HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 84, NUMBER 10 8 MARCH 2004

Improved blue light-emitting polymeric device by the tuning
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We have prepared blue polymer-small molecule hybrid electroluminescence devices with improved
efficiency and lower driving voltage by the statistical design method. Analysis of time-of-flight
measurement shows that amorphous small molecule hole-transporter blended with a blue
light-emitting polymer increases the field-dependent hole mobility, with transition from
nondispersive to dispersive transport induced by the charge-trapping effect. Moreover, at the
electroluminescent devices with different electron injection/transport layefAl, LiF/Ca/Al, and
Alqgs/LiF/Al), efficiency was further increased. We have analyzed that carrier mobility of a
multilayered device can also be controlled by the change of electron injection and transport layers.
We find that structural design and matching overall charge balance is an essential factor to improve
both the operating voltage and efficiency of existing blue polymer device20@ American
Institute of Physics.[DOI: 10.1063/1.1651644

Light emitting polymers(LEPS have great potential as revealed the efficient electron injection via the reduction of
materials for full-color flat panel display devices due to thebarrier height as increasing LiF thicknéstmproving effi-
easiness of solution processing and low-cost patterningiency by the reduction of electron injection barrier height
methods. Therefore, several alternative patterning methodgdiffering LiF thickess at LiF/Al or LiF/Ca/Al was also re-
such as excimer laser ablatibink-jet printing? and micro- ported with  built-in  potential measurement  of
patterning by cold welding, have been demonstrated. A electroabsorption®~*?Effect of such injection barrier reduc-
more efficient method for patterning polymer light-emitting tion on the carrier mobilities can be studied by a transient
device(PLEDS is laser induced thermal imagirigITl) pro-  electroluminescenc@ EL) experiment. However, buildup of
posed by 3M(St. Paul, MN and Samsung SD{Suwon, internal space charge at interfaces and the difference of hole/
Korea.*® Unlike the ink-jet technology, LITI is a solid-to- electron injection make the interpretation difficult at the mul-
solid transferring process that requires, in general, the matefayered devices?
rial within the transfer layer is conveyed from the “donor” to In this letter, a statistical method was used to fabricate an
a receptor surface. optimized blue polymer-small molecule hybrid emitting

LITI can transfer the LEPs containing additive inert |ayer. Established formulation is ready for the high-
polymers and LEPs blended with optoelectronically activeresolution patterningLIT!) for full color devices. We have
small molecules such as soluble hole and electrormployed the time-of flighi TOF) and TEL technique to
transporterdso that it is a promising patterning technique for study the charge carrier mobility of blue PLED, which sug-
a high resolution and large size substrate. Our previous studgest the optimum carrier mobility levels.
revealed  that {1,3,5-trigN,N-bis(4-methoxyphenyt Blue light-emitting devices were fabricated on UVzO
aminophenyl benzeng triphenylamine [TDAPB, from  treated 180-nm-thick indium tin oxidéTO) substrates cov-
Bayer AG, with highest occupied molecular orbital ered by 80 nm-PEDOT:PSBaytron® P TP CH8000, Bayer
(HOMO); 5.10 eV(Ref. 7) and 5.30 eV measured by Riken- AG). The hybrid emitter containing polyfluorene-type blue
Keiki AC2] was found to be matched with most commercial | Ep (Lumatiort BlueJ Light-Emitting Polymers, Trademark
blue LEPS? of Dow Chemical Company, Blugbmall molecular hole

Control of charge-carrier mobility is another important transporter(TDAPB), and inert polymer that further helps
factor for a design of better PLEDs, which is closely relatedprecise LITI-patterningpolyacenaphthylene, from Aldrigh
to the charge balance for injection and transport of hole angpaNg), was spin coated from 1.0 wt% toluene solution
electron. Moreover, understanding the charge and field disylended. The electron transport layer and cathode were
tribution (e.g., formation of interfacial space charge es-  evaporated at pressures less than’10orr the thickness of
sential to improve the performance and stability of devicesgach |ayer was 5 nm for Alg 3 nm for LiF, 8 nm for Ca,

An ultraviolet photoelectron spectroscopy study to measurgng 250 nm for Al. The thickness was measured with a cali-
the work function of monolayer amount LiF on aluminum prated oscillating crystal monitor. The annealing process of
the emitting layer (90 °C for 60 mjnwas performed before
dElectronic mail: bdchin@samsung.com Alq; or cathode evaporation.
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comcaner Do ><1_06 Viem and 300 K, the neat BlueJ polymer showed a
;;gg;cy typical nondisperse hole_ trgnsport_&gnal with a clear
current plateau, as seen in FigaR This clear plateau be-
havior appears at the case of conjugated homo-
polymer [poly(9,9-dioctylfluoreng]** and several co-
polymers {fluorene-triarylamine, such as  poly-

Brightness (nit)

\ [9,9 - dioctylfluorenecobisN,N(4 - butylpheny] - bis - N,N -
0}~ phenyl-1,4-phenylenediamifié® Such a plateau tends to be
o4 04 0s disappeared as the blending ratio of TDAPB increases. Since
TDAPB PANa Applied Bias (V)

the addition of TDAPB increases the current density of the
@ © device, the required electric field at the similar magnitude of
FIG. 1. Design of a three-component mixture of Blue LEue), HTL i[he current peak is de_creased as th_e TDAPB Cor!cent_rat'on
(TDAPB), and inert polymer(PANa) to achieve lower driving voltage as increases. The delay time can be estimated at the junction of
well as high efficiency(a) The seven points indicates the position of each the 3|0pe guide”ne, which is distinguished by the arrival of

mixture with the concentration, for example, point 5 occupies the mixture ; ; i
ratio of BlueJ/TDAPB/PANa 4/4/2. Lines of contour plot show the statistical photoexcited electrons. Field dependence of hole mobility

distribution of power efficiency at 150 Cdfmand dotted straight lines cor- data is plotted for neat BlueJ and blend composition of

respond to each composition of three compondbis.uminance plotofthe ~ TDAPB/PANa 5/2/2; 4/4/4Fig. 2b)], this log-linear scale

three-component system as a function of the driving voltage. plot showed approximate linear dependence on the square
root of the electric field. For usual amorphous organic semi-

In Fig. 1(a), luminance—voltage characteristics of PLED conductors, it can be attributed to the effects of disorder on
devices using BlueJ/TDAPB/PANa ternary blends andcharge transpoff*®Increased hole mobility explains the de-
LiF/Al cathode were depicted. In the three-component mix-crease in operating voltagéFig. 1(a)] at the higher-
ture diagraniFig. 1(b)], which was designed by MINITAB® concentration region of TDAPB. However, due to a slightly
software, contour lines of power efficiency at the specifiedower ionization potential HOMO of TDAPB compared to
brightness(Im/W, measured at 150 Cdfinwere described. BlueJ (5.5 eV, by Riken-Keiki AC2, it might also act as a
It was clearly visible that brightness as well as current denhole trap at the charge-transport procEsshich can other-
sity increases as the fraction of TDAPB in the mixture in-wise limit the passing current and therefore, better power
creases. Within the range of selected compositionefficiency as shown in Fig.(h).

BlueJ/TDAPB/PANa 4/4/2 exhibited the lowest operating The measured hole mobility by the TOF experiment in
voltage and reasonable power efficieney2.0 Im/W) with  this study seems to obey the Poole—Frenkel f6rm
CIE1931[x=0.14y=0.17]. In addition, distribution of the

contour line predicted the maximum power efficiency at the  u=uqoexp B \/E),

composition at BlueJ/TDAPB/PANa 4/3/3.

Figure 2 illustrates the result of TOF experiments for awhere o is the zero field mobility(extrapolatefiand g is
single layer of polymer-small molecule hybrid emitter. From Poole—Frenkel factor. The addition of hole-transport material
the N, laser (337.5 nm with short duration (300 ps, into the light-emitting polymer resulted in the increase of
the sandwiched emitting layefl um thickness and 4 disorder, hence, the continuous decay of the photocurrent
mn? active areabetween ITO and Al was optically excited. occurs at a faster rate. For neat Bluejo=2.29

The transient current was measured across the load resistsrl0 ° cm?/Vs and =4.75<10"°% (cm/V) Y2 BlueJ/
using a digital storage oscilloscope. At a field B=3.5 TDAPB/PANa 5/2/2 showed thato=2.18<10"° cn?/V's
and B=4.6x10"2 (cm/V) Y2 For BlueJ/TDAPB/PANa
. . 4/2/2, a further increase gf,=3.79x10 8 cn?/V's and
=5.59x 1072 (cm/V)~Y? was shown.
Figure 3 shows the difference of luminance—voltage
and efficiency datdb) when the electron injection or trans-
port are structurally facilitatedfor BlueJ/TDAPB/PANa
4/4/2 hybrid emission laygrAs reported in the literatur¥,
the LiF/Ca/Al trilayer cathode increases power efficiefigy
to 3.0 Im/\W) showing a lower operating voltage with our
device. Another modification is the use of electron transport
s N layer (5 nm Algg) evaporated on top of the blended emission
. ®, PUGYTRARADINEHER | e layer, which does not significantly change the color purity of
10* 10° 10 200 400 600 800 blue emissior{CIE1931y<0.20). In this case, the operating
t(sec) E"*(v/em®)™ voltage is somewhat increased and, hence, lower power effi-
FIG. 2. () The room-temperature time-of-flight transient for a Blue LEP clency Isf obtained com.pared to the device using LiF/Al cath-
(Blue) and BlueJ/TDAPB/PANa blends. The film thickness was 0.9-1.050d€. This can be attributed to the energy level of lowest
um and the measurement was performed in the range of electricHield occupied molecular orbitaLUMO) offset at the interface
=4x10 4~10x 10 * V/cm. The square Iin_es are data for neat BlueJ, lines and possible buildup of the space charge. Figum i3 the
are for BIueJ/TDAEB/PA_Na 5/2/2, and d|am0nds are for BlueJ/TDAPB/ normalized TEL signal of the device using BlueJ/TDAPB/
PANa 4/4/2. Inset figure is the linear plot of the identical photocurrent data. .. .
(b) Hole mobilities as a function of the square of electric field strength. PANa (4/4/2) as an emission |ayer and LiF/Ca/Al cathode.

Lines are linear fit to get the Poole—Frenkel parameters. For voltage pulses with different amplitudé.0—13.0 V,
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cathode/emitting layer is sufficiently fast, TEL charge mobil-

~ e / /‘/ el ity may also reflect the transport of a major carrier through
G =08 ==t 1 E °f =A=HFAL the emitting layer, which can then be affected by the trans-
T ol = b T ] port of the opposite chargeelectron. The discrepancy of
£ B charge carrier mobility based on TOF and TEL measurement
.| /// B 1i""*'\-\-\ﬁ.“i:‘_ in our study is, of course, due to the complicated device
A structure and interfacial effect at the real electrolumines-
03 42/42/. é ; 8 00 5(I)0 1(;00 15‘00 20‘00 2500 cence deVICe
Voltage (V) Brightness (Cd/m) In conclusion, we have found optimum composition and
@ ®) structure of polymer—small molecule hybrid device to
05 AGILFAL ' achieve improved efficiency and driving voltage of the blue
5 P & palex HEica | PLED. Balancing the charge transport by the structural
< LY = / method was found to be an essential technique to improve
':% ‘/““f lﬂ £ oa} / o the performance of a blue PLED device for practical appli-
T [ [omf g - cation.
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