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Influence of Fluorescent Dye Doping on Efficiency
of Red Organic Light—emitting Diodes
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Abstract

An organic light-emitting diode(OLED) has advantages of low power driving, self
light-emitting, wide viewing angle, excellent high resolution, full color, high reproduction, fast
response speed, simple manufacturing process, or the like. However, there are still a number
of challenges to get over in order to put it to practical use as a high performance display. First
of all, the most important thing is to improve the efficiency of the OLED element in order to
commercialize it. To this end, its efficiency can be improved by lowering the driving voltage
through the improvement of structure of the OLED element and the application of new organic
substance.

Therefore, in this study, we have manufactured a red OLED element by applying fluorescent
dyes to the emitting layer of the element having the structure of ITO/TPD/ Znq2+DC]JTB
/7Zng2/Al and the structure of ITO/CuPc/NPB/ Alg3+DCJTB/Alg3/Al in order to light-emitting
various colors or improve the brightness and the efficiency, and then we have evaluated its

electrical and optical characteristics.

® keyword : | OLED | Fluorescent Dye Doping | Efficiency |

M5 @ #081008-003 AAtetz e 20084 118 07
He2dXt 2008 108 08Y WAIHMK}: 0| M7, e-mall : jglec@Kkisti.re.kr



LM E

ARFA 7] oA Bl Jelo 54T
(Cathode Ray Tube: CRT)& #A% S% & 1y w
2 &M A" Fo] A ) ol g TAHL F

Astrl SEl A AR7F A mAPEA] (Liquid
Crystal Display: LCD) ©]t}. HAHZA A= 7ML
2X7F A om] CRTOl Hlsl 84 ¢l vhs =
Xo”éo] o] dA F3t t~Fdo] AP tlFiES
PR 8kaL QiT). skA R LCD&= AHA| Hg3 o] of
Lo FYE A E oL Aop SEEE
(contrast) 9] ZWolA gHAI7F QITH1].
ul2hA] LCDY| $HAIE 553 4 e A= Hair
2EYo] 7]l A AAHR &l AT FolH
15 st ukE fr7) g axpelth f7] g &

rir r

ol

N
of\L K

i

e

[¢]

7ol A ome AdY G, AL, W Aok,
e s E, E e w2 AN, mE SHEE,
A Az T4 T GRS 7HAL A2

7] g b Al e 7k A 8-Sl
T 5 el glon, whag Axte] EAHS Vb
HSto] ol R A 3o o]5o] Ak A} Al
Zro] Aetol] whe} zhzte] Mo A 1o} F-&o] Wato]
upgA o] o] Uitk ZloltH3-6]. 1H 2R <l
7hASke] wstel Ajghe] Aate] whet obgE A
F AT AL EE f7] WE ARl shpde] Fasitt 1
& 7] W 2 S s ol W &
Akl 4ol A o] P25 ue 3 TS S
TEAYS PFFowA AYass woli, AndY
& BF, TS SV 5 o] B ARk
7] g 220 B85 WIAZ FH O vt =
HE A=k glvk

F7] g ko] 7 o oA o] & WS F
& g g8 mole WHoRe A FYs s}
7] 918k @3Ede LUMO(owest unoccupied

molecular orbital) F=H ¢t &= w5 #HE2n FE

8
THF AR TN DY UL 2E 5 g ouR
A

o TERE R A4 F0F AP, AT FAL 5
QA7) ikl F= B40] 2] AuiA] F9lsh

% =2] HOMO(highest unoccupied molecular orbital)
e 340}04 AE FYUA AFHEE 9E e
oAt 25 7 AF FUFT AU, ¥ =
o7 Ei_‘i(host)@r EHE(guest) S AHES EHA|
2~ A Fo] ok
A E F7] B34 Axle] 28-S PN
Exog W 2o FAES RHES AL &

4 545 919 ITO /TPD/Znqu+DCJTB/Znqy/Al9] T

%8} ITO/CuPc/ NPB/Algs+DCJTB/Algy/Ale] +%Z

7HAE Axpe] wgE=EML)Y FF 985S E¥3 3
q

/xﬂ wksg ix}% ;ﬂx_}gh—_; 1 317]34' w1 533l e] Ex

& Bk

Ao ARE-EHITO glass®] 74 20 /19 HA
e 7|Ho 7 AME-3513) .0 short-circuit’} FA =
< UA87] 8 ITOE A28, ol A4S $leiA
3 M HZE HolZ #4002 713 AP & L)
ITO7|32] o3 W2 363 %2 A2kt 63 %2 2
A ES AR uEE vo]A | Hof st o] Eo
A 7bds] 60 C7F =W Elo]gE AlEES Ho] 187t

oldatict AlEe Aol HolZE B F V¥
253 AH7IZ AFsAT 718 A2 7] wd
] |l

272 AR A 71 ggoR oled B &
WA R AR Fo)7E D st Al AR
Sule oAl E(acetone), MIEHE-(methy alcohol)o]™
TMUHR 2a3k AHVIE o8-8k Zh 1024 A1
ST v G2 dolrke T3 vk 33 =
T2 5wt AlFste] 7]l golgls gl o=
AL Hdigk AASA.
,q];‘dg] 7)gbo| A F8 0] 43
= S olgdE

o
= 1
Oﬂfﬂ 1A7F o)A Azshe] 7]99)el| ol 9l Luj @

o
o,

rlr

o

o

ﬁd
£
)
rﬂ,
=3



20 s=mEH=s!

[
ol
M
r-||:|
A
o)
®
<
j=2
o
b
o

T AAE

HN
s
N
_‘t:_ll
do
=2
. olN
By
>,
i)
o
s

] )
DCJTBE 433 59 =3ER, Zngs W SO2 A
Galict = A4 7] B 24e] 58 3 e
S PN BHoR A FYFT AR CuPcg A
833, A 6% EUE NPBE AH8skalon,
W EAER Al DCJTBE, $3% BU2 Al
£ -85t

” i CHy
CuPc TPD
| S
Mg (I) —
N0 .-N
O\AI-._ N .Zn \ /
TN \ / |
| SN° O L
=
Algs nq

a1, deol ol8E |/7| EEE

T2 AFgEE 2310° Torr~5x10° Torre] z710]
Hs v AFE FuEiFo] 7Hdol oJaf 7]t vheks
Frdstaict

olul 471 B9 2~4 Als, SFOE ALGE ALE
410 AJS 1t 593 AERANA 20 s
FAZ FHeAGoR, 2re] WYPAHL 1x] enlelh

uhak S 52 £ = Thickness MonitorZ: ©]-§-38}

o 43Tk

IngetDCJTB =30 9|3t 7] & 2xte] 388
Z243%7] $8] Device A ITO/TPD(60nm)/Znge
(60nm)/Al(200nm), Device B+ ITO/TPD(60nm)/
Znqe+DCJTB(60nm)/Al(200nm), Device C+ ITO/
TPD(60nm)/Zng2+DCJTB(30nm)/Zngz(30nm)/Al
(200nm) ¥} 722o] 3714 AL Zh= AAl g7 uhg A
2] A S tETRE Algste] W74 H 3EE
& BAHIT

& Alg+DCJTB =30l o gk 7] g A7) &
&S ZA%] 98l Device A ITO/CuPc(10nm)
/NPB(40nm)/Algs+DCJ TB(1wt%)30nm/Al(120nm),
Device B= ITO/CuPc(10nm)/NPB(40nm)/Algs+DC]J
TB(Swt‘V)SOnm /AI(120nm) o} o] 2714 215 2t
= A f7) g e ARE v RE AR
a1, ole] mE HM7|A B e 548 2t

A k-

m. &

0%

Zo % o

1. Znaz+DCJTB ZHoi| o3t K7 W AXte
k=21

(1% 21 Znge W33 2Ake] EL 25 E

=gel ofst A g :

1o
2
[
-3
(m
UVU
tlo
i)
uj
59
i)

Intensity [a.ul

Wavelength [nm]

a7 2. @Y RUIS0 WE AKX EL AHEH



ZE= =Y0| MM 77| L AXlo] FE0f

7nq THS 9} 202 A}43 ARl Zngpel PL 2~
2 913 535 nmell AR 550 nme] T AE 714
DC]TB%— =9 0}74] Fw FL ~29EYS

Jl*%__{é

HEY
A,
o
Al

o]

2
—- 7y,

"E 16} | —0—Zm,+DCJTB []
L2 ahd o
<
€ b
z /'
)

8l
cI:) /. 1
ke i /
= s

n//

S i
5 /
o /."

O - - ”.",H-'-/./

I I N ——— i SR R B R

0 2 4 6 8 0 2 14 6 18 2
Applied voltage [ V]

I3 3. 7pHedel ME AXlel MELUE

DCJTB7P B A= BYEA] o2 ol HF
A AR B2
oA Aol EfoRA A5k A& ofulghT].
a8y DCJTBE =333, Zng] X2k

Pk 2Af= M EE A £ o PR AEE Hol
A A Zng 5 A2 7 To2A A45HA E
da vl ga HAAE Znge+ DCJTBY] w35 AH o
2 o]F A7) AloltHa].

(23] 4= Aol AR 219 A ol 3= 54

S ek Aotk DCJTBE AM 528 &3 &
Y Zngpes B SO ARG 2ol g 3 =st
vrolzlLt,

10
- /

< ~o—Znq+DCITB /f 4
El Znq, 1 Za#0CTB Ya
3 Y4
@ / J
o /
E 1 x ./.
E 10F /
3 /

103 1 1 1 1 1 1 1 1

0 2 4 6 8 1 122 14 16 18
Applied Voltage [ V]

a3 4, KMo ME ZEE AXL| H=EY

[28 5l Zngps oF Foz ARSI AAbe)
DCJTBE =33t 24} Znge AAF 4= o

o] Agtel] We EL &850l
10
08| g-m-U-E—B—pg-B-B-E-1
5
E o6l —0—Znq+DCJTB
- Znq,/ Zng,+DCJTB
>
(2]
c 04
2
o
=
m o2l _.’._._o—o—!—o—c
00 s 1 s 1 s 1 s 1 s 1

Applied Voltage [ V]
a3 5. A7kHgdl mE
Azretds o, e

, 0.242 T/ W Tt
5% Inqps AYsRS wl= 135 Vellx

> e
o X
=
>4
5y



N
N
rok
H
Tk
rz
[
Job
ol
rr
Mo
Rl
o
(0]
<
o
(0]
=2
(o]

o] Hulg s EAS Kol Qi) o]xF HAlef
222 A7) 9% DCJTBS =4 Az} <
Al HW A Ao &5 HAS

o

Algs+DCJTB =Tof gt 77| &g AKXt
k=21
(19 6] Algell DCJTBZ

7zt 1
=% Ao QbAgel e AFUEE eyl

:L

200

—%— Alq/DCJTB (1%)
—1— Alg/DCJTB (3%)

g

current density [A/cm?]
3 8

0 2 4 6 8 10 12 14 1B 18 20

Applied Voltage [V]
a2 6. AkHN ME ZTE Axj] HEUE

DCJTB7} Algzell 1 wt% =HE 224 3 wt% =3

e 9 I7F el AR | 5
UERsT ol A2 1wt 4 W =3 DCJTB7F g
Gl 7 YeR7] whelnh vk, DCJTB =3 v
o] 3wt%d W7H1 wtoed wf Bk o] F2 A4 &
EE WERARE DCJTB 55 &3 2Hgol o8
TR S e UL B sl Fele A
ol d= S7HI7IY d2 ahg Hom Ayt ol
Lz el Atk o7IM Algy 2 A 7E o

Z-gaba A BHdadte] oa] dAE Alg+DCJTB
435 AUSE o] FAIZIL

[27 712 Algell DCJTBE 747 1 wt%, 3 wt%s
S g A I7FHSe mE 3% SAS Ve A
o|t}. DCJTBY] doping rate”} 1 wt% & =] 2t 19 V
o] A 930 cd/m'olaL, 3 wt% & w] FHd 19 VellA 690

lo
L)
3

cd/mZ =A%t} o]+ DCJTBY doping rate’} 1
wt% 4 W FE &AFo] AA dojuA =7 o F
#HE THAA E Ao R Alsd) Eeh AREET} A
& Z7RIE 20 V o) ol A= 3 =rt 2slE = At
e} o)A s 2 A o] Mt 2o
AR 35S FFAaAZIE Aol 917] o),
O [ AqrDeIB 1% o,
—a-nguooms | T T
E 100
e
2
[ 1]
(1)
[
®
£ ol
£
=
|
8 1‘0 1‘2 1‘4 1‘6 1‘8 ZIO
Applied voltage [V]
a8 7. QUM mE =TE AKX 3=EH
[13 82 QI7bdstel digh Axbe] &8 54& 4
bl Aot}
15
—a—DCJTB 3%
—%— DCJTB 1%
E *. *- —
> 10}
Q
[
(1)
5 —— g————n
E
io
05 1 1 1 1 1 1
10 1 12 13 14 15

O 8. bt mE TEE AXel §8 £

DCJTBE 1 wi% %83 2419 582 11V Q1713
ol 4 1.07 /Wi, DCJTBE 3 wt% =33k 27



ogk

S4dz o

OF!

9] &2 0.8 Im/W=A DCJTBE 1 wt% =3¢ &
Aol g&ol o w7 Uet o= DCJTBE Algsel
1 wt% =38 227} 3 wtds =38 aApEch 94 A
solA =7 o E=37] wolth

. O1 A& Zngpo] W A ER ]
28tk DCJTBY PL 23 ~#E= e ke 630
FolAd vebdth Znge 2 Zol 2 wt%e
DCJTBE =3ste] A4 7] v 22ks A4kl &
o Hf &8-& 17FASe] 155 Vel A 0.242 Im/W
th 7)ol AR FEF InpE AYEES We 135V

oA 0262 Im/We] A} && 545 BT

T3 Algs 3 ol 1 wt%e] DCJTBE =333 &
A AFAETE 7P =939t 3 wit%S] DCJTBE =

Be9e A9 A SRS 2 UeRA e DB

gkt Al <

nm

S5 29 Aol ols) AR o S Uebdeh
o 2 u) =HE A AHgslel W u doping

[1] H. Yuji, S. Takeshi, F. Hiroyuki, N. Yoshitaka,
T. Hisakazu, and S. Kenichi, Appl. Phys. Lett.
pp.3338-3342, 1997.

[2] D. C. Shin, Informaiton Display, Vol.5, No4,
p.13, 2005.

[3] F. Jing, L. Feng, G. Wenbao, and L. Shiyong,
“White Light Emission from Exciplex using
tris-(8-hydroxyquinoline) Aluminum as Chro
maticity-tuning Layer,” Appl. Phys. Lett,
Vol.78, No.25, p.3947, 2001.

[4] C. W. Ko and Y. T. Tao, "Bright White Organic
Light-emitting Diode,” Appl. Phys. Lett. Vol.79,
No.25, pp.4234-4236, 2001.

[56] Z Ly, and N. Helena, “White Organic
Light-emitting Diode Emitting from Both Hole
and Electron Transport Layers,” Synthetic
Metals, Vol.111, p.47, 2000.

[6] J. Y. Cho, S. J. Choi, S. B. Yoon, H. S. Oh, “A
study on the Luminous Properties of the
White-light-emitting Organic Led with Two-
wave Length using DPVBi/Algs
Structure,” ] of KIEEME, Vol.16,
pp.616-617, 2003.

[7] H G. Kim, T. Mori, T. Mizutani, and D. C. Lee,
"Electro-luminescent Properties of Organic
Light- emitting Diode Doped with Squarylium
Dye,“ IEE Japan, Vol.188 No.4, p.223, 1998.

[8] P. Martin, Charlese, and Swenberg, Electronic
Processes in Organic Crystals and Polymers,
Oxford Science Publications, pp.1194-1199.

[9] P. E. Burrows, S. R. Forrest, S. P. Sibley, and
M. E. Thompson, Appl. Phys. Lett. Vol.69,
p.2959, 199%.

Rubrene
No.7,



24 F=IER5

rr

2X| '08 Vol. 8 No. 11

X Xt A Y
o] A F(Jeong-Gu Lee) 3|9
<1991 24 ¢ SR A7]E
SHIH(F A

2006\ 24 ¢ SETistaL A7)

skl shubap

<#HAlHEoE> 1 OLED, Flexible Display

9] 7] Z(Kee-Joe Lim) g3
A





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


