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Nondispersive hole transport in a spin-coated dendrimer film measured
by the charge-generation-layer time-of-flight method
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Measurements of the mobility of a first-generatidal() bis-fluorene cored dendrimer have been
performed on spin-coated samples of 500 nm thickness using the charge-generation-layer
time-of-flight (TOF) technique. A 10 nm perylene charge generation layer was excited by the 532
nm line of aQ-switched Nd:YAG laser and the generated carriers swept through the dendrimer film
under an applied field. We observe nondispersive hole transport in the dendrimer layer with a
room-temperature mobility.=2.0X 10" % cn?/V s at a field of 0.55 MV/cm. There is a weak field
dependence of the mobility and it increases frme1.6X10 * cn?/Vs at 0.2 MV/cm tou
=3.0x10 % cm?/V's at 1.4 MV/cm. These results suggest that the measurement of mobility by
TOF in spin-coated samples on thickness scales relevant to organic light-emitting diodes can yield
valuable information, and that dendrimers are promising materials for device applicatiorZ)02
American Institute of Physics[DOI: 10.1063/1.1514400

Organic electroluminescend&L) has generated much erated optically at one edge of the sample and swept through
interest recently due to numerous optoelectronic applicationthe device under an applied field, and the time for the charge-
such as light-emitting diode$.EDs) and lasers. Current carrier packet to travel across the device is known as the
peak external quantum efficiencies of organic light-emittingtransit time ;). Generally for solution-processable materi-
diodes(OLEDS) are of the order of 20%and lifetimes in  als, this is performed on a thick sample of a few micrometres
excess of 10000 h have been repofiethere are three thickness to ensure that the optical density of the sample is
classes of organic EL materials: Small molecules, conjugategufficient for the photoexcited carriers to be generated within
polymers, and conjugated dendrimers. Of these, the latte¥ small percentage of the device thickness. For solution-
two are solution-processable materials, and it is believed thdtrocessable materials, this usually entails preparation of a
these offer greater flexibility for cheaper display fabricationdrop-cast film in order to achieve the desired thickness.
and the possible application of such simple techniques sucHence, the charge transport measurements are made on films
as ink-jet printing of displays. Polyfluorene-based polymeréhat are different from the spin-coated films commonly used
have shown much promise due to their high photoluminesi® make LEDs. Morphology has been determined to be an
cence efficiency and color tunabiffy® and more recently important factor in determining the transport properties of

solution-processible phosphorescent dendrimers have Shovﬁqlution-%ocess_able materials such as conjugated
excellent emissive propertiés. polymers,© and it has been shown that the effect of solvent,

For all classes of materials, the injection and transport of°!Ution concentration, and spin-coatifigonditions can all

charge plays a crucial role in determining the efficiency of '2V€ @ Major impact on the microscopic properties of the

OLEDs. Ideally, both electrons and holes should have mO[naterial. Thus, there is considerable scope for large varia-
bilities of similar magnitude, so that charge recombination;f:ﬁ;IS tl)rftwdedeig t:e tmgirphzlo\?y Or]: c\i,\rlﬁpt-hcatsrtnand Srpl(?-r(T:]O%tiﬁd
occurs away from the electrodes which may quench lumines- S. In aqgition, stucles have Shov at measured mo

ties can depend strongly on film thickness.

cence. Measurements of charge mobility therefore provide . .

. ; . . An alternative approach to TOF measurements, which

important information for the development of improved ma- . .

terials and device structures. A high mobility is desirable 1‘orhas often been used for amorphous semiconductors, is to
-ANg y mploy a charge-generation lay@@GL).2* A thin layer of

high brightness applications, field-effect transistors, an bsorptive dye is evaporated onto a sample between the
novel devices such as electrically p“mped organic 1&5efs. . sample and the contact electrode. The excitation laser wave-
A commonly l,Jsed, methqd for S“,de'”g charge' transport Mength is chosen to pass through the semitransparent indium
organic materials is the time-of-fligif OF) technique, first i, oyide (1TO) electrode and the sample, and is absorbed by

developed in the 1950.A sheet of charge carriers is gen- the CGL. The resultant carriers are then swept through the
device under an applied field. The advantage of this method
dElectronic mail: idws@st-and.ac.uk is that the carrier generation point is well defined irrespective
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FIG. 1. The film absorptiorisquare} film PL (triangles, and structure of
the G1 bis-fluorene dendrimer studied. The optical density of 10 nm of
perylene used as a CGL is also shofgiicles. Also shown is the structure
of perylene diimide.

of optical density or thickness of the sample, allowing accu-
rate conclusions to be drawn for materials with different ab-
sorption spectra and optical densities at the same film thick-
ness. It can, therefore, be seen that a major advantage of th
incorporation of a CGL is that mobility measurements can be
performed on spin-coated films close in thickness and mor-
phology to those found in OLED structures. Finally, the thin- . 10
ner structures studied here allow higher applied fields to be Time (s)
investigated VyithOL.Jt Fhe use o.f hig.h tenSion po.Wer .SuPp“eSFIG. 2. (a) Typical TOF transient taken at a field of 0.71 MV/cm afiul
and the practical limit of applied field is then field-induced yoypie-togarithmic plots of transients at applied fields of 0.34, 0.47, 0.54,
device breakdown. 0.68, and 0.89 MV/cm. Measured on a 520 nm film.

In this letter, we report charge transport measurements
using a CGL on a new blue emissive conjugated dendrimer.
Conjugated dendrimers consist of a light-emitting core, denperyl_eﬁne dye was then evaporated under' a vacuum of 3
drons, and surface groups that control the processing prope>r<- 10 mbar_t_o cover the whole of t_he device, with subse-
ties. One of the great advantages of this molecular framedu€nt deposition of 100 nm of aluminum through a shadow
work is that each of the components can be tuned@sk. defining an active pixel area of around 5 %nfl'”he'
independently to control the color of emission, degree ofP€rylene CGL was excited through the ITO and dendrimer
intermolecular interaction, and solubility as required for dif- 12y€r using the 532 nm line of @-switched Nd:YAG laser.
ferent application&>6 This scope for molecular engineering ' "€ aluminum electrode was biased positively and the pho-
has recently been used to make high efficiency single-layeicurrent signal detected from the ITO using aGnput of
spin-coated dendrimer LEDsThe structures of thebis & digital storage oscilloscope. The resistance—capacitance
fluorene cored dendrimer and perylene charge generatidfRC) time constant of the system was less than 100 ns.
layer are shown in Fig. linset$. The dendrimer consists of A typical transient measured at room temperature is
a bis-fluorene core with hexyl side groups attached to the gshown in Fig. 2. It can be seen that there is an initial current
position of each of the fluorene units. Phenylene-based demeak at short times, commonly attributed to initial electronic
drons with 2-ethylhexyloxy surface groups are attached tgelaxation of the charge carriers towards their intrinsic den-
the core. The dendrimer contains one layer of branching phesity of states distributioh’*® A plateau region is observed,
nylene dendrons, making it a first-generation material. Thélthough at the studied device thickness it is not very appar-
photoluminescencéL) and absorption spectra of a thin film ent on a linear scale. There is then a decrease in the current
are shown in Fig. 1. Two peaks can be resolved in the abat longer times as the charge-carrier packet reaches the
sorption spectra, an absorption peaking at 272 nm attributcounter electrode. The plateau region can clearly be seen in a
able to the biphenyl moieties within the dendron, and a feadouble-logarithmic plot of the datgFig. 2(b)], and the re-
ture with an absorption maximum at 352 nm arising from thesults are shown for a range of applied fields. The transient is
bis-fluorenebis-phenyl unit. The PL emission is in the deep clearly nondispersive, somewhat a surprise for a dendritic
blue with peaks at 401 nm and 424 nm. The optical densitynaterial, that intuitively one would assume to be rather dis-
of a 10 nm perylene diimide dye charge transport layer iordered. A previous study on a family of amine-cored distyr-
also shown. Solutions of dendrimer were made to concentrdbenzene dendrimers showed highly dispersive beh&vior
tions of 45 mg/ml in chloroform, and films spun onto ITO and this, coupled with photophysical measurements, sug-
(20 Q/cn?) at 700—800 rpm to yield a homogeneous film of gested a highly disordered system. However, good vibronic
500-600 nm thickness. The spin-coated films were of opticastructure in the PL emission of the fluorene-cored dendrimer

qualitP/ and possessed good uniformity. A 10 nm film of is another indicator of apparent molecular scale order in this
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10° . is significant as it shows that the extended conjugation of
a)- conjugated polymers is not required to achieve reasonable
(i.e., suitable for OLED mobilities in solution-processed or-
ganic semiconductors. The field dependence of the mobility
is weak, similar to that measured for PFO systéisiit in
contrast to MEH-PPYP Theoretical studies have shown that
such a weak field dependence is characteristic of a system
. with little geometrical flexibility?! and suggests that the den-
drimer units are very rigid, rodlike structures.
/./K In conclusion, we have observed nondispersive hole
transport in a spin-coated film of an organic semiconductor.
The results show that the CGL-TOF method is effective for

Mobility (cm*/Vs)

1040_0 "02 04 06 08 10 12 14 the study of charge transport in films deposited by the same
" E (MV/cm) process used to make LEDs. We have used this technique to
O = study a fluorene-cored conjugated dendrimer, and we mea-
A sure a high mobility and low-field dependence for this sys-
72’; tem, making it attractive for electroluminescent applications.
NE The authors are very grateful to Professor KM for
) - providing the perylene derivative. They acknowledge finan-
2 . * cial support from EPSRC, SHEFC, Opsys Ltd., and the “Op-
B / todynamics” project of the University of Marburg, and the
§ /‘/./ﬁ Fond der Chemischen Industrie. One of the authors
(I.D.W.S) is a Royal Society University Research Fellow.
10* . r . T T - T
400 600 800 1000 1200 IM. Ikai, S. Tokito, Y. Sakamoto, T. Suzuki, and Y. Taga, Appl. Phys. Lett.

E'" ((VIem)'?) 79, 156(2001.
2C. W. Tang, Inf. Disp.12, 16 (1996.

SA. W. Grice, D. D. C. Bradley, M. T. Bernius, M. Inbasekaran, W. W. Wu,
and E. P. Woo, Appl. Phys. Letf.3, 629(1998.

4Q. Pei and Y. Yang, J. Am. Chem. Sdl8 7416(1996; H. N. Cho, D.

Y. Kim, Y. C. Kim, J. Y. Lee, and C. Y. Kim, Adv. Mate®9, 326 (1997.

. . . . 5|. S. Millard, Synth. Met.111, 119(2000.

material. The nondispersive behavior also suggests that the; 5 5 Markh;'m S W M]égenn(is I.OD. W. Samuel S. C. Lo. and P. L.
dendrimer has a very high level of chemical purity. Nondis- Burn, Appl. Phys. Lett18, 13 (2002.

persive transport has been observed previously in(p@y "N. Tessler, G. J. Denton, and R. H. Friend, Natdrendor) 382, 695

. 19 . . : (1996.
dioctyl fluoreng (PFO),™ but an important difference is that “Osterbacka, C. P. An, X. M. Jiang, and Z. V. Vardeny, Sci@ig 839

the measurements were made on much thicker solution-cas,gq.

films, and are thus less comparable to the morphology founds.-c. Lo, N. A. H. Male, J. P. J. Markham, S. W. Magennis, P. L. Burn, O.
in an LED structure. V. Salata, and |. D. W. Samuel, Adv. Matet4, 975 (2002; H. Sir-

In order to assume a constant bias field across the samplc{,'\r/‘gf:#;é\zlj'_\%gm Ff]' HH Fsr:)eigrc:hgﬂ'RMANI?ISJe;ﬁs};éEeEhg\]Zam'ei?érMb

in TOF measurements, the c.ollected charge r_1eeds to be bererwig, and D. M. de Leeuw, Natur@ondon 401 685 (1999.
low 5% of the sample capacitor charge. In this experiment®J. H. Schon, C. Kloc, A. Dodabalapur, and B. Batlogg, Scie28@ 599
the collected charge was of the order 3%—4% of the capacil-l(EZO&Q-C i © Photonhysi 4 Anplicationandbook

. . . M. Conwell, inTransport, Photophysics, and Applicatioii$andboo
tor charge, p'artlally du? to_ the peryleqe layer absorb_'”g only of Organic Conductive Molecules and Polymers Vol 4, edited by H. S.
a smaII_ fraction of _the |nC|d_ent laser light. The transit times Naiwa (wiley, Chichester, UK, 1997 J. R. Haynes and W. Shockley,
are defined as the intersection between the asymptotes of th&hys. Revs1, 835(1951).

. . . 12

two power-law regions of the traces, and are indicated by T--Q- Nguyen, R. C. Kwong, M. E. Thompson, and B. J. Schwartz, Appl.

: , » Phys. Lett.76, 2454(2000.
arrows in the diagram. The mobility can then be calculatedsy gp;i 5 iy, and v, Yang, 3. Appl. Phy87, 4254(2000.

by n=d?/Vt; whered is the device thicknesd/ is the ap-  14C_ im, H. Bissler, H. Rost, and H. H. Hbold, J. Chem. Phyd13 3802
plied voltage, and+ is the transit time. The dependence of (2000.

. . . . 15 H H
the mObI|Ity on the applled fle|tﬂFIg. 3(a)] and the square M. Halim, J. N. G. P|I|ow,_ I. D. W. Samuel, and P. L. Burn, Adv. Mater.
11, 371(1999; J. N. G. Pillow, M. Halim, J. M. Lupton, P. L. Burn, and

FIG. 3. Mobility of the G1 his-fluorene dendrimer v& and vsE'? mea-
sured on a film of thickness 520 nm.

root of the applied fieldFig. 3(b)] are shown. Good linear | "5"\y samuel. Macromoleculea2, 5985(1999.
fits to both of these characteristic forms can be se®Rh ( 65 M. Lupton, I. D. W. Samuel, R. Beavington, M. J. Frampton, P. L. Burn,
=0.962 and R>=0.971, respectively The mobility in- and H. Basler, Phys. Rev. B3, 155206(200]).

_ 4 o 17H. Bassler, Phys. Status Solidi B75 15 (1993.
mu =1.6X . ’
creases fro 1.6x107" em/V's at 0.2 MVicm to p 18E. Muller-Horsche, D. Haarer, and H. Scher, Phys. Rev3® 1273

=3.0x10 * cn?/V's at 1.4 MV/em. This mobility is two  (19g7,
orders of magnitude higher than the value of 2.2, Redecker, D. D. C. Bradley, M. Inbasekaran, and E. P. Woo, Appl.
X107 % cm?/V's at 0.5 MV/cm measured for MEH-PBY _ Phys. Lett.73, 1565(1998.

20 : .
—4 I. H. Campbell, D. L. Smith, C. J. Neef, and J. P. Ferraris, Appl. Phys.
and comparable to that for PED(3x10 4 cn?/V's at a Left. 74 2809(1999.

field of 0.5 MV/cm). In the dendrimer, charge transport must2i; ¢ vy D. L. Smith, A. Saxena, R. L. Martin, and A. R. Bishop, Phys.
occur by hopping between th@s-fluorene cores. The result  Rev. Lett.84, 721(2000.
Downloaded 12 May 2003 to 138.251.105.137. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp



