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Transient absorption characteristics of blue-sensitive or- 5

ganic thin films were investigated via a femtosecond /\\ Second order
pump-probe technique to estimate carrier kinetics. The ' / recombination

most important finding is that the long-lived absorbance & o Corrdocaton]|
at 3440 nm increased with increasing the concentratior g / \ \—ﬁ

of 1,1-dimethyl-2,5-big(,N-dimethylaminophenyl)-3,4- < ° "‘\ \ Long-iwedcarrer |
diphenylsilole (NMeg-silole). This fact indicates photo- 3 Fectrom oleecombintn VST M

excited carriers were dislocated in the organic layer, anc
the doping of NMe-silole is considered to be useful 10" 100 10t 10° 10
method to improve photoconductive characteristics of Delay time (ps)

organic devices. Carrier kinetics model for NMgsilole doped F8BT.
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1 Introduction  Organic materials have special optical at blue, green, and red regions[6]. A low carrier recombina-
and electrical properties for light-emitting diodes, photo- tion probability in an organic layer is important factor for
conductive devices, and thin film transistors. By now, sev-the efficient photo-excited carrier transport to electrodes.
eral research groups reported novel organic devices fabriHowever, it is difficult to realize in the case of single layer
cated by solution processes, such as photovoltaic cells [1structures. This fact causes lower external quantum effi-
2] and sensors [3]. In addition, color selective organic pho-ciencies (EQES) of solution-processed devices than those
toconductive devices have been attracting considerable atf multilayer structures fabricated by conventional thermal
tention for stacked organic image sensor instead of Sievaporation method [7].
based charge coupled devices and complementary metal By now, our research group reported an improved pho-
oxide semiconductor sensors[4—6]. This is because absorpeconductive characteristics of blue-sensitive organic de-
tion coefficients of several organic materials are highervices by doping silole derivatives into poly(dioctylfluorenyl-
than that of Si at a visible wavelength region. This fact in- co-benzo-thiadiazole (F8BT) [8,9]. Several silole deriva-
dicates most of the incident light is absorbed into the pho-tives acted as an electron accepter into F8BT. Therefore,
toconductive layer, resulting in the high resolution sensing.photo-induced electrons efficiently moved to the silole

A previous paper demonstrated superior color selectivside, resulting in the formation of carrier dislocation. In
ity of solution-processed organic photoconductive devicesaddition, several silole derivatives showed superior electri-
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cal characteristics for organic devices, and they were used 20

for an electron transport layer of organic light-emitting

diodes owing to its high electron mobility [10, 11]. E —0%
Transient absorption characteristics at the infrared (IR) & 5 12%
. . . . — (1]

region are useful tool to understand carrier kinetics after =

the irradiation of excited light [12,13]. In this study, we in- & —34%

vestigated carrier kinetics in the NMisilole doped F8BT e s,

film by measuring transient absorption characteristics at an § 10 45%

infrared wavelength (3440 nm). s 62%

o

2 Experimental After dissolving F8BT into chloro- S 5 V

form at a concentration of 1 wt%, NMssilole was added <

into in a same vessel. The ratio of NMsilole:F8BT

(NMe;-silole/(NMe;-silole+F8BT)) was changed as O, |

12, 34, 45 and 62 wt% to investigate the relationship be- 0 L L

tween the concentration of NMsesilole and the amount 300 400 500 600 700 800

of photo-excited carriers into NMesilole doped F8BT. Wavelength (nm)

A NMe,-silole doped F8BT layer was spin-coated on a
cleaned silica glass substrate. Then, the sample was aRgre 1 Absorption spectrum of NMesilole doped F8BT film.
nealed at 700 for 30 minutes to remove chloroform.

Finally, an encapsulating glass substrate was covered to

prevent the degradation of the organic layer.

We used ultrafast IR-probe femtosecond transient abkinetics in the earlier time region are now under investiga-
sorption spectroscopy to measure charge carrier kineticgion and will be published elsewhere. Roughly speaking,
IR light is sensitive to charged carriers, namely electronshowever, sub-picosecond decay that became faster for the
and holes, and delocalized excitons. In a later time scaldigher pump intensity can be assigned to second order re-
near 1 ns, it is expected to observe charged species of hol@mbination of excitons and/or charged species, and decay
in NMe,-silole and electrons in F8BT judging form our in 10-to-100 ps time scale, the rate of which was indepen-
previous work on the device performance [9]. Some de-dent on the pump intensity, seems to be due to trapping
tails of the measurement system have been described prevind/or first order recombination process of them.
ously[14]. The wavelength of pump light was 480 nm and  Figure 3(a) shows transient absorption kinetics for the
that of probe light was 3440 nm. The excitation repetition NMe,-silole doped F8BT films with different doping con-
was 500 Hz, and the temporal resolution was about 250
fs. The pump beam radius on the film surface was about
0.3 mm. All the transient absorption measurements were 20
performed at 295 K. In addition, the absorption spectrum
of the NMe,-silole doped F8BT film was recorded with a A —0.4mW
double-beam UV-Vis spectrophotometer (JASCO, V-650). 15 —0.2mW

0.1mwW
=—0.05mW

3 Results and Discussion  Figure 1 shows UV-Vis
absorption spectra of NMesilole doped F8BT films. The
peak absorption coefficient decreased with the increasing 8
concentration of NMgsilole. The minimum peak absorp- <
tion coefficient was 8<10* cm~! in the case of 62 wt%
doped film. However, this value was high enough to absorb
the pump light with the center wavelength of 480 nm.

Observed transient absorption kinetics for the NMe
silole (62 wt%) doped F8BT film is shown as a dependence
of the excitation power from 0.05 to 0.4 mW in Fig. 2. The
signal rise at the excitation timing is due to exciton gener- Time (ps)
ation and/or charge generation of electrons in NM#ole
and holes in F8BT. Although separation of these species igigure 2 Transient decay kinetics for a NMesilole (62 wt%)
difficult at present, it is sure that species remaining up todoped F8BT film follwong excitation at 480 nm. Decacy kinetics
the nanosecond time scale is due to charged species. Thergere probed at 3440 nm. Excitation intensity was ranged from
fore we can evaluate relative charge generation efficiency.05 mw to 0.4 mw.
from signal sizes at the later time region. Details of the
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centrations from 0 to 62 wt%. The optical intensity of 3(b). The increasing absorption for the larger silole concen-
pump light was 0.2 mW. The transient absorption signaltration (except for the 45 wt% sample) indicates that charge
sizes were corrected using absorption fraction at 480 nntarrier generation efficiency increased due to higher pos-
in order to cancel the effect of different numbers of ab- sibility of charge transfer at silole/F8BT interface. Well-
sorbed photons. It is seen that transient absorption just aftedispersed silole starts to form aggregates at higher doping
excitation decreased with increasing NMslole concen-  levels, making segregated silole structures beside F8BT re-
tration (shown in Fig. 3(b)). This tendency suggests thatgions. A microscope image of fabricated sample showed
charge separation between NMsilole and F8BT occurs the most aggregated silole derivative at the concentration of
within the time resolutionl{ 250 fs). To obtain more direct 45 wt% . Therefore, this may be the reason of the charge
evidences of charge separation process visible-region trargeneration efficiency drop at the 45 wt% doping. The in-
sient absorption experiments will be examined. Transientrease of the efficiency at the 62 wt% doping case may be
absorption intensities averaged between 500 ps and 1 ns adeie to appearance of well-dispersed silole within F8BT re-
plotted against the concentrations of NMslole in Fig.  gion in addition to the segregated aggregates.

4 Conclusion We estimated the carrier kinetics for
30 a NMe,-silole doped F8BT by using femtosecond pump-
probe technique. The long-lived averagD from 500
—0% to 1000 ps increased with increasing the concentration of
—12% NMe;-silole. This result indicates photo-excited carriers
efficiently dislocated in the F8BT layer by doping NMe
silole.
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Figure 3 (a) Transient decay kinetics probed at 3440 nm for
NMe;-silole doped F8BT film following excitation at 480 nm.
Concentration of NMg-silole doped F8BT film was ranged from
0 to 62 wt%. (b) PeakAOD and average\OD from 500 to 1000
ps as a function of the concentration of NMsilole doped F8BT.
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