or an A/D converter circuit can be further reduced
when the output signal of the photosensor is obtained, which is particularly effective in
the case of obtaining a color image with high resolution.
30 [0091]
Although the display device including the photosensor is described in this

embodiment, this embodiment can be easily applied to a semiconductor device



[ 0093] 10Thi s enbodi nent can be inplenmented in appropriate conbination with
t he ot her enbodi nents. [0094] (Enbodi nent 5) In this
enbodi mrerwQ 2011sa848i ed exanpl e of the circuit confi guraPCoaPLf0/HT3E58

15phot osensor 106 in FIG 2 will be degﬁribed. [ 0095] FI G 6A
illustrates a configuration in which the gate of the transistor 205 in FIG
2 is connected to a transistor 601 for controlling the reset operation of

t he photosensor. Specifically, one of a source and a drain of the
transistor 601 is electrically connected to 20 the photosensor reference

si gnal | iinguding the @hdtosensbheMht rekadht icerredppats itcs:ahlimagi@g%&nwly i@nt he gate
of the transistor 205, One el ectrode of the photodiode 204 is electrically
connect edovise sugh a5 adlaskighhin Heacase adetecrtimans ip dakent wish a(semgconductgr ound

potent | 2l s APl Efud 90 BimaaPh it fpa] SLor GOL an armor phous

sem conductor, a mcr sem conductor, a polycrystalline ,
sem condy6e9®], an oxi de sem conductor, a single crystal sem conductor, or
the like can be used. In particular, an oxide sem conductor is preferably
used Por the trandFstforeraeniongd (amernd dy ppssibleofto crrevidas aalqvenower

of f - curr eBha iR (ﬁﬁﬁé}}g Qeqbe toE SedRbEdRkort mléeggﬁﬁh satll%(wsfa(n)ﬁigix-sre?orl@ﬁ/o%nt ed

from bei ng rel'eased 't hr ough the 30transi stor after e reset operation.
[0097] 24lo2@Bage ef aooijext tebe detectedranietakappabilitte blor eveatwhen tht Ghieét
Specificall\yg one of the source and the drain of the transistor 205 is
electricgwff gﬁﬁnected to the photosensor output signal |line 214, and one
of the sqoggzg and the drain of the transistor 206 is electrically connected

to the photo sensor reference signal |ine 213.
10 This embodiment can be implemented in appropriate combination with the

other embodiments.
[0094]
(Embodiment 5)
In this embodiment, a modified example of the circuit configuration of the

15  photosensor 106 in FIG. 2 will be described.

[0095]

FIG. 6A illustrates a configuration in which the gate of the transistor 205 in FIG.
2 is connected to a transistor 601 for controlling the reset operation of the photosensor.
Specifically, one of a source and a drain of the transistor 601 is electrically connected to

20  the photosensor reference signal line 213 and the other thereof is electrically connected
to the gate of the transistor 205. One electrode df the photodiode 204 is electrically
connected to a wiring to which a predetermined potential (e.g., a ground potential) is
applied. |
[0096]

25 For the transistor 601, an amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, an oxide semiconductor is
preferably used for the transistor 601 so that the transistor 601 has a low off-current and
a charge of the gate of the transistor 205 is prevented from being released through the

30 transistor 601 after the reset operation.

[0097]

FIG. 6B illustrates a configuration in which the transistor 205 and the transistor



5[ 0098] FIG6C illustrates a configuration in which the transistor
206 is omtted fromthe configuration in FIG 6A. Specifically, one of the
sour ce amdothet/desBn of the transistor 205 is el ectricalPcy/Jezmmesessd to t he
phot osensor reference signal |ine 213,and the other thereof is electrically
connected to the photosensor output signal |line 214. 10[ 0099] Not e
that in FIGS. 6A to 6C, one of the source and the drain of the transistor
601 may be electrically connected to a wiring different fromthe

phot osensor reference signal line 213. [0100] 15In FIG 6D, one of the

sour ce arfotane camrgcteddh at inenrter appositeco tbalini FIGFbE. 6Cpedfiedlgrbne ofilthey

connected to th ose ouI e 214 and the other thereof
o oF ect SPURF 1S inatagt hte gt 208 I R isalY gaRtesiedrohs phoo DT

In FIGS. ffput qlg@Q m@@wm Bﬁ@@? 'th%t %urgeoan‘ﬁfesdﬁﬂl eméegéﬁs'i&&()fw?st or to
20 have a lower off-current, the charge accunulated in the gate of the
transi st @lecmmllgaqmngeteiié(pthe(pdmmmbr ref@@di@]signal line 213.1n FIGS. 6A to 6D, the

t wo e%ecgéﬁgﬁs of the photodi ode 204 may be connected in a manner opposite
. to eath depending on the circuit configuration of the 25photosensor.

[0103] FiG, %Cﬁﬂh@ﬂht@?&fcoﬁﬁghr%ﬂ HPWEIER meeaaﬂs&t&pmqpbhﬁ&&i FrQHfD' nation
with the other enbodinents. [0104] 30 (Enbodi nent

enbodi neflte cenfiguraiionuineF ¥n d Avartifeaidically. rapeneft lh@dsoofceaarslethecdmuhucﬁ the devi ce

:)PCl udi ngraﬁSIE)(hP§8§ % Slé)ctrléMlly CORI?CCgeedSt% dleb SHOtOSFCIlSGOIjI’C e%en%e %{gga 1ne t3l O%al vi ew

the other thereof is electrically connected to the photosensor output signal line 214.
10  [0099]
Note that in FIGS. 6A to 6C, one of the source and the drain of the transistor
601 may be electrically connected to a wiring different from the photosensor reference
signal line 213. '
[0100]
15 In FIG. 6D, one of the source and the drain of the transistor 601 in FIG. 6C is
~ electrically connected to the photosensor output signal line 214 and the other thereof is
electrically connected to the gate of the transistor 205.
[0101]
In FIGS. 6A to 6D, when the transistor 207 uses an oxide semiconductor to
20  have a lower off-current, the charge accumulated in the gate of the transistor 205 can be
kept constant.
[0102]
In FIGS. 6A to 6D, the two electrodes of the photodiode 204 may be connected
in a manner opposite to each other depending on the circuit configuration of the
25  photosensor.
[0103]
This embodiment can be implemented in appropriate combination with the
other embodiments.
[0104]
- 30 (Embodiment 6)
In this embodiment, a structure and manufacturing method of a semiconductor

device including a photosensor will be described. FIG. 7 is a cross-sectional view of a-



25 sem conductor device. Note that the foll ow ng sem conductor device can
be applied to a display device. [0105] In FIG 7, a photodi ode 1002, a
transi st owo20038688d a transi stor 1004 are 5 provided ®¢ENP218/013858 at e
1001 having an insul ating surface. 2 phot odi ode 1002, the transistor
1003, and the transistor 1004 are cro g sectional views of the photodi ode
204, the transistor 205, and the transistor 207, respectively, in FIG 2 and
FIGS. 6A to 6D. Light 1202 emtted froman object to be detected 1201,
external light 1202 reflected by the object to be detected 1201, or |ight
1202 em ts‘em@bohdummﬁdwidensl\ldsee thht thééolibeving sengioondltoe b eics eth tayagplied apj ect to
be detecé@ﬁ}é enters the photodi ode 1002. An object to be detected may
be provi F fH&Csubstrate 1001 side. [0106] The substrate 1001
can be ary lmﬁulatlng substrate (e.g., a glass substrate or a plastic
substrate), the insulating substrate on which an insulating film(e.g., a
silicon 15 oximd&IGi 7ymeghotodsedei t@)2, rai transiktorf 1008) and £ aansdor 4004 are

a silico substrate) on which the |nsulat|ng

duct bstr at . , ]
T Be S o7 & sMelals T afind pi iDTAGRE SR he ARt etngs | BLe hon whi o
the ins U't%kl@lﬁr fl®(53mah<§ tHledﬁ@igtor [1@(34);1]6 IE-sPaRmaiede Oﬁ&g%gf—)t%fiﬁdﬁq 296 05 The

lateral -j unction PIN di ode and includes a 20 sem conduc
sem condulbg trﬂnsﬁ&td)l‘rﬁOlSO @5(1 rthfcﬂr@,rd@@raZ()ﬂe tispectivalyi mgFl6G. Rype El6isd 6et iovéDy (a

| ayer 10 haV| ivit 22 and a
Peglgn hévéﬁthfe Sﬁaﬂgt %ﬁﬁﬁﬁﬁﬁfﬂﬁﬁ2§§wxﬁéb%“q§§§f%ﬂ%“%ﬁa&od.ode
1002 may tﬁkﬁolﬁje&% (ﬂ)ltefé%cteHQQOM_ orzlfg-ﬁlﬂqmﬁbﬁitﬁ:'d ﬁdiﬁ Qﬁd Hl@ldgoﬂ"l tig déDVIN:edéIfade can
be formed by adding a p-ty urltéhand an n- npuri t

preddPer ﬁ?ﬂfé&?dr@gthsmqﬁ tq E@dgtéﬁf‘v@:é% enteys the Phﬁ’@@@ge 19@210 ObJeCt to
Singl e ClitekRbied iy BHHNUA o feJubsudle ot skfeystal silicon) with few

crysta
[0106]
The substrate 1001 can be an insulating substrate (¢.g., a glass substrate or a
plastic substrate), the insulating substrate on which an insulating film (e.g., a silicon
15  oxide film or a silicon nitride film) is formed, a semiconductor substrate (e.g., a silicon
substrate) on which the insulating film is formed, or a metal substrate (e.g., an
aluminum substrate) on which the insulating film is formed.
[0107]
The photodiode 1002 is a lateral-junction PIN diode and includes a
20 semiconductor film 1005. The semiconductor film 1005 includes a region having
p-type conductivity (a p-layer 1021), a region having i-type conductivity (i-layer 1022),
and a region having n-type conductivity (n-layer 1023). Note that the photodiode 1002
may be a PN diode.
[0108] |
25 The lateral-junction PIN or PN diode can be formed by adding a p-type
impurity and an n-type impurity to predetermined regions of the semiconductor film
1005. |
[0109]
A single crystal semiconductor (e.g., éingle crystal silicon) with few crystal
30  defects is preferably used for the photodiode 1002 so as to improve the proportion of an
electric signal generated from incident light (the quantum efficiency).

[0110]



30defects is preferably used for the photodi ode 1002 so as to i nprove the
proportion of an electric signal generated fromincident |ight (the quantum
ef fici encwp.20{10BaAB 26 The transistor 1003 is aPCogPyat/ersoss n film
transi stor and includes a sem conduct? film 1006, a gate insulating film
1007, and a gate el ectrode 1008. [011 % The transistor 1003 has a function
of converting a charge supplied fromthe 5 photodi ode 1002 into an out put
signal. Therefore, a single crystal sem conductor (e.g., single crystal
silicon) is preferably used for the sem conductor film 1006 to obtain a
transi stor w tIThhi ghnsisdi 1100y . is[ Qlid-ghe tianiine @zinsfsﬁfrmaﬂ@ inblRdes a

sem conductor film 1005 and the seniconductor 10 film 1006 with the use of
a si ngl e Sepiropdyctardiim Hifkue edfe mulating Sl d 907 and@. gayg desoded 09%gi on i s

f or med at[o gesi red depth of a single crystal sem conductor substrate
(e.g., asingle crystal silicon substrate) by ion irradiation or the |iKke.
The singl e crydhaltragsisioc 4003 dhor fandisnreft @naeding e clstnges supplied 10 tiey e

bonded to,each ot with an insul at ilmin posed t herebetween; then,
t he sgngl pho fca B ég‘rﬁ‘? E%H%Eﬁ%gnaiu Jgﬁe?'%\tir%e #5108 Le%rmt?ltsewl u‘ft%(ee&maged
regi on, \a/ﬂ@uee s@l SIRBHHABPGLRbIY bl b Ol RN Slor HIR ﬁ@@%f 1001. The
sem conductor ilmis processed’(patterned) into a desired shape By et chi ng
or the | itlssisteowithdightmebiitynri conduct or fil m 1005 and the sem conductor film
1006 are {)fglr ied. Since the. sem conductor film 1005 and the sem conduct or
film 1ooé & be fornmed in the sanme process, cost reduction can be

realized. In thnSexsBipkebf férﬁﬁng’—@qep&ﬂil&ﬂidﬁ%r mzl@ﬁdanﬁhﬁe sERRDh&icRsr 1003

can be forned on the sane surface. L0113 te that an anorphous

sem ¢8nddidnok006 avith the yes gisx angle eryisie mm@wﬂwtoamkb bydcsytgbed | i&damaged

sem cond [ 1:C u ke $9 be used for the
sem condgﬁlglﬁ 1Sf {%Pm@djhgg dgﬁgdt%g%sggmgélgﬁ%ug ng Sfemllconﬁb‘ggr S rsitr?)tgr(? Pedl ar, a
single 2mghr ysisal sﬁﬁ:ﬂhcmbshnmépbyilsn ph@iﬂﬁﬂ&bkﬂ th8 elgkel O TRBL dhgle &ridt@ANS| st or
with high npbility t he sem conductor material, it is pre erable to use

silicon §%‘H1°€Bﬁ1itfﬁﬂft %Hbsgﬁe rrogsths; ubsiaate 000 élquc,k&*? ¢k toreartuther uith an
crystall '11§Eula¥mgffilfﬁhht@@ao‘é&ﬁth@l%b?ﬁ%b%%héﬂq?H Qggﬂ;eﬂlg&%@tor Eln)estrate
' m 10 h| C

sem conduct or Sis prefe 1Y rra I'n order to
15  is split along the damaged region, whereby a semlconductor film is formed over the

substrate 1001.  The semiconductor film is processed (patterned) into a desired shape
by etching or the like, so that the semiconductor film 1005 and the semiconductor film
1006 are formed. Since the semiconductor film 1005 and the semiconductor film 1006
can be formed in the same process, cost reduction can be realized. In this manner, the
20  photodiode 1002 and the transistor 1003 can be formed on the same surface.
[0113] |
Note that an amorphous semiconductor, a microcrystal semiconductor, a
polycrystalline semiconductor, an oxide semiconductor, or the like can also be used for
the semiconductor film 1005 and the semiconducfor film 1006. In particular, a single
25 crystal semiconductor is preferably used to obtain a transistor with high mobility. As
the semiconductor material, it is preferable to use silicon semiconductor such as silicon
or silicon germanium, the crystallinity of which can be easily increased.
[0114] ‘
Here, the semiconductor film 1005 is preferably made thick in order to improve
30  the quantum efficiency of the photodiode 1002. Further, the semiconductor film 1006
is preferably made thin in order to improve the electrical properties such as the S value

of the transistor 1003. In that case, the semiconductor film 1005 is only required to be



30 the quantum efficiency of the photodi ode 1002. Further, the

sem conductor film 1006 is preferably made thin in order to inprove the

el ectri cavopnopssg48es such as the S value of the transi CONPAAQB365n t hat
case, the sem conductor film 1005 is ggly required to be 27 nade thicker
than the sem conductor film 1006. [01 A crystal sem conductor is
al so preferably used for the transistor 206 in FIG 2 and FIGS. 6A to 6D so
as to obtain a transistor with high nobility. By using the sane

5sem conductor material as the transistor 1003, the transistor 206 can be

formed i mddeehiskerghdir the eqsicasductoe filmades6st or 1003, resulting in cost
reductiog [ 116] Note that the gate insulating film 1007 is
formed ad0Hd ingle layer or stacked |layers using a silicon oxide film a

silicon nitri d% ér&/%' D seBlicddfictbt ﬁ%lsoﬁ?%fe%%i\fuéeﬁ%* %%s%’% ?b% m 95 may be

formed by pla or sputterin egme
el ect rodend(MXBSJ A fooblred a&so abtsinragransisay evitloliigh habklég | By asiag tisd sagnea net al
mat eriial such as nol ébdenu titani ugb chrom um t ant al um _tungsten,

al uni AumSCRIepLyCtoTIRg € Grangign, 49 Qinthey frangisteq 2 G M g ng
any of t hese phResBlhd mls@& moﬁr%gmfgm%a%ducmﬁ  Jate el ectrode 1008 may

be forned by sputtering or vacuum evaporati on. The phot odi ode
1002 can[PH¥¢ a stacked structure of a p-Iayer, an i -layer, and an n-l|ayer

et ead o e e lid SRRSO on B R b a5
channel - ¢iyeReshigt 4 LiGiboH Exide film, a silicon nitride film, or the like. The gate 1nsulat1ng
10  film 1007 may be formed by plasma CVD or sputtering.
[0117]

Note that the gate electrode 1008 is formed as a single layer or stacked layers
using a metal material such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium, or an alloy material including any of these

15  materials as a main component. The gate electrode 1008 may be formed by sputtering
Or vacuum evaporation.
- [0118]

The photodiode 1002 can have a stacked structure of a p-layer, an i-layer, and

an n-layer instead of the lateral-junction structure. The transistor 1003 can be a
20  bottom-gate transistor, and can have a channel-stop structure or a channel-etched

structure.

[0119]

Note that as illustrated in FIG. 9, a light-blocking film 1301 may be provided

under the photodiode 1002, so that light other than light to be detected can be blocked.
25 A light-blocking film may be provided over the photodiode 1002. In that case, a
light-blocking film can be provided, for example, over a substrate 1302 opposite to the
substrate .1 001 provided with the photodiode 1002.
[0120]
The case of driving with the field sequential method shown in Embodiment 4
30  will be described.  As illustrated in FIG. 12, light 1102 of a certain color (e.g., red (R),
green (G), or blue (B)) is sequentially emitted from a light 1101 (a backlight or a
flashlight). The light 1102 is emitted to the object to be detected 1201 and reflected by



[0119] Note that as illustrated in FIG9, a light-blocking film 1301
may be provi ded under the photodi ode 1002, so that |ight other than |ight
to be detwotzed/ises¥sbe bl ocked. 25 A |ight-bl ocking fil mpeayPiao/priesd ded
over the photodi ode 1002. In that cas? a light-blocking filmcan be

provi ded, for exanple, over a substra % 1302 opposite to the substrate 1001
provided with the photodi ode 1002. [0120] The case of driving with the
field sequential nethod shown in Enbodinent 4 30 will be described. As
illustrated in FIG 12, light 1102 of a certain color (e.g., red (R, green
(G, or bhaebj¢d)d b detsead @0 i. alRefleetel tlightl] Fodameas the phbtolildde 1062 bakkd i ght or
a flashli ht The hd?ht 1102 is emtted to the object to he detected 1201
and refl & P@aenég)r Ing hg phetediods 1392, d%ieéeeeédlqlz@il acRupplation aPIIRR 1104
enters th pghntlodacdQGRe ik BophohRSEs %cdnnﬁétugf Redddf SFRRLPdhgtle 1002,

reset operation and accumu Ion operation are t he

| i ght 1106%t compteted, tshkcmumrth msemlenml]yopertﬁfmreddh adbltier phstoscospket ed,

sel ection .o ratl n.is se ally performed in all the photosensors, 5
wher eBy s 8ra(iﬁ%fd@a§%ﬁa ‘Ié [0121] Also in FIG 12, the

l'i ght-blg gkygg film1301 may be provided under the photodi ode 1002, so that
the light 1102 fromthe |light 1101 does not directly enter the photodlode
1002. 10[ 0122] Also in FIGn13, héleslnghlrcbllqs;kmg filnusit304t maly ibe Pro@ded, untbe thebj ect to

cubst r ot SasHEo 00 Ghat TR R IR FURM BT 008" auke oS SRR s ErdReor i <

t aken; i tphb®drRIdeqopRssi bl e to enploy another structure in which an object
to be detected is provided on the substrate 1001 side provided with the 15
phot 38i 0d@122002, and an image thereof is taken. In the latter case, for

exanmple, the Ij d 02 Sld and t he
i ght - bl ocki ng @Pﬂ%mﬁ%ie%nésg} ?eed)%&\gg}l B RO %‘Egp%ﬁg‘?%‘g%%@ Med0123]

I n FI G 7 ontthesdbsaasi 1S0Dsidk@Rgosie ta thositbematgdnel pmvedeﬂadrt}st}&qgﬁ[(ﬁﬁbdehl n film
20 trans e elecfrode 1010, a gate insulating film

Ighféﬁﬁnd I ncl desfa %g:
1011, a ¢ dihciee thareatip Takenaf, is plse gostikle 19 eIPloYRROKHeT siTaetireode 1014,
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t ransi st or rray eatopg e transistor.
15 photodlode 1002, and an image thereof is taken. In the latter case, for example, the

light 1101 may be provided on the substrate 1302 side and the light-blocking film 1301
may be provided over the'photodiodé 1002.
[0123] |

In FIG. 7, the transistor 1004 is a bottom-gate inverted-staggered thin film

20  transistor and includes a gate electrode 1010, a gate insulating film 1011, a
semiconductor film 1012, an electrode 1013, and an electrode 1014. An insulating
film 1015 is provided over the transistor 1004. Note that the transistor 1004 may be a
top-gate transistor.

[0124]

25 A feature of the structure is that the transistor 1004 is formed over the
photodiode 1002 and the transistor 1003 with an insulating film 1009 interposed
therebetween. When the transistor 1004 and the photodiode 1002 are formed on
different layers in this manner, the area of the photodiode 1002 can be increased to
increase the amount of light received by the photodiode 1002.

30 [0125]

Furthermore, part or the whole of the transistor 1004 is preferably formed to
overlap with either the n-layer 1023 or the p-layer 1021 of the photodiode 1002. This



[0124] 25A feature of the structure is that the transistor 1004 is forned
over the photodi ode 1002 and the transistor 1003 with an insulating film
1009 i nt ewpasuadssdser ebet ween. When the transi stor 1004 aau/JJpPiao/ptsessodi ode
1002 are fornmed on different |ayers ig this manner, the area of the
phot odi ode 1002 can be increased to ifcrease the anmount of |ight received
by the photodi ode 1002. 30[0125] 29 is because the area of the photodi ode
1002 can be increased and the overlapping area of the transistor 1004 and
the i-layer 1022 can be made as small as possible so that |ight can be

r ecei ved iebddaasecthe biea ofitisophiotodidie 1083 @awbe incRMsell atdiethe avedmpplgrarever | appi ng
area of the transistor ﬁ g g{d a PN junction enabl es efficient |ight
recept i orife BpRsiskey) 1004 and therjrlayer, 1042 ¢n by madeag Ffaﬁéﬁ%f’@ﬁ&bl@@qthaé light

accuml algn 80 ULRYEATIGRR!  Alsc!BenPlRL 8L PPalA0% Stk S{ﬂeﬁfagg e gate

of the transi st retain t e charge Ri‘Conduct or
film 1012>fﬁreetfams]atmlr310%asi aBN@miaﬂiensaahlmfﬂuemdrght ﬂ:cblam. an extrenely | ow
of f-c r?@kf 10[ 0127] It is also preferable that the transistor 601
in Fl %0 6D use an oxide seniconductor to have an extrenely | ow

of f-current. ByhdSifdiohs e Bnsisat qeﬁw%%ooaccﬁﬁltuﬁ&é ah & uft@%ﬁrgﬁ%ﬂ eStor

1004, the transistor 601 can be forned in the sane proc
transi st photbd®de 1062 @b tai ¢hgrgeninctbs tgateeafitbe |tmnSIStNotléO?¢ land rdtain thachargé. 15 t he

af orenmentd oned s MCmMUt r £l ts.athin fil msem.conductor or a bul k
e conaULeR ot sER Rt Timgl 2 wherefioly g anffae SPRiEaRRy & hove
sem conduﬁregfrexﬁélym@‘&gﬁ%dﬂ@hﬂg an oxi de sem conductor will be shown bel ow.

20[ 0129] One of the factors that increase the off-current of a
trané?st&@mW§ an inpurity such as hydrogen (e.g., hydrogen, water, or a

Pyaroxyl 9 ouPl, SONLRRRIE AR (BLARSETLEP I KRS o HIAERRNAET, e Like

m ght be a carrier oxi senlcond i ch
causes elsemicohductdir tenhawy edn | gxtriemelyoflowstofif-eurrehhat B$, ugiig Oied&saniz
sem conduct or arge .anount, of hydrogen or the |ike becones an

n-type oﬁ?@%og‘éﬁf%ghgflﬁg% . thE @m@s@itor 1004, the transistor 601 can be formed in the

same process as the transistor 1004, resulting in cost reduction. Note that for each of
15  the aforementioned semiconductor elements, a thin film semiconductor or a bulk
- semiconductor may be used.
[0128]

An example of forming the semiconductor film 1012 using an oxide

semiconductor will be shown below. ‘
20 [0129]

One of the factors that increase the off-current of a transistor is an impurity
such as hydrogen (e.g., hydrogen, water, or a hydroxyl group) contained in an oxide
semiconductor. Hydrogen or the like might be a carrier supplier (a donor) in an oxide
semiconductor, which causes electric current even in the off state. That is, an oxide

25  semiconductor containing a large amount of hydrogen or the like becomes an n-type
oxide semiconductor.
[0130]

Thus, in the manufacturing method shown below, the amount of hydrogen in an

oxide semiconductor is reduced as much as possible and the concentration of oxygen
30  which is a constituent element is increased, whereby the oxide semiconductor is highly
purified. The highly-purified oxide semiconductor is an intrinsic or substantially

intrinsic semiconductor, resulting in a reduction in off-current.



Thus, in the manufacturing nethod shown bel ow, the anobunt of hydrogen in an
oxi de sem conductor is reduced as nuch as possible and the concentration of
oxygen 380whiloises48 a constituent elenment is increased, pangrmhy013a88 oxi de
sem conductor is highly purified. The (Ei ghly-purified oxide sem conduct or
is an intrinsic or substantially i ntrPhsic sem conductor, resulting in a
reduction in off-current. 30 [0131] First, an oxide sem conduct or
filmis formed over the insulating film 1009 by sputtering. Note that,
because the transistor in FIG7 is a bottomgate transistor, the oxide

sem condygera filmis formed over the insulating film 1009 with the gate 5
el ectrode 1010 _and the gate_insulating film 1011 interposed therebetween.

In the case wh&Hg: anpéblﬂgsmecoelﬂ%@rl Glnps fosmed ayer tbmnsg iag ifikmul 00ibyg il m
1011 and te t 0

sem conduét or | I Ir\]n%l S {%ggaé&gﬁi%ltg%éls ¥ lflq?g'rsgeflg&g{et te ?%I?S?ﬁt%rgﬂfehe oxi de
sem condwgider sa‘mmmduator afilgetis ddrneedretal th]aOlrmuiad&g {3} aom ngitlzithe gared de as a
mai n conp nen sed For is possible to use a target
with ﬁ?ﬁ%%%q f@@ (ths 2afe lvw%@gaf@m%l iptgpposed; therepetwegmt Insthecase Ga:  zn
= 1:1: 0 I Atio of
T G @hefeta to'? %Jt@ﬁanﬂ’s@s?a C%{' r’rlg 615?(% ?l(l)éjnga?% ﬁsgﬁggQFlW lgal %&(‘1\’ ﬁ{ép%%é Elf&p?f{] ‘ther. a
t ar get V\/le:(hmamdnbdiwiwd&ﬂ@ﬂtlﬁtoxmewbﬁzﬁdoodddﬁorvﬁl%lsrfmhntsll ve can be used.

15[ 0133] Note that the oxide sem conductor filmmy be forned in a
rare gas [?]t%;ﬂ)l cally, argon) atnosphere, an oxygen atnosphere, or a m xed

at nosphere of AshahfeaskedIDHIRMNHEMe oRRleSenfcctRUbER IS ARkt H?gqn{@r

form ng the oxide sem conductor filmis a high- urltdy gas in

i mpudPti @§ld§m9ht3@1§n&mg>@de afvet BRIn PpapaReyl cagy B@plse orFor Zﬁam;phbc ids are

reduced to such a le t the conce t an ressed by
ppm or pBBSSSt?f)i%ﬂie a%/arget %haec%ﬂ?c&féuoéler 188&325?}2} OE' %1‘@ 113

i ntroducingza APYtties kngdaslshy egam@k&bsma&gw%thamom ngwﬁ 1@ ?h{ emoved
whil e renoving noisture remaining in a 25 treatnent cha n order to
renove mbias®ar-elrlelrar aicogpbsitidheatior efdlihmSiat Zakaiie)., Fanthenartagsewhiciacuum
punp is preferably used, For exanple, a cryopunp, an ion punp, or a

titani uminsiisies SHed B Winde 1GwEe & sa\man@%laed [ 0135] The t hi ckness
of the oml%g]sem conductor filmmy -be 2 nmto 200 nm

Note that the oxide semiconductor film may be formed in a rare gas (typically,
argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of a rare gas and
oxygen. Here, a sputtering gas used for forming the oxide semiconductor film is a
high-purity gas in which impurities such as hydrogen, water, hydroxyl groups, or

20 hydride are reduced to such a level that the concentration thereof can be expressed by
ppm or ppb.
[0134]
The oxide semiconductor film is formed by introducing a sputtering gas from
which hydrogen and moisture are removed while removing moisture remaining in a
25  treatment chamber. In order to remove moisture remaining in the treatment chamber,
an entrapment vacuum pump is preferably used. For example, a cryopump, an ion
pump, or a titanium sublimation pump is preferably used.
[0135]
The thickness of the oxide semiconductor film may be 2 nm to 200 nm
30 inclusive, preferably 5 nm to 30 nm inclusive. Then, the oxide semiconductor film is

processed (patterned) into a desired shape by etching or the like, whereby the



30i nclusive, preferably 5 nmto 30 nminclusive. Then, the oxide

sem conductor filmis processed (patterned) into a desired shape by etching
or the |iwe,20m8s8By the 31 sem conductor film 1012 i sPCOMIRBA0/07303836]

Al t hough an In-Ga-Zn-O is used for the, oxide sem conductor filmin the
above exanpl e, the foll ow ng oxide sefriconductors can al so be used:
In-Sn-Ga-2Zn-O, 5 In-Sn-Zn-O In-A-2Zn-0, Sn-Ga-Zn-O Al -&G-Zn-0

Sn-Al-Zn-0, In-Zn-O Sn-Zn-O, Al -Zn-O, Zn-My-O, Sn-My-O, In-My-0, In-0,
Sn-O Zn-O, and the like. The oxide sem conductor filmmy contain Si.

Furt her, sti&onduder fanlaiarisdegimed. fil m may be anorphous or crystalline.
Further, fhe oxide sem conductor filmmay be non-single-crystal or single
crystal . [9b3[6d137] As the oxide sem conductor film a thin film

represented by jl 5’1%'; Ok na7:(f:2 i 3 . nuber) can
al so be used. ﬁé@gg dgln%}? eZsl:l dg]r%seu%)%frd frgfpofr%grgg*d%rrsg?%?%g{}%ﬁ\@smstglfigg?‘)eed from
Ga, A, MNrampled thin.foFowingx axidk esendit@minctoss Can 4G dBdusl: [GBnaGEZMD, or Ga

d Co. 15[0138 t, first heat t t t i f d th
o8 G RO et o STt BBl 1 o
the firstyihaab vhed -’@,rﬁn-}v%:' | gff- pﬁﬂo,ognﬁﬂ"ﬁﬁl-toggﬁcgg%éﬁ(eanq"hle%%({e t han or

equal to 750 C, preferably "higher than or equa and Tower than the
strai n peémiconfudtdrefiu sty engain K] OE@@er, the oxideTkamaiugiductoe fflin siay Heat

treatment, hydrogen, water, hydroxyl groups, and.the |ike_can be renoved
from t he 8% ugemcmﬁﬁﬁ%r filuﬁ'}g%/rt hg’eséﬁ‘i“%?onﬁﬂﬂf ugtoy pfilg1 pyay  be
(dehydr ogenalngic/seRdreRipld erydtie dehydrogenation treatment through the
first heat treatnment is significantly effective because such inpurities

becoA® al@Tdr in the oxi de 25seni conductor filmand increase the

ff- f .ansj s . fj
rcatmont can 08 P Har WAt RR a dip bR Snke Oy Rt At h 5 hea

conduct i o0, and eRtnot 8 dhrikdl dmbed) Pah al3e dk ivbd. eI FITBINI deH6ls 88 6 mBRl §tt ance
heating el ement can be used for the first heat treatnment. In that case, an

30 RTA (M ¢lanpaissslectsdfeam CaapbadYini and @ichioasxemeirmd @yds Gaapiadndher nal

anneal ) app@L A I®mOhr @R akRES (1 amp rapid thernmal anneal ) apparatus can be
used. ’ ’ '

15 [0138]

Next, first heat treatment is performed on the oxide semiconductor film (the
semiconductor film 1012). The temperature of the first heat treatment is higher than or
equal to 400 °C and lower than or equal to 750 °C, preferably higher than or equal to
400 °C and lower than the strain point of the substrate.

20  [0139] _

Through the first heat treatment, hydrogen, water, hydroxyl groups, and the like
can be removed from the oxide semiconductor film (the semiconductor film 1012)
(dehydrogenation treatment). The dehydrogenation treatment through the first heat
treatment is significantly effective because éuch impurities become a donor in the oxide

25  semiconductor film and increase the off-current of the transistor.
[0140]

Note that the first heat treatment can be performed with an electric furnace.
Alternatively, heat conduction or heat radiation from a heating element such as a
resistance heating element can be used for the first heat treatment. In that case, an

30  RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid thermal anneal)

apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be used.



32 [0141] An LRTA apparatus is an apparatus for heating an object to
be processed by radiation of light (an el ectronmagnetic wave) emtted froma
| anp suchwa=on/dsed4dgen | anp, a netal halide | anp, a xen@aTAP1)/aTHEIS a
carbon arc | anp, a high-pressure sodi 5?5 | anp, or a high-pressure nercury
| anp. [0142] A GRTA apparatus i5”an apparatus for heat treatnent
using a high-tenperature gas. As the gas, an inert gas (typically, a rare
gas such as argon) or a nitrogen gas can be used. The use of the GRTA
apparatus is particularly effective because 10hi gh-tenperature heat

treat mentf0i4ija short tinme is enabled. [0143] The first heat treatnent
may be perfornmed before the patterning of the oxide sem conductor film
after the for it bRTARPPHatUS i ap rppratis for beading e At to dePramssed oyr aft er

the formati:96h05f tibg d ' [ : Lo e fi rst
t r eat ment (%@qblné%pgl? e agb %/&tgg% gg%tiﬁlegh%eg?%?lgt?\k@%fgrlﬁé i %lﬁh c?? % Eaggéﬁnect rode
1013 and larhe, aahetal hadle 1464 smoh hat lamipea edrbor arodasp,ar ighotess@srgdidmby t he

first _heat treatnent. %181441}&1 During the first heat treatnent, oxygen
def i cPenciBR %’agﬁ "PESYEHRELUBHIMP- t he oxi de semi conductor. Therefore,

after th?()f;izl]st heat treatnment, oxygen is preferably 20 introduced to the
oxi de sem conductor (treatnent for supplying oxygen) so that oxygen which
is a constituedtGBTAmpparaius ihaghppargius fok ihed. trfaGietB jusing a higlSpeepetatarl | y, as

the treatnent, for suppl.ying oxygen, the first heat treatnent is foll owed by
second hé&at t‘ﬁa@‘f’ rgéf‘rta%i lﬁerégasoé%gﬁaﬁrya? S gRBSUsh &5 a%‘?“il?’h% Biiip8rR g9can

contai ni By [iddl 0JgRe OliscOXf UeHR (FRTA exPARK® it hEarMOlMTE &fciiPe Ofecidel 09N tO
oxygen is 4 to 1), for exanple. Alternatively, plasnd treatnment may be

per f 8P nedlighntempersiiyg bent dteatmrnph sy ashosidimnistenebled.oxygen concentration in the
oxi de se ﬁ@ ductor filmcan be increased and the oxi de sem conductor film
can be hig I@ purified. The tenperature of the second heat treatnent is

hi gher than or Thetiadt Heat 2&AmEntamdy bowerfoinianbatdreetitl Pattérming b AR okide
F(r)i;g]r ablsgmgggguecgortﬁqr%? af?ér tleleq Fo%lna;[ign (2)f5 t%e ce:le%ggde! P()I\A%ran% Q}?enelggtroeclgli%ll4,t0? 30 ¢
after the formation of the insulating film 1015. However, the first heat treatment is
15  preferably performed before the formation of the electrode 1013 and the electrode 1014
so that the electrodes are not damaged by the first heat treatment.
[0144] _
During the first heat treatment, oxygen deficiencies might be generated in the
oxide semiconductor. Therefore, after the first heat treatment, oxygen is preferably
20  introduced to the oxide semiconductor (treatment for supplying oxygen) so that oxygen
which is a constituent element is highly purified.
[0145]
Specifically, as the treatment for supplying oxygen, the first heat treatment is
followed by second heat treatment in an oxygen atmosphere or an atmosphere
25  containing nitrogen or oxygen (for example, the volume ratio of nitrogen to oxygen is 4
to 1), for example. Alternatively, plasma treatment may be performed in an oxygen
atmosphere, so that the oxygen concentration in the oxide semiconductor film can be
increased and the oxide semiconductor film can be highly purified. The temperature of
the second heat treatment is higher than or equal to 200 °C and lower than or equal to .

30 400 °C, preferably higher than or equal to 250 °C and lower than or equal to 350 °C.
[0146]



33 As anot her exanple of the treatnent for supplying oxygen, an
oxide insulating film(the insulating film 1015) is formed on and in
contact wohotisesem conductor film 1012, and then thir@cChgatolo/nsassrent is
performed. Oxygen in the insulating fg%m 1015 noves to the sem conduct or
film 1012 to increase the oxygen concéntration in the oxide 5

sem conduct or, whereby the oxide sem conductor filmcan be highly purified.
The tenperature of the third heat treatment is higher than or equal to 200
C and |l ower than or equal to 400 C, preferably higher than or equal to 250
C and | ower thas awtheeeadmle oBER te2atriNait dort Supplyal gsexyigen, tdheoxédsids@hti

top-gate transistqr, the oxide sem conductor can be highly purified in such
a manner t}cl eam@'ﬁ?‘én% ﬁ%ff%ﬁ)ﬁﬁqrmeﬁnoaﬁn AR COTHAG BYithathe Sgipicandysor film

10sem co t ' irHOgeA | il ' ' i ke and
simlar Rgg% ét?{detgfﬂrrfaﬂrllt I st ggart{ng?{r%g).eg%gqeﬁ] Odyigen %l@qagedsl%ﬁgg@gi g@c#ve, t he
oxi de sem@esthuthesemidohduatarfilel Mi2ghlincrgase el exygehcacghtrdtion ih teadxidnt f or -

suppl yi ng ox n_such as the second heaj treagtnment or . the 15 third heat

treat ﬁen?’e@f%’gguct@e "H@Fﬁi’éﬁ‘g‘ﬁéﬁ‘é‘% WIP?‘E‘;‘FW@ impean ke highly pupiied. Fheat ment .
When bei i f: i de: ! ° mﬂf Lt rinsic
or subst g%{l?ééi&%é/?ﬂrwé :ﬂ{r#sdie%at %rgés%m%ﬁ%gu?ﬁma}ﬁ?gggﬁa?g%Q% ?%Ié 0 e-réﬂérnr ent of

t he transisqml td 8001°C[fafblNoigRertthad ort dygial 1025020 4d 16WethdD0Pedual & Si ngl e
| ayer or stacked Iaéers using a 20 silicon oxide film a silicon nitride
film or 3pAECH | Rte Batalsasinftbe pasd obe dep-gtie tranvster thedxideogmieonducthecan

transi st qr e . i.ng film 1009 be formed. b | as CVD or
sputteri (I’il’)a .h}%p?%@eﬂ 151{} ﬁ%ghapgn?rltbﬁgf %?gﬁymgllfq%gngo@n} ot ﬁ%‘gmo%nécf\é(gﬁﬂlef ilm
such 1as 3epiopdunitstefilii | MDi foantd 60a siii0dA9kide Filheorant ¢ike e smae hbHl0 is
formed as a single |ayer or stacked layers using a netal material such as
mol ybdendisponent Briegeimedr omi um tantal um tungsten, al umi num copper,
neodym urSFm@l] scandium or an alloy material including any of these
materials as“a main conponent. The gate el ectrode 1010 nay be fornmed by
sputtering or vacdasonibadaplonat itlm oxBB[ @h56ndudér dilsi tarcba loghlgdepdrifie a

silicon nitride fil or.the like. The gate insulati film1011 may be
f or med bgluﬁ}l%ﬁué t@gﬂrgnsqt @bamﬂg}npgd{xygen uch as the secondri?eat treatment or they

15  third heat treatment after the dehydrogenation treatment by the first heat treatment.
When being highly purified, the oxide semiconductor can be made intrinsic or
substantially intrinsic, resulting in a reduction in the off-current of the transistor 1004.
[0148]

Note that the insulating film 1009 is a single layer or stacked layers using a

20  silicon oxide film, a silicon nitride film, or the like, and is formed over the photodiode
1002 and the transistor 1003. The insulating film 1009 may be formed by plasma
CVD or sputtering. The insulating film 1009 may also be formed of a resin film such
as a polyimide film by coating.

[0149]

25 The gate electrode 1010 is formed as a single layer or stacked layers using a
metal material such as molybdenum, titanium, chromium, tantalum, tungsten, aluminum,
copper, neodymium, or scandium, or an alloy material including any of these materials
as a main component. The gate electrode 1010 may be formed by sputtering or
vacuum evaporation. |

30 [0150]

The gate insulating film 1011 is formed as a single layer or stacked layers using



[0151] The el ectrode 1013 and the el ectrode 1014, which are forned over the
gate 5 insulating film 1011 and the sem conductor film 1012, each are a

si ngl e | ayeroavosss4acked | ayers using a netal such as nolPgibderum73ess ani um
chromium tantalum tungsten, alumnu copper, or yttrium an alloy
material including any of these materials as a main conponent, or a netal
oxi de havi ng conductivity such as indium oxide. The el ectrode 1013 and the
el ectrode 1014 may be forned by sputtering or vacuum lOevaporation. Here,

it is preferable that the el ectrode 1013 be electrically connected to the
n-1ayer B02Bconf oxithe firhoi eiticod aitdidd Blrmheothghike. cOh¢ aste ihaliidgofimedoin the

gate insul ati 1007, the insulating film1009, and the gate
i nsul ati r’i’@jayf fgﬁ@?fl‘lgg’pl[‘lﬂgg] VD or sputtering. The hj ghly-purified oxide

sem condgg;g and a transistor using the sane will 15be described in detail
bel ow. 15_3]r] As an exanple of the highly-purified sem conductor,
there is an oxilte esl;@mod@ﬂﬁu&hmd thdhelsetrader 101d; whidhc et fomhéd Bvérsthk @t t han 1

x 1014 /cn8 r ss than 1 x 1012 /cnB, and nore preferably |ess
t han Hi%liaf%ﬂ?ﬂ@ @3 |ae% e e pdEerer éméo%%%@repemskqlayer or stapked

transi st gfy I [ d c r a ized in
that the ofe¥§S '(l:lf}rg% Zan?ielgig S}‘}ﬁ}g% rﬁ\/\z[r;hétﬁﬁgn%tt%g{%o? ﬁgHﬁﬂghgnzathgl? Elﬂ%%'t%é’i ng a

sen cond@bmynumoaoptieni Qrgytmum conglldyonateriainipbleding5n@ IdfSthese material¥hag a

foll ow ng _shows the result urin e off- c rrent .characterjstics of
a transi STOF WP %R/%Irﬁ%ﬁﬁl %’ﬂng% a ?COPE %W‘tyeqf‘ ra\%dnql‘dma%’“ G Theest

El enent ©leottpde 1003 Ganldhafe ElBGrdiRS C0140 N b Sf Hﬁéi?b & fitiefin nel
transi stor. [0156] 3(51In t he TIrEG a trandéll sto? W th 9 Iﬁlt Sgrbr%n\i%ggl% pm

whi cROi névarpsaiong o Herankis preferablg that the pleetrgdy 101t3rhpsq1eq@ma(llwmock¢mlstod 30
nm connggt ﬁ-Cfa}le? 1035 a(lfl tﬁl: phbt%dlode 1002 through a contact hole formed in the gate

insulating film 1007, the insulating film 1009, and the gate insulating film 1011.
[0152]
The highly-purified oxide semiconductor and a transistor using the same will
15 be described in detail below. '
[0153] ‘

A.s an example of the highly-purified semiconductor, there is an oxide
semiconductor whose carrier concentration is less than 1 x 10" /em?, preferably less
than 1 x 10" /cm®, and more preferably less than 1 x 16” /em® or less than 6.0 x 10'°

20 Jem’.
[0154]

A transistor using a highly-purified oxide semiconductor is characterized in
that the off-current is much lower than that of a transistor including a semiconductor
containing silicon, for example.

25  [0155]

The following shows the result of measuring the off-current characteristics of a
transistor with an evaluation element (also referred to as TEG: Test Element Group).
Note that the description is made here ‘o.n an n-channel transistor.

[0156]
30 In the TEG, a transistor with L/W = 3 uin/lOOOO pm, which includes 200

transistors with L/W = 3 pm/50 pm (thickness d: 30 nm) connected in parallel, is



35 provided. FIG8 illustrates the initial characteristics of the
transistor. Here, VGis in the range of -20 Vto +5 V inclusive. In order
t o measurwotba/ass48i al characteristics of the transi st oPCTURE10/073658
characteristics of changes in the sou%ge-drai n current (hereinafter,
referred to as a drain current or ID),;"i.e., VGID characteristics, were
nmeasured under the 5 conditions where the substrate tenperature was set to
roomtenperature, the voltage between the source and the drain
(hereinafter, referred to as a drain voltage or VD) was set to 10 V, and
the vol t ggevibel WwaiG. 8 fitusgaws de iahil theagaigic betei thatiker., Meateviesdidio as a
gate voltage or VG was changed from-20 V to +20 V. [0157] 10As

i 11 ustrattecrange pf @@V tone Y inglasive ordn wrden tameaswme die initiat ehavgotdristionod f.t m
has an off - . - r less at VD of 1 V and 10 V ichis
| ess thar%ﬂ%glg{ééﬁgﬁt’ tﬁgb Cfi%r)éar% Igglg)c%u%i Cglralm %?0’(5\ ?’ﬁ)sogfceéir%awg e‘H%@‘ch (a

sem conduefentd paasdretagl cuarat YZRY), i.cAIV L-enthAdb& iR raalcdsed hydef@id ent
Technol ogies Inc.). The off-current per mcroneter of the channel w dth

cor r e8porn@aditigns) whers, the substrate) tegagjerature. was\gst do trpeim tempenatuse, dhe ooftagsat i on,
the off- f . t
e of - grfRAthd Q@ 4l RE (rﬁlﬁagn Q%raﬁaﬁe?,%?egr%dctﬁ %1% %giﬁ'a}l{l %ﬂaggsésc%o D \%{% a

fl owi ng between a source an aln of’ an n-c ran

pr edet er setted 0dgtand vel tadigge betwehretheaogee afid th2Gadé (hereirfaftht, kdfedréetbioR d S
applied at roomtenperature in the case where the n-channel transistor has
a positi \gétetﬁ?ﬁé%%@]\ﬁG)Z’EaS\Fé‘P‘[‘%ér‘Wh.zONdf’ézpﬁ/at the roomtenperature is 15 C
to 25 C ip sive. A transistor including the oxide sem conductor that is
disclosed In"this specification has a current per unit channel width (W of

100 a#/[tm or |AssBustiatedfinFaG! 8/ tHe @ardistortvittod chapsisl widktd mnar 1©000 aherabl v 10
zAi.un or |ess at roomtenperature. [0159] 25Moreover, the transistor '

i ncl udi ngn&ffreugtenpeir § ¥y OoxiAdw lessiaf Yoredd oY ard HAY, Whivh isslbssshareomesual tor e

char act ery st i - Typihcahl v, in the t erature.range of -25 Ctog 150 C

i ncl usi véll,le {eh(glﬁ%?ﬂ (l@'r(l)tf?k b/é)%{ taanéeeasglﬁglregtg nge%??eséai S(f‘gu%’lngﬁﬁgr PFYREFS ???&YZ%uch as
an on- curigéleht, 4a56@ frharfufich@ed . byl iAlildne Te@mblozRBI tnchy, TaB sirvakst pgnd a
threshol d voltage, hardly change and deteriorate due to tenperature.

30[ 0160] migemstdief therphariiakmadth correspondstthild acdgpi cati on is based on Japanese
Pat ent A@@ﬂsigzati on serial no. 2010-006444 filed with Japan Patent O fice on
January , 2010, Japanese Patent 5 Application serial no. 2010-006445

filed with JapmotPahent thisfipeeifiomtiohanb@roff-diren?Qdif réRHed apaREREKBat ent
Application serial no. 2010-006449 filed with Japan Patent O fice on

January fsrrenhmeansiafairigat flowsing betwasn ¢ sercaand a deaiofwr eblanneloanststaat ed by
refer €NC&hen a predetermined gate voltage in the range of —20 V to —5 V inclusive is applied at

room temperature in the case where the n-channel transistor has a positive threshold

20  voltage V. Note that the room temperature is 15 °C to 25 °C inclusive. A transistor
including the oxide semiconductor that is disclosed in this specification has a current
per unit channel width (W) of 100 aA/um or less, preferably 1 aA/um or less, and more
preferably 10 zA/um or less at room temperature. '
[0159]

25 Moreover, the transistor including a high-purity oxide semiconductor has
favorable temperature characteristics. Typically, in the temperature range of —25 °C to
150 °C inclusive, the current-voltage characteristics of the transistor, such as an
on-current, an off-current, field-effect mobility, an S value, and a threshold voltage,
hardly change and deteriorate due to temperature.

30 [0160]

This embodiment can be implemented in appropriate combination with the



37 CLAI M5 1. A sem conductor device conprising: a first

phot osensor provi ded over a substrate conprising: a photodi ode; 5a first

transi st owp 2andses4second transi stor conpri sing an oxi de PSEIPTANATBESOr

wherein one el ectrode of the phot odi og(?e] is electrically connected to one of

a source and a drain of the second transistor, and wherein the

ot her of the source and the drain of the second transistor is

10el ectrically connected to a gate of the first transistor. 2. The

sem conduct or device according to claim11, wherein the photodi ode and the

first tr arisrsibodiafedtst or med over the same surface, 15wherein the second

transistor is forned over the photodiode and the first transistor with an

insulating filminterposed therebetween, and wherein the second transistor

overlaps with g i.nd a I : .3, Th

sem conduct or gg@i (% 8%‘3“%8%?%36%5%‘?(:?% ?na%fﬁésf\éurp £ }?8} ‘é‘%cra flglgn%er%??t AP r d
2010-006444 filed with Japan Patent Office on January 15, 2010, Japanese Patent

5  Application serial no. 2010-006445 filed with Japan Patent Office on January 15, 2010,
and Japanese Patent Application serial no. 2010-006449 filed with Japan Patent Office

on January 15, 2010, the entire contents of which are hereby incorporated by reference.



20t r ansi st or, wherein one of a source and a drain of the third
transistor is electrically connected to one of a source and a drain of the

first traweieticnses4and wherein the other of the seoraemawd7sssse drain
of the third transistor is electrical E;é connected to the gate of the first
transistor. 25 4. The sem conductor device according to claim1,

further conprising a second photo sensor, wherein the first

phot osensor and the second photosensor are configured to performreset
operation sinultaneously, accunul ati on operation sinultaneously, and

30sel ection operation in sequence. CB&IMSI ection operation is |onger than a
time for the accunul ati on operation. _ . 6. The sem conductor device
according to cllafssmicondictosslevise sYPPESiAG a | i ght source of a certain col or,

5wherein the fgqﬁg QQ& & 8hd%@8v&ﬂﬁmﬁﬁﬁ9 QHH fgsensor are configured to
ormthe re or e

si mul t aneousl y per set operation ertain color,

si mul t aneousl y per f o phdtbdiodscunul ati on operation for the certain color
and sequentially perfqormthe selection operation. 107. The sem conduct or
devi c® according to BHEHABSISPLARGer conpri sing: a light source of a

plurality of colors jaclhHeiR%idd: d i i dxSd iYndgld, @ second color; a
third photosensor; and a fgur€ﬁ$%ﬁ§?%sé sor, fgﬁﬁgréyn the first
phot osensor andhties sec elkdr@lotfabe photodaide is eletirigallye dorinected to one of a
source and a drain of the second transistor, and
wherein the other of the source and the drain of the second transistor is

10  electrically connected to a gate of the first transistor.

2. The semiconductor device according to claim 1,
wherein the photodiode and the first transistor are formed over the same
surface,
15 wherein the second transistor is formed over the photodiode and the first
transistor with an insulating film interposed therebetween, and

wherein the second transistor overlaps with the photodiode at least partly.

3. The semiconductor device according to claim 1, further comprising a third
20  transistor,
wherein one of a source and a drain of the third transistor is electrically
connected to one of a source and a drain of the first transistor, and
wherein the other of the source and the drain of the third transistor is
electrically connected to the gate of the first transistor.
25
4. The semiconductor device according to claim 1, further comprising a second
photosensor,
wherein the first photosensor and the second photosensor are configured to
perform reset operation simultaneously, accumulation operation simultaneously, and

30  selection operation in sequence.

5. The semiconductor device according to claim 4, wherein a total time for the



performthe accunul ati on operation sinultaneously, when the |ight source of
the first color is used, and wherein the third photosensor and the
fourth phwoasamsesssare configured to perform accumnul ati eaTapzNeD3658

si mul t aneously, when the |ight source,9f the second 20col or is used.

8. The sem conductor device according™to claim1, further conprising a
second phot osensor, wherein the first photosensor and the second
phot osensor are configured to 25 perform accunul ati on operation and

sel ection operation a plurality of tinmes repeatedly, after reset operation,
i n a per iseldcti@neperaibnfiolfongerehammgmedor the accumulatidh. opEhgiogenm conduct or devi ce
according to claim@8, wherein a total tine for the selection operation is

| onger than a tinme fromthe starting of the accunul ati on operation 30 to an

end of the aCC‘é”‘Tb@EéxﬁPof?@E‘fcﬁtde‘ef&e accordglg J%Q’laﬁ% @%E@Mr%ﬁnfﬁﬁ%@tte

conprising: 39 a display elenent provi over & substrate;

photosensomcppﬁacdﬁﬂnoMer the substrate conprising: a photodiode; a first

transistor; and_ 5a.second transi stor % q?r|5|ngw§n oxi de seni conduct or,
Bhdh

wherePn one el SR EGHTS PEORESEHA secapd PhPIosENsPy Ao FMEIRUEY 0 one of
a sour ce safidtMeSish ﬂerﬂ:;rmtthg re%@@(ﬂi%%tfoh@%@ tO&%ain 806, 51mu1tan|eéé\’i(;§t r?écalr{nhe ot her

of the source and t drain of the second transistor is e

connect edha accamylation operatien forrte certaamsolet, and sdquentially perfiotm thi Gelectlon

sem conduct or. device according to claim 10, wherein the photodi ode and the
first trgﬁgﬁé?%r are fornmed over the sane

10 7. The semiconductor device according to claim 4, further comprising:

a light source of a plurality of colors including at least a first color and a
second color;

a third photosensor; and

a fourth photosensor,

15 wherein the first photosensor and the second photosensor are configured to
perform the accumulation operation simultaneously, when the light source of the first
color is used, and | '

wherein the third photosensor and the fourth photosensor are configured to
perform accumulation operation simultaneously, when the light source of the second-

20  color is used.

8. The semiconductor device according to claim 1, further comprising a second

photosensor,
wherein the first photosensor and the second photosensor are configured to
25  perform accumulation operation and selection operation a plurality of times repeatedly,

after reset operation, in a period required for one imaging.
9. The semiconductor device according to claim 8, wherein a total time for the
selection operation is longer than a time from the starting of the accumulation operation

30  to an end of the accumulation operation.

10. A semiconductor device comprising:



surf ace, wherein the second transistor is forned over the
phot odi ode and the first 15transistor with an insulating filminterposed

t her ebet vweonp11znsa48her ei n t he second transi stor over| apPCRiJIPI10/H13658

phot odi ode at | east partly. 12, The sem conductor device according
to claim10, further conprising a thi?% transi stor, 20wherein one of a
source and a drain of the third transistor is electrically connected to one
of a source and a drain of the first transistor, and wherein the

ot her of the source and the drain of the third transistor is electrically

connected to theligalyel@hert peovidddsdvet 4 autssiratepr . 2513. The sem conduct or

devi ce according to claim10, further conprising a second photosensor,
wherei n the fi rdistpheiosensaspiovided overdhe subshate sRBPESBESOr are configured to
perform reset operatggﬁmghﬂﬂgtaneously, accurul ati on operation

si mul t aneously, and selection operation in sequence. 30 40 - 15. The
sem conduct or devi cea fiest oradsistgr;tagd cl ai m 13, further conprising a |ight
source of a certain color, wherein the first photosensor and the second
phot o8ensor are conf f §tFOBd teBsIstar CamRsisi QSCHEsYERIOE. he reset operation

for the certal iERiPbne SelHdANCRY T BRI Af NLhRaRF SHILR BMoQRETAL | On

for the certain color, sequentially performt I'on operation
16. The sewice amtiaidtaoy ofttbe sependtransigdmgnd o cl ai m 13, further conprising: 10a
lal ght source Ofwh%re?rll Ltjlrlealoltl;[e}/ o(%f thg Oslo%;c% ellnrgic lth%dhrr;i n %tf tllg asggon Irgrgs%ttorc ?sl or and
electrically connected to a gate of the first transistor.
10
11. The semiconductor device according to claim 10,
wherein the photodiode and the first transistor are formed over the same
surface,
wherein the second transistor is formed over the photodiode and the first
15 transistor with an insulating film interposed therebetween, and

wherein the second transistor overlaps with the photodiode at least partly.

12. The semiconductor device according to claim 10, further comprising a third
transistor,
20 wherein one of a source and a drain of the third transistor is electrically
connected to one of a source and a drain of the first transistor, and
wherein the other of the source and the drain of the third transistor is

electrically connected to the gate of the first transistor.

25 13. The semiconductor device according to claim 10, further comprising a
second photosensor, |
wherein the first photosensor and the second photosensor are conﬁgured to
perform reset operation simultaneously, accumulation operation simultaneously, and
selection operation in sequence.
30
14. The semiconductor device according to claim 13, wherein a total time for

the selection operation is longer than a time for the accumulation operation.



second color; a third photosensor; and a fourth photosensor,

wherein the first photosensor and the second photosensor are configured to
15 perf orwotzha/@es#@mul ati on operation sinul taneously, wremJrtaohidgt source
of the first color is used, and 4 wherein the third photosensor and
the fourth photosensor are configured %o perform accunmul ati on operation

si mul t aneousl y, when the |ight source of the second color is used. 20

17. The sem conductor device according to claim 10, further conprising a
second phot osensor, wherein the first photosensor and the second
phot osensor are configured to perform accunul ati on operation and sel ection
operation a plurality of times repeatedly, 25after reset operation, in a
period requireddfHe SABCAdEgPRdevice accordinpgo cia IS frtshermepdsinglalighte
accordingo&gegtgkg} colpperein a total tinme for the selection operation is
|l onger than a tine fromthe starting of the accunul ation operation to an
end of the accwimteat ilenfispehatosanor 38d thelsecond phofdlensér Bt bsadighesd & i vi ng a

seniconductqr device, t he, sem conduct or ﬁevice conprising a first
phot o8 ensBRUIEAgEus!SREC E¥RY thih BRSEISARTERdIOn dercthe FertaR 8PIRY SHHRBeQIShoRREToTR f | 1 st

transi st Qe 2 @DFuBDR Bﬁ&qti&‘i 85hS EGai{ &b 9nd @ecﬁ%élhf?%%ys b ANAY SEi8&tion

conprising: 5Sperform nhg reset operation to the ot osensor and the
second plepeesemsor si nmul t aneously; and perform ng accurul ati on

operation and sel ection operation to the first photosensor and the second
photosensor a plurality of tines repeatedly in a period required for one

i magi ng. 10 16. The semiconductor device according to claim 13, further comprising:
10 a light source of a plurality of colors including at least a first color and a
second color;
a third photosensor; and
a fourth photosensor,
wherein the first photosensor and the second photosensor are configured to
15  perform the accumulation operation simultaneously, when the light source of the first
color is used, and
wherein the third photosensor and the fourth photosensor are configured to
perform accumulation operation simultaneously, when the light source of the second
color is used.
20
‘ 17. The semiconductor device according to claim 10, further comprising a
second photosensor,
wherein the first photosensor and the second photosensor are configured to
perform accumulation operation and selection operation a plurality of times repeatedly,

25 after reset operation, in a period required for one imaging.

18. The semiconductor device according to claim 17, wherein a total time for
the selection operation is longer than a time from the Starting of the accumulation
operation to an end of the accumulation operation.

30
19. The semiconductor device according to claim 10, wherein the display

element comprises a liquid crystal element.



21. The nethod for driving the sem conductor device according to claim 20,
wherein the accunul ati on operation to the first photosensor and the second
phot osenswo 2arigspssf or med si mul t aneously. 1522. The net irau/JPmnodricsd ng t he
sem conduct or device according to cIaiT120, wherein a total tinme for
the sel ection operation is |onger thafila time fromthe starting of the
accunul ati on operation to an end of the accunul ati on operati on.

23. The nmethod for driving the sem conductor device according to claim 20,
20wherei n the photodiode has a function of supplying a charge corresponding

to incident light to a gate of the first transistor, wherein the
first transistqor has a function of accunmulating the charge supplied to the
gate, and 20. A methgg dprodriving e scapepndueion dsyise.dhe [samicandunten deyiceof

L YIRS ASRESHRRLAL Skl R 0, B0 RS AY L IRACT,
wher ei n tfing tfansistor, tand aSesindtrahsistoahdwing i oxide Sengiotrwdictor,t@niphiginge cunul at ed
char gg into anpgr%r%yl}lg ?eisgtnc?ple'ration to the first photosensor and the second photosensor
simultaneously; and
performing accumulation operation and selection operation to the first
photosensor and the second photosensor a plurality of times repeatedly in a period
required for one imaging.
10
21. The method for driving the semicbnductor device according to claim 20,
wherein the accumulation operation to the first photosensor and the second

photosensor are performed simultaneously.

15 22. The method for driving the semiconductor device according to claim 20,
wherein a total time for the selection operation is longer than a time from the

starting of the accumulation operation to an end of the accumulation operation.

23. The method for driving the semiconductor device according to claim 20,
20 wherein the photodiode has a function of supplying a charge corresponding to
incident light to a gate of the first transistor,
wherein the first transistor has a function of accumulating the charge supplied
to the gate, and
wherein the second transistor has a function of retaining the charge

25  accumulated in the gate of the first transistor.

24. The method for driving the semiconductor device according to claim 23,
wherein the first transistor has a function of converting the accumulated charge
into an output signal.

30



