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Organic Field-Effect Transistor Fabricated on Internal Shrinking Substrate
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Abstract 
[bookmark: _1fob9te]In the development of flexible organic field-effect transistors (OFET), downsizing and reduction of the operating voltage are essential for achieving a high current density with a low operating power. Although the bias voltage of the OFETs can be reduced by a high dielectric constant (k), achieving a threshold voltage close to zero remains a challenge. Moreover, the scaling down of OFETs demands the use of photolithography, which may lead to compatibility issues in organic semiconductors. Herein, a new strategy based on the ductile properties of the organic semiconductors is developed to control the threshold voltage at close to zero while concurrently downsizing the OFETs. The OFETs are fabricated on prestressed polystyrene shrink film substrates at room temperature, then thermal energy (160 ℃) is used to release the strain. The OFETs conformally attached to the wrinkled structure are shown to locally amplify the electric field. After shrinking, the horizontal device area is reduced by 75%, and the threshold voltage is decreased from –1.44 V to –0.18 V, with a subthreshold swing of 74 mV/dec and intrinsic gain of 4.151×104. These results reveal that the shrink film can be generally utilized as a substrate for downsizing OFETs and improving their performance. 

Introduction
[bookmark: _3znysh7]	The organic field-effect transistor (OFET) is an important building block for the next generation of flexible and transparent electronics,[1-3] including wearable bio-sensors,[4-8] flexible memory,[9-11] and transparent inverters, [2, 12] as well as more sophisticated circuits such as ring oscillators[13-15] and logic gates[16-18]. However, the number and density of the transistors must be increased in order to enhance their performance and application, thus necessitating the downsizing of the OFETs. To-date, various lithographic technologies such as multilayer photolithography,[19] deep X-ray lithography,[20] electron beam lithography,[21] and extreme ultraviolet lithography (EUV),[22-23] have been developed and used to fabricate transistors at the micro- to nano-scale. However, these approaches usually require expensive equipment or relatively complicated processing steps and, more importantly, may have compatibility issues with respect to the organic semiconductors, which are sensitive to chemicals and processing temperatures. 
[bookmark: _Hlk81782609]Recently, Soleymani and Moran-Mirabal et al.[25] demonstrated the use of a shrinkable substrate that supports the standard fabrication process while enabling size reduction by application of an external stimulus. The shrink films consisted of prestressed polymers such as polystyrene (PS) that release the biaxial internal stress and relax the polymer chain after heating.[24] Previously, microfluidic channels[26-27] have been fabricated by using shrink films, as they can reduce the channel dimensions and form thick channel walls.[24] Biosensors with wrinkled electrodes have also employed shrink film substrates to achieve small-scale electrodes with large surface areas,[25-26] thus potentially reducing the sheet resistance and solving the measurement bottleneck. As the film allows homogeneous shrinking, the shapes of the microfluidic channels and metal electrodes would remain unchanged after the size reduction. This homogeneous size reduction is particularly important in microelectronic fabrication to avoid shorting.[25-26] Moreover, studies have shown that the homogenous size reduction can be well controlled according to the material properties (e.g. the elastic modulus) and thickness of the deposition film, along with the wavelength and amplitude of the wrinkles that are formed during shrinkage as summarized  in Figure S1. 
[bookmark: _Hlk82182459]In the present study, both the size reduction and the potential use of the wrinkle structures to improve the electrical performance of the OFET is explored. The polystyrene shrinkable film substrate is shown to provide a 65–70% reduction in the effective area of the OFETs, along with reductions in the threshold voltage (from –1.44 V to –0.18 V), the subthreshold swing (SS) (from 160 to 74 mV/dec). Although the wrinkle structures are generally believed to lead to performance degradation, the present experimental and modeling results demonstrate that the strengthening effect of the electric field dominates the carrier transport and actually improves the device performance. With the help of a high dielectric constant (k) and extremely low threashold voltage (VTH), the averaged intrinsic grain of the OFET on the shrink film is shown to be 4.13 × 104, which is comparable (or even superior) to that of the recently-reported outstanding solution-processed monolayer OFETs or the thermal evaporated OFETs. [27-29] This new OFET substrate illustrates an effective and straightforward way to simultaneously downsize the OFET and improve its performance. The field amplification mechanism can be further applied to other devices based on transistors. 

Results and Discussion
[bookmark: _Hlk82183752][bookmark: _Hlk82183704][bookmark: _Hlk81792056]The OFET device on the shrink film substrate before and after the thermal shrinking process is shown in Figure 1 and the Supporting Video. Here, the tensile stress inside the polystyrene (PS) thin film was preloaded when the film was warm and soft, then the film was cooled down and solidified under loading. When the film was heated to above the glass transition temperature (100 ℃), the stress was released and the film shrank back to its preloaded dimensions. The specific amount of wrinkling depends on the materials that are deposited onto the shrink film, and on their thicknesses, with the largest reported shrinkage in each direction being 40% of the original length.[30] For the OFET, a 50-nm Al gate electrode was deposited directly onto the shrink film, and 12 nm of it was converted to aluminum oxide (AlOx) by anodization. An octadecylphosphonic acid (ODPA) self-assembled monolayer (SAM) was then deposited on the AlOx. The organic semiconductor and source-drain electrodes are a 40-nm layer of dinaphtho[2,3-b:2’,3’-f] thieno[3,2-b]thiophene (DNTT) and 50-nm layer of Ag thermally evaporated under a shadow mask, respectively (Figure 1a and b). The channel length and width of the OFETs before shrinking were 1000 μm and 15 μm. When the device was heated from room temperature to 160 ℃, the substrate exhibited biaxial shrinkage along the x and y-axes to 22% of its original length and width (Figure 1a, Supporting Video). 
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Figure 1 (a) Photographic images of the OFET device on the shrink film substrate before (left) and after (right) the thermal shrinking process. (b) A detailed schematic diagram showing the structure of the shrink-film OFET devices before (left) and after (right) shrinkage. (c and d) The top-view (c) and cross-sectional (d) SEM images of the OFET device after shrinkage.

[bookmark: _Hlk81791406][bookmark: _Hlk84005064][bookmark: _Hlk82182537][bookmark: _Hlk82182593]As the total thickness of the OFET is less than 0.1% that of the shrink film substrate (i.e., 250 μm), the OFET structure is conformally attached to the substrate, as revealed by the top-view scanning electron microscope (SEM) image in Figure 1c. The film shows around a 53.5 % reduction in each principle axis after shrinking, and thus the total length and width of the film after shrinking are only 22% of the original values. The projected horizontal width and length are reduced to around 465 μm and 7 μm, respectively, due to the wrinkle structure. Any actual change in the channel length and width would depend strongly upon the localized orientation and density of the wrinkles, and is difficult to predict precisely. Nevertheless, these changes in channel length and width during the biaxial shrinking process would be equal, and can be ignored in the calculations, as the W/L ratio would remain unchanged. Meanwhile, the thickness of the substrate is increased by about 400% after shrinkage, as shown in Figure S2. As shown in Figure 1d, this increase in thickness is associated with the formation of wrinkle structures on the substrate and on the deposited OFET. As demonstrated by the atomic force microscope (AFM) and SEM images in Figure S3, the root-mean-square surface roughness of the electrodes on the shrink film substrate is 2.5 nm before shrinkage, and 25 µm after shrinkage, due to the height range of the wrinkle structure. In contrast to the devices fabricated on prestressed polydimethylsiloxane (PDMS) substrates, which usually exhibit buckling and wrinkle features of a few micrometers in size, the SEM images of the shrink films obtained in the present work reveal a characteristic wrinkle length on the scale of hundreds of nanometers. These differences are expected to result in fundamental differences in the respective device performances. Indeed, as will be discussed in the following paragraphs, the submicron scale wrinkle structures play a critical role in improving the electrical performance of the OFETs via localized enhancement of the electric field. 

	The typical transfer curves of the OFETs before and after shrinking are presented in Figure 2a. Here, a major improvement in the threshold voltage (VTH) is observed, with a shift from –1.44 V before shrinking, to –0.18 V after. This is important for portable applications as it allows the device to operate under saturation at a gate voltage (VG) of 0.5 V. Although the leakage current (IGS) of the shrink-film OFET (IGS < 10–7 A) is higher than that of normal OFETs (IGS < 10–9 A on the glass substrate), this is due to the roughness of the shrink film (as indicated in Figure S3a), which could be further controlled. The output curves of the OFETs before and shrinking are presented in Figure 2b and c, respectively, while the small sub-threshold swing (SS) of the OFET after shrinking (i.e., ~74 mV/dec) is shown in Figure 2d. Due to the large VTH, the pre-shrink device requires a larger operating VG than does the same device after shrinking. After shrinking, the device can maintain an on/off ratio and maximum current of greater than 105 and 3.06 µA, respectively. The observed decrease in the sub-threshold swing is another recognizable improvement in the device after shrinking. The SS is given by Eq. (1):[31] 
[bookmark: _Hlk82010698] 							(1)
[bookmark: _Hlk82010710]where  is Boltzmann’s constant, T is the absolute temperature, q is the elementary charge, and n* is the the ideality parameter. This is given by Eq. (2):
 							 	(2)
[bookmark: _Hlk82097913][bookmark: _Hlk82010729][bookmark: _Hlk82097954]here Csc is the semiconductor capacitance per area, Ci is the dielectric capacitance , εSC is permittivity of the semiconductor, Nbulk is the semiconductor bulk trap density, and Nss is the semiconductor-dielectric interface surface trap state [32]. In general, Nss should outweigh Nbulk, and, hence, Eq. (1) can be simplified to Eq. (3):
 									(3)
If the trap states in the device are negligible, the theoretical limit for the subthreshold swing at room temperature is 60 mV/dec. [32] 
In Figure 2a, the SS is seen to decrease from 110 mV/dec before shrinking to 74 mV/dec after shrinking. This can be due to either a decrease in the NSS or an increase in Ci after the heating and shrinking process. To determine the origin of the shifts in SS and VTH, the results of Figure 2 are compared with those obtained for devices of the same structure that were annealed onto glass substrates at the same temperature of 160 ℃ in Figure S4. There, the SS is seen to increase from 115 mV/dec to 135 mV/dec. Meanwhile the VTH is shifted from –1.23 V to –1.62 V, and the mobility is decreased from 0.16 cm2 V–1 s–1 to 0.12 cm2 V–1 s–1. These results clearly demonstrate that the improvements in both the SS and VTH of the shrunken devices are due to the structural modification rather than the thermal annealing.  
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Figure 2 (a) The transfer curves of the OFET device at a VDS of –1V before and shrinking. (b and c) The output curves of the OFET device (b) before and (c) after shrinking. (d) 

[bookmark: _Hlk82183236][bookmark: _Hlk82164018][bookmark: _Hlk82183302]	To further examine the influence of wrinkle formation upon the increased capacitive effect, the optical microscope, SEM, and TEM images of the OFET devices are presented in Figure 3. In the low-magnification optical microscope images in Figure 3a, the reflectivity of the OFET device is seen to be much weaker after shrinkage due to the formation of the rough and wrinkled topography seen at high magnification in Figure 3b. Further, the low-magnification SEM image in Figure 3c reveals that the wrinkle structures are randomly distributed, while the inset high-magnification SEM image indicates that the scale of the wrinkle structure extends to below 1 μm, and that the OFET device follows the wrinkle structure conformally. The structures, including the gate electrode (Al), channel, and source-drain (Ag) contacts of the wrinkled OFET are clearly visualized by the EDS mapping in Figure 3d, while the conformal relationship between the OFET device and the wrinkle structure is confirmed by the TEM image in Figure 3e. 
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Figure 3 (a) A low-magnification optical micrograph of the OFET device after shrinkage. (b) A high-magnification optical micrograph of the OFET device after shrinking. (c) A cross-sectional SEM image of the shrunken OFET device, with an inset EDS image revealing the OFET structure. (d) A top-view SEM/EDS mapping of the shrunken OFET device showing the wrinkled electrode surface. (e) A TEM image of the wrinkled Al/AlOx layer structure.

[bookmark: _Hlk82183368][bookmark: _Hlk82183440][bookmark: _Hlk82183507]In addition to the benefit of miniaturization, the potential of the wrinkle structure to enhance the inhomogeneous electric field along the channel is explored. Due to the bending, the electric field in the valley (concave region) is expected to be larger than that on the peak (convex region) and, hence, the accumulated charge density is expected to increase in the concave region. To investigate the electric field variation along the wrinkle structures under various width-to-height aspect ratios, a finite element model (FEM) analysis of the AlOx-OPDA layered structure was performed using the simulation parameters given in Table S1. When the gate and dielectric layer are flat, the results in Figure 4 indicate an electrical field of 0.33 MV m–1 with a uniform electric charge distribution. However, when the film is wrinkled with a width of 120 nm and a height of 240 nm, the maximum local electrical field in the valley is increased by almost an order of magnitude (to 1.98 MV m–1) and the average field is also increased by 15% (to 0.38 MVm–1). These simulation results agree with the observation that the wrinkled electrode can enhance the localized electric field for a higher efficiency of electrical cell lysis.[30] In addition, a comparison of the simulation results with those of the experiment in which the OFET is thermally annealed on the glass substrate at 160 °C (Figure S4), the simulation indicates that the semiconductor dielectric interface surface trap state (Nss) is increased from 1.60 × 1012 cm–2 eV–1 to 1.82 × 1012 cm–2 eV–1 due to the shrinking process. From the measured improvement in the subthreshold swing (from 110 mV/dec to 74 mV/dec), Eq. (3) indicates that the areal capacitance is increased from 430 nF cm–2 before shrinkage to about 900 nF cm-2 after shrinkage. While the total capacitance of the AlOx-OPDA is decreased by around 30% as shown in Figure S5, it implies the effective area of the dielectric has decreased by 60 % after shrinking and this is attributed to the formation of the wrinkle structures. Based on these areal capacitance values, the carrier mobility of the device is found to decrease from 0.21 cm2 V–1 s–1 before shrinkage to 0.13 cm2V–1s–1 afterwards (Figure 2a).
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Figure 4 Electrical-field simulation of an Al/AlOx layered structure when (a) flat and (b) wrinkled. Here, the red layer is the Al gate electrode and the yellow layer is the AlOx dielectric layer in which the electrical field distribution is formed. 

The low sub-threshold swing (74 mV/dec) and threshold voltage (–0.18 V) of the as-prepared OFET device are compared with those of other recently-reported devices in Figure 5a and b and Table 1. Here, most of the low-voltage OFETs with high-k metal-oxide dielectrics fabricated by anodization, sol-gel, or plasma processing are seen to have VTH values larger than –0.5 V. By contrast, most of the devices with VTH values of less than –0.5 V incorporate polymer dielectrics such as poly(vinylidene fluoride-trifluoroethylene-chlorofluroeothylene) (p(VDF-TrFE-CFE)) and poly(vinyl cinnamate) (PVCN)[33], polysiloxane-poly(vinyl alcohol) composite (HPCPS)[1], or polyvinyl alcohol (PVA)[34], or by the addion of a polymer cover layer onto the metal oxide (e.g. Cytop with ZrO2[35]) to reduce the surface roughness and trap state density. In this respect, it is important to consider the chemical compatibility issue when applying solution processed organic semiconductors onto the polymer dielectric. Nevertheless, the physical structure modification demonstrated in the present communication has the potential to provide a general approach to achieving outstanding VTH and SS values.
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Figure 5 A comparison of (a) the subthreshold swing (SS) and threshold voltage (VTH), and (b) the capacitance, maximum surface trap state, and subthreshold swing values of the as-prepared and various previously-reported low voltage, dielectric-material OFETs. The red star indicates the device prepared in the present work. 

	Finally, the intrinsic gain (AV) is examined as an important parameter governing the signal amplification performance. The intrinsic gain is the maximum gain that the OFET can achieve and is given by Eq. (4): [27, 36-37] i.e.
 										(4)
where (gm) is the transconductance given by Eq. (5):
 and									(5)
and (gd) is the output conductance given by Eq. (6):
 										(6)
[bookmark: _Hlk82183559][bookmark: _3dy6vkm]Previously, intrinsic gains as high as 735, 1100, and 5.3 × 104 have been reported for monolayer organic crystal OFETs [27], Schottky barrier organic transistors [29], and 5.3 × 104 monolayer organic crystal OFETs with a negative-capacitance ferroelectric hafnium oxide dielectric layer [28], respectively. As shown in Figure 6a and d, however, the gd value of the OFETs produced herein after shrinking is effectively limited to 4.126 ×10–11 S in the subthreshold region (VG = –0.1V, VDS = –1 V), and the gm value is 1.714×10–6 S when |VG(on)–VG(off)| = 1 V. This low value of gd in the subthreshold region is the key to achieving a high intrinsic gain, and can be attributed to the wrinkle structure, which generates an increased resistance between the source-drain when the charge accumulation is very weak. These gd and gm values lead to an intrinsic gain of 4.151 × 104, which is comparable to one of the highest previously-reported values for an OFET having a hafnium oxide dielectric.[28] All of these electrical improvements in the shrunken OFET (low SS, low VTH, and high AV) provide it with the potential for applications such as small scale, low voltage, high gain biological sensors or electronic skin. [38-41]  
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Figure 6 (a and b) the output curves of the shrunken OFET device (a) when VG = –0.1 V and (b) when VG = –0.8 V and the output conductance (gd) is measured in the saturation regain (VDS = –0.8 to 1.0 V). (c and d) Plots of the output conductance (gd) as a function of gate voltage (VG) in the range of –1.0 to 0 V, and (d) in the subthreshold region. 

Conclusions
[bookmark: _Hlk82183603]In summary, a new method was developed herein for simultaneously controlling the threshold voltage of OFETs and downsizing the device. The downsizing was achieved using prestressed polystyrene shrink film as the substrate, thus reducing the horizonatl area of the devices by 75% after the shrinking process. The sub-microscale wrinkles formed in the OFET layer were shown to conformally follow the substrate shrinking and to amplify the electrical field locally, thereby improving the transistor performance. After shrinking, the wrinkled high-k dielectric layer can shift the threshold voltage close to zero (–0.18 V), thus allowing the device to achieve a low operating voltage with a low sub-threshold swing (74 mV/dec) and a high intrinsic gain (4.151 × 104). It is believed that the proper design and integration of these small wrinkles onto the OFET structures can provide an effective approach to achieving a low operating voltage along with a high gain. The proposed method could be applied to other types of shrinkable substrate or integrated with the transfer method for OFET downsizing and performance improvement. These are particularly useful for the fabrication of more complex circuits such as ring oscillators and logic gates. The shrunken OFETs could also be applied to bio-wearable devices and sensors or the internet of things (IoT).

Experimental Section
Materials: 
Prestressed (PS) shrink film was purchased from Mei Sum Art&Design Ltd., dinaphtho[2,3-b:2′,3′-f]thieno[3,2-b]thiophene (DNTT) was purchased from Luminescence Technology Corp, octadecylphosphonic acid (ODPA) was purchased from Sigma-Aldrich, and 2-propanol was purchased from VWR Chemicals BDH.

Fabrication of the Shrink Film OFET Device: 
The shrink film substrate was cleaned by ultrasonication with deionized (DI) water and 2-propanol, followed by UV-ozone treatment for 15 min to improve the metal-substrate interface adhesion. The aluminum gate electrodes (50 nm) were then deposited onto shrink film substrate by thermal evaporation at a base pressure of <5 × 10–5 Pa and an evaporation rate of 20 A s–1 with the aid of a shadow mask. Next, the prepared aluminum gate electrodes were subjected to anodization at 6.25 V and a current density of 0.7 mA cm–2 to form the 12-mm thick AlOx dielectric layer (including the 2 nm native oxide). Prior to the semiconductor deposition process, the substrate was immersed for 12 h in a 0.1 mM solution of ODPA in 2-propanol to form a self-assembled monolayer (SAM) on the aluminum oxidized surface and, thus, improve the semiconductor-dielectric interface. The capacitance of the AlOx/SAM was 430 nF cm–2, and the roughness was 0.69 nm. For the organic semiconductor deposition, a 40-nm DNTT layer was deposited through the shadow mask onto the AlOx/SAM layer by thermal evaporation under a base pressure of 5 × 10–5 Pa at a controlled evaporation rate of 0.3–0.4 A s–1. Finally, the 50-nm silver source-drain electrodes were deposited by thermal evaporation at a base pressure of < 5×10–5 Pa and an evaporation rate of 0.1 nm s–1. The channel length and width were 15 and 1000 µm, respectively, as patterned by the shadow mask.

Shrinking Process of the shrink-film OFET device:
The shrink-film OFET device was placed on an aluminum foil in an oven and heated from room temperature to 160 ℃, which is above the glass transition temperature of the shrink film (i.e., 100 ℃), thus allowing the film to shrink fully. Although the film experienced non-uniform deformation during the shrinking process, the wrinkled film became uniform once the shrinking was complete. The detailed shrinking process is shown in the supporting video. 

Measurement of OFET devices
The electrical measurements were performed in an N2-filled glove box using a semiconductor device analyzer mainframe (Keysight B1500A). The transfer curves of the OFETs were measured at a drain voltage of –1 V in the gate voltage range of 1 V to –3 V before shrinking, and in the gate voltage range of 1V to –1 V after shrinking. For the output measurements before shrinking, the OFET devices were scanned from 0 V to –1 V for the drain voltage and from –1 V to –2 V for the gate voltage. After shrinking, the OFET devices were scanned from 0 V to –1 V for both the drain voltage and gate voltage, as the threshold voltage was shifted by about 1 V and the scanning range had to be reduced in order to compare the same (VG–VTH) for the devices before and after shrinking.

SEM and TEM Measurement :
The scanning electron microscope (SEM) images were obtained using a Hitachi S4800 FEG SEM. The sample was prepared by coating the surface with a 5-nm gold layer. The corresponding EDS image was analyzed using the Oxford-AZtec software. The transmission electron microscopy (TEM) images were acquired using a Philips CM100 instrument, and the samples were prepared via focused ion beam wedging.
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Table 1. Summary of the low threshold voltage OFET with other electrical performance
	Dielectric 
	Method 
	Substrate 
	OSC
	SS
 [mV/dec]
	VTH
[V]
	C [nF/cm2]
	On/OFF Ratio
	Mobility [cm2V-1s-1]
	Refs.

	TiOx +
PA-SAM
	Anod-ization
	PEN / PI
	DNTT
	\
	-0.09
	610
	105
	1.72
	[13]

	Al2O3 +
Parylene C
	UV Ozone
	PET
	Pentacene
	350
	-0.5
	200
	104
	0.06
	[42]

	AlOx + SAM
	Plasma
	PEN
	DP-DNTT
	90
	-0.5
	700
	106
	0.4
	[14]

	AlOx + SAM (FC18-PA)
	Plasma
	PEN
	DNTT
	110
	0.5
	600-700
	>106
	2.2
	[3]

	AlOx + SAM (FC18-PA)
	Plasma
	PEN
	DPh-DNTT
	160
	0.5
	600-700
	>106
	1.9
	[3]

	AlOx + SAM
	Sol-gel
	Glass, Si
	DPA
	66
	-0.6
	290
	4×106
	1.2
	[43]

	AlOx + SAM
	ALD
	PEN
	DPH-DNTT
	62-94
	-1.0
	700
	108-109
	3.9-4.6
	[15]

	Hybrid AlOx  + SAM 
	Plasma
	PEN
	DPH-DNTT
	\
	-1.0
	1100-600
	106
	0.2-0.4
	[44]

	AlOX + Gelatin
	Anodization
	PET
	Pentacene
	\
	-1.0
	480
	102-103
	0.33-14.06
	[7]

	AlOx + SAM
	Plasma
	Glass
	DNTT
	92
	-1.2
	600-700
	105
	3.6
	[45]

	AlOx + SAM
	Plasma
	PEN
	DNTT
	85
	-1.4
	600-700
	105
	2.2
	[45]

	AlOx + SAM
	Plasma
	Banknote
	DNTT
	103
	-1.4
	600-700
	105
	1.1
	[45]

	AlOx +SAM
	Anodi-zation
	PET
	DNTT
	210
	-1.5
	115
	1.7×105
	0.5
	[46]

	AlOx +SAM (HC14-PA)
	Plasma
	PEN
	DPh-DNTT
	100
	-1.7
	600-700
	>106
	2.7
	[3]

	AlOx + SAM
	Anodization
	PEN
	DNTT
	\
	-1.9
	150
	105
	0.5
	[8]

	AlOx +SAM (HC14-PA)
	Plasma
	PEN
	DNTT
	100
	-1.9
	600-700
	>106
	3.7
	[3]

	ZrO2 + Cytop
	Sol–gel, spin coating
	Glass
	Pentacene
	280
	-0.1
	180
	104
	0.28
	[35]

	PVA
	Spin-coating
	Glass
	TIPS-pentacene/PS
	100
	-0.15
	12.2
	104
	1
	[34]

	PVP
	Ink-jet Printing
	PEN
	TIPS-pentacene/PS
	155
	-0.17
	37
	3.1*105
	0.26
	[47]

	SU8
	Spin-coating / UV illumi-nation
	PEN
	TIPS-pentacene/PS
	250
	0.2
	2.97
	105
	0.4
	[48]

	[bookmark: _Hlk82099188]P (VDF- TrFE- CFE) +  PVCN
	Spin-coating
	Plastic
	TIPS-pentacene/PS
	64
	0.25
	100
	106
	1.5
	[33]

	Parylene
	CVD
	Glass
	DTBDT-C6/PS
	100
	-0.31
	24
	106
	0.8
	[49]

	PMMA + Parylene C
	Spin-coated, Depos-ition
	PEN
	29‐DPP‐TVT
	148
	0.49
	20
	5*105
	0.2
	[50]

	Parylene C
	CVD
	PEN
	TIPS Pentacene
	\
	-1.0
	\
	104
	0.01
	[6]

	ICCN
	Spin casted
	OTS
	C8-BTBT
	\
	-1.3
	220
	103
	0.07
	[2]

	PLC
	PECVD
	Glass
	TIPS-pentacene/PS
	170
	-1.3
	6.3
	106
	1.2
	[51]

	HPCPS
	Sol-gel
	PET
	C8-BTBT
	\
	-0.8 to -2.4
	88
	105
	9-33
	[1]

	AlOx + SAM
	Anodi-zation
+ Shrink
	Shrink Film
	DNTT
	74
	-0.18
	900
	105
	0.13
	This work






Table 2. The electrical field simulation result of the flat and wrinkle structure dielectric

	Topography
	Average 
	Maximum
	Minimum

	Flat
	3.33×108 V/m
	3.33×108 V/m
	3.33×108 V/m

	Wrinkle 
	3.84×108 V/m
	1.97×109 V/m
	5.24 ×107 V/m
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