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[ABSTRACT]
The present specification prdvides a photoactive
layer including an eléctron accepting material and an
electron donating maferial, an'organic photovoltaic cell
including the same, and a method'of manufacturing the
organic photovoltaic cell, which includes treating the
electron acéepting material and the eiecfron donating

material by a non-solvent.
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[CLAIMS]
[Claim 1]

An organic photovoitaié cell comprising:

a first electrode;

a second electrode facing the first electrocde; and

an organic layer provided between the first electrode
and the second electrode and including a photoactive layer,

wherein the photcactive layer includes an electron
accepting material and an electrén donating material, the
electron accepting material and the electronvdonating
material are treated by a non-solvent, and the non-solvent
is one or two or more selected from the group consisting of
water, alkanes, halochydrocarbons, ethers, ketones, esters,
sulfur compounds, acids, alcohols, phenols, and polyols..
(Claim 2]

The organic photovoltaic cell of claim 1, wherein the
electron accepting haterialvand the electron donating
material are heat treated before, during, or after being
treated by the non-solvent. |
[Claim 3]

The organic photovoltaic cell of claim ih wherein
when the non-solvent is applied on the photcoactive layer
for 1 min to 60 min, a permeation distance of the non-
solvent into the photoactive layer is 5% or more and less

than 50% of a thickness of the photoactive layer.
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[Claim 4]

The organic photovoltaic cell of claim 1, wherein the

alkane—baséd non-solvent is one or two or more'selegted
- from the group consisting of n-butane, -n-pentane,. n-hexane,
n~-octane, isooctane, n—dodecéne, dichloromethane,
cyclohexane, and methylcyclohexane.

[Claim 5]

The organic photovoltaic cell of claim 1, wherein the
halchydrocarbon-based non-solvent is cne or two or more
selected from the group consisting of chloromethane,
dichloromethane, methylene chloride, 1,1-dichloroethylene,
ethylenedichloride, chloroform, 1,l-dichloroethane,
trichloroethylene, carbon tetrachloride, chlorobenzene, o-
dichlorobenzene, and 1,1,2-Trichlorotrifluorocethane.

[Claim 6]

The organic photovoltailc cell of claim 1, wherein the
ether-based non-solvent is one or two or more‘sélectédffrom
the group consisting of tetrahydrofuran, 1,éfdioxane,
diethylether, and dibenzylether. »

[Claim 7]

The orgahic photovoltaic cell of claim 1, wherein the
’ketone~based non-solvent is one or two or more selected
from the group consisting of acetone, methylethylketbne,
lcyclohexanone, diethylketcone, acetophenone, |
methylisobutylketone, methylisocamylketone, "'isophorone, and
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di(iéobutyl)ketone.
[Claim 8]

The organic photovoltaic cell of claim 1, wherein the
ester~based non-solvent is one or two or more selected from
the grdup consisting of ethylene carbonate, methyl acetate,
ethyl formate, propyleneFI,Z—carbonate, ethyl acetate,‘
diethyl carbonate, diethyl sulfate, n-butyl aceﬁate,
isobutyl acetate, 2-ethoxyethyl acetate, iscamyl acetate,
and isobutyl isébutyrate‘

[Claim 9]

The organic photoveltaic cell of claim 1, wherein the
sulfur compound non-solvent 1s one or two or more selected
from the group consisting of carbon disulfide,‘dimethyl
sulfoxide, and ethanethiol.:

[Claim 10]

The organic photovoltaic cell of claim 1, wherein the
alcohol-based non-solvent is one or two or more selected
from the group consisﬁing of methanol, ethanol, allyl
alcohol, 1l-propancl, Z—propanoi, l1-butanol, 2-butanol,

isobutanol, benzyl alcohol, cyclohexanol, diacetonealcohol, -

-ethylene glycol monoethyl ether, diethylene glycol

monomethyl ether, diethylene glycol monoethyl ether,
ethylene glycol monobutyl ether, diethylene glycol
moncbutyl ether, 2-methoxyethanol and l-decanol.

[Claim 11}
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The'érganicvphotovoltaic cell of claim 1, wherein the
acid non-solvent is one or two or more selected from the
group consistiﬁg of formic acid, acetic acid, benzoic acid?
oleic acid, and stearic a;id.

[Claim 12]

The organic photovoltaic cell of claim 1, wherein the
phenol-based non-solvent is one or two or more selected
from the group consisting of phenol, resorcinol, m-cresol,
and methyl salicylate.

{Claim 13]

The organic photovoltaic cell of claim 1, wherein the
polyol-based non-sclvent is oﬁe or two or more selected
from the group consisting of ethylene glycol, glycerol,
propylene glycol, diethylene glyccl, triethylene glycel,
and dipropylene glycol.

[Claim 14]

The corganic photovoltaic cell of claim 1, wherein the:
electron accepting material is a fullerene.derivative or a
non-fullerene derivative.

(Claim 15]

The organic photovoltaic cell of claim 14, wherein
the fullerene derivative is a C60 to C90 fullerene
derivative.

[Claim 16]

The organic photovoltaic cell of claim 14, wherein a
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LUMO energy level 6f the non-fullerene derivative is -2.0
to -6.0 ev.
[Claim 17]

The organic photovoltéic cell of claim 1, wherein the
electron donatiﬁg material includes at least one kind of
electron donor; or a polymer of at least one kind of
electrqn acceptor and at least one kind of .electren donor.
[Claim 18]

The organic photoveoltaic cell of claim 17, wherein
the electron donor includes oné or two of more from the

group consisting of the following Chemical Formulas:
(R2)a
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R3

wherein

a is an integer of 0 to 4,

b is an integer of 0 to 6,

¢ is an integer of 0 to 8,

d and e are each an integer of 0 to 3,
f and g are each an integer of 0 to 2,

R; and R3 are the same as or different from‘each other,
and each independently selected from the group consisting
of Hydfogen;.deuterium; a halogen group; a nitrile group; &
nitro group; an imide group; an amide group; a hydroxy
group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted cycloalkyl group; a
substituted or unsubstituted alkoxy group; a substituted or
uAsubstituted aryloxy group:; a substitﬁted,or unsubstituted

alkylthioxy group; a substituted or - unsubstituted

arylthioxy group; a substituted or unsubstituted

| |




alkylsulfoxy group; a substituted or unsubstituted
arylsulfoxy group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstituted silyl group; a
substituted or unsubstifuted boron group; a substituted or
unsubstituted alkylamine group; a substituted or
unsubstifuted aralkylamine group; a substituted or
unsubstituted arylamine group; a substituted or
unsubstituted heteroarylamine group; a substituted of
unsubstituted aryl group; a substituted or unsubstituted

fluorenyl group; a substituted or unsubstituted carbazole

" group; and a substituted or unsubstituted heterocyclic

group including one or more of N, O and S atoms, or two
adjacent substituent groups may bond together to form a
condensation cycle,

X1 to X3 are the same as or different from each other,
and each independently selected from the group consisting
of CRR', NR, O, SiRR', PR, S, GeRR', Se and Te,

Y1 ahd Y, are the same as or different from each other,
and each independently selected from the group consisting
of CR, N, SiR, P and GeR, |

R and R' are the same as or.different from each other,
and each indepeﬁdent}y-selgpped from the group ngsis?ing
of hydrogen; deutérium; a halogen group; a nitrile gfoup; a
nitro group; an imide éroup; an amide group; a hydréxy
group; a substituted or unsubstituted alkyl group; a
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substituted or unsubstituted cycloalkyl group; a
substituted or unsubstituted alkoxy group; a substituted or
unsubstituted arvlexy group; a substituted or unsubstituted
Lalkylthioxy group; a substituted or unsubsfituted
arylthioxy group; a substituted or unsubstituted
aikylsulfoxy group; a supstituted or unsubétituted
arylsulfoxy group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstituted silyl group; a
substituted or unsubstituted boron group; a substituted or
unsubstituted alkylamine group; a substituted or
unsubstituted aralkylamine group; a substituted or
unsubstituted arylamine group:; a substituted or
unsubstituted hetercarylamine group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted
fluorenyl group; a substituted or unsubstituted carbazole
group; and a substituted or unéubstituted heterocyclic
group 1including cone or more of N, O and S atoms, or two
adjacent substituent groups may bond togethér to form-a
condensation cycle.
[Claim 19}

The organic photovoltaic cell of claim 17, wherein
the electron écceptor includes one or fwo or more from the

group consisting of the following Chemical Formulas:




O X, O Ry~ X,
R I\
'x1 X4
A . R R;
R2 R3 Y/X1\ - >/_\<
— 1 Y2 Y Y
Y/ \Y3 </ 1 2
— . N,
M A 7
R Ya_ N4
, X;
R R
2/ \ 3 H Y/X1\ '
YH Yé 1\ /Y2 R
3
/AN R
Ys Yy 2 7\
— ‘Yx‘/X4
wherein

R; to Rs are the séme as or different .from éach'éther,
and each independently.éelected ffom the group consisting
of hydrogen; deuterium; a halogen group;va nitrile group; a
nitro gfoup; an imide group; an amide group; a hydroxy
group; a substituted or unsubstituted alkyl group; a

substituted or unsubstituted cycloalkyl group; a

IPD KopKaTA 532015 15: 27
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‘substituted or unsubstituted alkoxy group; a substituted or
unsubstituted aryloxy group; a substituted cor unsubstituted
alkyithioxy group; a substituted or unsubétituted
arylthiOXy group; a substituted or unsubstituted
alkylsulfoxy group; a substituted or unsubstituted
arylsulfoxy group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstituted silyl group; a
substituted or unsubstituted boron group; a substituted or
unsubstituted alkylamine group; a substituted or
unsubstitutec aralkylamine group; a substituted or
unsubstituted arylamine group; a substituted or
unsubstituted hetervarylamine group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted
fluorenyl group; a substitutéd or unsubstituted carbazole
group; aﬁd é substituted or unsubstituted heterocyclic
group including éne or more of N, O and 5 atoms, §r two
adjacent substituent groups may bond together to form a
condensation cycle, “

X; and X; are the séme as or different from each other,
and each independently selected from the group consisting
of CRR', NR, O, SiRR', PR, S, GeRR', Se and Te,

Y; to Y; are the same as or different from each other,
and each independently selected from the.group consisting
of CR, N, SiR, P and GeRg,

R and R' are the same as or different from each other,
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and each independently selected from the group consisting
of hydrogen; deuterium; a halogen group; a nitrile group: "a
nitro group; an imide group; an amide group; a hydroxy
group; a substituted or unsubstituted alkyl group; a
substituted or unsubstituted cycloalkyl group; a

substituted or unsubstituted alkoxy group; a substituted or

unsubstituted aryloxy group:; a substituted or unsubstituted

alkylthioxy éroup; a substitufed or unsubstituted
arylthioxy group; a substituted or unsubstituted
alkylsulfoxy group; a substituted or unsubstituted
arylsulfoéy group; a substituted or unsubstituted alkenyl
group:; a substituted or unsubstituted silyl group; a
substituted or unsubstituted boron group; a substituted or
unsubstituted alkylamine group; a substituted or
unsubstituted aralkylamine group; a substituted or
unsubstituted arylamiﬁe'group; a substituted or
unsubstituted hetercarylamine group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted
fluorenlegroup; a substituted or unsubstituted carbazole
group; and a substituted or unsubstituted heterocyclic
group including one or more of N, U and S atoms, or two
adjacent substituent groups may bond teogether to form a
conaensation cycle.

[Claim 20]

The organic photovoltaic cell of claim 17, wherein
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the electron donating material includes a polymer
comprising |
| an A unit represented any one’of by the following
Formula 1, Formula 2 and Formula 3;
a B unit represented by the following Formula 4; and
a C-unit represented by the focllowing Formula 5:

[Formula 1] ' [Formula 2] : (Formula 3]

\ / \
[Formula 4) [Fo;mula 5]
e X3\
Y3 h#
y» 77 0= %50
/
) Ys / \
R4 X4
wherein

f and g are each an integer of 0 to" 2,

R to Rg are the same as or different from each other,
and each independently selected from the group consisting
of hydrogen; deuterium; a halegen group; a nitrile group: a
nitro group; an imide group; an amide group; a hydroxy |
group; a substituted‘cr unsubstituted alky; group; a

substituted or unsubstituted cycloalkyl group; a
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substituted or unsubstituted alkoxy group; a substituted or

unsubstituted aryloxy group; a substituted or unsubstituted

alkylthioxy group; a substituted or unsubstituted
arylthioxy group; a substituted or unsubstituted
alkylsulfoxy group; a substituted or unsubstituted

arylsulfoxy group; a substituted or unsubstituted alkenyl
group;

a substituted or unsubstituted silyl group;

a
substituted or unsubstituted boron group; a substituted or

unsubstituted alkylamine group:; a substituted or

unsubstituted aralkylamine group; a substituted or

unsubstituted arylamine group:

a substituted ox
unsubstituted hetercarylamine group;

a substituted or
unsubstituted aryl group:; a substituted or unsubstituted
fluorenyl group;

a substituted or unsubstituted carbazole

group; and a substituted or unsubstituted heterocyclic

group including one or more cf N, O and S atoms, or two

adjacent substituent groups may bond -tcgether to form a
condensation cycle,

X; and Xs are the same as or different from each other,

of CRR', NR, O, SiRR', PR,

S,

and each independently selected from the group consisting

GeRR', Se and Te,

Y3 to ¥Ys are the same as cor different from each other,
SiR,

and each independently selected from the group consisting
of CR, N, P and GeR,

R and R' are the same as or different from each other,
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and each independently selected from the group consisting
of hydrogen; deuterium; a halogen group; a nitrile group; a
nitro group; an imide group; an amide group; a hydroxy
group; a substituted éi unsubstituted alkyl group; a
substituted or unsubstituted cycloalkyl group; a
substituted or unsubstituted alkoxy group; a substituted or
unsubstituted aryloexy group; a substituted or unsubstituted
alkylthioxy group; a substituted or unsubstituted
arylthioxy group; a substituted or unsubstituted
alkylsulfoxy éroup;‘a substituted or unsubstituted
arylsulfoxy group; a substituted or.unsubstituted alkenyl
group; a substituted or unsubstituted silyl group; a
substituted or unsubst:tuteu boron group; a substituted or
unsubstituted alkylamine group; a substituted or
unsubstituted aralkylamine group; a substituted or
unsubstituted arylamine group; a substituted or
unsubstitutéd heteroarylumine group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted
fluorenyl group; a substituted or unsubstituted carbazole
group; and a substituted or unsubstituted heteroéyclic
group including one or more of N, O and S atoms, or Lwo
adjacent substituent groups may bond togethér to form a-
condensation cycle.

[Claim 21]

The organic photovoltaic cell of claim 1, wherein the
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non-solvent is one or two or more selected from the greoup
consisting of alkanes, ethers, alcohols, and acids.
[Claim 22]

The organié photovoltai& cell of claim 1, wherein the
no£~solvent is methanolbor Z2-methoxyethancl.
[Claim 23]

The organic photovoltaic cell of claim 2, wherein a
temperature of the heat freatment is a glass transition
temperature (Tg) or more and a tﬁermal decomposition
temperature or less of the electron donating material.
[Claim 24]

The orgdnic photovoltaic cell of claim 1, wherein the
electron accepting material is [6,6]-phenyl C-butyric acid
methyl ester (PCBM), and the electron donating material is
poly(3-hexylthiophene) (P3HT) or a polymer comprising a
unit represented by the fecllowing Formula 6:

[Formula 6]

- R10 R11 ~dn

wherein

®x 1s a mole fraction and a real number in the range

of 0 < x < 1;
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y is a mole fraction énd a real number in the range
of 0 <y < 1;°

xty=1;

n is an integer ranging frcm 1 to 10,000;

R10 to R12 are the same or different and are each
independently hydrogen; a substituted or unsubstituted
alkyl group; or a substituted or unsubstituted alkoxy group.
[Claim 25]

The organic photovoltaic cell of any one of claims 1
to 24, wherein a ratio (Ice/Ilc-c}) Of an antisymmetric value
and a symmetric value of an absorption spectrum of FT-IR is
increased by 110 to 150% as compared to an intrinsic wvalue
of the electron accepting material and the electron
donating material.

{Claim 26]

The organic photovoltaic cell of any one of claims 1
to 24, wherein efficiency of the organic photovoltaic cell -
is increased by 110 to 2b0% as compared to the case where
the photoactive layer includes the electron accepting
material and the electron dcnating material before being
treated by the non-solvent.

[Claim 27]

The organic photovoltaic cell of any one of claims 1

to 24, wherein a fatio of the electron accepting material

and the electron donating material is 1:10 to 10:1.
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[Claim 28]

The o;ganic photovoltaic cell of any one of claims 1
to 24, wherein the thickness of the photoactive layer is 50
to 300 nm.

[Claim 29]

The organic photo;oltaic cell of any one of c¢laims 1
to 241, wherein the crganic layer includes a buffer layer.
{Claim 30]

The organic photovoltaic cell of claim 29, wherein
the thickness of the buffer layer is 1 nm to 60 nm.

(Claim 31] |

An organic photovoltaic cell comprising:

a first electrode; ‘

a second electrode facing the first electrode; and

an organic layer provided between the first electrode
and the second electrode and inéluding a photoactive layer,

wherein the photoactive layer includes an electron
accepting material and én electron dﬁnating material, and a
ratio (Ieec/Ic-c) of an antisymmetric value and a sy@metric
value of an absorption spectrum of FT-IR is increased by‘
110 tQ 150% as compared to an intrinsic value of.the
electron acceptiné material and the electron donating
material.

[Claim 32]

The organic photovoltaic cell of claim 31, wherein
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the electron accepting matefial‘and the électron donating
material are treated by‘a non-solvent.
[Claim 33]

The organic photoveltaic cell of claim 32, wherein
the electron accepting material and the electron donating

material are heat treated before, during, or after being

treated by the neon-solvent.

{Claim 34]

An organic photovoltaic cell comprising:

a first electrode;

a seccond electrode facing the first electrode; and-

an organic layer provided between the first electrode
and the second electrode and including a photcactive layer,

wherein the photcactive layer includes an electron
accepting material and an electron donating material, the
electron accepting material and the electron donating
matgrial are treated by a non-solvent, and efficiency of
the organic photovoltaic éell.is increased by 110 to 200%
as compared to the(case where the photoactive layer
includes the electron accepting material and the elect;on
donating material before being treated by the non~solvent.
{claiﬁ 35]

The corganic photovoltaic cell of claim 34, wherein

the electron accepting material and the electron denating

‘material are heat treated before, during, or after being
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treated by,thé non-solvent.
[Claim 36]

A photoactive layer comprising:

an electron éccepting material; and

~an electreon donating material,

wherein the electron accepting material and the
electron donating material are treated by a non-solvent,
and the non-solvent is one or two or more selected from the
group consisting of water, alkanes, halohydrocarbons,
ethers, ketones, esters, sulfur compounds, acids, alcohols,
phenols, and polyols.

[Claim 37]

The photoactive layer of claim 36, wherein a ratio
(Te-c/Tc-c) of an antisymmetric value and a symmetric’value
of an absorption spectrum of FT-IR iénincreased by 110 to
150% as compared to an intrinsic value of the electron
accepting materialAand the electron donating material.
[Claim 38] | |

A photoactive layer comprising:

an electron accepting material; and

an electron donating material,’

wherein a ratio (Ic./Ic-¢) of an antisymmetric value
and a symmetric value of an absorption spectrﬁm of FT-IR is
increased by 110 to.150% as compared to an intrinsic value

of the electron accepting materidl and the electron
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donating material.
[Claim 39]

The photoactivg layer of claim 38, wherein the
elecﬁfon accepting material and the electron doﬁating
material are treated by a non-solvent.

[Claim 40]

The photoactive layer of any one of claims 36 fo 39,
wherein the electron accepting material and the electron
donating material are heat treated before, during, or after
being treated by the non-solvent.

(Claim 41]

A method of manufacturing the organic phoﬁovoltaic
cell of any one of claims 1 to 24 and 31 to 33, comprising:

preparing a substrate;

forming a first electrode in one region of the
substrate;

forming.an organic layer including a photoactive
layer on an upper portion of the first electrode;

performing surface treatment of the photoactive layer
by ‘a non-solvent; and

forming a second electrode on the organié layer.
[Claim 42]

The mefhod of manufacturing the organic photovoltaic
cell of claim 41, further comprising:

performing heat treétment before, during, or after




fhe performingvof the surface treatment by the non-solvent.
[Claim 43]

The method of manufacturiﬁg the organic photovoltaic
cell of claim 41, further comprising:.

forming the organic layer after the forming of the
first electrode and befcore -the forming of the photoactive
layer. o
[Claim 44]

The method of manufacturing the organic photovoltaic
cell of claim 41, further comprising:

forming a buffér layer after the forming oﬁ the first
electrode and before the forming of thé photoactive layer.
[Claim 45]

The method of manufacturing the organic photovoltaic
cell of claim 42, wherein a temperature 5f the heat
treatment is a glass transition temperature (Tg) or more
and a-thermal decomposition temperature or less of the
electron donating material.

[Claim 46]

' The method of manufacturing the organic photovoltaic

cell of claim 41, wherein a thickness of the photoactive

layer is 50 to 300 nm.-

Dated this 16" Day of March, 2015 @M

. B. DAS
Regn No. IN/PA- 915
Of D.P.Ahuja. & Co,
Applicant's Agent
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[DRAWINGS]

[Figure 1]

ELECTRON DONATING MATERIAL:
ELECTRON ACCEPTING MATERIAL

ELECTRON DONATING MATERIAL;

ELECTRON ACCEPTING MATERIAL

|

" ELECTRON DONATING r-1ATER.IAL$

ELECTRON ACCEPTING MATERIAL

| SPIN COATING

ELECTRON ACCEPTING MATERIAL

l ELECTRON DONATING MATERIAL: | - ::

HEAT TREATMENT

of D. P.AHUJA& CO.
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[DESCRIPTION]
[Invention Title]
Optically active layer, organic solar cell comprising
cptically active layer,and metﬁod for manufacturing same
[Technical Field] |
‘This application claims priority te and the benefit
cf Korean Patgnt Application'No, 10«2012—6108994 filedAin
the Korean Intellectual Property Office on September 28,
2012, the entire contents of which are iﬁcorpo:ated herein
by reference. v
The present specificaticn reiatES to a photoactive
layer, an organ¥c photovoltaic cell using the same, and’a'
method of manufacturing the same.
[Béckground Art]
| In 1952, since-Heeger of UCSB initially exhibited a
possibility of a photovoltaic cell using an organic polymer,
-many studies tﬁereof have been presently condpcted; The
cell is alheterojunction thin film diodé in which anb
organic polymer absorbing iight and a C60 fullerene
derivative or a C70 fullerene derivative having very high
elecirophilicity are mixed with each other, and adopts ITO
(indium tin oxide) that is a transparent electrode as an
anode and a metal electfode having a low work function,
such as BAl, as a cathode material.

Light is abscorbed in a photoactive layer constituted
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by the orgenic pdlymer to form an electron-hole pair {or
exciton). There is a technology in which after the
electron-hole pair moves té an interface between the
copolymer end thé C60 fullerene derivatiQerr C70 fullerene
derivative to be separated into.electrons and holes, the
electrons move to the metél'electrode and the holes move to
the transparent electfode, théreby generating the elecﬁrons.

Currently, efficlency of the organic polymer thin
film photovoltaic cell using the organic polymer comes to 7 °
to 8% (Nature Photonics, 2008, 3, ©45-653).

However, cur;éntly,_effiqiency of the organic polymer
photovbltaic cell has a low level as comparéé to maximum
efficiency (~39%) of the photovoltaic cell using silicone.
There is a demandyfor developing the organic photovoltaic.
cell having higher efficieﬁcy.

[Prior Art Document]
[Non—Pateht Document]

Nature Phétonics, 2009, 3, 649-653
[Detailed Description of the‘Invenfion]

[Téchﬁica% Problem]

The present specification has been made in~aﬁ-effort
to provide an organic photovolﬁaic cell having improved »
efficiency and a method of manufacturing the same, and a
photoactive layer'used in the organic. photovoltaic cell.

[Technical Sclution]
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An exemplary embodiment of the present inventionA
provides an organic photovoltaic cell including: a first
electrode; a second electrode facing the first electrode;
and an organic layer provided between the first electrode
and‘thé second electrode and including a photoactive layer,
in which. the photoactive layer ihcludes'an electron
accepting material and an electron donating méterial, the
electron'accepting material and fhe electron donating
material aré treated by a non-sclvent, and the non-sclvent
is one or two of more selected from the‘group consisting of
water,lalkanes, halohydrocarbcns, ethers, ketones, esters,
sulfurAcompounds,‘acids,Aalcohols, phencls, and polyols.

Another exemplary embodiment of the present invention
provides an organic photovoltaic cell including: a first

electrodei a second electrode facing the first electrode;

and an organic layer provided between the first electrode

‘and the second electrode and including a photoactive layer,

in wbich the photoactive layer.includes an electron
accepting material and an electron donating material, and a
ratib (Ie=e/Ic-c) ©of an antisymmetric value and a symmetric
Valué of‘an absorptién sﬁectrum of FT-IR is increased by
110 to'150% as compared.tO'an iﬁtrinsic vaiue of the
electron accepting.mate;ial and the electron donating
material.

Another exemplary embodiment of the present invention
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provides an organic photovoltaic cell including: a first
electrode; a second eléctrode facing the first electrode;
and an organic layer provided betwéen the>first electrode
and the second electrode and including é’photoactive layer,
in which the photoactive layer includes an electron
accepting material and an electron donating material, the
electronAaccepting material and the electron donating
material are treated by a non-solvent, and efficiency of
the organic photovoltaic cell is increased by 110 to 200%

as compared to the case where the photoactive layer
includes the electron acceptiﬁg material and the electron
donating material before being treated by the non-solvent.

Another exemplary embodiment of the present invention
provides a photoactive layer including: an electron
accepting material; and an electron donating material, in
which the electron accepting material and the electron
donating material are tfeated by a non-solvent, and the
non-sclvent ié one or two Or mcre selectea from the group
~ consisting of water, alkanes, halohydrocarbons, ethers,
ketones, esters, sulfur compounds, acids, alcohols, phenols,
and pclyols. |

Another exemplary embodiment of the present invention
provides a photoactive layer including:'an electron
accepting material: and an<electrdn donating material, in

which a ratic (I¢-¢/Tc-c) ©f an antisymmetric value and a
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symmetric value of an absorption spectrum of FT-IR is
increased by 110 to 150% as compared to an intrinsic value
of the electron accepting material'and the electron
donating material.

Another exemplary embodiment éf the presént invention
provides a method of manufacﬁuring an organic photovoltaic
cell, including: preparing a substrate; forming a first
electrode in one region of the substrate; forming an
organic layer including a photoéctive layer onVan upper
portion of the first electrode;,treating the photoactive

layer by & non-solvent; and forming a second electrode on

the organic.layer.

Ly
i

[Advantagecus Effects]

According to an exeﬁplary embodiment of the present
specification, it is possible to manufacture a photoactive
layer through a simple process of treatment by a‘non~
solvent and, if necessary, heat treatment. Further, the
photoactive"léyer that is subjected to the aforementioned
treatment ha$ high conductivity and is stable.

The photoactive layer according to the exemplary
émbodiment of the present specification has goecd light
absorptivity, and has a stabilized molecular structure
through self organization of an electron accepting material
and an electron deonating material. Accordingly, an organic

photovoltaic cell including the photoactive layer accofding
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to the exemplary embodiment of the present‘specification
can exhibit excellent characteristics such as an increase
in open voltage and an increaée in efficiency.

Particularly, the photoactive layer according to the
exemplary embodiment of the present specification has high
light absorptivity, high charge mobility because a
conjugation length is lengthened, low resistance to an
electrode, and an improvea morphology, thus improving a
life-span characteristic and efficiency of a diode.

[Brief Description of the Drawings]

FIG. 1 is a view 1llustrating a method of
manufacturing a photoactive layer according to an exemplary
embodiment of the presént spécification.
tBest Mode ]

Hereinafter, the present specification will be
described in detail.

The present specification provides an organic
photovoltaic cell including a first.electrode; a secénd
electrode facing the first electrode; and an organic layer
provided between the first electrode and the second

electrode and ihcluding a photoactive layer, in which. the

- photoactive layer includes an electron accepting material

and an electron donating material, and the electron
accepting material and the electron donating material are

treated by a non-solvent.
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In the present specification; the non~solven£ means a
mattér in which the electron donating matepial or fhe
eiectron accepting material is not dissolved or not reacted.

‘In the present specification,'the " treatmént |
by{with) non-sclvent " means " swelling treatment by necn-
solvent " that when the non-solvent-is applied on eiectron
donating materials or electron accepting’materials, thé
non-solvent permeates thé electron donating material or the
electron accepting material, and tﬁus a swelling phenomenon
occurs, or

"surface treatment by a‘non—solvent" that the non-
solvent acts on a surface of the electron donating material
or the -electron accepting material according to removing
the non-solvent after the non-solvent is applied on the
eiectron donating material or the electron accepting
material.

In the present specifica;ion, "actingf means
éffecting the surface of the electron dohaéihg material or
the electron aécepting material by forming dipole on their
surface and/or changing of their chemical structure and/or
the like. Further, in the exemplary embodiment of the
present specification, wﬁen the non-solvent is applied on
the photoactive‘layer, a swelling phenomenon éccurs, and
thus the non-solvent permeates the photocactive layer.

In the exemplary embodiment of the present
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- specification, a permeation distance of the ncn-sclvent

into the photoactive layer is 5% or more and less than 50%
of the thickﬂess of the photoaéfive layer. In another
exemplary embodiment,. the permeaticn distance'of the non-
solvent into the photoactiye layer is 5 to 30% cf thé
thickness of the phcotoactive layer. |

When the non-sclvent is applied on the photoactive
layer, a kind, a treating method, and an amocunt of the non-
sclvent may be selected.

When the non-solvent is applied on the photoactive

layer for 1 min to 60 min, the permeation distance of the

.non-solvent into the photoactive layer is 5% or more and

less than 50% of the thickness of the photcactive layer.

In>the case where the permeation distarce of the non-
sclvent into the photantive layer is 50% or more of the
thickness of the photoactive layer, the phétoactive layer
may be separated from the coated substrate.

Further, in the case where the Perméation distance of
the ﬁon-solvent into the photoactive layer is 3 to 30% of
the thickness of the photoaétive layer, an interfacial area
between the photoactive layer and the electrode may be
increased and a contact characteristic thereof may be
improved to improve pérformance of the dicde.

In the present speciﬁication, a non-solvent swelling

method includes a method of applying a non-solvent on an
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upper portion of a photoéctive layer and perfofming spin

coating or drop coating:

In the present specification, a non-solvent surface
treating method includes a method of removing the non-
solvent by spin coating after applying a non-solvent on an
upper portion of a photoactive layer.

If the non-sclvent swelling method is applied to the
photoactive layer, the photcactive layer and the interface
betheen the photoactive layer and the electrode can ke
simultaneously adjusted, which is useful to improve
morphoiogy of the photcactive layer. Further, a
manufacturing process is relatively simple spin coating or
the like, which has temporal and economical advantages of
the process. |

The applied non-solvent permeates a space of the'
photoactive layer to increase a space between polymer
chains, thus increasing movement of the polymer chains.
Further, if movement of the polymer chains is incfeased,
the arranged molecular strucﬁure is formed through self
organizaticn of the molecular structure. In this case, a
conjugation length is inéreased to increase charge mobility
and an optical characteristic, thus providing high light
absorptivity, thereby contributing toc an increase in
efficiency.

In the exemplary embodiment, the non-solvent is
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“applied for. 1 minloi more by the non-solvent swelling

method. In another exemplary embodiment, the non-solvent

is applied for 1 min to 60 min.. In another exemplary

* embediment, the .non-sclvent is applied for 10 min to 40 min.

In another exemplary embhodiment of the preSent

.gspecification, in the non-solvent treating method, the non-

solvent is removed within'l min after the non-solvent is
applied. In this case, the applied non-solvent is more
efficient for a non-solvent surface treatment of the
photoactive layer rather than permeation of a nbn—solvent
into the photoactive layer.

In the case where the non-solvent is applied for 1
min or more, the permeation distance of the non~éolvent
inte the photcoactive layer may be increaséd. When the
application is performed within 60 min, the pefmeation
distance of the non-solvent ‘into the photoactive layer may
be éetito be more than 50% of the thicknéss of the
photoactive layer to prevent progressing of a stripping
phenomenon.

In ancther éxemplary embodiment of the present
specification, if necessary, time of applying a non-solvent
may be controlled to perform swelling treatment by a non-
solvent, to perform surface treatment by a non-solvent, or
to simultaneously pe;fdrm sweliing treatment by a non-

solvent and surface treatment by a non-solvent.
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In the exemplary embodiment of the present
specification, there is provided an organic photovoltaic

cell where the electron accepting material and the electron

" donating material are heat treated before, during, or after

being swolleﬁ by the non-solvent.

In the exemplary gmbodimenf, the electron'accepting
maferial and the electron donating material may be heat
treated before being swollen by the non-solvent.

In the exemplary embodiment, the electron accepting
materialvand the electron donating material may be heat
treated after being swollenyby the non-solvent.

In the exemplary embodiment, the electron accepting
material and the electron dénating material may be heat
freated while being swollen by the non-sclvent. In this
case, the permeation distahce of the non-solvent into the
photcactive layer is increased due to heat applied when
being swollen by the non-solvent to reduce a treating time
of the non-solvent and simplify the process without
subsequent heat treatment or a course of removing the non-
solvent by spin coating or blowing, and thus, there are
merits in terms of time and/or cost.

The non-solvent is one or>two or more selected from
the group consisting of water, alkanes, halohydrocarbons,
ethers,‘ketones, esters, sulfur compounds, acids, alcohois,

phencls, and polyols.
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Tn the exemplary embodiment of the present
specification, the alkane-based non-solvent is one or two
or more selected from the group consisting of n-butane, n-

pentane, n-hexane, n-~octane, isocctane, n-~dodecane,

~dichloromethane, cyclohexane, and methylcyclohexane.

In the exemplary embodiment of the present
specification, the alkane-based non~solvent'ié
dichloromethéne.

The electron donating material, for examﬁle, P3HT is
not dissolved in the alkane-based non-solvent, but the
electron accepting material, for example,. PCBM has
selective solubility. In this case, in the case. where the‘
non-solvent is used alone or while being mixed with another
solvent in a predetermined amount, the electron accepting
material i; selectively dissdlved on the surface while
Being swollen tc increase. the interfacial bonding area.

In the exemplary embodihent, the halohydrocarbon-
based non-solvent is one or‘th‘sf more selected from the
group consisting of chloromethane, dichloroemethane,
methyleneAChloride, 1,1-dichloroethylene,
ethyleneaichloride, chloroform, 1,l-dichloroethane,
trichlofoethylene, carbpn tetracﬁloride, chlorobenzene, o-
dichlorobenzene, and 1,1, 2-Trichlorotrifluorcethane.

In another exemplary embodiment, the ether-based non-

solvent is one or two or more selected from the group

SR A ~ 12 -



consisting‘Of'tetrahydrofuran, l,4fdioxane, diethylether,
and dibenzylether.

In the case where the ether-based non—soivent is used,
since a boiling point is low, it is easy to remove the
solvent after the noﬁ-solvent swelling method, and thus,
the process is simple and there are merits in'terms of time
and cost.

In another exemplary embodiment, the ketone-based
non-solvent is one or two or more selected from thengroup
consisting of acetone, methylethylketone, cyclohexanone,
diethylketone, acetophencne, methylisobutylketone,
methylisocamylketone, isophorone,‘and di (isobutyl)ketone.

In the exemplary embodiment, the ester-based non-
solvent is one or two or more selected from the group
consisting of ethylene carbonate, methyl aéetate, ethyl
formate, propylene-1l,2~carbonate, ethyl acetate, ﬁiethyl
carbonate, diethyl sulfate, n-butyl acetate, isocbutyl
acetate, Z—ethoxyéthyl acetate, iscamyl acetate, and
iscbutyl isobutyrate.

| In the present specification, the sulfur coﬁpound
means & solvent in which the electron QOnatingvmaterial or
the electron accepting material is not dissolved or not
reacted among thé compounds including sulfur.

In another exemplary embodiment, the sulfur compound

non-scolvent is one or two or more selected from the group’
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consisting of carbon'disulfide, dimethyl sulfoxide, and
ethanethiel.

In another exemplary embodiment, the alcohoi-based
non-solvent 1is -one or two or more selected from the gfoup'
consisting of methanol, ethanol, allyl alcohol, l-propancl,
2-propancl, 1l-butanol, 2-butanol, isobutanol;“benzyl |
alcohel, cyclohexanoi, diacetoﬁeaLcohol, ethylene glycol
monoethyl ether, diethylene glycel monomethyl ether,
diethylene glycol monoethyl ether, ethylene glycol
monbbutyl ether, diethylene glycol monobutyl ether, 2-
meﬁhoxyethanol and l-decancl.

In the case where the alcohol~based non-solvent is
used, a dipole is formed between the phcétoactive layer and
the electrode to reduce a barrier of hole extraction, thus
increasing a voltage density. .Thus, it is possible to
improve efficiency of the organic photovo;taic cell due to
an increase in built-in potential and an incfease in open
voltage and FillvFactor (FF) by a decrease in surface
energy trap.

Furthér, in ﬁhe case where the non-solvent treating
method is used by dissclving a water-soluble buffer
material, metal nanoparticle and metal oxide cr the iike;
treatment by the non-solvent and formation of the buffer
iayer may be performed simultaneously; and thus, there are

merits in terms of time and cost of the process.
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In the. exemplary embediment, the acid non~solven£ is
:
one or two or more selected from the group consisting of
formic acid, acetic acid, benzoic acid, oleic acid, and
stearic acid.

In the case where the acid non-solvent is ﬁsed, the
electron donating material is ionized to reduce 5 barrier
of ceollection of interfacial charges, thus increasing a
current density, or increasing wettability in the case
where a water-soluble buffer material is subsequently
applied, which is useful to coating.

In the exemplary embodiment, the phencl-based non=-
solvent 1s one or two or more selected from the group
conéisting of phenol, resorcinol, m—cresoi, and
methylsalicylate.

In‘the exemplary embodiment, the polycl-khased non-
solvent 1s one or two or more selected from the group
consisting of ethylene glycol, glycerol, propylene glycol,
diethylene glycol, triethylene glycol, and diprépylene'
glycol. ‘

In the exemplary embodiment of the present
specificétion, the non-solvent is water. -

In another exemplary embodiment, the non-solvent is
an alkane-based non-solvent,

In another exemplary embodiment, the non-solvent is a

" halohydrocarbon-based non-solvent.
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In the exemplary embodiment, thevnonésolvent is an

ether—béééd ncn-solvent.

In another exempiary embodiment, the
ketone~based non-ﬁolvent.

In another exemplary embodiment, the
an ester-based non-solvent.

In another exemplary embodiment, the

~sulfur compound non-solvent.

In another exemplary embediment, the
an acid non-solvent.

In another exemplary embodiment, the
an alcohol-based non-solvent.

Iﬁ another exemplary embodiment, the
phenol-based non-solvent..

In ancther exemplary embodiment, the

polyol-based non-solvent.

non-solvent

non~solvent

non-solvent

non-solvent i

non-solvent

non-solvent

non-solvent

is

is

is

is

is

is

In the exemplary embodiment, the non-solvent is one

or two or more selected from the group consisting of.

alkanes, ethers, alcohols, and acids.

In the exemplary embodiment of the present-

specification, the temperature of heat treatment is a glass

transition temperature (Tg) or more and a thermal

decomposition temperature or less of the electron donating

material.

In the case where the temperature of
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treatment is less than the glass transition temperature of
the electron donating material, a self organization
phenomenon of fhe electron donating material may not occur
well, and in the éase where the temperature of the heat
treatment is more than the thermal decomposition
tempe;ature of the’electron donating ma:erial, the electron
donating material méy be broken to reduce an optical
current generation characteristic.

The heat treatment provides a synerqgy effect to an
effect caused by the non-solvent swelling method tc better
arrenge the molecular structure, thus increasing the
conjugation length and the optical characteristic. Further,

since a manufacturing process is relatively simple, there

are temporal and econcmical advantages. of the process.

In the exemplary embodiment of the present
specification, the time of the heat treatment is 0 min to 5
hours.. In another exemplary embodinent, the time of the

heat treatment is 10 min to 3 hours. -In another exemplary

embodiment, the time of the heat ‘treatment is 30 min to 45

min. The time may be adjusted according to the.degree of
self organization.

In the.exemplary embodiment of the present
specifieation, the electron accepting material is a
fullerene derivative or a non-fullerene derivative.

In another ezemplary embodiment, the fullerene
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derivative is a C60 to CS0 fullerene derivative.

The fullerene derivatives as above may be
unsubstituted or substituted by at least one additiocnal
substituent.

In the exemplary embodiment, the fullerene derivative
is a C60 fuilerene derivative or a C70 fullerene derivative.

In the exemplary embodiment, the C60 fullerene

derivative or the C70 fullerene derivative is each

independently selected from the group consisting of

"hydrogen; deuterium; a halogen group; a nitrile group: a

nitre group; an imide group; an amide group; a hydroxy
group; a substituted or unsubstituted alkyl group; a
‘substituted or unsubstituted cycloalkyl group; a

substituted or unsubstituted alkoxy group; a substituted or

unsubstituted aryloxy group; a substituted or unsubstituted

alkylthioxy group; a substituted or unsubstituted
arylthioxy group; a substituted or unsubstituted
alkylsulfoxy group; a substituted or unsubstituted
arylsulfoxy group; a substituted or unsubstituted alkenyl
group; a SUbsfltuted or unsubstituted silyl grdup; a
substituted or unsubstituted boron group; a substitutedAor
unsubstituted alkylamine group; a substituted or
unsubstiﬁuted aralkylamine group; a substituted or
unsubstituted arylamine group; a substituted or

unsubstituted heteroarylamine group; a substituted or



-

unsubstituted aryl group:; a substituted or unsubstituted
fluorenyl group; a substituﬁed or unsubstituted carbazole
group; and é substituted or unsubstituted heterocyclic
group including one or more of N, 0 and S atoms, of may be
further substituted by.a substituent group obtained by
forming a coﬁdensation cycle by two adjacent sﬁbstitueht
groups.

In another exemplary embediment, the fullerene
derivative is selected from the group consisting of a C76
fﬁllgrene derivative, a C78 fullerene derivative, a CB4 |
fullerene derivative, and a C90 fullerene derivative.

In the exemplary embodiment, tﬁe C76 fullerene
derivative, the C7B.fullerene derivative, the CB4 fullerene
.derivative, and the C90 fullerene derivative are each
independently selected from the group consisting of
hydrogen; deuterium; a halogen group; a nitrile group:; a
nitro group; an imide grbup; an amide group; a hydrogy
group; a substituted or unsubstituted alkyl group;‘a
substitﬁted or unsubstituted cycloalkyl grdup; a
substituted or unsubstituted alkoxy group; a substituted or
unsubstituted aryloxy group: a substituted or unsubstituted
alkylthioxy group: a substituted or unsubstituted
arylthioxy group; & substituted or unsubstituted
alkylsulfoxy group; a substituted or ﬁnsubstituted

arylsulfoxy group; a substituted or unsubstituted alkenyl

]

ey
SN T L A
LERPE s L

LN
fred
ot
\J1
[T
[l
[
Op.0
|



group; a substituted or unsubstituted silyl group; . a
substituted or unsubstituted boron group:; a substituted or

unsubstituted alkylamine group; a substituted or

unsubstituted aralkylamine group; a substituted or

unsubstituted arylamine group; a substituted ox
unsubstituted hetercarylamine group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted
fluorenyl group; a substituted’or unsubstituted carbazole
group; and a substituted or unsubstituted hetérocyclic
group including one or more of N, O and S atoms, or may be
further substituted by a substituent group obtained by
forming a condepsation‘cyclé by two adjacent substituent
groups.

"The fullerene derivative has excellent separation
ability of electron-hcle pairs (exciton) and charge
mobility as compared to a non-fullerene derivative, and
thus, there is an advantage in térms of efficiency
characteristic. |

In anothe;‘exempla;y embodiment, the LUMO energy
level of the non-fullerene deri&ative is -2.0 fo -6.0 ev.
In another exemplary embodiment, the LUMO energy level of
the non-fullerene derivative is -2.5 to -5.0 eV. 1In
another exemplary embodiment, the LUMO energy level of the
non-fullerene derivative is -3.5 to -4.5 eV.

Electrons may be easily injected when the LUMO energy
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level is within the aforementioned range, thus increasing.
efficiency of the organic¢ photovoltaic cell.

Particularly, in the case where the LUMO energy ievel
of the non-fullerene derivative is -3.5 to -4.5 eV, charge
separation can be performed while maximiéing a difference
with the HOMO energy level of the electron donating
material, and thus, there is an advantage in that high open
voltage and current,deﬁsity can be obtained.

Further, in the exemplary embodiment of the present
specification, the non-fullerene derivative is a siﬁgle
molecule or a pclymer having no spherical shape.

In the exemplary embodiment of the présent
specificaticn, the electron donating material includes at
least one kind of electron donor; or a polymer of at least”
one kind of electron acceptor and at least one kind of
electron donor.

In the exemplary embodiment of thg present
specification, the electron donating material includes at
least one kind of electrén donor.

In another exemplary embodiment, the electron
donating material iﬁcludes a polymer of at ;éast'one kind
of electron acceptor and at least one kind of electron
dqnor.

In the exémplary embodiment of the present

specification, the electron donor includes one or two or
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more from the group consisting of the following Chemical
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In the Chemical Formulas,

a is an integer of 0 to 4,

b is an integer of 0 to 6,

c is an integer of 0 to 8,

d and e are each an integer of 0 to 3,
f and g are each an integer of 0 to 2,

R, and Rj; are the same as or differeﬁt from each other,
and each iﬁdependently selected from the group consisting
of hydrogen; deuterium; a halogen'group; a nitrile group; é
nitro group; an iﬁide group; an amide group; a hydroxy
group; a substituted’of unsubstituted alkyl grouﬁ; a
substituted or unsubstituted cycloalkyl group: a
substiﬁuted or ‘unsubstituted alkoxy group; a substituted 5r
unsubstituted aryloxy group; a éubstituted 6r unsubstituted
alkylthioxy group; a substituted or unsubstitutéd
arylthioxy group; a substituted or unsubstituted
alkylsulfoxy group; a substituted or unsubstituted
arylsulfoxy group; a substituted or unsubstituted élkenyl
group; a substituted or unsubstituted silyi group; a

substituted or unsubstituted boron group; ‘a substituted or
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unsubstituted alkylamine group; 2 substituted or

unsubstituted aralkylamine group; a substituted or

unsubstituted arylamine group; a substituted or

unsubstituted heteroarylamine group; a substituted or
unsubstitﬁted aryl group; a substituted or unsubstituted
fluorenyl group; a substituted or unsubstituted carbazole
group: and a substituted or unsubstituted heterocyclic
group including one or more of N, O and 3 atoms, or two
adjacent substituent grcoups may bond tegether toc form a
condensation.cycie,

X7 to X3 are the same as or different from each other,
and each independently selected from the group consisting
of CRR', NR, 0O, SiRR', PR, S, GeRR', Se and Te,

Y, and Y, are the same as or different from each other,
and each indepgndently ;elected from the group consisting
of CR, N, SiR, P and GeR,

R and R' are the same as or different from each othér,
and each independently selected frﬁm the grcup consisting
of hydrogen; deuterium; a halogenrgroup; a nitrilé group; a
nitro group: an imide group; an amide group; a hydroxy
group; a substitutéd or unsubstituted alkyl group; a
substituted or unsqbstituted cycloalkyl group; a
substituted or unsubstituted alkoxy group; a substituted or
unsubstituted aryloxy group; a substituted or unsubstituted

alkylthioxy group; a substituted or unsubstituted
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arylthioxy group; a.substituted or unsubstituted
élkylsqlfoxy group; a substituted or unsubstituted
arylsulfoxy group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstituted silyl group; a
substituted or unsubstituted bdron group; a subétituted‘or
unsubstituted alkylamine group; a substituted or
unsubstituted aralkylamine group; a substituted or
unsubstituted arylamine group; a substituted or
unsubstituted hetercarylamine group; a substituted or
unsubstituted aryl group; a substituted or unsﬁbstitﬁted
fluofenyl group; a substituted or unéubstituted carbazole
group; and a substituted or unsubstitutedtheterocyclic
group including one or mors of N, O and S atoms, or two
adjacent substituent groups may bond together to form a -
condensation cycle.

In another exemplary embodiment, the electron

acceptor includes one.or two or more from the group

consisting of the following Chemical Formulas.
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In the Chemical Formulas,

R, to Rs are the same as or different from each other,
and each independently Selecﬁed frem the ggoup consisting
of hydrqggn; deuterium; a halogen group; a nitrile group; a
nitro groupf aﬁ.imide group; an amide group; a hydroxy
group; a substituted or unsubstitu£ed alkyl group; a
substituted or unsubstituted cycloalkyl group; a
substituted or uﬁsubstituted alkoxy group; a substituted or

unsubstituted aryloxy group; a substituted or unsubstituted

alkylthioxy grcup; a substituted or unsubstituted
arylthioxy group; a substituted or unsubstituted

alkylsulfoxy group; a substituted or unsubstituted
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arylsulfoxy group; a substituted or unsubstituted alkenyl
group; a substituted or unsubstitﬁted silyl.grouﬁ; a
substituted or unsubstituted boron group; a substituted or
unsubstituted alkylaming group: a substituted or
unsubstituted aralkylaminé group; a substituted or
unsubstituted arylamine group; a substitutedvor
unsubstituted hetercarylamine group; a substituted or
unsubstituted aryl group; a substituted or unsubstituted
fluorenyl-group; a substituted or unsubstituted carbazcle
group; and a substituted or unsubstituted heterocyclic
group including one or more of N, O and S atoms, or two
adjacent substituent groups may bond together to form a
condensation cycle,

X; and ¥, are the same &5 or different from each other,
and each independently selected from the group consisting
of CRR', NR, O, SiRR', PR, S, GeRR', ‘Se and Te, Y; to Y,
are the same as or'differént from each other, and each
independently selected from the group consisting of CR, N,
SiR, P and GeR,

R and R' are the same as or different from each other,
and each independently selected from the group‘consisting;
of hydroéen; deuterium; a halogen group; a nitrilg group; a
nitro‘groﬁp; an imide group; an amide group; a hydro;y -
group; a substituted or unsubstituted alkyl group: a

substituted or unsubstituted cyclecalkyl group; a
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substituted or unsubstituted alkoxy group; a substituted or
unsubstituted aryloxy group: a substituted or unsubstituted-
alkylthioxy group; a substituted or unsubstituted
arylthioxy group; a substituted or unsubstituted
alkylsulfoxy group; a sgbstifuted or unsubstituted
arylsulfory group; a substituted or unsubstituted alkenyl
group; a substituted. or unsubstituted silyl group; a
substituted or unsubstituted boron group; a substituted or
unsubstituted alkylamine group; a Substituted or .
unsubstituted aralkylamine group; a substituted or
unsubstituted arylamine group; a substituted or
unsubstituted hetercarylamine group; a substituted or
unsubstituted aryl group: a substituted or unsubstituted
fluorenyl group; a substituted or unsubstituted carbazole
group; and a éubstituted or unsubstituted heterocyclic
group including one or more of N, O aﬁd S atoms, or two
adjacent substituent groups may bond together to form a
condensation cycle.

In another exemplary embodiment of the present
specification, the electron donating material includes a
polymer comprising an A unit represented by any one of the
following Formula 1, Formula 2 and Formula 3;

a B unit represented by the foliowing Formula 4; and

a cC unif representéd by the following Formula 5:

~[Formula 1) [Formula 2) . [Formula 3]

W
1]

B3

BEKAT A

N
Cop,, 3

P

[P
o
[}
B
¥l
o
10



) & X, Rs
Nt
Rz Rs ‘ 2 Xz

R

[Formula 4] [Formula 5]

wherein f and g are each an integer of 0 to 2,

R, to Ry are the same as or different from each other,
and each independently selected from the group consisting
of hydrogen; deuterium; a halogen group; a nitrile grcup;
a nitro group; an imide group; an amide group; a hydroxy
group; & substituted or unsubstituted alkyl group; a
substitﬁted or unsubstituted cycloqlkyl group; a
subsf;tuted or unsubstituted alkoxy group; a substituted
orkunsubstituted aryloxy group:; a substituted or
unsubstituted alkylthioxy group; a substituted or
uhsubétituted arylthioxy group; a substituted or
unsubstitutgd alkylsulfoxy group; a substituted or
unsubstitﬁted arylsulfoxy group; a substituted or
unsubstituted alkenyl group; a substituted or

unsubstituted silyl group; a substituted or ansubstitutéd
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boron group; a substituted or unsubstituted alkylamine
group; a substituted or unsubstituted aralkylamine group;
a substituted or unsubstituted arylamine group; a '
substituted or unsubstituted heteroarylamine group; a
substituted or unsubstituted aryl group;. a substituted or
uhéubstituted fluorenyl group; a substituted or
ﬁnsubstituted cérbazole group; and a substituted or
unsubstituted heterocyclic group including one or more of
N, O and S atoms, or two adjacent substituent groups may
bond together to form a condensaticn cycle,

X; and Xs are the same as or different from each
other, and each independently selected from the group
consisting of CRR’, NR, O, SiRR', PR, S5, GeRR', Se and>Te,

Y; to ¥Ys are tﬁe samé as or different from each other,
and each independently selected from the group consisting
of CR, N, SiR, P and GeR,

R and‘R‘ are the §ame‘as or different from each other,
and each independently selected from the group consisting
of hydrogen; deuterium; a halogen group; a nitrile group;
‘a nitro group; an imide group; an amide group; a hydroxy
group; 2 substituted or unsubstituted alkyl group; a
substituted or unsubstituted cycloalkyl group; a
substituted or unsubstituted alkoxy group; a substituted
or unsubstituted aryloxy group; a substituted or

unsubstituted alkylthioxy group; a substituted or
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ﬁnsubstituted arylthioxy group; a sgbstitutéd or
unsugstituﬁed alkylsulfoxy group; a substituted or
unsubstituted arylsulfdxy gfcup} a substituted or
unsubstituted alkenyl group; a subsfituted.or
unsubstituted silyl group; a-substituted or unsubstituted
‘bhoron group; a substituted or unsubstituted alkylamine
group; a sﬁbstituteﬁ or unsubstituted aralkylamine'group;
a substituted or unsubstituted érylamine group; a
substituted or unsubstituted.heteroarylamine group; a
substifuted cr unsubstituted aryl group; a substituted or
unsubstituted fluorenyl group:; a substituted br
unsubstituted carbazole group; and a substituted or
unsubstituted heterocyclic¢ group including one or more of
N, 0 and S atoms, or two adjacent substituent groups may
bond together to form a condensation cycle.

In the exemplary embodiment of the present
specification, thé electron accepting material is tﬁe
fullerene derivative. 1In anéther exemplary embédiment, the
eleétfon accepting material is a C60 fullerene derivative.

In the exemplary embodiment of the preéent |
specification, the electron accepting material is [6,6];
phenyl C-butyric acid methyl ester (PCBM).

In the exemplary embodiment of‘the present

+S
2y
specification, the electron donating material is R: Ry,
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In this case, X3 is 5.

In another exemplafy embodiment, the electron
donating mateiiél is poly(3-hexylthiophene) (PBHT};

In ancther exemplary embodiment of the present
specification, the electron donating material includes a
copolymer comprising the A unit, the B unit and the C unit.

In another exemplary embodiment of the present
specificaticn, the A unit is Formula 1.

In ancther éxemplary embodiment of the present
specification, the'A unit is Formula 1, X; is S, and R, and
R3 are hydrogen.

In another exemplary embodiment of the’present
specificafion, X3 is 3, Y3 and Y4 are N, Y; is CR.

In another exemplary embodiment of the present
specification, R and Ry are the same or different and are
each independently a substituted or unsubstituted alkoxy
group.

Inuanother exemplary embodiment of the present
specification, R and Ry are the same or different and are
each independently an alkoxy dgroup.

In ancther exemplary embodiment of the present
specification, R and Ry are an octoxy group.

In another ‘exemplary embodiment of the présent
specification, Xs is NR.

In another exemplary embodiment of the present
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’specification, Xs is NR, R is a dodecanyl group.
“Iﬁ ancther exemplary embodiment of the present
‘spééification, ¥ 1s S.
In~énother exemplary embodiment of the present
specificaéion, the electron donating material includes a
unit represented by theffoliowing Formula 6:

[Formula 6]

- R10 R11 ~Jdn

wherein

X 1s a mole fractioﬁ and a real number in the range
6f 0 < x < 1; -

y is5 a mole fraction and a real number in the range
of 0 <y < 1;

x+y=1;

n is an integer ranging from 1 to 10,000;

R10 to R12 are the same or different and are each
independently-hydrogen; a substituted or unsubstituted
alkyl group; or a substituted or unsubstituted alkoxy group.

In another exemplary embodiment of the present

specification, R10 is a substituted cr unsubstituted alkoxy

group.
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In éﬁother exemplary embodiment ¢f the present
speci?ication, R10 is an octoxy group.

In another exemplary embodiment of the present
specification, R11 is a substituted or unsubstituted alkoxy
group.

In another exemplary embodiment of the present
specification, R11l is an octoxy group.

In another exemplary embodiment of the present
specifiéation, R12 is a-substituted or unsubstituted alkly
group.

In another exemplary embodiment of the present
specification, R12 is a dodecanyl group.

In another exemplary embodiment of the present
specification, x is 0.5.

In another exemplary embodiment of the present
speéification, y is 0.5.

“In one embodiment of the present specification, the

end group of the copolymef is5 a substituted or

unsubstituted he£erocyclic group or a substituted or
unsubstituted aryl group. | |
In another embodiment of the present spécification[
the end group of the copolymer is 4-(trifluoromethyl)phenyl.
In one embodiment of the present'specification, the
electron donating material is represented by the following

Polymer 1:
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[Polymer 1]

CgH470 OCgH47

In the exemplary embodiment, the electron accepting
material is [6,6]—phenjl C-butyric acid methyl ester (PCBM),
and the electreon donating material is poly(3-
hexylthiophene) (P3HT) .

In another exemplary embodiment of the present
specification, the electron accepting material is [€,6]-
phenyl C-butyric acid methyl ester (PCBM), and the electron
donating material is the above Polymer 1.

In another exemplary embodiment of the present
specification, the non-sclvent is mefhanol,Athe electron
accepting material is [6,6]-phenyl C-butyric acid methyl.
ester (PCBM), and the elecfron donating material is the
abqve Polymer 1.

In another exemplary embodiment of the present-
specification, the non—solveht is methanol, the electron
accepting material is [6,6]-~phenyl C-butyric acid methyl
ester (PCBM), and the electron donating material is the
above Polymer 1, and-a temperature of the heat treatment is

a glass transition temperature or more and a thermal
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decomposition temperature or less of the electron donating
material. |

In another exemplary embodiment of the present
specificatiop/ the non-solvent is 2-methoxyethanol, the
electron accepting material is [6,6]-phenyl C-butyric acid
methyl ester (PCBM), and the electron donating material is
the above Polymer 1.

In another exemplary embodiment of tﬁe present
specification, the non-solvent is 2-methcxyethanol, the
electron accepting material is [6,6]-phenyl C-butyric acid
methyl ester (PCEM), and the electron donating material is
the above Polymer 1, and a temperature of the heat
treatment. is a glass transition temperature or more and a
thermal decomposition temperature or less of the donating
material. |

In the present specification, the photcactive layer
includes the electron accepting material and fhe electron
donating material.

Further, the electron accepting material and the
electron donating material of the photocactive layer may
form a bulk heterojunction (BHJ). 1In the exemplary
embodiment of the present specification, the electron
accepting material and the electron donating material are
mixed with each other at a ratip (w/w) of l:lO to 1051. In

another exemplary embodiment, the materials are mixed with
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each other at a weight ratio of 1:7.to 2:1. 1In énothér'
exemplafy embodiment, the electron accepting material and
the electron deonating material are mixed with each other at
a weight ratioc of 1:4 to 5:3. 1In another exempiary
embodiment, the electron.accepting material and the
electron doﬁating material are mixed with each cother at a
weight ratio of 1:0.4 to 1:4. ‘

If the electron accepting material is mixed in the
amount of less than 0.4 weight ratio, the contént af the
crystallized electron accepting material is low to cause
hindrance in movement.of‘the generated electrons, and if
the amount is more than 10 weight ratio, the amount of the
electron donating material absorbing light is relatively
reduced, causing a problem in that light is not efficiently
absorbed. |

In another exemplary embodiment, there is provided an
organi¢ photovoltaic cell in which a ratic (Iec/Ic-c} of an
antisymmetric value and a symmetric value of an absorption
spectrum of FT-IR is increased by 110 to 150% as cémpared
to én intrinsic value of the electron accepting material
and the electron donating material.

In another exemplary embodiment, there is provided an
organic photovoltaic cell in which efficiency of the
organic photovoltaic cell is increased by 110 to 200% as

compared to the case where the photoactive layer includes
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the electron accepting material and the electron donating>

" material before being treated by the non-solvent,

Wik MAT & TR
L NA

In another ekemplary embodiment, the electron
accepting material and the electron donating materizl are
heat treated Beforé, during, or after being treatéd by the
nen~-solvent. .In this case, there is provided an organic
photovoltaic cell in which efficiency of the organié
photoﬁoltaic cell is increased by 110 to 150% as compared
to the case where the photoactive layer includes the
electron accepting material and the electron donating
material hefore being treatéd by the non-solvent and heat
treated.

FIG. 1 is a view illustrating a method of
manufacturing a photoactive layer according to an exemplary
embodimeﬁt of the present specification..

Example§ of the substituent groups will be described
below, but are not limited‘thereto.

'In the present specifiﬁation, the alkyl group may be
a straight or branched chain, and the number of carbon
atoms 1is not particularl§ limited but is preferably 1 to 20,
Specifib examples thereof include a methyl group, an ethyl
group, a propyl gréup, an isopropyl group, a butyl group, a
t—butyl group, a'penth group, a hexyl group; a heptyl
gfoup and the like, but are not limited thereto. |

In the present specification, the alkenyl group may
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be a straight or branched chain; and the number of carbon
atoms is not particularly limited, but is preferably 2 to
40. Specific examples thereof preferably include an
alkenyl group in which an aryl group such as a stylbenyl
group and a styrenyl group is substitutéd, but are not
limited thereto.

In the present specification, the alkoxy group may be
a‘straight, branched; or cycle chain. The number of carbon
atoms of the alkoxy group is not particularly limited, buﬁ
preferably 1 to 25. Specific examples thereof may include
a methoxy group, an ethoxy group, an n-propyloxy group, an
iso-propyloxy group, an n-butyloxy group, a cyclopentyloxy
aroup and the like, but are not limited thereto.

In the present specification, the cycloalkyl group is
not particularly limited, but the number of carbon atoms
thereof is preferably 3 to 60, and a cyclopentyl group and
a cyclohexyl group are particularly preferable.

In the presentvspecification, a halogen.group may be
fluorine, chlorine, bromine or iodine.

In the present specification, the aryl group may be a ..
monocyclé, and the number of carbon atoms thereof is ndt
particularly limited, but is preferably & to 60. Specific
examples of the aryl group include monocyclic aromatics
such as é‘phenyl group, a biphenyl group, a triphenyl group,

a terphenyl group, and a stilbene group, polycyclic
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aromatics such as a naphthyl group, an anthracenyl group,;a
phenanﬁhrenyl group, a pyrenyl group, é perylenyl group, a
tetracenyl group, a chrysenyl group, a fluorenyl group, én
acenaphthacenyl-group, a triphenylene group, and a
fluoranthene group, and the like, but are not limited
thereto.

In the present specification, the heterocyclic group
is a heterocyclic group including O, N or S as a heteroatom,
and the number of carbon atoms thereof is not particularly
limitéd, but is preferably 2 to 60. Examples of the
heterocyclic group include a thiophene group, a furan group,
a pyrrole group, an imidazole group, a thiazole group, an
oxazol group, an oxadiazol group, a triazol group, a
pyridyl group, a bipyridyl group, a triazine group, an
acridyl group, a pyridazine group, a quinolinyl group, an
isoquinoline group, an indole group, a carbazolé gr&up, a
.bénzoxazole“group, a benzimidazole group, a benzthiazol
grogp,‘é benzcarbazcle group, a benzthiophene group, a
dibenzofhiophene group, a benzfuranyl group, a
phenanthroline group, a dibenzofuranyl group, and the like;
but are not limited thereto.

In the present specification, the number of carbon
atoms of the imide group is not particularly limited, but
" is preferably 1 toc 25, Spec;fically, the imide grdup mayA
be compounds having the following structures, but is not
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In the present specification, one or two nitrecgen
atoms of the amidevgroup may be substituted by hydrogen, a
straight-chained, branched-chained, or cyclic-chained alkyl
group having 1 to 25 carbon atoms, or an aryl group having
6 to 25 carbon atoms. Specifically, the amide group may be
compounds having the following Structural Formulas, but is

not limited thereto.

:‘Lﬁ\NHZ ,{E\H«CHJ E/?LE/\ :HLEH* ii/ﬁ\ﬁ/@

E’ED E’&HO Ei”/\(j

In the present specification, oxygen of the esﬁer
group may be substituted by a straight-chained, Sranched—
chained, or cyclic-chained alkyl group having 1 tc 25
carbon atoms, or an aryl group having 6 to 25 carbon atoms.

Specifically, the ester group may be compounds having the

‘following Structural Formulas, but is not limited thereto.

. 0. o
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In the present specificatioh, the hetercaryl group

-

G320t5 15:

25032 REY:

’

£

ngd

Wl
i
(9%
¥



may be selected from the aforementioned exampleé of the
he&erocyclic group.

In the bresent speéification, the fluorenyl groué has
a structure where two cyclic organic compodnds are

connected through one atom, and examples thereof include

L
/\\_.. Q'O and the like.

I} ’

In the present specification, the flﬁorenyl group
- includes a structure of an opened fluorenyl group, the
openéd fluorenyl group has a structure where two cyclic
compounds are connected through one atom and conneqtion of
cne cyclic compound is broken, and examples thereof include
~x Qg
2N

;oS ‘
= =, and the like.

~.

In the present specification, the number of carbon
atoms c¢f the amine group is not particularly.limited, but
preferably 1 to 30. Specific examples of the amine group
include a methylamine group, a dimethylamine group, an

- ethylamine group, a diethylamine group, a bhenylémine group,
a naphthylamine group, a -biphenylamine group, an
anthracenylamine QrOup, a 9-methyl-anthracenylamine group,

‘a ciphenylamine group, a phenylnaphthylamine group, a
ditglylamine group, a phenyltolylamine group, a
triphenylamine group, and the like, but are not limited
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In the present specification, examples of the
arylamine group mean a substituted or unsubstituted
monocyclic diarylamine group, a substituted or
unsubstituted polycyclic diarylamine group or a substituted
or unsubstituted monocyclic and polycyclic diarylamine
group.

In the present specification, the aryl group‘of the
aryloxy group, the arylthioxy group, the arylsulfoxy group,
and the aralkylamine group is the same asvthe
aforementioned examples of the aryl group..

In the present specification, the alkyl group of the
alkylthioxy group, the alkylsulfoxy group, the alkylamine
group, and the aralkylamine group is the same as the
aforementioned examples of the alkyl group.

In the present specification, the heteroaryl group of
the heterqérylamine group may be selected from the
aforementioned examples of the heterocyclic group.

.,Inlﬁhe present specification, the arylene group, the
alkenylene group, the fluorenylene group, the carbazolylene
group, and the heteroarylene group are each a ‘divalent
group of the aryl group, the alkenyl group, the;fluoren?l
group, and the carbazole group. With the exception that
the groups are.each the divalent group, the aforementioned

description of the aryl group, the alkenyl group, the
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fluorenyl group, and the cargaiole group may be applied.

Further, in the present specification, the term
"substituted or unsubsfitutedﬁ‘means that substituticon is
performed by one or more substituent groups selected from
tﬁe group consisting of deuterium; a halogen group; én
alkyl group; an alkenyl group; an alkoxy group; a
cycloalkyl group:; a silyl group; an arylalkenyl group; an
aryl group; én aryloxy group; an alkylthioxy group; an
alkylsulfoxy group; an arylsulfoxy group; a boron group; an
alkylamine group; an aralkylamine group; an arylamine
group; a hetercaryl group; a carbazocle .group; an arylamine
group; an aryl grbup; a flucrenyl group; a nitrile group; a
nitro group; a hydroxyvgroup, and a heterocyclic groub
including one or mere of N, O, S atoms, or there ig no
substituent group.

In the exemplary embodiment of the present
speﬁification, the thicknessvof the photoactive layer is 50
to 300 nm. In another exemplary embodiment, the thickness

of the photoactive layer is 100 to 250 nm. In ancther

exemplary embodiment, the thickness of the photoactive

layer is 150 to 230 nm.

In.the case where the thickness of the photoactive
layer is less than 50 nm, since a moving distance of
charges is short, a fill factor value may be increased, but

there is a problem in that light absorptivity is reduced,
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and in the case where the thickness is more than 300 nm, a
current density is increased due to suffiﬁient‘thickness of
the photoactive layer, but there is a problem in that the
fill‘factor valge is low due to a long moving distance of
generated carriers.

Accordingly, witﬂin the aforementioned range, there
are advantages in that resistance between'the interfaces of
electrodes and the like and resistance in a bulk are not
excessively large to increasé the fill factor Qélue, a
current charactefistic is excellent, and separaticn at the
interface of the generated exciton and the moving length of
the carriers are sufficient due to the sufficient thickness
of the photoactive layer.

Further, the present specification provides an
organic photovoltaic cell including: a first electrode; a
second electrode facing the first electrode; and an organic
layer provided between the first electrodé and the second
electrode.and including a photoactive layer! in which the"
photoactive layer includes an electrbn accepting material
and aﬁ eiectron donating material, and a ratio (Ig-¢/Tc-c) of
an antisymmeﬁric value and a symmetric value of aﬁ
absorption spectrum of FT-IR 1s increased by 110 to 150% -as
éompared to an intrinsic value of the electron éccepting
material and the electron donatiné material.

The intrinsic value of the electron accepting
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material and fhe eiectron donating material means a ratio
(Ieae/le-c) 6f tﬁe antisymmetric value and the symmetric
value éf the absorption spectrum cf FT-IR of the
photoactive layer including the electron accepting material
and the ‘electrdén donating material that are not subjected
to any treatment; for exémple, the heat treatment and/or
the non-solvent treating methdd. °

The ratio of the antisyﬁmetric value and the
symmetric value of FT-IR, that is, Ii/Ic-c means an
increase in conjugation length.

In the exemplary embodiment of the present
specification, the ratic of the antisymmetric value and the
symmetric value of the abscrption spectrum of FT-IR is
increased by 110 to 150%. In another exemplary embodiment,
the ratio of the antisymmetric value and the symmetric
value of the absorption spectrum c¢f FT-IR ié increased by
120 to 1403.

In the exemplary embodiment of the present

" specification, if the ratio of the antisymmetric value and

the symmetric vélﬁe of the absorpticon spectrum ovaT-fﬁ is
within the aforementioned range, morphology and |
crystallinity of the orgénic photovoltaic cell are improved
and increased, and thus, thére is an advantage in that
efficiency of the organic photovoltaic cell is increased.

In the exemplary embodiment of the specification, the
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electron‘accepting matérial and the electron donating
material of the photoactive layer are treated by the non-
solvent.

The electron accepting material and the electron

donating material are heat treated before, during, or after

.being treated by the non-solvent. .

The description of the electron accepting material,
the electron donating material, and the photoactive layer
of the organic photovoltaic cell in which the ratio'
(Ic=c/Ic-c) of the‘antisymmetric value and the symmetric
value of the absorption spectrum of FT-IR is increased by
110 to 150% as compared to the intrinsic value of the
electron accepting material and the electron denating
material is the same as the aforementioned description.

There is provided an organic photovoltaic cell
including: a first electrode; a second electrode facing the

first electrode; and an organic layer provided betweenltﬁe.

- first electrode and the second electrode and including a

photoactive layer, in which the photoactive layer includes
an electron accepting material’and an electron donating
material,‘the electron accepting material and the electron
donating material are swollen by a non—solvent, and
efficiency of the organic photovoltaic cell is increased by
110 to 200% as compared to the case where the photoactive

layer includes the electron accepting material and the
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‘electron donating material before being treated by the non-
solvent.

The electron accepting material and the electron
donating méteria; afe heat treated before, during, or after
being treated by the non-solvent. |

The description of the electron accepting material,
the electron donating material, the photoactive layer, the
non-solvent, and the heat treatment of the organic
photovoltaié cell in which efficiency of the organic
photovoltaic cell is increased by 110 to 200% as comparéd
to the case where the photoactive layer includes the
electron accepting material and the electron donating
material before being treated by the non-solvent is thgi
same as the aforementioned description.

In the exemplary embodiment of the present
specification, there is provided the photoactive layer
_includingvthe electron accepting material and the electron
donating material treated by the non-solvent.

The electron accepting material and the electron
donating material are heat treated befcre, during, or after
being treated by the non-solvent.

The description of the electron accepting material,
the electron donating material, the non-solvent, and the
heat treatment of the photoactive layer is the same as the

aforementioned description.
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Further,lthe present specificétidn providés the
photoactive layer including the electron accepting material
‘and the electron donating matérial, in which the ratic
{Te=c/ Ic-c) of the antisymmetric value and the symmetric

value of the absorption spectrum of FT-IR is increased by

110 to 150% as compared to the intrinsic value of the

electron acéepting material and the electron donating
material.

| The électron accepting material énd the electron
donatinglmaterial of the phdtoactive layer are treated by
the non-solvent. |

Further, the electron accepting material and the
electron donating materigl of the photoactive layer are
heat treated before, during, or after being treated by the
ncn~solvént.

Further, the description of the electron accepting
material, the'electron donating material, the non-solvent,
and the heat treatment of the photoactive layer‘ié the same.
as the éforementioned description.

In the exemplary embodiment of the present
specification, the maximum absorption wavelength of the
photoacfive layer is 500 to 600 nm.v

" Further, invthe exemplary embodiment of the present
specification, the organic photovoltaic cell incluﬁes a

first electrode, a photoactive layer, and a second
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electrode.

In another exemplafy embodiment, the organic
photovoltaic cell may further include a substrate, a hole
transport layer, and/or an electron transport layer.

Further, in the exemplary embodiment of thevpresent
specifiéatioh, a bﬁffer layer may be further introduced
between the photoactive layer and the first electrodé.

In another exemplary embodiment, én electron‘
transport layer, a hole blocking layer, or an optical space
layer is further introduéed between the.photoactive layer
and the second electrode. |

In the exemplary embodiment of the present
specification,’the first electrode may be an anode
electrode or a cathode electrode. Further, the second
electrode may be the cathode electrode 'or the anode
electrode.

In the exemplary embodiment of the present
specification, in the organic photovoltaic cell, the anode
electrode, the photoactive layer, and the cathode electrode
may be disposed in this order, or the cathode electrode,
the photoactive layer; and the anode electrode may be
disposea in this order, but the order is not limited
thereto. ‘

In another exemplary embodiment, in the organic

- photovoltaic cell, the anode electrode, the hole transpert
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layer, the photéactive layer, the electron transport layer;'
and the cathode electrode may be disposed in this order, or
the cathode electrode, the electron transport layer, the
photoactive layer, the hole.transport’layer, and the anode
electrode may be disposed in this order, but the order is
not limited thereto.

In another exemplary embodiment, in the organic

photoveltaic cell, the anode electrode, the buffer layer,

the photoactive layer, and the cathode electrode may be
disposed in this order.

In ‘the present specification, the buffer layer serves
to reduce an energy band gap difference between the
interfaces, thus increasinq‘efficiency of the organic
photovoltaic cell.

The buffer layer ié selected from the group
consisting of PEDOT: PSS, molybdenum oxide {MoO3), tungsten
oxide (WO:), and zinc oxidé {Zn0) .

In the exemplary embodiment, the thickness of'the
puffer laver is 1 to 60 nm. In another exemplary
embodiment, the thickness of the buffer layer is 10 to 50
nm. In another exemplary embodiment, the thickness of the
buffer layer is 30 to 45 nm.

Within the aforementioned range, there are advantagés
in that the buffer layer improves light transmission,

reduces series resistance of the photovoltaic cell, and
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improves an interfacial property of another layer to
manufacture fhe photovoltaic cell having high efficiency. .

The substrate may be a glass substrate or a
transparent plastic substrate having excellent tranSparency,
surface flatness, easiness in handling, and water
resistance, but is not iimited thereto, and there 1is no
limitation as long as the substrate is a substrate
generally used in the organic photovoltaic cell. Specific
examples thereof include glass, PET {polyethylene
terephthalate), PEN (polyethylene naphthalate), PP
{(polypropylene), PI .(polyimide}, TAC (triacetyl cellulose),
or the like, but are not limited thereto.

The first electrode may be of a material having
transparency and excellent conductivity, but is not limited
thereto. Specific examples thereof include metal such as
vanadium, chrome, copper, zinc, and gold, or an alloy
thereof; metal oxides such as zinc oxides, indium oxides,
indium tin oxides (ITO), and indium zinc oxides (I12Z20); a
combination of metal and cxides, such as Zn0O:Al or Sn0;:Sbh;
conductive polymers such as poly(B—methylﬁhiophene),
poly[3,4~(ethylene—l,2-dioxy)thiophene](PEDO?), pelypyrole
and polyaniline, and the like, but are not limited thereto.

The second electrode may be of metal having a small

- work function, but is not limited thereto. Specific

examples thereof include metal such as magnesium, calcium,
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sodium, ﬁbtaSSium, titanium, indiuml yttglﬁm, lithium,
gadolinium, aluminum, silver;'tin, and lead, or.an alloy
théreof; and materials haviﬁg'a multilayered sﬁructure,
such as LiF/Al, Li0O,/Al, LiF/Te, Al:Li, Al:BaF,, and
Al:BalF»,:Ba, but are not limitéd thereto.

The hole transport layer and/or the electron
transport layer materials may be a material efficiently
transporting electrons and holes to the photocactive layer
to increase a possibility of movement of generatéd charges
to the electrocde, but are not part%pularly limited thereto.

The hole transport‘layer material may be PEDOT:PSS
{poly(3,4—-ethylenedioxythiophene} doped with
pely(styrenesulfonic acidi), or N,N'~bis(3-methylphenyl) -
N,N'-diphenyl-{1,1'-biphenyl]-4,4'-diamine (TPD). The
electron transport layer material may be aluminum
trihy&roxyquinoline (Algs), PBD(2-(4-bipheyl)-5-phenyl-
1,3,4-oxadiézole) that is a 1, 3,4-oxadiazole derivative,
TPQ(l,3,4—tris[(3-phenyl—6—trifluoromethyl)qunoxaline—2~
yl]lbenzene) that is a guinoxaline derivative, a triazole
derivative, or the like.

The electron transport material is a material.thgt is
capable of accepting well the electrons from the cathede
énd tranéports the electrons to the photoactive layer, and

a material having large mobility to the electron is

appropriate. S3Specific examples thereof include an 8-
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hydroxyguinoline Al complex; a complex including Algs; an
organic radical compound; a hydroxyflavone-metal complex,
and the like, but are not limited there£o.

The hole injection material is a material that is
capable of accepting well holes from the anode at a low
voltage, and it is preferable that a HOMO (highest occupied
molecular orbital} of the hole injection material be a
value between a work function of the anode material and the
HOMO of an organic layer therearound. Specific examples of
the hole injection material include metal porphyrine,
oligothiophene, an arylamine-based organic material, a
hexanitrilehexaazatriphenylene-based organic material, a
quinacridone-based organic material, a perylene-based
organic material, anthraguinone, polyaniline, a
polythiophene-based conductive polymer, énd thé like, but
are not limited thereto.

The organic photovoltaic cell of the present
specification may be manufactured by a material and a
method known in the art, except that the photoactive layer
is treated by the non-solveﬁt or is treated by the non-
solvent with heat treatment.

The present specification provides a method of
manufacturing an organic photovoltaic cell, including:
preparing a substrate; forming a first electrode in one

region of the substrate; forming an organic layer including
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a photoactive layer on an upper portion of the first
electrode; performing surface treatment of the photoactive
layer by a non-solvent; and forming a secoﬁd electrode>on
the organic layer.

In the present specification, performing surface
treatment of a_photoaétive layer by a non-solvent comprises
applying the non-solvent.

In one exemplary embodiment of the present
specification, performing surféce treatmént of the
photoactive layer by a non-solvent further comprises
removing the applied non-solvent.

In the removing of the non-solvent, if necessary, the
duratién after applying the non-solvent may be controlled
to dovswelling'treatment by a non-solvent or surface
treatment by a non-solvent.

The method further includes performing heat treatment
before, during, or after the photoactive layer is subjected
to surface treatment by the non-solvent.

The organic photovoltaic cell of the present
specification may be manufactured, for example, by
sequentially laminating a first electrode, an organic layer
including a photoactive layer, and a second elecfrode on a
substrate. In this-case/ coating may be performed by wet
methods such as gravure printing, offset printing, screen

printing, inkjet, spin coating, and spray ccating, but is.
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not limited tc the methods.

In the exemplary.embodiment, the photoactive layer
includes the electron accepting material and the electron
donating material.

The déscription of the electron accépting material,
the electron donating material, the non~solvént, the
photoactive layer, the non-solvent treating method, and the
heat freatment is the same as the aforementioned
description.

In another exemplary embodiment, the photoactive
layer is formed from a mixing solution of poly(B—
hexylthiophene) (P3HT) and [6,6]-phenyl C-butyric acid
methyl ester (PCBM).

In another exemplary embodiment, the method further
includes forming an organic layer after the performing of
the heat treatment and before the forming of the second
electrode.

The organic layer is a hole transport layer, a hole
injection léyer, an electron transport layer, an electron
injection layer, a buffer layer, or the like, bgt is not
limited thereto. |

In another exemplary embodiment, the method further
includes forming an organic layer after the forming.of the
first electrode and before the forming of the photoactive

layer.



In another exemplary embodiment, the method further
includes.forming a buffer layer after the forming of the
first electrode and before the forming of the photoactive
laye?. ’

In another exemplary embodiment, a step of pe;forming
the surface treatment of the photoactive layer by the non-
solvent is spin coating or drop coating.

Manufacturing of the organic photo&oltaic cell .
including the photoactive layer that is subjected to the
non-sclvent tfeating method and the heat treatment will be
described in detail in the following Examples. However,
the fcllowing Examples are set forth to illustrate the
present specification, but the écope of the present

specification is not limited thereto.

Manufacturing and characteristic measurement of the

organic photovoltaic cell

Examplé 1. Manufacturing of the organic photovoltaic
cell that was subjected to the ndn—solQent surfacé treatihg
method

The organic photovoltaic cell had the structure>of
ITO/PEDOT:PSS/photoactive layer{the following polymer
lchﬁM)/Alf The&glass substrate on which £he ITO was
applied was washed by an ultrasqnic wave by using distilled
water, acetone, 2-propanol, the ITO surface was treated by

ozone for 10 min, then spin coating was performed by using
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PEQOT:PSS {Clavios AT4083) in a thickness of 26 nm, and
heat treatment was performed at 200°C for 5 min. The
mixture of the following polymer 1:PCBM mixed at a ratio of
‘1:1.75 is formed for coating of a photocactive layer, and
the spin coating was performed in adthickness of 100 nm to
form a photoactive iayer. Methanol was applied on the

solvent at 5000 rpm.

photoactive layer, and subjected to the spin coating for
the non-solvent surface treating method to remove the non-

Al was depcsited in ‘a thickness of
150 nm by using a thermal evapdrator under the vacuum of 3
x 107 torr.
[Polymer 1]

H4:Cs0

OCgHy;

Example 2. Manufacturing of the organic photovoltaic cell
method

that was éubjected to the non-scolvent surface treating

Comparative Example 1.

The éame procedure as Example 1 was performed, except
that the 2-methoxyethanol was used instead of methancl.
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‘The same procedure as Example 1 was performed, except
performed:

that the neon-solvent surface treating method was not
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The photoelectric transformation characteristic of
the organic photovoltaic cell manufactured in Egamﬁlé 1,
Example 2 and Comparative Example 1 was measured under the
condition of 100 mW/cm® (AM 1.5), and the result was

described in the following Table 1.

[Table 1]
Voo (V) J.c (mA/cm?®) FF PCE (%)
Example 1 0.830 13.227 0.560 6.14
Example 2 0.835 12.820 0.595 6.37
Comparative
0.763 13.383 0.544 5.55
Example 1

As shown in the result of Table 1, it can be seen
that, when the photoactive layer was swoilen by the.non~
solvent, efficiency of orgapic photovoltaic cell is
imp;oved by increased built-in potential caused by dipole
formation at the interface of the photoactive layer and
increased Fill Factor and open'volfage by decreasing

surface enerqgy trap.
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