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Abstract

Evaporative spray deposition using ultra-dilute solution
(ESDUS) technique enables polymer film preparation using
diluted solution at ppm level and layer by layer deposition of
organic semiconductor s with out damaging bottom layers. We
used this method to prepare p-type and n-type doping in iden-
tical polymer semiconductors. The device characteristics in-
dicated drastic improvement of the conductivity with the elec-
tron mobility.

1. Introduction

Organic semiconductors such organic light-emittdigdes
or solar cells are almost used in the non-dopet.stherefore,
the loss due to resistance of the semiconductdaddanthe low

carrier density is largeOne method to solve this problem is a

carrier doping, dispersing donor or acceptor madé&in the or-

ganic semiconductoihe carrier density of the organic semicon-

ductor by carrier doping increases, the condugtiwén be greatly
improved. However, the known dopants are hardlyldelin or-

ganic solvent which can dissolve the semiconduttaterials and
are also unstable in the air. This is main reakahthe fabrication
of organic semiconductor devices by wet processesakore
difficult.

Recently, we have developed a polymer thin filnmpgration
method, Evaporative Spray Deposition using Ultiatdi Solution
(ESDUS) [1], which enables preparing polymer semdtator
films using highly diluted solution at several ppm a previous
report, taking advantage of enabling the film prapan of poly-
mer semiconductors using ultra-dilute solution, neve tried to
prepare n-type doped polymer semiconductor thimdilwith
CsCO; which is known as effective n-type dopant and kmu-
bility in organic solventAs the result, the conductivity was sig-
nificantly improved with high doping efficiencizurthermore, we
have also tried preparing and evaluation of thejymttion by
laminating n-type doped polymer semiconductor fibn the
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Fig. 1 Schematic illustration of ESDUS apparatus.

p-type doped polymer semiconductor film. Interegitin it be-
came clear that depletion layer was present andhary of in-
organic semiconductor was applicable [2].

In the current study, to extend the possibility paflymer
semiconductors, we attempted p- and n-type dopirthe similar
polymer semiconductor. One of most versatile cotide@olymer,
MEH-PPV (LUMO: 3.1 eV [3], HOMO: 5.2 eV [3]) was oken
as the host polymer semiconductors, a p-type dopa@t (WF:
5.52 eV [4]) and a n-type dopant €& (WF: 2.96 eV [4]) were
introduced in the MEH-PPV films by ESDUS method pexs
tively.

2. Experimental

A schematic diagram of ESDUS method is shown in1Fig
MEH-PPV was dissolved at 10 ppm in THF. By the mj#ation
of temperature of the 1st chamber (aerosol prodwoeth) and
the 2nd chamber (film deposition chamber), substerperature,
carrier gas flow rate, and the liquid feed floweraa 20 nm-thick
thin film with homogeneous and continuous was ol&di(1 scan:
2 minutes deposition)After 2 scans deposition, there weren’t
almost damage to underlayer (confirmed by UV-visasuee-
ment).

Dopants were dissolved in dehydrate ethanol atctreen-
tration of 3 mg/ml by stirring overnight at &D in a glove box.
After that, these dopant solutions were added topi® THF
solution of MEH-PPV at desired ratio (0-2 wt% agdipolymer)
respectively.

(Current-voltage (1-V) characterization) Current-voltage
(I-V) characteristics were measured by Keithley 288rce meter.
Carrier current increase due to donor moleculerdppias evalu-
ated by the fabrication of electro-only-device (BOD
AI/MEH-PPV (5 scans, 100 nm)/Ca. Hole current iase due to
acceptor molecule doping was evaluated by the dation of
hole-only-device (HOD): ITO/MEH-PPV (3 scans, 60 )ih
Hole and carrier density of the non-doped MEH-PRM hese
mobility were calculated from the |-V characteisti

(Surface (Kelvin) potential measurements) Hole and car-
rier density of doped MEH-PPV films were estimafesim sur-
face potential (Keivin prove, FAC-1, Riken Keiki)easurements
of comparison between non-doped and doped MEH-RIRV(5
scans, 100 nm on the Al electrode) with respettiécAu standard
(5.03 eV).

3. Result and discussion

The |-V characteristics of EODs with £X0; and HODs
with FeCk at various ratios, 0-2 wt% was described in Figl2e
current was increased as the doping concentratibhigher. The
non-doped MEH-PPV devices showed typical spacegehim-
ited current behavior (slope 2) and ohmic behafstmpe 1) in the
low-bias regions. Since inflection voltage {j\Mfrom ohmic be-
havior can be seen, the carrier and hole densitheohon-doped
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Fig. 2 I-V characteristics of EODs and HODs with,@©9; and
FeCk at doping concentration at 0, 0.02, 0.2, 2% rebpsy.

MEH-PPV were determined by using following equati¢h)
which is defined by Blom et al [5].

N = 2ol M
8 g d

The carrier density (B) and hole density () could be
estimated to be 5910° m® and 1.2<10” m? respectively.
Since the slopes for the doped devices were appeigly 1
indicated the Ohmic behavior, the carrier and tigasity of the
doped MEH-PPV were determined by using followingiaipn
(2,3) and surface potential measurements of cosgatetween
non-doped(B and doped(B MEH-PPV layer.
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CsCO; could be introduced at high concentration to thsth
polymer without reducing the MEH-PPV film's qualit®n the

other hand, Fegldoping reduced the film's quality remarkably

from beyond 0.5 wt%. It seems to be originated ftbomaggrega-
tion of dopants and reflected the difference irubiity of the

dopants to THF The doping efficiency was determined from the

ratios of the increased carrier and hole densitythe molecular
density of introduced GEO; and Fe(d, as shown in Table I.
While the doping efficiency of Feglthe solubility to THF de-
creased with the concentration increase) decreakeddoping

efficiency of CsCO; only slightly decreased. Nonetheless, high

doping efficiency of over 10%, significant increasehole and
carrier density was found to be realized. At thespnt stage, we
believe that high dispersion of the dopants inauddtilute solution
lead to good doping efficiency and high charge ssjmn with the
host polymer.

Furthermore, the electron mobility and hole moypilif
MEH-PPV film was increased with doping level ingegFig.3).
This result indicates that carrier or hole transpothe non-doped
MEH-PPV is dominated by carrier or hole trappingalgle to
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Fig. 3 Carrier & Hole mobility and conductivity siEH-PPV
films with CsCO; and Fe( at doping concentration at 0, 0.02,

0.2, 2%.
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increase the mobility by the doping. The conduttiwas also

enhanced by the improvement

Table | Carrier() and hole(M) density, were estimated from

of mobility.

surface potential measurement (Kelvin prove)

- - Na (M) Np (M)
Doping ratio (Doping effi-  (Doping effi- E; (eV)
(wt%) ) "
ciency) ciency)
undoped 1.2X 107 5.9x 107 4.35
1.2x10% 6.0X 107
0.02 (14.9%) (14.7%) 4.41/4.29
5.8x 107 6.2x 10
0.2 (7.9%) (16.5%) 4.45/4.23
- 4.3x10% o
2 (11.5%) 14.18

3. Conclusions

We demonstrated the preparation of laminated-atdiecan-
trollable n- to p-type doping of MEH-PPV films bySBUS
method. ESDUS method is also capable to deposh high
fineness, can be expected to be applied to thé geivices such as
transistors in the future.
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