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Synthesis of Improved Polymer/Organic Materials for
Electroluminescence Device and Electro-Optical Characteristics
1. Characteristics of EL Device by Doped Polymer Method

Lee-Soon Park ' and Kyoung-Seok Shin
Department of Polymer Science,
Kyungpook National University, Taegu, 702-701, Korea
(Recetved August 5, 1995)

£ ¢ : N,N’-diphenyl-N,N"-bis(3-methylphenyl)-1,1"-biphenyl-4,4" -diamine (TPD)& &2
44, tris(8-quinolinoclato)aluminum( ) (Algy) & A} $£5H 2 w2 ALLsied &2
of o3} f-7] ELDE A =z3lpod, nix} flexd A A5 D ol50] Az F4o] EL EXo) )
e dgo) sl ZAlskgek. 82 slESl AR = poly(methyl methacrylate) (PMMA),
polycarbonate (PC) ¥ poly(vinyl carbazole) (PVK)& A}&&l%ct. 2ol 93 AF ¢4
Z9o] AP H O Z= spin coating# film castingy-S Blwslg o, film castingtol] 2
AF 75FY ¥4 oA gz aEzl] oig SEF an o] \E X @
dichloroethane, 7 F%+= TPD/polymere] £&o| BAIgle] 0.005 wt%, film casting 2EX=
30°ColA 7P A E EL &2 Qolitt. mEAl slEZ A9 FFo| oM PMMA<PCK
PVKe] =412 EL intensity7} 27132 2elslg i, PVKE 182 nlEx A2 ALML3) EL 4
Z4e] 749 11Ve HdollAl 1,044 cd/m?e] ) =8 Lo

ro rdh of

Abstract : Organic thin film electroluminescence devices were fabricated using by molecu-
larly doped method with N,N’-diphenyl-N,N’-bis(3-methylpheny!)-1,1"-biphenyl-4,4 "-di-
amine (TPD) as a hole transport agent, tris(8-quinolinolato) aluminium(1ll) (Algs) as
an emitting and electron transport agent, and poly(methyl methacrylate) (PMMA), poly-
carbonate (PC) and poly(vinyl carbazole) (PVK) as polymer matrices. The effect of
polymer matrix and hole transport layer fabrication method of EL devices on the elec-
troluminescence characteristics were examined. Spin coating and film casting method
were compared for the formation of molecularly doped hole transport layer. The highest
intensity and stability of EL device was obtained by film casting’ method using
dichloroethane as a solvent at a polymer/TPD concentration of 0.005 wt% and film cast-
mmg temperature of 30°C. The electroluminescence intensity increased in the order of
PMMA <PC<PVK as polymer matrix and maximum luminance of 1,044 cd/m® was ob-
tained at a voltage of 11V in the EL device consisted of ITO/PVK : TPD/Alg:s/Mg
(PVK/TPD=30/70).
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AL£-3} 9 12, methyl methacrylate, tetrahydro-
furan 5& AlggeS CaH2 2% ts AR
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Aol 5 99.9% o]/de] MES AMESHRT. 27
I8z B El’ A 2352 AMLE polycarbon-
atex= General ElectricAl9] AH-8&Zo] Lexan 141
2 A8as

2EA EYX: MBS 9 D EAF 3.
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#7] ELD &#k9] A3 2 EL §4 3%.

=¥ g% 7] ELD 2A9 Az : 30 /0
9] W% (sheet resistance) I 1.08 mme] 7|
£ 7}X]&= ITO (indium-tin-oxide) §&]& 2.5cm
x2.5ecm? AV|E A2 T, NaOH 35wt% 9]
§HE At ST (MgHZ)o] o ¥E 1
F A7) E o g ITOFS AAsdh. 5= &
ol He® ITO fel& oME, dighe, isopro-
pyl alcohol/DI water=1/1 &3tolo] A7 51
7 255 A7 (A1 UltrasonicAl #1ZH) =
ABE B gol 242 MAHT A 7128 blow
ingste] Az, Aol " ITO /9l
TPD/2BAe] uv|&E 70/30(wt%)o2 3t
DCE&ujol] 0.005 wt% 9l s=2 83§21 TPD/
nEa ofE"' ~/DCE 48 124 7] o
petri dish® o] 835} 30°ColA 8AIZF T & &
We AMsl FRAA BT £532 wetew
casting 3t{th. thg A-F=2H7] (thermal evapo-
rator system KVT-420, Korea Vacuum Co.)
AHgste] AE 7FEH o2 AlgsE 3-5A/sec
AFEEZ Yol 1emx1lcem 37]$j0l 500A
FAZ AFFE 3. 281 E-beamy 2
Mgd=E 37 0.7cme] ¥y =7] fo 20
A/sect] AAEEZ 4,000A9 FAZ Ax=Z
gt 23 ZQbd] AZTEE= 1.5x10° torr,
substratex= A2< AU EBFH Aol
99 REE DCMEUE2 AAZ o silver
epoxy paste 2 dutd IFRHE FAE AHESH
ITO ¥ & g0z, a8]1 MgsdFsd 3202
AZsgrt. oo} AxE #7] ELDY #x
g TPD, Alg:® #x& Fig. 1] YehAIH
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Model HC-2330A, Hyun Chang Product Co.
Ltd)3} pulse(l kHz, 50% duty cycle)2] +& i}
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(a) EL Device

Algy

Polymer+TPD
ITO glass

(b) Material

TPD

Fig. 1. EL device by molecularly doped polymer
method and structure of TPD and Alqga.
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Table 1. Synthetic Conditions and M, Data of PMMA and PVK

Polymer PMMA
Synthetic AIBN 0.1mol % 0.2mol % 0.3mol % 0.4mol % 0.5mol %
Conditions THF 22.67g 22.67g 22.67g 22.67¢g 22.67¢g
Monomer 4g(15wt%) 4g(15wt% ) 4g(15wt%) 4g(15wt%) 4g(15wt%)
M,x10* 7.06 4.88 4.21 4.13 3.78
M, Data | M,x 104 12.15 8.92 6.75 6.88 6.11
 PDI(M./M,) 1.72 1.83 1.60 1.67 1.61
Polymer | ) PVK
. AIBN 0.05mol % 0.1mol% 0.2mol% 0.3mol% 0.5mol%
Synthetic
Conditions THF 3.71g 5.57¢g 5.57g 5.57¢g 4.67g
Monomer 2g(35wt%) 3g(35wt%) 3g(35wt%) 3g(35wt%) 3g(35wt%)
o M,x 101 2.83 2.27 1.95 1.81 1.42
M, Data M,x10* 5.73 5.03 4.63 4.33 3.80
PDI( M,/ M) 2.02 2.21 2.37 2.39 2.66
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Table 2. Polymers Used in the EL Device and Their
Molecular Weight

Molecular Weight Polymer Matrix Materials
Data PMMA PVK PC
M, x10° 4.88 2.34 2.74
M, x 10 8.92 73 5.04
PDUM./M,) 1.83 2.02 1.84

Table 3. Characteristics of EL Device Fabricated by Spin
Coating Method

PMMA/DCM(wt%) 4 3 2 1 0.5
PMMA/TPD(w!. ratio) /1 1/1 1/1 1/1 1/ 1_

Thickness( A ) 9,500 7,500 4,000 2,000 -
ELD Test w* nw nw  13(V) 8(V)

nw” ! not working.

o7)ol| A utate] A= 53] FAA|] PHoR
A TPD/PMMA %z 44$32o SAolo)
PMMA/DCM €M) =52 05wt%h e & 3$
2L A asepos 330l AR Ay
B3 3 Mg 34039 SAs dFsgos
2+t 500A 2 4,000A o2 uAHIGEH. ARE
EL 428 2% 2ol w5o) EL £37h 25
e £ e TPD/PMMA 33 £33 %
w7} 2,000A‘?_] $ 13Vellx, PMMA/DCM
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Film Casting’d. 4%, 43 84 29 %
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~0.005 wt% 2] 9]
2 AL 5
ot 50049 AR ST F
g °F 4,000A2) FAZ HF oS,
silver epoxy pasteE ALg3}o] lead A
o] EL &2g d 289
Table 49] film castingtiol] 2|3+ EL A=%}e]
ELL 23 cg2¥%E TPD/PMMA/
DCM go8-5 218 20°ColA film castingd 2%
Az" EL 4zk& 0.005 wt% A st aie
EL EJ“ yehf 2] 4gkon] 0.005 wt% o] ¢
2 Hol= FE AYe 5Veldm ¢k 10V
SRS uf 2zpe] debo] WEAHY
DCM &9 F¢ £27} ¥et YT
529 @42l pin holee] AT 7]QUg Ao
Azt TPD/12x/DCE g9 7
film casting &% 20°CoNA &&= EL Axts

gz oo 2

Az 27

=
TEE

o4 o m
L
pav)
flo

rlo Ho

2 Jopg oy w% 7ol 7MY He wiR
A5 FOoEFE A2 nbgo] AAH WA & D% wbks Jehf A} ¢ttt Film casting &%
7 YRR A Azpe] ©hEo] TEHUTEH webA] spin g 30CE star DCE &vjell st TPD/mExle]
coatingell 213k EL Axte] Alze ¢ha|ztel] ut FEE 0.01~0.005 wt% HIZ AL w Lsgo]
B g 4 gl Yol Ao, spin coatingd] B Hom I 439 TAY e 0.
pin holed] #A) 9 hole $=4359] wltsle) &3 005 wt% sEollA dhgol] TWQ3 & #Hqto] ot
7 lge @ & At Mg o & qlgich
Table 4. Characteristics of EL Device Fabricated by Film Casting Method
Casting Solution Condition Concentration{wt% of TPD/PMMA=1/1)
TPD/PMMA/DCM 20°C, 15hr 0.1 0.05 0.01 0.005
ELD Test nw? nw nw 5-10(V)
TPD/PMMA /DCE 20°C, 15hr 0.1 0.05 0.01 0.005
ELD Test nw ) nw nw nw
TPD/PMMA/DCE 307, 15hr 0.1 0.05 0.01 0.005
ELD Test nw nw 7-14 5-17
nw? ! not working.
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e s aEAe] FHd 4E #7] EL 27
o] w3} E4. Hole £422] g4 glejA] DCE
2 g2 3l7 TPD/nE/&A &Ho) w5 2

film casting 252 z}7F 0.005 wt%, 30C=Z 2
Asla, AlgsE 5004, MgE 4000A 02 A3
[+ el

ZRsle) AxW EL 240l pulse 7T HAL

Q7hele] HES 2 R Wl utE §7) EL
s7je] Wy EHE 2ABEH. ARE 42, 2

4 7|8 222 RE 20cm BoiF Rl A
MinoltaAte] LS-100 3 =A 2 &Gt

Fig. 2¢] TPD$} Algz & Z+z DCMol| £3listar
Aol celloll @o] 243} photoluminescence A3
e3 9 ITO/PMMA : TPD/Alqs/Mg=2 A|xH
EL 4%}¢} electroluminescence A~HME#H S e}
uigict. TPDe] 7% 410nm, Algd 734
510 nm 28] 1 ITO/PVK:.TPD/Alqs/Mg2 Azt
F EL 422} 2% 520 nm $ojA PL ¢ EL &
HEZ uojmrt Uepgdo] BEEIOH ol
Bl EL 4xte) @go] AlgZRE doldd ¢
s19ich.

Fig. 3& 1&x flE& 29 FFo wet Ax
# EL 42}9] luminance-voltage @7 & ERH

\=)

=
PN
T

{\-t——— {a) TPD
\

Photoluminescence Intensity(a.u.)
Electroluminescence Intensity (a.u.)

300 400 700

Wavelength(nm)

Fig. 2. Photoluminescence(PL) spectrum of (a)
TPD and (b) Algs and (c¢) electroluminescence(EL)
spectrum ITO/TPD : PMMA/Algs/Mg EL cell.
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t}. z+ EL 4= DCE £u)E ARSI film
casting® 08 AzHOom 1EA/TPDS =A)
8|2 30/70wt% 2] DCEel gt n¥xt/
TPD9 % 0.005 wt% 2 1A3Hct. Fig. 3
oA Fr= Aol vlETE & 4 e a2}
e ~0] F{| BAGe] BF 3V P9 ¥
o Mol A wrgo] AIFEJeH 11VeA Hx
yehiiglth, 11 Ve 59 ZHgelA vlzd 7
© PVK: maximum luminance?} 815 cd/m?,
PCE 615 cd/m? PMMAS) 79+ 190 cd/m29]
e JERATE

EL Zxp9] Azo| AHLH ITO glassd] F3&
€ Table 59 Jehfdc}t. Fig. 39 luminance-
voltage plotoll A $ & zk& LS-100 F A9 5

pu
=
=2

Table 5. Transmittance of ITO Glass

Wavelength Transmittance Wavelength Transmittance

(nm) (%) (nm) (%)
400 87.57 520 77.71
420 85.56 540 77.13
440 83.68 560 76.95
460 81.31 580 76.63
480 79.71 600 77.27
500 78.51 620 76.84
300 - [ ] PVK /./.
n pPC /
A PMMA by
. 500 o e
S ‘m
IS 1
=~ I
z i/
T 400 !
£ ]
g il
200 -
- ’//4 /‘—A
./// /
0 - & . : T T
0 2 4 6 8 10 12
Voltage{V)

Fig. 3. Luminance-voltage characteristics of ITO/
TPD : polymer/Alqs/Mg EL cells ; @ PVK, » PC, a
PMMA as polymer matrix in the hole transport
layer.
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Fig. 4. Current density-voltage characteristics of
ITO/TPD : polymer/Alqs/Mg EL cells;® PVK, =
PC, a PMMA as polymer matrix in the hole trans-
port layer.

g I vepd Aok, a8vt EL 4} A=}
of AHgE ITO9] Figo] 520 nm H-ZoljA 78
%ol 22 ITOXIHS EH&E 12T 3¢ Fig. 3
9] ITO/PVK : TPD/Algs/Mg (PVK/TPD=230:
7002 FA4E EL &xie] AA 43 2R Iz
£ 11 VellA] 1,044 cd/mZo] gt}

Fig. 4= Fig. 33% €2 X34 Azd EL&
k9] voltage-current HAIE JERIZA O ZA
11Ve] d& AYals PCx= 387.04 mA/cm?,
PMMAE 250.36 mA/cm?, PVKE 44.04 mA/

29 LEhigich.

Kido 5& TPD2} AlgsE AMEst =¥¥ EL
AgoA ME-F A 18224 PC7 PMMAKD
o =S JeEPE S Buldn oL WIS
B Ze R T2 9 {8 "ol £E(T)
o BAZY vka AtEtGche Fig. 3 2 Fig. 49]
AMZ 2e) PVKYF @& current densityE u}
Bl PMMA 52 PCE nlE™IA 28 A}
23 3¢ 20 52 IEE Yehe olfs
(i) PVK DA77 A& 48 + Us 5Ho
e (i) {8 el 2= (77 PMMA, PC

Ea2o #1998 63 19953 11¥
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® PVK/TPD=30/70
800 o PVYK/TPD=50/50
A PVK/TPD=70/30
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07—~,—o—p-4<“—-:‘_.,___,___
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Fig. 5. Luminance-voltage characteristics of 1TO/
TPD : PVK/Alqs/Mg EL cells ; @ PVK/TPD =30/
70, m PVK/TPD=50/50, 4 PVK/TPD=70/30 as
polymer matrix in the hole transport layer.

Hoh Fe 208CY @& veRR (i) PVK
W N-vinyl carbazole®] aromatic group®] A
3 Fx BEAol HF F¥4Ad TPDY HA4z
EA Betsle AME7F =2 stackingd 7HA
27 Eoz AER.

Fig. 5= ITO/PVK : TPD/Alqs/Mg® Az¥
EL ZxlojA 11} sjE-Y A PVKZ 327
% PVK/TPDg) v|Z 30/70, 50/50, 70/300.2
HEAIA 71 JeE 43 Aotk 11V o
A Aol PVK/TPD(30/70)& 815 cd/m?,
PVK/TPD(50/50)& 420 cd/m?, PVK/TPD(70
/30)& 329 cd/m?8] =& Yelith. & TPD
o gegol FTNETE Tt SR ERE
TPD, PVK &t AF %A 715l UA,
TPD| oJst HF %o EL &3] o Zol 7]

4B % 5 YT

2 &

TPD/1 2}/ &) §dg witog

of =¥l HF

ITO §219)

FE5S YT 2 9ol AR
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(ii) Film castingg ol 213 F&
el A SulEE TR tigh
Fgde] UE =A dichloroethane
(DCE)el £1 TPD/&219] F/ wAglol
I ¥5E= 0.005 wt%, film casting 2%+ 30T
ol Al ¢t E EL 427t ozt

(i) A 7639 u2x EL A Q70 U
A= PVK>PC>PMMA #4g ELY w7}
Fol& grletsl

(iv) ITO/TPD : m&22/Algs/Mg +x2] EL
22Hgol 8lojA] PL 2 EL 2#EZ BHogi
B 532 Algsoll o3 dojd-S Elstat.

n are

ZAre) 2B AFE MEE wSE AL
of 17X (Ministry of Education Research
Fund for Advanced Materials)ol 2J3] o] &
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