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1. Introduction

Optically active organic field effect tran-
sistors (or so-called organic phototran-
sistors), in which optical functionalities 
are integrated in conventional field effect 
transistors, can realize the photoelectric 
conversion of the organic semiconductor 
materials.[1–9] Both organic single crys-
tals[10] and conjugated polymers[11,12] are 
used as the organic-based photoactive 
materials in the phototransistors. The 
three-terminal organic phototransistor 
with low noise and electrical signal ampli-
fication usually has a bottom-gate type 
device architecture, since the photosensi-
tive channel receives light from the top. 
The major merits of such devices are the 
wide range of light absorption for broad-
band photoresponse and the high respon-
sivity of organic photoactive layer to light 
stimulation. High performance visible 

wavelength-selective photodetection has been widely studied, 
especially for blue and green light, through changing the 
molecular design of photosensitive organic semiconductors to 
tune the wavelength of the absorbed light to the desired spec-
tral range.[13–15] Far fewer red light photodetectors are reported, 
probably since the low bandgap organic compounds are typi-
cally more photosensitive to blue/green light and also meet the 
stability and solubility criteria.[4,16,17]

Photogenerated charge carriers (holes/electrons) of organic 
phototransistors, upon the absorption of incident photons, can 
be collected in the electrode under appropriate bias voltages, 
typically featuring a heterojunction between two conjugated 
organic semiconductors with different electronic affinity.[18,19] 
This thin heterojunction, consisting of electron donor and 
acceptor, either blended to form the bulk heterojunction or 
deposited sequentially to form the planar heterojunction, pro-
vides the energy offsets of the photoactive junction for effec-
tive separation of bonded excitons.[5,20–27] The interfacial charge 
effect between the separation, transport, and recombination 
is crucial for high photoresponse of organic phototransistors. 
Fullerene derivatives are dominantly selected as the electron 
acceptors, while many electron donors are available for pho-
todetection layer assembling.[28–37] However, the fullerenes 
suffer from insufficient red light absorption, due to their wide 

Semiconducting blend heterostructures, composed of conjugated polymer 
with photoresponsive organic crystals, provide an effective way to achieve 
promising photodetection devices. Here, solution-processed n-type N2200 
conjugated polymer and quinoidal thienoisoindigo (TIIQ) small molecule 
blend is used to construct phototransistors for red light detection. The device 
performance of the optically switchable phototransistors can be tuned by 
the relative composition in the blend. The key feature is red light (680 nm) 
illuminated intensity-tunable photodetection enabling the highest photore-
sponsivity (R) of 4065 A W-1 and specific photodetectivity (D*) of 1.4 × 1013 
Jones for an 88% blend device. At the same time, maintaining high mobility 
(μ) of 1.59 cm2 V-1 s-1, since the efficient extraction of photogenerated 
charges from blend heterointerface, benefiting from blending with higher μ 
and enhanced absorption of TIIQ, contributes to improvement in the red light 
photoresponse of the N2200:TIIQ blend phototransistor. This work demon-
strates that the semiconducting blend strategies provide opportunities for 
developing high performance organic phototransistors.
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bandgap and morphological instability.[38,39] Nam et al. used the 
all-polymers bulk heterojunction layers consisting of electron-
donating PTB7 and electron-withdrawing P(NDI2OD-T2) for 
an efficient red light sensing phototransistor with R as high as 
14 A W–1 and better on/off switching characteristics,[40] where 
this blend offers strong red light absorption and efficient 
charge separation. In order to further enhance the device pho-
toelectric properties, high carrier mobility for charge transfer, 
high optical sensitivity for exciton generation, and appropriate 
energy level alignment for increased charge separation effi-
ciency of photoactive semiconducting blends used for red light 
sensing phototransistor are required.[41–43]

Starting from the n-channel red light absorbing N2200 
(same structure as P(NDI2OD-T2)), our previously reported 
quinoidal thienoisoindigo (TIIQ) small molecule semiconduc-
tors with high electron mobilities of >1 cm2 V–1 s–1 are intro-
duced for phototransistors,[44] while constructing the enhanced 
absorption in the red light region and as-formed built-in elec-
tric field for photoexcited charge separation. Herein, we present 
the solution sheared deposition of pristine N2200 and TIIQ 
films and their blends (50% and 88% of TIIQ in blend layer) for 
optimizing the photoresponse of the red light (680 nm) sensing 
phototransistor. Under such an n-type N2200 polymer:TIIQ 
small molecule semiconducting blend circumstance, the cor-
responding photoresponsivity (R) of 4065 A W–1 and specific 
photodetectivity (D*) of 1.4 × 1013 Jones of 88% N2200:TIIQ 
blend phototransistor are much higher than those of the pris-
tine devices. Furthermore, key photoelectric parameters of our 
phototransistor, as compared with those of reported polymer 
blend-based devices from recent literature, are presented in 
Table S1, Supporting Information. The excellent performance 
of fabricated phototransistor is attributed to N2200:TIIQ blend 
heterointerface, which facilitates enhanced absorption, exciton 
dissociation, carrier transfer, and thus enhanced photoresponse 
properties under red light illumination.

2. Results and Discussion

We report on the fabrication and characterization of the n-type 
semiconducting blends based on N2200 conjugated polymer 
and TIIQ small molecule (chemical structures presented in 

Figure 1a) as the photoactive layer in red light responsive pho-
totransistors. These were fabricated in a bottom-gate top-con-
tact (BGTC) configuration (schematics presented in Figure 1b) 
onto a Si/SiO2 substrate by solution shearing the 2  mg mL–1 
solution, comprising pristine N2200 and TIIQ, and 50%/88% 
TIIQ in the blend system. Figure  1c compares the UV–vis 
absorption of N2200, TIIQ, and 50%/88% blend films. It is 
clearly shown that, in comparison with the absorption band 
of N2200 polymer, ranging from 500 to 800  nm, TIIQ has a 
strong characteristic peak at 666 nm. Both absorption bands are 
summarized in Table S2, Supporting Information. These two 
compounds were found to exhibit the intense absorption in 
the deep red light region (650–700 nm). The blend films follow 
the superimposition of the spectrum of the individual N2200 
and TIIQ constituents, suggesting that the photoresponse of 
blend films may be affected by these two compounds. It should 
also be noted that the stronger absorption at 666 nm in blend 
films is able to harvest more incident red light photons, which 
is beneficial for efficient exciton generation in phototransistor 
devices.

Considering the absorption spectra of N2200:TIIQ blends, 
red light illuminated on the samples is absorbed by the pho-
toactive layer and thus electron–hole pairs seem to be photo-
generated.[45] A schematic illustration of energy level align-
ment between TIIQ and N2200 is illustrated in Figure 2a. The 
HOMO energy levels (EHOMO) of both solution sheared films 
was determined via photoelectron (PE) spectroscopy in air after 
calibration of the onset points.[46,47] From linearly extrapolating 
the onset of PE yield in spectra (Figure S1, Supporting Infor-
mation), the EHOMO of TIIQ and N2200 was found to be −5.50 
and −5.90 eV, respectively. The LUMO energy levels (ELUMO) of 
TIIQ and N2200 are −3.75 and −4.45 eV, respectively, as deter-
mined from the difference between the optical bandgap and 
EHOMO. For intrinsic n-channel transport in N2200 polymer, the 
frontier molecular orbitals become stabilized compared to TIIQ 
small molecules. In other words, the EHOMO of TIIQ features a 
higher energy level than that of N2200, thereby impeding hole 
transport from TIIQ. Conversely, N2200 behaves trapping sites 
in the heterojunction for the driving force of electron transport 
from LUMO of TIIQ to low-lying LUMO of N2200. This effi-
cient electron transfer of photogenerated electrons was verified 
by the photoluminescence (PL) spectra of N2200:TIIQ blend 
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Figure 1. a) Molecular structures of organic semiconductor N2200 and TIIQ. b) Schematic representation of N2200:TIIQ blend phototransistor with 
bottom-gate top-contact architecture under red light illumination. c) UV–vis absorption spectra of N2200, TIIQ, and their blend (50% and 88%) films.
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films. As indicated in Figure  2b, the considerably suppressed 
PL intensity of blend films compared to pristine TIIQ infers 
the energetically favorable separation and transfer of photo-
generated carriers which can be observed in the heterojunction 
between TIIQ and N2200.[48]

Polarized optical microscope (POM) and atomic force 
microscope (AFM) analysis was carried out to investigate the 
microstructures and surface morphologies of pristine and 
N2200:TIIQ blend films. Figures 3a and b show the optical and 
polarized optical micrographs of N2200, 50%/88% blend, and 

Adv. Optical Mater. 2022, 10, 2102650

Figure 2. a) Energy level diagram of electron transport between TIIQ and N2200. b) Photoluminescence spectra of pristine and N2200:TIIQ blend 
films at an excitation wavelength of 600 nm.

Figure 3. a) Optical and b) polarized optical microscopy images and c) AFM topographies for N2200, 50% blend, 88% blend, and TIIQ films.
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TIIQ films, respectively, formed on the self-assembly monolayer 
treated SiO2 substrate by solution shearing. The pristine N2200 
polymer film exhibits a flat surface with nontextured morpholo-
gies, while the pristine TIIQ film images are highly textured 
and are composed of stripe-like crystals with the preferential 
orientation along the shearing direction. Similar textured pat-
terns can be seen for the blend films, but with fewer aligned 
crystals as the fraction of TIIQ decreases, which evidences the 
unchanged nature of the crystals in the blends during the pro-
cessing. As shown in the topographic AFM images of Figure 3c, 
the pristine N2200 and TIIQ films reveal small scattered aggre-
gates and molecule-level terraces on the surface, respectively, 
and the blend films show both features. As the fraction of 
TIIQ increases, the surfaces become rougher, which can be evi-
denced by the increasing root-mean-square roughness from 2.7 
to 4.0, 4.3, and 10.4 nm for N2200, 50% blend, 88% blend, and 
TIIQ, respectively. The rough surface morphology of the blend 
films from the crystalline domains may contribute to a posi-
tive effect on the charge transport property as well as the cor-
responding photoresponse.[12,49,50] In addition, spectroscopic PL 
signal imaging from the N2200:TIIQ blend films is capable of 
mapping the film morphological information with micrometer 
scale spatial distribution. Based on the fitted 128 × 128 map-
ping spectra, overview pictures of PL intensity distribution of 
N2200 and TIIQ molecules in the 1 × 1 mm2 scan area of 88% 
blend film (derived from the PL emission peak of the pristine 
N2200:TIIQ with maximum at 699  nm/750  nm; Gaussian fit-
ting function) are shown in Figure S2a,b, Supporting Infor-
mation, respectively. A comparison between these two figures 
clearly demonstrates that the N2200 and TIIQ are well distrib-
uted over the tested sample area without the presence of over-
sized aggregates. The correlation of the PL features of these two 
phases suggests that the heterojunctions are endowing a bicon-
tinuous mixing of the N2200 and TIIQ within the blends.

In addition to surface morphologies, 2D grazing incidence 
X-ray diffraction (GIXRD) was performed to compare the struc-
tures inside the N2200, TIIQ, and blend films. The diffraction 
patterns are shown in Figure 4. A face-on molecular packing 
can be found for pristine N2200, based on the lamellar diffrac-
tion peak visible along the in-plane direction and the peak from 
π–π stacking along the out-of-plane direction (Figure  4a).[51] 
The pristine TIIQ film shows the intensive diffraction pat-
terns at qxy = 0.64 and 1.28 Å–1, corresponding to the (01l) and 
(02l) planes of the TIIQ crystals (Figure  4d).[44] For the blend 
films, both the N2200 and TIIQ diffraction characteristics 

were observed without positional shift. As shown in Figure 4c, 
the 88% blend film, with a lower N2200 fraction, exhibits a 
less intense (100) peak of the crystalline N2200 domains. The 
results indicate that the blends comprise the intact domains 
formed by the phase separation between N2200 and TIIQ.[40] 
The phenomena observed in GIXRD of the blend films show 
the same trend as those of the POM/AFM images as well as 
the absorption/PL spectra. In addition, the TIIQ crystalline 
correlation lengths (Lcs) in pristine and 88% blend films were 
estimated from the (001) diffraction peaks shown in Figure S3, 
Supporting Information using the Scherrer equation.[52] The 
Lcs are 31.5 and 26.2 nm for the pristine TIIQ and 88% blend 
films, respectively, which suggests a relatively smaller N2200 
crystallite present in the blend, in line with the POM/AFM 
images. Therefore, the combination of the phase separation 
between N2200 and TIIQ and the large TIIQ crystallites in the 
blends, as compared with the low-crystalline pristine N2200, 
can contribute to the charge transport and separation.[53]

Based on these solution sheared thin film properties, pho-
toelectric characteristics of the BGTC organic phototransistor 
were evaluated through three-terminal drain current-gate 
voltage (Id–Vg; transfer curves) and drain current-drain voltage 
(Id–Vd; output curves) measurement to identify the illumi-
nation response for these four photoactive layers. Figure 5a 
shows the transfer curves of the pristine and N2200:TIIQ blend 
phototransistor during the Vg sweeping from −40 to 80 V and 
Vd bias at 100  V observed in dark and under illumination of 
various 680 nm red light intensities from 0.03 to 3 mW cm–2. 
In the dark state, all the devices present a typical behavior of 
n-type channel of field effect transistor and exhibit increased 
Id by the introduction of TIIQ with the extracted saturated 
mobility of 0.17, 1.18, 1.59, and 2.54 cm2 V–1 s–1 for N2200, 50% 
and 88% blend, and TIIQ, respectively. It is also noted that the 
obvious negatively-shifted threshold voltage (Vth) of 50% and 
88% blend as compared with pristine N2200 and TIIQ devices 
indicates the increase in charge trapping states within the het-
erointerfaces.[54] Under different light conditions, the electrical 
characteristics of pristine N2200 devices do not change obvi-
ously, perhaps due to the limited red light absorption, and there 
is a small shift (0.34 V) in Vth. On the contrary, the change of 
photocurrent of blend and TIIQ devices, compared to dark cur-
rent, becomes more and more obvious and the Vth shifts (∆Vth) 
more negatively with light intensity increasing under the light 
illumination, since TIIQ can help to absorb more photons. The 
electron transfer from TIIQ to N2200, which comes from the 

Adv. Optical Mater. 2022, 10, 2102650

Figure 4. 2D GIXRD patterns of solution-sheared a) N2200, b) 50% blend, c) 88% blend, and TIIQ thin films.
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potential barrier at the heterointerface, ultimately leads to the 
negative ∆Vth and Id enhancement of the N2200:TIIQ photo-
transistor.[15,55,56] Figure  5b presents the output curves of the 
device in the dark and under light illumination of 3 mW cm–2 
at different Vg. The photocurrent increases more significantly 
in the 88% blend device than in pristine N2200 device, when Vg 
increases from 0 to 80  V, which confirms the photogenerated 
charges in the blend film can be efficiently separated between 
these two organic semiconductor domains. These traps are 
gradually populated with inserted TIIQ by photoexcited charges 
as Vg increases.[57] In order to quantitatively evaluate the per-
formance of pristine and blend films as phototransistors, we 
calculated the key-of-merits, such as R, photosensitivity (P), and 
D* for red light absorbing photodetector, which can be deter-
mined by the following equations:

R
I I

P A
light dark

ill

=
−

 (1)

P
I I

P
light dark

dark

=
−

 (2)

D R
A

qI2 dark

1/2

=






∗
 (3)

where Ilight and Idark are drain current under light illumination 
and in the dark condition, and Pill, A, and q are the incident 
illumination power density, effective channel area, and charge 

of an electron, respectively.[58,59] If the shot noise from the dark 
current is the major contributor to limit the detectivity, D* can 
be expressed as equation (3).[32] These key factors of the device 
under Pill of 3, 1.5, 0.3, 0.15, and 0.03  mW cm–2 and bias of 
Vg = 0 V and Vd = 100 V are exhibited in Table 1. By comparing 
these values, R and ∆Vth, as a function of Pill, are plotted in 
Figure  6a,b, respectively. Figure 6a shows that R and Pill give 
an inverse linear relationship in their double logarithmic plot. 
The observation of decreased R with increasing Pill for all these 
three devices is probably due to the saturated absorption[60] 
or charge trapping/separation and increased recombination 
loss[49,61] at high Pill. Pristine TIIQ device without heterointer-
face exhibits less Pill dependent R value (slower R value decrease 
with increased Pill) as compared with blend one, which may be 
associated with slow detrapping or recombination process of 
trapped holes. Under the weak Pill of 0.03 mW cm–2, the N2200, 
50% and 88% blend and TIIQ devices reach the maximum 
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Figure 5. Electrical and optoelectrical characteristics of the pristine and N2200:TIIQ blend phototransistor: a) Transfer characteristics measured at Vd 
of 100 V in dark and under different illumination intensities in the range of 0.03 to 3 mW cm–2. b) Output characteristics measured at Vg of −20, 0, 40, 
60, and 80 V in dark and under Pill of 3 mW cm–2.

Table 1. Summary of photoelectric parameters of phototransistors 
under 680 nm red light illumination at Vg = 0 and Vd = 100 V.

Compound μa) [cm2 V–1 s–1] R [A W–1] P D* [Jones]

N2200 0.17 0.12 0.16 9.9 × 109

50% blend 1.18 136 1.64 1.8 × 1012

88% blend 1.59 4065 3.88 1.4 × 1013

TIIQ 2.54 1848 37.49 1.2 × 1013

a)Maximum mobility.
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R values of 0.12, 1.36, 4065, and 1848 A W–1, respectively. As 
expected from the absorption characteristics (Figure  1c), the 
88% blend device provides a significant response to the red 
light illumination, due to the enhanced photogenerated car-
rier formation and their efficient separation,[62] which is supe-
rior to the previously reported blend red light phototransistor 
of ≈ 14 A W–1.[40] Besides, a small ∆Vth can be obtained for 
the pristine N2200 device and the value does not significantly 
change even under high Pill, as shown in Figure 6b, indicating 
red light photo-insensitivity in N2200. In contrast, the pristine 
TIIQ and N2200:TIIQ blend devices provide a linear relation-
ship between ∆Vth and Pill, and the maximum negative ∆Vth of 
88% blend is −18.8 V at a Pill of 3 mW cm–2. More details on 
Pill dependent R, P, and D* values of the 88% blend device are 
summarized in Figure 6c. It should be noted that the tendency 
of D* in the higher Pill region is a similar trend with R, while 
giving the reverse trend for P. Obviously, in the case of photoac-
tive blend films, a significant enhancement in R, D*, and ∆Vth 
can be observed as compared to the case of the original N2200 
device. The remarkable highest D* for the 88% blend device is 
calculated as 1.4 × 1013 Jones under the Pill of 0.03 mW cm–2, as 
well as the highest R. This can be explained by more signifi-
cant accumulation of photogenerated electron–hole pairs, high 
electron mobility (for photo-gain) and charge trapping ability of 
TIIQ in blends. Therefore, the applied Vg enhances the charge 
dissociation and reduces the recombination, demonstrating the 
more sensitive detection capability of the N2200:TIIQ blend 
phototransistor when illuminated using red light.
Figure 7a shows the time-dependent photoresponse of 

N2200:TIIQ blend and pristine TIIQ phototransistors at Vg = 0 
and Vd = 100 V, as the red light with Pill of 3 mW cm–2 is turned 
on and off. Figure  7b displays an example of one switching 
cycle, and each cycle contains light-on (5 s)/light-off (1 s), light-
on (5 s)/light-off (1.5 s)/Vg bias (20 V, 1 s), and light-on (5 s)/
light-off (1.5 s)/Vg bias (50 V, 1 s) for 50%, 88% blend and pris-
tine TIIQ devices, respectively. It shows that the 50% blend 
device can be repeatedly and perfectly switched during the 
alternating illumination and dark conditions. The photocurrent 

continuously increases/decreases and the on- and off-current 
states remain during the repetitive photoswitching, without 
any applied external Vg. The rising and falling time, defined as 
the increased and decreased Ilight between 10% and 90% of the 
peak value, are found to be 23 and 45 ms, respectively. On the 
other hand, both the 88% blend and pristine TIIQ devices can 
be switched on by light illumination, but switched off with the 
help of resetting the electrical pulse (Vg  = 20  V and 50  V for 
1 s, respectively) under light-off condition. It should be noted 
that the incorporation of 88% TIIQ in the blend affects the Ilight 
evolution versus time, characterized by a slow increase of the 
red light illuminated Ilight and a noticeable persistent Ilight decay 
as the device is returned to the dark condition. Similar photore-
sponse phenomena can be found for the pristine TIIQ device. 
The delay in Ilight falling may be caused by persistent photocon-
ductivity,[48,63] which occurs when the trapped holes remain in 
the photoactive channel.[64] The trapped holes affect the elec-
trical characteristic when the device is not illuminated,[65] and a 
rapid drop of Ilight occurs only when an electrical bias is applied. 
From the abovementioned photoresponse results, the rising 
and falling time of 50% blend device can be greatly improved 
mainly associated with efficient exciton dissociation/hole trap-
ping process to reach steady state upon illumination and whole 
detrapping in the dark from this heterointerface, respectively. 
In contrast, an increase in exciton formation and more hole–
electron needed to be separated due to increased amounts of 
red light absorbed TIIQ in 88% blend and pristine TIIQ devices 
contribute to the sluggish rise/fall response time.[66] The release 
of trapped holes is allowed only at the additional positive Vg 
pulse. Especially, the pristine TIIQ device needs more positive 
the sweep out (50  V) to return back to the initial off current 
state since more trapped holes need to be detrapped while there 
is no intrinsic heterointerface to trigger the detrapping process. 
We also check the transient photoresponse for prolonged period 
in the 88% blend phototransistor (Figure S4, Supporting Infor-
mation). In the first 200 s, the Id still presents a relative good 
photoresponse under red light illumination and recovery from 
electrical bias. After that, it can be found that the Ilight gradually 
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Figure 6. Changes in a) R and b) ∆Vth as a function of Pill for the pristine and blend organic phototransistors. c) R, P, and D* versus Pill of the 88% 
blend device at Vg = 0 and Vd = 100 V.
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decreases, implying the slower rate in both charge trapping 
and trap-assisted recombination at the later stage. This device 
may need longer illumination time to reach original on-current 
state. Even through the decrease in Ilight happens, these two dis-
tinct on- and off-current states can still be observed for at least 
950 s. Overall, the N2200:TIIQ blend phototransistor devices 
presented here exhibited good photoswitching ability upon irra-
diation with red light and modulated photoelectric response of 
the device by simply choosing the blends of organic/polymeric 
semiconductors with suitable composition.

3. Conclusion

In conclusion, photomodulation between Ilight and Idark of 
photo transistors can be achieved through the solution-process-
able semiconducting blends of N2200 conjugate polymer 
and TIIQ small molecule. Our results demonstrate that the 
photoresponse of a N2200:TIIQ blend phototransistor can 
be tuned by the blend composition and morphologies of the 
photoactive blend layer. The blends are seen to compromise 
the enhanced red light absorption and high charge carrier 
mobility from TIIQ semiconductor and the charge separation 
between the N2200:TIIQ heterointerface, when compared to 
the pristine film. Taking advantage of these findings, we have 
realized a 88% blend reaching high μ, R, and D* values of 
1.59 cm2 V–1 s–1, 4065 A W–1, and 1.4 × 1013 Jones, respectively, 
under red light illumination. In addition, the light-driven cur-
rent modulation possesses good stability and reproducibility. 

Our results demonstrate that the solution-processed 
N2200:TIIQ blend phototransistor developed in this study pro-
vides an effective approach for improved photodetection.

4. Experimental Section
Materials: N-type blend semiconducting layers based on small 

molecule semiconductor TIIQ was synthesized according to 
previously reported procedure,[44] whereas n-type conjugated polymer 
semiconductors N2200 (molecular weight of Mn  = 150497 and a 
polydispersity index of 1.93) was obtained from Ossila. (2-phenylethyl)
trichlorosilane and n-decyltrimethoxysilane were purchased from Gelest 
and used as a surface modification agent. All the solvents purchased 
from Sigma-Aldrich were anhydrous grade. All the reagents and 
commercially available chemicals were used without further purification.

Phototransistor Fabrication and Measurement: First, the pure N2200 
was dissolved in 1,2-dichlorobenzene with a solid concentration 
of 5  mg mL–1. The blend N2200:TIIQ solution (at a weight ratio of 
50:50 and 88:12) was mixed at a fixed concentration of 2  mg mL–1 in 
mixing solvent of 1,2-dichlorobenzene and chloroform (97:3 vol%). 
Prior to depositing the photoactive blend films, the solutions were 
stirred on a plate and preheated for 30  min at the same temperature 
during the shearing process. Heavily-doped n-type silicon wafers were 
used as substrates for phototransistor in bottom-gate geometry. The 
thermal growth 300 nm-thick SiO2 layer was used a gate dielectric. The 
photoactive blend layer was deposited by solution shearing process onto 
the silane-modified substrates at a shearing rate of 10–100 µm s–1 and 
deposited temperature of 80–120  °C, followed by annealing at 100  °C 
for 1 h under vacuum. The thickness of the obtained films was ≈30 nm. 
Finally, the phototransistors were completed by Ag deposition as top-
contact electrode (≈80  nm thick) via thermal evaporation through 
the shadow mask with a channel length (L) of 25  µm and width (W) 

Figure 7. a) Transient photoresponse of the 50% blend, 88% blend, and pristine TIIQ devices over time under alternative illumination and dark con-
ditions for ten illumination cycles. (The pink region indicates the device under red light illumination; the arrows in the 88% blend and pristine TIIQ 
indicate the application of pulsed Vg = 20 and 50 V for 1 s, respectively). b) An example of one illumination cycle.
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of 1500  µm. The phototransistors were characterized in the dark and 
under red light irradiation from the top of the sample surface under 
a nitrogen atmosphere using a Keithley 4200-SCS semiconductor 
parameter analyzer equipped with 680  nm red light emitting diode 
source. The incident light intensity was performed at real power intensity 
of 0.003–3 µW cm–2 calibrated using an analogue optical power meter 
(Newport 1919-R).
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