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1 DESCRI PTI ON ' :
PHOTOSENSCR SYSTEM AND DRI VE CONTROL METHOD THEREOF 5
Techni cal Fi sdgbirasez This invention relates to a phayPeRIRsEr System
havi ng a two-di nensi onal ly arranged phot osensor array, and a net hod
for drive-controlling the system 10 Backgr ound
Art ' | magi ng appar at uses such hs electronic stil

caneras, video caneras, etc. have cone to be very wi del y used.
These i magi ng appar at uses enpl oy a scs)l |.d- state i magi ng device,

such as a CCD (Charge Coupl ed 1P E DEv?‘cJé)If i OhNserves as a
phot oel ectric converting device for converting an i mage of a

t o- be- phot ogr aphed subj el o] | signal. As well known, the
CCD has a structure %@%g&%@%ﬁgﬁggﬁéﬁ@t recei vi ng

el ements) such as photodi odes, or thin filmtransistors 20 (TFT: Thin
Film Transistor) are arranged in a matrix, and the amount of pairs
of electrons and positive holes (the ampunt of charge) generated
corresponding to the Technical Field

This invention relates to a photosensor syétem
having a two-dimensionally arranged photosensor array,
and a method for drive-controlling the system.

‘10 Background Art

Imaging apparatuses such as electronic still
cameras, video cameras, etc. have come to be very
widely used. These imaging apparatuses employ a sclid-
state imaging device, such as a CCD {(Charge Coupled

is Device), which serves as a photoelectric converting
device for converting an image of a to-be-photographed
subject into an image signal. As well known, the CCD
has a structure in which photosensors (ligﬁt receiving
elements) such as photodiodes, or thin film transistors

20 (TFT: Thin Film Transistor) are arranged in a matrix,
and the amount of pairs of electrons and positive holes
{the amount of charge) generated corresponding to the
amount of light entering the light receiving section of
each sensor is detected by a horizontal scanning

25 circuit and a vertical scanning circuit to thereby
detect the luminance of radiation.

In a photosensor system using such a CCD, it is

usually necessary to respectively provide scanned



ampunt aof light entering the |ight receiving section of each sensor

Is detected by a horizontal scanning 25 circuit and a vertical
scanni ng cCigaiskhsslp thereby detect the | um nance eby/yBgbleddos ON.

In a photosensor systemusing such a CCD, it is usual | y necessary
to respectively provide scanned

2 phot osensors with selective transistors for causing the
scanned photosensor to assune a selected state. In pl ace of the
conbi nati on of the photosensor and the sel ective transistor, a
phot osensor (hepbphabensors 5vith sediectivg tvamsistoxfofisirecgueéng the

phot osensor") is now bei ng devel oped, whjch is fornmed of a thin
fi-lm t r &FEFELHr PRATISRPSY 5903FFBged6uﬁﬁ 20kR% SR Fet uf® and

nes Dot & phol igasl 88 (UL AR 581 ERL! Bocosenser bACLAET, 1°

FIG 16A is a s&trona S ure of such a
doubl e- gat e photse3igReP¥e lfraddistor, a phdedBbRs@At endtrahagesgor 10

conpri ses a sen conduct or thin film11l formed of anorphous silicon,
n[err]-sils con referredl tyess & 7'douthleé8gatesphotesatsnt'node sdwand a drain
a being developed, which is formed of a thin film
transistor having a so-called double-gate structure and
has both a photosensing function and a selecting
function.

10 FIG. 16A is a sectional view illustrating the
structure of such a double-gate photosensor 10. The
double-gate photosensor 10 comprises a semiconductor
thin f£ilm 11 formed of amorphous silicon, n*-silicon
layers 17 and 18, a source electrode 12 and a drain

15 electrode 13 formed on the nt-silicon layers 17 and 18,
respectively, a top gate electrode 21 formed above the
semiconductor thin film 11 with a block insulating film
14 and an upper gate insulating film 15 interposed
therebetween, a protective insuléting film 20 provided

20 on the top gate electrode 21, and a bottom gate
electrode 22 provided below the semiconductor thin film
11 with a lower gate insulating film 16 interposed
therebetween. The double-gate photosensor 10 is
provided on a transparent insulating substrate 19

25 formed of, for example, glass.

In other words, the double~gate photosensor 10

includes an upper MOS transistor constituted of the



15 el ectrode 13 fornmed on the n+-silicon layers 17 and 18,

respectively, a top gate electrode 21 fornmed above the

sem conduct e akhin film 1l with a block insulating film 14 and an
upper gate S&Q%?g%?ng film 15 interposed therebetﬁ%@ﬂ?mﬂpg?otective.
insulating film20 provided 20 on the top gate electrode 21, and a
bottom gate el ectrode 22 provi dedsbel ow t he sem conductor thin film
11 with a lower gate insulating film 16 interposed t her ebet ween.
The doubl e-gat e photosensor 10 is provi ded on a transparent

i nsul ati ng substsentiechBucbr thid EiaRd10f , tKd s etecgkeds. 12,

I n other words, the doubl e-gate photosensor 10 I ncl udes an upper
MOS transi st or ddesdredneelegtndde 13 and the top gate electrode 21,

3 senm conductor thin film 11, the source el ectrode 12, t he
drain el ect rode 38 3ndOYHE ¥Qf) tFansistersonpatiznted of theyng 5 | ower MOS

Lo ool pan, iy TSI MBI the
el ectrode 22. the draff blettilded18d v RE BOHLYA! §8Me CdI&didodrf 201G
168, t he doubl e-gate photosensor 10 is considered to include
As is indicated by the equivalent circuit of FIG. 16B,
the double-gate photosensor 10 is considered to include
two MOS transistors having a common channel region
formed of the semiconductor thin film 11, TG (a Top
10 Gate Terminal), BG {a Bottom Gate Terminal), S (a
Source Terminal) and D (a Drain Terminal).
The protective insulating film 20, the top gate
»electrode 21, the upper gate insulating film 15, the
“block insulating f£ilm 14 and the lower gate insulating
15. °film 16 are all formed of a material having a high
transmittance of visible light for activating the
semiconductor thin film 11. Light entering the sensor
from the top gate electrode 21 side passés through the
top gate electrode 21, the upper gate insulating film
20 15 and the block insulating film 14, and then enters
the semiconductor thin film 11, thereby generating and
accumulating charges (positive holes) in the channel
region.
FIG. 17 is a schematic view illustrating a
25 photosensor system formed of two-dimensionally arranged
double-gate photosensors 10. As shown in FIG. 17, the

photosensor system comprises a sensor array 100 that is



two- MOS transi stors having a conmon channel region formed of the
sem conductor thin film1l, TG (a Top 10 Gate Termnal), BG (a Bottom

Gat e Terninaﬁ%ﬁﬁﬁﬁﬁ Source Termnal) and D (a E”a5ﬁmﬁﬁh%§@§'%he

The protective |nsu?ating film20, the top gate el ectrode

upper gate insulating film15, the :block insulating film 14 and the
| ower gate insulating 15. film1l6 are a4l fornmed of a material having a
hi gh - transmttance of visible light for activating the

sem conductor thin film11l. Light entering the sensor fromthe top
gate el ectrode 2¢opstetpesdasf tshlexgh nhhmber of doubkde-gate el ectrode 21,
the upper gate insulating film 20 15 and the block insulating film 14,
and then enters Photosengogs Jddhjaggangedotnt dimAaixmofl (Nt KeMdby t8Bner at i ng

N0 OV SO APER e RSBy KRLPE PHONIEL g
phot osensor syst g £RE ”E&hﬁe-télﬂédkﬁs%wﬂ%fé’ A 1i33€ %0y direcdip) €-gate
phot osensors 10. As shown in FIG 17, the phot osensor system
conpri ses & senspbteofiayatid( iirfeat 102 that connect the bottom gate
4 terminals BG of the photosensors 10 in a row direction,
a top gate driyer 111 and a bottom gate driver 112
connected to the top gate lines 101 and the bottom gate
lines 102, respectively, data lines 103 that connect
10 - the drain terminals D of the double-gate photosensors
10 in a column direction, and an output circuit section
113 connected to the data lines 103.
In FIG. 17, ¢étg and ¢bg represent control signals
for generating a reset pulse signal ¢Ti and a readout
15 pulse signal ¢Bi, respectively, which will be described
later, and ¢pg represents a pre-charge pulse signal for
controlling the point in time at which a pre-charge
voltage Vpg is applied.
In the above-described structure, as described
20 later, the photosensing function is realized by
applying a predetermined voltage to the top gate
terminals TG ﬁrom the top gate driver 111, while
the readout function is realized by applying a
predetermined voltage to the bottom gate terminals BG
25 from the bottom gate driver 112, then sending the

output voltage of the photosensors 10 to the output

circuit section 113 via the data lines 103, and



constituted of a |arge nunber of double-gate phot osensors 10 -

arranged in a matrix of (n Xm, top gate lines 101 that connect
the top gatgg fmggnal s TG of the doubl e-gate photgsepshissezl0 in a
row direction, bottomgate |lines 102 that connect the bottom gate
term nals BG of t he photosensors 10 in a row direction, a top gate -
driver 111 and a bottom gate driver 112 5 connected to the top gate
lines 101 and the bottom gate | ines 102, respectively, data |lines
103 that connect 10 the drain termnals D of the doubl e-gate

phot osensors  outputtiggi A sexbiluMetd Vewtion, and an output circuit
section 113 ne the data.lines 103., , In FIG
17, [err]tg and [er rﬁ%‘% g‘%ﬁese 80 &hft S4pd §Pgﬁ§?§ts lllustrf‘&rmae?lerati ng a
reset pul se SI T | err]Bi,
respectively, fr+ B]éwdéejscr tg'%g%ﬂlg the ?h?&;g,e%%o ?2 ILlpg represents

a pre-charge IDUJ::%.? ﬁicﬁ'&%lufxera detectm%OBbéQ!al:l&g pdi8oR0i(Bh Lothi me at

whi ch a pre-charge voltage Vpgis applied In the
above- desgr i bedra# rpieicess ingscyelor iatedhe2f-th réwatce thieheepbot osensi ng
function is realized by applying a predeterm ned voltage to the top
gat e t eariayall90TG Fiost i Ive igh develdpulae vpltagehi(hereset t he
readout function js reali zed b appl edeterm ned voltage to

r
the bottom gat PHeEEAgralpdtes + 1 f?’onﬁ’ﬁee’b’i‘ﬁ‘ﬁldir)}: oAft 3 iY™M12, then
sending the in FIG. 18A is applied to the top gate line 101 of the

i-th row, ‘and during a reset period Tygget, @ resetting
10 operation for discharging the double-gate photosensors
10 of the i-th row is executed.
Subsequently, a bias voltage ¢Ti of a low level
“.(e.g. Vtg = -15 V) is applied to the top gate line 101
:0f the-i-th row, thereby finishing the resetting period
15 . Treset and starting a charge accumulating period Ta in
which the channel region is charged. During the charge
accumulating period Ta, charge (positive holes)
corresponding to the amount of light entering each
sensor from the top gate electrode side are accumulated
20 in the channel region.
Then, a pre-charge pulse signal ¢pg shown in
FIG. 18C and having a pre-charge voltage Vpg is applied
to the data lines 103 during the charge accumulating
period Ta, and after a pre-charge period Tprch for
25 making the drain electrodes 13 keep a charge, a bias
voltage (a readout pulse signal ¢Bi) of a high level

(e.g. Vbg = + 10 V) shown in FIG. 18B is applied to the



out put vol tage of the photosensors 10 to the out put . circuit section
113 via the data lines 103, and

5 Gy&Biddeizng a serial data Vout. FI GeT/iredi0s7038D ar e
timng charts illustrating a met hod for drive-controlling the

phot osensor system and indicating a detecting operation period (an
i-th 5 row processing cycle) at the $-th row of the sensor

array 100. First, a high |evel pulse voltage (a reset pul se si gnal
Vtg = + 15V, for exanple) [err]Ti_as_ s in FIG 18A is applied

h
to the top gate PPHELMERSr 1ihe 102 of “i%\-m_tiﬁtlhoﬂ’f”and“au‘?}}jrﬁ; tMeaset peri od
Treset, a resettipg dc%.golgf—gtgﬁgrﬁﬁéﬁ&én%ror%' ﬁ%h%Egkgg §he, dowblgoate

phot osensor s _ TOW I'S éxecuté€

Subsequently, a Pifved U 2@ th8FEdY i strtd o PWakisye! ﬁeriod Tre%,%-.g- vtg = -15
V) is applied to the top gate |line 101 _ of the i-thTOW thereby
finishing the resettimgripgy itheé réaddout Peasivid and gl athé ngharghar ge

accurul ating period Ta in whi ch the channel region is charged.
Duri ng t he5char ggccumulatedadoubine aglianpeleriegd oaserias geo (Meuieiraiteeahol es)
correspondi ng to_the ampunt _of |ight entering each

low level voltage (e.g. Vtg = -15 V) of an opposite
polarity applied to each top gate terminal TG.
Therefore, an n-type channel is formed by the voltage
Vbg at each bottom gate terminal BG, whereby the

10 voltage VD at the data iines 103 gradually reduces, in
‘accordance with the drain current, with lapse of time
after the pre-charge voltage Vpg is applied. More
specifically, the tendency of change in the voltage VD
at the data lines 103 depends upon the charge

15 accumulating period Ta and the amount of received light.
As shown in FIG. 18D, the voltage VD tends to gradually
reduce when the incident light is dark, i.e. a small
amount of light is received, and hence only a small
amount of charge is accumulated, whereas it tends to

20 suddenly reduce when the incident light is bright, i.e.
.a large amount of light is received, and hence a large
amount of charge is accumulated. From this, it is
understood that the amount of.radiation can be
calculated by detecting the voltage VD at the data

25 lines 103 a predetermined period after the start of the
readout period Tyeaq, Or by detecting a period required

until the voltage VD reaches a predetermined threshold



sensor fromthe top gate el ectrode side are accunmul ated 20 in the .
channel region Then, a pre-charge pul se signal [err]pg shown

in and having a pre-charge voltage Vpg is
n%é%%b PEERbdofSh0s

to the data I| 3 during the charge accunul ati ng period Ta, and
after a pre-charge period T[err] for 25 maki ng the drain el ectrodes 13
keep a charge, a bias vol tage (a readout pulse signal [err]Bi) of a
hi gh | evel (e.g. Vbg = + 10 V) shown in FIG 18B is applied to the

6 bottomgate line 102 of the i-th row. At this tineg, _ t he
double gate photwosktreys.s 10 of the i-th row are turned on to
thereby start a readout period Tread. ri ng the readout
period Tread, the chabge rﬁadlngaéﬁu&%ﬂﬁﬁﬁﬂfﬁ PYtﬁéqE?%ﬁﬁﬂﬂ ¥r egi on serves

;glg??f;a;gpﬁlede¥?F?§%ﬂﬁ tbﬁ ég%éég#ﬁégedgeflvg’contrﬁ%é?@?SPghogﬁozlEgpe
el o oy G Ssaasty s SOB0aR s s 11
in 5aCCOr fe Gach hnkhenda apdr £N1C Hannekt &t | @psFer@intt itiRe
points at which the driving pulses do not overlap.
Although the case of using the double-gate
photosensor has been described above, even in a
photosensor system using a photodiode or a photo-

10 transistbr as a photosensor, sequential operations of
*resetting operation — charge accumulating operation —
pre-charge operation — reading operation" are executed,
.and similar control is also executed.

_ The conventional photosensor systems as above.have

15 the following problems.

{1) In an image reading operation employed in
the above~-described conventional photosensor system
drive-control method, when using, for example, the
above-described double-gate photosensor as a

20 photosensor, a series of operations are repeated which
include application of a reset pulse signal to the top
gate terminal TG, application of a pre-charge pulse
signal to the drain terminal D and application of a
readout pulse signal to the bottom gate terminal BG.

25 In this case, each pulse signal has a short pulse wave

to be generated for a short time. For example, a high

level voltage (e.g. + 15 V) is applied for a short time



aft.er the pre-charge voltage Vpg is applied. Mre specifically, the

t endency of change in the voltage VD at the data lines 103 depends
upon the charge 15 accunul ati ng period Ta and the anount of received
|i ght. WOUIRSBhown in FI G 18D, the voltage VD tends YO JOUERTR |y
reduce when the incident light is dark, i.e. a small anount of
light is received, and hence only a small anount of charge is
accurul ated, whereas it tends to 20 suddenly reduce when the incident
light is bright, i.e. a |large amount of light is received, and

hence a |arge the 3BBUSALOft&hAga & g4 AbR e JHIONCIRRGe it TS
under st ood t hat tﬁ'ue grmggteof r%di atni on can ge ecal cul at 23 by

detecting the voldage B &) tbeapplied 2bheretd idiREnt0%he prhdet pesisoed
period after the start of the readout period Tread, or by detecting
a period requirethus, duripgtthe tdpenaditagpeyiodebehes thepreddt @pwi ned
t hreshol d : 7 vol t age.
| rage readi ng | SPERYEESARTICYTLS MR il FYGS. 18A - 18Rt i%h§ t he
above. desori bed i aEBORt 8l vd Hagi Plgna1 apprlidesloldtoiegaes ey
terminal TG is asymmetrical with respect to 0 V (GND
level). The effective voltage applied to the top gate
terminal TG is Vte shown in FIG. 18A, which is greatly
biased to the low level side (negative voltage side).
10 . Similarly, a high level voltage (e.g. + 10 V) is
applied for a short time td the bottom gate terminal BG,
and a low level voltage (GND level) is applied thereto
during the other period. Thus, the waveform of a
voltage signal applied to the bottom gate terminal TG
15 is asymmetrical with respect to 0 V (GND level). The
effective voltage applied to the bottom gate terminal
BG is Vbe shown in FIG. 18B, which is greatly biased to
the high level side (positive voltage side).
If, in a photosensor having a thin film transistor
20 structure, such a biased voltage is continuously
applied to each gate terminal in a state in which light
is applied to'the sensor, for.example, charge (positive
holes or electrons) is trapped in each gate electrode,
thereby degrading the element characteristics of the
25 photosensor and hence changing its sensitivity. As a

result, the reliability of the photosensor reduces.

(2) Further, when a photosensor system using the



5 for each line in a parallel manner at different tine poi nts
at which the driving pul ses do not overl ap. Al t hough the case

of using th&Ggﬁ%@%F gate phot osensor has been de Pgaﬁwﬁgove, even

in a sensor system using a photodi ode or a photo

transi stor as a photosensor, sequential operations of "resetting
operation charge accunul ati ng operationg pre-charge operation

r eadi ng operatlon are executed, and simlar control is also
execut ed. The conventional photosensor systens as above have

15 t he fol | avfoxemenelibaed. photosensors is(dged NANariage pEackag
operation enployed in t he above-descri bed conventional photosensor
syst em Qir insedc Gat Potk men Hawgeahed usti@psfﬁmpeexaﬁp$@bj¢¢ﬁ§r
above-descri bed doubleggateﬂg?otosensor as a phot osensor, series

of operations at®® dipve diff erFﬁEI?E%QQﬁﬁﬂsﬁeatﬁﬁﬂ Eﬁe§f r eset
pulse sional. { Gl it Whacs, nay, O Yk, ABRA T ARR! La' kOO &

pre-charge puls e dr ar i app iTation of

a 50 eadoﬂ:ﬂe:ﬁ“'e?ﬁi?tbﬂxﬂ@tktg 0 tihe oQﬁEEO% O Girlatle %”E&a@%mag?e":‘s I'n
this case each pul se signal has a short pul se wave to be generated

for a short tinef variotsaspbes of uPfects in vE&yDusvehvagenments, + 15 V) is
applied for a short tine

it is necessary to set the sensitivity of the
pﬁotosensor to a value suitable for each subject and/or
environment, and to read its image at the set

i0 sensitivity. The sensitivity of the photosensor is
determined from, for example, the amount of charge
accumulated within the charge accumulating period, i.e.

wcorresponding to the total amount of incident light
w.daring the period. Accordingly, the sensitivity can be

15 adjusted by adjusting the charge accumulating period.
This being so, even when the effective voltage applied
to each gate terminal is set at an optimal value, if
the charge accumulating period is changed ﬁo a value
appropriate for each environment, the effective voltage

20 . applied to each gate terminal will inevitably change
and deviate from the optimal value. This changes, for
example, the aforementioned sensitivity characferistic,
thereby making it difficult to secure sufficient
reliability of the image reading apparatus.

25 Disclosure of Invention

It is an object of the invention to provide a

highly reliable photosensor system having photosensors



8 . to the top gate terminal TG and a |low | evel voltage

(e.g. -15V) is applied thereto during the other period. Thus,
during the operation period (e.g. the i-th row pr o ' cle
shown in FI G&DTQAS‘-Z 18D), the 5 wavef orm of a vol tagﬁé‘zjﬂ’gﬁ% asappl i ed
to the top gate termnal TGis asymetrical with respect to 0 V
(G\D | evel ). The effective voltagegpplied to the top gate

terminal TGis Vte shown in FIG 18A, which is greatly bi ased to
the low |l evel side (negative voltage side). 10 Simlarly, a high |evel
voltage (e.g. + 10\ thSn film tr2pdld@st fsdruataler,t vhef@id eddhe bottom
gate term nal BG and a low | evel voltage (G\D |l evel) is applied

t hereto dphotupanserotibefrperfxmn shilprd fichatwdeefadatighh of its

vol tage signal applied to the bottomgate termnal TG 15 I's

asymmet ri cal wit lekemgitcchagagtoriehiss gl )henceng great changedp $&s

vol tage applied to the bqtto ate _termnal . ... BGis e shown in FIG
18B, which is gre%?’?‘?ltﬂivd’?é'dg}‘ racteristiy high Ilévgfui??j\e{”q}eﬁb& ive

vol tage sidg). . LN X n i I JLdd | m

transi stor §20 ef%?crtulgteg?g?fc_gﬂéhog %ih%se vcsﬁ%?alg%&i ggc%an%}?ndt}cl)cﬁsl y
applied to each gfe&-,9/dd B2 ehBhapdedferndbMiisChibsBAl to a positiveappl i ed

to the sensor, for exanple, charge (positive hol es or electrons) is
trapped i n each gat enedjardiveostoltage side.

.It is another object of the invention to prevent
degradation of the element characteristics of each

10 photosensor and to minimize the reduction of the
reliability of the photosensor system, even where an
appropriate reading sensitivity is set for each
photosensor in accordance with the environment of use,
and a reading operation is executed at the set

15 sensitivity.

To attain the objects, the invention provides a
photosensor system which comprises a photosensor array
having a plurality of photosensors arranged two-
dimensionally, a driver circuit and a readout circuit

20 for applying signal voltages to each photosensor, a
control circuit having a function of controlling the
voltages applied to each photosensor and adjuéting the
sensitivity of each photosensor, and a RAM storing data
related to the control of the photosensor system.

25 The invention also provides a method for drive-
controlling the photosensor system, characterized in

that a correction signal, which has an effective



t her eby degrading the el ement characteristics of the 25 phot osensor and
hence changing its sensitivity. As a result, the reliability of the

phot osensor reduces. (2) Further, when a photosensor system
using the WO0124512 g  PCT/IP00/0S703

af orenenti oned photosensors is used in various places or used to
pi ck up i mages of various types of subjec%§, the subjects may have
di fferent brightnesses and these ri ght nesses may be vari ed
dependi ng upon the states of 5 their environnments. |In order to

accurately read ydHRGQ8 that can ¥djusti OhSefHRAS vl voUPLGE! Sapph 1 | OUS
envi ronment s, it is necessary to set the sensitivity of the
phot osensor to atwalacd gate adllextirotecat heattbjpiitosrflsor during the
environment, and to read its inmage at the set 10 sensitivity. The
sensitivity of teiFRoPBSERLIN jperiod, to Qéterom edaf vehye fhatexanpl e, the
oTOUTE O CaT 00 SSEARMARILCoE) Ll TS 28t gy accypuiat) ng per o0
0, RS EhorBSSRAT 1L oGBS b B g oot
the effective voiptadfeaPPy iRArersing the polarity of a voltage signal
applied to each gate electrode of each photosensor
during the reéetting and reading operations executed
for the photosensors in an image reading period, or by
10 adjusting the timing of generation of a signal waveform.
This correction signal is applied to each gate
‘electrode.
n The method for drive-controlling the photosensor
" system is also characterized in that, even where a -
15 tentative image reading for determining an optimal
sensitivity for each photosensor in accordance with the
environment of use is executed immediately before a
regular reading operation for reading a subject image,
thereby executing the regular reading operation at the
20 determined optimal sensitivity, that correction signal
is generated on the basis of a charge accumulating
period corresponding to the set optimal reading
sensitivity, and applied to each gate electrode of each
photosensor, which can adjust, to optimal values,
25 effective voltages applied to each gate electrode of

each photosensor during the entire operation period, by

offsetting effective voltages applied thereto during



to-each gate termnal is set at an optimal value, if t he charge
accunulating period is changed to a val ue appropriate for each
envi ronment watshees f ective voltage 20 appl i ed to eackcggbgptzs M na
will inevi tabl y change and deviate fromthe optimal value. This
changes, for exanpl e, the aforenentioned sensitivity
characteristic, thereby nmaking itldifficult to secure sufficient
reliability of the inage reading apparatus. 25

Di scl osure of Invention It is an object of the invention to
provi de. a thei gentatise dplagepheoedies sarerardramtAavEREt HbEdsensor s
10 of athin filmtransistor structure, wherein each

phot osensor is PPEém?+cﬁﬁ¥ﬁﬁi%VPF¥aﬂP W LR (e TEPULRE image o epent

characterlstlcs n reat change inits sensitivity
characteristic, I\/\E ?18 ogpeg%tfg'eg‘ ‘when the 5 effective voltage of a

signal applied to eaghed@t®ntrol metBb&5tEE K reRaChtBhehOSHNSQN 1S bi ased
to a positive or negative vol tage side. It is another

obj ect of sthe | wabné} o Himspideedfitctive volidany applied ©d ¢drch ejazeent
characteristics of each
electrode of each photosensor during the resetting and
reading operations, thereby minimizing degradation of
the element characteristics of each photosensor and a
change in its sensitivity characteristic caused by the

10 @ degradation., As a result, a highly reliable

photosensor system can be provided.
Brief Description of Drawings

FIG. 1 is a block diagram showing a photosensor
system according to the invention;

15 FIGS. 2A - 2H are timing charts showing operation
timing at each row employed in a photosensor control
method according to a first embodiﬁent of the
invention;

FIGS. 3A and 3B are timing charts specifically

20 illustrating the waveforms .of voltage signals applied
to the photosensor in the first embodiment;

FIGS. 4A - 4H are timing charts showing operation
timing at each row employed in a photosensor control
method according to a second embodiment of the |

25 invention:

FIGS. 5A and 5B are timing charts specifically

illustrating the waveforms of voltage signals applied



10 phot osensor and to m nim ze the reduction of the reliability

of the photosensor system even where an appropriate readi ng
sensitivity isﬁﬁééufor each phot osensor i n accor daggaedddstust he
envi ronnent 8¢ ) and a reading operation is executed at the set
15 sensitivity. To attain the objects, the invention

provi des a phot osensor system whith conpri ses a photosensor array
having a plurality of photosensors arranged two- di rensional ly, a
driver circuit and a readout circuit 20 for applying signal .voltages
to each phot osens®rthed photosensawritr shecsecond dmbadigeatsuncti on of
controlling the vol tages applied to each photosensor and, adjusting
t he sensi ti viREBSof 68ac eihIfgien$dRdBe, chREtS SV EoPPREAEA?R

related to the control of the photosensor. syste e
i nvention al so p?HV?Hé?‘aeﬂﬁPH%ﬁ'Fﬂwﬁayﬁge}x a £%°té§%1sfglf?ﬂ§r§¥e

phot osensor systgmy (halacL8iAded i third embb@inént ¥t @bi ON signal, which
has -an effective 11

vol tage thagt can;ggldtsionan effective voltage, applied to each gate
el ectrode of each photosensor during the

FIGS. 7A and 7B are timing charts specifically
illustrating the waveforms of voltage signals applied
to-the photosensor in the third embodiment;

FIG. 8 is a graph illustrating the relationship

10 lbetween each bias voltage applied to the gate electrode

| of a transistor constituting a photosensor, the BT
treatment temperature and the threshold voltage;

FIGS. 9A - 9H are timing charts showing operation

-timing at each row employed in a photosensor control

15 method according to a fourth embodiment of the
invention;

FIGS. 10A and 10B are timing charts specifically
illustrating the waveforms of voltage signals applied
to the photosensor in the fourth embodiment;

20 FIGS. 1l1A - 11H are timing charts showing
operation timing at each row employed in a photosensor
control method according to a fifth embodiment of the
invention;

FIGS. 12A and 12B are timing charts specifically

25 illustrating the waveforms of voltage signals applied
to the photosensor in the fifth embodiment;

FIGS. 13A - 13H are timing charts showing



entire operation period, to O V, or to a val ue that m ni m zes
degradation of the characteristics of each 5 phot osensor, is
gener at ed owotolyeasthnsi s of a waveform obt ai ned by rewarwiosmg3t he
polarity of a voltage signal applied to each gate el ectrode of each
phot osensor during the resetting and readi ng operati ons executed
for the photosensors in an image reading Yferi od, or by 10 adj usting
the timng of generation of a signal waveform This correction
signal is applied to each The net hod for

gat e el ectrqde. .
drive-controlliﬁBeFﬁEQ?ﬁmﬁiiﬁgﬁsaF each r°wkﬁﬂﬁi€¥FPslﬁl%oPQﬁﬁﬁiﬁﬁﬁEFized in

hat | o e . .
that, even erSoﬂtrc}%xgﬁl&%?%?Eé%@#% a es"i@étﬂgeh%dﬂﬁéxg% B lchd on

opt i mal SEéns osensor 1 n accor ce Wwth the
environnent of Yggehdisnecuted imediately before a regul ar reading
operation for reading a subject inmage, t her eby executing the
regul ar readi ng operBRIGH N HA tand 128 are dcicwptuadddaphrams sensing vity,
that correction signal i s generated on the basis of a charge
accunul atibng  the relayianghior betyesnli g ignathappdiedptd e r eadi ng
sensitivity, and agglied to each gate el ectrode of eac

phot osensor, whPBf SePsRE ¢t theo %ﬁﬁ?rﬁﬁbQQﬁmﬁﬁ§,d“§$ng an gifagtiye
VoLt ages, 20Dl L efl Basachh AR LS oegina, oBAF APORET 0T ST 1S
applied theretoagpfid§ to it during a pre-reading operation period and

an image reading operation period;

10 FIGS. 15A - 15H are timing charts illustrating
another pre-reading operation executed in the sixth
embodiment;

FIG. 16A is a sectional view showing the structure
of a double~gate photosensor;

15 FIG. 16B is a diagram showing a circuit equivalent
to the double-gate photosensor;

FIG. 17 is a diagram showing the circuit structure
of the photosensor system in which double-gate
photosensors are arranged two-dimensional; and

20 FIGS. 18A - 18D are timing charts showing a
conventional method for controlling the double-gate
photosensor system.

Best Mode for Carrxrying Out the Invention

Methods for controlling a photosensor system

25 according to the embodiments of the invention will be
déscribed in detail with reference to the accompanying

drawings. Although in the embodiments described below,



12 the tentative i mge reading operation for setting an

optimal sensitivity and during the regular imge readi ng operati on.
These cont rhpps1pods can correct, to an opti nmal 5 vat/amp/oz10di ased
effective voltage applied to each gate el ectrode of each

phot osensor during the resetting and readi ng operations, thereby
m ni mzing degradation of the el®hent characteristics of each

phot osensor and a , change in its sensitivity characteristic caused
by the 10 ragdatjon. . As.a.result, .a highly reli e

phot osensor syg@gn?%gﬂ#?ﬁgﬁﬁﬁb€ﬁ8§8§ens°r haVLd% o’ chin friﬁ!"ﬁfi;rief Description
of Drawings  transistor dtddcthrbSi8 BLOEk diAGHRRLEBAYENY hahot OSEnsor
system according to the invention; 15 FIGS. 2A - 2H are timng
charts showi ng ioRen8ié®nis not limitEdn@odttheaabubly-gafd @A dsandor,

phot osensor control met hod according to a first enbodi nent of the
i nvention; but also applG®abla &nda3ghetrasdnserngyshemtssigygecifically 20
illustrating the waveforns. of voltage signals applied
5 another type of photosensor.
As is shown in FIG. 1, the photosensor system of
the invention comprises a photosensor array 100
"including double-gate photosensors 10, as shown in
FIG. 16a, arranged two-dimensional; a top gate driver
10 111 for applying a predetermined reset pulse signal to
the top gate terminal TG of each double-gate
photosensor 10 at a predetermined point in time; a
bottom gate driver 112 for applying a predetermined
readout pulse signal to the bottom gate terminal BG: of
15 each double-gate photosensor 10 at a predetermined
point in time; an output circuit section 113
constructed by a column switch 114 and a pre-charge
switch 115 for reading a data line voltage and applying
a pre-charge voltage to each double-gate photosensor 10,
20 respectively, a pre-charge switch 115 and an amplifier
116; an analog/digital converter (hereinafter referred
to as an "A/D converter") 117 for converting the read
data voltage as an analog signal into image data as a
digital signal; a controller 120 which is adapted to
25 control the operation of reading an image of a subject

by the photosensor array 100, to execute adjustment of

the effective voltage according to the invention, and



to the photosensor in the first enbodi nent; FIGS. 4A - 4H are
timng charts show ng operation timng at each row enployed in a

phot osensor . met hod according to a second eqﬁg%bmg o30f the
25 invenﬁﬁgﬁéﬂgn FIGS. 5A and 5B are timng charts b

specifically ) il lustrating the waveforns of voltage signals applied
13 to the photosensor in the secormtk enbodi nent; FI GS.
6A - 6H are timng charts show ng operation - timng at each row

enpl oyed in a photosensor control .met hod according to a third

enbodi nent of the&o kxchangendatial eith an external finG8iofAsentidB 20k ti m ng
charts specifically illustrating the waveforns of voltage.sh?nals
appl i ed t andhwhpebthare s §enshtinety eett i ongsapn describe

FIG 8 is a graph illustrating.t rel ati onshi 0 bet ween each bi as

vol tage applied t&teRé 5%\?@ éﬂ%@cHstELat St°r"’c§' af%’trr &ﬁ?P‘B&Sr E8*Stituting a
hot osensor, the. t t r . h hol d vol t age;

PO SA" o o ko e S0 TRILEETEE AUGPUE Uheablifg 9

5 sensitivity described later or adjustment of the
effective voltage.

The structure including the photosensor array 100,
the top gate driver 111, thé bottom gate driver 112 and
the output circuit section 113 is the same as and has

10 the same function as the conventional photosensor
system shown in FIG. 17. 1In addition to this structure,
the photosensor system of the present invention also
- comprises the A/D converter 117, the controller 120 and
the RAM 130, which enable various types of control as
15 described below.

Specifically, the controller 120 outputs control
signals ¢tg and ¢bg to the top gate driver 111 and the
bottom gate driver 112, respectively, which, in turn,
output'predetermined signal voltages (a reset pulse

29 signal ¢Ti and a readout pulse signal ¢Bi) to the top
gate terminal TG and the bottom gate terminal BT of
each double—gqte photosensor 10 of the photosensor
array 100, respectively. The controller also outputs a
control signal ¢pg to the pre-charge switch 115, which,

25 in turn, applies a pre-charge voltage Vpg to the data
lines. As a result, an image of a subject is read.

The data line voltage VD read from each double-gate



timng at each row enployed in a photosensor control 15 met hod
according to a fourth enbodi nent of the I nventi on;

FI GS. 10A Are timng charts specifically ik ing the
wavef or s 2\98 é%éége SI gnal s applied to the phot gs?lerns@? % t he -

fourth enbodi nment; FIGS. 11A - 11H are timng charts show ng
operation timng at each row enpl oyed i nia phot osensor control

nmet hod according to a fifth enbodi ment of the i nventi on;

FIGS. 12A and 12B are timng charts specifically 25 illustrating the
wavef or ns of vophagesgisytalw appd:dnaderted intpoat diegipiedt edgnsdrvia the fifth
enbodi nent ; - 13H are timng charts show ng

14 opeF&?liwpk#ﬁﬁeﬁgléﬁ %%%kFWﬁnﬁﬂ@nﬁPéyéﬂt$¥l%%7phéﬂésensor

control nethod acco ment . of i nventi on;

FI GS. 14A and 12\%1’%& cg cé‘ﬂ‘?ﬁﬁl é%l’faagtr" SFS‘ sﬁSWtﬁﬁlie% 120.  ¥8S; el ati onshi p
bet ween a S'gnaboﬁ£¥%1f§¥tf%0tgfso has(f FRALISANS Pl eRcultifgS Xt h enbodi ment

during an effective tage adj usting operation perlod and a
si gnal 5 predetermined image processing on the image data,

writing or reading image data into or from the RAM 130.
It serves as an interface for the external function
section 200 that executes predetermined processing such
as image data identification, modification, etc. The

10 controller 120 has, as described later, another
function of controlling control signals ¢tg and ébg to
be output to the top gate driver 111 and the bottom
gate driver 112 to thereby adjust, to optimal values,

-‘the effective voltages applied to the top gate terminal

15 TG and the bottom gate terminal BG of each double-gate
photosensor 10, and yet another function of setting an
optimal reading gensitivity for reading an image of a
subject in accordance with ambient illumination such as
outside light, i.e. a function of setting an optimal

20 light accumulating period Ta for each double-gate
photosensor 10.

Methods for controlling the photosensor system
constructed as above will be described with reference
to related figures including FIGS. 1 and 17 that show

25 the structure of the system.
As described below, in a photosensor system

control method according to each embodiment, each



applied to it during a pre-readi ng operation period and an i mage
readi ng operation period; 10 FIGS. 15A - 151 are timng charts
illustratir anot her pre-readi ng operation execut ' si xth
enbodi nment :Woolmsu FIG 16A i-s a sectional view shog\n&r‘{gﬂp %ﬁ%t ructure
of a doubl e-gate photosensor; 15 FIG 16B is a diagram show ng a
circuit equival ent to the doubl e-igat e phot osensor;

FIG 17 is a diagram showing the circuit structure of the

phot osensor system i n which doubl e-gate phot osensors are arranged

" two- di nensi onal gpewrakid@) is controldC®n 18w bas8B afeatd¢ontmplcharts show ng
a conventional nethod for controlling the double-gate

phot osensor systigpal (étg, ¢bg, ¢pPeftapdEuPpLiedr EyPmdhsut t he

| nventi on Ve ds for controlling a photosensor system 25
according to th‘émé%"ol&%h?g'of the invention will be descri bed in
detail with ref EEE;@ gonpanyi ng . drawi ngs. Although in the
enbodi nent s desgir;l ed %‘gﬁog\?v?eﬁg 15

5 FIGS. 2A - 2H are timing charts illustrating
operation timing at each row employed in the photo-
sensor system control method of the first embodiment of
the invention. The first embodiment is directed to a
case where the high and low levels of each of a reset

10 pulse signal applied to each top gate line 101 and a
readout pulse signal applied to each bottom gate line
102 have opposite polarities (with respect to the GND
level (0 V)) and the same absoclute value.

In the control method of this embodiment, at first,

15 reset pulse signals ¢Tl, ¢é7T2, -+ ¢Tn are sequentially
applied to the top gate lines 101, thereby sequentially
starting reset periods Trgget for respective rows and
initializing the double-gate photosensors 10 at
respective rows, as is shown in FIGS. 2A - 2C. The

20 reset pulse signals ¢Tl1l, ¢T2, '+ ¢Tn each have a
positive voltage (high level) VtgH and a negative
voltage (low level) vVtgL. The voltages VtgH and VitgL
have shapes which have opposite polarities but
symmetrical with respect to the GND level (0 V).

25 - The reset pulses ¢Tl, ¢T2, '~ ¢Tn sequentially
fall to sequentially finish the reset periods Tygget

and start respective light accumulating periods Ta,



t he doubl e-gat e photosensor having a thin film transi stor structure
I s used as a photosensor, the i nvention is not limted to the

doubl e- gat ewplptssrensor, but al so applicable to &cphedesmnsor
system usi ng 5 anot her type of photosensor. As is shown
in FIG 1, the photosensor system of the invention conprises a

phot osensor array 100 i ncl udi ng ¥oubl e- gat e phot osensors 10, as
shown in FI G 16A, arranged two-di nmensional; a top gate driver 10

111 for applying a predeterm ned reset pul se signal to the top gate
termnal TG of %é'oﬁg?ﬁgﬁ%\t‘é’”ltlve %ﬁﬁ)o%%sgﬁnﬁﬁa%ﬁd #95 edet er mi ned

Paint 1N 1) focumulargd Pl MIORRENL] YRl sb2 4LOLCARILILNG Ay

pr edet er mi ned readout se signhal to erm nal" BG

of 15 each gpilgudat 65 RSERBEE i dHe AoRLEEEGSELN Ned poi nt
in time; an output circuit section 113 constiucted by a colum

switch 114 and ghqroseabarg€l0 at eachSi¥bw Ciroll thbakr tepdjatge a data line
vol t age and appl yi ng a pre-charge voltage to each doubl e-gate
phot osens®r 10,elezgrode sidgectDurdhg, the pgrighthargomubatiotg PESigdd an
anplifier 116; an analog/digital converter (hereinafter referred

to as an ' A/D éEhvéPfePE?fQPFFQFOFiS ﬂ%e??ﬂngstﬁ%q??ﬁﬁfallY ?PPIH%?a vol t age
ont rolTer 320 teRY, E8 R 198 BrBiihrae, periot RurGp L ERMGT ¢ cadi ng
an image of a sybjreBl 26. As a result, the pre-charge voltage Vprch
is applied to each data line 103, thereby executing a
10 pre-charge operation for causing the drain electrode of
each double-gate photosensor 10 to keep a predetermined
voltage. |
After that, as shown in an image reading operaticn
period shown in FIGS. 2D - 2F, readout pulse signals
15 ¢$Bl, ¢B2, ' ¢Bn are sequentially applied to those
double-gate photasensors 10 via the bottom gate lines
102 of respective rows, at which the light accumulating
period Ta and the pre-charge period Tprch have elapsed,
thereby sequentially starting the readout periods Trgaq:
20 sequentially reading a voltage change VD, which
corresponds to charges accumulated in each double-gate
photosensorllo, from the cutput circuit section 113 via
a corresponding data line 103, and sequentially storing
the read voltage change in the RAM 130. The readout
25 pulse signals ¢Bl, ¢B2, - ¢Bn each have a positive
voltage (high level) VbgH and a negative voltage (low

level) VbgL.. The voltages VbgH and VbgL have opposite .



by .t he photosensor array 100, to execute adjustnent of the effective
vol tage according to the invention, and

16 ange data with an external function secidORerfs%s
Ai&é‘%&g ‘ﬁ%t er; and a

and which h sensitivity setting function described

RAM 130 that stores, for exanple, read I mage data, data related to

setting of a reading 5 sensitivity described |ater or adjustnent of

t he ef fective vol tage. The structure including the

phot osensor array 100, the top gate driver 111, the bottom gate

-driver 112 and polaritithebwutgpmimetiricailt vadees onithl Fespethetsatme as and

has 10 the sanme function as the conventional photosensor

syst em shown i n @§0Gleyel (@ ¥ddition to this structure, t he

phot osensor system of the Béggggg i nvent.ion al so conprises the A/ID
1

~converter 117, the cdher 8T Eﬂﬂ}atloF is eplewakerso 2swiltch®nabl e
various types Ofco‘}l%hrt%fx?grc%%j by %%sc%%wﬁgrgfé W1tage VD at

Specifically, the contro _ put’s con S|gnaI§hTerr]tg
and [err]bg to tdial 9Bneat £03Ird \¥edbbbraideliNSoriod aftehOlthansgate driver

112, respectively, which, in turn,
of the readout period Trezq, Or by detecting a period
required until the voltage VD reaches a predetermined
threshold voltage.
After the above-described series of image reading
10 operations (the reset operation — the light
accumulating operation — the pre-charge operation —
the readout operation) are executed for all rows of the
photosensor array 100, a voltage, serving as a reverse
bias with respect to the voltage applied to the top and
15 bottom gate lines 101 and 102 of each row in the image
reading operation, is applied to the top and bottom
gate lines 101 and 102 of each row.
Specifically, in the reset operation executed
during the effective voltage adjusting period shown in
20 FIGS. 2A - 2C, a voltage signal of a waveform is
generated, as a correction signal for each top gate
line 101, which has a polarity opposite to that of the
reset pulse signal ¢éT1, ¢$T2, -~ ¢Tn applied to the top
gate terminal TG of each double-gate photosensor 10,
25 i.e. a voltage signal of a waveform is generated which

is obtained by inverting, with respect to the GND level

(0 V), the waveform of a voltage signal applied to the



out put predeterm ned signal voltages (a reset pulse 20 signal [err]Ti

and a readout pulse signal [err]Bi) to the top gate termnal TG and
t he bottom m nal BT of each doubl e-gate p 10 of

t he phot ose%gt})&’i‘gﬁ array 100, respectively. The cont?@*’?@r%a 550

out puts a control signal [err]pg to the pre-charge switch 115,

whi ch, 25 in turn, applies a pre-chagge voltage Vpg to the data

lines. As a result, an inage of a subject is read. The data line
vol tage VD read from each doubl e-gate

17 phot esermare termindlomeent edacntdowblci-giatel psoigradnsam 10

the anplifier 116 and the A/D converter 117, and supplied as inage

data to the contimlther image mgading periogontThst |generaged| €L ¥RES a function
of executing 5, pr.edet ey m ned i e prqcessi ng on_the inage data,
writing or r eadi FP14adé GBPLI?C{:PB"“BHE?F%% t cﬁ&l\/l%fSB_.f}"""r the gi‘"]atgeserves
as an interface :@é’édi%@eggg%gﬁn&lm@!nﬁiggnzc show, caset! bﬂé‘r%qué hat executes

predet erm ned processin I'mage data identification,
nodi ficatign, etgignEhe applicatidiOikl ekéitdROindruiate1gestedbachd ater,

anot her function of controlling control signals [err]tg and [err]bg
to image reading period).
Similarly, in the readout operation executed
during the effective voltage adjusting period shown in
FIGS. 2D - 2F, a voltage signal of a waveform is
10 generated, as a correction signal for each bottom gate
line 102, which has a polarity opposite to that of the
readout pulse signal ¢Bl, ¢B2, - ¢Bn applied to the
-- bottom gate terminal BT of each double-gate photosensor
10, i.e. a voltage signal of a waveform is generated
15 " 'which is obtained by inverting, with respect to the GND
level (0 V), the waveform of a voltage signal applied
to the bottom gate terminal BG of each double-gate
photosensor 10 in the image reading period. The
generated voltage signal is applied immediately before
20 or after the image reading period (FIGS. 2D - 2F show
cases where the signal application is executed
immediately after the image reading period).
A more detailed description will be given of the
waveforms of the voltage signals applied to the top and
25 bottom gate terminals TG and BG of each double-gate
photosensor 10.

FIGS. 3A and 3B are timing charts illustrating in



be- output to the top gate driver 111 and the bottom gate driver 112
to thereby adjust, to optinmal val ues, :the effective voltages

appl i ed to‘g 14481 gate termnal 15 TG and the bott gpgibeeshey M nal BG
of each doubl e-gate phot osensor 10, and yet another function of

setting an optimal reading sensitivity for reading an i mage of a
subj ect in accordance with anbient illun2dation such as out si de
light, i.e. a function of setting an optiml 20 Iight accurul ati ng
period Ta for each doubl e-gate phot osensor Met hods
for controlli ngiecq?élpl"ib?o‘%'t‘%%ﬁmssy%eﬁ’he VOltag%cﬁﬂ}gF‘PérétéﬂphkeﬁhtY&/e will be

descri bed with referen | at ed es .ne¢luding FIGS. 1 and
17 that show 29 e top ﬁgds]??‘ﬁ%%rg@%& g?ﬁ’&lg?‘hg‘#{ and BE' 88" S8 ©h As descri bed
bel ow, in a ph%&qugsgﬁtéyﬁ}t‘@{gsensor 160047 O s JRIiRA 1 AeRL! di ng to each
enmbodi nent , 18

operation i s coithehghdtR8sé hes IsS sAbwaochRDPLEY waveformsSbgnal ([err]tg,

bg, pg, etc.) supplied fromt controller 120. <Fi rst
Enbodi nmen$ > voltage signals applxed to the top and bottom gate
lines of é first row, similar voltage signals are
applied to the gate lines of the other rows.
As is shown in FIG. 3A, when executing the reset

operation during the image reading operation, a reset

10 pulse signal ¢Tl1 of the positive voltage VtgH is
applied for only a very short period (for the reset
period Traget) to the top gate terminal TG of each
double-gate photosensor.via corresponding top gate line
101. During a relatively long period other than the

15 reset period, a negative voltage VtgL is applied
thereto. Thus, the effective voltage applied to each
top gate terminal TG is greatly biased to the negative
voltage side.

dn the other hand, also in the readout operation,

20 a readout pulse signal ¢Bl of the positive voltage VbgH
is applied for only a very short period (for the
readout period Treazg) to the bottom gate terminal BG of
each double-gate photosensor via a corresponding bottom
gate line 102, as is shown in FIG. 3B. During a

25 relatively long period other than the readout period, a
negative voltage Vbgl is applied thereto. Thus, the

effective voltage applied to each bottom gate terminal



5 FI GS. 2A -

2H are timng charts illustrating operation
timng at each row enpl oyed in the photo-

sensor system cont r ol

met hod of t Rgobigasie enbodi nent of fhe i nventi on. HeEIHINSTOI

enbodinent is directed to a

each of a reset

10

readout pul se signa

at first, 15
sequentially
sequentially

initializing tggo‘i%!%

. 2A -

is shown in Fl

case where the high and | ow | evel s of
pul se signal applied to each top gate line 101 and a

applied to each bottZdm gate |ine * 102 have
opposite polarities (wth respect to the G\D | evel (O V)) and the

sane absol ute val ue. . ]
BG dssgreptts dissghare the mepatiyerygheage sidperr| Tn are

| ed h . i 101, b '
When a??%#%?gtsﬁgt%? %%‘Eﬁ atsaeYPlgggﬁ (;.'%larstee}sagqe:gt $82 rous and

In the control nethod of this enbodi nent,

- 3 5 ective rows, as
7 HRNE N ehpeeRsal et eg o .

se signals [err]T1,

[err] T2, ...[errdekmifac)h dwamyed (positivePARilkkVerveldagenshi gbel evel ) VigH

and a negative

voltage (low |l evel) VtgL. The voltages VtgH and VtgL

have shape$ whi dirapped bppds toatposactidmes tivgreby changimgmwderical with

respect to the G\D | evel
[err] T2, [ er FERSL

reset periods T
periods Ta,

10

set

reset pulses [err]T1,

v (OV). 25 The
tiplbhiGhdnagteristic qf;the; ghag 9TS P¥ finish the

'#3%hding theiPReRbAL (o SRRGCY ¥E; LLONt accumul ating

To avoid this, in this embodiment, a correction

signal of a reversely biased waveform, which is

obtained by inverting the polarity of the voltage

signal applied during the image reading period with

respect to the GND level (0 V), is generated and

applied to each gate electrode immediately before the

2 image reading period or during the effective voltage

15

20

25

adjusting period immediately after the image reading

period.

In this control method for the photosensor

system, voltage signals are applied to the top or

bottom gate terminal TG or BG at a similar timing

during the image reading period and the effective

voltage adjusting period, and have the same time

integral value but opposite polarities. Accordingly,

during the entire operation period including the image

reading period and the effective voltage adjusting

period, the voltage signals applied to the top or

bottom gate terminal TG or BG are offset to thereby

eliminate the biased polarity of the effective voltage.

More specifically, suppose that, as shown in



19. wher eby charges (positive holes) are generated and

accunul ated i n each channel region in accordance with t he anount of
| ight enterin doubl e-gat e phot osensors 10 at from
their top g cgomQ%z el ectrode side. During the light accunu g}tp/l3 ng

peri od Ta, the pre-charge signal [err]pg is sequentially applied
thereby to start the pre-charge period Tpharr] as shown in FIG 2G
As a result, the pre-charge voltage Vprch is applied to each data

| ine 103, thereby executing a 10 pre-charge operation for causing the
drain el ectroderals. 3A and aa¢ghtHeudf feqddive POHDtOGENPpLikd @ockehrp a

pr edet er m ned vol t age. After that, as shown in an

i mage readi ng op:epaan@rbottom gatpewmr@i@vai andt| BG5S, irpphe Amageeadout

pul se signals 15 [err] B2, r] Bn are sequentially applied

to those re&ébb?e!?%‘dpé SHStY)E%s%}ds VPﬁlwée?H‘%:"b‘d’Eelld'm GadetN®nes

102 of respectlv £59 |ch gupul Iatl erlod Ta
and the pre-char ge pgf‘l’%d':# |gef [1gapse§ °op gtf 1:e'*’raé'b?asequent ially
starting t;e re%@?’hﬂmi’fé iRASndl 86" 1n t}?eo effecEE&lé'e»fBI@Adé’ d8adkiflga vol tage
change VD, which corresponds to charges accunulated”i n each

doubl e-gat e periofihdtedSRR206nd OVbéZ ORdsheceivr®ly. CiTre WHisseakepn 113 via
a corresponding data |ine 103, and sequentially storing

the effective voltages applied to the terminals during
both the periods have the same absolute value and
different polarities, and [Vtel] = iVte2] and !Vbel: =

10 ivbe2| are established. Accordingly, the average
voltages (average effective voltages) Vte and Vbe
applied to the top and bottom gate terminals TG and BG
during the entire operation period including the image
reading period and the effective voltage adjusting

15 period are 0 V since the effective voltages applied to
the top or bottom gate terminals TG or BG in both the
periods are offset. As a result, accumulation of
charges (positive holes or electrons) in the gate
section is pre&ented, and hence degradation of the

20 element characteristics or the sensitivity
characteristic of each photosensor can be minimized.

Further i_n the embodiment, during the image

reading operation and the effective voltage adjusting
period, voltages necessary for a signal to be applied

25 to each top gate terminal TG are a pair of positive and

negative voltages VtgH and VtgL (= -VtgH), which have

opposite polarities with respect to the GND level (0 V).



t he read vol tage change in the RAM 130. The readout 25 pul se signals

[err] B1, [err]B2, ...[err]Bn each have a positive vol tage (high
| evel ) VbgH 1B4s1£ 9at ive voltage (low | evel) Vqucr/JPJJf\ﬁ'm\ﬁOl t ages
VbgH and Vbg ave opposite 20
polarities but symmetrical values with respect to the ~ G\D level (0O
V). The anpbunt of radiation ig calculated, as in the .
conventional case, by detecting the voltage VD at the 5 data |ines
103 a predeterm ned period after the start of the readout period
Tread, or by detédmﬁhgrby;mydkniges necessaiffordausighal e el t age VD
reaches a predeterm ned t hreshol d vol t age. After the

above- descri bed &@Plégdo¥o |?ﬁfd’ebPEE‘Eﬂ‘n%PtelGemlnéﬂ3eP%tWﬁ1§ Eﬁhﬁ pEset
operation - EOREIV ARk (RBREI Ry GTCaRRr pabLted Ve 4R fvﬁséfof_the
phot osensor al’l’a%h}QQ h@vé/Q'l gtesﬁéféﬂgzl%%d@L%gvgé%cﬁ f£o the té@?i \rllmetshlol
respect to the voltage appli to the top an ottom-gate
and 102 of zach neweln(d he) . Mageordingly, W BE RSP QRrel drfptied to
the top and bottom
111 and the bottom gate driver 112 can be formed of a
driver of a two-value output. Since this type of
driver is cheap, the photosensor system using such
drivers can be made at a low cost.
10 <Second Embodiment>
A method for controlling a photosensitive system
according to a second embodiment of the invention will
-~-be described with reference to FIGS. 4A - 5B,
This embodiment differs from the first embodiment
15 -in that, in the former, the reset pulse signal and the.
readout pulse signal used in the image reading period
each have a high level voltage and a low level voltage
which are asymmetrical with. respect to the GND level
(0 V).
20 FIGS. 4A - 4H are timing charts illustrating
operation timing at each row employed in the
photosensor system control method of the second
embodiment of the invention. FIGS. 5A and 5B are
timing charts illustrating in detail the waveforms of
25 the voltage signals applied to the top and bottom gate

terminals TG and BG of each double-gate photosensor 10

in this embodiment., The same control as employed in



gate lines 101 and 102 of each row. Specifically, in the reset
oper ati on executed during the effective voltage adjusting period

shown in 20 . 2A - 2C, a voltage signal of a wav |

gener at ed, ag"oa‘lu%%?zrcfction signal for each top gate eﬁ@{/@glg&f&, whi ch -
has a polarity opposite to that of the reset pul se signal [err]Tl,
[err] T2, [err]Tn applied to the top 26 gate term nal TG of each
doubl e- gat e photosensor 10, 25 i.e. a voltage signal of a waveformis
gener at ed whi ch is obtained by inverting, with respect to the G\D
| evel ( C:xhg ,alidve-dascf bred dFirstyvehbadbneityvalllappki bd to the

21 top gate term nal TG of each doubl e-gate photosensor 10

in the i mage rea@®$RriRad 8. d9¥@ilgenerat ed vol t age signal is

applied imediately pefqre or .after the.i . .reading pgriod (FIGS.
2A - 2C show cases ré‘ef r?émtrgg‘ met}é‘f‘bn"gfq%}}p’ﬂ ERCASMCRE ¢ cﬁ’(xés}’

i medi ately afte i qh ey peadi per i geh, :

Simlarly, in th%e%%glt%ll}tseogé?a%ﬁ?%ntb ex'ech{;tgeid Bh s B?Illn]{;nt he effective
vol tage adpusti ngrgees igxd -ShoWEre Nsequentiallby GippLlida tdFtha ¥6pt ggee si gnal

of a waveformis

lines 101, thereby sequentially starting reset periods
Treset [Or respective rows, initializing the double-
gate photosenéors 10 at the respective rows, and
starting respective light accumulating periods Ta. As

10 a result, charges (positive holes) corresponding to the
amount of incident light are accumulated in each
channel region. Each of the reset pulse signals ¢Ti,
¢T2, -+ ¢Tn has a positive voltage (high level) VtgH2
and a negative voltage (low level) Vtgll (# -VtgH2),

15 which are asymmetrical with respect to the GND level
(0 V).

After that, readout pulse signals ¢Bl, ¢B2Z2,

¢Bn as shown in FIGS. 4D - 4F are sequentially applied
to those double-gate photosensors 10 via the bottom

20 gate lines 102 of respective rows, at which the light
accumulating period Ta and the pre-charge periqd Tprch
have passed, thereby sequentially starting readout
periods Tread. Sequentially reading a voltage change VD
shown in FIG. 4H, which corresponds to charges

25 accumulated in each double-gate photosensor 10, from

the output circuit section 113 via a corresponding data

line 103, and sequentially storing the read voltage



10 generated, as a correction signal for each bottom gate l'ine
102, which has a polarity opposite to that of the readout pul se
signal [erry@loirésgsr1B2, ... [err]Bn applied to the PCT/IPOUds®A gat e
term nal BT of each doubl e-gate phot osensor 10, i.e. a voltage
signal of a waveformis generated 15 whi ch i s obtained by inverting,
wWth respect to the G\D | evel (0O27), the waveform of a voltage
signal applied to the bottomgate term nal BG of each doubl e-gate

photosensor 10 in the inmage readi ng period. The - generated vol tage
signal is appli E8angfeth &the RAYeldVe The readgutgpylse SHENAkBgE Bleadi ng

iod (FIGS. 2D 2F | wh he signal. application i
Excout ed B2 A0 a5 BV 1 HORGe PeRO WP pA el fevel) | O 1S
A more detai | edvigasr4a [tk ivberdipilh lokfevel) vhgryeVELOrgR, of the

vol tage signals applied to the top an ottomgate termnals TG and
BG of each doubheyg@éerical witRheéopensao tBe cND level (0 VLGS, 3A and 3B

are timng charts illustrating in
22 5 detail tAftawmvdicorbevetdéseribeld ageies gufll Snagepeadiny
the top and bottomgate termnals TG and BG of each
operations are executed for all rows of the photosensor
array 100, correction signals, serving as reverse bias
signals with respect to voltage signals applied to the
top and bottom gate lines 101 and 102 of each row
10 during the image reading operation, are applied to the
top and bottom gate lines 101 and 102 of each row for a
.period identical to the period required for the image
.reading operation at all rows during the effective
;. voltage adjusting period immediately after the image
15 reading period. Alternatively, this signal application
may be executed immediately before the image reading
period.
More specifically, as shown in FIGS. 5A and 5B, a
correction signal, which is created by inverting the
20 polarity of a voltage signal applied to each top gate
terminal TG during the image reading period with
respect to the GND level (0 V), and which has a
positive voltage VtgHl (= ~VtgLl) as a high level
voltage and a negative voltage VtglL2 (= -VtgH2) as a
25 low voltage, is applied to each top gate terminal TG

during the effective voltage adjusting period. On the

other hand, a correction signal, which is created by



doubl e- gat e photosensor 10 in this enbodi nent. Al t hough t hese

figures show only the waveforns of 5 vol tage signals applied to the
top and bottom gate lines of a first row, simlar .gnal s
are anBI V¥ 0 the gate lines of the other rows. \4%1%%90%5%3 As is
shown in FIG 3A when executing the reset operation during the

| mge readi ng operation, a reset 10 pubge signal [err]Tl of the
positive voltage VtgH is applied for only a very short period (for
t he reset period T[err]) to the top gate term nal TG of each

doubl e- gat e phot 0s®Rs&Aingi 8hé Ops BN oEJat 0PL GRfe Jiigh@l applied M. During
arelatively long period other than the 15 reset period, a negative

voltage VtgL is appth ddttom gate ttegmdmnal BRudyringe tdfef dpegecreadinme

applied to each ) top gate termnal TG is greatIXIbiasedtpthe
negative RRFiodgwishgeespect to the GNPLle¥Re dtdhdp haRE, “BiEb in the

readout operatio 20 .. a readqut se.sign rr].Bl _of .t ositive
vol t age VbgH "has 3 gogbﬁﬂr%dv i %aﬁ%gglvé?yﬂ}ﬁé}ﬁt) p&r Foglﬁlg}eovt e
readout pergod Tr 0 e L2 ' O vp ch
doubl e- gat egphot o‘g%fngsa r 3%12 aab“g% respok }rﬁg&gg)‘tﬂ?&ol'r#q gHé%\taés Ie%ne 102,
as is shown in FlGw 3B1tYée] Nts applied tbebath Edttdro@teeteoriMNalg t han

t he readout period, a negative voltage VbgL is applied thereto.
Thus, the adfingt the ebfdcgoreappllitadet ad patingopeaindat e t er m nal
| In this control method for the photosensor system,
voltage signals are applied to the top or bottom gate
10 terminal TG oxr BG at a similar timing during the image
reading period and the effective voltage adjusting
period, and have the same time integral value but
opposite polarities. Accordingly, during the entire
operation period including the image reading period and
15 the effective voltage adjusting period, the average
voltages Vte and Vbe applied to the top and bottom gate
terminals TG and BG are 0 V, thereby preventing
accumulation of charge (positive holes or electrons) in
each gate electrode, and hence minimizing a change in
20 the sensitivity characteristic of the photosensors or
degradation of their element characteristics.

Since in this embodiment, the high level and low
level voltages of each of the reset pulse signal and
the readout pulse signal used during the image reading

25 period are asymmetrical with respect to the GND level
(0 V), voltages necessary for é signal to be applied to

each of the top and bottom gate terminals TG and BG



23 BGis greatly biased to the negative voltage side. When

a voltage signal having a waveform bi ased to one polarity side is
conti nuouslywo@dppdsi£d to a gate term nal , char ges pcp@sdolosis hol es or
el ectrons) are 5 trapped in the gate section, thereby changing the
sensitivity characteristic of the photosensors or degrading their
el ement characteristics. To28void this, in this enbodi nent, a
correction signal of a reversely biased waveform which is 10
obtai ned by inverting the polarity of the voltage signal applied

during the i nagsurdadi ke ptadsd *Rpding period ppdpehe afferkavenD | evel (O
V), is generated gate eJectrgde I mredj, atel y

nd . ,a%pl i ed%‘io each ,
before the VOrmage PRSI I BPF (ffred%?”’PnB%hfelve% & PF?ESV?)’I_’? age 15
adj usting peri Ocihwbnﬁggééiﬁé Xroﬁfttagést he d QG ¢8ftdks in tPtaﬁ?e“ od. In
rt ot 0S SV'S rag

this control method ep ehsor _ em vo & signals are
applied to the BRcA are asymmekR@itQMNWAHtE de@pBtDato KneONBClaled si M| ar
timng during the inage reading period and the effective 20

vol tage adj usti @ Méri oRccarniinigdye ¢drch efniehei hep and bottom gate
drivers 111 and 112 can be formed of a driver of a
multi-level output. This enables application of an
appropriate voltage for the sensitivity characteristic
of each photosensor, and hence enables an appropriate

10 image reading operation.
<Third Embodiment>

A method for controlling a photosensitive system

«.according to a third embodiment of the invention will
»be described with reference to FIGS. 6A - 7B.

15 This embodiment is directed to a case similar to
the second embodiment, where the reset pulse signal and
the readout pulse signal used in the image reading
period each have a high level voltage and a low level
voltage which are asymmetrical with respect to the GND

20 level (0 V).

FIGS. 6A - 6H are timing charts illustrating
operation timing at each row employed in the photo-
sensor system control method of the third embodiment of -
the invention. FIGS. 7A and 7B are timing charts

25 illustrating in detail the waveforms of the voltage
signals applied to the top and bottom gate terminals TG

and BG of each double-gate photosensor 10 in this



intégral val ue but opposite polarities. Accordingly, during the

entire operation period including the inmage readi ng period and the
ef fective ng{,ﬁ@ﬁ adj usti ng period, the voltage pwirgpaddsiaapp!ied to
"the top or 5 bottomgate termnal TG or BG are offset to thereby '
elimnate the biased polarity of the effective voltage. Mor e
specifically, suppose that, as shown in30

24 FIGS. 3A and 3B, the effective voltages applied to the

top and bottomgate termnals TG and BGin the inage . readi ng period
are Vtel and odimeapectThee |Spme;ranERal as employpdoén the \AVEges appl i ed

to the t d, bot t. te .5 ternminals TG and, BG in the effecti
Vol tage adj ustiehy <100 ShSoainngs it BE R RIS LRI HBITAY Tn 1 his
case, the &ff @abi ¥6n¥Qld Q:Qﬁ?xoﬁp%' Fﬂié LrilaimehEl NaLs during

both the periods have the sane absol ute value an | fferent

polarities, angids¥,ekkset|pind saqaal¥b@ir1, 1Pr2, VR sHameshablished.
Accordi ngly, the average vol t ages (average éffective voltages) Vte
and Vbe 5 FIGSpplered 60 ddwe segpeandabdyt applgaide tbetheneds gadeand BG
during the entire operation period including the inmge
lines 101, thereby sequentially starting reset periods
Treset fOr respective rows, initializing the double-
gate photosensors 10 at the respective rows, and
starting respective light accumulating periods Ta. As
10 a result, charges (positive holes) corresponding to the
amount of incident light are accumulated in each
channel region. Each of the reset pulse signals ¢T1l,
$T2, ** ¢Tn has a positive voltage (high level) VtgH
and a negative voltage (low level) Vtgl (# -VtgH),
15 which are asymmetrical with respect to the GND level
(0 V).
After that, readout pulse signals ¢Bl, ¢B2,
¢ Bn as shown in FIGS. 6D - 6F are sequentially applied
to those double-gate photosensors 10 via the bottom
20 gate lines 102 of respective rows, at which the light
accumulating period Ta and the pre-charge period Tprch
have passed, thereby sequentially starting readout
periods Tyreaq, Sequentially reading a voltage change VD
shown in FIG. 6H, which corresponds to charges
25 accumulated in each double-gate photosensor 10, from

the output circuit section 113 via a corresponding data

line 103, and sequentially storing the read voltage



readi ng period and the effective voltage adjusting 15 period are 0 V

since the effective voltages applied to the top or bottom gate
termnals TaynRe i n both the peri ods are offsetpcpffpogsioasul t,
accurul ati on of charges (positive holes or electrons) in the gate -
section is prevented, and hence degradation of the 20 el enent
characteristics or the sensitivity 31 characteristic of each

phot osensor can be m nim zed. : Further in the enbodi nent,

during the inmge readi ng operation and the effective voltage

adj usting chapgei bel, theoRRNg &30 ne(’!@?séiﬁyd@éﬁ Hﬂﬁagﬁélgnﬁbs béBdpplied 25

to each top gate termingl TG are a pair ositive an negative
vol t ages Vt gH arftB&a gl ?‘B ha‘ﬁ%lacl?%éﬁg"e V°ltageor586§f’t E¥harities

W th respect to %Np
25 p Yy, @a"&%g%%%lé‘sa ar>‘l?w I%V%]i)gr%g (S be - VbgH)

applied to eaCht‘RﬁUQf‘& fm&%ﬁ:ﬂbé‘ﬁ'wﬁ@ 2b8pdcPatd tHe GND level POSitive and
negati ve vol tages VbgH an gH) , whi ch have opposite

polarities w th (0egpect to the GND 5 | evel (0 V). Accordingly, each
of- the top gate driver 111 and the bottomgate driver 112 can be
formed of a After the above-described series of image reading

operations are executed for all rows of the photosensor
array 100, correctibn signals having reverse bias
voltage waveforms that offset, to thereby make them 0 v,

10 the effective voltages applied to the top and bottom
gate lines 101 and 102 of each row in the image reading
operation, are applied to the top and bottom gate lines

:.101 and 102 of each row during the effective voltage
::adjusting period immediately after the image reading

15 period. Alternatively, this signal application may be.

executed immediately before the image reading period.
Specifically, during the effective voltage

adjusting period, a correction signal is generated and
applied to each top gate terminal TG, which has the

20 same positive and negative voltages VtgH and VtgL as
the pulse signal applied thereto during the image
reading period, and hés'aﬁ effective voltage Vte2
(= -Vtel) created by adjusting the signal widths of the
positive and negative voltages VtgH and VtglL and

25 inverting, with respect to the GND level (0 V), the
polarity of an effective voltage Vtel applied thereto

during the image reading period. Further, during the



driver of a two-value output. Since this type of driver is cheap,
t he phot osensor system using such drivers can be nmade at a | ow

cost nd Enbodi nent > A net hod f ling a
photosen3|tFV%]§9 according to a second enbodpé‘iénﬁﬁﬁﬂ

i nvention w || be described wth reference to FIGS. 4A -

Thi s enbodi nent differs fromthe first empodi ment 15 in that, in the
former, the reset pulse signal and the readout pul se signal used in
t he i mage readi ng period each have a high level voltage and a | ow

level voltage effectivbi edltdde adyuweifg Giriwd,har e6pesdticn tdign&lhD | evel
(OV). 20 FIGS. 4A - 4H are timng charts illustrating

operation tim ngisatgesevhtedvarsh@ppyéddi to tdeeh bottom givoe osamsiaalsyst em
control method of the second enbodi nent of the_invention. FIGS. 5A
and 5B are BG, t'”’lhhthgh%%a‘?}’c% smﬁue?watﬂ‘fr?g and gegative heeltaseFor ns of

Cormnal's TG and Y SPAcTRtL (RLBTE. BALES JHORAdoABRL L2 HEZEt0 | 1 1
ggbodl mentg The §aTRCoRL" Bhadts L2BRLAYEFLL DA, and has an effective

voltage Vbe2 (= -Vbel) created by adjusting the signal
widths of the positive and negative voltages VbgH and
VbgL an& inverting, with respect to the GND level (0 V),
the polarity of an effective voltage Vbel applied

10 thereto during the image reading period.

More specifically, as shown in FIGS. 7A and 7B,

during the effective voltage adjusting period, a
correction signal is generated and applied to each top
gate terminal TG, which has a bositive voltage (high

15 level) VtgH and a negative voltage (low level) Vtgl,
and has an effective voltage Vte2 created by inverting,
with respect to the GND level (0 V), the polarity of an
effective voltage Vtel applied thereto during the image
reading period. Further, during the effective voltage

20 adjusting period, a correction signal is generated and
applied to each bottom gate terminal BG, which has a
positive voltage (high level) VbgH and a negative
voltage (low level) VbgL, and has an effective voltage
Vbe2 created by inverting, with respect to the GND

25 level (0 V), the polarity of an effective voltage Vbel

applied thereto during the image reading period. The

effective voltage adjusting period may be identical to



t he above-described first enbodinent will not be descri bed in
detail. In the control nmethod of this enbodi nent, at first,

reset pul se‘%’}?@?{{é [err]T1, [err] T2, [err] Tn shown in P‘i’g"f““’?ﬂ@ GS. 4A -

4C are seque y applied to the top gate i nes er eby
sequentially starting reset periods T[err] for respective rows,
initializing the doubl e- gate photpsensors 10 at the respective
rows, and starting respective light accunul ating periods Ta. As 10
a result, charges (positive holes) corresponding to the anount of
incident |ight atre aeeisll sé@iidod €aehthe image ¢Ra8NRY JRBia¥ioni-ach of the
reset pulse signals [err]T1, [err]T2, ... [err]Tn has a positive
vol t age (hi gh | ewast pevdgEiPerent fromaft, ai regatayv bevehoxipr (Hhaw ktheel ) Wt gLl
([err] -VtgH2), 15 which are asymmetrjcal wi.th respect to the G\D

| evel (@epiod. In other wopderitpit sufddgosht phi s@lsagRal s

e A
bottom 20s5 G ileines 4 p LRAPBSELNE JWS cethindi < rd hadl Baht
accunul ating period Ta and the pre-charge period T[err] have
passed, thereby dagmgnthal éffsdtdvel Rgltegeladjusting pepind edFséread,
sequentially reading a voltage change VD shown in FIG 4H, which
corresponds to die géfecpbve voldegamubpplbikd rthexehoddubing gdiee iphgeosensor
10, fron1l reading period.
In the above-described control method for the
10 photosensor system, during the entire operation period
including the image reading period and. the effective
voltage adjusting periocd, the average effective
..voltages Vte and Vbe applied to thé top and bottom gate
%terminals TG and BG are 0 V (GND level), thereby
15 preventing accumulation of charges (positive holes or
electrons) in the gate section is prevented, and
suppressing degradation of the element characteristics
or the sensitivity characteristic of each photosensor.
Further in this embodiment, during the image
20 reading operation and the effective voltage adjusting
period, voltages necessary for each signal to be
applied to the top and bottom gate lines 101 and 102
during the image reading period and the effective
voltage adjusting period are a pair of positive and
25 negative voltages, which have opposite polarities and

are asymmetrical with respect to the GND level (0 V).

Accordingly, each of the top.gate driver 111 and the



the output circuit section 113 via a correspondi ng data line 103,
and sequentially storing the read voltage

27 in the RAM 130. The readout pul se si
[err]BZ,...“&FQ??§ﬁn each have a positive voltage (high | g@%%P?WQ%m

VbgH2 and a negative voltage (low |l evel) VbgLlI that are

asymetrical with respect to the G\D levgh (O V). 5 After the
above-descri bed series of inage reading operations are executed for
all rows of the photosensor array 100, correction signals, serving
as reverse bi asbottom gat® gmavsrwii camspectotmed ot sgelrivgmabs applied to
t he top and bottomgate lines 101 and 102 of each row 10

during the i mg&vweerdlur oysERkt | OHLNCE &bdpptYRe 96 dyiger is cheppp and

bottomgate lines 101 and 102 of each row for,k a |od |dent|cal to
t he peri od reqU|ﬁ@dph?)°ﬁﬁ%§°Fn§¥ﬁfem using pugh; ?Eﬁ%ﬁﬁﬁwﬁ?%oh r ows

during the effegg cos voltage adj usting .peri od |nned|ately after the
i mge 15 rea |ng perlo Alternatively, this signal application
may be ex%puted<pga§gﬁqgghmlhgﬁgge t he i mage readi ng peri od.

More specifically, as showmn in FIGS. 5A and 5B, a
A method for controlling a photosensitive system

according to a fourth embodiment of the invention will
be described with reference to FIGS. 8 - 10B.
This embodiment is directed to a case similar to
10 the second embodiment, where the reset pulse signal and
the readout pulse signal used in the image reading .
period each have a high level voltage and a low level
voltage which are asymmetrical with respect to the GND
level (0 V). However, the fourth embodiment is
15 characterized in that a reverse bias voltage waveform
is set so as to minimize a change in the threshold
value of a transistor that comnstitutes a photosensor.
FIG. 8 shows the relationship between each bias
voltage applied to the gate electrode of a transistor
20 constituting a photosenscr, the BT treatment
temperature and the threshold voltage of the transistor.
Changes in the threshold value after the BT treatment
were measured by the CV measurement method.
In the examples shown in FIG. 8, the threshold
25 voltage greatly changes from several volts to ten and
several volts when a positive bias is applied to the

gate electrode, while it slightly changes within a



correction signal, which is created by inverting the 20 polarity of a

vol tage signal applied to each top gate termnal TG during the

I mage readinqv eriod with ~ respect to the G\D | evel éo V%, and which
has a (g‘('}&‘f‘izve voltage VtgH (= -VtgLl) as a hi gh Pel/Zou/eses

vol tage and a negative voltage VtgL2 (= -VtgH2) as a 25 | ow vol t age,
is applied to each top gate termnal TG ;g during the effective voltage
adj usting period. On the ot her hand, a correction signal, which is
created by 28 i nverting
the polarity of arajd ageseigpal wARIsi 8¢ 18ss when a R8g8t DA tiIMsggke
termnal BG during the imge reading period with respect to the G\D
l evel (0 V), and appldled theretohadiczomdihgliype winddeaghe\Veftdctive VbglLl) as a
hi gh | evel 5 vol tage and a negative voltage VbgL2 (= -VbgH2) as a

| ow vol tage, is appitase eerdied tvithenogbeceleatrods 1B V, and tHgring the
n this control nethod for

ef fective vol tage_adjusti eri od. ) o (

t he phot osensor s%Psstﬂérhve bYa anqc/)d’lhﬁaﬁﬁgﬁb‘f%l%‘aér 8r8ppPPLLed Forntheop or

bottom gates 10 _ ' TG or . i gldar . tim [ t he i mage

r eadi ng per?od ansd—t hy%??!éétﬁ\l/é; s\?glgﬁg%‘é&a%jéﬂsatr%ﬁgg&%ggc% t@g
double-gate photosensor may change or its element

characteristics may degrade since, as described above,
the threshold voltage more greatly changes when the
positive bias is applied, than when the negative bias

10 is applied. Therefore, to reduce a change in the
threshold voltage, it is preferable that the effective
voltage applied to the gate electrode is biased to the

“negative voltage side. As aforementioned, in this
“embodiment, the effective voltage applied to the gate

15 electrode is set at a value, other than 0 V, which
minimizes a change in the threshold voltage. A reverse
bias voltage signal created for this end is applied to
each gate terminal immediately before or after the
image reading period.

20 In the case of FIG. 8, the threshold voltage more
greatly changes when the positive bias is applied, than
when the negative bias is applied. However, this is
just an example, and there is an opposite case where
the threshold voltage more greatly changes when the

25 negative bias is applied to the gate electrode. This
difference depends upon the element structure, the used

material, etc.



peffbd, and have the same tine integral val ue but opposite

polarities. Accordingly, during the entire operation period

i ncluding the inmage reading period and 15 the effecti e

adj usting pEPIYY lg‘lthe aver age vol tages Vte and VB éegﬁﬁ ‘%g to the
top and botton1gate termnals TG and BG are 0 V, thereby preventing
accunul ati on of charge (positive holes oggel ectrons) in each gate
el ectrode, and hence mnimzing a change in 20 the sensitivity
characteristic of the photosensors or degradation of their el ement
characteristics. FIGS. 9A - i e ivimiRgSckabosdi imnstrabeéntii gh | evel and
| ow | evel voltages of each of the reset pulse signal and

t he readout pulemﬁnaugnaltuménb(hn'hﬁghtMQWiﬁkaprﬂmmmnghGZS period-are
asymmetrical with respect to the G\D | eve vol t ages

necessary for aPIS‘?E?r?&F‘SPB BES LRI 1S5P8F TP Rethod °fea¥€‘l? GPuFﬁ’é top and bottom

ls T 29
gﬁ? ?nge[ kr?en?mig %eﬁlj PErEIR VEOEAR e 1 BEGT v 02 and 10B 359,40 adj usti ng
period arg ! vo PhRdy }éﬁa¥9étfﬂ‘?fsﬁ%%@ﬁngrm deddi NGQALLYE AR S, 1 e

four voltages in e asynnetrlc respect to the
G\D | evel the voltage signals applied to the top and bottom gate

terminals TG and BG of each double-gate photosensor in
this embodiment. Like the second embodiment, the
fourth embodiment is also directed to a case where the
10 reset pulse signal and the readout pulse signal used in
the image reading period each have a high level voltage
and a low level voltage which are asymmetrical with
respect to the GND level (0 V). The same control as
employed in the. above-described embodiments will not be
15 described in detail.
In the control method of this embodiment, at first,
reset pulse signals ¢T1, ¢$T2, - ¢ Tn shown in
FIGS. 9A - 9C are sequentially applied to the top gate
lines 101, thereby sequentially starting reset periods
20 Tresetr initializing the double-gate photosensors 10 at
respective rows, and starting respective light
accumulating pgriods Ta. As a result, charge (positive
holes) corresponding to the amount of incident light is
accumulated in each channel region. Each of the reset
25 pulse signals ¢Tl1, ¢T2, - ¢Tn has a positive voltage
| (high level) VtgH2 and a negative voltage (low level)

VtgLl (# -VtgH2), which are asymmetrical with respect



5 (0 V). Accordingly, each of the top and bottom gate
111 and 112 can be fornmed of a driver of a multi-level outp

enabl es appH g)%isqp of an

characteris
appropriate

A nethod for controlling a photosensitivgsystem
enbodi nent of the invention wll

6A - 7B.

15

10

appropriate vol tage forpdhgonRns
of each photosensor, and hence enabl es an

| mage readi ng operation.

be described with reference
This enbodi nent is directed to a case sim/l ar

t he second enbodionthe, GMheYayeilhgOrepet pul se signal and t he
pul se signa

| evel voltage and a P&herethdt, readout \pylsggeightkh @Péd:ad\Bive

us

t toth 20 | O V). L 6A - 6
LG charts |14 GRS Ryn K PO Nh, 5 9653 desgeat ehih 1Y Shp
th hot o-
thg Pneeﬁtion.

detai |l the wavelg@ras]dhed MOV Rt 286pective roWINadS WHIRM efet Qighe t
bottomgate termnals TG and BG of each doubl e-gate phot osen

in this

10

15

20

25

ed in the i mage reading peri od each have a h

v
P R R B oS B e Ll kb e BT
accumulating period Ta and the pre-charge period Tprch
have passed, thereby seguentially starting readout
periods Trezd, Sequentially reading a voltage change VD
shown in FIG. 9H, which corresponds to charges
accumulated in each double-gate photosensor 10, from
the output circuit section 113 via a corresponding data
line 103, and sequentially storing the read voltage
change in the RAM 130. The readout pulse signals ¢B1,
.¢B2, - ¢Bn each have a positive voltage (high level)
VbgH2 and a negative voltage (low level) VbgLl
(# -VbgH2) that are asymmetrical with respect to the
GND level (0 V).

After the above-described series of image reading
operations are executed for all rows of the photosensoxr
array, correction signals having reverse bias voltage
waveforms that offset and minimize a change in the
threshold voltage of each transistor, which occurs
depending upon the polarities of voltages applied to
the top and bottom gate lines 101 and 102 of each row
in the image reading operation, are applied to the top
and bottom gate lines 101 and 102 of each row during

the effective voltage adjusting period immediately

drivers
ut. This
tivity

<Thi rd Enbodi nent > )
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to FIGS.
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are
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30 enbodi nent. The sanme control as enployed in the above-

descri bed enbodi ments will not be described in detail. In the
control nethod of this enbodi nent, at first, reset pulse signals
[err] T1, [errceiassizierr] Tn shown in 5 FI GS. 6A - 6Cprerars0/05703
sequentially applied to the top gate | ines 101, thereby
sequentially starting reset periods Treset for respective rows,
initializing the doubl e- gate phot o¥%®nsors 10 at the respective
rows, and starting respective light accunul ating periods Ta. As 10
a‘result, charges (fggsi tive, hol esﬁ) cqrresgo_ndi ng to the anount of

i nci dent |ight ar AEeZutDPaiBres Feadding period. c Mteepakiyebn: thisch of the

reset pulse signals [err]TLl . - T2, ... . Jerr]l.n_has. si.tiyve vol tage
(high Ievel) VtgHE"lngai LP%%’@F%lr?é‘ggF?VBev%i‘%% te“']"( |15%e?é§‘é$§)y\}% gf\é’rﬁ )
-Vt , 15 heh s iaak 4 th t to the G\D I I

A "B S LBl oo Lo LT B oy

(OV). , out pulse signals [err]Bl, [err]B2,
[err] Bn as shown in Fl @pecbPicalify adRrsaguehd i &t tactipel veltage to those
doubl e-gat e photosensors 10 via the bottom 20 gate lines 102 of
respective roows, adjmetihgtprriddyhea correcticem cugnadt ingopreraikdiandnd t he
pre-charge period T[err] have Qassed, _thereby sequentially starting
r eadout applied to each top gate terminal TG, which is obtained

by inverting the polarity of a voltage signal applied
thereto during the image reading period, with respect
to an optimal voltage Vte set so as to minimize, or to
10 make 0, a change in the threshold value of a top gate
terminal TG side transistor of each double-gate
photosensor 10, and which has a positive voltage VtgH1
(high level) and a negative voltage VtgL2 (low level).
Further, during the effective voltage adjusting period,
15 a correction signal is generated and applied to each
bottom gate terminal BG, which is obtained by inverting
the polarity of a voltage signal applied thereto during
the image reading period, with respect to an optimal
voltage Vbe set so as to minimize a change in the
20 threshold value of a bottom gate terminal BG side
transistor of each double-gate photosensor 10, and
which has a positive voltage (high level) VbgHl and a
negative voltage (low level) VbgL2.
More specifically, as shown in FIGS. 10A and 10B,
25 the effective voltages Vte2 and Vbe2 of reverse bias
voltage signals used during the effective voltage

adjusting period are set on the basis of the effective



periods Tread, sequentially reading a voltage change VD shown in

FIG 6H, which corresponds to charges 25 accunmul ated i n each

doubl e- gat e phot sor 10, from t he out put ci rcuit 113 via
a correspondle‘f?gm&gstelg line 103, and sequentially st & ’3’%‘%@“% ead
vol t age 31 change in
t he RAM 130. The readout pul se signals [ersg] Bl, [err] B2, ...

[err] Bn each have a positive voltage (high |evel) VbgH and a
negative voltage (low | evel) VbgL ([err] -VbgH) that are
asymmetrical witRdlesgest visl Hdha EBL | pelied Bo respdetdve gate

After the above-described series of inmage reading operations are
executed for all elewtrofies hiugimgt thenbwage readingapewiod,080 tbatection
si gnal s having reverse bias vol tage waveforns that offset, to

t hereby nmake the®R¥igal ypltages; ffeecppdcYPee W)b‘lqhag\éé‘labﬁh e takend it op

d bott t th di
gger at(:)i oﬁm are appl® %%88?01‘{* gérﬁgﬁ‘)](lfgt tagﬁh ‘(F)}hetlsrr;nslgtwa‘gglr gﬁdl 282
of each rowg duri ré%ckx hgtt.c];&ﬁféo\fe c‘.‘Qﬁt}?r-.geohtamed a@déx}%alg’égeﬁéhg

I medi ately after t I mage readi ng peri tternatively, this
signal applicati qd1f8YeHeduring the entire process period including the

image reading period and the effective voltage
adjusting period. 1In other words, the reverse bias
voltage signals are set so that the average values of

10 the effective voltages Vtel and Vbel applied during the
image reading period, and the effective voltages Vte2
and Vbe2 applied during the effective voltage adjusting
period are identical to the optimal voltages Vte and
Vbe, respectively.

15 In the above-described control method for the
photosensor system, reverse bias voltage signéls are
applied to the top gate terminal TG and the bottom gate
terminal BG so that the average effective voltages
during the entire process period including the image

20 reading period and the effective voltage adjusting
period can minimize, or make 0, a change in the
threshold voltage of each transistor. Accordingly, the
invention can provide a highly reliable photosensor
system that can suppress the influence of a change in

25 the threshold voltage of each transistor due tb the

| polarities of voltages applied to the top and bottom

gate terminals TG and BG, and hence can minimize



executed.imedi ately before the inmage readi ng peri od.

Specifically, during the effective voltage adj usting period, a
correction §¢ I Es generated and applied to eac?C 'B?%?
termnal TG has the 20 sanme positive and negative voltages VtgH
and VtgL as the pul se signal applied thereto during the inage
readi ng period, and has an effective vol tgge Vte2 = -Vtel) created
by adjusting the signal w dths of the positive and negative

vol tages VtgH and VtgL and 25 inverting, with respect to the G\D | evel
(0 V), the degrpdaaiohyopfthen sehbeeivingy \WlarageeY¥istiapnt itde t hereto
during the inmage reading period. Further, during the

32 ef f exliemeaty charagteniistdchngf peadloghogosenserti on si gnal

I s generated and applied to each bottom gate term nal _ BG which has
the same positive and™&Rasi abofimengesvoltages nggensary 812 as the pul se

i | lied th dur.i he i di i.od d h
ot foative < 'SYeRET 5p Beump b, PH.peh AR K BOLBIASTTHI HE gnal
wi dths of ghe posifdi%g1anes NGaPtEHeY 8uyoh a%ges \%m%@ 28daing periof@naand

inverting, with respect to the GN\D | eve .
the effective voltage adjusting period are two positive

voltages and two negative voltages, i.e. four voltages
in total, which are asymmetrical with respect to the
GND level (0 V). Accordingly, each of the top and
10 bottom gate drivers 111 and 112 can be formed of a
driver of a multi-level output. This enables
application of an appropriate voltage for the
sensitivity characteristic of each photosensor, and
hence enables an appropriate image reading operation.
15 <Fifth Embodiment>
A method for controlling a photosensitive system
according to a fifth embodiment of the invention will
be described with reference to FIGS. 11A - 12B.
This embodiment is directed to a case similar to
20 the fourth embodiment, where the reset pulse signal and
the readout pulse signal used in the image reading
period each have a high level voltage and a low level
voltage which are asymmetrical with respect to the GND
level (Q V), and is characterized in that a reverse
25 bias voltage waveform is set so as to minimize a change
in the threshold value of a,transistor that constitutes

a photosensoxr.



the polarlty of an effectlve vol tage Vbel applied 10 thereto during

the i mage readi ng peri od. More specifically, as shown in FIGS
7A and 7B, durlng the effective voltage adjustlngpéfﬁfﬁm%ﬂua
correction S|gn§? I's generated and applied to each top

termnal TG which has a positive voltage (high 15 | evel ) VtgH and a
negative voltage (low level) VtgL, 41and has an effective voltage.

Vt e2 created by inverting, with respect to the G\D | evel (O V), the
polarity of an effective voltage Vtel applied thereto during the

I mage readi nFIssr.i @3 Furithere dunming dhertef iddtsveatvidg age 20

adj usting period, a correction signal is generated and applied to

each bottom gat eopeXatins tBTingitcipaghsraw eI“PJ-<-"Y<"J'dpé§| thee vol tage (high

| evel ) VbgH and ge 1) L, and has an
effective voItaggh°té%ens°rvﬁ%ﬁF?ﬂ(ﬁﬂ?§3°g tﬂfn§$e wWEHh® espect to the

G0 25 | evelulfhMnc! be OO & t%nan pldechiteaydl e be!

applied thereto I ng the I'mage readi ng peri fective
vol tage adjusti ngimild eHabBy f&idéﬂﬁ&thﬁ§|1ﬁodetall the waveforms of

33 the period required for the inmage readi ng operation, or
the voltage signals applied to the top and bottom gate
terminals TG and BG of each double-gate photosensor in
this embodiment. The same control as employed in the
above-described embodiments will not be described in

10 detail.

In the control method of this embodiment, at first,
reset pulse signals ¢Tl1l, ¢T2, - ¢Tn shown in
FIGS. 11A - 11C are sequentially applied to the top
gate lines 101, thereby sequentially starting reset”

15 periods Tyeget fOr respective rows, initializing the
double-gate photosensors 10 at the respective rows, and
starting respective light accumulating periods Ta. As
a result, cﬁhrges (positive holes) corresponding to the
amount of incident light are accumulated in each

20 channel region. Each of the reset pulse signals ¢T1,
$T2, -+ ¢Tn has a positive voltage (high level) VtgH
and a negative voltage (low level) vtgL (¥ -VtgH),
which are asymmétrical with respect to the GND level
(0 V).

25 After that, readout pulse signals ¢Bl, ¢B2,
¢Bn as shown in FIGS. 11D - 11F are sequentially

applied to those double-gate photosensors 10 via the



nay be dlfferent fromit, i.e. may be shorter than the period. In
other words, it is sufficient if voltage signals are set such that
the effecti WEDM4$lages 5 applied to the top and bot PFERRMF%% erninal s |
TG and BG during the effective voltage adjusting period offset

the effective voltages applied thereto durgng t he i mage r eadi ng
peri od. In the above-describ control nethod for the 10

phot osensor system during the entire operation period i ncl udi ng

the image readi k: €“ ?%dtt%nq.l}lgg £dd %%‘ tr\égggc%ve roffl L 3QC AYLKSLAdY

period, the aver e applted to the top
and bottom gate llght ééﬁﬂﬁuﬂék§n§1§é¥¥$d56535§dOtﬁé(égﬁDch%¥§b)peiﬂﬁieby 15
preventing accumul ati on of charges (positive hol es or el ectrons) in
the gate sect|on'rb,?cprlaamtpa@}seanothereby sequ@Ept kskingtdegiadat i on of the
el ement characterTstics or the sensitivity characteristic of each
phot osensor . readout perfigashBready tS®Ivenrbablvrerradiagr pngolhade mage 20

readi ng operation_and the@ﬁ fectlve vol tage a éustln% peri od,
vol t ages nécessafhargs EhoehowngHR Fi% gdH, which s2¢1A§ £Re top and

bot t om gat € i neéh%‘:@&esa% c%lmala d n eqltyi'll qu -%&wgaho%ggFggopﬁd od and

the effective age a JUS I NQ perlo positive and
25 negative ¥obhages outphshc f@éﬁ@@@@%h&ﬁ PPi aFid i SotRdsponding ar €
asymmetrical with respect to the G\D |l evel (O Accordi ngly, each
of the top gate datyerinklliodndahdiesequentially storlng the read

voltage change in the RAM 130. The readout pulse
10 signals ¢Bl, ¢B2, - ¢Bn each have a positive voltage
(high level) VbgH2 and a negative voltage (low level)
VbgLl (¥ -VbgH2) that are asymmetrical with respect to
the GND level (0 V).
After the above-described series of image reading
15 operations are executed for all rows of the photosensor
array, correction signals having reverse bias voltage
waveforms that offset and minimize a change in the
threshold voltage of each transistor, which occurs
depending upon the polarities of voltages applied to
20 the top and bottom gate lines 101 and 102 of each row
in the image reading operation, are applied to the top
and bottom gate lines 101 and 102 of each row during
the effective voltage adjusting period immediately
after the image reading period. Alternatively, this
25 signal application may be executed immediately before
the image reading period. -

Specifically, during the effective voltage



34 bottom gate driver 112 can be formed of a driver of a

two-val ue output. Since this type of driver is cheap, t he

phot osensor S¥ygbeiasdsi ng such drivers can be nade PCT/ZP0b0sMT OSt .
5 <Fourth Enbodi nent > A method for controlling a

phot osensitive system according to a fourth enbodi nent of the

I nvention w || be described with ré¥erence to FIGS. 8 - 10B.
This enbodiment is directed to a case simlar to 10 t he second
enbodi ment, where the reset pul se signal and t he readout pul se

signal used in t RAIIFIGEI BEBICY 2 cOrrechien GiiwadhifagRNerakisghardvel
(ol tege and 2 | L ely oo copn 3085385 LOREIEY S U L tlilgLooPect
oo St 250 L SRS S f, (e 88 AR gy aphteRet, 20 o
constitutes a phoils@AsOduring the image Fb&uirdy Peawsdl heitelrispeashi p
bet ween each bi as voltage applied to the gate el ectrode of a
transistor 520 to conopitinel wpltageoVbeeagbrsgo tase tBTminbwizenor to
| make 0} a change in the threshold value of a top gate

terminal TG side transistor of each double-gate

photosensor 10, and which has a positive voltage (high

level) VtgH and a negative voltage (low level) VtgL,

10 the widths of the positive voltage and negative voltage
signal components being adjusted. Further, during the
effective voltage adjusting period, a correction signal
is generated aﬁd applied to each bottom gate terminal
BG, which is obtained by inverting the polarity of. a

15 voltage signal applied thereto during the image reading
period, with respect to an optimal voltage Vbe set so
as to minimize a change in the threshold value of a
bottom gate terminal BG side transistor of each double-
gate photosensor 10, and which has a positive voltage

20 (high level) VbgH and a negative voltage (low level)
VbgL, the widths of the positive voltage and negative
voltage signal components being adjusted.

More specifically, as shown in FIGS. 12A and 12B,
the effective voltages Vte2 and Vbe2 of reverse bias

25 voltage signals used during the effective voltage

adjusting period are set on the basis of the effective

voltages Vtel and Vbel applied to each gate electrode



tenperature and the threshold voltage of the transistor. Changes in
the threshold value after the BT treatnent were nmeasured by the CV
measur enent d19%k12 I n the exanpl es shown in fFdfmpodosrbre
threshold 2 vol tage greatly changes from several volts to ten and
several volts when a positive bias is applied to the gate

el ectrode, while it slightly changes w thi4s a

35 range of several volts or |ess when a negative bias is

applied thereto. Accordingly, where the effective vol t age applied
to the gate el ectdusdagi th® Imagengestibng period, gsosthpyeoptimaland t he
negative bias are applied for sane period, the sensitivity

f t he 5 .
characteristic ofvolffages Vt.:e a_"ddXBSPe"’-’@’a‘E}é "Bi'SENs BF ’ﬁ%?S/ecp_rTaﬁge or its
el enent SARECLT RS ST A o¥ U5Ey BRadESAILDEY cbove,

the threshold vol% nore gre anges when positive bias

I's applied, than.éﬂaﬂﬂpf;@@om,veaﬁiﬁé ottined hg apRLAgd-crsHReuGEOre, to

reduce a change in the threshold voltage, it is preferable that the
effective s voithbegedafiplg etet entie gt erlsepbrode irclhidngdthe t he
negative voltage side. As aforenentioned, in this
image reading period and the effective voltage
adjusting period. 1In other words, the reverse bias
voltage signals are set so that the average voltages of
the effective voltages Vtel and Vbel applied during the
10 image reading period, and the effective voltages Vte2
and Vbe2 applied during the effective voltage adjusting
period are identical to the optimal voltages Vte and
Vbe, respectively.
The effective voltage adjusting period may be
15 identical to the period required for the image reading
operation, or may be different from it, i.e. may be
shorter than the period. In other words, it is
sufficient if voltage signals are set such that the
effective voltages applied to the top and bottom gate
20 terminals TG and BG during. the effective voltage
adjusting period are identical to the average effective
voltages Vte and Vbe.
In the above-described control method for the
photosensor system, reverse bias voltage signals are
25 applied to the top gate terminal TG and the bottom gate

terminal BG so that the average effective voltages

during the entire process period including the image



enbodi.ment, the effective voltage applied to the gate 15 el ectrode is

set at a value, other than 0 V, which m nimzes a change in the
t hreshol d vaYQ&FdSi2A rever se bi as vol tage signal BEEHEHr this
end is applied to each gate termnal inmrediately before or after
t he | mage reading period. 20 In the case of FIG 8, the
t hreshol d vol tage nore greatly chéﬁges when the positive bias is
applied, than when the negative bias is applied. However, this is

just an exanpl e, r??&j ﬁ%%&égﬁv\%@%%g%f%cgﬁg m%ra%eeag?ustiﬁé]e t hreshol d

vol tage nore grea yic _ ! negat v as 1s applied to
the gate el ectrogeriodah minimize didd HaRBCE, (E£RMMIFeURANLREE €l enent

structure, the used material, etc.
36 thtéfhol¥Avol8hbaref tdavhngrahatdéton.l | astoadingly, the
operation timng at each row enployed in the phot osensor system

control method oinvemrtiqiyucgp provide ahighlyerelistblenphphroesRs¥h. FI GS. 10A
and 10B are 5 charts iIIusthatin in detgilat e wavef orns of

timn
the vol tage si gnﬁY%teé?)ﬁhiag'dcf‘B FHRETSSY &NG ﬁﬁg}‘lﬁﬁc&ﬂf‘ change in

the threshold voltage of each transistor due to the

polarities of voltages applied to the top and bottom

gate terminals TG and BG, and hence can minimize

degradation of the sensitivity characteristic or the
10 element characteristics of each photosensor.

In this embodiment, voltages necessary for a
signal to be applied to each of the top and bottom gate
terminals TG and BG during the image reading period and
the effective voltage adjusting period are a pair of

15 . positive and negative voltages that are asymmetrical
with respect to the GND level (0 V). Accordingly, each
of the top and bottom gate drivers 111 and 112 can be
formed of a driver of a two-value output. Since this
type of driver is cheap, the photosensor system using

20 such drivers can be made at a low cost.
<Sixth Embodiment>

A method for controlling a photosensitive system
according to a sixth embodiment of the invention will
be described with reference to FIGS. 132 - 14B.

25 This embodiment is directed to a control method
that includes, in addition to the step of reading an

image of a subject as described in the first to fifth



termnals TG and BG of each doubl e-gate photosensor in this

enbodi nent. Like the second enbodi nent, the fourth enbodi nent is

al so directegyd@nrasisase where the 10 reset pul se si gnalpcaoebotobms r eadout
pul se signal used in t he i mage readi ng period each have a high

| evel voltage and a low | evel voltage which are asymmetrical with
respect to the G\D level (0 V). The same cddntrol as enpl oyed in

t he. above-descri bed enbodi ments will not be 15 described in detail,

In the control nethod of this enbodinment, at first, reset pul se

signal s [err] T1, epepajments, the,sgppypf|executing, pppediagely yefgre
sequentially applied,to the tap gate. | i nes 10 t her

sequentially sta Fnbm?%%eﬁeﬁéinﬁoagrl%%’ an °ﬂﬁ§?§f?nit??ﬁ%ﬂQ4%%%§ t he

doubl e-gate phot QaenspLs ff Al a pre-red SERFUVations) ffyd starting
respective |ight d accunﬂ]aFfﬁgr%eriodgﬁ#%.tAs'a)result, char ge
(positive deBelREnimpanc opeidaNOsdrts 1tieriafoEBt the ipHitdeehsbight is
accurrul ated i n each channel region. Each of the reset 25 pul se signals
[err] T1, [é&r] T2which[warierm imascaopdande welthovageus conditifpimsghutkvel )
Vt gH2 and a negati ve VOlt%ﬁf (low | evel) . VtgLl ([err] -VtgH2),

whi ch are asymmeffi th¢ hFightnesgeef the environment, the type of a to-

be-detected subject, etc., and is used for the image
reading operation.

FIGS. 13A - 13H are timing charts illustrating

10 operation timing at each row employed in the
photosensor system control method of the sixth
embodiment of the invention. The same control as
employed in the above-described embodiments will not be
described in-detail. In this embodiment, the high and

15 low level voltages of voltage signals applied to the
top and bottom gate lines 101 and 102 are asymmetrical
with respect to the GND level (0 V), and reverse bias
voltage waveforms are set so that a change in the
threshold voltage of a transistor constituting a

20 photosensor can be minimized, as in the fourth and
fifth embodiments.

When executing the pre-reading operation in this
embodiment, at first, reset pulse signals ¢Tl, ¢T2, °*
¢Tn shown in FIGS. 13A - 13C are sequentially applied

25 to the top gate lines 101 with regular delay periods
Tperayr thereby sequentially starting reset periods

Treset for respective rows and initializing the



37 to the G\D level (OV). After that, readout pul se

signals J[err]Bl, [err]B2, [err] Bn as shown in FIGS. 9D - 9F are
sequenti al | yvwappliése to those doubl e- gat e phot oserna/® G783 a t he
bottom 5 gate lines 102 of respective rows, at which the |ight
accunul ating period Ta and the pre-chargecf%eri od T[err] have
passed, thereby sequentially starting readout periods Tread,
sequentially reading a voltage change VD shown in FIG 9H, which

corresponds 10 cglass odfl pnorBREHINLEY den 58k daloc0aLG, pot osensor

10, from he clrcurt section correspondi ng data

line 103, and sequent bal tie tnguise g@q@l\éolg:@g’e T2, - PRANGR ah the
RAM 130. The readout pul se signals [err]Bl, [err] B2, [err] Bn
each have a posi tposetioet agktddel ghigrvidvyel )1 ¥tgH andbgthegmdisenegati ve
voltage (low |l evel) VbgLl ([err] -VbgH2) that are asymmetrical with
respect to the voltageGNDV devel(|0ViQL (# -VtgH), whightarethe

above-descrj bed series of inawg% readi erations are executed for

d
all rows of’the FFPBSERLH wigh res*‘lé’t?nﬁgtay":" &her @g i Bivsdi dfal’d - havi ng

reverse bias voltage vef or hat fset dmninz change in
t he t hr eshol dT\l}SI f%sg%tmﬁfﬁgggggtﬁldnsﬁ stor, \%haqlcﬁglg}:l%g?rnsaelfy

dependi ng upon t kg 1R0Lar{fd RbyOkelRbAPOLS PRANESA {12 reset pelbSad OP and
bottomgate lines 101 and 102 of éach row

Treset and start respective light accumulating periods

TAl, TA2, '-* TAn. As a result, charges (positive holes)

10 corresponding to the amount of light entering the
double-gate photosensors 10 of each row from their gate
electrode side are accumulated in the channel regions

- of the photosensors. After a pre-charge signal ¢pg
. shown in FIG. 13G is applied so that the light = -

15 accumulating period TAl, TAZ, - TAn set for each row
will vary in a stepwise manner in units of the
predetermined delay period Tpgray after the last reset
pulse ¢Tn falls. Further, readout pulse signals ¢Bl,
#B2, - ¢Bn as shown in FIGS. 13D - 13F are

20 sequentially applied to the bottom gate lines 102,
thereby sequentially starting readout periods Tregad:
sequentially reading a voltage change VD shown in
FIG. 13H, which corresponds to charge accumulated in
each double-gate photosensor 10, from the output

25 circuit section 113 via a corresponding data line 103,

and sequentially storing the read voltage change in the

RAM 130.



25 * in the image reading operation, are applied to the top and

bottomgate lines 101 and 102 of each row during the effective
vol t age adj usiyigwangssi od i medi ately PCT/IP00/05703

38 after the image reading period. Alternatively, this

signal application may be executed i medi ately before t he i mage
readi ng peri od. Specifically, 4during the effective vol tage 5
adjusting period, a correction signal is generated and applied to
each top gate termnal TG which is obtained by inverting the

polarity of a voltage Bhgregadows pudse signalst Bkt 00 Bdri ng ¢ Be ¢amlye
readi ng period, wth respect . to an optinmal voltage Vte set so as to
m ni-m ze, or to ngﬁve argqfe‘t(},veav%ﬁﬂb% Q%H‘Q?‘hée ﬁibs‘mﬂ}g Be of a top
gate term RICHY| ansl st f uble- gat
phot osensor 10, ghgsl\ T&a}ﬁg?a p&gé‘?i%eve\%l S”gég iil?;gH:Vi})gg(il Ehai_: (ahrlegh | evel )
and a negative vohipffedMiHad WilW L&MSEOt to the GNHULLNAI.(odyfing the

effective voltage adjusting period, 15 a correction signal is
generated amd applied $in@gchin the aboveidenvirgbbd peeftermingdG which is
obt ai ned by inverting the polarity of a voltage signal applied

thereto during operation, the light accumulating period TAl, TA2,
TAn set for each row varies in units of as twice a
period as the predetermined delay period Tpgray. image
data can be obtained which is read at a reading

10 sensitivity set with a sensitivity adjusting width
greater than the number of rows of the photosensor
array 100. On the basis of this image data, the
controller 120 extracts, for example, a light
accumulating period that enables a maximum contrast of

15 light and shade, and determines an optimal lighﬁ
accumulating period Ta. The method for determining the
optimal light accumulating period Ta from image data is
not limited to the above method for extracting
conditions that enable the maximum contrast.

20 After the pre-reading operation, an image reading
operation is executed using the optimal light
accumulating period Ta determined by the pre-reading
operation. This image reading operation is basically
the same as that executed in the first to fifth

25 embodiments.

Specifically, at first, reset pulse signals ¢T1,

' $T2, '~ ¢Tn are sequentially applied to the top gate



the image reading period, with respect to an opti nmal vol t age Vbe
set so as to mnimze a change in the 20 threshol d val ue of a bottom
gat e term naWwoB®@4S1de transi stor of each doubl e- gZCEIPNIFEZensor
10, and whi ch has a positive voltage (high |evel) VbgH and a
negative voltage (low | evel) VbgL2. More specifically, as
showmn in FIGS. 10A and 10B, 25 the effective vol tages Vte2 and Vbe2 of
reverse bias vol tage signals used during-the effective voltage
adj usting period,are_s 0 | . e Jve :
39 Vol t h5a8 Vi RreRRER S e (o TR B respt, perioas
el ectrodes duri n@%ggtif&gfiersgaaw@e RWsOdndSOnitiHlieing the ORSULIRI-

€,

voltages Vte and whi ch mnim ze, or make O, a change in the
t hreshol d val ue ghtegglivtiasenspssoll ait respectieactowshot Fheasoresatan be
obt ai ned as average effective vol tages during the entire process
period includi ngpakee signals dBkye ¢ Tadi g 48t ies¢hahavehel Bt dde ve vol t age
adjusting period. In other words, the reverse bhias \ vol t age signals
e et SoBhat FRESHRHEGe Syarabs ted 15 Che Pi-rasdios FREGE dles vt o
and Vbel appl'Edadﬂéé{¥£4%h%oltage (high level) VtgH and a negative

voltage (low level) VtgL (# -VtgH) that are

asymmetrical with respect to the GND level (0 V).

The reset pulses ¢T1, ¢T2, - ¢Tn sequentially

10 fall to sequentially finish the reset periods Tygget
and start the aforementioned optimal light accumulating
periods Ta for respective rows, whereby charges

{positive holes) are generated and accumulated in the
..channel region of each double-gate photosensor 10.in

15 accordance with the amount of light entering it from
its top gate electrode side.

After that, readout pulse signals ¢Bl, éB2, -
v Bn are seéuentially applied to those double-g;te
photosensors 10 via the bottom gate lines 102 of

20 respective rows, at which the optimal light
accumulating period Ta and the pre-charge period Tprch
have elapsed, thereby sequentially starting readout
periods Treaqr sequentially reading a voltage change VD,
which corresponds to charge accumulated in each double-

25 gate photosensor 10, from the output circuit section
113 via a corresponding data line 103, and sequentially

storihg the read voltage change in the RAM 130.



i mage reading period, and the effective voltages Vte2 and Vbe2

applied during the effective voltage adjusting period are identical
to the opti vebonza$izages Vte and Vbe, respectivel yPCT/iEn0/05703 In
t he above-described control nethod for the phot osensor system
reverse bias voltage signals are applied to the top gate term nal
TG and the bottom gate terminal B& so that the average effective
vol t ages during the entire process period including the i mge 20

readi ng period and t effectjve voltage adj,ustj ... beriod can
nini ni ze, or make O, Qge?ﬁ’\aﬂe °|“% Hase s"gn‘hst t’ﬁr%gho?azvol ta‘géno?ac ch

transistor. ACCQLELNT] ¥re i readout .lf‘lvseé"tsiigﬂa‘ignugéé’vj'hrp%h%f P.kgbl y

reliabl e phot osensor ystem that can~suppress the i uence of a
change in 25 realibfigtdpashalon,val pege: Ble %@.lﬂa?éaﬂﬁigﬂ{ Qlevddu§ Bghhe
polarities of voltages applied to the top and boftom gate term nal s
TG and BG and hedce negativwe woleage (low level) VbgL (¥ -VbgH) that

40 degradation of the sensitivity characteristic or the

el ement cHar act erpsesymmefiricadhvwphbt vespardy to the GND level| {0t M) s

enbodi ment, vol tages_necessary for a . . .
After the image reading operation is executed for

all rows, an effective voltage adjusting operation is
executed during the effective voltage adjusting period
for adjusting and optimizing the biased effective
10 voltage signal applied to each gate line during the
pre~reading operation and the image reading operation.
Specifically, during the effective voltage
adjusting period, those correction signals are
generated and applied to the top and bottom gate lines
15 101 and 102 of each .row, which have effective voltages
that can adjust the average values of the effective
voltages applied thereto as reset pulse signals during
the pre-reading period and the image reading period,
and tﬂe effective voltages applied thereto during the
20 effective voltage adjusting period, to optimal vbltages
Vte and Vbe that minimize, or make 0, a change in the
threshold value of each transistor of each photosensor.
The signals applied to each top gate terminal TG
and each bottom gate terminal BG during the effective
25 voltage adjusting period will be described in more
detail with reference to related figures. For

facilitate the description, suppose that both the



signal to be applied to each of the top and bottom gate 5 termnal s

TG and BG during the inmage readi ng period and the effective voltage
adj usti ng pwoI0s2442e two positive vol t ages and t RETHESUASTe

vol tages, i.e. four voltages in total, which are asymmetrical with

respect to the G\D | evel (O V). Aﬁcordi ngly, each of the top and

10 bottomgate drivers 111 and 112 can be forned of a driver of
a multi-level output. This enables application of an appropriate

vol tage (01 theqrecesve SRATLLVALN SURRACLEL LS il coRBlPhR} aRENSOT, and

hence enabl es an~appropriate rna rreadi ng oper a th

Enbodi ment>  and the ef RCHRYEOGh fQlqe ARPIobE! 19 dadihBbessRSsdde/e system
according to a fifth enbodi nent of tHhe invention wll be descri bed

with reference terkififli HGlAre BPised to the low-1leiels seadbodamenthd s directed
to a case simlar to 20 the fourth enbodi nent, where the reset pulse
signal and descripticndsurepated ogilyngb thedtom andebphboe gatedi ng
period each have a high l.evel voltage and a | ow | evel vol t age whi ch
are asymet ri catifips ot e dirsh ¥ G\D level (0 V), and is

char acter 22 11 nakads ! Sl 3, Fib openl BB O GEREIRES! BRRLORRES! 30,
constitutes in thé RMoaSEHS ¥ontrolling the photosensor system
according to this embodiment, between signals apélied
to each top gate terminal TG and each bottom gate
" 10 terminal during the effective voltage adjusting period,
and signais applied thereto during the pre-reading
period and the image reading period.
As is shown in FIGS. 132 -~ 13H, in the reset.
soperation during the pre-reading period and the image
15 reading period, a reset pulse signal & Tl of a high
level voltage (positive voltage) VtgH is applied for
only a very short period (for the reset period Traget)
to each top gate terminal TG via a corresponding top |
gate line 101. During a relatively long period other
20 than the reset period, a low level voltage (negative
voltage) VtglL is applied thereto. The light
accumulating period Ta employed in the image reading
operation is set during the pre-reading period in
accordance with, for ekample, the illuminance of the
25 environment. | .
Onrﬁie other hand, also in the readout operation

during the pre-reading period and the image reading



41 ‘ FIGS. 11A - 11H are timng charts illustrating

operation timng at each row enployed in the phot osensor system
control netiwecbiessithe fifth enbodi ment of the i nveexdroos7® GS. 12A
and 12B are 5 timng charts illustrating in detail the waveforns of
the voltage signals applied to the top and bottom gate termnals TG
and BG of each doubl e-gate phot osensor i 2 this enbodi nent. The sane
control as enployed i n the above- descri bed enbodi ments will not be

described in 10 n the contraql tho of this
enbodi ment, at ﬂerré‘f’d % read°“rte§8flsfnﬁ’s@a§| gdh%tjrs {ear Mg f‘E‘? 1 T2,

.[err]Tn showy pledtothe
top gate Il[g'ags &%cisl‘{:’ﬁrer gB é% ent i al gyggg %‘é nfadljr é§§? :
periods Tlerr] fek rSﬁB@EtgbéﬁJdO\Q&orlfhé l:ﬁéaldéh'ﬂgpébﬁod Trea d@Ub| e gate

phot osensors 10 at the respective rows, and star |ng respective
| i ght accunul at icaghpbotbals gete Asrmmal BG aimesutbrrespomhng( postomve
hol es) corresponding to the anount of incident light are

accurmul at €d i n @atk lpoe 102 chBwxdngregiehtiveavhleng tprriassethpyl se

signals [err] T1, err]Tn ositive voltage (high
Iegel) VEgH ] ‘than the riadth perloé low eve? Boftage (negat? (hig

voltage) VbgL is applied thereto. The light
accumulating period Ta employed in the image reading
operation is set during the pre-reading period in

10 accordance with, for example, the illumination of the
environment.

In this embodiment, signals are generated, which
have voltage waveforms that can make the absolute value
of the high-level-side time integral value of the

15 waveforms of voltages applied to each gate terminal of
each photosensor during the pre-reading period, the
image reading period and the period of the effective
voltage adjusting operation to be executed, equal to
the absolute value of the low-level-side time integral

20 value of them, with reference to the optimal effective
voltage Vte applied to each top gate terminal TG and
the optimal effective voltage Vbe applied to each
bottom gate terminal BG, which are set in accordance
with the sensitivity characteristic of the double-gate

25 photosensor. These generated signals are applied to
each top gate line 101 and each bottom gate line 102

for the double-gate photosensors at predetermined time



and a negative voltage (low level) VtgL ([err] -VtgH), whi ch are

asymmetrical with respect to the G\D | evel (OV). 25

After that, wmRpsiewsizpul se signals [err]Bl, [err] B2, PCT/F00/d33 as
shown in FIGS. 11D - 11F are sequentially applied to those
doubl e- gat e photosensors 10 via the

42 bottom gate |ines 102 of respeZdive rows, at which the

| i ght accumrul ating period Ta and the pre-charge period T[err] have
passed, thereby sequentially starting readout periods Tread,

sequential |y read®Hgitd dBriggehe sifectivg pltages RIS FHNFIRSTiPEM, ~ whi ch

10, PO Pom the O pht SRFLR THE0r| O 115 i ROCH T TR ng

data line 103, a n change in
t he RA:VI 130. Therg!L gﬂt%%i A%:osg%h Qo#,hﬁz%@%{le” B d‘f%‘?{r aB‘%% : [grriBn

each have a posi témdtqlvbaﬁ@ltage ad ubbifh pavield 1\{5@&99@@ Bwiegat i ve

vol tage (low | evel) VbglLl err] gH2) that are asymetrical with
respect to 5 levele s@iP vaMwige( @owtponent having a pr¢detendimed
above-described series of image reading 15 operations are executed for

all rows of the ﬁﬁﬁFﬁ@eWé@Fh indicating a period in time) Tgpyp,, and a
high-level-side voltage component having a
predetermined signal width Tppy, with respect to the
optimal effective voltage Vte for each top gate

10 terminal TG.
On the other hand, the correction signal applied
to each bottom gate line 102 during the effective
‘voltage adjusting period includes a low-level-side
:voltage component having predetermined signal widths
15 Tppra and Tgprpg, and a high-level-side voltage
component having a predetermined signal width Tpgpy,
with respect to the optimal effective voltage Vbe for
each bottom gate terminal BG.
The relationship between the correction signal
20 applied to each top gate terminal TG and the other
signal is shown in FIG. 14A. Suppose that, in FIG. 143,
Vte represents the optimal effective voltage of each
top gate terminal TG, Vng a high voltage contained in
a signal applied thereto during the pre-reading period
25 and the image reading period, VtglL a low voltage
contained in the signal, Ta the optimal light

accumulating period employed during the image reading



array, correction signals having reverse bias voltage wavef or s
that offset and mnim ze a change in the threshol d vol tage of each

transi stor, V%bﬁﬂz@fzcurs dependi ng upon the pol ari '8;&%?950 sY@! t ages

applied to he top and bottomgate lines 101 and 1 each row
in the image reading operation, are applied to the top and bottom
gate lines 101 and 102 of each row during 54 the effective voltage
adj usting period i nmedi ately after the image readi ng peri od.
Alternatively, this 25 signal application my be executed inmediately
bef ore t heperation e Rjm@ pevi bevel period other Spwi ftiheal | y, duri ng

the effective voltag
adj-usting period, °R é@?¥e%%qnﬁwa§F§ﬁ5FaF%P%ﬁﬂﬁ?ﬂ&ﬁeﬂuﬁhﬂg the Pre‘applled to

each top gate termn which i

ol ari by of & vol FABGE GURROdArrickRe Thate mepgian patiodry PHe THAmde
0 e o S 1145 S B A 5
gate s ter mppelrddd Hig@etioasand thdfinReh rdagbhg-gdtidd. Then,
phot osensor 10, and which has a positive voltage (high

the following equation is given:

Ht: (Trpy + Tgr) = Lt (Ta + Tpp + Trpr) (1)
where Ht represents the absolute value (IVtgH - Vtel)
of the difference between the high voltage VtgH and

10 the optimal voltage Vte, and Lt the absolute value
(lvtgL - vtei) of the difference between the low voltage
Vtgl and the optimal voltage Vte.
From the equation (1), the relationship between
the application period of the correction signal for
15 each top gate line 101 during the effective voltage
adjusting period, i.e. the relationship between the
signal width Tppy of the high-level-side voltage
component and the signal width Topp, of the low-level-
side voltage component is given by
20 Tppy = Lt/Ht-(Ta + Typ + Tppr) - Tar e (2)

Accordingly, even when the optimal light
accumulating period during the image reading operation
is changed in accordance with the illumination of the
environment, if a signal of the high voltage VtgH is

25 applied to each top gate line 101 for a period
corresponding to TTPH~expressed by the equation (2),

“the biased effective voltage applied to each top gate



level) VtgH and a negative voltage (low level) VtgL, 10 the wi dths of
"the positive voltage and negative voltage si gnal conponents bei ng
adj ust ed. Fowobe24512duri ng t he ef fective vol t age a@cugréongoperi od, a
correction signal I s generated and applied to each bottom gate '
term nal BG which is obtained bysknverting the polarity of a 15
vol tage signal applied thereto during the~rmage readi ng peri od,
with respect to an optimal voltage Vbe set so - as to mnimze a
change in the th | - . o] t ' G si de
E%élgl%% \é[_% Hgn%e aadgi‘é.ltséceghé:? I‘.ﬁg rgég:q&\g,l gé\g&ga&}‘t%

transistor of eacC _ osens _ whi cH has a
positive vol tageth@f)eby miﬁxﬂhﬁlﬂiﬂx@%'&ha\%ﬁ"‘iﬁ%‘h@ é&&iittli\é@tym tage (Il ow

| evel ) VbgL, the widths of the positive voltage and negative
vol t age signal ceharartdrd shecngf asjalsidetible-gate photosehboe dypeaidically,
as shown in FIGS. 12A and 12B, the effective voltages Vte2 and Vbe2

of. .reverse bi as dogradatipy pfgetsigiruentysbaracreniptiilss-ef f ective vol t age
adj-usting period are set on the basis of the_effective vol t ages
VEel and Vgel appl i ed® d‘h§a8ﬁn§’ét@’Ef'eﬁfo&'élati‘msmp between the

44 duri 98- 11 ilFPIE GhEAU M iRY 890088 BdonBLtE® ine 102

and the other signal is shown in FIG. 14B. Suppose
that, in PIG. 14B, Vbe represents the optimal effective
voltage of each bottom gate terminal BG, VbgH a high

10 voltage contained in a signal applied thereto during
the pre-reading period and the image reading period,
VbgL a low voltage contained in the signal, Ta the
optimal light accumulating period employed during the
image reading operation, Trg a low level period other

15 than the optimal light accumulating period Ta during
pre-reading period and the image reading period, and
Typ 2 high level period (i.e. Trgap + Tregap) during the
pre-reading period and the image reading period. Then,
the following equation is given:

20 Hb: (Tgpy + Typ) = Lb* (Ta + Tpp + Tppy) - (3)
where Hb represents the absolute value k]ngH - Vbhel)
of the difference between the high voltage VbgH and
the optimal voltage Vbe, and Lb the absolute value
(IvbgL - vbe|) of the difference between the low voltage

25 VbgL and the optimal voltage Vbe. Further, Tgpy,
represents the total signal width (Tgpra + Tmprp) ©of

the low-level-side voltage components.



vol't ages Vte and Vbe which mnimze, or nake 0, a change in the
threshol d val ue of each transistor of each photosensor, can be

obt ai ned as ywygiagp effective 5 vol t ages during the esdtfpoodsr@aCeSS
period including the i mage reading period and the effective voltage

adjusting period. In other words, the reverse bias vol tage signals

are set so that the average voltages of 56 the effective voltages Vtel
and Vbel applied during the 10 i mage reading period, and the effective
vol t ages Vte2 and Vbe2 applied during the effective vol t age

adj usting perfERR dhe Pﬂéﬁgi’é’al (3o ttl*i’@ 6&%?’@?“%#3 RpE¥evPe and

Vbe, respectivel ve voIt ﬁ peri od may

, dju
be 15 i dent i '\Czlé? IRP ]ﬁfr'@tﬁé’(’. Bar?’%% f‘(re g:élef SPrFﬁ‘é gse’!‘—{“@ di
operation, or éEI%%EefEPH%'foz e ”@Xeb§elaﬁlonsh1 hort¢r than

the period. In ot%er sufficrent voltage signals are

set such that thBetween theelsfigaki viei g t%%soﬁpﬁhéeﬂlélﬂlmﬁ-@ﬂdénd bottom
gate 20 termnals TG and BG during the effective voltage

adj usti ng Peri odvaleagal enmpoakentoand etley eviggalewidthi Tigpy, of the Yokt ages
Vte and Vbe. .. In_the above-described control nmethod for the
phot osensor syst tfyekrsigies godtage veprranendisgasl givee bps applied to the
top gate termnal TG and the bottom gate terpginal BG so, that the
average effective volfl <'Eo/8h ?'F; + Tup * Tppr) - TuB (4)

Accordingly, even when the optimal light
accumulating period Ta during the image reading

10 operation is changed in accordance with the
illumination of the environment, if a signal of the
high voltage VtgH is applied to each bottom gate line
102 for a period corresponding to Tgpy expressed by the
equation (2), the biased effective voltage applied to

15 each bottom gate terminal BG can be adjusted to the

- optimal value Vte, thereby minimizing a change in the
sensitivity characteristic of each double-gate
photosensor due to degradation of its element
characteristics.

20 The optimal effective voltages Vte and Vbe, set
for each top gate terminal TG and each bottom gate
terminal BG, respectively, during the above-described
effective voltage adjusting operation in accordance
with the sensitivity characteristic of the double-gate

25 photosensors, are determined from the element structure
of the double-gate photosensors or materials used for

them, and can be positive voltages, negative voltages



during the entire process period including the inmage

45 readi ng period and the effective voltage adjusting

peri od can mwoioikésez or nmake 0, a change in the t hrewsrob/os7830] t age
of each transistor. Accordingly, the i nvention can provide a highly
reliabl e photosensor 5 systemthat can suppress the influence of a
change in the threshol d vol tage ofi%each transistor due to the
polarities of voltages applied to the top and bottom gate term nal s
TG and BG, and hence can mnim ze degradation of the sensitivity
characteristic oPTthe’: 10 el ement characteristics of each photosensor.

In this enbodi nent, x@%%o t%ﬁ?%@fﬁﬁﬁgyeﬁﬁgdéhent, che S a_s?]l{?v%%_g%élpp|ied

to"each of the top a erm'nal’s uring the

i mage readi ng pegbPagdi®omponent A8 €hd eXdi-MRveoLs @€ wdditagki ng period are
a pair of 15 positive and negative voltages that are asymetri cal

W th respect to tdwepdidnt efeltheOchrredcimn diinglay, apptied to eachotop he top
and bottomgate drivers 111 and 112 can be formed of a driver of a
two-val ue But put Or afekom [gage terminal yHe qxf Bfr Ayeing sthenheffect hee
phot osensor SyStsgléggé“%djusting operation are identical to
corresponding voltage components of the voltage signal
applied thereto during the pre-reading operation and
the image reading operation. 1In this case, two
10 voltages are applied to each of the top and bottom gate
terminals TG and BG, and hence each of the top gate
driver 111 and the bottom gate driver 112 can be formed
of a driver of a two-value output, as in the first,
third and fifth embodiments. Since this type of driver
15 is cheap, the photosensor system using such drivers can
be made at a low cost. However, the sixth embodiment
is not limited to this structure. It may be modified
like the second and fourth embodiments such that a
signal applied to each top or bottom gate terminal TG
20 or BG during the image reading period and the effective
voltage adjusting period has different high level
voltages and low level voltages, and hence each of the
top and bottom gate drivers 111 and 112 can be formed
of a driver of a multi-level output.
25 Further, in the sixth embodiment, the manner of

executing the pre-reading operation is not limited to

that shown in FIGS. 13A - 13H, but may be modified.



20 - such drivers can be nade at a | ow cost. <Si xt h Enbodi nent >

A method for controlling a photosensitive system according to a

si xt h enbodi g, the invention will be descri begMMibdbokRs erence
to FIGS. 13A - ,Asz g 25 Thi s enbodi ment is direct eﬂ a control
met hod that includes, in addition to the step of reading an

I mge of a subject as described in the firss to fifth

46 enbodi ments, the step of executing, imrediately before

the i mage readi ng period, an operation (hereinafter referred to as
a "pre-readi ng oper at iBH6S). floR - 15H areigtigimgnrhgran bptustadating
sensitivity-for the photosensor, whi ch varies in accordance with
various conditi orfP¥hEF Pre'readﬁ’égt?%’—‘%tllﬁﬁt RBRE &Fn the SBRIPY8ANERt , t he
type of a to- cted subj ect, etc., and is used for the inmge
r eadi ng operatlonthe SIX% mE 5 13A - 13H are timng charts
illustrating 10 ORE iliisO EI Pi ‘iQtE.BW enpl pyed | nahe

phot osensor system cont roI Pﬁ ?&Jﬂé % jdivent of the

i nvention. Fhe smsa)&ti@ﬁlalaswl, oT2, - qSTn as shown in FIGS. 15a -
15C are simultaﬁeously applied to all top gate lines
101, thereby starting a reset period Trgget for all
rows and simultaneously initializing the double-gate
photosensors 10 of all rows.

10 The reset pulses ¢T1, ¢T2, - ¢Tn simultaneously
fall to finish the reset period Tpgget and
simultaneously start light accumulating periods TB1,
TB2, -* TBn for the double-gate photosensors 10 of all
rows, whereby charge (positive holes) is generated and

15 accumulated in each channel region in accordance with

" the amount of light entering the dduble—gate
photosensors 10 of each row from their top gate
electrode side.

A pre-charge signal ¢épg as shown in FIG. 15G is

20 applied so as to make the light accumulating periods
TBl, TB2, -+ TBn, set for respective rows, longer by
respectively increasing delay periods Tpgray. and
readout pulse signals ¢Bl, ¢B2, - ¢Bn are
sequentially applied to the bottom gate lines 102 as

25 shown in FIGS. 15D - 15F, thereby sequentially starting
readout periods Tread? sequentially reading voltage

changes VD1, VD2, VD3, ‘- VDm, which correspond to



enpl oyed in the above-described enbodi nents will not be descri bed
in detail. In this enbodi nent, the high and 15 | ow | evel vol tages of
voltage sig ied to the top and bottom gat epgy @3 and
102 are asynrr?geot%rﬂl}gsg# with respect to the G\D | evel P(B/ﬁ%a{o and
reverse bias vol tage waveforns are set so that a change in the
threshol d voltage of a transistor constitusbng a 20 phot osensor can be
m nimzed, as in the fourth and fifth enbodi nents.

When executing the pre-reading operation in this enbodi nent, at
first, reset pul sthaiggnalcsufneiated i ahe] dPuble-gate photpiamserowd i n FI GS.
13A - 13C are sequentially applied 25 to the top gate lines 101 with
regul ar del ay perdfogespective q?%ﬁw]fr°FhéPéb?uEEﬁEéﬁﬁF&PFysﬁ?E&qqrﬁ} reset

d fo t I
E’f h f h doubl e FRSPESERG et Lihepnios cand kbilisiffly
ach of t t T T
€ rese (:E]B&Efeﬁ %hgn?!aéd [x?z{ft]a}% c[hghg]a Zn tx{eerﬂah Fﬂsbas a

positive voltage evel ) VitgH a negative vol tage (I ow

level ) Vtgls (* -VtgH) .acddrdingdlf, image dsAsyweRlrwien difffereaspect to the
G\D | evel (O V).

reading sensitivities set for the respective rows of an
image of a subject can be obtained by reading the
subject image only one time.

The manner of executing the pre-reading operation

10 used in this embodiment is not limited to the above-
described one. It is sufficient if an image of a
subject can be read with different reading
sensitivities. For example, a series of operations --
a-reset operation — a light accumulating operation - a

15 pre-charge operation — a reading operation -- may be
repeated several times while sequentially changing the
reading sensitivity to obtain image data using
different reading sensitivities. Any other appropriate
method may be, of course, employed.

20 Although, in the above-described embodiments, the
double-gate photosensor is used as a photosensor, the
invention is not limited to this. The control method
of the invention is applicable to a photosensor system
using another type of photosensors, if their

25 sensitivity characteristic or element characteristics

are liable to change or degrade because the voltage

polarity of a signal applied during a pre-reading



The'reset: pulses [err]T1l, [err]T2, ...[err]Tn sequentially fall to
thereby sequentially finish the reset periods T[err] and start
respective |yghtpagsunul ating periods TAL, TA2, .. pcThvoond:a
result, charges (positive holes) 10 correspondi ng to the anount of

i ght entering the doubl e- gat e phot osensors 10 of each row from
their gate el ectrode side are accuswl ated in the channel regions

of the photosensors. After a pre-charge signal [err]pg shown in
FIG 13Gis applied so that the light 15 accurul ati ng period TAl, TA2,
TAn set for eachopewation or am |imager yeading sinsraitdenmaandrsuigh @nits of the
predeterm ned del ay period T[err] after the |ast reset pul se
[err]Tn falls. FGREREE, OF cdRARAARHCOReCAN ghR R idizpa1 by a correqtdpp) go,
[err] Bn as shown.,in FIGS..13D : 13F are O.. . sequentially applied to
the bottom gate PF 8§flﬁﬁglled)durln9h8Pe §§§gﬁﬁ§hﬁF§#Fges?é&%%ﬁﬁf%readout

periods Tread, eratiggduentially reading a voltage change VD shown in

FIG 13H, which 88rresponds to charge accumul ated in _ each _
doubl e- gat g phot osensgaltA&agh I BiNYHE aBUvELUEes@Bibed e@bbAihénte£ctd on 113 via
a correspondi ng data |ine 103, and sequentially storing the read

vol t age change i pulée signal haRAvigl3@. opposite voltage polarity is

applied during the effective voltage adjusting
operation in accordance with the operation
characteristics of a double-gate photosensor or the

10 structure of the photosensor system, the invention is
not limited to this. If the éverage effective voltage
during the entire period including the pre-reading
period and the image reading period can be set at a
value (0 V or a predetermined value) at which a change

15 . in the photosensor characteristics can be suppressed, a
signal having a predetermined voltage may be applied
instead of a pulse signal having an opposite voltage

polarity.



48 The readout pulse signals [err]Bl, [err]B2, [err]Bn
each have a positive voltage (high |evel) VbgH and a

negative voldpgaséhow | evel ) VbgL (* -VbgH) that are pCT/IBSNSTEL i cal
with respect to the G\D | evel (O V). 5 Since, in the

above-descri bed pre-reading operation, the light accumulating

period TAl, TAZ2, TAn set for eaché6Xow varies in uni , =1 M
period as the predeterm ned delay period T[err], inmage “mﬂhﬂﬂamm‘ﬂ%m
obtained which is read at a reading 10 sensitivity set noos =
sensitivity adjusting wdth ¢ datted ¥h8n the nunber of rows of the

phot osensor array 100. On the basis of this imge data, the
control ler 120 extradts, AfBROYSSHRFOL SYSEEPNEOMPTLSIng:,ccymul ating peri od

t hat enabl es a maxi mémpﬁgg%&%cilofarr %é%?%hi%g%hfﬁ}g’gf}gfﬂgar%f“lg%er m nes

an optimal |ight accumulating eterm ni ng

the opt iprmbcolsbﬁbér@c%u(}uIa&&hageaee&&ﬁdﬂ@ﬁfsri@mmyge data is

not limted to t'he above net for extracting condi tions that
enabl e the maxi mum capitaslizimp means (111Af1E2, tIp®)pEexr epplytne@er ati on,
an i mage readi ng operation is executed using the optimal |ight
accunul at i ng- peries@tTpuliee esignedd (yTihetpreacheadi blye photosenggseat i on.
Thi s imge readi n_% op%rgﬁéonhoitsos%%ssggalalrya 100 ttkﬁgrggne as that executed
inthe first to (d%tA P ray (100), Y
initializing the photosensors (10);
signal readout means (114, 115, 120) for applying
10 | a pre-charge pulse signal (¢pg) to each of the
photosensors (10) of the photosensor array (100),
applying a readout pulse signal (¢Bi) to each of the
photosensors (10), and receiving a voltage output from
each of the photosensors (10); and
15 effective voltage adjusting means for applying, to
each of the photosensors (10), correction signals for
correcting, to optimal values, effective voltages of
the signals applied to each of the photosensors (10) by
the initializing means and the signal readout means.
20 2, The photosensor system according to claim 1,
further comprising optimal reading sensitivity setting
means for reading, using the signal readout means, a
subject image formed of pixels corresponding to the
photosensors arranged two-dimensionally while changing
25 an image reading sensitivity set for each of the

photosensors (10) by the initializing means and the

signal readout means, thereby determining an -optimal



55 enbodi nment s reset pul se

sranats e~ cerryre TR ceovepcTan ¥ aper oe vo

101, thereby sequentially starting " eSet perlods Tlerr] for
respective rows and initializing the doubl e- gat e phot osensors 10
at respective rows. These reset A se signals [err]T1l, [err] T2,
[err] Tn each have, |ike the 5 reset pul se signals used in the
pre-reading operation, a positive voltage (high level) VtgH and a
negative lmﬁﬁ?t’éﬁ‘i‘;@(’}%\ﬁq"é&éwl% R (gher PRsivigf)inagR are

asymmetrical wth,_respect,t D, | evel The reset
pul ses [err]T1, P 3?? of t PF$N e%ﬁﬁﬁﬁléirg% thh re§%ﬁqt;yg
sequentially flgbéhré 1&5*%3n§%@ib9@§e![err] and start the

af orenenti oned optimal li1ght accunul ati ng periods Ta for respective

rows, whereby charges. The phdtid@nkb¥es{iotas)aczioedgagetat €rhiand,
accumul ated in the channel regi on of each doubl e-gate phot osensor
10in 155 awberdancehaiiddruees ianpahgnals lapghiednbyr they efifectdme
its top gate el ectrode side. After that, readout pul se signals
[err] Bl, [err]B¥oltage adjusting means set, at 0 V, average effective

voltages of the signals applied to the photosensors

(10) by the initializing means and the signal readout

means .

10 4. The photosensor system according to claim 1,
wherein the correction signals applied by the effective
voltage adjusting means adjust average effective
voltages of signals, applied to each of the
photosensors (10) by the initializing means and the

15 signal readout means, to values at which a change in a
threshold voltage of each of the photosensors (10) is
minimized.

5. The photosensor system according to claim 1,
wherein voltage waveforms of the correction signals

20 applied by the effective voltage adjusting means have
time integral values of polarities opposite to those of
time integral values of voltage waveforms of the
signals applied to each of the photosensors (10) by the
initializing means and the signal readout means.

25 6. The photosensor system according to claim 1,

wherein each of signals, applied to each of the

photosensors (10) by the initializing means and the



[err]Bn are sequenti al 'y appitedtothose-doubl e-gate phot osensors

10 via the bottomgate Iiumlm nwﬂ respective rows, at which the
opti mal Iig,mmm512 ac m m Ta and the pre-giamiifshs’ | 0d

T[err] have el apséd, °t hler éby Ssetjuenti al ly starting readout

periods Tread, sequentially reading a voltage change VD, whi ch
corresponds to charge accunul ated in eacgzdouble- 25 gat e phot osensor
10, fromthe output circuit section 113 via a correspondi ng data
line 103, and sequentially storing the read voltage change in the
RAM 130. effective voltage adjusting means and PyOthe signal These
readout pul se signals [err]Bl, [err]B2, [err] Bn each have, |ike

t he readout pulreadougnmeangsand|phe effgctive voltageeadiwgtiopemeanen, a

positive voltagf (hi h_IeveHZ_Vb%H and_ a negative voltage (| ow
l evel ) VbgL (* a@b@Hga%ﬁan kgh-levgloand, lagrieved VRiltR9%8spect to the G\D
| fxecuted for

level (OV). 7 Thfféﬁc?{ost(ﬁ}%g%:{r% SLb AL 0o iy ' 8halR £

all rows, an effeptiVe VO ge a _ operation i ~ executed
during the effgeldréenvakéRuee alignallsNJappiiod to each offOtnadj usting and

optim zing the biased effective 10 vol tage signal applied to each gate
line during thehotosensops e¢1®EAdynghepenatialiaiy tMeensmage tieadi ng
operation. effective voltage adjusting means and by the signal
readout means and the effective voltage adjusting means,
has pairs of high-level and low-level voltages.
10 8. The photosensor system according to claim 1,
wherein:
each of the photosensors (10) has a double-gate
structure including a source electrode (12) and a drain
electrode (13) formed with a semiconductor layer (11)
15 as a channel region interposed therebetween, and a top
gate electrode (21) and a bottom gate electrode (22)
formed above and below the channel region with
respective insulating films interposed therebetween;
and
20 the initializing means initializes each of the
photosensors by applying the reset pulse signal (¢Ti)
to the top gate electrode (21) of each of the
photosensors, and the signal readout means applies the
readout pulse signal ($Bi) to the bottom gate electrode
25 (22) of each of the photosensors (10), thereby
outputting, as the output voltage, a voltage

cérresponding to charge accumulated in the channel



Specifically, during the effective voltage adjusting period, those
correction signals are gener at (mljmmlm"]"mum the top and bottom
gate lines 1Woo01245i91 and 102 of each ef f egicreoom@tos ages

that can adjust the average val ues of tHe éfflectivé * vol t ages
applied thereto as reset pulse signals during t he pre-reading
period and the inage readi ng period, 64and the effective voltages
applied thereto during the 20 effective voltage adjusting period, to
opti mal vol tages Vte and Vbe that m nimze, or nake 0, a change in
t he thres I’Fﬁg&"\‘?aF’H’élB? %é‘d}?rtg@aﬁnge#awn%aﬁnpﬁor@wmrfrom

gate o i nal BG GUFPRBSEREn ot GOR 98381 T2a 0 o, apmI4ERFAGH ok i P wi |
be described in NMM¥@dout ulsg%h rjalvm tJ’B% fer ence to related figures. For
0

facilitate the descrlptlon supposet th the
51 effective 9ol t aghetipd icFd coateatiihg@ia GHot osenEbpatydtem
and the effective voltage applied to each bottom gate term nal BG

are biased to theinghteng| a sphixtosemdorharray (100)démeingt aopliusaliadyat ed
only to the top and bottom gat e
f photosensors (10) arranged two-dlmenSLOnally,
comprising:

an initializing step of applying a reset pulse
signal (¢Ti) to each of the photosensors (10) of the

10 photosensor array (100), thereby initializing the
photosensors (10);

a signal readout step of applying a pre-charge
pulse sigﬁal (¢pg) to each of the photosensors (10) of
the photosensor array (100), applying a readout pulse

15 signal { ¢Bi) to each of the photosensors (10), and
receiving a voltage output from each of the
photosensors (10); and

an effective voltage adjusting step of adjusting,
to predetermined optimal values, effective voltages of

20 the signals applied to each of the photosensors (10) in
the initializing and signal readout steps.

10. The method according to claim 9, wherein the
optimal values of the effective voltages of the signals
applied to the photosensors (10), adjusted in the

25 effective voltage adjusting step, are 0 V.

11. The method according to claim 9, wherein the

optimal values of the effective voltages of the signals



5 lines of the first row FIGS. 14A and 14B show t he

rel ati onshi p, enpl oyed controlling t he

phot osensor wgai/ss2 accorﬂl“ﬂﬁt“llﬂl“ﬂﬂlllm di ment, - betmmewessognal s
appl i ed to each top gate t®errfin&l ¥G%nd each bottonrgate 10
termnal during the effective voltage adjusting period, and signal s
applied thereto during the pre-reading 65 period and the inage reading
peri od. is shown in FIGS. 13A - 13H, in the reset.

operation during_th re re d|n eriod and the inmgge r eadi ng
period, a reset ﬁHP&a ?’P¥°ﬁn6?rsa (e ad)“s"edlb‘%/é}hevol tage

(positive vol tagg}fé/é O%Qalg'eengggFln%aC%eq Orl'r% %aY,tler %:hg{ht er| od

(for the reset peéeriod ‘op gat € Via a

correspondi ng t OBhange in aga:meésheﬁdl%ltgglcng dachebat tyel y 1 ong period
ot her 20 t han t%e reset period, a low |l evel voltage (negative

vol tage) VtglL isphppbsensddser(@ng. ishminighied. accunul ati ng period Ta
enpl oyed in the i mge readi ng operation is set during the
pre-readi n§ period ik. The me&@@éréaﬁeedkwqrto10®&l@xanpwhﬁr3ﬂne i 11 um nance
of the 25 envi r onnent he other hand, also in the

readout operation each Qﬁuﬁhﬁbppﬁé°ﬁFﬁs?%%dﬁ¥ﬁj B@si gadapkletRatemge

readi ng structure including a source electrode (12) and a drain

electrode (13) formed with a semiconductor layer (11)
as a channel region interposed therebetween, and a top

10 gate electrode (21) and a bottom gate electrode (22)
formed above and below the channel region with
respective insulating films interposed therebetween;
-and

the initjializing means initializes each of the

15 -photosensors by applying the reset pulse signal (¢Ti)
to the top gate electrode (21) of each of the
photosensors, and the signal readout means applies the
readout pulse signal (¢Bi) to the bottom gate electrode
(22) of each of tne photosensors (10), thereby

20 outputting, as the output voltage, a voltage
corresponding to charge accumulated in the channel
region during a charge accumulating period ranging from
termination of the initialization to application of the
readout pulse signal (¢Bi).

25 13. The method according to claim 9, further
comprising:

a pre-reading step of reading a subject image



e e

.52 : period, a readout u se signal [err]Bl of a high |evel
vol tage (positive voIt E mg iled for only a very short
period (fokydfiesr@adou 0 each botrcargmdseest er m nal

BG via a correspondi ng bot f om gate line 102. During a relatively

| ong period ot her t han the readout period, a low |evel voltage
(negative vol tage) VbgL is appli@® thereto. The |ight
accunul ating period Ta enployed in the [ mage r eadi ng operation is

set during thed%re read| ng period in accordance with, for_ exanple,
the illum nati & pixels C%ﬁﬁspsﬁﬁém to the photosenpprsp(10)

enbodi nment , z‘ﬁaéﬁ ?§Q§£$ Lﬁ%rr\gf} ?908 ?ﬂﬁaﬁeﬁqﬁw\é\?lef age waveforns

that can make t side tinme

integral value d);fmetnggonygl mvl@‘ UhEgPhqgVoh { ARG Id&e% to each gate

term nal of each phot osensor dur| ng the pre-reading period, the

i mage readi ng pamsidiendytSec pRsd ethodf ofhenef fiestdsensors (10)veoht age

adj usting operation to be executed, equal to t he absol ute val ue of
the | ow | 2vel - sitge iniipdalhzing afteP@nd theasignal tndesiputwisthps ef erence to

the optimal effective voltage Vte applied to each top_gate term nal
TG and theg eyt PREFIRT (At (RFETRd| LBEES VERAMAS iSedsiEivaby on

bottom gate t ertrH as:.g' o¥\h.{m gearp%t ernls ofCERE dsau Cjec't: image

obtained while changing the image reading sensitivity;
an image reading step of reading an entire portion
10 of the subject image using the set optimal image
reading sensitivity; and
an effective voltage adjusting step of adjusting,
to the optimal values, the effective voltages of the
signals applied to each of the photosensors of the
15 photosensor array (100) during the pre-reading step and
the image reading step.
14. The method according to claim 13, wherein the
pre-reading step includes:
a first step of applying a first reset pulse
20 signal (¢Ti), having a predetermined polarity, to each
of the photosensors (10) in a first time period, |
thereby initializing the photosensors (10), a first
signal voltage being applied during a period other than
the first time period; and
25 a second step of applying, after the
initialization, a first readout pulse signal (¢Bi),

having a predetermined polarity, to each of the



Wth the sen5|t|V| ty character| stit of thedotubte-gate 25 phot osensor .

each bot Pﬁ@;ﬂgﬁﬂ? 02 * (KM o= 2°Bh%i;§ﬁ;b§§,§;§12tl e

pr edet er m

points during the effective voltage adjusting period. As is
shown in FIGS. 13A - 13C, the correctiongy signal applied to each top
gate line 101 during the ef fective vol tage adjusting period

i ncludes a | ow 5 | evel - si de vol tage conponent having a predeterm ned
signal w dth (iphdtesehsgrs (39 A& ansécond dime rderimd] at which a

hi gh-1 evel - si de vol tage conponent having a predet er m ned si gnal

width T[err], \mirtehchesgsecqpqnattﬂq’@ based ongphe rmne-@ﬂifa@etei pels®ltage Vte for-
each top gate t he ot her, hand, the

al
c]?][rect i on si gﬁ&lgnéﬁpl(%@?’ has bee’t‘of’e‘h’csﬂ‘% t%‘&ﬁ?emi"?%l%‘gl Gurhng t he
t
errective ¥0§:E§3§u€e é}iﬁ: Qgcgg %‘fx\%ﬁ &?ci c‘%aﬁ@* evel -siae

vol t age conponenfshaV|ng p m ne T[err] and

Tlerr], apd a falc%mhﬂ@éasaﬁqnvgolat aaarge accum&p;mae@brhlaw%@mg
predetermned signal width T[err]
from termlnatlon of the initialization to application
of the first readout pulse signal (¢Bi), a second
signal voltage being applied during a period other than
the second time period; and
10 the first readout pulse signal (¢Bi) is applied in
the second time period such that it changes the charge
accumulating period at a predetermined ratio, and an
optimal charge accumulating period is determined on the
‘basis of an image pattern of the subject image obtained
15 from the first readout voltage corresponding to charge
accumulated in each charge accumulating period.
15. The method according to claim 14, wherein
the image reading step includes:
a third step of applying a second reset pulse
20 signal (¢Ti), having a predetermined polarity, to each
of the photosensors (10) in a third time period,
thereby initializing the photosensors (10), a third
signal voltage being applied during a period other than
the third time period; and
25 a fourth step of applying, after the
initialization, a second readout pulse signal (¢éBi),

having a predetermined polarity, to each of the



wi't h respect to the optinal effectlvmgF*Vbe for each bottom

el Toncoumppt i o to cad MIBSILMEMRIIN > 5 sce tencmimene "

signal is shown in FIG 14A. Supposk thats, #n FIG 14A Vt e
represents the optimal effective voltage of each top gate term nal
TG VtgH a high voltage contained in 68 a signal applied thereto
during the pre-reading period 25 and the image readi ng period, VtgL a
| ow vol t age contained in the signal, Ta the optimal |ight

accunul at i ng p@hos@senpPdy et Hurdthyhikd IanRQE‘¢m¢IQDPeratl°n based

54 operation, TLT a | ow |l evel  per

d h h
optimal |ight a?(f‘c&'ﬁﬁl BEPTOhERAS G186 ?ﬁgnﬁho [?réq)erhats geenr%’dﬂ‘r%dperl od
and the image r, ag.uggupgl%'i?gme %%qnyirc%rresaondl %g‘p %Velgp@;tj 9d (i.e

Tlerr] + T[err] re-reating per I mage

readi ng period. cha}@@naccumulatlﬁ#?efﬂbﬁo%@grﬁgﬂéé'cﬂfh.'n% @h¥ePre-
H . (T[err] + T[err]) = Lt err] + T[err]) where Ht

represent% the masidhyt et&p) uthddeliyglbdutpitelihg a seconcbfretalaeudl fference
bet ween the high vol tage Vt gH and
voltage corresponding to charge accumulated during the
optimal charge accumulating period ranging from
termination of the initialization to application of the
second readout pulse signal (¢Bi), a fourth signal
10 voltage, being applied during a period other than the
fourth time period, and
the effective voltage adjusting step includes:
a f£ifth step of applying, to each of the
photosensors (10), a f£ifth signal having a
15 predetermined effective voltage for adjusting, to the
optimal value, an effective voltage applied to each of
the photosensors (10) and based on the first and second
reset pulse signals (¢Ti) and the first and third
signal voltages applied in the first and third steps;
20 and
a sixth step of applying, to each of the
photosensors (10), a sixth signal having a
redetermined effective voltage for adjusting, to the
optimal value, an effective voltage applied to each of
25 the photosensors (10) and based on the first and second
readout pulse signals (¢Bi) and the second and fourth

signal voltages applied in the second and fourth steps.



10 the opt| mal vol t age—Vt-e—and—tt—tte absol ute val ue (| vtgL - -

X:)?! araf)f vf)lrlgggg:gg onee jﬂmmmm mlmlgl tegg:t ion (1), V;gg;g,ﬁﬁgjhgnshl p

bet ween appl i catioontperiod of the correction signa

each top gate line 101 during the effective voltage adj usting
period, i.e. the relationship between they signal wwdth T[err] of

t he hi gh-1evel -si de voltage conponent and the signal width TTPL of
the | ow I evel - si de vol tage conponent is given by 20

Tlerr] = Lt/H (Ta #6J[ ethel metRpdr a¢gordifferto claim 15, .whdin:
Accordingly, even when the optimal 1ight accunulatlng period during

the image readi ng opeR@tfifth signal is %ﬁﬁﬁﬁﬁﬂjﬂhﬁhaéééﬁﬁgﬂ®% ' tthet he
|IIumnat|on of t of the hlgh vol t age

VEgH i s oRBEFTLPAEFLITR POLEGRE 95 d8 F6LOFOPRGe pEITDE
cor'respondi ng ' Qedberids £xRisssElebYotlie SAUAGMBE(Bhe photosensble bi ased

ef fective voltage app each
55 ter piogl add e alaeeadhaﬁwéi x}aetat& QREhMal pyad gVt €,

t her eby n1n|n12|ng a change in the sensitivity
opposite to the effective voltage applied to each of
the photosensors (10) and based on the first and second
reset pulse signals (¢Ti) and the first and third
signal voltages applied in the first and third steps;

10 and

the sixth signal is created with reference to the
optimal effective voltage set in accordance with the
sensitivity characteristic of each of the photosensors
©(10) and has an effective voltage with a polarity

15 ‘opposite to the effective voltage applied to each of
the photosensors (10) and based on the first and second
readout pulse signals (¢Bi) and the second and fourth
signal voltages applied in the second and fourth steps.

17. The method according to claim 15, wherein:

20 in the fifth step, the fifth sighal is applied to
each of the photosensors (10), which has a fifth
voltage component lower than the optimal effective
voltage set in accordahce with the sensitivity
characteristic of each of the photosensors (10), and a

25 sixth voltage component higher than the optimal
effective voltage, the fifth and sixth voltage

components having their time widths set to



characteristic of each doubl e- gate—phetoesensor-due to degr adati on

of its elenent characteristics. {;ﬁmmﬂl“ Nlﬂ@ HL: ot her hand, the
rel ationshi n the | 'I, H appl i edptprdfeihepot t om
gate line 18&86{%@ﬁ and the other stgnal ul Ss in FIG 14B. Suppose
that, in FIG 14B, Vbe represents the optimal effective vol t age of
each bottomgate term nal BG VbgH a high 7010 voltage contained in a
signal applied thereto during the pre-reading period and the inage
readi ng peri od, VbgL a | ow voltage contained in the signal, Ta the
opti mal |ight acexedstsrimnigedevaddesnpt ogteitidan apsbhete value dfnage readi ng
operation, TLB a |ow | evel period other 15 than the optinmal |ight
accunul ati ng pertHee Fpt@gFedgvalue of Hhe fight agdpeRisd sdpalhe i nage
readi ng period, a B a.bjgh |level period i.e.ﬁ%{err + T[err])
during the Vgﬂpa}%e-sr aRg };E{epgi%ﬂ Wra9fe CPWBSBe&éabﬁ "tﬁgrgth?mThen,
the follow ng eq | ' L.\MeR; . : kb r + Tl&arrl)) = Lb.
(Ta + T[err] + Iieréﬁ%ké %?§¥£(§§ a*Pime l%ﬁﬁﬁﬁnggggégré%éﬁlﬁsé%%ékabsolute

val ue (| VbgH - Vhbed)second reset pligsélidigancy Qb'ﬁinﬂﬁ{abtt% siigbnvol tage
e a

VbgH and the optimal voltage Vbe, and Lb t sol ute val ue
(| VbgL - Vbe|) ofoltrgealicompoearoe;babdeen the | ow vol tage 25 VbgL and
the optimal voltage Vbe. Further, T[err represents the tota

signal width (T[err] i® Mhe Sfythf step, the thixyhoRigsed| 18| PR &8¢

conponents. each of the photosensors (10), which has a seventh

voltage component lower than the optimal effective

10 voltage set in accordance with the sensitivity
characteristic of each of the photosensors (10), and an
eighth voltage component higher than the optimal
effective voltage, the seventh and eighth voltage
components having their time widths set to

15 predetermined values at which an absolute value of a
time integral value of the second and fourth signal
voltages and the.seventh voltage component is equal to
an absolute value of a time integral value of the first
and second readout pulse signals (éBi) and the eighth

20 voltage component.

18. The method according to claim 15, wherein
voltage waveforms of the signals applied to each of the
photosensors (10) in the first, third and fifth steps,
and voltage waveforms of the signals applied to each of

25 the photosensors (10) in the second, fourth and sixth
steps are generated by two-value drivers each for

generating a pair of low-level and high-level voitages.
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55 Fron1the equéT‘Un—f€f-%he~relatlonshlp bet ween

e L cson prise emmmﬂummnm 75 e e
t

T[err] of t oﬁ?ﬂ%-level si de © n voltage conponent an signal
width T[err] of the | ow Ievel si de vol tage conponents is given by
T[err] = Lb/Ho (Ta + T[err] + T[err]) - Fherr] (4)

Accordi ngly, even when the optimal |ight accurul ati ng period Ta
during the inmage reading 10 operation is changed in accordance with

t he i I'1'um nat.i orhef métiSodabodordingt tol €laimi PPalwheiretihe

hi gh voltage VtgH is applied to each bottomgate |ine 102 for a
peri od corresporrlitaget wyavgpEorhs eo@rfé&@dgbﬁmhepplied to egqwlat pbntlie), the
bi ased effective voltage applied to each bottom gate term nal BG

can be adj ust edPhYasEESOrS (1°)okﬂ|?ﬁﬂ ﬁk&ﬁue vhardang itk StAPSi ng a
change in the sensi ch teri,sti oubl e- gat e
phot osensor due ’H) V&é&?&&a‘f’fi‘ é%‘%(mﬁ t%r é:l%gnéﬁfgnafs apgﬂ%ﬁa §CF8FPS?# cs. 20
The opti n‘gl ef fﬁfé 'p\ﬁ%t\égbhggfé M@) aﬂp t\@ese@.gﬁd, fourth and sixth

steps are generated by multi-level drivers each for

generating pairs of low-level and high-level voltages,



for each top gate termnal TG and each bottom gate term nal BG

respectively, during the above-descri bed effective voltage
adj usting opewabvi/mis12i n accordance with the sensiti vPtwIPoo/os7e3
characteristic of the double-gate 25 phot osensors, are determ ned from
the el ement structure of the doubl e-gate photosensors or materials
used for them and can be posi tvés vol-t ages, negative voltages
57 or OV. Mor eo , In this enbodi nent, the
hi gh- | evel - si de vol t age conponent and the | ow|evel -side voltage
conponent of the correction signal applied to each top 5 or bottom
gate termnal TG or BG during th N ctive vol t age adj usting
operation are identical 'to <§zrespondi ng vol tage conponents of the
vol t age si gnal applieebt hgg@ during the pre-readi ng operation and
t he i mage readi ng operation. ﬁf‘r g@ase, two 10 vol tages are applied
to each of the top and bottom gat §=“~' termnals TG and BG and hence
each of the top gate driv!#“-Tll and the bottomgate driver 112 can
be forned of a driver of ad4fawo-value output, as in the first,
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thlrd and flfth enbodlnents Since this type of driver

t he phot osensor system using such drivers can

15
be made at

I s cheap,

a | ow

cost. Howewaror2¢aiz si xt h enbodi nment i's not |im tETIIBo00NI03
structure. It may be nodified | i ke the second and fourth

enbodi nents such that a signal applied to each top or bottom gate
termnal TG 20 or BG during t

vol tage adjusting period has diffe hi gh | evel

Q@ ?nage readi ng period and the effective
r ﬁ vol tages and | ow

| evel voltages, and hence each of the top and bottom gate drivers
111 and 112 can be forned of a driver of a multi-level output. 25
Further, in the sixth embodi ment, the manner of executing the
pr e- readlng oper;agi n "+ﬁEHtO ' t hat shoWn in Fl 13A -
13H, but may be: fieE : ! : I : 58
FIGS. 15A - 15H%adeytin g claritd il kustyaind | i ahother pre-reading
operation ﬂﬁéf'g i ; t he—§mt h™ enboli nment
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101,'thereby starting a reset period Treset for al
sinmultaneously initializing the doubl e-gate

rows. 10
si mul t aneousl y
si mul t aneously start

wo 01/24s1he reset pul ses [er
- fall to finisht

| i ght accunul ati ng

for the doubl e-gate photosensors 10 of al

rows and
phot osensors 10 of al

r]T1, [err] T2, {err n
he reset period TresBtT/2Rigos703
peri ods TB1, TB2, TBn

rows, whereby charge

(positive holes) is generated and 153/18 accunul ated in each channel

region in accordance with
doubl e-gat e phot osensors 10 of
el ectrode side. A pre-char
15Gis 20
TB1, TB2, TBn, set for respect&& r
I ncreasing delay periods T[err], d

t he anpunt of

__________

light entering the
each row fromtheir top gate
ge signal [err]pg as shown in FIG

applied so as to make the |ightyaccumul ati ng peri ods

ows, | cghfer by respectively
r

pdout pul se signals [err]B1,

a
[err] B2, [err]Bn are -g=------ o pti-ak ppbAppl-ked to the bottomgate
lines 102 as 25 shown |in FI GBZ415D - 154/4 hef eby sequentially
starting readoquE§W|ods § sequégz al ]y reading vol tage
changes VD1, VD2, VD3, <«SYDm wh carresp ;/é’ .
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are‘liable to change or degrade because the voltage polarity of a
signal applied during a pre-reading

60 wpaliaisipn or an inmage readi ng operation, and s®CH/JBO0/05703
change or degradation can be mnimzed by a correction si gnal
applied during an effective voltage adjusting operation. 5

Al t hough in the above-descri bed enbocg nts, a pul se signal having
an opposite voltage polarity is applied during the effective

vol t age adj usting operation in accordance with the operation
characteristics of a doubl e-gate photosensor or the 10 structure of

t he phot osensor system the-invention is not limted to this. If

t he average effective voltage w _ during tgg entire period including

t he pre-reading peri od and&$e i mage r#28di ng period can be set at a
value (O V or a predeterm ned value}]at which glchange 15 in the

phot osensor characteristicsgcam-bgz =TT signal having a
predet erm ned vol tage nmay be appl i te{;le'j of a pul se signal

havi ng an opposite voltag% Ia:i:ityi
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6 1 1. A photosensor system conpri sing:
photosensor array (100) including a plurality of
arranged twowR#RAg2onal | y; 5
for applying a reset pul se signal
phot osensors (10) of the photosensor array (100),
initializing the photosensors (10); si gna
115, 120) for applying 10 a pre-%lﬁgrge pul se si gnal
of the
appl ying a readout pulse signal ([err] Bi) to each of the
phot osensors (10), and rece|V|ng a vol tage output from
phot osensors (10) uectlvq vl t ¢ e adj us
applying, to bsensfor s i(10) i icorrect
correcting, _.10_cC Ve oltag_s_(ﬁ _________
;. ——the ini
The jphot osen

([err]Ti) to each

C
ot
pCt it

b (

t he |

applied to ebch o LD) i
and the signhl 2.
accor di nguwQf cl ai
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further conprising optimal reading sensitivity setting means for

readi ng, using the signal readout neans, a subj ect image forned of
pi xel s corredy@oidi4sng to t he phot osensors arranged tweﬂﬂ%wﬁgﬁionally
whi l e changing 25 an i mage reading sensitivity set for each he
phot osensors (10) by the initializing means and the si gnal readout
nmeans, thereby determ ning an opti mal

62 i mage readi ng sensitivi ty”)Wthe basi s of imge

patterns of the subject inage formed with respective set reading
sensitivities. 3. The phot osensor system according to claim1
5 wherein the correction signals applied by the effective

vol t age adj usting nmeans set, at O Vg gverage efifective vol t ages of

the signals applied to the photosen$dfs S 10) by the initializing
means and the signal readout pans. 1Q 4. The

phot osensor system accordind to cBE T "~ 77, Wherein the correction
signal s applied by the effedtive i vol tiZl 4dj usting means adj ust
average effective | t agek si gnal ¥ 4pplied to each of the
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.ﬁhotosensors (10) by the initializing neans and the 15 si gnal readout °

nmeans, to values at which a change in a threshol d vol tage of each
of the photweeMssrs (10) is m ni m zed. PCT/EP00/4%763
phot osensor system according to claim1, wher ei n vol t age wavef or ns
of the correction signals 20 applied by the effective voltage
adj usti ng neans have time i %gral val ues of polarities opposite to
t hose of time integral valu of voltage waveforns of the
signals applied to each of the photosensors (10) by the
initializing neans and the signal readout nmeans. 25 6. The
phot osensor system according to claim1, wherei n each of signals,
applied to each of the phot osensors (10) by the initializing neans
and the 63 effective
vol tage adj usting nmeans and by the signal readout neans and the
effective voltage adjusting neans, has a pair of high-level and
| ow| evel vol tages.. . Z—The photosensr system according to
claiml, 5 wherei n each of] signals, appliedTo each of the
phot osensors (|10) by the jnitidalizing means and  he
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readout means
has pairs of high-Ievel

8. The phot osensor systramIResyidi Ng to
as a channel

gate el ectrode (21) and a

15

each of the photosensors (10) has a
(11)

Lq}ggr | ayer
f ormed above and bel ow t he channel

respective insulating films interposed therebetween;

and a

10
structure including a source electrode (12) and a drain

wher ei n:

effective Voltage adj usting neans and by the signal
and the effective vol tage adjusting neans,

and | ow | evel WooLR4582S.

el ectrode (13) fornmed with a sem cond

regi on interposed therebetween,

bottom gate el ectrode (22)

claimi1,
doubl e-gat e
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64 region during a charge accunul ating period ranging from

termnation of the initialization to application of the r eadout
pul se si gnalwoQ ot4512 9. A nethod of controlli nBCHIREE70EeNSOr
system 5 i ncluding a photosensor array (100) having a plurality
of photosensors (10) arranged two-di nensionally, conpri si ng:
an initializing step of applying a "$6A pul se signal ( Ti) to each
of the photosensors (10) of the 10 ?not osensor array (100), thereby
initializing the phot osensors (10); a signal readout
step of applying a pre-charge pul se signal ([err]pg) to each of the
phot osensors (10) of t he pRot osensor ray (100), applying a
readout pul se 15 signal ( [erg]Bi) to eagn of the photosensors (10),
and receiving a voltage oufput fromedch of the
phot osensors (10); and  -g------ rWog omef fegpme- yot t age adj usting step of
adj usti ng, to predfet er ni Zﬁﬁ opt i mali ;///:/ ue$; effective voltages of
20 t he signals applg@ to %;,j: the p semors (10) in t he
initializing and signal @@adout i$7gbs.i! P27 ii110. The method according
i i - 77 L validid of | i
to claim9, wherein theljse L mal | valiygnof (the effective vol tages of
t he signals appgined to t hot ~z§, (1), adjusted in the
. 1 ' 7. IR
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The

12.

11. The net hod

val ues of the effective
effective vol tage

change in a threshold voltage

is mnimzed.

PCT/JP00/05703 65

5
each of the photosensors

are 0 V.
opti ma

{1Ms

wher ei n:

adjusted in the
structure including a source el ectrode (12)

wherein the
are values at which a
phot osensors

effective voltage adjusting step,

according to claim9,
applied to the photosensors (10),
adj usting step,

of each of the
met hod according to claim9,

vol t ages of wbeysspnal s
(10) has a doubl e-gate
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?Zt pul se signal ([err]Bi) to the bottom gate el ectrode (22) of
each, t hereby 20 out putting, as the output

/of the phowowgasss (10),
vol correspondi ng to charge accunulategchanﬁ$5gh]
>

fage, a voltage
regi on during a charge accunul ati ng period rangi ng
r eadout

r ead

chagnnel

tefmination of the initialization to application of the

pvl-se signal ( Bi). 25 13. Theyygthod according to claim?9,

further conpri si ng: a pre-reading step of reading a

subj ect i mage 66 f or med
of the photosensor

of pixels corresponding to the photosensors (10)
sional l'y, .while changing an inmage

array (100) arranged two- di
r eadi ng sensitivity set for edh of the $hotosensors (10) in 5
' t hereby setting

the initializing step and the signal readout st
VT ; e.basis of image patterns

an optimal inmage readi ng sens; L T T
of the subject inage 47 g the i mage reading
sensitivity; _ gﬁ: g%;f§reading an entire
portion 10 of the subﬂé% Z%itgoptinal i mage
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readi ng sensitivity; and an effective voltage adjusting step

of adj usting, to the optinmal values, the effective voltages of the
signal s appl i oﬁﬂsﬁaCh of the photosensors of the 15 peetormeses array
(100) during e pre-reading step and t he i mage readi ng step.
14. The method according to claim 13, wherein the pre-readi ng step
I ncl udes: a first step of applying a first reset pulse 20
signal ( [err]Ti) , having a predeterﬁ&mﬁh polarity, to each of the
phot osensors_(.10)_..p a_first, ii eriod, o g----- thereby - ni-tial-i-zi-ng the
photosensors“(l %, B fﬁ?s1 ; ijgpal [vQrt ade |pbei ng applied dufing a
period otherithgn : he f i perfi od;} gnd 25 n second
step of apggRyi ngl. a §'§t1 : i lijzatijon, a firs| readouf pulse
si gnal ([gf Bi )}, § ayin rﬂinec aolarity, to each|of the
67 <Snibhoffgsehsals 0] i tilme gerli od, at phich a
pre-chargg ber i oh bhkedl op t ge| pulls signal {[[err]
pg) has beags| firfifshed, |k heér eby a '
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first readout voltage corresponding to charge 5 accunul ated during a
charge accumul ati ng period rangi ng fromterm nation of the
initializatiwootsspplication of the first readoutrpmimeosognal (
Bi), a second signal voltage being applied during a period other

t han the second tine period; and 10 the first readout

pul se signal ([err]Bi) is applied i r]lC the second tine period such
that it changes the charge a%[aﬁul ating period at a predeterm ned
ratio, and an opti mal charge accunul ating period is determ ned on
the basis of an image pattern of the subject inage obtained 15
fromthe first readout voltage corresponding to charge accumul at ed
i n ‘each charge accunul ati ng period. 15. The net hod according
to claim 14, wherein t he i mage readi ng step incl udes:

a third step of applying a second reset pulse 20 signal ([err]Ti),
havi ng a predeterm ned polafity, to each - of the photosensors (10)
inathird time period, //{////% gereby initializing the photosensors (10),

athird si gnal voIt ng applied during a period other than
the third tinme period; and fo?f// o a fourth qtep of applying, after
t he initialization, Z/// co&d readout pul :%;'y/a-:. ( [err]i),

havi ng a predeterm ned pol //f'/; ta each of the
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68 phot osensors (10) at which a pre-charge operation based

on the pre-charge pul se signal ([err]pg) has been finished, in a
fourth ti mewmeoresizcorresponding to the opti nal c hecmgpogescasmul at i ng
period determ ned during the pre- 5 readi ng step, thereby outputting
a second readout vol tage correspondi ng to charge accunul ated duri ng
t he opti mal charge accunulaq period ranging from
term nati on of theinitializationtoﬂgglication of the second
readout pulse signal ( [err]Bi), a fourth signal 10 vol t age, being
applied during a period other than the fourth tinme period, and
the effective voltage adjusting step includes: a fifth step of
appl ying, to each of the phot osensors (10), a fifth signal having a
15 predeterm ned effective voltage for adjusting, to the opti mal
val ue, an effective voltage applied to each of t he phot osensors
(10) and based on{the lfi st and{sgcond eset} pul sp signal s
([err]Ti) and thejfirgt hnd t hi fd sign vol f ages}appligd in the
first and third steps;} 20 1 110 It A “aTgrxthTptrép of appl yi ng,
to each of the phot osensprs (19), a syxth gignal/ having a
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predeterm ned effective voltage for adjusting, to the opti mal

val ue, an ef&gﬁhimﬁ vol'tage applied to each of 25 t he phot osensors
(10) and base #%%e first and second readout pul serHpsiiais ( Bi)
and the second and fourth signal voltages applied in the second and
fourth steps. 69

16. The nmethod according to clain11516vf§rein: the fifth signal
is created with reference to the optimal effective voltage set in
accordance with a sensitivity characteristic of each of the

phot osensors 5 (10) and has an effective voltage with a polarity
opposite to the effective voltage applied to each of t he

phot osensors (10) and based on the first and second reset pul se
signals ( Ti) and the first and third signal wgtages applied in
the first and third steps; 5%, and he sixth signal is
created with reference to th 14 op@inul 18f fecfi ve voltage set in
accordance with the sansitijvity dgharagterigtic of each of the

phot osensors tive voltage with a polarity 15
opposite to the effeft %g\ 20
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t he photosensors (10) and based on the first and second r eadout
pul se signals ([err]Bi) and the second and fourth signal voltages
applied in tweorastnd and fourth steps. 17. Th@Cmariensyo3
according to claim15, wherein: 20 in the fifth step, the fifth
signal is applied to each of the photosensors (10), which has a
fifth vol t age conponent Iomei gﬂ?n the optinmal effective

vol tage set in accordance with the s Z ivity characteristic of
each of the photosensors (10), and a 25 si xth vol t age conponent hi gher
than the opti mal effective voltage, the fifth and sixth voltage
conponents having their tine widths set to

70 predet erm ned val ues at which an absol ute val ue of a

time integral value of the first and third signal vol t ages and the
fifth voltage conponent is equal to an absol ute value of a tine
integral value of §he first 5 and second reset pul se signals
([err]Ti) and the xt h vol t age conponent; and in the
sixth step, the sd ' ' " each of the photosensors
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vol t age conponent | ower than the optiml effective 10 voltage set in

accordance with the sensitivity characteristic of each of the

phot osensor swobPras1And an ei ght h vol t age conponent pot/gioensmhan t he
opti mal effective voltage, the seventh and ei ghth voltage
conponents having their tinme wwdths set to 15 predet er m ned-val ues at
whi ch an absol ute value of a hé}gg i ntegral value of the second and
fourth signal vol tages and t 1&yventh vol t age conponent is equal
to an absolute value of a tine integral value of the first

and second readout pulse signals ([err]Bi) and the eighth 20 vol t age
conponent . 18. The nmethod according to claim15, wherein
voltage waveforns of the signals applied to each of the

phot osensors (10) in the first, third and fifth steps, and vol t age
wavefornms of the signals applied to each of 25 t he phot osensors (10)
in the second, fourth and sixth steps are- generated by two-val ue
drivers each for generating a pair of |lowlevel and high-Ieve

vol t ages. 71 19. The

met hod according to claim 15, wherein
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vol t agé waveforns of the signals applied to each of the phot osensors
(10) in the first, third and fifth steps, and vol t age wavef orns of
the signals applied to each of & t he photosensors (10) in the second,

fourth and sjxitrerNaTionaLSbARGATRING UBESEEFINDER PME AYENT cdoR¥RiTIoN TESFveeAch for

generating pairs of lowlevel and high-|evel voltages.
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== (57) Abstract: A photosensor system including a photosensor array having a plurality of photosensors arranged two-dimensionally

s comprises a driver circuit and a readout circuit for applying signal voltages to each photosensor, and also a control circuit having a
function of controlling the voltages applied to each photosensor and adjusting the seasitivity of each photosensor. During an image
reading operation and a reading operation for serting the sensitivity of each photosensor, a correction signal is generated, which has
an effective voltage that can adjust an effective voltage, applied to each gate electrode of each photosensor, to 0 V; or to a value that
minimizes degradation of the characteristics of each photosensor. This correction signal is applied to each gate electrode.



