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Abstract

This work introduces a general solution for printing wavelength-selective bulk-heterojunction
photosensitive organic field effect transistors (PS-OFETs) by addressing electrode thickness
variation and the feasibility of color selectivity in detecting incident light. The inkjet-printed
silver electrode thickness was varied from 125 to 950 nm by multilayer printing. PIF, IDFBR,
and ITIC-4F were chosen as the active semiconductor materials with complementary optical
absorption. Results indicate that PS-OFETs exhibit the best functionality at an electrode
thickness of approximately 325 nm and an active material combination with PIF:IDFBR (1:1).
For the 540 nm wavelength, a responsivity of 55mAW ! was obtained. This is four-fold
higher than the photoresponse obtained at 700 nm.

Keywords: color-selective photodetector; photosensitive organic field effect transistors;
printed electronics; organic bulk heterojunction

1. Introduction

One of the cornerstones of modern organic-based technology is light detection, used
in state-of-the-art optical communication [1-3], imaging and medical sensing systems [4—6]
and advanced flexible display technology [7-9]. Organic Field-Effect Transistors (OFETs)
are at the forefront of organic electronics research, and the development of organic semicon-
ductor devices is essential for many optoelectronic applications, including light-emitting
diodes and transistors, such as OFET-driven photonics [10]. Recent advancements in OFET
technology have focused on improving their performance, stability, and integration into
various applications [11,12]. The successful integration of OFETs operating at low voltages,
making them suitable for integration with low-power electronics and portable devices
with flexible and stretchable substrates [13,14]. This has opened up new possibilities for
innovative applications such as electronic skin [15,16], expanding biosensor technology [17]
and the new generation of radio-frequency-identification (RFID) tags [18,19]. For an ideal
optical sensor, it is necessary that the device be cost-effective and versatile enough to
be fabricated on the desired substrate while taking advantage of the benefits of organic
semiconductors, such as lightness, transparency and their optical properties [20].
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2. Materials and Methods

Active layer preparation: Three different polymer inks were prepared for the active layers.
One ink was prepared using the base material pristine polyindenofurorene-8-triarylamine
(PIF; Merck, Darmstadt, Germany), acting as a transparent wide-bandgap polymer donor
by diluting it in chlorobenzene at a concentration of 20 gL.~!. Blends were prepared prior
to deposition. Both blends were made by dilution of 20 gL.~! of PIF and 20 gL}, of the
respective complementary polymers IDFBR (NFA012; 1-Material Inc., Dorval, QC, Canada)
and ITIC-4F (NFAO014; 1-Material Inc., Dorval, QC, Canada) in chlorobenzene. All three
inks were subjected to magnetic stirring in a nitrogen-filled glove box for at least 24 h. The
materials were spin coated on glass substrates, each cleaned with acetone and isopropanol
in an ultrasonic bath for at least 10 min.

Device preparation: The OFET devices were prepared on glass substrates cut to the
size of 25 X 25 mm and a height of 1.2 mm. They were subjected to a cleaning procedure
with acetone, followed by isopropanol in a sonic bath for 10 min. Subsequently, they
were treated with Argon (Ar) plasma cleaning for 5 min inside a vacuum plasma oven.
Figure 1 shows the variation in thickness as a function of the number of layers printed.
125 and 325nm were achieved by single-layer, 750 nm by double-layer and 950 nm by
triple-layer printing. For the structure shown in Figure 2a, the drain and source electrodes
of varying thicknesses were deposited via multilayer inkjet printing with an P50 PiXDRO
printer (SUSS MicroTec SE, Garching, Germany) using silver dispersion ink (Silverjet DGP-
40LT-15C; Sigma-Aldrich, St. Louis, MO, USA) and annealed on a hotplate at 120 °C for
30 min. The active layers were deposited via spin coating on top of the electrodes and cured
for 30 min at 120 °C on a hotplate inside a nitrogen-filled glovebox. DPX-C (dichloro-di-
para-xylylene; SCS, Indianapolis, IN, USA) was deposited as a dielectric with a Labcoater
2, Parylene Deposition Unit Model PDS 2010 (Specialty Coating Systems, Inc., Indianapolis,
IN, USA), aiming for a thickness of 750 nm. Figure 2b shows the devices after finalizing
them by thermal evaporation of a 100 nm thick silver layer through a mask to form the
gate electrode.

Source Drain
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---- 325nm ----
---- 125nm ----
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Figure 1. Schematic visualization of multilayered electrode thicknesses.

(b)
Figure 2. (a) Schematic structure of a single OFET device. (b) Finalized OFET devices (four OFETs
per sample): transparent (PIF), red (PIF:IDFBR(1:1)) and blue (PIF:ITIC-4F(1:1)).

Device characterization: Electrode thicknesses were measured with a profilometer (Veeco
Dektak 150; Veeco, Plainview, NY, USA). Current-voltage (I-V) characteristics were mea-
sured using a semiconductor parameter analyzer 4155C (Agilent, Santa Clara, CA, USA)
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under ambient atmosphere. The same parameter analyzer was used to apply bias voltages
for measurements of the spectral responsivity. A 450 W Osram XBO Xenon discharge lamp
(Osram, Munich, Germany) served as a broad spectrum light source, which was filtered
with a monochromator (Acton SP-2150i; Princeton Instruments, Trenton, NJ, USA). The
UV-vis measurements were recorded using a AvaSpec-ULS3648 spectrometer (Avantes,
Apeldoorn, The Netherlands) and a light source ranging from 300 to 1100 nm.

3. Results

Figure 3 shows the photoelectric properties of the fabricated devices with the mean
values over the mentioned variations of electrode thickness: 125, 325, 750, and 950 nm.
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Figure 3. Spectral responsivity on the left axis (nAW~!) and absorbance (shaded) on the right axis
normalized to 1 (A.U.) of (a) PIF devices over the visual spectrum at Vg = =50V and Vp = -50V,
(b) PIF:IDFBR(1:1) devices over the visual spectrum at V; = —50V and Vp = —50V, and (c) PIF:ITIC-
—50V and Vp = —50V. The four curves are
represented by the electrode thicknesses investigated.
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4. Discussion

Both PIF and PIF:IDFBR (1:1) materials exhibited the desired current enhancement
behavior in the bandwidths where they have their highest absorption values. PIF, which has
its absorption peak between 350 and 430 nm, presents a profile of currents and responsivity
according to its absorption. As an example, for the 350 nm thick devices, at the 410nm
wavelength, the responsivity increases to up to 400 mAW ~!, whereas at higher wavelengths,
where the absorption goes nearly to zero, the responsivity drops to around 5mAW L.

The behavior of the PIF:IDFBR (1:1) follows a similar profile to those with PIF. The peak
of interest is the IDFBR material being located between 470 and 550 nm. Within this spectral
band, the devices show a noticeable increase in their responsivity, which, also taking the
350 nm thickness as the best example, is around 55 mAW 1. At higher wavelengths, with
the absorbance profile dropping from its peak to almost zero, the responsivity smoothly
decreases to around 15mAW 1. These results seem to indicate that both materials have
wavelength bands to which one can refer back based on the analysis of the optoelectronic
measurements and therefore have color-selective characteristics.

Unlike the two materials discussed above, PIF:ITIC-4F (1:1) has good electronic output
and transfer characteristics as a transistor but does not exhibit the expected optoelectronic
behavior. PIF:ITIC-4F (1:1), with the absorption peak of interest being between 650 and
750 nm, shows a much lower photo-response. The responsivity trends towards a constant
value of 5mAW ! along the whole measured spectrum, which does not allow to differenti-
ate the wavelength of the incident light and therefore does not show color selectivity.

This technology should be explored on flexible substrates and by restricting the
deposition of the active layer and gate electrode to inkjet printing in order to advance it
toward manufacturing.
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5. Conclusions

Electrode thickness of 325 nm achieves the maximal optoelectronic performance. In
order to obtain sensors that can optically distinguish with high resolution, the polymers
must have very fine absorption profiles that are ideally only noticeably greater than zero in
the spectral bands in which the photosensitive OFET is intended to detect.
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