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With the development of device engineering and molecular design, organic field effect transistors
(OFETs) with high mobility over 10 cm2·V−1·s−1 have been reported. However, the nonideal double-
slope effect has been frequently observed in some of these OFETs, which makes it difficult to extract
the intrinsic mobility OFETs accurately, impeding the further application of them. In this review, the
origin of the nonideal double-slope effect has been discussed thoroughly, with affecting factors such as
contact resistance, charge trapping, disorder effects and coulombic interactions considered. Accord-
ing to these discussions and the understanding of the mechanism behind double-slope effect, several
strategies have been proposed to realize ideal OFETs, such as doping, molecular engineering, charge
trapping reduction, and contact engineering. After that, some novel devices based on the nonideal
double-slope behaviors have been also introduced.
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1 Introduction

Organic electronics has attracted extensive attention for
their unique properties, such as light-weight, flexibil-
ity, low-cost solution-processability, and molecularly des-

∗Special Topic: Organic Semiconductors and OFETs (Eds.
Hong Meng & Guangcun Shan). This article can also be
found at http://journal.hep.com.cn/fop/EN/10.1007/
s11467-020-0997-x.

ignable ability for special photoelectric performance [1–
18]. A mass of applications based on organic electron-
ics have been developed such as organic photovoltaics
(OPVs), organic light-emitting diodes (OLEDs), organic
field-effect transistors (OFETs), and organic memories [2,
19–24]. Among them, OFET is one of the fundamental
elements for organic electronics, and a powerful tool to de-
velop high performance organic circuits, sensors and other
applications [25–27].

The parameters used to describe electrical properties of
OFETs are commonly calculated by using the classical
metal oxide-semiconductor field-effect transistor (MOS-
FET) model [28, 29]. Mobility is a key parameter to
describe electrical properties of OFETs. With the de-
velopment of molecular design and device engineering,
a mass of high mobility organic materials have been re-
ported, in which the mobility of p-type organic semicon-
ductors is over 20 cm2·V−1·s−1 and that of n-type ones
is over 10 cm2·V−1·s−1 [30–40]. Despite the remarkable
mobility values of OFETs, many of them exhibit non-
ideal behaviors such as double-slope effect, which means
the drain current Id as a function of gate voltage Vg
(or square root of drain current Id

1/2) shows an abrupt
change in the slope in the linear regime (or saturation
regime) [see Figs. 1(a) and (b)] [38, 42, 46]. The nonideal
double-slope effect has brought difficulties to the calcu-
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lation of OFET’s parameters and the commercial appli-
cations of OFETs such as OFET-driven flexible OLED
displays [29, 33, 36, 41–46]. To understand the nonideal
double-slope effect, several possible mechanisms have been
proposed, such as the abrupt change in contact resistance,
the charge trapping at the semiconductor/dielectric inter-
face, the different disorder degrees in the bulk of semi-
conductors, coulombic interaction between charge carri-
ers and charge injection from the conducting channel into
the dielectric layer [6, 29, 33, 46–48]. Overall, by far we
have not arrived consensus on understanding the physics
behind the nonideal double-slope effect.

In this review, we first introduce the different mecha-
nisms proposed for explaining the nonideal double-slope
effect. Then we have summarized some strategies to re-
duce or mitigate the nonideal behaviors in OFETs. After
that, the utilization of nonideal double-slope OFETs are
discussed. Finally, the conclusions and perspectives are
given about the study of the nonideal double-slope effect.

2 Mechanisms of nonideal double-slope OFETs

2.1 Contact resistance effects

Contact resistance at the interface between electrodes and
semiconductors has a profound effect on the effective mo-
bility [49–52]. In OFETs, contact resistance not only af-
fects the performance of devices, but also contribute to
the occurring of nonideal double-slope effect. Some lit-
eratures have investigated and analyzed the influence of
contact resistance on nonideal behaviors theoretically and
experimentally [29, 53–59].

It is well known that contact resistance in OFETs is
not a constant value, but one decreasing gradually with
increasing gate bias [29, 46, 60, 61]. Gundlach et al. pro-
posed that the mobility is overestimated from OFETs with
double-slope effect, and they argued this effect arises from
the gate-bias dependence of the contact resistance [29], as
shown in Figs. 1(c)–(f). The most commonly used model
to calculate mobility is the MOSFET model. In an ideal
OFET, the Id (or Id

1/2) as a function of Vg exhibits a
single constant slope in the linear regime (or saturation
regime). As for nonideal OFETs, two slopes under differ-
ent gate bias are obtained. The mobility obtained from the
two different slopes can be more than 6–7 times different
[Figs. 1(c) and (d)]. By using the impedance spectroscopy,
they extracted the gate dependence of contact resistance
[Fig. 1(e)]. It was seen that in the low Vg regime, the con-
tact resistance decreases with Vg much more significantly
than the channel resistance. They demonstrated that this
stronger gate dependence of contact resistance could in-
duce the double-slope behaviors by simulations [Fig. 1(f)].

In accordance with the above discussions, Liu et al. pro-
posed that the nonideal behaviors of transfer characteris-
tics come from the evolution of the injection barrier and

band bending (Fig. 2) [57]. In the linear regime, the be-
haviors are directly related to the varying of contact resis-
tance. When the contact resistance is larger than channel
resistance and decreases rapidly, the voltage drop on the
channel increases with the gate bias, which results in the
overestimation of mobility, as shown in Figs. 2(a)–(c). It
means that the nonideal double-slope effect come from the
varying of the contact resistance in linear regime. How-
ever, we usually extract the mobility from the transfer
curves in saturation regime. As for the saturation regime,
the mechanism becomes more complicated [Figs. 2(d)–
(g)]. The band bending affects the injection and the po-
tential distribution in the OFETs. At low gate bias (|Vg|
＜ 30 V), the devices work with Schottky contacts. The
carriers pass the depletion region by thermal emission,
which causes high resistance. Thus, most of the voltage
is distributed on the contact area [Fig. 2(f)], inducing the
much lower channel current or mobility. At high gate
bias (|Vg| ＞ 40 V), the carriers mainly tunnel across the
barrier with strong bending of the valence band and the
narrowing of the barrier width [Fig. 2(g)], which induces
the Ohmic-like contacts [Vg= −70 V, Fig. 2(e)]. This tran-

Fig. 1 (a, b) Transfer characteristics of nonideal OFET (a)
and ideal OFET (b). Reproduced from Ref. [6]. (c) Transfer
curves of rubrene OFET with double-slope characteristics; (d)
Mobility extracted from MOSFET model under different gate
bias; (e) Contact resistance (Rc) and channel resistance (Rch)
under gate bias; (f) Plot of the I–V characteristic along with
plot of Rc/Rtotal and Rch/Rtotal(Rtotal for total resistance).
Reproduced from Ref. [29].
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sition from Schottky contact transistor working mode to
normal MOSFET mode leads to the double-slope behav-
iors, as illustrated in Fig. 2(d). In addition to the device
simulation results, the same group have carried out exper-
imental work to verify this idea by developing a general
approach to probe the carrier mobility in OFETs with
nonuniform charge accumulation [62, 63].

In general, contact resistance acts as the important role
in the nonideal double-slope effect. The varying contact
resistance in linear regime and the band bending, charge
injection in saturation regime can be the reason of the non-
ideal behaviors. Therefore, achieving Ohmic source/drain
contacts through contact engineering is critical for remov-
ing the non-ideal behaviors in OFETs.

2.2 Charge trapping effects

In addition to contact resistance effects, some literatures
reported that charge trapping effects induce the nonideal
double-slope behaviors [6, 48]. As well known, in an n-
type OFETs, the silanol group (–SiOH) on the SiO2 sub-
strate causes electron trapping and the formation of the
–SiO− [48]. It also has been proved that the production of
–SiO− comes from the electrochemical reactions of water,
oxygen, silanol and trapped electrons [64–67].

Recently, it is noticed that polymer field effect transis-
tors more likely exhibit the nonideal double-slope char-
acteristics, especially for donor-acceptor (D–A) poly-
mers [36, 37, 43, 45, 68, 69]. Nguyen et al. found some in-
teresting phenomena [48], namely the PCDTPT (a donor-
acceptor copolymer) OFETs exhibit ideal transfer char-
acteristic behaviors and show strong ambipolarity in the
first scan of transfer curves. However, the double-slope
phenomenon occurs after the devices were in operation
for 5 mins [Figs. 3(a) and (b)]. As the device was bias-
stressed in the electron conduction regime (Vg = +30 V),
a significant change in the transfer curve was observed in
electron conduction regime, as shown in Fig. 3(c). The
current decay as a function of bias-stress time also shows
that the drain current decreased seriously in electron con-
duction regime [Fig. 3(d)]. After studying the evolving of
transfer characteristics of PCDTPT OFETs under bias-
stress, they proved that electron trapping at the gate di-
electric/semiconductor interface greatly alters the device
characteristics and accounts for the occurrence of the dou-
ble slope. They also proposed that a trace amount of wa-
ter trapped in devices contributes to the nonideal double-
slope effect, as shown in Figs. 3(e) and (f). The current
decay of bias-stress time is effectively suppressed in the
device with BCB (a water repelled polymer) as dielectrics.

However, this mechanism cannot apply to the nonideal
behaviors observed in single crystal OFETs or unipolar
OFETs, because in these devices, the trapping of minor-
ity charge carriers is difficult to happen. To cope with
this inconsistency, Pei et al. proposed a new mechanism
to explain the double slope effect involving charge trap-

ping, which is independent with the conductor layer and
the carrier types (Fig. 4) [6]. They directly observed the
charge trapping process by using scanning Kelvin probe
microscopy (SKPM), as shown in Figs. 4(a)–(d). At Vg =
10 V, the charge trapping progress occurs on the surface
of the dielectric and evolves with time. After the gate bias
was switched to Vg = 0 V, the accumulated charges were
neutralized or detrapped gradually. By employing di-
electrics with different functional groups, they found that
the nonideal double-slope behaviors come from the elec-
trochemical reactions happened on/in the dielectric layers.
Then, they explored the impact of gate bias, –SiOH, water
and oxygen in charge trapping progress [Figs. 4(e)–(h)].
Similar to the –SiO− on the SiO2, they also found that
the –OH, –NH2, and –COOH which are commonly seen in
organic dielectrics can also induce charge trapping. They
proposed that gate bias, active functional groups, and ad-
sorbed water plays the important roles in the trapping
process, inducing the nonideal double-slope behaviors.

To summarize, the charge trapping process happened
in the dielectrics is caused by the electrochemical reac-
tions between the functional groups, gate bias and a trace
amount of water trapped in the semiconductors, which
induce the nonideal double-slope behaviors. These litera-
tures provide new insights for understanding the nonideal
double-slope effects. Moreover, they point out that reduc-
ing charge trapping effects could be an effective strategy
for achieving ideal OFETs.

2.3 Disorder effects and Coulombic interactions

In addition to the effects of charge trapping and con-
tact resistance on nonideal double-slope behaviors, some
other possible mechanisms have been proposed, such as
disorder effects and coulombic interactions [33, 47]. Sim-
ilar to the polymer FETs, the nonideal double-slope phe-
nomenon have been observed in small molecule crystal
FETs, such as rubrene single-crystal devices [33]. In such
cases, Takeya et al. argued that the nonideal double-slope
phenomenon was attributed to the disorder of crystals.
They proposed that at low gate bias, the electric field
can penetrate into the crystal and the accumulation layer
forms in the inner crystal. Thus, the charge carriers are
less affected by the random potentials of dielectrics, and
a higher mobility is obtained. When the device works at
high gate bias, the carriers are tightly bound at the in-
terface and is affected by the scattering of the interface,
which induces the lower mobility. Morpurgo et al. also
observed the nonideal double-slope behaviors in rubrene
crystals FETs [47]. They proposed that higher density
of carriers under high gate bias makes the carriers very
crowded where the average distance between the carriers
is only a few molecules in size. In this case, the long-range
coulombic interactions between carriers are negligible and
they can induce the increase of the hopping activation
barrier, causing the nonideal behaviors.

13305-3 Ming-Chao Xiao, et al., Front. Phys. 16(1), 13305 (2021)



Topical review

Fig. 2 (a–c) The varying of resistance (a), drain current (b) and mobility (c) at different gate bias in linear regime; (d)
The devices work in different mode (Schottky mode, MOSFET mode or transition mode); (e) The effect of gate bias on the
valence band in the band diagram; (f) Voltage distribution in the contact region and channel region; (g) Injection from source
electrodes to active layer, and the valance band near the electrode at different gate bias. Reproduced from Ref. [57].

3 Strategies for reducing the nonideal
behaviors

3.1 Doping and molecular engineering

Based on the previous discussions, we now have a pre-
liminary idea of the origin of the nonideal double-slope
effect. According to the results discussed in Section 2.2,
charge trapping effect is likely to induce nonideal double-
slope behaviors, especially for D-A polymers. As for these
polymers, the active functional groups, gate bias, a trace

amount of water trapped in the semiconductors and oxy-
gen play important roles in charge trapping progress, and
the electrons are continuously injected and accumulated
in the charge transport channel. According to this rea-
soning, ideal p-type OFETs can be realized by suppress-
ing the injection and accumulation of electrons. Recently,
it has been shown that doping semiconductors can effec-
tively improve the performance of OFETs and is beneficial
to suppress the nonideal double-slope behaviors [55, 70–
79]. Bazan et al. reported that the nonideal double-slope
behaviors could be suppressed by doping PCBM in D-A
polymer semiconductors [76]. As shown in Fig. 5(a), the
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Fig. 3 (a) Transfer characteristics of the OFET before and after aging; (b) Mobility at different gate bias before and after
aging; (c) The transfer characteristics before and after stressing at different gate bias; (d) Drain-current decay after stressing
in the hole conduction (Vg = −40 V) and the electron conduction (Vg = +30 V) regime; (e) Transfer characteristics of the BCB
device before and after stressing; (f) Drain current decay of device with and without BCB. Reproduced from Ref. [48].

device had shown obvious double-slope behaviors after be-
ing operated by bias-sweeping through 100 cycles. How-
ever, ideal transfer characteristics could be observed by us-
ing the PCBM additive into the D-A polymer [Fig. 5(b)].
With the introduction of PCBM, the electrons are tightly
bound at the fullerene sites and impeded from accumu-

lating and trapping at the dielectric/semiconductor inter-
face, resulting in ideal OFETs. Similarly, Chan et al. pro-
posed that the nonideal double-slope behaviors could be
effectively suppressed by using surface doping, as shown
in Figs. 5(c)–(e) [79]. The doped F4-TCNQ can diffuse
into the contact and channel region, which is beneficial for
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injection and transport of carriers [Fig. 5(e)]. From the
energy band diagram, F4-TCNQ is mainly related to the
trap filling process in the bandgap, which is triggered by
the spontaneous charge transfer at the interface between
F4-TCNQ and semiconductor [Fig. 5(d)].

Apart from the surface or internal doping of the semi-
conductor layer, ideal p-type OFETs can be realized by
molecular engineering [80–83], to inhibit the electron in-

jection and accumulation process. The LUMO level is as-
sociated with electron injection and ambipolarity in the
semiconductors. Therefore, the electrical stability of the
devices can be improved by adjusting the LUMO level.
Bazan et al. reported that electron injection can be sup-
pressed by introducing the units with low electron with-
drawing abilities (Fig. 6) [83]. From the UV-vis absorp-
tion spectrum and cyclic voltammetry curve, the LUMO

Fig. 4 (a) Potential distribution of the n++Si/SiO2/Au substrate at Vg = 10 V; (b) The potential varies with time extracted
from (a); (c, d) Results at Vg = 0 V; (e) The recovery time of the channel potential at different gate bias; (f) Evolutions of
potential in channel region for substrates with different density OTS SAMs; (g) The recovery time of the channel potential at
different relative humidity; (h) The attenuation and recovery of channel potentials under different environments. Reproduced
from Ref. [6].
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Fig. 5 (a, b) Transfer characteristics under 100 scans for OFETs based on DT-PDPP2T-TT films and DT-PDPP2T-
TT:PCBM films. Reproduced from Ref. [76]. (c) Transfer characteristics of pristine an d surface doped OFETs; (d) Energy
band diagram of the F4-TCNQ surface doped C8-BTBT, showing the charge transfer process; (e) The trap states evolution
process before and after surface doping. Reproduced from Ref. [79].

levels were estimated, with values of −3.0 eV for PhF0,
−3.1 eV for PhF1 and −3.3 eV for PhF2,5 [Figs. 6(b) and
(c)]. The OFETs based on these polymers with different

LUMO levels were fabricated with bottom-gate bottom-
contact (BGBC) architecture. As can be seen in the trans-
fer characteristics, the polymer PhF2,5 exhibits ideal be-

Fig. 6 (a) Chemical structures of PhF0, PhF1 and PhF2,5; (b, c) UV-vis absorption spectrum and cyclic voltammetry
curves of thin films; (d–f) Transfer characteristics of PhF0, PhF1 and PhF2,5 films. Reproduced from Ref. [83].

13305-7 Ming-Chao Xiao, et al., Front. Phys. 16(1), 13305 (2021)



Topical review

haviors after bias-sweeping [Figs. 6(d)–(f)].

3.2 Reducing charge trapping

Due to its surface flatness, stability and scalable produc-
tion, SiO2 is an ideal dielectric layer for commercial use.
However, with the development of performance of OFETs,
the application of this dielectric layer has run into diffi-
culties, which arises from the large number of traps at the
surface. To deal with this problem, trap passivation with
self-assembled monolayers (SAMs) is usually carried out
to improve the surface of SiO2, which can significantly en-
hance the performance of OFETs [19, 37, 43, 45, 48, 84–
86]. Nevertheless, the surface of SiO2 is difficult to be
completely covered or passivated, and the charge trap-
ping process still happens even on the high-density SAM-
modified SiO2 surface, which induces the nonideal double-
slope behaviors [6].

Some strategies for reducing interface charge trapping
have been proposed. Yu et al. demonstrated that the poly-
mer (PAIID-BT-C1) devices exhibited nonideal double-
slope and unipolar transporting behaviors when measured
at BGBC configuration [Fig. 7(a)] [87]. The devices show
the highest hole mobility of 3.63 cm2·V−1·s−1. The am-
bipolar and almost ideal OFET behaviors have been ob-
served when they were fabricated in top-gate bottom-
contact (TGBC) configuration with PMMA as the di-
electric layer [Fig. 7(b)]. However, much reduced mo-
bility was obtained, with the hole and electron mobili-
ties being 0.45 and 0.47 cm2·V−1·s−1, respectively. Sim-
ilarly, Nguyen et al. realized OFETs with ideal trans-
fer characteristics by inserting an insulating layer (BCB)

with lower defect density between SiO2 and the semi-
conductor layer. The BCB was selected as the insert-
ing layer for preventing the absorption of water and
reducing the charge trapping [Fig. 3(e)] [48]. Sirring-
haus et al. demonstrated that the nonideal double-slope
phenomenon could be avoided by dipping the IDTBT
(indacenodithiophene-co-benzothiadiazole) films into ace-
tonitrile solvent [Figs. 7(d)–(f)] [88]. All the devices ex-
hibit ideal characteristics with gate bias independent mo-
bility of 3 cm2·V−1·s−1. This is because the acetonitrile
solvent could form azeotropes with water, which reduces
the effect of water on charge trapping process. These re-
sults demonstrate that the ideal characteristics of OFETs
can be obtained by reducing the trapping of charge car-
riers at the semiconductor/dielectric interface or in the
semiconductor bulk.

3.3 Contact engineering

As discussed above, contact resistance could induce the
nonideal double-slope behaviors. So, reducing contact
resistance or realizing Ohmic contacts can be an effec-
tive method for removing double-slope effect. There are
several strategies to improve the carrier injection effi-
ciency and to lower contact resistance, such as modify-
ing the electrodes by SAMs, utilizing monolayer semicon-
ductors, post-annealing treatment of semiconductors or
inserting a charge injection layer [23, 30, 89–99]. Porter
et al. reported the effect of SAMs on charge injection
and transport in poly(3-hexylthiophene)-based OFETs
[Figs. 8(a) and (b)] [91]. They demonstrated that the
metal work function could be regulated by treating with

Fig. 7 (a) Transfer characteristics of OFETs with BGBC configuration; (b, c) Transfer characteristics of OFETs with
TGBC configuration. Reproduced from Ref. [87]. (d) Output characteristics for IDTBT OFET; (e) Output characteristics
for a reference device after acetonitrile treated; (f) Gate-voltage dependence of the extracted mobility for IDTBT devices and
acetonitrile treated devices. Reproduced from Ref. [88].
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Fig. 8 (a) The device structure diagram with the SAM layer on electrodes; (b) The contact work function dependence of
mobility and contact resistance. Reproduced from Ref. [91]. (c) Schematic diagram of the device; (d) Cross-sectional TEM
image of contact region; (e) Transfer characteristics of graphene-contacted device. Reproduced from Ref. [89].

different SAMs, which affected the charge injection pro-
cess. The charge injection process is closely related to
the contact resistance and mobility. The contact resis-
tance decreased from 0.61 MΩ for untreated electrodes to
0.18 MΩ for SAM-treated electrodes [Fig. 8(b)]. At the
same time, the mobility increased from 0.16 cm2·V−1·s−1

to 0.26 cm2·V−1·s−1. The change in the work function of
the metal electrodes also affects the gate dependence of
the contact resistance, which is beneficial to obtain ideal
electrical characteristics of devices.

Similarly, Takeya et al. demonstrated that the nonideal
behaviors could be eliminated effectively by annealing
the semiconductors, which the contact resistance reached
200 Ω·cm [99]. Jurchescu et al. reported the enhance per-
formance of OFETs through modification of the contact
deposition rate in both small molecule and polymer semi-
conductors. They found that by lower the deposition rate
of Au contacts, high work function domains can be pro-
duced at the surface of the injection electrodes, which
can promote charge injection to achieve a contact resis-
tance as low as 200 Ω·cm [100]. Wang et al. also reported
that contact resistance can be significantly reduced by in-
serting a doped graphene between the C8BTBT and elec-
trodes [Figs. 8(c)–(e)] [89]. As shown in Figs. 8(c) and (d),
the BGTC configuration OFETs with doped graphene/Au
stack as the contact were studied systematically. The
transfer characteristics exhibited ideal behaviors with a
mobility of 2–4 cm2·V−1·s−1 [Fig. 8(e)]. These results

demonstrated that the nonideal double-slope character-
istics can be eliminated by improving the charge injection
efficiency. In fact, there are many other viable methods
to reduce contact resistance in OFETs by contact engi-
neering, and have been well summarized in previous re-
views [55, 62].

4 Utilizations of nonideal OFETs

Although we have made great progress in fabricating
OFETs with high mobility, the emergence of nonideal
double-slope characteristics makes it difficult to describe
the electrical behaviors of these OFETs with classical
MOSFET model, and also is unfavorable for the appli-
cation of OFETs. However, it does not mean that the
nonideal double-slope characteristics are useless. Gener-
ally, the nonideal OFETs have large contact resistance
(Schottky contacts) or serious trapping effects. We can
utilize these features for special applications through the
strategies of interface engineering, contact engineering
and molecular designing [101–106]. In fact, it is a common
method to develop the high-performance optical memory
devices by taking the advantages of intrinsic trap states.
Li’s group demonstrated the high-performance memory
devices realized by growing single crystals of ferroelec-
tric organometal halide perovskite on C60 single crystals
(Fig. 9) [103]. As shown in Figs. 9(a) and (b), the FETs
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Fig. 9 (a) The hysteresis characteristics of FETs based on C60 crystals with and without (3-pyrrolinium) (CdCl3) crystals;
(b) Transfer characteristics of the OFETs; (c, d) WRER cycles and retention time test of the memory devices. Reproduced
from Ref. [103].

based on CdCl3/C60 crystals exhibit a large threshold shift
and hysteresis as well, which is beneficial for organic mem-
ory devices. The memory devices show a good endurance
characteristics and long retention time of at least 104 s
[Fig. 9(c) and (d)]. The efficient combination of ferroelec-
tric monocrystals and organic semiconductor monocrys-
tals provides a simple method to fabricate high perfor-
mance memory devices. In addition, the nonideal Schot-
tky contacts can also be used to fabricate large-gain in-
verters [101]. Moreover, OFET-based photo-stimulated
synapse emulators have been reported by utilizing the
traps at the interface between the semiconductors and di-
electrics [107]. All these works show that the nonideal
effects in OFETs, although may not be favorable for ob-
taining high-performance OFETs, may still be useful in
some specific applications.

5 Conclusions and outlook

In summary, with the development of OFET performance,
the nonideal double-slope characteristics have been widely
observed. The nonideal characteristics make it difficult to
calculate the intrinsic performance of devices. This review
summarized and discussed several possible mechanisms to

explain the origin of nonideal double-slope behaviors, in-
cluding contact resistance effects, charge trapping effects,
disorder effects and coulombic interactions. Although
great progress has been made on understanding the non-
ideal double-slope effects, we have not achieved a unified
mechanism to explain the nonideal phenomenon. How-
ever, by these studies and investigations, we have been
able to introduce several strategies to remove or mitigate
the nonideal behaviors OFETs. For example, we can use
doping and molecular engineering to inhibit the electron
injection and accumulation. Contact engineering and trap
passivation can also be employed to improve the injection
efficiency of carriers and reduce the density of interface
defect states, respectively. The knowledge about double-
slope effect and the strategies that can be employed for
removing this effect presented in this review can be impor-
tant to proper analysis of OFET performance and to the
application of them as well. Furthermore, these nonideal
double-slope effects can also be applied in other special
devices, such as large gain inverters by utilizing Schottky
contacts and memory devices by utilizing trapping states.
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