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Abstract 
 Organic field-effect transistors (OFETs) were fabricated using three high-surface area and 
flexible expanded-poly(tetrafluoroethylene) (ePTFE) membranes in gate dielectrics, along with 
the semiconducting polymer poly[2,5-bis(2-octyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-
dione-3,6-diyl)-alt-(2,2’;5’,2’’;5’’,2’’’-quaterthiophen-5,5’’’-diyl)] (PDPP4T). The transistor 
behavior of these devices was investigated following annealing at 50°C, 100°C, 150°C, and 200°C, 
all sustained for 1 hour. For annealing temperatures above 50°C, the OFETs displayed improved 
transistor behavior and a significant increase in output current while maintaining similar 
magnitudes of Vth shifts when subject to static voltage, compared to those kept at ambient 
temperature. We also tested response to NO2 gas as further characterization and for possible 
applications.  The ePTFE-PDPP4T interface of each membrane was characterized via scanning 
electron microscopy (SEM) for all four annealing temperatures to derive a model for the hole 
mobility of the ePTFE-PDPP4T OFETs that accounts for the microporous structure of the ePTFE 
and consequently adjusts the channel width of the OFET. Using this model, a maximum hole 
mobility of 1.8±1.0 cm2/V·s was calculated for the polymer in an ePTFE-PDPP4T OFET annealed 
at 200°C whereas a PDPP4T OFET using only the native silicon wafer oxide as a gate dielectric 
exhibited a hole mobility of just 0.09±0.03 cm2/V·s at the same annealing condition. This work 
demonstrates that responsive semiconducting polymer films can be deposited on nominally 
nonwetting and extremely bendable membranes, and the charge carrier mobility can be 
significantly increased compared to their as-prepared state by using thermally durable polymer 
membranes with unique microstructures as gate dielectrics.  

Keywords: polymer transistor, expanded poly(tetrafluoroethylene), PDPP4T, thermal stability, 
charge retention, vapor response 

 

Introduction 
 Organic electronic devices based on flexible materials are promising candidates for a wide 
variety of applications such as chemical and biological sensors1,2,3,4, flexible displays5,6, and 
wearable electronics that can be made conformable to the human body7,8. Organic field-effect 
transistors (OFETs) are a type of electronic device commonly studied to investigate the threshold 
voltage, charge storage behavior, and charge carrier mobility associated with organic dielectrics 
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in combination with organic semiconductors to help determine their most appropriate applications. 
Organic dielectrics and semiconductors are commonly either solution or thermally processible, 
making them easy to modify and process for the fabrication of low-cost electronic devices. While 
the low cost, flexibility, and ease of processibility are key benefits of organic electronic devices, 
they lack the same magnitude of charge carrier mobility exhibited by traditional inorganic devices, 
despite the frequent emphasis on the design and synthesis of various novel semiconducting 
polymers9,10,11, and  manipulating the microstructure of the gate dielectric for this purpose,13,14.  
Hole mobilities of the best solution-processed organic semiconductors used in OFETs are 
commonly on the order of just 1 to 10 cm2/V·s15,16 and are orders of magnitude smaller than the 
hole mobility of silicon at 480 cm2/V·s17. Silicon also exhibits an electron mobility several times 
higher than its hole mobility at 1350 cm2/V·s17, making it a preferred choice for traditional high-
performance electronic devices.  

Poly[2,5-bis(2-octyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-3,6-diyl)-alt-
(2,2’;5’,2’’;5’’,2’’’-quaterthiophen-5,5’’’-diyl)] (PDPP4T) is a well-studied semiconducting 
polymer that exhibits a relatively high hole mobility,43 with OFET mobilities of PDPP4T 
derivatives as large as 9.1 cm2/V·s reported by Yang et al18 as well as Ma et al41 under certain 
conditions. PDPP4T is a desirable OFET semiconductor due to its ease of processing, high thermal 
stability, and high hole mobility. The polymer is solution processible in many organic solvents 
such as chloroform and 1,2-dichlorobenzene, making it highly compatible with a wide variety of 
substrates and organic gate dielectrics used in the design and fabrication of top-contact bottom-
gate OFETs.   As will be discussed below, we use the polymer herein to form semiconducting 
films on an especially flexible, low-polarity, and high-surface area membrane substrate, on which 
it is particularly challenging to form continuous charge-transport pathways. 
 One example of a gate dielectric commonly utilized in OFETs is polystyrene (PS), which 
exhibits the beneficial characteristics of organic materials previously mentioned. PS is soluble in 
many different organic solvents and has been well studied as a gate dielectric in OFETs due to its 
thermal stability19,42. In addition to PS, fluorinated polymer dielectrics such as 
poly(perfluorobutenylvinylether) (CYTOP)20,21,42 and Teflon® AF22,43,44 have been investigated in 
OFETs due to their insensitivity to water and advantageous thermal stability. CYTOP or Teflon® 
AF gate dielectrics have been used in solution- or thermally processed OFETs, microporous 
expanded- poly(tetrafluoroethylene) (ePTFE) membranes have never been investigated as gate 
dielectrics in OFETs.  

In contrast with PTFE, ePTFE is an air-permeable and microporous membrane that has 
been processed to generate a unique microstructure that is desirable for various applications. Many 
studies utilizing ePTFE in biomedical devices have been conducted due to its biocompatibility and 
high strength-to-weight ratio, making it an attractive material in the medical field. Examples of the 
use of ePTFE in biomedical devices include tissue regeneration membranes and vascular 
grafts23,24,25, ePTFE-coated stents26,27, and prostheses28,29. In addition to its widespread use in 
biomedical devices, ePTFE has also been studied in composite membranes for use in durable and 
high-temperature stable fuel cells30,31. Based on the many attractive properties of ePTFE 
membranes and the existing use of Teflon® AF and CYTOP as gate dielectrics in OFETs, it is 
surprising that the use of ePTFE membranes in OFET gate dielectrics has never been investigated. 
The flexibility and hydrophobicity of the membranes along with the ability to tune properties such 
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as their dielectric constant, surface energy, molecular absorptivity, charge retention, and stiffness 
through their unique microstructure provides enticing possibilities for the development of free-
standing, flexible, high-performance, biocompatible electronic devices.   
 In this work, ePTFE membranes with three different microstructures are used in gate 
dielectrics in top-contact bottom-gate PDPP4T-based OFET devices. Their output and transfer 
characteristics are measured immediately after device fabrication, and threshold voltage (Vth) 
shifts are measured after applying a –70 V bias to the source and drain electrodes for five minutes. 
The devices are then exposed to NO2 gas in a chamber at concentrations of 1, 2, 5, and 10 ppm for 
3 minutes each and measured between exposures to each concentration to determine the sensitivity 
and signal-to-drift ratio at each concentration, as a further indication of thermal stability and 
possible applicability, taking advantage of the high surface area. Upon the completion of these 
tests, the OFETs are then annealed at either 100°C, 150°C, or 200°C in a ceramic oven for 1 hour 
and all previously mentioned tests are repeated under the same conditions to measure the thermal 
stability and any performance changes. The transfer behavior of the OFETs along with SEM 
micrographs of the ePTFE-PDPP4T surface are used to develop a model for the hole mobility that 
accounts for the pores on this surface being unable to contribute to the charge transport. This model 
indicates that  the hole mobility of a continuous polymer strand is enhanced by as much as 2000% 
for the semiconducting polymer in the ePTFE OFETs relative to OFETs utilizing the nonporous 
native silicon wafer oxide as a gate dielectric. The ePTFE OFETs exhibit exceptional thermal 
stability, and annealing-based performance increases with slight variations among membranes 
arising from their unique microstructures.  

Experimental Section 

 
Scheme 1. Fabrication Process Schematic of an ePTFE-PDPP4T OFET. A membrane is cut to 

match the dimensions of a silicon wafer to which it is physically attached. Semiconducting 
polymer PDPP4T is spin-coated and shadow-mask-defined gold electrodes are vapor-deposited.  

Substrate Preparation and ePTFE Membrane Attachment. Silicon wafers with 300 nm thermally 
deposited silicon oxide were cut into 24 mm squares (Scheme 1) and etched in a 3:1 H2SO4:30% 
H2O2 piranha solution for at least 4 hours. The wafers were then submerged and sonicated in 
solutions of deionized water, acetone, and isopropyl alcohol for 15 minutes each. Immediately 
following the sonication, the wafers were individually dried under nitrogen gas flow and ePTFE 
membranes (W. L. Gore & Associates) were laminated onto the wafers. To attach the ePTFE 
membrane, the dried wafer was placed oxide-side-up on a sheet of aluminum foil and a 9-inch by 
11-inch frame of ePTFE membrane was placed directly on top of the wafer.  A square of ePTFE 
membrane slightly larger than 24 mm was cut out using a razor blade and the excess membrane 
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was gently wrapped around the edges of the wafer using tweezers to prevent detachment during 
subsequent processing, with extra care taken not to stretch or deform the membrane during 
attachment.  

Deposition of PDPP4T Semiconductor. A solution of 10 mg/mL PDPP4T (Ossila) dissolved in 
chloroform (Sigma-Aldrich) was prepared in a small glass vial, sonicated for 90 minutes in a 50 °C 
heated water bath, and filtered into a new glass vial using a 0.45 µm hydrophobic PTFE syringe 
filter. Enough solution was deposited on the surface of the membranes to cover it, and the 
membranes were subsequently spun at a speed of 2000 rpm with a spin acceleration of 1000 rpm/s 
for 60 seconds. Immediately after spin-coating, all coated membranes were placed in a vacuum 
oven set to 50°C at a pressure of approximately 50 cm Hg for 1 hour.  

Deposition of Gold Electrodes. 50 nm of gold was thermally evaporated at a rate of 0.4 Å/s through 
shadow masks to produce six pairs of source-drain electrodes on all OFET samples with a channel 
length of 200 µm and a channel width of 11 mm.  

SEM Imaging. The PDPP4T-coated membranes from each ePTFE OFET were carefully removed 
from their silicon wafer and mounted to SEM stubs using double-sided conductive tape. Cross-
sections of each coated membrane were prepared using a Gatan Illion2 broad beam ion mill. The 
samples were then coated with a thin layer of platinum using a Cressington 208HR sputter coater. 
SEM images were then obtained using a Hitachi SU8230 FESEM.  

X-Ray Diffraction. GIXRD patterns of PDPP4T, ePTFE membrane 1, and PDPP4T-coated ePTFE 
membrane 1 on silicon wafers were obtained using a Rigaku SmartLab diffractometer using Cu k 
radiation. The instrument was operated in a grazing incidence geometry at a 0.2º incident angle. 
Operating in this geometry greatly enhances the scattering intensity of the coated membrane by 
increasing the irradiated volume of the membrane relative to the substrate. Scans were measured 
from 3-40° 2θ at a 0.02° increment and a rate of 0.5° per minute using a HyPix 3000 detector in 
0D mode.  

Electrical Measurements.  The output and transfer characteristics of four top-contact bottom-gate 
OFETs were analyzed using four different gate dielectrics. The gate dielectrics consisted of either 
ePTFE membrane 1 of nominal thickness 12.8 µm, ePTFE membrane 2 of nominal thickness 18 
µm, ePTFE membrane 3 of nominal thickness 16 µm, or the native thermal oxide on the silicon 
wafer of nominal thickness 300 nm. The three ePTFE membranes were supplied by W. L. Gore & 
Associates and were fabricated according to the methodology outlined in U.S. patents.55,56 The 
silicon oxide gate dielectric OFET served as a control device to analyze the influence of the three 
different ePTFE membranes being used in gate dielectrics.  
 To determine the output characteristics of the four OFETs, the drain current (Ids) was 
measured as a function of the drain voltage (Vds) from 0 V to -90 V while modulating the gate 
voltage (Vg) from 0 V to -70 V in steps of -10 V, producing a total of eight output curves 
corresponding to eight different values of Vg for each OFET. To determine the transfer 
characteristics of the four OFETs, Ids was measured as a function of Vg from 0 V to -90 V while 
keeping Vds constant at -90 V. In addition to these measurements, each OFET was charged for five 
minutes by applying a constant bias of -70 V to the source and drain electrodes while the gate 
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electrode remained unbiased at 0 V. Immediately after applying this bias to the source and drain 
electrodes, the transfer characteristics were re-measured using the exact same measurement 
conditions described above to analyze the threshold voltage shift (ΔVth) in each OFET after 
charging.  
 Once the output and transfer characteristics of the four OFETs were measured, the OFETs 
were then annealed in a ceramic oven for 1 hour at either 100°C, 150°C, or 200°C. The same batch 
of four OFETs were never annealed at more than one of these temperatures for any duration longer 
than an hour – three different batches of four OFETs were fabricated such that one batch was 
annealed at 100°C for 1 hour, a second batch was annealed at 150°C for 1 hour, and a third batch 
was annealed at 200°C for 1 hour with all annealing taking place after initial testing. After 
annealing the OFETs in the ceramic oven, the output and transfer characteristics were re-measured 
using identical measurement conditions followed by the same -70 V charging for 5 minutes and 
additional transfer characteristic measurement.  
 The capacitance of each OFET was measured using an Agilent 4284A LCR meter operated 
at 1 kHz by connecting one test fixture probe to the gate electrode and the second test fixture probe 
to either the source electrode or drain electrode. Polarization-Field (P-E) loops were obtained by 
applying voltage to the gate electrode and measuring the polarization of each device. 

 
Results 
 
The output characteristics of OFETs using ePTFE membrane 1 and silicon oxide in gate dielectrics 
at annealing temperatures of 50°C and 150°C are shown in Figure 1. The transfer characteristics 
(sqrt drain current vs gate voltage) of OFETs using ePTFE membrane 1 and silicon oxide in gate 
dielectrics at annealing temperatures of 50°C and 150°C are shown in Figure 2. 
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Figure 1. Output Characteristics of a) ePTFE Membrane 1 OFET Annealed at 50°C for 1 Hour, 
b) ePTFE Membrane 1 OFET Annealed at 150°C for 1 Hour, c) Silicon Oxide OFET Annealed 

at 50°C for 1 Hour, and d) Silicon Oxide OFET Annealed at 150°C for 1 Hour. 
 
 
 

 
Figure 2. Square Root Transfer Characteristics (SQRT Drain Current vs Gate Voltage) Before 

and After Applying a -70 V Bias for 5 Minutes to Source and Drain Electrodes of a) ePTFE 
Membrane 1 OFET Annealed at 50°C for 1 Hour, b) ePTFE Membrane 1 OFET Annealed at 
150°C for 1 Hour, c) Silicon Oxide OFET Annealed at 50°C for 1 Hour, and d) Silicon Oxide 

OFET Annealed at 150°C for 1 Hour.  The Drain Voltage Was Held at -90 V During the 
Transfer Curve Acquisition. 

 
Additional output and transfer characteristics, including on log scales, for all four annealing 

temperatures and all four gate dielectric materials are shown in Figures S1-S12 of the Supporting 
Information. For membrane 2, irregularities in the output curves are resolved on annealing at 
100°C, but are more persistent with membrane 3. Hysteresis in the transfer behavior of devices on 
the better-performing membranes 1 and 2 is shown in Figure S13 of the Supporting Information. 
The curves indicate modest bias stress57,58 for all the devices, except for an additional contribution 
from discharging of static polarization after charging membrane 1. The linear regions of the 
saturation regime in the sqrt transfer curves shown in Figure 2 (which show only modest gate 
voltage dependence of the slopes except at the highest gate voltages in some cases) can be used to 
extract the hole mobility of each device using the equation 𝐼𝑑𝑠 =

𝑊

2𝐿
𝜇𝐶(𝑉𝑔 − 𝑉𝑡ℎ)

2
, in which W is 

the channel width of the device, L is the channel length of the device, C is the measured capacitance 
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per unit area of the device, and μ is the charge carrier mobility of the device, or in this case the 
hole mobility of the device.37,45 By measuring the capacitance of each device and dividing it by 
the area of the electrode on which the measurement was performed, the above equation can be 
used for direct calculation of the hole mobility of each device.   

OFET capacitances were measured in the presence of PDPP4T, as measuring the 
capacitances of uncoated ePTFE membranes with a silicon bottom contact and gold top contact 
produced extremely small capacitances resulting in calculated dielectric constants much smaller 
than 1. The PDPP4T did not add to the area of the capacitance measurement, which was ultimately 
determined by the total area of either the source electrode or drain electrode depending on which 
electrode the measurement was performed. It is possible, however, that the PDPP4T may have 
locally penetrated the ePTFE membrane under source and drain electrodes where the capacitance 
was measured, acting to decrease the effective dielectric thickness and resulting in slightly 
increased capacitances.  

Polarization-field (P-E) loops for all devices at all four annealing temperatures and two 
different frequencies are provided for reference in Figures S14-S17 of the Supporting Information 
to show relationships between capacitance, voltage, and frequency. Figures S14-S15 show devices 
comprised of both membrane 1 and membrane 2 acting in depletion for positive gate voltages and 
accumulation for negative gate voltages. This behavior holds well up to an annealing temperature 
of 200˚C sustained for 1 hour and is consistent with capacitance-voltage characteristics of p-type 
OFETs.59-61 The hysteresis in the accumulation regime of Figures S14-S15 shows that injected 
charge is not reversible during the measurement timescale at either frequency, while in the 
depletion regime the injected charge is almost completely reversible aside from devices annealed 
at 200˚C for 1 hour which show a very slight breakdown in dielectric behavior.  Depletion-mode 
capacitances at 100 Hz and 1 kHz were comparable. Figure S16 illustrates devices comprised of 
membrane 3 showing far less ideal behavior than devices shown in Figures S14-S15, with devices 
annealed at 200˚C for 1 hour showing signs of dielectric breakdown and an absence of 
accumulation charge. The oxide control OFETs shown in Figure S17 also display non-ideal 
behavior with devices not properly operating in depletion for positive gate voltages at 1 kHz, 
however the devices do operate in accumulation for negative gate voltages which holds well at all 
four annealing temperatures. Similar to devices comprised of membranes 1 and 2, the control 
OFETs show accumulated charge is not immediately reversible at either measurement frequency, 
indicating that the accumulation of charges is not gate voltage dependent in these devices. 
 While the previously outlined approach for calculating the hole mobility of OFETs is 
suitable for most devices with continuous semiconducting films, we sought to quantify the 
mobility of the PDPP4T itself on the ePTFE.  To do this, adjustments were required because of 
the porous ePTFE microstructure and lack of a continuous surface through which charge carriers 
can drift. This may be seen in the scanning electron microscopy (SEM) image of the top surface 
of ePTFE membrane 1 shown in Figure 3. SEM images of each ePTFE membrane at the four 
different annealing temperatures (shown in Figures S18-S21 of the Supporting Information) were 
obtained and edited in ImageJ by tracing and color-coding all areas of each image that were not 
the PDPP4T-coated top layer of the membrane. Only the top layer of the ePTFE membranes was 
considered to contribute to the charge carrier mobility. Due to the hydrophobic nature of the ePTFE 
membranes, it is unlikely that the PDPP4T solution would penetrate deeper than the top layer of 
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each membrane and form continuous transport paths there. The surface tension of chloroform at 
room temperature is 27.1 mN/m and while the surface tension of PTFE can vary, the room 
temperature value commonly given is 20.2 mN/m.38,39 Studies of the wetting kinetics of PTFE 
show that for solutions with comparable surface tension to PTFE, wetting contact angles of less 
than 90° take up to approximately 10 seconds to be observed, far longer than the 1 to 2 seconds 
the solution contacts the membrane during spin coating.40 In addition to the PDPP4T likely not 
penetrating into the membrane pores, the thermally evaporated gold electrodes do not penetrate 
deeply into the membrane pores as evidenced by cross-sectional SEM images of the PDPP4T-
coated ePTFE membranes. An example is shown in Figure 3 for the case of ePTFE membrane 1, 
with cross-sections of each type of device shown in Figures S22-S25 of the Supporting Information. 
The edited SEM surface images (shown in Figures S26-S28 of the Supporting Information) were 
subsequently analyzed in Python by subtracting the color-coded regions of the images to calculate 
an adjusted channel width for each ePTFE OFET at all four annealing temperatures. After 
calculating the adjusted channel width for each ePTFE-PDPP4T OFET, the linear portion of the 
saturation regime of the transfer characteristic of each OFET was used to calculate the hole 
mobility. The results of the mobility calculations among other characteristic values determined 
from the OFETs transfer curves are displayed in Table 1.  

 
Figure 3. Scanning Electron Microscopy (SEM) Images of a) the Microstructure of the PDPP4T-
ePTFE Surface of an ePTFE Membrane 1 OFET Annealed at 50°C for 1 Hour and b) the Cross-
Section of the Same Device at the Location of a Pair of Source-Drain Electrodes Produced by 

Backscaterred Electrons. 
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Table 1. Mobilities, Threshold Voltages and Their Shifts, and on/off Ratios of OFETs Utilizing 
Four Different Gate Dielectrics After Annealing for 1 Hour at 50°C, 100°C, 150°C, and 200°C. 

Dielectric Tanneal [°C] μ [cm2/V·s] Vth [V] ΔVth [V] ION/IOFF 

ePTFE 1 50 0.01±0.00 -21.8±1.6 38.56±0.64 103 

 
100 0.05±0.01 -24.0±1.1 40.88±0.79 102 

 
150 0.13±0.05 -26.0±3.7 42.7±1.6 103 

 
200 0.27±0.14 2.8±6.7 30.8±4.7 101 

ePTFE 2 50 0.01±0.00 -21.5±1.8 30.4±1.4 103 

 
100 0.11±0.04 -34.0±4.3 33.8±2.8 102 

 
150 0.42±0.31 -25±11 38.8±4.8 101 

 
200 1.8±1.0 8.0±5.1 36.2±2.4 101 

ePTFE 3 50 0.01±0.00 -15.9±4.0 11.5±1.2 101 

 
100 0.03±0.01 -39.1±3.7 9.4±2.5 102 

 
150 0.14±0.07 -26.1±4.0 14.4±3.0 101 

 
200 x 31.1±3.2 30.4±5.3 101 

Silicon Oxide 50 0.09±0.02 -7.5±1.9 45.8±1.5 103 

 
100 0.15±0.04 -4.3±4.6 39.7±3.3 103 

 
150 0.13±0.01 -10.1±0.7 41.8±1.4 104 

 
200 0.09±0.03 -6.9±1.4 38.2±2.0 104 
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 The sensitivity of the OFETs to NO2 was determined by exposing the devices to 
concentrations of 1, 2, 5, and 10 ppm of NO2 gas in a closed chamber for three minutes for each 
exposure and measuring the output and transfer characteristics of the devices between each 
exposure. The output characteristic was measured with Vg set to only –40 V while keeping the 
other previously discussed conditions the same, while the transfer characteristic was measured 
with no modifications from the previously discussed conditions. Using the transfer curves from 
each concentration of NO2, the sensitivity was calculated as 𝑆  = 𝐼𝑑𝑠,𝑁𝑂2−𝐼𝑑𝑠,𝑎𝑖𝑟

𝐼𝑑𝑠,𝑎𝑖𝑟
∙ 100%  at a Vg of -40 

V for all OFETs. This Vg was chosen as it is larger than the Vth of all devices while minimizing non-
ideal effects, such as contact resistance48, that clearly manifest at Vg much higher than -40 V in 
the transfer curves. The transfer curve with corresponding Ids at Vg = -40 V before any NO2 gas 
exposure occurred, or 0 ppm, was used as the baseline (Ids,air) for all sensitivity calculations. The 
sensitivities to NO2 gas of the OFETs using ePTFE membrane 1 and the native silicon wafer oxide 
as gate dielectrics are shown in Figure 4. The responses of all devices at all four annealing 
temperatures after exposure to NO2 gas are shown in Figures S29-S40 of the Supporting 
Information. 

 
Figure 4. The Sensitivity of OFETs Utilizing a) ePTFE Membrane 1 and b) Silicon Oxide as 

Gate Dielectrics for Four Different Annealing Temperatures When Exposed to NO2 in 
Concentrations of 1, 2, 5, and 10 ppm for 3 Minutes Each. 

 
The drift of current of the OFETs in air was also determined before exposure to any NO2 

gas by measuring 25 transfer curves at a rate of –10 V/s while devices were exposed to air at 
ambient conditions. The drift in air of OFETs utilizing ePTFE membrane 1 and the native silicon 
wafer oxide are shown in Figure 5, with drifts of all devices at all four annealing temperatures 
provided in Figures S41-S44 and current vs. time data provided in Figures S45-S48 of the 
Supporting Information. The ratio of the drain current from the last transfer curve and the drain 
current from the first transfer curve at a gate voltage of -40 V was calculated to be the drift of each 
device, similar to how the sensitivity was calculated. After calculating the drift of the OFETs in 
air and the sensitivity of the OFETs to NO2 gas, signal-to-drift ratios of the devices were calculated 
as 𝐷  = 𝑆

(
∆𝐼𝑑𝑠
𝐼𝑑𝑠

)
𝑎𝑖𝑟

  .36 The drift and signal-to-drift ratios at concentrations of 1 and 10 ppm NO2 for 
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all OFETs at each of the four annealing temperatures are summarized in Table 2.  Note that drifts 
are actually current decreases while response signals are current increases, so the net sensitivity 
over time is even larger than tabulated here. Also, such drifts can be minimized with compensating 
circuitry.50-54 

 
Table 2. Drift in Air and Signal-to-Drift Ratios For 3 Minute Exposure to NO2 at 1 ppm 

and 10 ppm of OFETs Utilizing Four Different Gate Dielectrics After Annealing for 1 Hour at 
50°C, 100°C, 150°C, and 200°C. 

Dielectric Tanneal [°C] Drift [%] D1 ppm D10 ppm 

ePTFE 1 50 -53±25 4.9±3.6 22±13 
 

100 -76.3±5.2 0.96±0.32 2.51±0.25 
 

150 -94.0±1.7 1.26±0.63 4.2±1.8 

 
200 -82.3±7.0 2.04±0.25 4.03±0.63 

ePTFE 2 50 -72±17 1.20±0.96 19.3±5.1 

 
100 -81.4±7.2 2.9±1.3 10.4±4.6 

 
150 -68.9±8.0 3.9±3.2 9.7±5.7 

 
200 -80.4±6.4 4.34±0.89 9.4±1.6 

ePTFE 3 50 -70±18 6.0±3.5 85±45 

 
100 -82.7±3.0 2.41±0.73 24±13 

 
150 -66.4±4.5 3.6±1.7 8.9±4.5 

 
200 -50±10 3.6±1.7 8.8±4.7 

Silicon Oxide 50 14±11 2.23±0.43 11.3±1.4 

 
100 11.0±4.1 2.20±0.65 13.2±3.5 

 
150 8±11 4.3±2.5 15.5±6.0 

 
200 13±11 2.02±0.61 11.6±3.4 
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Figure 5. The 25 SQRT Transfer Curves Obtained at a Rate of -10 V/s While OFETs Were 

Exposed to Air and Ambient Conditions for Determination of Drift Current in a) ePTFE 
Membrane 1 OFET Annealed at 50°C for 1 Hour, b) ePTFE Membrane 1 OFET Annealed at 
150°C for 1 Hour, c) Silicon Oxide OFET Annealed at 50°C for 1 Hour, and d) Silicon Oxide 

OFET Annealed at 150°C for 1 Hour.  
 

Grazing incidence X-ray diffraction (GIXRD) patterns of PDPP4T, ePTFE membrane 1, 
and PDPP4T-coated ePTFE membrane 1 on silicon wafers are shown in Figure 6. A shoulder 
indicating the PDPP4T principal diffraction peak is observed from the coating on ePTFE, 
identified by the red dashed line intersecting the blue trace. 
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Figure 6. Grazing Incidence X-Ray Diffraction (GIXRD) Patterns of ePTFE Membrane 1 on a 
Cleaned Silicon Wafer, a PDPP4T Thin Film on a Cleaned Silicon Wafer Produced From a 10 
mg/mL PDPP4T in Chloroform Solution, and ePTFE Membrane 1 Coated With a 10 mg/mL 

PDPP4T in Chloroform Solution on a Cleaned Silicon Wafer.  
Discussion and Analysis 
 The output characteristics shown in Figure 1 and Figures S1-S4 of the OFETs tested in this 
study display clear behavioral contrasts between the use of ePTFE membranes and the native 
silicon wafer oxide alone in gate dielectrics. The output characteristics of all ePTFE membrane 
OFETs show clear deviations from ideal OFET behavior at the base annealing temperature of 50°C. 
While membrane 1 appears to show significant leakage current46 as well as pronounced effects of 
contact resistance47, this non-ideal behavior becomes even more noticeable with ePTFE 
membranes 2 and 3 at 50°C. However, as annealing temperature increases to 100°C and above, 
the output behavior of the ePTFE membrane OFETs improves and even becomes comparable to 
the silicon oxide OFET. Meanwhile, the silicon oxide OFET displays relatively ideal OFET 
behavior at all annealing temperatures apart from slight effects of contact resistance observed at 
low drain voltages, serving as a strong control device with which to compare results of the ePTFE 
OFETs.  

As annealing temperature increases, the leakage current and contact resistance both lessen 
in the ePTFE OFETs while Ids increases significantly. For example, OFETs using ePTFE 
membrane 2 exhibited a maximum Ids of just -202 nA at a Vg of -70 V when annealed at 50°C for 
1 hour, while the same device annealed at 200°C for 1 hour exhibits a maximum Ids of -7.19 µA at 
a Vg of -70 V. In Figure 1, there is a 480% increase in the maximum Ids of the ePTFE membrane 
1 OFET as a result of annealing at 150°C for 1 hour, while only a 130% increase in the maximum 
Ids is observed in the control OFET for the same annealing process. While the output behavior 
improves and Ids increases dramatically in ePTFE OFETs annealed above the base 50°C annealing 
temperature, slight conductive behavior begins to develop due to the increased annealing 
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temperature. This is especially apparent in OFETs utilizing ePTFE membrane 3, as annealing 
temperatures of 150°C and 200°C sustained for 1 hour create clear effects of partially conductive 
behavior as evidenced by the output characteristics of these devices. The control device also 
appears to show very slight development of partially conductive behavior with increasing 
annealing temperature as current saturation is not completely achieved at higher gate voltages, 
however the effects are much less pronounced compared to the ePTFE OFETs.  

In addition to the output characteristic improvements exhibited by the ePTFE OFETs as a 
result of annealing, significant changes in the transfer characteristics also arise from static charging 
as shown in Figure 2 and Figures S5-S12. The transfer characteristics of both the ePTFE OFETs 
and the control OFET exhibit relatively ideal behavior at all four annealing temperatures, with 
clear linear and saturation regimes present in each transfer curve. Once again, current increases 
are observed as a result of increasing the annealing temperature with more prominent increases 
occurring in the ePTFE OFETs. When comparing the Vth of the OFETs in Table 1, the control 
OFET requires much less voltage to turn on than the ePTFE OFETs. At an annealing temperature 
of 50°C, Vth of the control OFET is just -7.5 V while the ePTFE OFETs exhibit a Vth of -21.8V, -
21.5 V, and -15.9 V for membranes 1, 2, and 3, respectively. As annealing temperature is increased, 
Vth remains relatively constant for the control OFET, ranging from -4.3 V at 100°C to -10.1 V at 
150°C. For the ePTFE OFETs, Vth tends to slightly increase at both 100°C and 150°C, then 
substantially decreases and becomes positive at 200°C for all three membranes, probably due to 
the beginning of oxidative decomposition that created doping sites and conductive behavior even 
at gate voltage of zero. The positive Vth observed in all three ePTFE OFETs annealed at 200°C is 
likely a result of doping that arises due to slight decomposition of the membrane at such a high 
annealing temperature, evidenced by surface and cross-sectional SEM images of the membrane 
OFETs provided in Figures S18-S24. While Vth changes significantly when the ePTFE OFETs are 
annealed at 200°C, ΔVth of all four OFETs remains similar in magnitude at every annealing 
temperature, apart from the ePTFE membrane 3 OFET showing a significant increase in ΔVth after 
annealing at 200°C. The observed ΔVth in all devices is consistent with the mechanism of bias 
stress57,58 and holds at all annealing temperatures. This indicates that charge storage behavior is 
not compromised by the annealing process, signifying the integrity of the OFETs is maintained 
and their performance increases are sustainable at the annealing conditions used in this study due 
to their thermal and mechanical durability. However, we did not observe stability in the charge 
storage behavior, meaning that the conditions under which we applied static charge did not drive 
this charge into deep enough states (energetically or positionally) to prevent dissipation.  The 
equilibration of the trap energy level to lower gate voltages (less negative Vth) would be the result 
of holes injected from the dielectric into traps during static charging, thus filling them and allowing 
a less negative onset voltage for holes to be mobile. 

The largest difference among the OFETs that is observed in the transfer characteristic is 
the hole mobility of the devices. The control OFET exhibits a hole mobility ranging from 0.09 to 
0.15 cm2/V·s, with the maximum mobility occurring after annealing the device at 100°C for 1 hour. 
When comparing these values to the mobilities of the ePTFE OFETs in the temperature range of 
150°C to 200°C, the ePTFE OFETs exhibit mobilities as much as 20 times larger than the control 
OFET. Additionally, the mobilities of the ePTFE OFETs at 200°C are anywhere from 27 to 180 
times greater than their mobilities at 50°C. The peak mobilities for OFETs utilizing membranes 1, 
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2 and 3 are 0.27, 1.8, and 0.14 cm2/V·s, respectively, occurring at an annealing temperature of 
150°C for membrane 3 and 200˚C for membranes 1 and 2. While it is possible that an OFET 
utilizing ePTFE membrane 3 may also exhibit higher mobility at 200˚C than 150˚C, the calculated 
mobility value for this device was omitted due to being unreasonably high, likely caused by a 
breakdown in the insulating behavior of the dielectric membrane. To understand why the 
mobilities of the ePTFE OFETs are so much greater than the control OFET and why the mobilities 
increase substantially with increased annealing temperature, it is important to discuss the mobility 
model on which these calculations are based and the underlying mechanisms of the annealing-
induced performance enhancements.  

As previously mentioned, the channel width of the ePTFE OFETs was adjusted to account 
for the microporous structure of the membranes. It is logical that charge carriers are unable to be 
transported through a medium in which both the dielectric membrane material and the 
semiconducting polymer are not present, therefore this must be accounted for when calculating the 
mobility of the ePTFE OFETs. When analyzing the SEM micrographs of the ePTFE-PDPP4T 
surface (Figures S18-S20), it appears that the PDPP4T coats the fibers of the top surface layer of 
the ePTFE membrane. Cross-sectional SEM images of the ePTFE OFETs (Figures S22-S24) show 
lack of penetration of thermally evaporated gold electrodes beneath the top surface layer of the 
ePTFE. It is also likely that the low surface tension of the ePTFE membranes combined with their 
hydrophobic characteristics is sufficient to prevent the PDPP4T in chloroform solution from 
penetrating into the micropores of the membranes.38,39,40 Assuming that PDPP4T-coated ePTFE 
fibers exist only on the top surface layer of the ePTFE membrane and that charge carriers cannot 
be transported in areas where these coated fibers are not present, then any surface pores or uncoated 
ePTFE fibers underneath the top surface layer of the membranes shown in the SEM micrographs 
can be considered not to contribute to the hole mobility of the OFET. By establishing these 
assumptions, the areas of the SEM micrographs that do not contribute to the mobility of the OFET 
can be traced and colored with a specific RGB color code not originally present in the micrographs 
for subsequent image analysis to calculate the adjusted channel width of the OFET. 
 To calculate the adjusted channel width of the ePTFE OFETs, first all areas of the SEM 
micrograph not containing top surface ePTFE fibers are traced and saved as an overlay in the image 
analysis software ImageJ. Using the overlay and ImageJ, the entire area of all traced non-
contributing areas is colored with the RGB color code (255, 0, 0). This specific RGB color code 
is chosen as it is not present anywhere in the original unedited SEM micrograph, while choosing 
a color code with only a single non-zero value simplifies further steps of the image analysis. After 
color-coding the non-contributing areas, the image is analyzed in Python to calculate the number 
of colored pixels with RGB value (255, 0, 0) that occur in every row of 1-pixel width. The fraction 
of pixels in each row that are colored are then subtracted from 100% to determine the fraction of 
pixels in each row that represent the PDPP4T-coated ePTFE fibers on the top surface of the 
membrane. The fraction of remaining unedited ePTFE fibers is then multiplied by the original 
channel width of 11 mm to yield the adjusted channel width of the ePTFE OFET. This model is 
generated for all ePTFE membranes at all annealing temperatures, yielding a total of 12 unique 
models producing adjusted OFET channel widths to use for calculations of hole mobility in the 
ePTFE OFETs. Adjusted channel widths and capacitances, among other characteristic values, used 
to calculate the mobility of each device are shown in Tables S1-S4 of the Supporting Information. 
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The channel length of these OFETs remains unadjusted despite the corrections made to the channel 
width due to the geometry of the source and drain electrodes. This is a conservative decision, as 
some charge transport pathways are more convoluted than a linear distance between source and 
drain.  

When looking at the SEM micrographs (Figures S18-S21), the nearest electrodes would be 
parallel to the top and bottom of the images with a total length of 200 µm between them, while the 
larger channel width of 11 mm runs horizontally across the micrograph and snakes back and forth 
throughout the rest of the device channel. Modifying both dimensions would not properly account 
for the membrane microstructure while modifying the channel length and keeping the channel 
width constant would be inaccurate, as this would result in mobilities that are an order of 
magnitude smaller than what is actually observed and many orders of magnitude smaller than the 
adjusted width mobilities. Neither the channel width nor channel length of the control OFETs 
require adjustment as both the silicon oxide dielectric layer and the PDPP4T semiconductor layer 
are continuous throughout the entire channel. The calculation of an adjusted channel width is 
necessary for the ePTFE OFETs, as employing a constant channel width of 11 mm at each 
annealing temperature would underestimate the fixed mobility of the device that results from the 
porous microstructure and its response to each annealing procedure. 

The maximum mobility values that arise from this approach are exceptionally higher than 
those of the silicon oxide control OFETs, especially the maximum mobility of 1.8 cm2/V·s 
observed in the OFET utilizing ePTFE membrane 2. In the extreme case that an adjusted channel 
width based on the porous membrane microstructure is not considered at all, maximum mobility 
values of OFETs utilizing membranes 1, 2 and 3 would be 0.16, 0.84, and 0.06 cm2/V·s, 
respectively, again occurring at an annealing temperature of 150°C for membrane 3 and 200˚C for 
membranes 1 and 2. Even in the complete absence of the adjusted channel width model, the 
maximum mobility of 0.84 cm2/V·s in the ePTFE membrane 2 OFET  is still quite impressive and 
far larger than the maximum mobility of the control OFET. While the OFETs utilizing ePTFE 
membranes show significant mobility enhancements when compared to the silicon oxide control 
OFET, the mobilities of these OFETs are considerably smaller, sometimes by as much as two 
orders of magnitude, compared to reported mobility values for PDPP4T OFETs in the literature. 
This is attributed to a lack of optimization in the device fabrication process, such as using a 
spinning solution of room temperature chloroform rather than hot 1,2-dichlorobenzene and not 
using any surface treatment on the silicon wafers aside from the piranha etch and solvent cleaning 
process.18,32,41,42   
 Many of the improvements of the OFETs in this study that result from increased annealing 
temperatures can be attributed to increases in crystallization of both the PDPP4T and the ePTFE 
membranes. A study on PDPP5T, whose structure is very similar to PDPP4T, showed that 
annealing OFETs up to 200°C resulted in increased mobility and device current32. It has also been 
demonstrated that oriented PTFE films can promote epitaxial growth of additional layers, leading 
to high degrees of alignment in films deposited on PTFE33,34,35.Considering that the PDPP4T likely 
does not penetrate into the pores of the membranes during spin coating based on the surface 
tensions of PTFE and chloroform,38,39,40  it is likely that the PDPP4T has a preferred orientation 
with the ePTFE and forms a highly ordered coating on the membrane surface. The membranes 
themselves have crystalline characteristics as shown in the GIXRD data in Figure 6, which can 
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further support the idea that the PDPP4T has a preferred orientation with respect to the surface of 
the ePTFE membrane during the coating process. Subsequent annealing at higher temperatures 
allows for the development of higher ordering in the PDPP4T, increasing the crystallinity as well 
as the π-π stacking of the polymer chains leading to increased current in the output characteristics 
and contributing to the increased mobility of all OFETs in this study. The peaks in Figure 6 
localized near 4.5° and 9.1° are representative of the high crystallinity observed in the PDPP4T 
thin film, while peaks near 18.1°, 31.7°, and 36.7° show the crystallinity of ePTFE membrane 1. 
A shoulder peak is observed near 4.5° in the PDPP4T-coated ePTFE membrane 1 sample, possibly 
due to lower quantity of crystalline PDPP4T exposed to the x-ray beam relative to ePTFE.  

The annealing process also causes observable changes in the ePTFE microstructure, as 
shown in Figures S18-S25, which likely contribute to the improved output behavior. High 
annealing temperatures above the glass transition temperature (Tg) and closer to the melting 
temperature (Tm) of PTFE, combined with the microporous structure of ePTFE, can result in the 
dielectric layer thickness of the ePTFE OFETs decreasing with sustained annealing times, as 
mentioned more generally in the “results” section. This is also clearly visible in Figures S22-S24, 
in which ePTFE membranes 1 and 2 undergo significant shrinkage from 50˚C to 200˚C while 
surprisingly, ePTFE membrane 3 maintains a relatively constant thickness. The reduced thickness 
of the dielectric layer can lead to increased electric fields in the device which would allow for 
greater charge carrier induction observed as increased current in the device, associated with higher 
capacitance that was indeed incorporated into the mobility calculations. Due to the unorthodox 
nature in which the dielectric membrane is attached to the substrate to preserve the unique 
membrane microstructures and fabricate the ePTFE OFETs in this study, it is likely the bonding 
between the dielectric layer and the gate is much lower than if a traditional processing method 
such as spin coating were used. This could be a major source of non-ideal output behavior in the 
ePTFE OFETs at low annealing temperatures and it is possible the thickness reduction of the 
ePTFE membrane during the annealing process allowed for better contact to be made between the 
dielectric layer and the gate, resulting in drastic improvements in the quality of the output 
characteristics of the ePTFE OFETs.  

Variations in each ePTFE membrane microstructure shown in Figures S18-S24, such as 
pore diameter and total porosity, will also lead to characteristic differences in OFET device 
behavior which can be found in maximum current, mobility, and gas sensitivity. Figures S18-S19 
show that as annealing temperatures increase from 50˚C to 150˚C in ePTFE membranes 1 and 2, 
pore size appears to decrease due to fibrils becoming longer and thinner. A further annealing 
temperature increase to 200˚C causes opposite effects on the pore size and appearance of the fibrils 
due to the previously mentioned shrinkage of these two membranes that occurs at this annealing 
temperature. Figure S20 shows less variance in microstructure as a function of annealing 
temperature for ePTFE membrane 3, which is due to the absence of significant shrinkage in this 
membrane as shown in Figure S24, where very little shrinkage is observable. These observations 
are also consistent with trends in the adjusted channel width of each ePTFE membrane OFET 
listed in Tables S1-S3, as devices comprised of membranes 1 and 2 show reduction in adjusted 
channel width from 50˚C to 150˚C before moderate increases are observed at 200˚C, while the 
ePTFE membrane 3 OFET maintains a relatively consistent adjusted channel width across all four 
annealing temperatures with a slight increase observed at 200˚C. The observed differences in how 
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annealing temperature affects the microstructure and adjusted channel width of the three different 
ePTFE membranes can be explained by differences in porosity, thickness, and surface area of each 
membrane as well as higher crystallinity of ePTFE membrane 3, which is likely responsible for 
the previously mentioned breakdown in insulating behavior of this membrane at an annealing 
temperature of 200˚C. 

In addition to the performance increases resulting from the annealing process, responses of 
the OFETs to NO2 gas were monitored as shown in Figure 4. The responses of the control OFET 
to NO2 gas were highest at an annealing temperature of 50°C, with maximum sensitivities of 31 %, 
56%, 94%, and 159% when exposed for 3 minutes at concentrations of 1, 2, 5 and 10 ppm, 
respectively. The responses were approximately 5-25% smaller at all concentrations at increased 
annealing temperatures, with the smallest responses occurring at an annealing temperature of 
100°C for 1 and 2 ppm and 150°C for 5 and 10 ppm. For membrane 1, maximum responses to 
NO2 were also observed to occur at an annealing temperature of 50°C, with maximum sensitivities 
of 260%, 300%, 630%, and 1200% when exposed for 3 minutes at concentrations of 1, 2, 5 and 
10 ppm, respectively. The smallest responses for the ePTFE membrane 1 OFET all occurred at an 
annealing temperature of 100°C, with responses as much as 83% smaller than the maximum 
response occurring at a concentration of 10 ppm. Membrane 2 shows slightly higher maximum 
sensitivities to NO2 than membrane 1, with maximum responses of 350%, 420%, 780%, and 
1390% when exposed for 3 minutes at concentrations of 1, 2, 5, and 10 ppm, respectively. These 
maximum sensitivities occur at annealing temperatures of 200°C for 1 and 2 ppm of NO2 and 50°C 
for 5 and 10 ppm of NO2. Membrane 3 shows a strong trend of decreasing sensitivity with 
increased annealing temperature at all concentrations, with responses as high as 3100% occurring 
at a concentration of 10 ppm NO2 and a 50°C annealing temperature.  
 The drift in air, shown in Figure 5 as well as Figures S41-S44 for all devices, is comparable 
for all three membranes at all four annealing temperatures. Drifts were measured to be between 
50% and 94% in the direction of decreasing current for the ePTFE OFETs. For the control OFET, 
drifts ranged from 8% at 150°C to 14% at 50°C in the direction of increasing current. The response 
to NO2 of all devices is in the direction of increasing current. Previous work where polymers 
similar in structure to PDPP4T were exposed to NO2 gas indicate similar signal-to-drift ratios for 
the control OFET36, with the control OFET annealed at 150°C for 1 hour showing the largest and 
most competitive signal-to-drift ratios despite a 2-minute shorter exposure to NO2. Exposure of 
the OFETs to NO2 gas results in increased current as the NO2 is an oxidizing agent, creating higher 
charge density in the PDPP4T and enhancing the current of the OFET.48,49 The sensitivities of the 
ePTFE OFETs to NO2 are much larger than the control likely due to the much larger surface area 
provided by the porous membrane microstructure, providing far more numerous active sites at 
which the NO2 can interact with the PDPP4T. Likewise, the drift of the ePTFE OFETs is much 
larger than the control due to the increased surface area and may also be caused by the previously 
mentioned lack of bonding between the membrane and the gate. Maximum signal-to-drift ratios 
appear to occur at annealing temperatures of 150°C for silicon oxide, while membranes 1, 2, and 
3 all peak at 50°C, with the exception of membrane 2 having the highest signal-to-drift for 1 ppm 
at an annealing temperature of 200°C. The signal-to-drift ratio at 150°C and 1 ppm NO2 exposure 
in the control OFET is comparable to the maximum signal-to-drift ratio at 1 ppm NO2 exposure in 
the ePTFE OFETs, while at 10 ppm NO2 exposure the signal-to-drift ratios of the ePTFE OFETs 
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are considerably higher than the control OFET. Overall, the unique microstructure of the ePTFE 
membranes serves to enhance the sensitivity of the OFET when exposed to NO2 at a wide variety 
of concentrations, with large variances observed in all devices due to the drift current.  
 Utilization of ePTFE membranes as novel dielectric materials in OFETs serves to enhance 
the mobility of the semiconducting polymer and sensitivity of the devices while providing a 
flexible, thermally and mechanically durable hydrophobic substrate upon which devices with a 
wide variety of applications can be fabricated. Annealing the OFETs serves to improve their 
transistor behavior in the output and transfer characteristics by substantially increasing their 
current, mobility, and possibly improving the bonding at the gate-dielectric interface. Annealing 
temperatures up to 200°C sustained for up to 1 hour do not appear to damage the integrity of the 
device, as the charge storage behavior of the devices and the magnitude of ΔVth are maintained. 
Many future experiments can be conducted using ePTFE membranes in gate dielectrics, such as 
fundamental studies of the crystallinity and orientation of semiconducting polymers with which 
the membranes are coated, or measuring device responses to a variety of gases and analytes other 
than NO2. Making a freestanding device by using ePTFE membranes as both the substrate and the 
dielectric layer could help alleviate sources of error, as a lack of bonding at the gate-dielectric 
interface would likely not be a prominent issue in a successfully operable freestanding device. The 
results of this study, including the significant hole mobility enhancements, could be transferrable 
to other non-PTFE polymer membrane dielectrics, providing a unique approach towards the 
fabrication of high-performance, low-cost, flexible electronics.  

 
Conclusion 
 In this study, OFETs utilizing ePTFE membranes as a novel gate dielectric exhibited 
pronounced increases in device performance as a result of a 1-hour annealing process up to 
temperatures of 200°C. Annealing the devices dramatically improved their transistor behavior and 
resulted in material mobilities as large as 1.8 cm2/V·s, compared to a maximum mobility of just 
0.15 cm2/V·s observed when utilizing the native silicon wafer oxide as a gate dielectric. Devices 
utilizing ePTFE membranes also showed enhanced sensitivity to NO2 gas, with larger signal-to-
drift ratios than devices utilizing silicon oxide. These results present a unique approach for 
improving the performance of organic electronic devices, where the combination of a microporous 
dielectric membrane and high-temperature annealing produce marked increases in device mobility 
and current while preserving their charge storage behavior. Further development of this work 
provides the opportunity for the fabrication of flexible, biocompatible, thermally and mechanically 
durable electronics that are low in cost and high in performance.   
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