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Abstract 

 A simply and facilely synthesized MoO3 solution was developed to fabricate charge injection 

layers for improving the charge-injection properties in p-type organic field-effect transistors 

(OFETs). By dissolving MoO3 powder in ammonium (NH3) solvent under air atmosphere, an 

intermediate ammonium molybdate ((NH4)2MoO4) precursor is made stable, transparent and to 

be spin-coated to form the MoO3 interfacial layers, of which the thickness and morphology can 

be well-controlled. When the MoO3 layer was applied to OFETs with a cost-effective 

molybdenum (Mo) electrode, the field-effect mobility (µFET) was significantly improved to be 

0.17 or 1.85 cm2/V·s for polymer semiconductors, regioregular poly(3-hexylthiophene) (P3HT) 
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or 3,6-Bis-(5bromo-thiophen-2-yl)-N,N′-bis(2-octyl-1-dodecyl)-1,4-dioxo-pyrrolo[3,4-c]pyrrole 

(DPPT-TT), respectively. Device analysis indicate the MoO3-deposited Mo contact exhibits 

contact resistance Rc of 1.2 MΩ·cm comparable to that in device with the noble Au electrode. 

Kelvin-probe measurements show that the work function of the Mo electrode did not exhibit a 

dependence on the thickness of MoO3 film. Instead, ultraviolet photoemission spectroscopy 

results show that a doping effect is probably induced by casting the MoO3 layer on the P3HT 

semiconductor, which leads to the improved hole injection.  
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1. Introduction 

 

   Controlling the electrical properties of an interface is crucial for improving the characteristics 

of various organic devices.1, 2 The formation of benign contact properties for efficient charge 

injection from the metal electrode to organic semiconductors (OSCs) is the subject of much 

interest in organic field-effect transistors (OFETs)1, 3 because overall performance strongly 

depends on the charge-injection properties mainly characterized by contact resistance (Rc).
4, 5 In 

particular, Rc in OFETs becomes dominant when the channel length decreases to less than 10 

µm, which is a commercially meaningful dimension.6 On the one hand, in the laboratory Au has 

been commonly used as basic electrode in order to obtain low Rc for p-type OFETs because of its 

relatively deep work function (Wf = 4.7 ~ 5.1 eV) that is close to the highest occupied molecular 

orbital (HOMO) levels of typical p-type OSCs. On the other hand, the high price of Au (~50,000 

$/kg) strongly limits its industrial applications and is unsuitable for low-cost electronics using 

printable OFETs.7 To reduce the material cost, the inexpensive element molybdenum (Mo) has 

been considered a very promising alternative because of a good electrical conductivity 

(~5.34×10-6 S/cm) and a reasonable price (~26 $/kg). However, the relatively low Wf of as-

deposited Mo electrode (4.3 ~ 4.6 eV) induces a significant obstacle for hole injection to the 

commonly used p-type OSCs (HOMO = –4.5 ~ –5.8 eV).2, 8 Therefore, an efficient hole injection 

layer (HIL) is needed to modify Mo electrodes by either tuning the Wf or inducing dopants via 

charge transfer. 

 

   For this purpose, one of the most promising candidates is molybdenum oxide (MoO3), which 

has deep-lying electronic states and is non-toxic.9 In particular, MoO3 can be solution-processed 

to allow low-cost and large-area fabrication by cost-effective printing processes. Several method 

to make precursors for fabricating a solution-processed MoO3 layer have been reported.[10–14] Qiu 

et al. spin-coated an ammonium heptamolybdate (NH4)6Mo7O24·H2O precursor solution on 

indium tin oxide (ITO) and treated at 160 oC in order to obtain a MoO3 nanoparticles film.10 In 

addition, the Yang group was pre-heating the same precursor in deionized water before spin 

coating and obtained a smooth MoO3 film.11 The sol–gel technique of dissolving MoO3 powder 

in H2O2 can provide a MoO2(OH)(OOH) precursor, but it requires a very high annealing 
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temperature (275 oC) for the conversion of the precursor to MoO3.
12 Similarly, a MoO3 solution 

by dispersing molybdenum powder in ethanol and H2O2 mixed solvents was developed, but a 

long reaction time (18 h) was needed.13 In general, toward scalable and reliable fabrications, an 

ideal solution-processed technique of MoO3 should be featured with a low processing 

temperature, a short reaction time, simple and low-cost processing steps, low surface roughness 

of the deposed film, and a feasible way to control device parameters such as contact resistance. 

However, most recent work has focused on improving charge injection properties in organic 

photovoltaic cells and a report has also been published for improving OFETs through the 

interlayer.  

 

Here we report a method to improve the charge-injection properties in OFETs with cost-

effective Mo electrodes using a solution-processable MoO3 interlayer. It was necessary that we 

develop a highly concentrated MoO3 aqueous solution, which is achieved by synthesis of an 

ammonium molybdate ((NH4)2MoO4) precursor via reaction with MoO3 powder, H2O, and NH3. 

The solution was spin-coated and moderately annealed to form the MoO3 interfacial layer 

between the source/drain electrode and a p-type polymer semiconductor layer, which was made 

of regioregular poly(3-hexylthiophene) (P3HT) or 3,6-Bis-(5bromo-thiophen-2-yl)-N,N′-bis(2-

octyl-1-dodecyl)-1,4-dioxo-pyrrolo[3,4-c]pyrrole (DPPT-TT). The MoO3 interlayer significantly 

improved the µFET of the Mo contacted OFETs up to values that are comparable to those of 

devices with a pristine Au electrode. Device analysis showed that the MoO3 deposited Mo 

electrode exhibits reduced Rc values that are one sixth of that of devices with bare Mo contacts. 

The combined, systematic study using Kelvin probe and ultraviolet photoemission spectroscopy 

(UPS) reveal that, the improved contact properties are mainly attributed to doping of OSCs at the 

metal–semiconductor interface by the MoO3 interfacial layer rather than a work-function change 

of Mo. 

 

2. Experimental 

  Interlayer processing: The process for fabricating the MoO3 solution is displayed in Fig. 1(a). 

The MoO3 solution was synthesized by dissolving MoO3 powder in ammonium (NH3) solvent 

under air atmosphere. The flask was opened during the synthesis process to supply enough water 

vapor from the ambient atmosphere. The solution was heated at 80°C for 1 h with stirring in air 
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and the color of solution changed to transparent ammonium molybdate ((NH4)2MoO4) solution. 

At a lower temperature (60°C) MoO3 did not dissolve well at high concentration, while at a 

higher temperature (120°C) NH3 started evaporating as vapor out from solution and (NH4)2MoO4 

easily decomposed. The heating time of 1 hour is necessary to completely dissolve MoO3. The 

aqueous transparent solution with MoO3 in ammonia–water is formed by the chemical 

reaction between MoO3, H2O, and NH3 as follows,  

MoO3 + 2NH3 + H2O → (NH4)2MoO4. 

The desired concentration was achieved by diluting a saturated solution (~20 mg ml−1) into a 

certain amount of deionized water. The ammonium molybdate (NH4)2MoO4 is soluble in H2O 

and the solution is transparent, colorless, and fairly stable without any change in color or 

transmittance in ambient conditions for 2 months. The resulting solution was diluted by 

deionized water to various concentrations (0.2 ~ 1.6 wt%) and was used to form the MoO3 films. 

The aqueous MoO3 solution was spin-coated onto a pristine Mo surface and annealed at 150 °C 

for 10 min in air. This temperature is for the chemical decomposition from ammonium 

molybdate to molybdenum oxide and to remove all the remaining NH3 in the film. During the 

annealing process, the ammonium molybdate underwent rapid decomposition to three 

components: MoO3, NH3, and H2O, among which NH3 and H2O was evaporated into the air and 

MoO3 was left in the film. Prolonged heating promotes the growth of MoO3 crystals, which are 

no longer soluble in the aqueous solution.14 Apparently, the preparation of the MoO3 solution 

described here is very simple and cost-effective, employing a cheap and commercially available 

precursor, an environmentally friendly solvent of deionized water, and a low-temperature 

process under ambient conditions.  
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Figure 1 (a–c) Digital camera images of MoO3 powder, solution in NH3 solvent, and after 

heating at 80 oC for 30 min. X-ray photoemission spectra of the MoO3 films: (d) full scanned 

spectra, (e) Mo 3d core level of solution-processed MoO3. The black and blue curves denotes the 

signals of the film prepared from 2 and 8 mg/ml solutions, respectively.  

 

Film Characterization: The surface morphology of the thin film was investigated using a 

tapping-mode atomic force microscope (AFM) (Nanoscope III, Veeco Instruments, Inc.) at the 

Korea Basic Science Institute (KBSI). X-ray photoemission spectroscopy (XPS) and UPS were 

measured using AXIS-NOVA (Kratos, Inc.) with a base pressure of 4.2×10-9 Torr. A Kelvin 

probe (KP 6500 Digital Kelvin probe, McAllister Technical Services, Co. Ltd) was used to 

measure the Wf of the contact metal and the contact interlayer.  
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   Field-effect transistor fabrication and characterizations: OFETs with a top-gate/bottom-

contact (TG/BC) structure were fabricated on glass substrates. After the conventional 

photolithography process of developing photoresist in order to pattern the source/drain 

electrodes, a ~3 nm-thick Ni adhesion layer and ~13 nm-thick Mo layer were deposited by 

sputtering the Mo target on the Corning Eagle 2000 glass substrates, followed by a lift-off 

process. The source/drain electrodes define various channel lengths (L) of 2, 5, 10, or 20 µm with 

a uniform channel width (W) of 1 mm. The Mo/Ni-electrode patterned substrates were cleaned 

sequentially in an ultrasonic bath with de-ionized water, acetone, and iso-propanol for 5 min for 

each. A MoO3 interlayer solution with different concentrations (0.2–0.8 wt%) was spin-coated 

on a pre-cleaned substrate and then annealed at 150 °C for 20 min. A p-type polymer 

semiconductor, P3HT, was purchased from Sigma-Aldrich and DPPT-TT was chemically 

synthesized using a previously published procedure and dissolved in anhydrous dichlorobenzene 

(DCB) in order to obtain a ~10 mg/ml concentration solution. The solution was spin-coated onto 

the MoO3 interlayer-deposited substrates and sequentially annealed at 150 °C (for P3HT) or 300 

°C (for DPPT-TT) for ~30 min in a nitrogen (N2)-filled glove box. A polymer dielectric layer of 

poly(methyl methacrylate) (PMMA) was purchased from Sigma-Aldrich, used without further 

purification, and dissolved in n-butylacetate (nBA) at 80 mg/ml concentration. The PMMA thin 

film was formed on the p-type polymer semiconductor layer by spin-coating followed by thermal 

annealing at 80 °C for ~30 min in the same N2-filled glove box in order to remove the residual 

solvents. The OFET fabrication was completed by thermally depositing aluminum (Al) via metal 

shadow masks in order to form top-gate electrodes (~50 nm thick). The OFETs’ electrical 

characteristics were tested by using a Keithley 4200 semiconductor characterization system in 

the N2-filled glove box. The corresponding field-effect mobility (µFET) and threshold voltage 

(VTh) were calculated from the saturation regime (at a drain voltage Vd = −100V). The low-field 

mobility (µ0) and RC were evaluated by the Y-function method (YFM)4, 15 for individual 

transistors. 

 Estimation of depletion width at the contact. We present how to calculate Wd in 3 steps as 

below. First, according to the semiconductor physics, the intrinic carrier concentration is 

calculated by, 

�� = ������	.�exp�−��/2�T�     (1) 

Here NC and NV are the density of states in conduction band and valence band, respectivly, k is 
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the Boltzmann constant, T is the temperature, and Eg is the band gap of the polymeric 

semiconductor. Second, with the calculated ni, the hole concentration Na is caluclated by,  

�� = ��exp����� − ���/�T�      (2) 

Here Efi is the intrinsic Fermi level and Ef is the Fermi level of semiconductor after doping. 

Third, with the calculated Na, the depletion width Wd is calculated by,  

�� = �2��� !�/"���	.�      (3) 

Here εSC is the dieletric constant of semiconductor, q is the electron charge, and Vbi is the built-in 

potential that is the difference between Ef and the work-function of contact electrode (Φm), i.e. 

Vbi=Ef-Φm (for hole injection). Determining the exact value of depletion width (Wd) needs 

accurate measurement of Fermi-level. For roughly estimating Wd of P3HT/MoO3/Mo OFETs, the 

constants and parameters of materials are list in the supporting information.  

 

3. Results and Discussion. 

The component and the surface electronic structure of the solution-processed MoO3 film was 

investigated by X-ray photoemission spectroscopy (XPS). In Fig. 1(b), the peaks of the core 

levels of N are not found for the MoO3 film, suggesting that the synthetic precursor containing 

the N completely decomposes to MoO3 by annealing at the temperature of 150 oC. In agreement 

with previous reported results in the literature, all the core levels of Mo can be seen clearly in the 

full spectrum of solution-processed MoO3 film except for other small peaks due to sample 

contamination. The spectra were identical for both films with different concentration without any 

shift, indicating that uniform and conductive MoOx films are on the substrate. The characteristic 

peaks of the O1s, Mo3s, Mo3p and Mo3d levels of the MoO3 film are identical for both 

concentrations. As the solution concentration increased from 2 mg/ml to 8 mg/ml, a higher peak 

density of Mo3d and O1s was found, indicating a larger amount of MoO3 on the Mo substrate. 

Figure 1(c) shows the core level of Mo3d with the Mo3d5/2 and Mo3/2 peaks located at 236.3 

eV and 233.2 eV, respectively, which indicates the presence of the Mo6+ cation as the 

characteristic peak of molybdenum.  

 

 The thickness and quality, i.e., roughness and uniformity, of the deposited MoO3 films are 

determined by a variety of experimental factors including the viscosity and surface tension of the 

solvent, solid contents of the coating solution, surface energy of the substrate, distance between 
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the spray nozzle and substrate, and spin-coating speed. Figure. 2 shows AFM images of the 

MoO3 films coated from solution with different concentrations: 2, 4, and 8 mg/ml. The 

deposition of MoO3 on the glass substrate from a 2-mg/ml solution resulted in discrete 

nanoplates, which are formed by the aggregation of MoO3 nanoparticles. However, the same 

deposition on the Mo substrates generated nanoplates (made of sub-micrometer size crystallites) 

without observable aggregation and the roughness of MoO3 film is small (Rq ~ 0.44 nm). By 

further increasing the concentration of MoO3 in the ammonia–water, the density of the 

nanoplates increases and a continuous and smooth MoO3 film was formed with slightly increased 

roughness (0.557 nm at 4 mg/ml and 0.750 nm at 8 mg/ml). Such a low roughness of the channel 

region would hardly affect the performance of our top-gate OFETs because the charge transport 

in top-gated OFETs mainly occurs on the upper surface of the semiconductor layer. Moreover, 

we observed that the MoO3 layer made the Mo substrates more hydrophilic, which may alleviate 

dewetting or delaminating of organic films on the electrodes.  

 

 

Figure 2 AFM images of MoO3 films when spin coated by MoO3 solution at concentration 0.2–

0.8 wt% on Mo substrate (the units of rms are 0.001 nm).  
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   The OFETs configuration and molecular structures of the semiconducting polymers P3HT and 

DPPT-TT are shown in Fig. 3. The measured transfer and output characteristics are shown in 

Fig. 4, including the devices with pristine Mo electrodes and MoO3-deposited Mo electrodes. 

The key parameters, such as the µFET in the saturation regime (at Vd = −100V), VTh, on/off-

current ratio (Ion/Ioff), and subthreshold swing (SS), are listed in Table 1. The P3HT OFETs with 

pristine Au electrodes are found to have a reasonably high hole µFET of ~ 0.15 cm2V−1s−1 and 

moreover no significant nonlinearity was observed in the output characteristics at small drain 

voltage (Vd), indicative of nearly Ohmic contacts. Compared to Au, bare Mo contacts lead to 

severe super-linear curves in the linear region of the output characteristics, large hysteresis, very 

small output current, and a reduced hole mobility (0.08 cm2V−1s−1), as shown in Fig. 4 (a). 

Apparently because of the large barrier to hole injection from Mo into P3HT (0.62 eV), RC is 

supposed to become significant and to limit the hole transport in the channel. In contrast, by 

adding a thin interlayer of MoO3 between the Mo and P3HT, the interfacial injection is 

substantially enhanced and the overall performance is improved, manifested by a high output 

current, absence of hysteresis, and a higher mobility of 0.17 cm2V−1s−1 as comparable to the 

OFETs with Au contacts (see Fig. 4). For a reference, the performance of OFETs with MoO3/Au 

contacts are shown in supporting information Fig. S1. Similarly, the DPPT-TT OFETs also 

showed a notably improved hole mobility (1.85 cm2V−1s−1) after inserting the MoO3 interlayer to 

Mo source/drain electrodes with respect to counterparts that only incorporate pristine Mo 

contacts (1.20 cm2V−1s−1) (Supporting information Fig. S2).  
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Figure 3 Molecular structures of P3HT, DPPT-TT, MoO3, and PMMA and digital camera 

images of Molybdenum. Structure of a top-gate/bottom-contact OFET device with MoO3 

interlayer on Mo source/drain electrode.  
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Figure 4 Transfer (Id vs. Vg) and output (Id vs. Vd) characteristics of the OFETs with p-type 

polymer semiconductors, P3HT and Mo electrodes with and without MoO3 interlayer (0.2–0.8 

wt%); (a,d) P3HT OFETs with pristine Mo source/drain electrodes, (b,e–c,f) P3HT OFETs with 

MoO3-deposited Mo electrodes.  
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Table 1. Fundamental device parameters of the P3HT and DPPT-TT OFETs with Mo metal 

electrodes: pristine Mo and MoO3-deposited Mo electrodes. The field-effect mobility (µFET) and 

VTh are obtained from the gradual channel approximation at the saturation region (at Vd = –

100V), W/L = 1.0 mm/20 µm, and dielectric capacitance per unit area (Ci) is ~6.2 nF/cm2. 

OSC 

Concentration of 

MoO3 interlayer 

          (wt%) 

 

Anneling 

temperature/time 

(
o
C/min) 

μh 

[cm
2
/Vs] 

VTh,h 

[V] 

IOn/off 

 

P3HT None 150/30 0.08 

(± 0.01) 

-30.2 

(± 2.17) 

10
3
 

0.2 150/30 0.12  

(± 0.006) 

-32.8 

(± 2.67) 

10
3
 

0.4 150/30 0.14  

(± 0.008) 

-30.6 

(± 3.54) 

10
3
 

0.8 150/30 0.17  

(± 0.01) 

-28.7 

(± 2.15) 

10
3
 

1.6 150/30 0.1  

(± 0.01) 

-25.7 

(± 2.53) 

10
3
 

Au electrode 150/30 0.15  

(± 0.01) 

-31.8 

(± 3.33) 

10
3
 

DPPT-TT None 300/30 1.2 

(± 0.01) 

-65.2 

(± 2.17) 

10
3
 

0.2 300/30 1.35 

(± 0.006) 

-62.8 

(± 2.67) 

10
3
 

0.4 300/30 1.57 

(± 0.008) 

-60.6 

(± 3.54) 

10
3
 

0.8 300/30 1.85 

(± 0.01) 

-58.7 

(± 2.15) 

10
3
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Au electrode 300/30 1.9 

(± 0.02) 

-63.5 

(±3.21) 

10
3
 

 

 

    We henceforth probe the mechanism of controllable, enhanced hole injection with the 

solution-processed MoO3 layers. We begin from the energy levels related to the charge injections 

as shown in Fig. 5(a), which illustrate the mismatched energy levels for hole injection between 

the semiconductor’s HOMO levels and the Wf of the Mo electrodes. In the case of Au, the barrier 

height (Eb) of ~0.2 eV for hole injection is not severe when compared with that of Mo, which has 

~0.75 eV for P3HT OFETs. Therefore, this large charge-injection barrier (about 0.6 eV greater 

than Au) can lead to increased RC, thereby degrading the performance of the OFETs by 

decreasing their apparent mobility. To check the Wf change upon adding MoO3 layers, we 

employed the Kelvin probe to determine Wf. Though the Wf of pristine MoO3 is –5.5 eV in 

theory, in our devices the Wf of the MoO3-coated Mo electrodes ranges from −4.40 eV to −4.47 

eV as the MoO3 solution concentration increased from 0.1 to 0.8 wt% (Fig. 5(b)). Normally the 

Wf of the metal electrodes was supposed to be changed by the charge transfer between the 

interlayer (MoO3 here) and the electrodes. For example, when applying the MoO3 interlayer to 

the other electrode Ti (Wf = 4.3eV), the Wf was gradually changed from 4.3 eV to 4.7 eV by 

changing the concentration of MoO3, as shown in Fig. S4. However, in the case of MoO3-

deposited Mo electrodes, the Wf was pinned to be around the original value 4.45 eV, not 

depending on the thickness of the MoO3 film. Based on the above observations, we propose that 

the bare Mo has been readily oxidized and covered by a thin layer of MoO3 and that it contains 

the Mo-O-Mo3d(+5) or Mo-O-Mo3d(+6) complexes. As a result, the measured Wf by Kelvin 

probe for the electrode is around 4.40 eV rather than 5.5 eV of Mo. When depositing extra MoO3 

interlayers, as there is no charge transfer occurring, the measured Wf of the electrode is then 

pinned around 4.40 eV without changing with subsequent MoO3 deposition. Hence, the 

improved hole-injection in OFETs by the deposited MoO3 is not because of the change in work 

function of the bottom contact electrodes; rather, we propose that the improved hole-injection 

barrier by the deposited MoO3 is not due to the change in work function of the bottom contact 

electrodes.  

 

Page 14 of 20Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



15 

 

0.0 0.4 0.8 1.2 1.6
4.2

4.3

4.4

4.5

4.6

4.7

W
o
rk
 f
u
n
ct
io
n
(e
V
)

Concentration (wt%)

 

 

 

8(nm)

5(nm)
3(nm)

1(nm)

 

0(nm)

(b)

 

Fig. 5 (a) Energy level alignment of organic semiconductor on Mo S/D electrode. (b) Work 

function of Mo electrode dependence on MoO3 thickness (for changing concentration of MoO3 

solution). 

 

   We employed UPS measurement in order to investigate the electronic structure of the 

MoO3/P3HT interface. First, a bare sample of P3HT thin film (ca. 30 nm) was spin-coated on 

Mo deposited on a glass substrate (the pre-deposited Mo on glass is to provide a conducting 

surface for UPS measurement) and the top surface of P3HT semiconductor was exposed to 

ultraviolet (UV) irradiation for UPS measurement. For analysis of the MoO3 and P3HT interface, 

MoO3 was thermally deposited onto a P3HT film that was spin-coated on a Mo substrate. Figure 

6 shows the UPS spectra of a Mo-P3HT-MoO3 film (from the bottom to the top). From the UPS 

spectra at the secondary-electron cut-off position, the binding energy of the polymer 

progressively decreased with thicker MoO3 on the surface: 19.71 eV for P3HT, 19.42 eV at 1 nm 

of MoO3 on P3HT, 18.58 eV at 2 nm, 18.93 eV at 3 nm, respectively. It corresponded to the 

increased Wf of the films.16 Figure 6 also shows that the energy difference between the valence 

edge and the Femi energy level (at zero binding energy) decreases from 1.5 eV for the pristine 

P3HT film to 0.46 eV in the film with 3 nm MoO3. As this signal may come from the 

P3HT/MoO3 interface and/or the MoO3 layer, it probably indicates p-doping as the thickness of 

MoO3 is increased.  

 

Combining the observations from the Kelvin Probe and UPS studies, it can be postulated that 

the role of the MoO3 interlayer is not for shifting the work function of the Mo electrode but 
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rather involves the doping of P3HT and perhaps providing gap states for tunneling. The overall 

enhanced injection by MoO3 then comes from the interfacial and bulk effects. The interfacial 

effects include the narrowed depletion width at the interface17 and extra gap states provided by 

MoO3, both of which enhance the tunneling probability. The bulk effect refers to the moderately 

doping of P3HT semiconductor, so that carrier concentration is increased, bulk conductivity 

closed to the contacts is enhanced, and bulk trap states are partially filled18, 19. These synergistic 

effects explain the enhancement of p-channel injection and transport of P3HT OFETs. Though 

quantifying each effect is difficult, here we roughly estimate the effect of narrowing Wd (see 

experimental and supporting informtion for the methods). Originally, Wd is over 1 µm without 

MoO3 doping and it becomes 5.4 nm and 0.8 nm if assuming that Fermi-level shift reaches 0.9 

eV and 1.0 eV (corresponding to the singal detected by UPS when the MoO3 layer is of 2 nm and 

3 nm). That is, if with a large shift in Fermi level of 1eV, tunneling would be much enhanced. 

 

Fig 6. UPS spectra of different thermally deposited MoO3 thicknesses on P3HT thin film.  
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To quantify the link between the interfacial electronic structures and the device injection 

parameter RC, we used the YFM to evaluate the RC for individual OFETs, which is considered a 

fast and precise method for obtaining RC.15, 20 Figure 7 shows Rc for the P3HT OFETs with bare 

Mo and MoO3 layer-deposited Mo electrodes (Mo/MoO3) by solution process. One can readily 

find that compared to the case of pristine Mo, RC is decreased by adding MoO3 interlayer (even 

at a low concentration of 0.1 wt%) and the related RC strongly depends on the MoO3 

concentration. This result suggests that the thin MoO3 interlayer enhanced the hole 

injection/extraction so that the RC is reduced from 6.1 MΩ to 1.1 MΩ as the thickness of MoO3 

increases from 1 nm to 5 nm (0.2 to 0.8 wt%). This is in good agreement with above hypothesis 

that a thin interlayer of MoO3 promotes hole injection by moderately doping polymeric 

semiconductors and perhaps introduces interface states that provide charge-hopping gap states. 

For the thicker film of 8 nm, again RC increased to 4.3 MΩ at 8 nm MoO3 film (1.6 wt%). This is 

because the film shows higher defect density and surface roughness, probably inducing poorer 

surface roughness, high trap density of the film, and an elevated injection barrier by forming a 

metal–insulator–semiconductor structure at the contacts.  
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Fig 7. Contact resistance of the P3HT OFETs with pristine Mo or MoO3-deposited Mo 

electrodes (Mo/MoO3) when concentration of MoO3 is varied from 0.2 to 1.6 wt%. The Rc is 

evaluated by the Y-function method (YFM) at low Vd of –0.5 or –1.0 V.  

 

 

4. Conclusion 

    In conclusion, we demonstrated high-performance P3HT and DPPT-TT organic field-effect 

transistors utilizing a contact interlayer of MoO3 made by a facile and cost-effective solution 

process. The MoO3 solution is prepared by heating an aqueous solution of a precursor, MoO3 

powder in NH3 solvent, at a moderate temperature of 80 °C for only 1 hour. The OFETs with the 

MoO3-deposited Mo electrodes exhibited improved performance comparable to that with Au 

contacts. It is found that the interlayer hardly changed the work function of Mo but that the 

improved performance is related to the doping of the p-type polymer semiconductors and/or 

extra gap-states after the incorporation of the transition metal oxide interlayer of MoO3. This 

technique should enable the development of large-area, low cost electronics with Mo electrodes 

and MoO3 interlayers.  
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