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effectively built by interface engineering because the nature of 
the interfaces that are ubiquitous in OFETs plays an important 
role in the performance and stability of devices. [ 8 ]  Among dif-
ferent interfaces, the dielectric/semiconductor interface is par-
ticularly vital as, under an applied electric fi eld, charge carriers 
are directly generated and transported at this interface. Hence, 
the polarity, charge distribution, and surface roughness of the 
dielectric/semiconductor interface can dramatically affect the 
device performance. Besides these factors, intrinsic character-
istics of dielectric materials, such as permittivity, can also infl u-
ence the carrier transport in the semiconductor. Therefore, it 
is essential to modify the dielectric/semiconductor interface 
and functionalize dielectric layers for providing straightforward 
methods to tailor the carrier density and/or install new func-
tions. [ 9 ]  In this study, we demonstrate such a general approach 
to fabricate a new type of organic phototransistor, which is 
capable of reversibly photomodulating the carrier density at 
the dielectric/semiconductor interface; this phototransistor 
was constructed using photochromic spiropyran (SP)–methyl 
methacrylate (MMA) copolymers (hereafter referred to as SP- co -
MMA) as the photoresponsive gate dielectrics ( Figure    1  ). SP 
is a type of organic chemical compounds known for its pho-
tochromic properties; [ 10 ]  it was chosen as the photosensitizer 
because SPs can revert back-and-forth between a neutral, closed 
form (SP-closed) and a zwitterionic, open form (SP-open) when 
exposed to light of different wavelengths. Such a unique con-
formational transition caused by the photoisomerization of SP 
molecules leads to a signifi cant modulation of the electric dipole 
moment ( P  mol ) (≈6.4 D of SP-closed and ≈13.9 D of SP-open), [ 11 ]  
thus forming the basis of the development of novel photos-
witchable sensors and functional optoelectronic devices. [ 12 ]  In 
this case, reversible  P  mol  changes of SPs in polymer dielectrics 
result in two distinct capacitance values that induce different 
capacitive coupling. In addition, under UV irradiation, SPs at 
the dielectric/semiconductor interface could change from a 
neutral form (SP-closed) to a charge-separated form (SP-open), 
thus producing scattering sites that can trap the photoexcited 
electrons and correspondingly leave hole carriers in the con-
ductive channel. A synergistic combination of both effects real-
izes the photomodulation of the threshold voltage ( V  T ) values, 
and thus channel conductance. This study is established from 
previous cases where SP was simply mixed with poly(methyl 
methacrylate) (PMMA) as the gate dielectric; unfortunately, the 
SP concentration was signifi cantly limited by its low solubility 
in PMMA. [ 9d,f  ]  The important distinction in this study is that 
the use of SP- co -MMA copolymers allows for the substantial 
tuning of the SP ratios in polymer dielectrics, thus signifi cantly 

  Organic fi eld-effect transistors (OFETs) are the basic building 
blocks in numerous fl exible integrated circuits and displays; 
over the past 25 years, signifi cant advances have been made 
with respect to OFETs by improving the performance of organic 
semiconductors as well as modulating the engineering of 
devices. [ 1 ]  Of note, a very high carrier mobility of >8 cm 2  V −1  s −1  
has been reported for both conjugated polymers and small-
molecule organic semiconductors, [ 2 ]  which warrants the prac-
tical commercialization of OFETs. Meanwhile, novel OFETs 
with specifi c functions, such as non-volatile memory devices, [ 3 ]  
phototransistors, [ 4 ]  light-emitting transistors, [ 5 ]  and OFET-based 
chemical or biosensors, [ 6 ]  have been demonstrated, thereby 
providing a promising direction for organic electronics. [ 3c   ,   7 ]  In 
view of this direction, for building functional organic electronic 
devices, a particularly urgent requirement is to develop effi -
cient strategies to control the carrier density in the conductive 
channel of OFETs. 

 Apart from the development of high-mobility organic 
semiconductors, functional high-performance OFETs can be 
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improving device photoresponsivity (approximately three 
orders of magnitude). In fact, integrating photochromics into 
organic electronic circuits has been proven to be reliable for 
constructing new generations of multifunctional interfaces 
such as an electrode/semiconductor interface, [ 13 ]  environment/
semiconductor interface, [ 11,14 ]  or even as a binary mixture in the 
active layer [ 15 ]  to impart light-responsive properties into OFETs. 

  Figure  1  shows a standard top-contact, bottom-gate OFET 
device architecture on the n ++  silicon substrates. The devices 
were fabricated by using a 40-nm-thick pentacene semicon-
ductor layer on a 600-nm-thick copolymer insulator for dem-
onstrating signifi cant potential for incorporation into elec-
tronic circuitry. A series of photosensitive copolymers com-
posed of SP and MMA with different SP–MMA ratios was 
used as the photoactive gate dielectrics. PMMA was selected 
as the polymer binder because it has good surface uniformity, 
low surface roughness, and appropriate surface energy. [ 16 ]   
Table    1   shows the different monomer feed ratios used to 
prepare side-chain SP- co -MMA by atom transfer radical poly-
merization (ATRP). The details of the polymer synthesis are 
given in the Supporting Information. The molar percent-
ages of the SP units in the copolymers were determined by 
the elemental analysis of nitrogen contents. Apparently, 

higher molar percentages of SP units are 
observed in the copolymers as compared 
to those of the SP monomer in the initial 
monomer feed, suggesting the higher reac-
tivity of SP as compared to MMA in copo-
lymerization. The weight-average molecular 
weights ( M  w ) and polydispersity index (PDI) 
of the resultant polymers were obtained 
by gel permeation chromatography (GPC, 
Table  1 ). SP- co -MMA-4 with the highest SP 
percentage (SP content: ≈32.3%) has the 
lowest molecular weight and the highest 
PDI, probably because it has poor solubility 
during polymerization when the SP ratio 
exceeds a critical value. Thus, we used SP- co -
MMA with three different SP molar percent-
ages of 8.9%, 13.7%, and 20.8% (labeled as 
SP- co -MMA-1, SP- co -MMA-2, and SP- co -
MMA-3, respectively) as the dielectric layers 
to fabricate photosensitive OFETs. These 
SP ratios signifi cantly exceed the saturation 
concentration of SPs dissolved in PMMA 

(≈7.0 × 10 2   M ), [ 9d ]  which is of crucial importance to improve 
the photoresponsivity of the device. 

  The maximum root-mean-square roughness obtained form 
tapping-mode atomic force microscopy (AFM) is less than 
0.5 nm, indicating that the spin-coated copolymer gate dielec-
tric has a smooth surface (Figure S1, Supporting Information). 
Figure S2 (Supporting Information) shows the UV–vis plots 
of the representative SP- co -MMA-3 copolymer fi lm: SP units 
in the dielectric layers can switch back and forth between the 
SP-open and SP-closed forms on irradiation by UV and visible 
light. As obtained from the kinetic data determined by UV–vis 
absorption spectra,  K ( UV-spectrum ) = ≈4.8 ± 0.6 × 10 −3  s −1  and 
 K ( Visible-spectrum ) = ≈1.4 ± 0.3 × 10 −3  s −1  (the data in the dark not 
shown), which are very similar to those reported previously. [ 11 ]  
Notably, the photoisomerization of SP units induced by suffi -
cient UV irradiation does not alter the surface roughness and 
uniformity of the copolymer fi lms. This precludes the possi-
bility that the changes in surface morphology induce the vari-
ance of the device conductance observed below. 

 After the characterization of the SP- co -MMA, 40 nm pen-
tacene thin-fi lm transistors (length: 70 µm and width: 2 mm) 
were fabricated on these copolymer gate insulators with 
a thickness of 600 nm.  Figure    2  a,b as well as Figure S3 and 
Table S1 (Supporting Information) summarize the saturation 
fi eld-effect mobilities ( µ ) and capacitances ( C ) on different 
copolymer gate dielectrics. The average saturation carrier 
mobility ( µ  max ) of these devices is ≈0.12 cm 2  V −1  s −1 , which is 
higher than those of devices on SP–PMMA hybrid dielectrics 
(≈0.02 cm 2  V −1  s −1 ) [ 9d ]  and SP-monolayer-modifi ed silicon sub-
strates (≈0.03 cm 2  V −1  s −1 ). [ 9c ]  In the subsequent analysis of the 
photoswitching processes, the photocurrent jumps of the tran-
sistors induced by UV and visible irradiation is controlled to 
the same value. Therefore, the negligible current jumps of the 
devices during switching between UV and visible irradiation 
were recorded. 

  Figure  2 a,b also show the transfer and output curves of the 
representative photoresponsive devices with the SP- co -MMA-3 
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 Figure 1.    Schematic representation of the OFET architecture with the SP- co -MMA gate dielec-
trics. Photochromic SPs in the polymer dielectrics on the n ++  Si substrates undergo revers-
ible photoisomerization between SP-closed and SP-open forms, thus modulating device 
photocurrents.

  Table 1.    Characterization data of SP- co -MMA. 

Polymer Reagent ratio 
(SP:MMA) a) 

Product ratio 
(SP:MMA) b) 

SP content b)  
[mol%]

 M  w  
(×10 4 ) c) 

PDI c) 

SP- co -MMA-1 1:32 1:10.2 8.9 9.7 1.17

SP- co -MMA-2 1:16 1:6.3 13.7 10.7 1.18

SP- co -MMA-3 1:8 1:3.8 20.8 12.1 1.13

SP- co -MMA-4 1:4 1:2.1 32.3 6.6 1.54

    a) The molar ratio of the SP monomer in the initial monomer feed;  b) The molar 
ratio and percentage of SP units in the polymers determined by elemental analysis; 
 c) The weight-average molecular weights ( M  w ) and polydispersity index (PDI) of the 
resultant copolymers obtained from by GPC using polystyrene standards.   
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gate dielectrics; when exposed to UV and visible light, the 
drain current ( I  D ) can be reversibly modulated. Figure  2 c 
shows the temporal evolution of the current–voltage curves 
for one complete switching cycle under UV and visible irradia-
tion. After UV light irradiation for 1200 s,  I  D  clearly increases 
rapidly to a saturation value. Meanwhile, after another ≈3600 s 
of visible light irradiation, the  I  D  of the reverse process 
decreased, and the high-conductance state was converted to 
its original low-conductance state. The current–voltage curves 
of each process can be fi tted with a single exponential. The 
kinetic results determined by current measurements indicated 
that  K ( UV-current ) = ≈5.6 ± 0.6 × 10 −3  s −1  and  K ( Visible-current ) = ≈
1.7 ± 0.3 × 10 −3  s −1 , which are in good agreement with the 
kinetic results calculated from spectral measurements. The 
similarity between the reversible photoswitching of the con-
ductance of the SP-functionalized devices and the revers-
ible photoisomerization of SPs in the copolymer thin fi lms 

suggests that the photoisomerization of SPs is responsible 
for the modulations of OFET characteristics. We fabricated a 
control device on the PMMA polymer dielectrics, which does 
not contain SP units to rule out potential artifacts (Figure  2 c 
inset). Regardless of whether the control device is irradiated by 
UV or visible light, it only exhibits a slight current jump and 
a slow decrease of  I  D . The overall rate constants ( K ( UV-current ) = 
 K ( Visible-current ) = ≈2.3 ± 0.1 × 10 −4  s −1 ) calculated from the trace 
in the Figure  2 c inset are one order of magnitude smaller than 
those obtained from the SP copolymer-functionalized devices. 
The kinetic data obtained from Figure  2 c indicated that the 
percentage conversion ( x  e ) of SPs from the SP-closed to SP-
open form at the photostationary state is ≈74.3% (see the Sup-
porting Information). At short irradiation times, these devices 
exhibit a long-term operational stability in a reversible manner. 
Figure  2 d shows that the devices exhibit long-term operational 
stability (>50 switching cycles) without obvious degradation at 
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 Figure 2.    Photoresponsive characteristics of pentacene OFETs with SP- co -MMA gate dielectrics. a) Output and b) transfer properties of a SP- co -MMA-3 
device before and after UV irradiation.  V  D  = −50 V. c) Temporal evolution of  I  D  with one complete cycle,  V  D  = −30 V and  V  G  = −15 V. The inset shows 
the time evolution of  I  D  for a control device with PMMA dielectrics, which does not contain SP units, under UV (365 nm) and visible ( λ  > 520 nm) 
irradiation.  V  D  = −30 V and  V  G  = −15 V. d) Time evolution of  I  D  for the same device over a period of ≈3 h with the fi rst three cycles expanded for clarity, 
indicating reversible photoswitching modulation under UV and visible irradiation.  V  D  = −30 V and  V  G  = −15 V. e) Responsivity ( R ) and photosensitivity 
( P ) values with the evolution of  V  G  for SP- co -MMA devices with three different molar percentages of SP units.  V  D  = −50 V and the irradiance power is 
7.4 µmW cm −2 . f) Both  R  and  P  values increase with increasing molar percentages of SP units (10 devices for each SP ratio).



C
O

M
M

U
N

IC
A
TI

O
N

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim1500159 (4 of 8) wileyonlinelibrary.com

room temperature and ambient atmosphere after operation 
over a period of ≈3 h. 

 As compared to normal OFETs, photosensitive devices have 
two important criteria, responsivity ( R ) (expressed in A W −1 ) 
and current change ratio ( P ), which determine the effi cacy of 
the device. We calculated these parameters from the current 
changes in Figure  2  by using a previously defi ned model: [ 7c ] 
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 where  I  light  is the drain current induced by light,  I  l  is the drain 
current under illumination,  I  dark  is the drain current in the dark, 
 P  ill  is the incident illumination power on the device channel,  I  ill  
is the light power intensity,  L  is the channel length, and  W  is 
the channel width. The  R  value reveals the extent of transfor-
mation of optical energy to electrical current, while the  P  value 
indicates the signal-to-noise ratio. Photoresponsivity is clearly 
dependent on bias. Figure  2 e,f show the responsivity data of the 
working devices with different SP- co -MMA dielectrics (SP ratios 
of 8.9%, 13.7%, 20.8%) with the evolution of  V  G  ( V  D  = −50 V). 
As expected, both  R  and  P  values increase with increasing 
molar percentages of SP units. For devices with an SP molar 
percentage of 20.8%, the best data obtained are  R  = ≈4.5 × 10 2  
A W −1  and  P  = ≈1.0 × 10 3  using light with a very low effective 
 I  ill  of 7.4 µW cm −2 . These values are signifi cantly greater than 
those obtained from SP–PMMA hybrid devices ( R : ≈2 A W −1 ; 
 P : ≈3.0) [ 9d ]  and most other organic phototransistors; [ 7c ]  further-
more, these values are comparable to those obtained from amor-
phous silicon-based devices ( R  = 300 A W −1  and  P  = 1000). [ 17 ]  
Considering the low photoresponsivity of pentacene itself (≈10 
A W −1 ), we conclude that the high photoresponsivity of our 
functional devices predominantly originates from the photoi-
somerization of SP units in SP- co -MMA (>95% contribution), 
in stark contrast to other small-molecule-based phototransistors 
where the  P  values mainly originated from the photoresponses 
of the semiconductor itself. [ 7 ]  These results demonstrate the 
effi ciency of our strategy for constructing organic phototransis-
tors with high responsivity by developing new types of photoac-
tive polymer gate dielectrics based on photochromic molecules, 
regardless of the  R  and  P  values of organic semiconductors 
themselves. 

 It is essential to investigate the mechanism as to why the 
photosensitivity of the SP- co -MMA devices in this study is sig-
nifi cantly higher than that of SP hybrid devices. In our previous 
study, we demonstrated that the changes in the capacitance of 
the SP–PMMA hybrid dielectrics, which are blends of PMMA 
and SP with various thickness (150−1200 nm), are responsible 
for the modulation of the drain current in the devices. [ 9d ]  Simi-
larly, in this study of SP- co -MMA dielectrics, we have reason 
to believe that the reversible modulation of the capacitance of 
copolymer dielectrics, which is induced by the photoisomeri-
zation of SPs, is also one of the reasons for the high photore-
sponsitivity. Molecular dynamics (MD) simulations can aid in 
the calculation of the static dielectric constants of SP- co -MMA 
by utilizing the fl uctuation of the dipole moment. Hence, MD 

calculations were performed with the Materials Studio software 
to verify this mechanism. The computational procedure of MD 
simulations and evaluation of dielectric constants are provided 
in the Supporting Information. Based on the calculations, the 
converged permittivity of the SP- co -MMA-3 with SP-closed is 
≈2.75 ( Figure    3  a). As compared to this value, the permittivity 
of the copolymers with SP-open is ≈3.45, which is ≈25% greater 
than that with SP-closed. This simulation result demonstrated 
that the photoisomerization of SPs induces a signifi cant change 
in the permittivity of the copolymers caused by molecular 
dipoles. 

  To experimentally prove this theoretical prediction, we 
measured the capacitance of SP- co -MMAs using a sandwich 
device architecture. Figure  3 b,c show the temporal evolution 
of the capacitance data of the SP- co -MMA-3 dielectrics with a 
fi lm thickness of 600 nm. On exposure to UV light, a gradual 
transition from low- to high-capacitance states is remarkably 
observed. After the devices were exposed to UV light for ≈720 s, 
the capacitance gradually increases to saturation. Similarly, 
under visible irradiation, the recovery process is realized. As 
shown in Figure  3 c, after another ≈24 min of exposure to vis-
ible light, the high-capacitance state slowly converted back to 
the original low-capacitance state, completing a full switching 
cycle. Notably, the devices exhibit reversible photoswitching 
processes. The capacitance of the same device was meas-
ured at a frequency of 1 MHz. The four complete switching 
cycles are shown in Figure  3 d. Based on the capacitance 
curves in Figure  3 d, the kinetic rate constants are calculated 
as  K ( UV-capacitance ) = ≈5.5 ± 0.8 × 10 −3  s −1  and  K ( Visible-current ) = 
≈1.6 ± 0.2 × 10 −3  s −1 . Remarkably, the kinetic data obtained 
from the observed capacitance photoswitching in SP- co -MMA 
are nearly the same as those obtained from the conductance 
in the devices (Figure  2 c) and UV–vis absorption studies 
(Figure S2, Supporting Information). As reported previously, 
regardless of irradiation by visible or UV light, the changes 
in the capacitance of the control PMMA dielectrics are nearly 
negligible. [ 9d ]  Therefore, these results indicate that the photo-
switching of the capacitance in SP-functionalized transistors 
originates from the photoisomerization of SP units. The pho-
toisomerization of SPs induces a signifi cant alteration in the 
dipole moment, which would initiate a collective variation in 
the dielectric constant of the copolymer, thus leading to the 
reversible photomodulation of the capacitance of the polymer 
dielectrics. The gate dielectric with a higher capacitance value 
can store more charges at the semiconductor/dielectric inter-
face at similar voltages, leading to an increase of the carrier 
density, and consequently, drain current, in the devices. [ 7a ] 

  Figure    4   shows the switching mechanism based on confor-
mation-induced capacitive coupling before and after UV irra-
diation. The percentage change in the capacitance predicted by 
theory (≈25%) is higher than that obtained from actual experi-
ments (≈10%), probably caused by the incomplete conversion 
of SP units under illumination (≈74.3% from SP-closed to SP-
open) and the unoptimized operation conditions (Table S1, 
Supporting Information). 

  As compared to previous studies, in this study, the SP con-
tent in the SP- co -MMA dielectrics is more than that in SP 
hybrid devices; thus, the photoresponsivity of the SP copolymer 
device is greater than that of the SP hybrid devices. However, 
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even by increasing capacitance, induced by the increase of 
the SP content, the signifi cant increase in the  R  and  P  values 
could not be completely explained. As a result, the photos-
witching mechanism has to be investigated in detail. Pho-
togenerated carriers (or charges) in semiconductors are well 
known to contribute signifi cantly to device photocurrents. [ 7a ]  

Generally, it is diffi cult to separate photogenerated excitons in 
organic semiconductors, which are a bound electron-hole pair 
with a strong exciton binding energy, to yield free charges. 
As a result, the free charges resulting from the separation of 
photogenerated excitons assisted by external forces can pro-
vide additional photocurrent. [ 18 ]  As reported in our previous 
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 Figure 3.    Demonstration of capacitance modulation. a) Simulated static dielectric constants with the temporal evolution for an SP- co -MMA-3 system 
with SP-closed (black) and SP-open (red) using a confi guration average scheme. b,c) Gradual transitions of the capacitances of SP- co -MMA-3 copolymer 
dielectrics between low- and high-capacitance states when the curves were recorded every 60 s under UV light irradiation (b) and every 360 s under 
visible light irradiation (c). The fi lm thickness is 600 nm. d) Four complete switching cycles of the capacitance which were measured at the data at the 
frequency 1 MHz.

 Figure 4.    Proposed model of a conformation-induced capacitive coupling mechanism. a) Before UV irradiation, the initial relatively low capacitance 
value induces the formation of pristine charges at the dielectric/semiconductor interface. b) After UV irradiation, the higher capacitance can produce 
more charge carriers at the dielectric/semiconductor interface under the same condition, thus leading to an increase of the carrier density, and con-
sequently, the drain current, in the devices.
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study, when charge-separated SP-open is assembled on the 
surface of single-walled carbon nanotubes [ 12e ]  or blended with 
poly(3-hexylthiophene-2,5-diyl) (P3HT) semiconductors, [ 15c ]  it 
can introduce scattering sites for the carriers by creating local-
ized dipole fi elds around the conductive channel. Then, these 
sites facilitate the separation of the photogenerated excitions. 
Thus, in this study, with the increase of the SP ratio in dielec-
trics, the SP units at the dielectric/semiconductor interface 
play a more important role. Therefore, we conclude that the 
charge-separated SP-open units in the SP- co -MMA copolymer 
dielectrics probably behave similar to electron traps at the 
dielectric/semiconductor interface and keep the hole carriers 
in the channel, thus causing an increase in the photocurrent. 
On irradiation by UV light, the zwitterion of SP-open at the 
dielectric/semiconductor interface enhances charge separa-
tion effi ciency and increases hole carrier density, thereby 
resulting in a large threshold shift and a higher current. In 
contrast, on irradiation by visible light, SP-closed cannot cap-
ture electrons, and the photogenerated excitons that have not 
arrived at the conducting channel will be recombined, thus 
decreasing the current. This increase in the current is dem-
onstrated by the fact that a dramatic  V  T  shift from ≈−28.6 to 
≈−7.1 V is observed on irradiation by UV light (Figure S3 and 
Table S1, Supporting Information), and the  V  T  shift could be 
restored to its original value under additional irradiation by 
visible light. [ 9c ]  This threshold voltage shift is attributed to the 
charged nature of the SP-open zwitterion, which is capable of 
trapping the photostimulated electrons, thus increasing the 
hole density at the dielectric/semiconductor interface. How-
ever, the manner in which the zwitterions of SP-open quench 
the electron carriers in the channel is still unclear, necessi-
tating further investigation. 

 To further understand the underlying physical mechanism 
of electron trapping, we used an interfacial space charge layer 
model to provide the quantitative explanation of the threshold 
voltage shift. [ 19 ]  This charge layer at the dielectric/semicon-
ductor interface originates from the photoinduced charge traps 
of SP units close to the interface. These traps produce an effec-
tive gate voltage ( V  eff ) that results in a shift of the threshold 
voltage (Δ V  th ). In this model,  V  eff  is given by 

 
eff G

sp

sp

V V
C

σ
= +

   

 where  σ  sp  is the surface density of the photoinduced charges 
of SP units,  V  G  is the gate voltage and  C  sp  is the capacitance of 
SP- co -MMA copolymer dielectrics. This equation implies that 
 V  G  is shifted by an additional voltage drop  σ  sp / C  sp . The term 
of  σ  sp / C  sp  is simply a consequence of the continuity require-
ment for the displacement fi eld across the interface (Gauss’ 
law). When  V  G  = 0 V, we can obtain Δ V  th  from the value of  V  eff . 
The value of  σ  sp  is calculated to be ≈2.78 × 10 12  cm −2 , which 
can be estimated by the areal density of SP units in copolymer 
dielectric (The calculation details are given in the Supporting 
Information). The value of  C  sp  is 3.85 nF cm −2  (Figure  3 b and 
Table S1, Supporting Information). Therefore, the Δ V  th  is 
calculated to be ≈78.5 V, which is in the same order with the 

experimental value (21.5 V). This result demonstrates that the 
interfacial space charge layer can, indeed, shift the threshold 
voltage by several ten volts, which signifi cantly contributes to 
the device current. The minor deviation of this simple Δ V  th  
calculation from the experimental data is probably caused by 
the insuffi cient accuracy of the  σ  sp  value and the recharge-
able trap states as well as a carrier-density dependence of the 
mobility in the calculation. In some cases, the shift of  V  th  also 
results from the dipole layer at the dielectric/semiconductor 
interface. However, to explain the shift in  V  th  up to 21.5 V 
observed in the devices, one has to assume a dipole moment 
that exceeds 21.9 D (see the Supporting Information). Consid-
ering such a high value of a dipole moment, we conclude that 
the small change in the dipole moment of SP units has the 
negligible effect on the shift of  V  th , but has the obvious effect 
on the dielectric capacitance as demonstrated above. Therefore, 
SP photoisomerization can produce an interfacial charge layer, 
which leads to the threshold voltage shift, and simultaneously 
increase the dielectric capacitance. As a result, it is reasonable 
that the 1000-fold increase in device photoresponsivity results 
form the synergistic modulation of the dielectric capacitance 
and charge trapping effect. 

 In addition, another possible switching mechanism is the 
variation in the surface uniformity and roughness of the pen-
tacene layer. To preclude the possibility, the morphology of the 
copolymer fi lms was characterized by AFM as demonstrated 
previously. No obvious morphological changes are observed 
for the SP- co -MMA dielectric layer before and after UV irradia-
tion (Figure S1, Supporting Information). Consequently, it is 
reasonable that by using SP- co -MMA dielectrics, an improve-
ment in photoresponsivity of nearly three orders of magnitude 
is observed by synergistic effects of the confi rmed capacitive 
coupling and charge separation induced by conformational 
changes at the dielectric/semiconductor interface. [ 19 ]  Notably, 
all conformational changes occurring within the dielectric 
layer are driven by the most convenient and non-invasive tool 
of light without any damage to the organic semiconductors, 
thus demonstrating the operational stability of the functioning 
devices. 

 In summary, we demonstrated here an effi cient approach 
for preparing functional OFETs with high responsivity, which 
are capable of photomodulating the carrier density in the con-
ductive channel by using SP- co -MMA as the photoactive gate 
dielectrics. SP photoisomerization initiates reversible modula-
tion in the dipole moment of SPs, thereby resulting in different 
capacitance values of polymer dielectrics, which induce dis-
tinct capacitive coupling at the semiconductor/dielectric inter-
face. On the other hand, the formation of the photogenerated 
SP-open zwitterions produce scattering sites and quench the 
photoexcited electrons, thus facilitating separation–transport of 
hole carriers in the conductive channel. Because of the syner-
gistic effects of both switching mechanisms, the threshold volt-
ages can be tuned; this tuning modulates the channel conduct-
ance in a noninvasive manner, thereby leading to a new type of 
low-cost OFET-based photodetectors with high photosensitivity 
( R : ≈4.5 × 10 2  A W −1 ;  P : ≈1.0 × 10 3 ). Therefore, these results will 
help in the understanding of interfacial phenomena in greater 
detail and offer fresh insights into developing new strategies 
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for building multifunctional OFETs and ultrasensitive sensors 
by interface engineering. In addition to their potential use as 
sensors and detectors, our approach of incorporating molecular 
functionalities into electrical circuits promises the design and 
fabrication of a new generation of multifunctional interfaces, 
materials, and devices.  
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 Supporting Information is available from the Wiley Online Library or 
from the author.  
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