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are laminated can be obtained, which structure cannot be obtained from a known solid-
state imaging apparatus constituted of sub-pixels, which are made of a combination of
on-chip-color-filters (OCCF) and photoelectric conversion elements, in a two-
dimensional array. The photoelectric conversion elements, accordingly, can receive
incident light with high efficiency, and therefore a solid-state imaging apparatus using
them can be expected to have higher sensitivity. In addition, the photoelectric
conversion elements have an advantage in which false colors are not generated because
of a lack of necessity of demosaic processing.

[0004]  On the other hand, structures of organic photoelectric conversion elements used in
solid-state imaging apparatuses are the same as or similar to those of various organic
thin film photovoltaic cells (see, for example, Japanese Patent Application Laid-open
No. 2006-339424, Japanese Patent Application Laid-open No. 2007-123707, Japanese
Patent Application Laid-open No. 2007-311647, and Japanese Patent Application
Laid-open No. 2007-088033), and improvement of photoelectric conversion effi-
ciencies is aimed for.

In general, organic materials have higher resistance, and very lower mobility and
carrier density than silicon semiconductor materials. Photoelectric conversion elements
using the organic material, therefore, have not reached to show the characteristics of
sensitivity and responsiveness comparable to those of photoelectric conversion
elements using inorganic materials as typified by known silicon semiconductor

materials.
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[0008] The present embodiments have been made under the circumstances described above,
and it is desirable to provide photoelectric conversion elements using organic materials
having high selective light-absorbing properties and a high photoelectric conversion ef-
ficiency, and solid-state imaging apparatuses including such photoelectric conversion
elements.

[0009]  In an embodiment, photoelectric conversion material includes an organic material
having an absorbing coefficient of about 1.5 x 10° (cm™) or more and that is rep-

resented by the following formula (1).

[0010] In the formula (1), each of R, to Ry, and each of X, to X5 is one of a hydrogen atom
and a substituent selected from the group consisting of an alkyl group, a cycloalkyl

group, an alkenyl group, an alkynyl group, an aryl group, an arylalkyl group, a het-



[0010] In the formula (1), each of R tag R20, and each of XI to Xs is one of
a hydrogen atom and a substituent selected fromthe group consisting of an
al kyl gr owp20a/uyeBoal kyl group, an al kenyl group, an alPK¥Ay2o1gyp@ues an
aryl group, an arylal kyl group, a het- 3 WD 2011/118148PCT/JP2011/001463
eroaromatic ring, a heterocyclic group, an al koxy group, a cycl oal koxy

gr oijph an ar yemmngmmg aalﬁte&idyylhd Hiop, garnoﬂlmxyagr?lyfg Ia@gblgylﬂ(bhy grogpoa,np an
aryl thio group, an al koxycarhon n.aryl oxycar roup

ot anoyt “gr doo SRl A IRB RS Ean e ROy Bia AR AR gPua R .°

car banoyl gr elpxyearomsi deugr ougpyloaysubdriyhyiougr osiifananyl gtday mcrybglyolnga‘noup,
an aryl sul T onyjiody Bidhp. nglma %ugrgeﬁbarﬂoggr&gﬁau%@ roap,u%{@q@h car bon

group, a cyano F ro rou to gro up, a
ni troso groupha fp@yl@r@epp an gry sanlﬁ%xlygrp@p Aviagniey giouBe bplegey ateun, " Hluo:

i socyani de g&mo@rﬁdalg@w;ﬁa@w %@up,a mrép@ogrbapma@aﬁo gfdﬁflpa sﬂfy] al dehyde
group, a thioaldeh

roup rou althl eto rou
hydrazi de gré&B‘P’f‘éﬁﬁ IgFPUQnaBIrW?o%TP H’ﬂ‘i ! gS%%“é‘if—‘t%fP'd @SH%P’%@%
mat eri al has gasupabsdobiange gaip amlsemﬁoogﬁnaé)QMp,larﬁadehyﬂié)gm(u@m ) or nore.

[0012]1In an ‘%‘11”’8@9' }?eéi?tgroup, gkgto%‘%]l'lp? anﬁloﬁétg) %lroulp,S an P ﬁfd%&n& Qrolﬁf!. the

fol |l ow ng f ormu
[0011]  In an embodiment, the photoelectric conversion material has an absorbing coefficient
of about 1.53 x 10° (cm!) or more.

[0012]  In an embodiment, the organic material is represented by the following formula (2).

(2)

[0013]  In an embodiment, the organic material is represented by the following formula (3).
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[0014]  In an embodiment, the organic material is a triarylamine dye.
[0015] In another embodiment, a photoelectric conversion element includes a photoelectric
conversion material layer including an organic material represented by the following

formula (1).
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[0016] In the formula (1), each of R, to R,y, and each of X, to X5 is one of a hydrogen atom
and a substituent selected from the group consisting of an alkyl group, a cycloalkyl
group, an alkenyl group, an alkynyl group, an aryl group, an arylalkyl group, a het-
eroaromatic ring, a heterocyclic group, an alkoxy group, a cycloalkoxy group, an
aryloxy group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group, an acyl group, an
acyloxy group, an amide group, a carbamoyl group, a ureide group, a sulfinyl group,
an alkylsulfonyl group, an arylsulfonyl group, an amino group, a halogen atom, a fluo-
rohydrocarbon group, a cyano group, a hydroxy group, a mercapto group, a silyl
group, a nitroso group, a nitro group, a carboxylic acid cyanide group, an isocyanide
group, a thiocyanate group, an isothiocyanate group, an aldehyde group, a
thioaldehyde group, a keto group, a thioketo group, and a hydrazide group.

[0017]  In an embodiment, the organic material has an absorbing coefficient of about 1.5 x
10° (cm!) or more.

[0018]  In an embodiment, the organic material has an absorbing coefficient of about 1.53 x
10° (cm!) or more.

[0019]  In an embodiment, the organic material has an absorbing coefficient alpha (T) (cm),
and a film thickness of the photoelectric conversion material layer (nm) satisfies the

following relationship:
aMz223x107/7

[0020]  In an embodiment, the organic material has a molar absorbing coefficient epsilon of
about 1 x 10* (dm?* dot mol-'dot cm!) or more.

[0021]  In an embodiment, the organic material has a molar absorbing coefficient epsilon of
about 3 x 10* (dm? dot mol-'dot cm!).

[0022]  In an embodiment, the organic material is represented by the following formula (2).



aryloxy group, an alkylthio group, a cycloalkylthio group, an arylthio
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[0024]  In an embodiment, the organic material is a triarylamine dye.

[0025]  In an embodiment, a light absorption spectrum of the photoelectric conversion
material layer has a light absorption peak at a wavelength of about 550 plus or minus
20 nm.

[0026]  In an embodiment, a light absorption spectrum of the photoelectric conversion
material layer has a local maximal value in a wavelength range of about 400-700 nm.

[0027]  In an embodiment, a thickness of the photoelectric conversion material layer ranges
from about 1 x 10* m to about 5 x 10" m

[0028]  In an embodiment, a thickness of the photoelectric conversion material layer ranges
from about 1 x 107 m to about 1.8 x 107 m

[0029]  In an embodiment, the photoelectric conversion element further comprises a
substrate, and a plurality of the photoelectric conversion material layers are formed on
the substrate.

[0030]  In another embodiment, a method of operating a photoelectric conversion element
includes irradiating a photoelectric conversion material layer, and producing a current.
In this embodiment, the photoelectric conversion material layer includes an organic

material represented by the following formula (1).



[0023] I n an enbodi nent, the organic matgrial is represented by the
followng formula (3). [0024] I n an enbodi nent, the organic nateri al
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In the formula (1), each of R, to R,y, and each of X, to X5 is one of a hydrogen atom
and a substituent selected from the group consisting of an alkyl group, a cycloalkyl
group, an alkenyl group, an alkynyl group, an aryl group, an arylalkyl group, a het-
eroaromatic ring, a heterocyclic group, an alkoxy group, a cycloalkoxy group, an
aryloxy group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group, an acyl group, an
acyloxy group, an amide group, a carbamoyl group, a ureide group, a sulfinyl group,
an alkylsulfonyl group, an arylsulfonyl group, an amino group, a halogen atom, a fluo-
rohydrocarbon group, a cyano group, a hydroxy group, a mercapto group, a silyl
group, a nitroso group, a nitro group, a carboxylic acid cyanide group, an isocyanide
group, a thiocyanate group, an isothiocyanate group, an aldehyde group, a
thioaldehyde group, a keto group, a thioketo group, and a hydrazide group.

In an embodiment, the organic material has an absorbing coefficient of about 1.5 x
10° (cm!) or more.

In an embodiment, the organic material has an absorbing coefficient of about 1.53 x
10° (cm!) or more.

In an embodiment, the organic material is represented by the following formula (2).

(2)

In an embodiment, the organic material is represented by the following formula (3).
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[0040] In an embodiment, the photoelectric conversion material layer has a thickness

ranging from about 1 x 107 m to about 1.8 x 107 m

[0041]  In another embodiment, a method of performing photoelectric conversion includes ir-
radiating a photoelectric conversion material to produce an electrical response. In this
embodiment, the photoelectric conversion material includes an organic material rep-

resented by the following formula (1).

[0042] In the formula (1), each of R, to R,y, and each of X, to X5 is one of a hydrogen atom
and a substituent selected from the group consisting of an alkyl group, a cycloalkyl
group, an alkenyl group, an alkynyl group, an aryl group, an arylalkyl group, a het-
eroaromatic ring, a heterocyclic group, an alkoxy group, a cycloalkoxy group, an
aryloxy group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group, an acyl group, an
acyloxy group, an amide group, a carbamoyl group, a ureide group, a sulfinyl group,
an alkylsulfonyl group, an arylsulfonyl group, an amino group, a halogen atom, a fluo-
rohydrocarbon group, a cyano group, a hydroxy group, a mercapto group, a silyl

group, a nitroso group, a nitro group, a carboxylic acid cyanide group, an isocyanide



[0034] I n an enbodi nent, the organic matgrial is represented by the
following formula (2). 7 WO 2011/118148PCT/JP2011/001463 MeO O N O MeO
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formula (1).

[0044] In the formula (1), each of R, to Ry, and each of X, to X5 is one of a hydrogen atom
and a substituent selected from the group consisting of an alkyl group, a cycloalkyl
group, an alkenyl group, an alkynyl group, an aryl group, an arylalkyl group, a het-
eroaromatic ring, a heterocyclic group, an alkoxy group, a cycloalkoxy group, an
aryloxy group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group, an acyl group, an
acyloxy group, an amide group, a carbamoyl group, a ureide group, a sulfinyl group,
an alkylsulfonyl group, an arylsulfonyl group, an amino group, a halogen atom, a fluo-
rohydrocarbon group, a cyano group, a hydroxy group, a mercapto group, a silyl
group, a nitroso group, a nitro group, a carboxylic acid cyanide group, an isocyanide
group, a thiocyanate group, an isothiocyanate group, an aldehyde group, a
thioaldehyde group, a keto group, a thioketo group, and a hydrazide group.

[0045]  In another embodiment, a solid state imaging apparatus includes an imaging area
including at least one photoelectric conversion element including a photoelectric
conversion material layer, the photoelectric conversion material layer including an

organic material represented by the following formula (1).

[0046] In the formula (1), each of R, to R,y, and each of X, to X5 is one of a hydrogen atom



rangi ng fromabout 1 x 10-7 mto about gl.8 x 10-7 m [0041] I n another
enbodi nent, a nethod of perform ng photoel ectric conversion includes ir-
radi at i ngwe 2phidtieeBect ri ¢ conversion material to produc@Canpyligoiréxal
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a photoel ectric C an_ or mat er i al

repre séP94ed b>ln ttlpf'epkp@?qlqg\mlqﬁl@nﬁ/gqsm| eéen(lqgts accordmg to t e embodlments or the photo-

electric conversion elements forming the solid-state imaging apparatus, the photo-
electric conversion material layer is formed from the material having the structural
formula (1), the structural formula (2), or the structural formula (3), which is generally
called triarylamine dye, and the organic material having such a structural formula has a
high absorbing coefficient (alpha). For this reason, the photoelectric conversion
material layer using it can be thinner, and the defects of the previous organic materials
such as high resistance, low mobility, and low carrier density can be overcome. Thus, a
photoelectric conversion element or a solid-state imaging apparatus having high sen-
sitivity and high-speed responsiveness can be provided. The electric intensity E applied
to the photoelectric conversion material layer can be made larger when an identical
electrical potential is applied, by making the thickness of the photoelectric conversion
material layer thinner. Therefore, even if the mobility or the carrier density is low, a
high photocurrent can be obtained. Moreover, a degree of freedom of a molecular
design is high, and thus various derivatives can be designed. Because the photoelectric
conversion material layer absorbs light with a specific wavelength, an on-
chip-color-filter is not necessary, and the forming of the photoelectric conversion
element into a multi-layer structure can be attempted.

[0048]  Additional features and advantages are described herein, and will be apparent from

the following Detailed Description and the figures.
Brief Description of Drawings

[0049] [fig.1]Fig. 1 is a schematic cross-sectional view of a photoelectric conversion element
of Example 1.
[fig.2]Fig. 2 is a graph showing a J-V characteristic obtained when light having a
wavelength of 565 nm and at a certain light intensity (10 (W/cm?) is applied to the

photoelectric conversion element of Example 1.
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not necessary, orm ng ectric conversion %nent Into
a nul ti-| ayepstragtpigeThe @a@ﬁﬁreg@elg{t{(@%foé@ed from such a material usually have a high

work function and function as an anode electrode. A method of forming the transparent

electrode depends on the material forming the transparent electrode, and may include
physical vapor deposition methods (PVD methods) such as vacuum deposition

methods, reactive vapor deposition methods, various sputtering methods, electron-
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from a conductive material having a low work function (for example, phi = 3.5 eV to
4.5 eV), and may specifically include alkali metals (such as Li, Na, and K) and
fluorides or oxides thereof; alkaline earth metals (such as Mg and Ca) and the fluorides
or oxides thereof; aluminum (Al), zinc (Zn), tin (Sn), thallium (T1), sodium-potassium
alloy, aluminum-lithium alloy, magnesium-silver alloy, rare earth metals such as
indium and ytterbium, and alloys thereof. Or, the material for forming the first
electrode or the second electrode may include metals such as platinum (Pt), gold (Au),
palladium (Pd), chromium (Cr), nickel (Ni), aluminum (A1), silver (Ag), tantalum
(Ta), tungsten (W), copper (Cu), titanium (T1), indium (In), tin (Sn), iron (Fe), cobalt
(Co), and molybdenum (Mo), or alloys containing those metal elements, conductive
particles of those metal, conductive particles of the alloy containing the metal,
polysilicon containing an impurity, conductive substances such as carbon materials,
oxide semiconductors, carbon nanotubes, and graphene. The electrode may have a
laminated structure having the layers containing those elements. In addition, the
material forming the first electrode and the second electrode may also include organic
materials (conductive polymers) such as poly(3,4-ethylenedioxythiophene)/polystyrene
sulfonic acid [PEDOT/PSS]. The conductive material may be mixed with a binder
(polymer) to give a paste or ink, which is cured, and thus obtained electrode may be
used.
[0056]  The method of forming the first or second electrode depends on the material forming
it, and may include various PVD methods described below; various CVD methods
including MOCVD method; various coating methods described below; lift-off
methods; sol-gel methods; electrodeposition methods; shadow mask methods; plating

methods such as electrolytic plating methods, electroless plating methods, or the com-
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coating methods, PVD methods, and various CVD methods including MOCVD
methods. The coating methods may include specifically spin coating methods;
immersion methods; casting methods; various printing methods such as screen
printing, inkjet printing, offset printing and gravure printing; stamping methods;

spraying methods; and other various coating methods such as air doctor coater



particles of those netal, conductive pagticles of the alloy containing the
nmetal, polysilicon containing an inpurity, conductive substances such as
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[0062 As the substrate organic polymers (flexible polymeric materials in the shape of

plastic film, sheet, plate or the like) such as polymethyl methacrylate (polymethyl
methacrylate, PMMA), polyvinylalcohol (PVA), polyvinylphenol (PVP), polyether
sulfone (PES), polyimide, polycarbonate (PC), polyethylene terephthalate (PET), and
polyethylene naphthalate (PEN), as well as mica. When the substrate formed from the
polymer material having flexibility is used, it is possible, for example, to incorporate or
integrate the electric device into or with an electric apparatus having a curved surface
shape. Or, as the substrate, various glass substrates, various glass substrates whose
surface is applied with an insulating film, quartz substrates, quartz substrates whose
surface is applied with an insulating film, silicon substrates whose surface is applied
with an insulating film, and metal substrates made of various alloys and various metals
such as stainless steel may also be exemplified. The insulating film may include silicon
oxide-based materials (for example, SiO, and spin-on-glass (SOG)); silicon nitride
(SiNy); silicon oxide nitride (S1ON); aluminum oxide (Al,O;); metal oxides, and metal
salts. Conductive substrates whose surface is applied with the insulating film
(substrates made of a metal such as gold or aluminum, or substrates made of highly

oriented graphite) may also be used. The surface of the substrate is desirably smooth,
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made of a nmetal such as gold or alum num or substrates made of highly
oriented graphite) may al so be used. The surface of the substrate is
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Exanple 1 of 1 x 10° or more, specifically 1.53 x 10° (cm'), and a molar absorbing coefficient
epsilon (dm3*dot mol-'dot cm™!) of 1 x 10* or more, specifically 5 x 10* dm*dot mol-'dot
cm'l. The quinacridone, which has been used for years, has an absorbing coefficient

alpha of 1.3 x 10° (cm'), and a molar absorbing coefficient epsilon (dm*dot mol-'dot



[ 0065] Exanple 1 relates to the photoel ggtric conversion elenments and the
solid-state i magi ng apparatuses according to the first, second and third
enbodi merw®.20H/1g8148 i s a schematic cross-sectional vi ewPETORRNIYOE463

phot oel ectric conversion el enment of Exanple 1. Wen the photoel ectric
conversion element of Exanple 1 is explained inline with the first,
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as the absor 1 C { F than that e g 1. aone, an
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first elect r6@&@12&1(1);/\@)0111(3)515tfcbtmedr(ﬁ)rmnﬁlheflllmgh‘terdmfeqst dgctmddél a'nd theade of
a transpar en;r(ﬁﬁ@%@ﬂ ﬁ{%c#m%%k‘ %th Ehﬁl'a%’ﬁ!aéi ?ﬁ%eﬂheghkﬁggta'nfﬂetél "?1'1 d O

fil m having cknes e seco ectro IS ma
al um num (Al pubstiaip (RRpeiaEIeWahe v@q@@@l SMPEEOUIR T thefyagim épmsttmd@dm

made of the ttlﬁeaﬂ%rpﬁlﬁl%ﬁig Féklaldﬂ%d t(B@é&ﬂié @dnvh%ﬁn%ﬁi@ﬁal%bretr he wakapsparent
substrate 20, the ctric_ convers on d’ﬁ-:laj | ayer 30.is forned on

the first el G8Yse5aR: ené @sqened S]Q‘é% UIBBUMSIVBierfe'd SHEY 1
phot oel ect ri d0Banviersined dvat gieipabtobyeic caﬁversﬁsn descial begdr 3bmdethe tilitstraecond

el ectrode 22 pI 0 he f trod 1 t o the
phot oel ectri cb%é{nv%?@l oeﬁlpor@é Slﬁ% afne}aﬁ%ﬂ 81?31%‘% Sﬁcon% eﬁec%rﬁée g%%”é PO eaile%nd t he
first el ectrodedifans offresubsibage tCatP@rﬁQl@eDé 3ﬁ§dge@delsquamtlz fémbmtaklag epdedvi ng a

thi ckness of Pt s@EBnd[e@&@%hJ he oPOSIRAGAEOhA TheGRAYRISH PNisEbSIRNG atlo I N
Exanpl e 1 can be produced hy the
surround the area of the substrate 20 where the photoelectric conversion material layer

30 is to be formed. The first electrode 21 had a surface roughness of R, = 0.3 nm and R
max = 3.8 nm. Prior to the film formation of the photoelectric conversion material layer
30, ultraviolet irradiation and ozone irradiation were performed on the backings, the
first electrode 21 and the protrusion 31. It is generally desirable that the first electrode
21 have a surface roughness, R, of 0.3 nm or less.

[0070]  Light having a wavelength of 565 nm and at a certain light intensity P (= 10 micro

W/cm?) was applied to the photoelectric conversion material layer 30 of thus obtained



follow ng nethod. First, the first el egyrode 21 made of |TO having a
t hi ckness of 120 nmis forned on the substrate 20 in accordance with a
| i t hogr aphiDeotielaBBque usi ng a phot omask. Next, a protr @€ron@romaeke of an
insulating material is formed on the substrate 20 and the first el ectrode
21, and then the photoel ectric conversion material |ayer 30 (a thickness:
(10;) nm i(n;:l lpﬂbﬂ@gleatrfgrcbfﬁvatiiaﬂhléﬁledyfl ?ﬂ“i@mm;byltﬂlﬁeu%ﬁ ﬂluftﬁaﬁiilﬁkenft Q%Hmha 2(0121,
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filmmaking $pescdhoivsblla cheacmwdstl etdinateha?ligit hAving antsekapd. of P& nm
protrusion 31 is for .S0 . t ur n h r f . bstrate 2
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Unorease as (Hd HONE Jshingdreui N et op gorteiits gt sxgmetd
char act eri st iveriobt @icnagused em comgilon (LAY and) CHM O ued@ng bppacftueds nm and at a
certai jAght ~hnt R o = 1 : lJ I A"
chows. 400 21 op R <BRRLE i F ghtere e LRCLUGTEIINE S yiith pkTnd hfhdarts of
el ectrode 21 the'geraipned thpateaticabdayhelicuptfen the cpbinmgjenafprocessipgsirgbintd.ed to
the fir |St 3' t@ﬁ@ E&%{i%éﬁt{lﬁdlﬁfe"c?éufé hfﬁ%ﬁas&ﬁé@yﬁﬁ%?i@ﬂcﬂi’lﬁﬁﬂﬁ@sigﬂéﬂ ABk- 0{ ) 2dV
was applied to the first electrode 21, i ests, i ing applie
fromthe fif ?Hntéﬁlé BBHHL’EO&IZFHé@?]P @%%Wwegﬂeﬂﬁ gf.he e 4Fe ﬁ‘goﬁlt( 693 ﬁ‘?n%é)?
concept ual disegaBrraihptieel ianl the vatiailelrivergtnig4 2 ppacating s{ghal-pideskamige
i magi ng el enent.). le 1 1.s,.shown.. The solid-state inmagi ng apparatus
40 of Exarrplmélrgallt%%:Pﬂ%@g%gﬁz?nr%lg%rﬁa%g?gél 1 in which the photoelectric
conver $0@i3] el renegicklidridedruitidhaatfovexanple ashiftregistbri andzequentidilyrsnsi onal
array on a st‘@ile&%ﬂﬂ&ta% eaxeh Bﬁ&(o@fe&ri@fc%vé%é‘i@ﬂ@ieﬁlen@ﬂ 1 thé Hﬁ’&tiﬁg?‘ﬁl%ﬁ 48R,
peripheral circuits such as a vertical drive circuit 42, a colum
si gnal - pr oced8itigl direction tinghy line. Hopixglbvignal baserl wa thg ¢wriant (shgnal) Zigngyategut
circuit 45, acending @b thelihteidity FGighbiedeit &inl dakig of the@h6toelet€i¢ichavdFBiyn be
formed with V\Eel I knlolvvn Ci rcHli ts. or ci r(iui ts with di.f%er.eﬂqt%ci rcui.t
confi gurati ofi™HEr ! 1R SHPIR e AN THL YL PERHeE U S S+ Hd Hifor “&fég%%l CMOS
i magi ng appamateuges). [0072] The control circuit 46 generates clock and
cont roln&4gnal i . g ] I 0 i cal
ari ve dOTATE T HRENEE R ShERHALS T ke hIARTEAAGRIC L SRR HRL &t
hori zont al drithe/ghoteelestiic copyersipasdements Vbranil sulest thysigtmowhieb drespuipiel |

horizontal ly fﬁ)Yﬂ‘é‘af&hQﬁhie%?%e%h@f&lectrﬁ”%n%foﬁrelé%ﬁ&l@é(}1 R nSB_MH raﬁ@i“s‘%n&l' ggk and
control signals are inputted into the vertical drive circuit 42, 'the colum

si gnal - pr oce®YTIRYIW; 1P Y§TY PAStogIRAICHANYRSIPE Slegnt by pigraly fiprya placksstandstyy 3] The
vertical drive circuit 42 has, for exanple, a shift register, and
sequentially and sel ectively scans each photoel ectric conversion elenent 11
inthe imaging area 41 in a vertical direction line by line. A pixel signal
based on the current (signal) generated according to the intensity of |ight
received in each of the photoelectric conversion elenents 11 is sent to the
colum signal -processing circuit 43 via the vertical signal wire 47.



[0074] The col um signal -processing cirggits 43 are installed, for exanple,
in every line of the photoelectric conversion elenents 11, and subject the
si gnal s wWspDchi1ang148ut put from each |ine of the photoel efCriJe2000nMa63i on

el enents 11 to denoi sing and signal anplification in every photoelectric
conversion el enent by signals froma black standard 18 WO

2011/ 118148PgTel HQ)@ $HIWOIARS Flpluxeg |f01€rnﬁt1n et éuﬂrduh@mg ia@ ldffectwfeqﬁi’@ dréan t he

area surroun ffetlve rea Ahorlzont i.on. switch
(ot shown 1 PetiAAReD i ESon SRR TS BUTE L n b i M B TG Nso " b
hori zont al swgmwlctednto ¢heddriznntahsignad pate 458t1aga oufput kfegecol themolumn signal-

si gnal - proce?)%cgﬁS %51&1&% §343. [0075] The horizontal drive circuit 44 has,
for exa regi ster, and sequentially selects each of the col um
si gnal l&? Bdes sTh?leéliZ?’l@@i]l driyegyepy 44 éefug Pitgxample. a shiffuegiswey ane seasatialy

scanni ng pul sgsct@BsthVtRUESuhh AAhISpoEQBMINE 2GRS 43 teseg@éiNy outputti g
si gnal - proces S'%%ﬂé' rcwts‘g3 to.the horiz taI si g 9} wi.re 48. [0076] The

out put ci rcui®™ (63 PS5 A QUIPWES; StRaty 8“%8 %?ﬂ?mPr% itted from
each of the @ﬁidami]n@@mah4Bn@ﬂ1e3©rlm@1tellsﬁgml twired8. vi a the hori zont al si gnal
wre 4 si-gnal . pr a th re a t he
oot o 0id ¢ BR P PETREAT R AR e i Db R R R SRR
filter, col owof ﬁ@p@imn mgnfdemommpgmrr@nwa véa/dn hpflmmalcsmn@k wire U8 eto sngial

formed. Fig. n@(){lggg@tth‘gltpsor ption spectrumof a triarylam ne dye,
shown bé@the structur al rmul a (shown as "A') and a Ilght absorption
spect r UWYOH a Heagdisearise Sreorhofqelecaic %%ﬁswaaat@wééwef grdfmayEuncgony as & g 5B

|Sh0\fl1vts abl [ gh%o@bm&pt:bms@af@@ftbﬁum Bé p@l’f@rﬁ@@rekféipgellogcﬁh@\ﬂﬂteﬁﬁ g ofmad. and shhe

| apsor on s um o e nta C Qar | er a een

S houn oo r b ST bHTRE SmEvinds NS etk PY e hgafe T on peak

(I anbdamex)  ifern&fd(Pl(swwarastiariusnolighmabspetorf speatriy ob 3Gnagentaicoloa flllueg ht

absorption SBS&oE‘ESMg‘I%PJen éh}%\&%ha%t" k%gérs'#sth%%‘éei b OBk RO E@Jtruln?g 30, and
sorpti

the Iight ab rumo elec I ¢ conversion nateri al
| ayer 30 has q@ﬁl@cmml(shm\m C")/@zldﬁée\hghtrﬁhqor@tlmvmce’ngmfth%lmggerm cdo0 nmto

700 nm Fr Omfi!fﬂe%dsoﬁﬁl?@@e@ @ho{xfh ak SBUNALIISIPBEd 5155‘3% 4 Wﬁvéléﬁ%t h Y%t @Hgmealsiye

shown by the structur formula (3) has al nost the same ab sor bi ng
properties aSCiPHEN PPghamiilionhis iSoH PRISCE IHAE dt NhPeriy Hho ¥light er .
[ 0078] Fur t heab®irptior spectigh at tHermbidetechit dvaed sioh enahso né@leflgo c@effd [edhe nibs

al pha obt al nesgrptlon spectrum of the photoelectric conversion material layer 30 has one local
maximal value within a wavelength range of 400 nm to 700 nm. From Figs. SA and
5B, it is understood that the triarylamine dye shown by the structural formula (3) has
almost the same light-absorbing properties as the light absorption spectrum of the
magenta color filter.

[0078]  Furthermore, the relationships between the absorbing coefficients alpha obtained
from various organic materials and the photoelectric conversion material layer in the
photoelectric conversion element of Example 1 are shown in Fig. 6. In Fig. 6, a curve
"A" shows results obtained when a bias voltage is 1.35 V, a curve "B" shows results
obtained when a bias voltage is 2.7 V, and a curve "C" shows results obtained when a
bias voltage is 5.0 V. In Fig. 6, when a relationship between an absorbing coefficient
alpha of a material forming the photoelectric conversion material layer and a thickness
of the photoelectric conversion material layer is located at the upper right to the curves,
an external photoelectric conversion efficiency increases. Fig. 6 indicates that when a
material having an absorbing coefficient alpha of 1 x 10° cm is selected and a bias
voltage is 5.0 V, it is necessary that the photoelectric conversion material layer has a
film thickness of 200 nm or more, but when a material having an absorbing coefficient

of 2 x 10° cm'! is selected, the same external conversion efficiency can be obtained



fromvarious organic materials and thesgphotoelectric conversion nateri al

| ayer in the photoelectric conversion elenent of Exanple 1 are shown in
Fig. 6. IWORbhp/118148a curve "A" shows results obtai ned wiremJazbi/es4630l t age
is 1.35 V, a curve "B" shows results obtained when a bias voltage is 2.7V,
and a curve "C' shows results obtained when a bias voltage is 5.0 V. In
Fig. 6, | w]gen e@eﬂﬂlt}ﬁ@}@jﬁ@qun?daﬁinw@_egmnaﬁatabﬂqﬁm ngs @ﬁpﬁ}ﬂia{@mofaﬂ?hmof a
material form ng. the toel ectric conyersion.nmateri ayer

Thi ckness. of g UErSUPLaRAR B afivERO BT IR et Mo Bkl dae ¢ ne
upper right thghehthecutensd comreract efinghcpeancéthechickiess ohthe phoonleetiiti ci ency
i ncreases. Fi Jondi cad i i bi ng

coof {101 ont SPBYRILRAYEFERyb e P it BcElicdly TN RGN BHSRE™ % 0 v,
it is necessabsprbingrcoeifsiephdplre(ladumt: ene'dayehsifdm thiskaess d] of|thy dhoteas a film
thi ckness of <ROBicNUHNOErsioR Meater laydhRihitan MpE L HAthe RYdWIHg ddla@RSRIHPI Ng
coefficient of 2 x 105 cm' is selected, the sane external conversion

ef ficiency canabenabtagi-new’ 7 19 WO 2011/ 118148PCT/ JP2011/ 001463 even if the
phot oel ectric conversion material layer has a fil mthickness of 140 nm
From t he¢®]r edulthesphoitdel et dmvendareddrood of Hasmpled dritighphriotodiectabsarvbisng

coefficient, ! < I i [ Gl.en I.f. the

bt cknose. of eRErf e hoSoRkbEt IR ROAKEIEMOD: Bkl ITEE YRR O
Speci fi cal | yconversien gekiriehlgyer it mede phtheapyeidishgve befie stiveiral dpipraa ()

[u tnl t: fn‘lr 1t1@a1§[1mbﬁ@a1ffbﬂnmm mt)g:&?ﬁ@ ?trﬁﬂ&t?fa} flo%umgj Qfd @s%qﬁ%n Sos6RY; rc§12 02
materi a ayer_. Luni 1. atL sty e 1ol ow n rel atl onsyf .. a , . X
101/ T [oo79]effﬁﬂ%qﬁe1t11ﬂﬁ%5%er AP B RINEGTSINN SIHAIAPT BF S -ﬁ%ﬁeémglg £ the
phot oel ect r i appaaviehsiiognhighea ekt vifyodnidi high-tpeed sapbikisdnaisecan B Pravddeaippar at us
of Exanple 1,,:th ot oelectric nver.sign material .| ayer .is de. of the
mater ar Shott DI REHEEy kS o A RO AN R Rep B Pl FRVRRS cbhy
or the structedatigfesk Mereoves)beaavde Hesphatdeleghicadvowebiongnaerefl fdyei eporbs
Therefore, th : 1] Si Of. ehereit. : dyst | magi ng
Apparatus. hayEh el %&%@%‘fﬁ?@?%gﬁh%ﬂ’ﬁ?ﬁfﬁ@?@;ﬁ%2%30&il?%és%éi’ﬁéi%é be
provi ded. Al $BOtOelseTigegRession elemsaticn srformrd intn eBylthlayeiedivgiis-s hi gh and
vari ougookei vavhsethe padtobRcERToENEHon MhRAV&IscrileIGa Fkembhel RhotRel &f Fér C

- ahi p- col oF TP Eet T s DS e e BB e CCUROEr¥Pon

el ement can beyefsyofrehe photoeleatrividoniverbiay @reas tiretfotinedein thOS80Wearicdridactor

phot oel ectri ¢, CoNVElFLATL 16 %EEf&'éwﬂﬁ%ﬁ &ﬁég@%tdeffec?f@%lv&si‘on' efrel%cﬁ{ nedoef. for
I duc strate, and one o for

exanple, a siltcon sem con or su ' ' r nore etlyers
exanpl e two Isajeinyigingapphiatysthorioglastueiuee inorhier diephowelsgkicanavérgioned in the
silicon sem cRAAEL BEhSHES A hRaW e inkifab @GR & HubAWMECH ifb-PRAS aRl ectric

conversion el enent, a solid-State i m%g appar at us havi ng[ a structure in
whi ch t he phdtBiBrEtGande O8Eds MIKN sheh FRIK-(RE JREZIRE eRRAFHY SAPehdYr ar e
l'am nat ed, Okx@nplel geéwilightican b i«eBived by fieqHoSoeddclid @fivasioatlentéin d&ribed
areen 11ght| ShRRHEF de B el TimehTRs: BerEErr B U5 i eLighe wihaliR™ ©
descri bed i anatanlpbteicrpnwsiomm_weas baiog frrrm_edéathIsﬂin;obec_emE:oeduwd sluysttaltm lone or
more 1ayers Qlighie ROPAASLEGHE LEnEARYEASM N A RN ALIRACLR the

I'n addit the p

silicon sem conductor substrate. 1 on, otoel ectric conversion

areas can be sPstigischyon epilgeinl gendumediodsibised aft be lymagoe pf thephatoelgedist h
met hod, i nst @agvedlioh BiRad MRS imitARIBRATRRLEE! 81 e PROVEESHEO BoR/efidn | N

the silicon sem conductor substrate, or the ot oel e ic con sSi on areas
can be formed™dhcap & forpgdon gguicon faysr @mf)aﬂnyc ﬁ?ﬂ\ é‘éf %@Cﬂg‘f-ﬁﬁ@% . \Wen
t he phot oel epholoelecwin\cersdrsion elegiRRNiccackiny ©Wi Mx@niplesof agppresenoémbbdmpne s ent

enbodi ment S fflljlrpc itolns9 15, Broedh tDlP(‘:[ & 941 th%'n%ay eeJ 21'pgli(|=,d %kﬁl? ?E&O(Qeectralg 8(')1'}\1%95&(%1}(; the
photoelectrlc conver sion eria yer | No voltage IS applie et ween

the first el evterodéyandhilheo seltagads appdiet boteeen [I30B1] dlectwide uhd theeseconder st ood
that various.ghagpges and nodifications to the presently preferred

enbodi nents described herein will be apparent to those skilled in the art.
20 [0081] It should be understood that various changes and modifications to the presently

preferred embodiments described herein will be apparent to those skilled in the art.



WO 2011/ 118148PCT/ JP2011/ 001463 Such chgnges and nodifications can be nmade
W t hout departing fromthe spirit and scope of the present subject matter

and wi t howO 2dimiigi48hi ng its i ntended advantages. It is PrhEgetot/eoldéx ended

t hat such changes and nodifications be covered by the appended clainms. 21
WO 2011/ 118148PCT/ JP2011/ 001463 [Claim 1] O ains The invention is clained

as foll f)W?]Z Aublh@ﬁath@%ﬁﬁid{)rh@diﬁ@ﬁﬂ?& ghiobe ﬂﬁﬁéfEWﬁtgbthﬁﬁmﬁhg ifrogn th?@pi@ilt gahi C

mat eri al havi ng an _absorbing.coefficient. o out 1.5 x 10" (cm') or . nore
ond that 1o rimeal 4t aetan “EL Rt o iR S pie b ok agd fiingde R AP
3] wherein, inthetregort axtended tidl puchedmhgafanRimadafig2iOns becbveaxlbyothe Xppendeds i s

claims.



one of a hydrogen atom and a substituep} selected fromthe group consisting
of an al kyl group, a cycloal kyl group, an al kenyl group, an al kynyl group,
an aryl gwoupir/asidaryl al kyl group, a heteroaromatic rin@CTAPE1/001863/CliC
group, an al koxy group, a cycl oal koxy group, an aryl oxy group, an al kylthio
group, a cycloal kylthio group, an arylthio group, an al koxycarbonyl group,
an aryl oxycarbonyl group, a sulfanD(h r 0up, an acyl group, an acyl oxy
group, an am de group, a carbanoyl Qgréup,a ureide group, a sulfinyl group,
atn al ky tﬁﬁhﬁ nﬁl dgr oupbmnnaémbﬁtﬂslagm@da@rf&ms an am no group, a hal ogen :
atom a fluorohydrocarbon, grou a cyano oup roxy group, a nercapto
group, a silyl group, dAﬁhg guﬁfﬁﬁﬁ““%n qﬁﬁén¥h carboxylic acid
cyani de group, an iSOCyaEmrUrgzﬁn@frﬁte@,all@aVﬁﬂg ma&aaﬁuﬁ@@feﬁmment@ﬁab@mmﬂ;omﬁanate

O oup. and . hyer azt de PolE HRGrHaY dorgierne By SEPuPLRERn Rt [ e

according to Claiml, wherein the organlc naterlal has an absor bi ng

coefficient of about 1.53 X 10% 'em') or nDre Thé“o Ot oel ectric
conversion material accordi @a Q.I @ wganic material is
represented by the follomnng f.3 . \ Rie

2011/ 118148PCT/ JP2011/ 001463 [}€Kai Not/bel ectri ¢ cohversi on

mat erial according to Cla|n1 erg tohg okganic Ela| is represented
by the follow ng fornula (3) élﬁlSlThe phot@e tric conversion
material according to Claim 1k rein Riz R

wherein, in the formula (1), each of R, to Ry, and each of X to X is
one of a hydrogen atom and a substituent selected from the group
consisting of an alkyl group, a cycloalkyl group, an alkenyl group, an
alkynyl group, an aryl group, an arylalkyl group, a heteroaromatic ring,
a heterocyclic group, an alkoxy group, a cycloalkoxy group, an aryloxy
group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group,
an acyl group, an acyloxy group, an amide group, a carbamoyl group, a
ureide group, a sulfinyl group, an alkylsulfonyl group, an arylsulfonyl
group, an amino group, a halogen atom, a fluorohydrocarbon group, a
cyano group, a hydroxy group, a mercapto group, a silyl group, a
nitroso group, a nitro group, a carboxylic acid cyanide group, an
isocyanide group, a thiocyanate group, an isothiocyanate group, an
aldehyde group, a thioaldehyde group, a keto group, a thioketo group,
and a hydrazide group.

[Claim 2] The photoelectric conversion material according to Claim 1, wherein
the organic material has an absorbing coefficient of about 1.53 x 10°
(cm!') or more.

[Claim 3] The photoelectric conversion material according to Claim 1, wherein

the organic material is represented by the following formula (2)



the organic material is a triarylam neosglye. [Cl aim61A photoelectric
conversion el enent conprising: a photoelectric conversion material |ayer

i ncl udi ngvarrovygsrBc materi al represented by the fol | owpag/JPzrodiacy 1)
wherein, in the fornula (1), each of Rl to R20, and each of X1 to Xs is one
of a hydrogen atom and a substituent selected fromthe group consisting of
an al kyl group, a cycloal kyl group, an al kenyl group, an al kynyl group, an
aryl group, an arylal kyl group, @' heteroaromatic ring, a heterocyclic
group, an al koxy group, a cyclo oxy group, an aryloxy group, an alkylthio
group, a cycloal kylthio group, an arylthio group, an al koxycarbonyl group,
an aryl oxycarbonyl group, a s i gr oup, an acyl group, an acyl oxy
group, an am de group, a camr yl o ureide group, a sulfinyl group,
an al kyl sul fonyl group, an aryl sul fony S igjawino grewup, a hal ogen
atom a fluorohydrocarbon group, a cyanOng“biN hydr oxy group, a mercapto
group, a silyl group, a 23 WO 2011/118148PCTﬁi§2011/001463 nitroso group,

a nitro group, a carboxylic acid cyanide grou an i socyani de group, a

thi ocyanate group, an isothiocyanate group, anlal dehyde group, a

t hi oal dehyde group, a keto group, a thioketo group, and a hydrazi de group.
The ph tric conv n |n16 e
or gani EEP%JF%E al has aﬁfa g@% %!Ie%g?ccé)e%g%ngfﬁ{l q‘l% (fc)gr Pgio gla‘{‘ﬁelog)h?reﬁrr? 1) or
nmore. The photoel ectri dh@org@emsmaimzéll@mrc@era@@by therfgllewingifeiinmls (3)wher ei n
the organic material has an absorbing coefficient of about 1.53 x 10

(cm') or nore. The photoel ric converS|on elcement according to Caim 6,
wherein the organic nateria?@%%? giéoeff|0|ent al pha (T) (cm'),
and a filmthickness of the ph version paferial |ayer (nm
satisfies the follow ng rel atg x107/ T The photoel ectric
conversi on el ement accordi ng, Cla|n16 wherg{pn the organic material has a
nol ar absorbing coefficient epsilon of about 1 x 104 (dnB8dot nol-'dot cm')
or nor g¢laliephot oel eCtTHeCph%%Yé%E@ %v@sf%ﬁ%‘ite@aﬁ%@&ﬁdhﬂg td @la%ai' Whlreivher ei n
the organic naterlal has a no| ar absorblng coefficient epsilon of about 3 x
104 (dnBdot ol -' dot crihe Preamsdnieil det BrIYpRICSYGer si on el enent accor di ng

]Eo c ?i[@%aa;n gpher ei Nt heA pha@BlectridRbeVerdbn Elemesiiodgeiigd by the fol |l ow ng
ormula (2

a photoelectric conversion material layer including an organic material

represented by the following formula (1)

wherein, in the formula (1), each of R, to Ry, and each of X to X5z is
one of a hydrogen atom and a substituent selected from the group
consisting of an alkyl group, a cycloalkyl group, an alkenyl group, an
alkynyl group, an aryl group, an arylalkyl group, a heteroaromatic ring,
a heterocyclic group, an alkoxy group, a cycloalkoxy group, an aryloxy
group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group,
an acyl group, an acyloxy group, an amide group, a carbamoyl group, a
ureide group, a sulfinyl group, an alkylsulfonyl group, an arylsulfonyl
group, an amino group, a halogen atom, a fluorohydrocarbon group, a

cyano group, a hydroxy group, a mercapto group, a silyl group, a



[C ai m131The photoel ectric conversionsgl enent according to C aim6,
wherein the organic material is represented by the follow ng formula (3)

24 WO 20x0/2013148PCT/ JP2011/ 001463 The phot oel ectri ®CTORNEL/B801868 el enent
according to Claim6, wherein the organic material is a triarylamne dye.
The photoel ectric conversion el enent according to Claim6, wherein a |ight
absorption spectrum of diftesopfrotRealges cioupcotubosilioncimtyenidalrdupy@t has a

| i ght absorption peak at a Wﬁéel engtgﬂiof at%out 550 .plt?ls or minus 20 nm
phot oel ectric conversi on @FEHERIO"RcE BPEYAYY 8/ UP A hPRTIAENEIL HORP14ght
absorpti on spectrum of ddehyphetovel ethicaldehgdngoup) oetoratompi athidkeywegrohps a

| ocal maximal value in g;j Leagthsrange of about 400-700 nm The
phot oel ectri c conversion \gﬁﬁﬁent c(():op?di ng to Claim®6, wherein a thickness

of thelphémdédl ectric coHieathoiastectia @nvesiongleapent agrgeding forlaBuwharein 10-8 m
to about 5 x 10-7 m Thge BhahRehAEAhEs SOMEBIETHOCLH@BRIYE aB&RAI Tk NG5 (e
Claim6, wherein a thi aness of the photoelectric conversion material |ayer
ranges from about 1 x 10°7"#H %0 about 1.8 x 10-7 m The photoel ectric
conver §Ctimel] enent  acc oridi phgtdetecticadamvérsioh eldnitat aconging s ORima 6swhsieinat e,

and a plurality of the phgloelSEhLAS MY S3hSR: SRHRLLA or WBYSI 1S5 o or med

The

(cm!') or more.

[Claim 9] The photoelectric conversion element according to Claim 6, wherein
the organic material has an absorbing coefficient alpha (T) (cm™), and a
film thickness of the photoelectric conversion material layer (nm)

satisfies the following relationship:

aMz223x107/T

[Claim 10] The photoelectric conversion element according to Claim 6, wherein
the organic material has a molar absorbing coefficient epsilon of about
1 x 10* (dm3dot mol-'dot cm!) or more.

[Claim 11] The photoelectric conversion element according to Claim 6, wherein
the organic material has a molar absorbing coefficient epsilon of about
3 x 10* (dm3dot mol-'dot cm?).

[Claim 12] The photoelectric conversion element according to Claim 6, wherein

the organic material is represented by the following formula (2)

Ry

(2)

[Claim 13] The photoelectric conversion element according to Claim 6, wherein

the organic material is represented by the following formula (3)



A net hod of operating a photoel ectric ggnversion el enent conpri sing:
irradiating a photoelectric conversion material |ayer; and producing a
current, whepsinstdBe photoel ectric conversion material PaygP201Ne0MeRes an
organic material represented by the following formula (1) wherein, in
the formula (1), each of RL to R20, and each of X1 to Xs is one of a

hydr ogen atom and a substituent selected fromthe group consisting of an
al kyl group, a cycloal kyl gr'6up, an al kenyl grgip, an 25 WO

2011/ 118148PCT/ JP2011/ 001463 Kynyi “gs oup, @r aryl group, an aryl al kyl
group, a heteroaromatic ring, & @ Ngroup, an3al koxy group, a
cycl oal koxy group, an aryl oxygaroup, a QLO group, a cycloalkylthio
group, an arylthio group, amcal koxycarbonyl gredp, an aryl oxycarbonyl
group, a sulfanoyl group, an acyl group, an acyloxy group, an am de group,
a car baaoyh 1g|q oqu],c a :Jr”ﬂidltﬂlogj’ewfhc @nsersfonrRYdmeit Qctt{@rdiﬁglt(ﬂ(tlﬁj&h%u{vhaﬁm
group, an aryl sul fony rQup,..an am,no_gro .a hal ogen atom a

f I uor ohydr ocar bon grouﬁ,ﬁegrgglg}%?ﬁ%atgﬂ%&sp?ggrﬂ%}ng egroup, a mercapto group,
a silyl[Cgumdp] a nit r oshhegrhotglecainidnversgpne@lgmend agardiox yd Chiméi dhegard de
group, an isocyanide gr j i j p,
an al dehyde group, a t#%g&gfl%%ﬁé}g’?%g%%ﬂ%% 8%&&2%’1 I&o&?@tgg@%ﬂrﬂ?ﬁé&%ﬁﬁ %ggl 8115
and a hydrazi de group. Phé light #sarmndpn ppes 2ta Wy eieng Rt edpeict Y0 Uy ividrsi on
el ement according to C®am20, wherein the organic material has an
absorbipng.c ficient about 1.5 x 105 (cm') or re, e net hod. of

oper at i[ﬁgmacig ot oel ect ﬁt}l'? @@W&cﬁco%ngfré‘r?éﬁ?gr%%‘éﬁ?cﬁf ge f‘bg Iﬁirgen?"g@)r,el%erei n
t he organic material hdghanbsahsonbpagrunoef the phetotlecticaboutrsidn hitetial Ber
(cm') or nore. The net i n i versh |. ement
according to C aim 20, }%ggrkg"{a%\ gfé&cl)rvéaﬁi%(l:R%&%ﬁéﬁ%@%%%ﬁ%@éﬁ?290§§n't he
f ol | owilpihid7hul a (2) The photoelectric conversion element according to Claim 6, wherein a

thickness of the photoelectric conversion material layer ranges from
about 1 x 10-* m to about 5 x 107 m.

[Claim 18] The photoelectric conversion element according to Claim 6, wherein a
thickness of the photoelectric conversion material layer ranges from
about 1 x 107 m to about 1.8 x 107 m.

[Claim 19] The photoelectric conversion element according to Claim 6, further
comprising a substrate, and a plurality of the photoelectric conversion
material layers are formed on the substrate.

[Claim 20] A method of operating a photoelectric conversion element comprising:
irradiating a photoelectric conversion material layer; and
producing a current,
wherein the photoelectric conversion material layer includes an organic

material represented by the following formula (1)

wherein, in the formula (1), each of R, to Ry, and each of X to X is
one of a hydrogen atom and a substituent selected from the group

consisting of an alkyl group, a cycloalkyl group, an alkenyl group, an



[ C ai m 24] The net hod of operating a phetoel ectric conversion el enent
according to Claim20, wherein the organic nmaterial is represented by the
fol | owi ngwbapmil1814¢3) 26 WO 2011/ 118148PCT/ JP2011/ 0014®8T[I€0a1/001263L The

met hod of operating a photoel ectric conversion according to C aim 20,
wherein the organic material is a triarylamne dye. [C aim261The net hod of
operating a photoel ect rdlby@ogﬂﬁpsimﬂeg@ﬁpmh aRAIRYy D0 gp tachefdrairomdbic rinkier ei n
a light absorption spectrz T hel{ip ectric caonye si_on materlail| | ayer
has a |ight absorption e?{"% ' B eP%%S‘PW%’P“Bb%%P{C *BIEIE R NS 20
nm [C aim271The net hqowaf, aopﬁcryahiorgoa) phxytbe]kghhuolgzoqoaneryéuhmrehle,rmnt
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isocyanide group, a thiocyanate group, an isothiocyanate group, an

aldehyde group, a thioaldehyde group, a keto group, a thioketo group,
and a hydrazide group.

[Claim 21] The method of operating a photoelectric conversion element according
to Claim 20, wherein the organic material has an absorbing coefficient
of about 1.5 x 10° (cm!) or more.

[Claim 22] The method of operating a photoelectric conversion element according
to Claim 20, wherein the organic material has an absorbing coefficient
of about 1.53 x 10° (cm!) or more.

[Claim 23] The method of operating a photoelectric conversion element according
to Claim 20, wherein the organic material is represented by the

following formula (2)

(2)

[Claim 24] The method of operating a photoelectric conversion element according
to Claim 20, wherein the organic material is represented by the

following formula (3)
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to Claim 20, wherein the photoelectric conversion material layer has a
thickness ranging from about 1 x 10-®* m to about 5 x 107 m
[Claim 29] The method of operating a photoelectric conversion element according
to Claim 20, wherein the photoelectric conversion material layer has a
thickness ranging from about 1 x 107 m to about 1.8 x 107 m
[Claim 30] A method of performing photoelectric conversion comprising:
irradiating a photoelectric conversion material to produce an electrical
response,
wherein the photoelectric conversion material includes an organic

material represented by the following formula (1)

wherein, in the formula (1), each of R, to Ry, and each of X to X is
one of a hydrogen atom and a substituent selected from the group
consisting of an alkyl group, a cycloalkyl group, an alkenyl group, an
alkynyl group, an aryl group, an arylalkyl group, a heteroaromatic ring,
a heterocyclic group, an alkoxy group, a cycloalkoxy group, an aryloxy
group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group,
an acyl group, an acyloxy group, an amide group, a carbamoyl group, a
ureide group, a sulfinyl group, an alkylsulfonyl group, an arylsulfonyl

group, an amino group, a halogen atom, a fluorohydrocarbon group, a



[Caim32] wherein, in the fornula (1)p7each of RL to R20, and each of Xl
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it yl al kyl group, a

an al kenyl group, an al kynyl “b, 3
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group, an aryl oxy group, an aL Yio group, a cycLoa kylthio group, an

arylthio group, an alkoxycarbonylggroup, an aryloxycarbonyl group, a

sul fanoyl group, an acyl group, an acyl oxy an am de grQup,
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group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group,
an acyl group, an acyloxy group, an amide group, a carbamoyl group, a
ureide group, a sulfinyl group, an alkylsulfonyl group, an arylsulfonyl
group, an amino group, a halogen atom, a fluorohydrocarbon group, a
cyano group, a hydroxy group, a mercapto group, a silyl group, a
nitroso group, a nitro group, a carboxylic acid cyanide group, an
isocyanide group, a thiocyanate group, an isothiocyanate group, an
aldehyde group, a thioaldehyde group, a keto group, a thioketo group,
and a hydrazide group.
[Claim 32] A solid state imaging apparatus comprising:
an imaging area including at least one photoelectric conversion element
including a photoelectric conversion material layer, the photoelectric
conversion material layer including an organic material represented by

the following formula (1)
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wherein, in the formula (1), each of R, to Ry, and each of X to X is
one of a hydrogen atom and a substituent selected from the group
consisting of an alkyl group, a cycloalkyl group, an alkenyl group, an
alkynyl group, an aryl group, an arylalkyl group, a heteroaromatic ring,
a heterocyclic group, an alkoxy group, a cycloalkoxy group, an aryloxy
group, an alkylthio group, a cycloalkylthio group, an arylthio group, an
alkoxycarbonyl group, an aryloxycarbonyl group, a sulfamoyl group,
an acyl group, an acyloxy group, an amide group, a carbamoyl group, a
ureide group, a sulfinyl group, an alkylsulfonyl group, an arylsulfonyl
group, an amino group, a halogen atom, a fluorohydrocarbon group, a
cyano group, a hydroxy group, a mercapto group, a silyl group, a
nitroso group, a nitro group, a carboxylic acid cyanide group, an
isocyanide group, a thiocyanate group, an isothiocyanate group, an
aldehyde group, a thioaldehyde group, a keto group, a thioketo group,
and a hydrazide group.



