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ABSTRACT

Organic light-emitting devices (OLEDs) have attracted attention in the
infrared technology due to several advantages such as low power consumption,
flexible substrates, and light weight. Those superiorities make it be regarded as
having potential applications-in-telecommunications, displays and bio-imaging.
Yet traditional OLEDs typically require sophisticated multilayer structures and
low-work-function cathodes to optimize device efficiencies which tune into the
encumbrances of development.

Hence, solid-state NIR light-emitting electrochemical cells (LECs) provide a
concept of improving. LECs not only possess the advantages of OLEDs, but
generally require only a‘single emissive-layer, which can be easily processed
from solutions, and can conveniently ‘use air-stable electrodes. However,
nowaday infrared LECs devices based on conjugate polymers or transition metal
complexes exhibit low device efficiencies.

In this work, three different phosphorescent sensitized fluorescent
solid-state near-infrared light-emitting electrochemical cells have been
fabricated and discussed.

We fabricated those single-layered infrared LECs with the use of solution
process. Those LECs take Indium tin oxide substrates as anode and Ag as
cathode. The emission layer deposited between electrodes utilizing host-guest
doping system containing orange emitting phosphorescent ionic transition

metal complex[lr(ppy).(dasb)]’(PF¢)” as the host, organic salt BMIM*(PF¢)”, and



three different ionic fluorescent infrared laser dye DTTCI, IR-780 and IR-895 as
the guest.

Through our experimental study, bias-voltage and guest-concentration
dependence on characteristics, such as electroluminescence (EL), spectrum
current density and device efficiency are discussed. Furthermore, it confirm
that direct carrier trapping due to the large energy offsets between the energy
levels of the host and the guest molecules plays an important role in emitting
mechanism. Based on the analysis above, we received the optimal parameter
for each device. Therefore the EL spectra of three laser dye DTTCI, IR-780 and
IR-895 reveal center at c.a. 810 nm, 820 nm and 990 nm, respectively. In
addition, the device efficiencies achieve peak EQE (power efficiency) up to 1.24
% (7.84 mW/W), 0.54 % (3.33 mW/W) and 0.21 % (1.18 mW/W), respectively.
Those device efficiencies by a great margin achieved the highest for NIR LECs
have been reported so' far—over sixteen times and thus confirm that
phosphorescent sensitized fluorescence is useful for-achieving efficient NIR
LECs.
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F]et 5t 1995 & A, J. Heeger 2 2 Qibing Pei & 4 > 5 »"t’f%\' N
%k 3 it g = 2 (light emitting. electrochemical cell, LEC) & 5. JR * ift & 5L 4%
#k A idaai gl 2 pE ﬁ*—?mm£&+@éfﬁ—p%%$ﬁ%%
~ it 8] H B sl ehz P s (B4R A e de K /15 4E) 0 @ A sk A
kL4 MEH-PPV» F 5 e (Poly ethylene oxide;PEO) )% % LiCF3;SO; 2
feas 2 % A+ THE T 143 & @Az (Solution process) & 5 » # ¢ MEH-PPV %
I RFEHP PEO £ R A F REF B S RFBT AT E T DHE
Z o @ LiCF3SOgeris fe | (F 5 4 oh 3k e endp = vt fles gt = @ﬁiﬁ 0
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14 BIBEREPBEF I BELTEALHA

WEERBBEEPR S CARIINIET BT A2 0 o BF kS
=t (OLED) % § # + Bt @ B iApg.2 5 A i enitl > 8¢ 33
M8 £ B4 & 4~ (ionic transition metal complexes, ITMCs) > d >t H g 5k 5k
d BIE RV peng MR RN P a4 @k SNLECSeT 7 ¢ o

BAER BB EEENG S AR ET I E AR5
}gk » 11351996-# 4 E. S Handy ¥ A 2¢ & @ * 4 (Ruthenium, Ru) 1% 315 18 &
4 4 & 1~ (Cation Transition Metal Complex, CTMC ) & 2 -k & @] iFen~ 2
Hoebgrae g v 1% [9] o

SOgNa
W 3 %- % iTMCLEC # * thipL 4 [9]
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AR ﬁu,@a;g A AE L R B OLEC ¥ 47 5 A A2 1K
TEBRIERALEBHEESF > R HET A P RAFETEL A
Z &R G E - %a‘ﬂ‘¢‘~l€ D 8 RS R S U CRLE U REIE Nt
AFE kR FlR Y H - i e A4 42 F@ -+ LECHF] 44 4
B2 en ERApAPIFE (FiRgF LEREESE 7y { 2D
MELE T @éﬁa:]nb PR R FEEME PRI BERER
&4 SRk K wmﬁﬁ’* WhH P FT I 2 F i £ 0 @ B
¥k Gk Suendh AL B o 8317100 %enp 3R E 3 A & (internal quantum efficiency)
PR SR kAR TR P EREEE LY S LLECTE ke EF B E
2tz - od Zhang% + »>+2006-# 3 4 2. ¥ § - i¢ * [Cu(dnbp)(DPEphos)]"(BF,
( 2 ¢ (dnbp) % 2,9-di-n- butyl-1,10-phenanthroline > DPEphos p] Z
bis[2-(diphenylphosphino)phenyl]- ether) i& |16 %t 30§ F »xF > L P o
%iﬁémﬁ+ﬁﬁﬁ$%» £ i [10]6
#}P\-"" MiER ENE ErEFAL ER » o7l 2 ey & iy dlen
SoA% kAR 5 R —"rﬁmﬂ;% 208 endt ¥4k (Qsmium, Os)és & 4+ 5 3
A F v B d sk 2 g B oA gk (Iridium, Ir) & & P
[Ir(ppy)2(dtb-bpy T (PFs) (& ¢ ppyE2-phenylpyridine » dtb-bpy % 4,4 -di-
tert-butylbipyridine ) 4% & = @ g Fae 59 2% 01 F B e k18 [11] 0 4k4s &
PRI S AHBE ML LG B BRI e

Az\

PF

® 4 [Ir(ppy).(dtb-bpy)]"(PFs) % # [11]



Ng% A % % 1 — 45|41 & 5 7 103 D4 3% 227650 nmenygE iz % 44
FL o 0 B B - 32 750-800 nmeriT i b kA [12] - Bolink® 4 4 g £
A3 41 i ok L [Ru(tpy) (tpy-COED ] (PFs ), » 12 2 3T 4o #b 3k e L
[Ru(tpy)(trz)][PFs]. &2 [Ru(tpy-CO,Et)(trz)][PFe]. ( # *# trz i aryl-substituted
2-phenyl-4,6-dipyridin-2-yl-1,3,5-triazine ) » @ 141 ¢ enfig s B~ 1% AR T
PUREF e 4e bR S o [13][14] o A - B S SKITMC 2R # 4k 5
trow g5 & 4 [Ir(F-mppy)(dib-bpy)I"'(PFe) ( # ¢ F-mppy &
2-s48-fluorophenyld-5-methylpyridine ) - %] % ppy & B} e B8 g =0 e
® 4 > i (mesomeric effects) 7 33 7] e73% 3 » & (inductive effects):d = % sk Af
Henf e o a gl d g 2T g 91542 nmeng kAaEE 2 1.8 %t 3R E 5
ek [15] e L i- P # % 7 %X Fhd BN A LowryE A ¥
[Ir(dF(CF3)ppy)2(dth-bpy)]”(PFs).( £. ¢ dF(CF3)ppy %_2-(2,4-difluorophenyl)-5
-trifluoromethylpyridine. . &% ) s (% gFskdpes 5 500 nme i % & [16]
[17] -

® 5 [Ir(dF(CFs)ppy)2(dtb-bpy)]"(PFe).% # [16]



15§ @itk few i

TR R ke v g S Bl B AR o F RehAlR i (4]
%, Lanthanum, Ln) £ /&4 & 4+ ~ ;,J.ﬁc,m Ff g~ R BAELF i
BRERBES ~E M| A3 a3 A3 HEE [18] -

B Ad Fujii # 4% 1996 & % & % — i iz ¢t & OLEDs [19] > i * -] &
=+ phthalocyanine (H,Pc) = 5 iz #b S gF k444 » ~ 2 12 ITO/ HPc/ Mg:In
SHEAT RS T B A A2 g kapiEy A BE B b 5 480
nm gk 0 % 800 nm iTio bk > A F bl 5 B R 2 bk d
BH - BT RE A WY T h R B2 bk R o

S8
Sy

® 6 (a) H.Pc B H#[19]

Aop Rt L £ RE(Erbium, Engs &3 1T L A kR GG itk
& El“zi,é’? % % 2000 # > R. G. Sun ¥ ~ [20] I * 4 & ¥
tris(acetylacetonato)(1,10-Phenanthroline)erbium  (Er(acac)3(phen)) 4% »
poly(vinyl carbazole)(PVK) ¥ » =~ i+ 4¢ & ITO/ PVK:Er(acac)s(phen)/ Al:Li/
Ag: 4 & B HEACR 7 97T o er“r,in i) L i g Skt S E B X Y 1540 nm o

P

1}‘*@5&“&;1{ — <;| m,ﬁl&«l 4} ;}nmf ob Sk L {E J:Aé%‘;?z\ o
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L0

(H, / 3

W 7  Er(acac)s(phen) i [20]

# % % 2001 # Harrison & 4 »» 3 4 7 41 * Yb(TPP)acac ¥ Er(TPP)acac

(# ¢ TPP % 5,10,15,20-tetraphenylporphyrin )@ iFe5 8 4 #b & = i+ [21]

# 1 MEH-PPV % oligosethylene oxided-grafted conjugated poly(p-phenylene)

(PPP-OR11) ¥ % i 48 2 B2 % % 57 € *.Yb(TPP)acac 2. i el 47

M (g 55 977 nm 4@ @ Er(TPP)acac #4 sri-w i 3% Sk g 33 4 & Y & 1560
nm -

Ln=Yb3 or EFY

W 8 Yb(TPP)acac & Er(TPP)acac & [21]
Shozo M Fj R e #5 3+ 2001 & [22] - 3 & - k5[4 % & Mok &+ 2 % &

~ & @ * tris(dibenzoylmethanato)-(monobathophenanthroline)lanthanide(l11)
(Ln(DBM)sbath » & # Ln: Nd, Yb, Er, Gd, Eu) » ~#* &4 R 5 ITO/ TPD /
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Ln(DBM)sbath / BCP / Mg: Ag(10:1)/ Ag » % Eu ks & 2t 7 Lk ¢ o
Nd(DBM) sbath ~ Yb(DBM)sbath 2 2 Er(DBM)sbath & 4 ] {8 347 2 2 5 4
& (=% 1070 nm 12 2 985 nm £* 1540 nm 2 %= ¢ % o

Mg:Ag (10:1) / Ag

L, —— BCP 400 A
i Ln(DBM)sbath 200 A

400 A
1
N
B s
Ln{DBM)sbath ITo
(a) (LniNd Yo ErGdEW 4 DC Bias Glass Substrate

® 9 (a) Ln(DBM)sbath e »(b) 22 £ ~ i 4 [22]

2002 & > Tessler % A [23]# & " i 3 £ AP - 2 InAs R 5 7 4
» MEH-PPV #+ @l ie2_ 4 #8 /-4t Jo i e Ba T A b8 ap 9% @ 5 1300
nmz_ &bk » 2E2RF F3xF 5 ® 5 05% -

Barry C.Thompson % 4 38 2005+ )% 4 5,8-dibromo-2,3-diphenylpyrido
[3,4-b]pyrazine i & = %8 H 42 ~ 2 5-divinyl-1,4-bis(n-hexadecyloxy)benzene i+
SEREE M > & 2 lens B PPYyrPyrPV flieav it [24] > f1* g 4~ 5+ F
DEBBEBNBEERAE RN S FL Atk g 4
HE S E 3 800 Nm e Atk ke

® 10 PPyrPyrPV %4 [24]
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PR AR AR R A2 - SR BT RJL B
2w HE R & fti‘,fn*l&jxa thIRE F rrF g KRt AR 3§ A 2007 & -
4

Yiru Sun & A g £ 3 1 3 B pt ot kg s [25] @ %

Pt(I1)-tetraphenyltetrabenzoporphyrin  (Pt(TPBP) ) #% » Algs ® ¥ 5 # £ & -
bis[N-(1-naphthyl)-N-phenyl-amino]-biphenyl (NPD) i 5 % iF @;xﬁ%l/éi » 1L E
Alg3 % % = Fe3g & 0 2 ITO/ NPD/ Algs: 4 wit% [Pt(TPBP)] / Alg3 / LiF/ Al
% ,u,,‘__#?,@.,lc/}i“ Z2765nm> h3ME FaxF FE 6.3% 0 FHFH B
1 "+ bathocuproine (BCP)% 4 /a NPD a5 jpr fdgy 2 T By » ~ @2
FoRE S TT2nm 23T iz vh sk s B kAR R £ 72 £ o BTN b kg
%?i%a@},?ﬁ@%@?i%,ﬁﬂ%éﬁﬁjz*,m

‘b 2R F

FraF A 1 85%-

LiF/Al

BCP (40nm)
4% PtBz:Alg; (25nm)

NPD (40nm)
ITO
Glass

(b)
M 11 (a) Pt(tpbp)&# > (b) % B =it 34 [25]

2008 & > Yang ¥ * [26] [27]~ & = N E G s RE-X KR -5 Y
(doner-accepter-doner, D-A-D) % 1§51 4,8-bis(2,3-dihydrothieno-[3,4-b][1,4]
dioxin-5-yl)benzo[1,2-c;4,5-c’]bis[1,2,5] thiadiazole (BEDOT-BBT) 7 # i
hgE Rt o 42 Algg® 0 04 a-NPD i€ 5 Tk @ - 2% BCP iF
T+ @a‘!ﬁi%]%; 2_ ITO/a-NPD / Alg;: BEDOT-BBT/ BCP /LiF/Ag % k& ~ i* > H 3

k£ 5 815nm s b F e F Pl 0.51% o
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W 12 BEDOT-BBT %4 [26] [27]

o Wang £ A i@ % el — R — 5 R i sz g kM 28]
HEHAeT™ Bl orr 0 2 ITO /MoOy/ [NPB/ emitter / N-arylben2|m|dazole
(TPBI)/ LiF/ Al % ~ i B s Zh0E 925 0.05.% > & F 3 £k &% @2
1085 nm z_ iz ¢k %k o Wang % 4 4% 3 2009 £ Z2c* 12 NPD # 5 & & 1@
R o2 5 gk [29]4T0/ MoOg/ NPD/ emitter/ BCP/ Alg3/ LiF/ Al 5

BHpena i £ G 1080 nm e Hpt AL Bl A2 - ki g S 3 073
%O

2.2

2.9

3.3

3.5

s NPB | 3.79 LiF/Al
NN Compd
BCP | Alg,

ITO
5.15
- T
N__N
S

6.0
() (b) 6.4
B 13 (a) Wang i¢ * 2 4 k154 [28] > (b) 2 H** 2009 2 4 2 =
# 3% 1 3 4E029]

Wang >t 2009 =& i# * # 4L 4,9-Bis[4-(N,N-diphenylamino)phenyl]-6,7-
diphenyl[1,2,5]thiadiazolo[3,4-g]quinoxaline [30] » F #k % >3 %8 — <X %8 — 5 48
B 12 ITO/ MoOs/ NPB/ Alg3: emitter/ BCP/ Alq3/ LiF/ Al en= i* > g )
#3752 nm 2o i7 ko eh kA sk 2 1.12% etk RE F s o
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O@

SOt

2.2

(a) (b)

2.9
3.3 3.3

3.5

NPB I
370 ] 3.65 ~.. LiF/Al
Compd| Compd Co.mpd

1 | 2 | 5 |Bep|Al,

i- 526|524 | ©.18
ITO 52
- Alg;
6.0 6.0

6.4

® 14 (a)4,9-Bis[4-(N,N-=diphenylamino)phenyl]-6,7-diphenyl[1,
2,5 Jthiadiazolo[3,4-g]quinoxaline » (b) % H ~ i i pe & H(Compd 2) [30]

1A Fond R R AR 2009 £ [31]77 3 2 Os 4 £+ 0 Sif
4o B o A1 R g AN 5 £ e A R 7 # (metal-to-ligand
charge transfer, MLCT)&353% i@ H & k2ak =B T H{H FraF » B4l 6
wt%4% » Alq3 » 3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)-1,2,4-triazole
(TAZ) iz 7+ @éiﬂ%] > &~ 245 ITO/ a-NPD / Algs: 6 wt% [Os(1I)
complexes] / TAZ / LiF/ Al » :£ 3]k & #F3% 5 814nm > A2 § WA 2 ok

FNEE 2T 5 F ] 1.5 %2 sk o
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7 N\« 1
—N :N’N
Lo\
Ph—P——Os—R—Ph
A \
~N N
N
i 7\
But N —
(a)
24 2.7 TAZ
2.8 | TPBi
3.2 3.1 _
. = LiF/Al
z | » =
IR
2 - NPD (40 nir e 52 >4
5.9 6.3

M 15 (a) Os 4 & 2t 4 (D)2 1 = & B2 R 1) [31]
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1-6 Athk BHEFLTFA L2 peohE

FRED G WFE LT F A E 19958 2 {5 > *v1999# 5 Waiyue Ng % 4
[32]F £ 4 4iF o % ~ 1T oh R engf LA BT T 0 3 Ruds & 4 Bis[4'-
(4-aminophenyl)-2,2°:6’ 2”—terpyridyl)]ruthenium(lI) Hexafluorophosphate ~ 12
2 7 feodianhydridef & & - kP23 A T4 Efon P 5 AEF AT 4
ERRE . AR E L 2 s KA 0 670 nmz - F AR o
HwAT50NMI 800 Nm2. A 4 % - 32 g E o J01%m L
sk s L BAR AR S P K =T LR IRA PP LK E B

i 2502 7 5 (full width at half maximum, FWHM ) ¥ & % i7200 nm » k &
ﬁ)i T' r'g

o

1005_- polymer 5a
i - — -polymer 5c
4 1----- polymer 5f
qBGD-
= -
> -
b7 GODt
c
2 .
E -
4400:
m =
200+
Jl.il.ilIIIIIIIIIIIIII|||I|||iIII|t

500 550 600 650 700 750 800 850
wavelength (nm)

W 16 WaiyueNg=3 P 24tk d 2.0 L2 8 T g bigi#(iast b
#1385 polymer 5a,5f) [32]

Hiroyuki Suzuki B & 2000 & pFgf £ 7 i * 3 S F L 38 ki hie
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*b sk LECs [33] [34] » # * 7 &+ % LDS821 1 2 10~30 wt%
phenylbiphenylyl oxadiazole (PBD) 4% » PVK # » 12 ITO 12 % 45/ %] 1T 5
BB 2 1A 4k > (% ergF R 8 B =3 800 nm e H ¢ RE F 2k L 0.015 %

N(CH 3) 2

W 17 LDS821 2 #4184 [33] [34]

EL Intensity (a.u.)

400 500 600 700 800 900
Wavelength (nm)

W 18 Suzuki** 2000 # % 2 < ¢ H § gy L4E# [33]

BF 42002 & B 27X 734 FaEugene | Maltsev @ 5 [35] 0 B @ * &
+ & # L 3,38-di(y-sulfopropyl) -4,5,4°,5> -dibenzo-12-methyl-11,13-(B,B-
dimethyltrimethylene)- thiadicarbocyaninebetaine( TCC )33 » Polytimide( Pl ) -
i e s S5 % ITOM 2 424248 £ > 1% J-52 8 (J-aggregates) i¢ 3 k7
W EAAHI815Nm . P EFFINE F 32 F0.01% o



400 600 800 1000 1200
Wavelength, nm

W 19 Maltsev *+ 2002 £ %3 £ 20~ 3 T s L4 [35]

Hiroyuki Suzuki %3 % 2004 = [34]% £ 502 /J~ S Rk kg
[CaiH3sCLN,] "B, © ( IR1051 ) 14 % i & hd F «Jff’ erbium (1)
tris(8-hydroxyquinoline)  (ErQ) i & % & L L33 » PVK 2 G eb ki, @
F] 4 W 5 1100 nm 12 2 1500 nm 2% £4E w0 2 ?[}%P\ %7 > Fliga ~ it

h

PR s R R AR T AR o Fpt T om BT g BocF 2 £ e
. LDS321 R105T L"\T/[}j
3 .
MECH R
5 CabsBCF R B, O,
Eilf‘f” N o~ A
/ Il:\);
By CHy / :- r
., |
\ /‘ ,/
-~
=
=
S
5
2
£
E
3
500 700 900 1100 1300 1500 1700

Wavelength (nm)

B 20 Suzuki*t 2000 # 3 £ # * IR1051 2. ~ i H T g% L4 # [34]
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7 CI
o | CH==CH _CH—CH ‘ al
[ )
|
C

BF, Ho(CH2)2CH; CH2(CH2)2CH3

™

W 21 IR1051 2 HH#8%4# [39]

B2~ 8o Ahmad R. Hosseini % 4 7 2005 #3105 %] &+
[Os(phen)s](PFe), = % #( 2 ¢ phen £_1,10- phenanthroline ): [Ru(bpy)s](PFs).
S Reha APk L 3L LECS[36] > & i e kHE % @ 5 710 nm o ¢ 3R

+ F 22X #30.75%- ¥ ¢t 3 17 Universidad de Valencia =7 Henk J. Bolink

%44 2005 # 54 L [RU(tDY)(tpy-COEQ](PFe), = % % H 4% ¢h LECs
[37] » ~ 2 cro3d K AE % B 5 705 nm » ¥ EEp H ar gk At E o

0 ' ' ]
! A [Ru(bpy),I”']

= [Os(phen) |
—*—05.%
0 1%

o
w

EL, PL Intensity (a.u)

—
[=]
T
L
'n.lf
-
=
[=]
4]

0.5r

3 j.-'l ;| ! LN ! \ =
¥ - A . _
0.0 jl ! ﬂJ—F’Du_.f‘ ! ) i.%#ﬂm! '
' 600 700 800 900
Wavelength (nm)

W 22 Hosseini ** 2005 & 3 4 2.~ i H § g kg [36]
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® 23

[ ] —
[+ o

o
()

Luminescence (a.u)
(= (=]
n o~

o
(=)

400 500 800 700 800 900

Wavelength (nm)
W 24 Bolink * 2005 # % 4 2. % ¢ # § g3 k43 [37]

e bt FHMEHE ETARERP LR ¢ (CIE) #7422 k&
TR AT UG 0 AE A PE TR R K T500m L g F
2O s B Ponep kAR L 3 B4 B 100 nm £ 170 nm -~ B kR A
W 5 E 550 3 600 NnM Eu RrAER AMA 2 gk d T Lk R E
b kd TR
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*+ 2006 & Zhiyuan Wang % A 4 7 - 3 » F 4745 & 4~ = ¢h & LECs
[38] > & * % 7 dicarbonylhydrazine (DCH) 2z DCH-Ru % igchg &+ » 14
ITO r2 % 4R i 5 48 > F3] 790 NM 2 35 oh sk gf & 2 1 5 bR 3 o
5 5.4x10°% o

610°
L e
- a— 5V
410° -
S
w 310° -
o
1]
210 L
110° P
0 s i e I T . AVEN 1 T
0 30 60 20 120 150 180

Time (s)

W 25 Wang *t 2006 & 3 £ 2 s it H #b20§ 3 3c % [38]

2006 F # » p & HiroyukiSuzuki-B 52 ] & + 2k CogHyyN3Os -HCI
(S0447) 4 » PVK 122 PBD * it 5% ki # & [39]> £ 2 ITO 214r1% 4
TR TR RAF A E = hak o[ 1100 nm sl th k> Bt RE L E

ke bk o e th2RE 3 ek it 3.6x10° % -

12H2s Ci2Hzs
cl
W 26  S0447 2 #1384 [39]
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I I I I I

Dimer EL

IR1050

IR1051

IR1067

EL Intensity (a.u.)

900 _ 1000 11001200 1300 1400

Wave length“{nm)
W 27 Suzuki #2006 &5 £ & * S0447 2. A & H § o k4 [34]

¢ R R 7 FE fx o9 ZhiyuanWang #2 Dongge Ma ® f3*> 2007 & 2 %
2008 & & w0 oS ARy [40] [41] > @ ¥ B oE ek k] A S
(2-[2-[2-chloro-3-[2-(1,3-dihydro-1,1;3-trimethyl-2H-benzo[e]-indol-2-ylidene)-
ethylidene]-1-cyclohexen-1-yl]-ethenyl]=1,1,3-trimethyl-1H-benzo[e]indolium-4
-methylbenzenesulfonate » & #iz ADS830AT » avfs 11 & fé | & + % » 8 &
+ iha it g4 L2 ITO/PEDOT: PSS/ PVK: ADS830AT/ Al » = 2 & ~
2 gt eAE g 2t 890 nm o 2 3] 0.015%z px 5 iRt i gy
ITO/ PEDOT: PSS/ PVK: ADS830AT: CdSe/ CdS/ Al @ i £ i H »xF 3% =

2, _‘;/:‘,/ —’_L N 7/ ‘-‘I—Jf‘
3 0.02% > e s v L A T e

W 28  ADSS30AT 2 Ht a4 [40] [41]
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o
]

08 | 10V
0.6
0.4 |
0.2 |

0.0 L —
400 500 600 700 800 900 1000 1100

Wavelength (nm)

Normalized Intensity

Wang 27 Ma* 2006 # % 4 @& # S0447 2. = ¢ #  jefF k453 [40]
[41]

=
o

ZhiyuanWang“£2 Dongge Ma ][5> 4% 5 3t 2008 & ¢ * 5 a6 &~ + 4744
Ef o wl i ITOWVAR : R A2 JA2] AP 5 T 5| &+ 414 & 55
HF AT dodh K R EL o HE SR8 & A %)=+ 780 nme~ 880 nm ~ 900 nm -

945 nm ~ 1040 nm> @ ¥R ek 3RE F 3 5 0.013 %~ 0.075 % ~ 0.006 % -

0.03% > & {6 — B (7o 2B o

< 9
| 7 W /| O/HQQ "iN/ Z
\|/N\ ’N\ /N |N\ /N\I/N\l
PO O RY T oTle
% ] NS ]
= (b) o (©)
’\H'i;Q \H{’QQEH/
Qe f/N\i\/R,NjQ
Q|N//\% Q /N/\ NG N /\N\'\r@
s € N3 INETY D
—  (e)

2 /7 o/
W 30 E7jictskad 2 ] oFasEF B [42]
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EL Intensity (a.u.)

I N 1 M 1 N 1 b 1

5(])0 ' 6(;0 | 700 800 900 1000 1100 1 122)0 131')0
Wavelength (nm)
W 31 Wang&'Ma»* 2008 # % 4 @ % | AF 41462 ~ 2 H T gk
s [42]

2009 & Henk J. Bolink i 2 Z 14[Ru(tpy)(trz)][PF¢]. # [Ru(tpy-CO,EL)
(tr2)][PFe]. & +4#L «[43]).> ‘& 12 ITO/ PEDOT: PSS/ PMMA: dye/ Al %] = = i%
(2 ¢ PMMA 5 poly(methyl methacrylate)) » % kA 245 @ 4~ %] 5 717 nm
% 725nm> * ;‘ﬁﬂ;’ﬁ EHIPRERET Y TR EENEFARME

BlEIRE F 223 5 0.005% -

® 32 (a) [Ru(tpy)(tr2)][PFe] # [Ru(tpy-CO:EY) (trz)][PFe]. 2- # # 54
[43]
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PR ERA#H

2-1 5 BHFL R ST S 8

7 H A BT B Ak R Rl ans F it AT o R R
+ 4 F e 417 4p % k22 (Pauli exclusion principle) » ¥ 12 7 2> 5 i 3
(fermion)sH 3 + e — Fud (L AR R A S B)F > B S R L Fpn BT
FERP A PR N EH R T %‘“!#‘Wiﬂ (Bohr) 5 4g 4 J» 32 (Aufbau
principle) > & + d M AR 4os P E BT UENEMLEORF 2L D
% w7+ WHE S & F 5 $u (highest occupied molecular orbital, HOMO)F= »
Flpt o sl Ak i (ground state) o2  F S

CIARIE SRS - il fa0 SE R rr o5 s A N A g

PP E - RPF

EH.

kg7 4 5 i 7 & de(resonance) - i€ 3k ean B AR A BT o a—a Fl o BRI R
B chF 4% s (anti-bonding) AR A5 r’ﬂ,%fﬁ',’%: °

A B R G A B AR S LR B 5 52 A e A (anti-symmetry)
B & k% i (Singlet excited state, S,) - 2ig i R s P R

(spin-symmetry) % B 7 %t f (spatial anti-symmetry) e = & E B A (triplet
excited state, Tp) o H & b Fl=E e ¢ TF L3 &7 $HfLeh #ru g+ &
TIEhT S ApRNE ERF AT IR RE ] R E
e g bhﬁﬁﬁ‘aﬁﬂ;‘;&r’éﬁi‘_ KiFvlofed W= €2 HIT+pEF
R BB @I ook ABRE T Z £ FoF i g
ARl ek a R E it o BT EEERFLRLL [1]

—\

®

N

LD <o 1N g VA '&f’r’;i A o £ BV IS % 1945 1 (deactivate) v
5= ji%ﬁ: /Ebalg¢uﬁle“( y

ot e

TAER A LT WP AL T R
Hod He i /»sta,ﬁ/fﬁﬁﬁia,&fﬁﬁﬁ < Hf
2-1-1 245 542

I.  #&% L5 (vibration relaxation)
FABAFTPAFTIEZFAPT IEF o E5lde s B o R
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2-1-2

oA B = ot e BAREERC) chdRE A I 0 A d e 3 B g 0 €
%@@#%ﬁ@ﬁkia — A FEP o U ER AN B ARE
NI MER AT F 2 SRR gL 10074 -

P $R & 3% (internal conver5|on)

T APk BLeigc R 0 F S B FEAAE BT A Y R
B lrd £ T 3T Sd By RS D RGeS 1
B e 8 ed fi(singlet excited state, Sp)pf d S23] S1 (S,>S;) szt
(RS A P IR EATE BRI DT T e r DAk
M B PR R 0 &Lk M A k3 i (lowest unoccupied

molecular orbital, LUMO) -
b ¥R & 3% (external conversion)

%%ﬁﬁ&iﬁﬁﬁﬁ%ﬁ%&&iﬁ@ﬂ&iijﬁ?,%
A PR SR s £ e B T o1
& B psAx(Intersystem.crossing)
Edpa B AR E E Bz 2 A2t sl » 3 d 8
% KNz T lRemR = o B pFd 303 T H
R 2o S TR R o o RS P I I I R A O e L
S 5 v

#4 6 E R R B CEFERF EASS T
& 3 anp e 48 & (spin-orbital coupling) it * i ¥ & & chH &
AR = F AR E Sk SR AR ¥ [44] -

15 5 iE A2

¥ % §§ & (fluorescence radiation)
A F R TR E/;I?;EI; 7 F g’t&‘;ﬂ:<‘g,l_7f e e H é—/ﬁi’]?.:ﬁ
¢ ﬂFJ%j; Kasha's rule [45] » At & B fi i P 3 R B R 55

2

o

b Rd R P IR F R v Py - HE B S ok MR
ToacFd > TEMA GG PSR o A A kS AN
);x; :’E‘_ﬁﬁhﬂ' + ﬁi y J/LL %ﬁ 5= ﬁ%{%—r ;—(\ er;? m,ll__‘;ﬁ;_é %Jc‘ o %‘Jo’;?

g

\V‘\ﬂ

i
4RI ARE G 0 AR B AR B A > T ke
o e B ¥ kiSRG & 10°~107 (VRS
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Eng

Ex % 15 &+ (phosphorescence radiation)

AFEd AAFBAERLS  J EE T BRI 2 ERFE L
fs o E}Vﬁ Kasha'srule £ 5d % - = & o3 i end MIRE i 8 > 143k
Mk N R g AR fE2 SRk iR AT

PFZEEF LTI AL ERY 0 g AARAEDL X

T I EF FAARFRE T BT A EHRF LN
e RE vt 100 piks sl g AT BRY R
’iﬁ%ﬂmﬂm’9+ﬁ¥ﬁﬂﬁ+%mkﬁ WS A 3 7 in
IR E > 1 2hiE s N e £ 4T SEHPE AT E T
LR DR [6]

Singlet Excited States Triplet Excited States

fibraficial Helaxation

i Intersystemn Crossing
Internal Conversion

i ks / Internal anfd external conversion
S: - Y
Na 5
|
S N T=
----T
rgy
Absorption Fluorescence osphgrgscence
So
Ground State

B 34 Jablonski & £ B /25T 3 B
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2-2  F WF BHH T T kB

FWEE - BRI RIETFL R EA L KT AP R RpEA
Fwip
1) =
_ (ﬂ+wwf (triplet)
11, -1) =1l
10,0) = (1 — H‘,f\/_} s =0 (singlet)
CERBEEREABN A A EF L3
ZICRNELY *0 SRR S ANEI T RS- -2 a0 S 1NN & é«‘b@&?ﬁiiﬁ/ﬁi’
PR T EFABHERIPILGEME L PE L pF oz H Ly
Rl G 5 1:3 #rrdg o B H PRI F AL D

Lo
e 259% 0 H A 75% 05 & P A= &
Y = .‘ai:‘;‘%?r’sﬁ‘ii«ﬁ‘é P enpr gt = & pc® i en £ AT %ﬁr’ B ki
JEF 4% o - SR SR enp $8 & s (Internal quantum efficiency, IQE)
BB AL EE 25% 0 & N
M- E Rk s d a2k

HOMO —}i— -+
electron l hole

MOLECULAR EXCITED STATES
AFTER ELECTRICAL EXCITATION
25% 75%
Singlet Triplet
spin anti-symmetric spin symmetric
- : |SC \l;x; > —‘7.2.“‘:»4» 1>
‘117..‘"':3'2'|1$"'|‘|" _ e ‘,,‘a? o

[%:%2
Relaxation allowed \ / Relaxation disallowed
fast, efficient slow, inefficient
Fluorescence Phosphorescence
MOLECULAR GROUND STATE
spin anti-symmetric

W 3B I -THFLRBENAES cF R
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2-3 Tl LA AF KB

Kodak eha+ 24 1 % 4+ 1089 = 4 1) 4 R A 08 &
TR R B
R L BT )

(quest-host doped emitter system) [5] > #-> & 7B s
”iW%%Hﬁﬂ’%ﬁi@ﬁ?WLWm%L®¢z
T3 ERAOR A d T e A kA o

EABIR ARk k BuAr R e k4] > 5 s £ &4 (energy transfer)
RS At #F“#L(carrler trapping) = F&H 5 o @ #ﬁ%m;\ﬁ FERpg ha v A
FRERAE o - PR 5 BBk [6] -

2-3-1 it £ #&# (energy. transfer)

i B4 DAl 7T S S B A AR R A e Y

2L ig 54 £ 4% A&~ & S FOrster it € #& 72 Dexterenergy transfer # 4% =
Ao
ot BEABE Y ¢ JRM R A Ao B B S
FRNE FnF SRR RRER M A G fRc kL £ hy
7Moo Al g R EF e T RS T2 LR 0 T2
TR A BRI ek k SLand &5 =48 #0538 —Forster energy
transfer ¥ Dexter energy transfer & &t £ 4& 5 = ;811 2 T — o] 07 Fan
-+ 4f 4&carrier trapping)

(1) Forster ic & #& 4% (FOrster resonance energy transfer, fluorescence resonance
energy transfer, FRET) [46]
Forster i & ## ”Wfﬁ»?f?- AR R R BE o A B R —R
* 3R TR 2 B ez b %ﬁﬁ;%ﬂﬁt@ CRERE L ET R E: IR MW S 3 1Y
Fqw R PF o Fl 5 A+ I 4&—® &(dipole-dipole) it * » i 835 d 5
ANnEiGET A BEEI 2 2 d AERRI RFL -
PR BRI e F FEES G AP Y B PRI 2 1T i
£+ EEAE S BcR SN TR 20K iAo pigd ao b £ A en B iE s
#18 E o ¥ FRET e F & i LRz PR 6> F ' > &7 5 ¢

B
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Ro T_% % Forster distance > r 5 i % §82 [ crfEdg o

v

6 _ 9000Q(In 10)x?J
0 128m5n4N,

Dlud
An

J = f fo(D) ex(DA d A

AR CRAE S 2 R S IR §F - 1 (normalized) 2 4 chE A
v 4o B 37 % e

ETTRS

=K

Absorption Emission Absorption  Emission
(Dengr)  (Dengr) (A tor) { ptor)

Normalized Intensity

Wavelength
B 36 E£qEFHHLS IO -

Qo: LHHEF AF
K © i=4p %]+ (orientation factor)
K = cosBOp, —3cos0pcosf,
Opa : LA E M2z BB IREDE & o
Op @ 1 M BB iRES % & o
Oa* £ HE BB EES DA L o
€x  ERehE §oex sk % dc(Extinction Coefficient) -
Na @ 7 @ 4o B § #c
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N @ ign it o

fp A RRerg kAR o

\\\

Fpt Forster ic & # A% e A & £ IR FE DT F
® LRz [ eNpEaE o
® M IHIaORH IR -
® LMHEHTEREPN LMY R cihlke
([
(

a o‘}é"@,lcm@,f BB LB TR iREZ B aip > e o
A os B UEE 2 3 AR E RIL o Forster i £ @i ¥ 0 d LR E £

NS ERPRESIEMEE O E IR o Taa N DEALSY
ip Donor v 2 Accepter » T ¥ S & 3 — € e 2 H & fi - *}‘.’»‘%fufé;#;];‘;ir

R
DS +AS DS +A™S
m Singlet to Singlet Foisterenergy transfer |
LUMO \\ LUMO \L
l') "
ip + 1A%

W 37 Forster it £ #®&# 7 3 W

(2) Dexter it & 4% 4% (Dexter energy transfer, short-range, collisional or

exchange energy transfer) [47]
DeXteI’ ﬂﬁﬁ)" 7\“\' 'Eg %'Egif "—‘} :I" > ‘\‘ j\ '-@ _\Lu)ib E ) l/_‘z_

Flid & LT F o Flet s £ B3RS VTR e R OV FRET &>
iF & Dexteric & ﬁﬁ;ﬁ; chA 3 RESE 5103 15 A o ip g enpRariT o 4p o 0
A R PRERE > T F)p &8 i Dexters £ & 4 5 F AL S AL
VA A (coII|3|onaI energy transfer) -

65‘34

=

32



g T 8 efDextersc € #4205 ¥ Bckpexe ¥ M 7 4T 0 Dexteriy £ & #
g1+ R S dg b o o BEMIN S PRI B A LR 2R
e1% 19 F]pt Dextersc £ #& 45 W a0 % 4 T IRIEA F FREYE

"!E.De:r:ter = KJE$P(ﬂ)
Hoe
1= [ eamarda
s LR BTG 2 LSO - 1 (normalized) s E dp g e

=t

= [h /(27)] P*

h @4 %50% #c-h=6.626068 x 10% m? kg /s

P LR %SMiE.

Rpa @ &.Donor£ Accepterz: [ éngEag o

L & % %8 32 js(van der Waals radiug)sutp 4 3 & -
€x  ER8eny ek iR d@c(Extinction Coefficient) -

fp @ 2 K8 e SR o

Dexter it & #& % ch3 + & 45 FF Jf iﬁWigner-Witmer ##H 2 2(Spin
conservation rule, Wigner-Witmer selection rule)—»,' )Té{é_&r% AL R
FRALAFIeE B AEAFFEORFI A FTRAP ZF LT IR BB

oo enil p el S Bl % » it %, vk ¥ Dexter energy transfer
WRiFR S 2 HEF L Lk — 8 £ G (singlet-singlet) & £ = & jx — =
£ f& (triplet- triplet) :

D®+A°> 5D+ A"

DT+AS 5D+ AT

Dexteric £ ## # 4rB1397 7% o
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Singlet-singlet energy transfer
- —— >

AN |
\v/

HOMO + = _m 4.' T

LUMO

|
HOMO
| v v I
in* . 18 = ip + 8%
Triplet-triplet energy transfer
i\ A
LUMO \U LUMO |
=1
HOMO 2 AL T i\

|
HOMO
| \ v |
> LI 18 -2 ip + p*

W 38 "Dexter iz E## 7 3 W

Foh— el 5 A0 2 HEBREE R AR
EHEBBHAYT - BT T BB S S —=
-triplet annihilation; TTA) :

» 7 ¢ 1§38 ] Dexter iy
fE — = & i /8 (triplet

Triplet-triplet annihilation (TTA)

fikz)s ik
LUMo ' LUMO

HOMO I

HOMO + |
W/ R I

ip* * ip# 9 ip * ip*

W 39 Dexter i EREB LR —=EL£RARTIH

Flo - HRFSpE T2 B e S8 To2 Benic I~ > vk
FAckd B ERF L ITAARHORT R F LT FEBRAY - ST 4
tw i - a F-AFEINREERFIRF N ENE LT &%
€ R g ke > Ft gt 4 Dexter i £ #A A7 L ARE A Do
I A A BB eE L L ni B RS s 0 3t 1008 £
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Princeton + # 7 Baldo ¥ Forrest B[} » 3= € AR ¥ 3T 3 B T4 *
?§M&’&P1%*w@%ppwmmp,q gmﬁiﬁﬁﬁﬁgﬁﬁ
# 5w F L4 ugEd Forster 2 Dexter & i £ 4 5 BL Tk 2
HEpg ey o % Wmﬁéﬁ%%mﬁiﬁﬁﬂﬁﬁﬁﬁﬁ

ZEFFE R F PR T U pIRE I e 5] 100 % [7] [49]
¥ Baldo ®rj»t 2000 & [50] > £ i&- % & 7 e F R HAL AT E A e
25 TS % v ERAR A ek Bl BB R AR e R R
LRI kA o T Bl B BRSO R 0 R A
NERTHRBIEERFARAZERFR g AEERF R D
Forster «c & @ifA w ﬁﬁ;il@&?‘o’?% LRI R YRk T R
R I ) “ 3 WL E'Jiﬁﬁ Dexter & € &£ 7]
pog s b HAZR LS EnE £ g i hR ST g
LR AR Tlp Lz iz,%r”} fb 0 B A i el F i i
Z e AR 1 Forster s 2 AR X FE B M aEE e iy 0 REFL
Friv e Sk ik i A IRacE Vild 25%0 4% A 3 ABiT 100% 0 R BLH - ¥

=
4}-

-

Bz
a
el

gl
b3 E
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Exciton formation Exciton formaticn Ekcitort formation

500A'Ag
1,000 A MJAg
)
300 A Alg l
200 A BCP
100A
CBP: 10% kippy }
CBP: 1% DCM2 ol

Host Phosphorescent Fluorescent
600 A TPD sensitizer dye

1400 A ITO

Glass 7 ff\\ (l/:h' N
6000 0P

CBP Ir(ppy) 3 DCM2

W 40 Baldo BIF:* 2000 # 3 £ 2 ghkaric b Lt Rif it £ g
RTARAW (FHRE Forster it £ @3- 235 Dextersv £ @38 > X w83
B A4 R [50] -
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2-3-2 {43 3 & carrier trapping)

PHFFREGTFETFIREEHHF L R
<+ (Frenkel-exciton> &, 4p £ + T iF ALl - B4+
Yo 42 #rF) 0 iE A R R R ke sk o

& 25 = Frenkel 25 3% %0
P)‘ L PR AN

o

e ——— e —

%L++__mm"":::T:f
GROUND STATE FRENKEL EXCITON

W 41 “Frenkel-exciton & F& 7= & B

S A A B MRS R Bt DA R 5 T R
BB % s HOMO 22 LUMO % FE 9k & B/l #8442 <h HOMO 2
LUMO 5 B o

FOAMHPEORREAE > I EFT AL E T IR A S
ERAIFERHP VERLE SER Tk o ff%%’%%ﬁﬁﬁiﬁ?
HOMO & LUMO ii FF 7§ B¢ =g & 7 &3 #8+HK 5HHOMO &2 LUMO i
Pl o RIE 23 £ a0 Frenkel e E_F RSt OIS i A o ar—kmg
B A AR R s bR AR AR 1 BT T S T
FEA R JEk o
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FRELTCF AR RER AR DR PR B §
WREAFFRTEF R AL Ay EN PR F AR R -

|
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ERFFHAHBELFOEwaidh  SNEBAERLET o § x4
ETRE o A2 A RFITHEF LI nFEpAa 22T F TR
Wi 3P pd ko b- BN WP LLi?  BRIFHEY 355
Bt Al dod P2 R § 1 43 (Indium Tin Oxide, 1TO) » & &P 241 * &
BE RN I DM AR RS Sl g e 4P ) 4 4T
FEBo R AFRFLT ALY PIFL pin e M Lgd #
REHAF CERF RAL 2 pANEG T e o T R
7 ERERT RS ST e

Cathode

Anode

Substrate(ITO)

Bl 42 FH#%T0gauslshm

37



RS

FE kA ey ka2 WB ATl R4 > ¥ - 25 {d
ﬁﬁﬁ)¢$ﬁ%ié”?Wgﬁﬁ’ﬁjf%?%mﬁquﬂmﬂﬁﬁ
% B 3 77 "L4] ¢ 7= (Space Charge Limited Current, SCLC)1 2 7 » 3 i *L4]
T f(lnjectlon Charge Limited Current, ICLC)% + #g o
BEETROER N BE ALY AR TIRKd 2R
Euﬂﬁi']%wmmi—:g; PR NHBERAYT AR Adh AT AR
T A

«a'lp

&3 &

2-5-1 Z R RIF I

BAWLEWIIF AT Rp pna d pod 30 feiferg T
TR TR L R o A P LG pndE g o FIM LG IR
Z Tz B R Jee

TR IR A 5 MR B i el B
@ﬁi@%if—?ﬁ’%@ﬁﬁﬂﬁa%ﬁﬁ’%ﬁﬁéﬂﬁﬁﬁﬁé
BEF PHEARs L AN AR EAL THE PRI L S o 2§
?é?ﬁ%ﬁﬁiﬁ?ﬁgﬁﬁ?liﬁ FlprepEAtgine ZFRT
EASE VTS S L 1R I S PR S

ERNFA I

Hmied R e L w4t £ (ohmic contact)
fedk e+ B 5 XK AT 4 Kai 1y (trap)
+ L ER R mﬁ%ﬁv—?’

—~
H
N
=
e
4o
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o
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252 L RFUIR A

A R ARG R A R R FIE R AR SR R e lrtid 2 e

ARSI R AT RE B ORe FEREE 22 ak s Ty T

WAL > FIR G A O T RFIR I A TR G R T A LR
BT RRE O~ > T o~ § TG i\u—r;fq.lj;c K43 ey

£ @ B4R A ML~ B
FWEP TR EAPFFSBRESDTH R BELTE
Baa d Y > FLAaBanEREE > UEF A B LR K24 d TS
GMCRUIR Y B R AT AP 0PI BT R B AE g O R
FEREZABENPEERT > RFFF AT - B 8BS M RA T

kR o
N

(@) (b)

W 44 A>T REAFITIGRE B o (@F > (b)F R >

26 FWELTLEALE LR

P H e P F A2y AdEak R4 [B1] 4
£ d Q.Pei & & #1i Reng 1w 2 #ﬁ(Electrochemlcal model) [52] [53]4 J.C.

deMell % 4 #7 % 3 en & 4 § 7 f(Electrodynamic model) [54] [55] > &7 &
?-ﬁ##?"%*ﬁ % pevEdy iz FI ERIRORIEY & LR o

B - - |
@EHOEHOO®OHO O: = 00..; t.lllp_*_
o0o000ENOEO 3 - el LAAR

o
Field free region %EDL Fémidior EDLE n-doped .junction p-doped EDL
H i region region

Electrodynamic model Electrochemical doping model

@ Anion  HE Hole @ Cation H Electron [_] Electrode

W 45 & @EHOT =7 LW [56]
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Lur‘b;fé T%‘-_A»jtf«;b,,p\ T EER P AER 0 d B 46 4T 0 B Bl Y
Ko g~ m@ﬁ?ﬁv CHITTHRR S § FIIAB T RS - k
B RGeS o S R B o AFEEEIEE Y BT r:i&\zmﬁ}% A
oo R f#m‘lngﬂ“ﬁ'ﬂ##?‘&zmﬁﬁ%mﬁ*@ > % TE A
*?T}“'ﬁki’ fHLF S ApI g d B % o

2-6-1 & 1 & 3% $(Electrochemical model)

AR LRSS T O LFET AL £
FiEF LB RE o @k _‘f,@ﬁm\égﬁi%’gﬂ:ﬁ ;ﬁ‘é}’g_-ﬁ-
WETRNT RSS2 A e § AR R A S ¢
Brpr R AR TS de p APRfen A BReaR L BTSRRI T AR
E$ﬁ¢”*@%&ﬁﬁ§E$4E%ﬁﬁ%’ﬂ&ﬁﬁﬁiéﬁ?%ﬁ

Iy

L“%?%* ms\)%. g u’xﬁ@% PE?—* 3N R H—‘"%ﬁ—‘ ﬁjﬁ%ﬁ%iﬁfi”ﬁ 8§ o
%ﬁ’éﬁﬁ&?iﬁ&Wﬁ §¢Zf&&ﬁ$§$ﬁ%i,aaéé
BLFE il e X HAFLEFEFDRFRAH ERNLE
@€ e R - BT [52] 0 4o BE R RIS LB e

MTA L AR T BT R B [57] 4
1% : (m-polymen)+[(D" A7) Jsov—[(m-polymer) (A7), J+xD +xe~
£ 4% : (m-polymer) +xe +[(D"A7)Json—[(m=polymer)~(D*),]+xA~
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Highly conducting  Highly conducting N o
p-doped layer n-doped layer \_/ Oxidized molecule

A
Q Reduced molecule

=

\ r

DO
SIS
| K
. §%>+ 2 o @ Cation
e \ : © Anion
— . Electron
Insulating % Recombining electron—-hole pair

undoped junction

| |

Anode X Cathode

W 46 E-FRFLE LTHT LW [58]

Q. Pei % A4 R it B or ik 1) 232 [59] 7 ™ Bli Q. Pei ¥ “q ERES
Rk o BLAD G PE T VEA R ﬁvéﬁ‘ R od kP AT iR
TR A e pABEfoN ABROTR VAR 46 A8
Bre ko

W 47 FBITF AT RER G [59]
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2-6-2 ¥4 & 3¢ (Electrodynamic model)

S

§5 SR TR M TGRS G e R4 F R AIE IR
Jorb 4B L A R A M AT FoIE S AT B E £ 3 &
P)“:"f”?\fi’ﬁa#ii- - '@‘Fékm}}w l%’?\' BpdIFE e PF R S

a

§ a3
ERTTRMITHRHE S RB DTS R A R gt R
\iﬁjﬁ,fiﬂ‘bg—r%l% lﬂi\‘-ﬂ‘m/q)\%l ] ’r_ﬁfi)\éﬁﬁi—ﬁézﬁ?%gm

I PNIRenp d HH TR A&k [58] o
J.C.deMell 5 r2 2 J.D. Slinker % % Rl T804 F e e 0 L 35
FEROPPHAPNITTRILFEFTI - IEL O MBI T T HIKRE
(frequency-shift electric force mlcroscopy FSEFM)& ip| ~ 2 p =% 22 3 -
OGRS RET T RGETIRT 7 BB AR g > 32 4o L F i
IS aECSN SR S TR ;kéé;abmﬁm/%@p AL THNEE oA A
FERE A RR #%w@ ?f&a@aﬂ?%@*\ﬁ%%%ﬂ@éﬁ
FFep d HR 0 R

/%’i

it e, 3N

Neutral bulk

\

@ Cation
@& Anion

apoLjiey

o Hole
® Electron
“}K’ Recombining electron-hole pair

=

Anode
l@l@l@l@l@l@l@l@l@l@l@l@
SRRy RS

High fields at interface
aid charge injection

Anode X Cathode

W 48 TH4 FEHEUE THT LW [58]
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Anode Cathode

o =
= o o

Electric field (kY cm)

e

W 49 =2 B4 7 3 BEacsi(frequency-shift electric force microscopy ,

FSEFM)# # B1[58]
2-7 F %5k T ek

charge carriers

triplet excitons

75% ﬁl

> ——
% i 100%

I Photons I

100%

Photons I

20% |«— Qutcoupling losses— H 20%

| light out 5% | light out 20%

Fluorescent emitters Phosphorescent emitters
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_ number of output photon
External Quantum Efficiency(n)= _
number of input electron

(output photon power)
energy of photon

( input current )
charge of electron

joule joule
w <] /sec>/ph0t0 energy (J /number of photon>

I (coulomb/ sec) / electron charge (coulomb/ number of electron >

2-8-5 kg £
4 22 5¢ (energy conversion efficiency) 5 & A%

gt mo A 5 mWIW L

~_output photon power(W)
- input watt(W)

External Conversion Efficiency( mW/ w)

_ %(1240/light wavelength)(eV) x 1.6 x 10~*°
B input current(I) x voltage(V)
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(5) 1-Butyl-3-methylimidazolium hexafluorophosphate (BMIM™ (PFg) ™)
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(6) 3,3'-Diethylthiatricarbocyanine iodide (DTTCI)
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ﬁﬁﬁ%o
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AW 77 LFG A R R ha B2 BT R
moE R Ak
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-3.04 eV

-5.68 eV
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Wz s Rk A A BRI RTERRR AT EFEAER
L B %y LAETFPHERIR-T80 chr & F g i ipy v &
PR LS i gt S
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v RAE B o TR R A M IR-780 4252 0.6 W% 0.8 Wt.%F_% &1
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o '{s’. *g ,E )i W i )Vmax, EL tmax Lmax next, max T]p, max
(V) (hm)? (min)®  (uW/cm?)® (%) (MW/W)E
2.5V 820 772 5.67466  1.03135  6.57697
IR-780 (0.6 Wt.%)
2.6V 814 583 20.87264  1.08928  6.87884
2.5V 820 614 3.17085  0.71549  4.54398
IR-780 (0.8 wt.%)
2.6V 818 410 125339  0.61398 4.0482
2.5V 820 703 2.77495 054181  3.33058
IR-780 (1.0 wt.%)
2.6 V. 820 339 11.21285  0.68557  4.35333
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4-3 R %

It

H kiZ WPpregdk s p L IR-8BMAE P FHBRER T K &R
£kl b Bkt § B LT F A R

4-3-1 FRP

(1) #HFEpeE
O #wXidk
BRI S b e R I SRR e
i. [Ir(ppy)2(dasb)]"(PFe)~ : IR-895
= 79.0wt.9% : 1.0wt.%
ii[1r(ppy)a(dasb)] (PFe)™ - IR-895
= 78.8wt.9% : 1.2 wt.9%

iii. [Ir(ppy)o(dasb)]"(PFe)™ : IR-895
= 78.6wt.% * 1.4wt.%
iv..[Ir(ppy).(dash)] (PFs) ™~ - IR-895
= 784 wt.% : 1.6wt.%

V. [Ir(ppy)2(dash)]*(PFs)~ + IR-895
= 78.0wt.% 2.0 wt.%

o Hr+ |+ Bip
BMIM* (PF)~

o fz i¢ * 3 A
CH5;CN
O kLA -
poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS)

() =@
ITO/ PEDOT:PSS (30 nm)/ i # % & & (200 nm)/42(100 nm) > H 7+ & Bl4v
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(3) WAwigit
ePEDOT:PSS 1 *g i # i % 4000 rpm *zi& % i+ 60 sec » A5 = 30 nm 2_ %
E
ePEDOT:PSS % {4 12150 °C42 X 30 min
eEML 1 g g % 45,3000 rpm 2 4 % 60 sec A5 = 200 nm 2. ¥ 5
oEML -k § FRdgirst ¥ 2 60 ‘Ci¥ L 6 hrau b
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R TIPS

LR %‘E_/?'inﬁ“i’ I E—’?'J#Eﬂ”; ‘AR R S W ITR PR E B
SI-CCD > #2322 R R R A5 g 7 F 1200 nm =+ » £ 4 "EF
LAk B AR A L FI et R sk en R Rl 8P R R
U R RBR SR R ML Rk RS R A RERG R
Flet g vt b B dpd R ERA LB EHE R 1 T
FAFILGSY A AT BT Rk TR AL e
HEPIEARFEIREFE -

4-3-2-2 A i R LIRS

% 3 P IRBB ~ZHMLEPRESE
e s TR )\fmax, EL tax b L ax \ Text, max MNp, max
V) (nm)® (min) (uW/ecm®)*© (%)° (mW/w)?
25V 980 1535 1.37732 0.34789 2.11975
IR-895 (1.0 wt.%) 2.6V 981 658 8.20328 0.41623 2.6335
2.7V 983 455 26.14566 0.46399 3.15709
25V 988 1982 0.76754 0.21016 1.18105
IR-895 (1.2 wt.%) 26V 992 914 4.26356 0.25858 1.47536
2.7V 976 585 10.05808 0.25645 1.58074
26V 982 1226 2.11369 0.15175 0.82697
IR-895 (1.4 wt.%)
2.7V 983 672 6.05905 0.15135 0.90158
26V 983 1338 2.24876 0.16223 0.87538
IR-895 (1.6 wt.%)
2.7V 975 606 6.56392 0.15326 0.92577
26V 988 1083 3.01217 0.17867 0.97371
IR-895 (2.0 wt.%)
2.7V 980 661 7.45385 0.19048 1.12862

EL Mmoo D FliEArhANKAROER . C XTRTEANLER o

TRRRT R RS g o LR B RS o
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iR ow AR S R & 35 & iF 0w ITO/PEDOT:PSS (30nm)/
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e §_fi% e IR-895 ~ i F 2% ¢ ’melé’“ 1?7}@5&‘%""@ R¥ 148 35
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“@%“f§k§@~§%%**’ﬂi@%ﬁﬁﬁ%agﬂﬁam%a
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B B KBRS T LG (AT A 0 iAW)t 0.69 eV 11 2 0.67 eV
PEPS b gL Bk S gy

-5.68 eV
@ 85 [Ir(ppy)a(dasb)] (PFe) ¥ IR-895 tfay i v i

B yc) 84(a) i 25 Vein @ 2 T i BEIEE 1.2 wtYds s g
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