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In this work, pentacene-based thin film phototransistors were fabricated with a photocurable 

polymer insulator and their electrical stability was monitored when the devices were exposed to 

light sources at different wavelengths.The magnitude of the photocurrent induced by 

illumination was found to be the result of two distinct factors: a direct photocurrent, related to 

electron-hole pair generation, and a current enhancement caused by a threshold voltage shift. The 

direction of threshold translation is attributed to the nature of trap states, specifically those 

located in the pentacene film near the interface with the polymer, and is affected by a 

measurement-induced effect, so that the photosensitivity can be modulated by a persistent gate 

bias duringillumination. The equationsfor these two contributionswere developed to study the 

light effects on material structure, the trapping process of electrons at the 

insulator-semiconductor interface and the photoconductive efficiency in the organic 

semiconductor. 

 

 

1. INTRODUCTION 

 

Organic thin film transistors (OTFTs) have gained considerableimportance in recent years for 

cost-effective, large area and flexible electronic device production, encouraging the development of 

new applications [1-4]. Researchers have investigated different methods to enhance transistor 

performance; some examples are the improvement of the semiconductor-insulator interface [5,6], the 

introduction of additional organic layers [7,8], the use of efficient contact materials [9,10] and the 

fabrication process optimization [11,12]. However, the theoretical interpretation of their electronic and 

optical properties is not always straightforward. The large variety of organic semiconductors and their 

particular sensitivity to various elements and compositesmake OTFTs a good candidatefor low-cost and 

selective chemical and physical sensors [13,14]. Conversely, for applications when enduring stability is 

required, it is fundamental to reduce the suffering due to the exposure to external factors, such as 

humidity, electric field and light, which could induce an unwanted chemical degradation and a 

reduction of the device performance[15]. 

Since OTFTs can be integrated in optoelectronic applications, as part of the driving circuitry of 

displays, or used as photo-detectors or light-activated memory devices, it is important to understand the 

effect of illumination on their electrical performance [16-18]. Recently, organic phototransistors 

(OPTs), where the control of channel conductance can be enabled by both the magnitude of gate 

voltage and the absorption of light,have attracted considerable attention thanks to the good response 

time and the higher responsivity with respect to organic photodiodes [19]. The combination of the 

organic semiconductor and the gate dielectric plays a key role to determine the performance of OPTs. 

In particular, it is essential to employ organic semiconductors with both high mobility and excellent 
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light sensitivity and to exploit polymer dielectrics that yield low gate leakage currents and the proper 

surface for the semiconductor growing. 

 Pentacene, which is one of the most studied p-type organic semiconductor,has found application in 

OPTs thanks to its high electrical performance and absorption properties with a great generation 

efficiency in a wide wavelength region[20-22].A pentacene-based transistorsubjected to light excitation 

exhibits a behavior depending on the photon energy. Under white or low energy ultraviolet (UV) light, 

an enhancement of the saturation current, a positive shift of the threshold voltage and a reduction of the 

total trap density with increasing illumination intensity were reported [23].In particular, in TFTs with 

pentacene deposited on polymer dielectrics, permanent effects were observed after a low energy UV 

treatment, which was therefore proposed as a simple way of enhancing the general performance of 

transistors and controlling their threshold voltage [24].The photosensing properties of a pentacene OPT 

are mainly affected by the dielectric surface,which impacts the interface trap density[25],and it was 

seen that a thinner dielectric layer with a smooth surface is essential for an efficient transport in the 

channel and enhances photosensitivity [26]. Higherperformance under illumination was also observed 

by reducing the thickness of the pentacene active layer [27] or by introducing a fullerene buffer layer 

under the electrodes [28]. 

 The presentstudyis devoted to the investigation of photocurrent in OTFTs fabricated with pentacene 

deposited on a photocurable polymer.The comparison between the electrical characterizations in dark 

and the results obtained under light conditions has yielded the development of equations useful to 

describe the photocurrent evolution and to distinguish the effects of photogenerated electrons and 

holes. Upon light absorption, a high concentration of free charges is induced by exciton generation. In 

particular, photoinduced holes flow to electrodes, giving a direct contribution to the photocurrent. 

Conversely, electrons escaped from exciton recombination near the insulator interface, due to the lower 

mobility, become trapped inducing a positive shift in the threshold voltage.Thus, thanks to the large 

concentration of both charge carriers generated by light, the measurements performed under 

photoirradiation allow the identification of trap states affecting charge transport. At the same time, it is 

possible to evaluate the stability of the electrical performance of the organic transistors under 

steady-state illumination and to assess the applicability of such devices as photodetectors.However, the 

measurements under illumination depend on the testing conditions. In our case, ameasurement-induced 

effect has been found as a result of the prolonged application of a gate bias under photoirradiation. 

 

 

2. MATERIALS AND METHODS 

 

Our organic thin film transistors were fabricated in the top-contact bottom-gate configuration, starting 

from a glass substrate. A transparent gate electrode of ITO (Indium-Tin-Oxide) was deposited with a 

thickness of 125 nm. A photocurable polymerby Polyera Corporation (ActivInk D0150)was used as 

gate insulator. The polymeric solution was spin-coated to afford a film thickness of about 600 nm. The 

film was cured under ultraviolet irradiation at 300 nm wavelength to activate a cycloaddition process 

(Fig. 1). The degree of bulk crosslinking was monitored by the optical absorption spectroscopy of the 

corresponding film on a quartz substrate, in particular through the evaluation of the progressive 

absorbance decrease of a peak at 270 nm, assigned to the cynnamoyl fragment [29]. The film was 

irradiated for 30 min and then baked at 120°C for 2 min. Subsequently, thermal evaporation of a 50 nm 

thick pentacene active layer was conducted witha base pressure of 2·10
-7

 mbar. The deposition rate of 

the organic molecule was maintained at 0.5 Å/s while the substrate was kept at room temperature. After 

semiconductor film deposition, the transistors were completed by evaporating a 50 nm thick layer of 

gold through a shadow mask to realize source and drain electrodes.  

 



 

Figure 1. Schematic of the cycloaddition reaction occurring in ActivInk D0150 film via photocrosslinking. 

 AFM images and height profiles of the polymer surface (Fig. 2) were recorded, showing that the 

resulting films are very smooth witharoot-mean-square roughness less than 0.3 nm. Several samples of 

ITO/D0150/Au capacitors were fabricated in order to evaluate the leakage current density as a function 

of the electric field. The J-E curves(Fig. 3) reveal very low leakage current densities across the 

insulator, with values smaller than 10
-8

 A/cm
2 

at 3 MV/cmin most cases. Thanks to the capacitors, the 

dielectric constant of polymerwas determined to be3.3. 

 

 

Figure 2. AFM image and height profile of a D0150 film deposited on glass/ITO. 

 

Figure 3.J-E curves ofsimilar ITO/D0150/Au devices (8 samples). Leakage currents are smaller than 10
-8

 A/cm
2
, except for 

two samples. 

 Transistors were characterized at room temperature, both in dark and under light conditions, and 

fundamental parameters were estimated.Many devices were considered; since they showed similar 

features, typical results are reported.In order to investigate the effects of the incident light on the OTFT 

performance, the devices were illuminated from the top side, by using LEDs located at a distance of 

5 mm from the substrate. Wavelengths covering the visible and ultraviolet range between 285 nm and 



630 nm and various irradiances were used.Light with energy lower than HOMO-LUMO gap of 

pentacene (1.97 eV) did not affect the devices significantly and their results are not reported [19,21,30]. 

 It was seen that both the measuring method and the bias application timeaffectthe 

performanceparameters. In particular, after each measurement, the device seemed to switch onwith less 

negative threshold voltage. This behavior can be attributed to the exposure to ambient air; indeed, by 

keeping the devices in vacuum for at least 12 hours it was possible to partially regain the original 

features, reasonably due to the release of oxygen, which had been absorbed from the atmosphere 

enhancingfilmconductivity by acting as dopant for pentacene[31,32].After about four months, the 

repeatedbias stress, as well as the inherent degradation process essentially due to moisture absorption, 

tended to modify permanently the transistor behavior (Fig. 4) [33].Because of bias stress, also an 

increased leakage current through the insulator (by a factor of 3) was detected. 

 The exposure to irradiation, especially to ultraviolet light, altered the electrical characteristicseven 

more incisively.The results werea transconductance decrease and a threshold voltage shift toward 

larger positive values, so that the saturation regime was no longerobserved within the bias range 

considered during the first electrical characterization, as it is evident in the transfer characteristics 

ofFig. 4(a).On the contrary, the exposure to a UV light had a positive effect on the insulator; indeed, an 

irradiation centered at a wavelength (285 nm) close to the one used for the dielectric curing (300 nm) 

was revealed torestore the pristine values of the gate leakage. 

 On the time scale of these experiments,it seems that in dark molecular oxygen does not react 

irreversibly with pentacene and that also a visible light excitation is not sufficient to promote a 

reaction, so that oxygen, diffused into pentacene at atmospheric pressure,can evacuate rapidly under 

vacuum, according to experimental results found in literature [33]. In contrast, the exposure of 

pentacene to air in presence of UV light most probably yieldsan oxidation by singlet oxygen and/or 

ozone produced by UV light [24,35]. 

 

 

Figure 4. Output (a) and transfer characteristics (b) of pentacene-based OTFTs. Pristine samples (dashed lines) and after 

repeated bias and optical stress over about four months (solid lines). 

3. EXPERIMENTAL RESULTS 
 

The electrical characteristics collected in the dark and under light conditions are compared. An 

example isreported in Fig. 5, where the transfer curves of an OTFT working in linear region areshown. 

 The dark current Idof a thin film transistor can be described by the equation: 



   d FE i GS T DS

W
I C V V V

L
  , (1) 

where W and L are the width and the length of the channel, respectively, Ciis the insulator capacitance, 

VGS and VDS are the voltages at gate and drain electrodes related to the source potential, VT is the 

threshold voltage,µFE is the field effect mobility in linear region, i.e. the charge carrier mobility 

estimated from the slope of the curve Id -VGS. However, in our case the actual transfer curves of the 

fabricated devices deviates from straight lines and a dependence ofthe field effect mobility on the gate 

bias has to be supposed. In particular, the mobility through the conducting channel increaseswiththe 

gate voltage, reaching the value ofabout 3∙10
-2

 cm
2
/VsatVGS= - 30 V. 

 Thanks to the photo-generation of mobile charge carriers, the current detected under irradiation is 

higher thanthe dark current. In a field-effect transistor, illumination could be an element able to control 

the channel conductance, similarly to the voltage applied to the gate electrode, that is,an optical control 

signal is added to the electrical signal [22,36].A gate-to-source voltage that biases the device in its on-

state causes the conduction to be dominated by field-induced charges even under illumination, while, 

below the threshold voltage, the main part of the measured current is given by light-induced charges 

and the photoresponse is greater than in accumulation regime. In other words, the thin film transistor 

could be switched on through two control elements, a gate voltage or a light radiation, and when one of 

these sources is off the effect of the other one is maximized. 

 The transfer curves measured under illumination, as shown in Fig. 5, display a shift toward more 

positive gate voltages with respect to the transfer characteristics in the dark. Such a behavior is similar 

to that induced by dark bias stress [33,37] and, in our case,has been justified by the presence of deep 

states in the channel region at the insulator-semiconductor interface.Indeed, when charge carriers are 

trapped at the interface, they can partially screen the gate field, leading to a translation of threshold 

voltage. This shift allowsthe estimation of surface deep trap density, but itcan mask a possible change 

in conductivity, which is rather affected by shallow traps.  

 

 

Figure 5. Transfer curves of an OTFT in dark (dashed lines) and under illumination (solid lines) at VDS from -15 V to -30 V. 

Different behaviors were revealed depending on the radiation energy and optical power. In particular, if 

the devices are irradiated with a visible light source (between 470 and 630 nm), their characteristic 

curves exhibit a positive shift along the voltage axis, with the greatest effect at a photon energy near the 

absorption edge of the organic semiconductor. Moreover, the photocurrent, defined as the current 

increase under light conditions,raises with irradiance level. On the other hand, when transistors are 



illuminated with an ultraviolet light source, the threshold voltage shift is even larger but the 

photocurrent dropswhen optical power is high. The irradiance dependence of the photocurrent, 

normalized to the dark current, in the case of UV light is illustrated in Fig. 6, at different gate-to-source 

voltages. 

 

 

Figure 6. Dependence of the photosensitivity (VDS= -20 V) on the irradiance of an ultraviolet irradiation at various VGS. 

 Besides the relationship between the photocurrent and the irradiance, the time evolution of the 

current,both during and after irradiation, was inspected. The drain current was collected after holding 

the bias for 10 s,at a fixed drain voltage and four different gate voltages. The results are reported in 

Fig. 7.The current gradually increasesunderlight irradiation, while a persistent photocurrent is observed 

when light is turned off and the current relaxes back toward its original value with long time constants. 

However, the behavior depends on the gate voltage applied during measurements; it was found that for 

higher negative gate biases the light source removal yields an initial increase in currentbefore the decay 

of the persistent photocurrent. Such a phenomenonappears to be induced by polarization; in particular, 

a high negative gate bias produces a process that compensates the light-induced effects, yielding a 

negative photocurrent when light is turned off.For the same reason,also collection of current-voltage 

characteristics under light conditions isalmost certainly affected and made unreliable by bias stress. 

This phenomenonhas been demonstrated by changing the ramp speed of the gate voltage for the 

transfer curve: indeed, lowering the sweep rate from 3 V/s to 0.2 V/s, thecurrent curves under 

illumination tend to stretch out, so that the resulting photocurrent reduces to zero (Fig. 8). 

  



 

Figure 7. Evolution of drain current under irradiation (open symbols) and recovery in the dark (VDS=-20 V) (full symbols). 

Light was removed at t=60 min. 

 

Figure 8. Transfer curves of the OTFT (VDS= -20 V) in dark and under illumination with a sweep rate of 0.2 V/s. A 

measurement self-induced effect is illustrated. By reducing the sweep rate, photocurrent could drop to zero. 

4. DISCUSSION 

 

In an organic semiconductor, a large number of excitons are generated when photons of energy equal 

or higher than the band-gap are absorbed. Subsequently,in the case of pentacene, while holes can flow 

to the drain electrode, electrons could be easily trapped in localized statesdue to the lower mobility. 

Both holes and electronsare responsible, in this way, for an increase in the drain current of an OTFT. 

 In this regard, two mechanisms have been reported to occur inthe active layer to explain the 

photoinduced response in a field effect transistor[38].A photovoltaic effect can be observed when the 

transistor operates in the on-state; it is associated to a photovoltage induced by the accumulation of a 

large number of carriers under the electrodes, leading to the lowering of the potential barrierbetween 

the electrodes and the semiconductor channel[39], and at the interface with dielectric film [17]. This 

effect can give rise to a significant increase in current, through a shift of the switch-on voltage. A 

logarithmic relationship describes its dependence on the illumination irradiance: 
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where ηλ is the external quantum efficiency, Popt is the incident optical power, h is the Planck constant, 

ν is the irradiation frequency,Id is the dark current, kT/q is the thermal voltage and A is a fit parameter. 

 On the other hand, a photoconductive effect can be seen when the device operates in the off-state. It 

arises from the photogeneration of mobile carriers, whose number increases with the photon flux, so 

that the photocurrent exhibits a direct dependence on the illumination power through the following 

relation: 

  
,

opt

ph off

qP
G

h
I





 , (3) 

where G=τ/tt is the photoconductive gain, i.e. the ratio of the carrier lifetime to the transit time. 

 Starting from these observations, in the present work the total photocurrent Iph measured in the 

pentacene-basedOPTs is assumed to result from the sum of a contribution caused by the threshold shift, 

Iph,ΔVT, and a current due to the primary photoconductivity, Iph,pr, so that the total current measured 

under illumination, Iillum, is: 

  , ,Tillum d ph d ph V ph prI I I I I I     , (4) 

where Id is the dark current. Iph,ΔVT and Iph,prare introduced, as will be shown hereafter, to take into 

account the effects of the photogenerated electrons and the photogenerated holes, respectively, on the 

drain current. Considering the absorption coefficient of pentacene and the thickness of semiconductor 

film, it is assumed that, under illumination, excitons are generated uniformly in the bulk of the organic 

layer and then split into free charge carriers. The photogenerated holes give a direct contribution to the 

photocurrent through the drain, while the photogenerated electrons are trapped in localized states, most 

likely present at the interface between the pentacene and the insulating layer. When electrons are 

trapped, they screen the voltage applied at the gate electrode, leading to a translation of the voltage 

needed to turn on the device. The shift occurs toward more positive voltages, promoting the device 

switching and increasing the overall channel current. 

 The effect of irradiation was investigated when the transistors were biased in the linear region, in 

order to have achannel with a nearly uniform charge carrier concentrationfrom source to drain. For the 

fabricated OTFTs, Eq. (1)cannot be used with a constant field effect mobility because of the dispersive 

conduction mechanism, typical of polycrystalline organic semiconductors. Indeed, transfer curves do 

not exhibit a linear trend and more than one value for the mobility can be defined depending on the 

selected range of the gate voltage. While in an amorphous organic semiconductor the gate bias 

dependence of field effect mobility can be related to the hopping charge transport, in polycrystalline 

films of small-molecule semiconductors, where most of the defects are concentrated at the grain-

boundaries, it is more reasonable to attribute this behavior to a multiple trapping and release 

mechanism. According to this theory, charge transport occurs in a delocalized band but is limited by 

the intra-gap trap distributions. While majority charges are accumulated in the organic layer upon 

applying a negative gate bias, localized states are increasingly filled by the shift of Fermi level, thus 

resulting in an effective mobility dependence on bias. In this case, the field-effect mobility can be 

defined through the following expression [40]: 



   0FE GS TV V

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where µ0 is the low field-effect mobility, whenVGS=VT,and the exponentγ=2(T0/T-1)is a semi-empirical 

parameter, dependent on the temperature T and associated to the width of a band tail distribution 

represented through a characteristic temperature T0. 

 According to this expression, the dark current, Id, has a superlinear dependence on the transverse 

field and it was written as: 

   
1

d GS T DSI K V V V
 

  , (6) 

with K=µ0CiW/L. The exponent γ, obtained from the fitting of the current plot in the dark, is 1.2, 

equivalent to a band tail width of about 40 meV.The parameter µ0is about 2·10
-4

 cm
2
/V

2.2
s. 

 Thus, in the proposed model, the drain current in the linear regime under illumination was 

represented through two components: 

     
1
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 The first term, where KL and VTL are the equivalent prefactor and threshold voltage under light 

conditions, resembles the form of the dark current and corresponds to the sum of Id and Iph,ΔVT in 

Eq. (4). The second term, where GL is a constant correlated to the pentacene layer conductance under 

illumination, represents the primary photocurrent Iph,pr. The mobility dependence on the transverse 

electric field has been included in both contributions, by using Eq. (5) with the equivalent threshold 

voltage under illumination. 

 The direction of the threshold voltage shift reveals that it results from the trapping of 

photogenerated electrons, whereas the excess mobile holes can supply a direct photocurrent through the 

drain, proportionally to the incident light intensity. In particular, supposing that electron trapping 

occurs mainly in the channel region at the insulator-semiconductor interface, threshold voltage 

translationΔVT can be related to trapped electron surface density, nit, through the insulator capacitance: 

  it
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i
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C
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while the constant GLis related to the photogenerated charge carriers, nph, in the semiconductor layer 

and it can be written as: 
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where τ is the excess carrier lifetime. 

 The experimental datacollected in the dark, during and after irradiation, were fitted to the proposed 

equations. The typical behavior of a transfer curve in the linear regionisshown in Fig. 9. The value of γ, 

which describes the superlinear trend of curves in dark due to trap states, is also used for the fitting of 

curves under light conditions. While common parameters, such as threshold voltage, field-effect 

mobility and subthreshold slope, measured under light conditions are mutually reliant, the parameters 

KL, VTL and GL, thus defined in this model, are independent and allow to investigate separately the light 

effect on the pentacene structure, the trapping of excess electrons and the photoconductive efficiency. 

These parameters were extracted from Eq. (7) and their evolution with illumination time were studied. 



The dependences of each component on exposure time, as well as recovery kinetics, were recorded for 

different photon energies. The typical results are shown in Fig. 10 for a visible light radiation and in 

Fig. 13 for a UV light. 

 

 

Figure 9. Typical transfer characteristics of the OTFT (VDS= -20 V) in dark, at different illumination times and after 

irradiation. Experimental data were fitted with Eq. (7) of the proposed model. 

 Regarding the effects of an irradiation in the visible range (Fig. 10), during illumination, a gradual 

shift of the threshold voltageis observed, suggesting that electrons are trapped at the 

interfaces.Meanwhile, the low field mobility, µ0, extracted from the parameter KL,remains practically 

constant, indicating that the structure of the organic semiconductor is not affected byvisible 

illumination. As stated previously, this parameter does not depend on threshold voltage, differently 

from field-effect mobility, which rather increases under illumination due to the reduction of inter-grain 

barrier height in the organic semiconductor [21].The response of photogenerated holes, as seen in the 

evolution of the photoconductance parameter GL, is limited by the dispersive transport in the organic 

material [41]. 

 

 

Figure 10.Evolutions of low field-effect mobility (µo), threshold voltage shift (ΔVT) and the product τ·ηλextracted from 

photoconductance factor (GL) in dark (Δ), during visible light (590 nm) irradiation (■) and after irradiation (□). 



As regards the recovery of current after visible irradiation, it is evident that, while the primary 

photocurrent disappears within a few tens of seconds, the current remains at an elevated level due to the 

photovoltaic effect. The trapped electrons, responsible for this behavior, recombine with time constants 

of the order of 10
3
 to 10

4
 s. A full recovery of the initial properties is not always observed. In some 

cases, an intrinsic degradation of the conductivity due to the air exposure is observed before the light 

induced effects could disappear. 

 It is worthy to point out that the curves of the threshold voltage shift could be well fitted with a 

power law ΔVT~t
α
,wheret is the illumination time andα depends on the maximum gate voltage 

achieved during measurements. The power law could be an approximation in the short time range of 

the stretched-exponential equation commonly used to describe charge trapping induced by bias and 

illumination stress [42]. In our case, the exponent α ranges from 0.22 for VGS,max= -50 V to 0.31 for 

VGS,max= -20 V, that is,the translation in VT is slower for high negative VGS(Fig. 11). The reasons could 

be the repulsion of photogenerated electrons from the interface where they are trapped and the 

enhanced recombination of holes.This hypothesis can justify the suppression of photocurrent during the 

recording of transfer characteristics, as seen in Fig. 8, when the device is stressed with a high negative 

gate voltage for a long time.Indeed, since interface trapping of excess electrons is supposed to be 

responsible for the forward shift of threshold voltage under illumination, a negative gate bias drives 

electrons far from interface, leading to a temporary backward shift of the threshold voltage during the 

I-V measurement itself. Furthermore, as more holes are driven to the insulator-semiconductor interface, 

the probability of hole trapping in deeper states is enhanced. Thus, at a low sweep rate, the current 

curves under illumination are stretched, due to the competition of the photovoltaic and photoconductive 

effects. 

 

 

 

Figure 11. Light-induced threshold voltage shift after different illumination times, as a function of the maximum gate 

voltage achieved during measurements (VSG from 20 to 50 V). 

 In order to verify this phenomenon, a prolonged constant bias was applied to the gate of theOTFT 

under illumination between consecutive measurements. The transfer characteristics were observed in 

dark after a 5 min illumination, during which the source and drain electrodes were grounded and gate 

was stressed with a positive or negative bias (Fig. 12). When a positive gate bias is applied, an 

accelerated light-induced threshold shifttoward positive values is revealed, since photo-generated holes 

can flow from organic semiconductor to electrodes. On the contrary,a negative gate bias reduces the 

threshold voltage translation induced by illumination to such an extent that for higher negative values 



the shift changes its direction. In this case, the photo-generated holes are confined in the channel and 

could easily recombine with the light-induced electrons.In other words, the prolonged gate polarization 

with a negative bias works against the light induced effects and the threshold voltage moves toward 

more negative values, as observed under positive drain bias stress in dark [37]. These effects, obtained 

as a result of the illumination of the devices and the simultaneous application of an electric field 

perpendicular to the interface, partly justify the current evolution illustrated in Fig. 7.Indeed, it is 

evident that a highnegative gate bias applied for 10 s temporarily suppresses the photovoltaic effect. 

However, since the effect of negative charge trapping reappears as soon as the light is removed, the 

responsible mechanism seems rather to be a short-term compensation due to positive charged interface 

states induced by the negative gate bias. 

 

Figure 12. Transfer characteristics (VDS= -20 V)before and after illumination. The OTFT was irradiated for 5 minutes 

without bias or under stress conditions with positive (15 V) or negative (-15, -30 V) gate bias. 

 Differently from irradiation by visible light, illumination by an ultraviolet source induces a 

modification in the structure of the organic semiconductor. This is evident from the reduction of the 

parameter KL over the whole irradiation period, especially for a wavelength of 285 nm, which is the 

example shown in Fig. 13. This effect has beenattributed to the creation of electrically active defects in 

pentacene layer [43].The hypothesis of the increase in photoinduced traps also justifies the evolution of 

threshold voltage and photoconductivity. Indeed, the threshold voltage shift is not seen to reach an 

equilibrium value but tends to a continuous growth as long as the light is on, indicating that even more 

electrons are being trapped. Simultaneously, a decrease in photoconductance is observed; it is faster 

than the mobility degradation and it is likely due to the enhancement of the hole trapping, as can be 

seen from the reduction of the product between carrier lifetime and quantum efficiency. The UV light 

induced defects show a metastable nature and anneal out after the irradiation removal with a time 

constant of about 10
3
 s. However, continual irradiations by UV light modify permanently the material 

properties. 

 



 

Figure 13. Evolutions of low field-effect mobility (µo), threshold voltage shift (ΔVT) and the product τ·ηλextracted from 

photoconductance factor (GL) in dark (Δ), during ultraviolet light (285 nm) irradiation (■) and after irradiation (□). 

 A comparison of the threshold voltage shift along the entire range of wavelengths is made difficult 

by the non-linear dependence on the optical power, as well as on illumination time. To overcome this 

problem the threshold voltage shift can be monitored at a very low power density, so that Eq. (2) is 

approximated to: 
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where A is a constant, and a normalization to incident photon flux and dark current is applied in order 

to evaluate the quantum efficiency (Fig. 14). The highest values in the visible range appear in 

correspondence to the irradiation energies of 2.1 and 2.3 eV, which are ascribable tothe charge-

transferexciton levels of a pentacene thin film.In ultraviolet range, the highest efficiency is measured at 

3.4 eV and is connected to the molecularlike levels of constituent pentacenes. 

 

 

Figure 14. Light-induced threshold voltage shift weighted for incident photon flux density and dark current at different 

radiation energies. The extracted values are proportional to external quantum efficiency. 



 While,due to exposure to UV light, the threshold voltage tends to increase to greater and greater 

values up to the device failure, the maximum shift observed in the threshold voltage upon extended 

visible illumination is useful for the estimation of the electron surface trap density. Using Eq. (8) with 

the measured insulator capacitance of 5 nF/cm
2
, theextracted trap state density at the interface with the 

photocurable polymer is about 9·10
11

 cm
-2

, which is comparable with the values found in literature and 

slightly smaller than the case of other polymer insulators, such as poly(methyl methacrylate), parylene 

or poly(4-vinylphenol) [11,17,44,45]. 

 

5. CONCLUSION 

The current-voltage photoresponse of pentacene-photocurable dielectric-based transistors has been 

investigated under different conditions. The multiple trapping and release mechanism theory is 

effective in explaining the gate bias dependence of field effect mobility when the fabricated OPTs are 

measured in dark and, in this work, it is exploited in the development of the equations modeling device 

behavior under light conditions. The study of photocurrent inthe OTFTshas allowed to distinguish a 

photovoltaic and a photoconductive effect. The equations proposed in this work were used to 

investigate these two contributions, that is, respectively, the origin of the threshold voltage shift 

introduced by irradiation and the photoconductive efficiency in the organic semiconductor. 

 The presence of long-lived traps at the insulator-semiconductor interface has been discussed. They 

cause threshold voltage instability and affect the data collection under illumination. However, the 

ability of storing the information about illumination dose for long timecould suggest the use of these 

transistors as memory devices. 

 The illumination effectively shifts the threshold voltage of the device, while the field-effect 

mobility of the charge carriers in the channel remains unchanged. Such a feature indicates the 

usefulness of the illumination in controlling, similarly to a gate-source voltage, the density of charge 

carriers in the device; in other words, the transistor could be switched on by applying either a negative 

gate voltage or a pulse of illumination.Since the photoresponse in an organic transistor shows to be 

strongly time dependent, in order to compare different devices, especially if employed as 

phototransistors, it becomes fundamental to have information about the illumination dose and the gate 

bias during illumination.  

 Finally, the combination of light-induced effect and gate bias stress has been studied, showing that, 

while a positive gate voltage accelerates the threshold voltage shift, the photovoltaic effect can be fully 

suppressed by a negative gate bias. This ability to modulate the light-induced ΔVT with the gate bias 

could be exploited to change the sensitivity of organic phototransistors and light-activated memory 

devices. 
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