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Abstract: Electrical properties of organic light-emitting diodes were studied in a device with
7,78 8-tetracyano-quinodimethane (TCNQ) to see how the TCNQ affects on the device performance. Since
the TCNQ has a high electron affinity, it is used for a charge-transport and injection layer. We have
made a reference device in a structure of ITO(170 nm)/TPD(40 nm)/Alqs(60 nm)/LiF(0.5 nm)/Al(100 nm).
And two types of devices were manufactured. One type of device is the one made by doping 5 and 10
vol% of TCNQ to N,N'-diphenyl-N,N’'-di(m-tolyl)-benzidine (TPD) layer. And the other type is the one
made with TCNQ layer inserted in between the ITO anode and TPD organic layer. Organic layers were
formed by thermal evaporation at a pressure of 10° torr. It was found that for the TCNQ doped devices,
turn-on voltage of the device was reduced by about 20 % and the current efficiency was improved by
about three times near 6 V. And for devices with TCNQ layer inserted in between the ITO anode and
TPD laver, it was found that the current efficiency was improved by more than three times even though
there was not much change in turn-on voltage.

Keywords: Organic light-emitting diodes, TCNQ, Electrical properties

1. M 8 S 27 Aol & 94FE vAA Hef, AE A

E 53 223 /7] &3 29 MAV adY

Tang# VanSlyke:= 1987dell %2 & At} 474 Ast FYH} 75 FHAND GgE T
T8 #7] A7 ¥F F2E Byded, o]F z 9 QAarEe] Ak ok Tang¥ VanSlyke:
7] @33 Aaxte B gaFde] Al delM B aromatic  diamine®}  tris  (8-hydroxyquinoline)
S gigkot (1] f7] 233 2Ae] 2delA +HF  aluminium (Algz) 9 f7] WHEAE AFRE o] FE 9
g, 2H] AY, agla EF EEL FAY EHE TZRE ol48ld ¥ TF AU nE g 2AE
o 53 ¥e FF A 3 Ay Age A% FARAG (1) olH¥ °dF Fx9 2A F2 B
FaE7] HA e FAFFH FAFAA M £ o, F71ES =R A AT E A7
=079 A3 A3l FUHN FHFZ2AA9 Ad r g =YL W, &I pe EHRE 9L F
F=7b dAsojol g welA M3 F3 k. AAZ &4 ARE7 FHHY FALE £4F
ojg} & Aetx FE&FolAe A BsE 7EE F

a. Corresponding author; taekim@hongik.ac.kr L, ERE 24 FF 249 =9 £HE =9<



ANAAN 283 =82, 234 A11ZE pp. 896-900, 2010 119 Y3 & 897

2 3 FAgdd oFre I AHd}Fe gy <3
et FUL ERHoE &  AES AFEY [23]
2001'd Zhou Q78 AT 459 =3¢ o
Z2H AT FAE FHANE 978 §9d 4] A
& T4208 2356-fluoro-7,7,88-tetracyano-quino
dimethane (F4-TCNQ)-& =93 44" 4"-tris
(N,N-diphenyl-amino) triphenylamine (TDATA)%
AHEEAT 4] 2 A3 AF #4359 52 Ax:x
o} As Eutzte] A3} Y=g Ao £ AU [4).
TCNQ-FrEAE= p-3 ZHEEZAN WIEZ7A Ao}

%7] (cyano-group : CN)¢} ZAg3ti gojA 73k
Az BA 54 7Hdd. o] L AF #4323

o] &3A HE, F718%F9 HFEE7L A= 2z
9] %"5‘01 gdot [5]

B AFME 3 FE AYH nE Lo AxAE
:r‘?ﬂﬁ}ﬂ Astd, AF #4522 AHEEHE TPDY
7,7.8,8-tetracyano-quinodimethane (TCNQ)& % %3}
AY ITOS%H TPD Alojo] wtpFoz AbQleled 2zt
£ AFstgh o5 4714 EA4F TCNQOl <%
ERE B43a4.

2. ¢ 9y

718 2&= ITO(170 nm)/TPD(40 nm)/Algs (60
nm)/LiF(0.5 nm)/Al(100 nm)¢] F#+z& %St &
HAFo2 AHEF indium-tin-oxide (ITQ) HZF9 *
7l 170 nmol i HAFL 10 Q/sqel™, Asahi Co.
238 F4agcth ITO 71#9 Z7)E 2X2 cm’2
den, 3 mme Zoz HEYS Y. HEY
Ul Ay Gabe 318 e £ o] gty 3§
Al B FEYez 3o dEdd ITO 78S
olAZEg dALE o83 50T 2xoA F Az
¢ 259 AH Y2 (Branson 2210R-DTH), tt

=

SO08 FHTE o83 Ze oz AFHEYGH
AHo] Byd AA 7|AZ 712 AZFA A
AT #4322 TPDE A48, 23 2 A

A FE5FoR2 AlgE AHEsAT. Azl F#4& %43
37] 9% vHZo2%= lithium fluoride (LiF)& A}
&3t [67. =&, 4% AR HAFGEE A=
TCNQE AFT F42d =338AY ITO A 9
wazg PAso 2&AE AFsAY. 1Y 1L
TCNQS £z +Z& HAF Ut} o] AL 73l
A A EA4E 7HAx den, o WIEsq

NC !CN
NC/ CN

Fig. 1. Molecular structure of TCNQ.
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Fig. 2. Device structures used in our study.
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Fig. 3. Electroluminescent properties of ITO/
TCNQ:TPD/AlqyLiF/Al devices with 5 and 10% of

TCNQ doped to hole-transport layer of TPD Voltage-
dependent; (a) current density, (b) luminance and (c)
current efficiency.
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Table 1. Electroluminescent properties of ITO/
TCNQ:TPD/Alqsy/LiF/Al devices with 5 and 10% of
TCNQ doped to TPD.

TCNQ:TPD undoped 5% 10%
Driving Voltage [V]
5 10.8 8.50 9.85
@ 100 mA/cm”
Driving Voltage [V]
2 790 6.25 7.10
@ 100 cd/m”
Current Density
[mA/cm’) 750 22.0 750
@ 100 cd/m’
Current Efficiency
[cd/Al 1.35 0.47 1.30
@ 100 cd/m’
External Quantum
Efficiency [%] 0.15 0.05 0.15
@ 100 cd/m’
Maximum Current 1.70 1.66 1.63
Efficiency [cd/Al @0V | @87V |@90 Vv
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Fig. 4. Electroluminescent properties of ITO/
TCNQ/TPD/Alqy'LiF/Al devices with TCNQ inserted

between ITO and TPD layer. Voltage-dependent (a)
current density, (b) luminance and (c) current efficiency.
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Table 2. Electroluminescent properties of ITQ/
TCNQ/TPD/Alqy/LiF/Al  devices with TCNQ inserted
between ITO and TPD layer.
TCNQ:TPD 0 nm 05 nm 1 nm
Driving Voltage [V]
5 10.8 . .
@ 100 mA/cm” 0 90 ok
Driving Voltage [V]
@ 100c d/m’ 7.90 7.55 7.30
Current Density
[mA/cm’] 7.50 7.00 7.50
@ 100 cd/m’
Current Efficiency
[cd/A] 1.35 1.46 1.34
@ 100 cd/m’
External Quantum _
Efficiency [%] 0.15 0.16 0.15
@ 100 cd/m’
Maximum Current 1.70 1.75 1.79
Efficiency [cd/A] | @ 100V | @ 975V | @ 950 V
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