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1. Surface free energy 

The surface free energy of the polymeric dielectrics and organic semiconductor was estimated 

from the Owens and Wendt method.[1]  

The contact angle with Millipore water, ethylene glycol and dimethyl sulfoxide (DMSO) was 

first measured on the thin films of polymer dielectrics or organic semiconductor spin casted from 

solution on Si/SiO2 substrates by means of a Krüss DSA100 (drop shape analysis system) 

goniometer.  The resulting contact angle values were utilized in the equation s1 to estimate the 

dispersive and polar components, from which the resulting sum of the dispersive and polar 

components gave the total surface free energy of the organic semiconductor (F8BT) and the 

polymeric dielectric (PMMA and PS) films.  
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Figure S1. Plot of contact angle of the three different solvents with the surface of the polymeric dielectrics and the 

ratio the square root of the polar and dispersive components. 

Note that the equation s1 is of the form y= mx+ c (the equation of a straight line) hence from the 

Figure s1 the polar component of the solid surface energy i.e., the component due to dipolar can 

be estimated the slope of the line and dispersive component can be extracted from the intercept 
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with the y-axis. The total surface free energy of the thin films can be estimated by taking the sum 

of dispersive and polar components. 
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Figure S2. Estimated surface energy and surface polarity for PMMA (left) and PS (right) films of different Mw. 

 

Film 
surface 

θa,water ± sd 
(°) 

θa, MEG ± sd 
(°) 

θa, DMSO ± sd  

(°) 
σS

D 

(mJ/m2)
σS

P 

(mJ/m2) 
γe 

(mJ/m2) 
χp 

PMMA1 74.4 ± 0.4 49.5 ± 0.1 33.6 ± 1.1 26.1 9.5 35.53 0.27 
PMMA2 73.6 ± 1.1 48.6 ± 0.4 33.4± 0.1 25.8 10.0 35.80 0.28 
PMMA3 72.5 ± 0.6 50.1 ± 0.1 32.5 ± 0.1 24.7 11.0 35.67 0.31 

PS1 91.5 ± 0.7 66.3 ± 0.1 40.8 ± 3.6 31.7 1.4 33.17 0.04 
PS2 89.9 ± 1.1 66.4 ± 0.4 40.7 ± 0.1 30.2 2.0 32.24 0.06 
PS3 90.8 ± 0.6 66.9 ± 0.5 41.3 ± 0.8 30.5 1.8 32.28 0.06 

F8BT 97.4 ± 4.9 73.8 ± 0.6 65.7 ± 1.5 19.8 2.3 22.18 0.11 
  

Table S1. Film surface wettability properties of polymeric dielectrics and organic semiconductor employed in this 

study with contact angle on water, ethylene glycol and DMSO, the corresponding surface energy and surface 

polarity were estimated using the mean values by employing Owens and Wendt method. 

                                                                                                                                                                                   

 

 

 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C
This journal is © The Royal Society of Chemistry 2013



SI-4 

 

2. Morphological characterization  

The morphology of the PMMA and PS for all the different molecular weights exhibited 

amorphous nature (Figure S3 a-f). Veeco instruments Dimension 3100 ambient atomic force 

microscope (AFM) was employed in tapping mode (TM) was employed to collect the images of 

the morphology of the semiconductor and dielectric films. Table S2 collects the root mean 

square roughness of the thin polymeric dielectric films. 

 

 

Figure S3. 2x2 µm2 TM-AFM height images of polymer dielectric films a) PMMA1, b) PMMA2, c) PMMA3, d) 

PS1, e) PS2 and f) PS3. White scale bar represents 500 nm, and Z-scale = 8.93 nm. The inset shows the optical 

images of the static aqueous contact angle on the dielectric surface. 
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Film surface
RMS roughness 

(nm)

PMMA 1 0.37
PMMA 2 0.36
PMMA 3 0.41

PS 1 0.34
PS 2 0.35
PS 3 0.31
F8BT 0.41  

Table S2. Root mean square roughness values of dielectric and semiconductor film surface. For the PMMA and PS 

dielectrics the RMS roughness was estimated from an area of 2x2 µm2 while it was 1x1 µm2
 F8BT film.  

 

 

Figure S4. 1x1 µm2 area, height image of spin casted F8BT film on Si/SiO2 substrate. Inset shows the height profile 

image of the selected grey region. Z-scale is 3.5 nm and white scale bar denotes 250 nm.   
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3. Dielectric breakdown strength 

The dielectric breakdown strength measurements for all the polymeric dielectrics were 

performed on metal-insulator-metal (MIM) configuration. The MIM structures were formed by 

first casting respective dielectrics from solution onto Si/SiO2 substrates coated with a layer of Au 

(~ 50 nm) to form the bottom electrode plate following which the top electrode plate was 

fabricated by sputtering Au ~ 30 nm using Emitech K575X sputter coater. The breakdown 

strength was evaluated using the relation E = V/d, where E is electric field strength, V the applied 

potential between the electrodes and d is the thickness of the dielectric layer. Figure S5 shows 

the maximum current density which the dielectric could withstand before breaking down under 

the application of electric field. All the dielectric employed in this study exhibited fairly good 

breakdown voltage strength ~ >1 MV/cm. 

 

Figure S5. Plot showing the magnitude of electric field which the polymeric dielectrics could withstand before 

occurrence of break down. 
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4.  Work function of source-drain electrodes 

We recorded the work function of the electrodes by means of ambient Ultraviolet 

spectrophotometer (UPS) from Riken Keiki Co Ltd model AC-2.  

For work function measurements Cr-Au back contact of 5 nm + 30 nm were evaporated onto 

Si/SiO2 substrates in thermal evaporator (Plassys MEB 300) at a base pressure of ~10-6 mbar. 

Then the substrates were transferred though within ~120 s to the sample stage of the ambient 

UPS and work function values were recorded immediately.  Figure S6 shows the work function 

of Au which is estimated by the minimum threshold energy required for photoelectron emission 

to commence from the ground state.  

 

Figure S6. Work function of evaporated Au film estimated from the ratio of square root of photoelectron yield with 

respect to the energy. 

 

The work function of Au amounts 4.82 ± 0.03 eV, as determined  by averaging 6 different 

measurements. 

The work function of Au with a chemisorbed SAM of 1-undecanethiol (C11H23SH), amounts ton 

to 4.4 ± 0.02 eV. 
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5.  Ionization energy of organic semiconductor 

We recorded the ionization energy of our F8BT semiconductor film by means of ambient 

Ultraviolet spectrophotometer (UPS) from Riken Keiki Co Ltd model AC-2.  

Firstly ~120 µl of 6 mg×ml-1F8BT solution in CHCl3 was drop casted onto a custom solution 

holder inside N2 filled glovebox and the solvent was allowed to dry. The ionization energy (IE) 

gives the lowest energy required to create a hole in the highest occupied molecular orbital 

(HOMO) upon the photoemission of an electron.[2] The IE was estimated from the photo electron 

yield vs energy plot (Fig. S7). IE value of 5.92 ± 0.02 eV was estimated from 10 individual 

measurements on different spots of the F8BT film. 

 

Figure S7. Ionization energy of drop casted F8BT film estimated from the ratio of square root of photoelectron yield 

as a function of energy. 

 

6. Dynamic bias stress transfer characteristics 

We used Keithley 2636A dual channel electrometer. For testing the devices under the influence 

of continuous dynamic IDS-VGS characteristic sweeps we swept the gate electrode from 0 V → -

80 V → 0 V at 2 V steps for p-type device operation and 0 V → +80 V → 0 V at 2 V steps for n-

type device operation keeping the VDS constant at ± 40 V or ± 60 V respectively depending on 

the type of majority charge carrier. Shown in Fig. S8 are the transfer characteristics for transistor 

operating in electron and hole enhancement mode with PMMA1 as the gate dielectric. The entire 
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characterization was performed inside a N2 filled glovebox. Custom in-house developed code 

was used to trigger, source the electrometer and read out the measured data following the logical 

sequence of steps.  

 

Figure S8. Transfer characteristics (semi-log ID vs. VGS plots) of device based on PMMA1 dielectric indicating 20 

cycles for both (a) n-type (left panel) and (b) p-type (right panel) operation, the VDS was fixed at ±60 V depending of 

the majority carrier and the device channel length-to-width ratio was 125. Curved dashed arrows represent the 

direction of the gate potential sweep. 
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Polymer 

dielectric 

Von 1st 

(V)a 

Von 20th 

(V)b 

S 1st 

(V/dec)c 

S 20th 

(V/dec)d 

ΔS 

(V/dec)e 

ID,max 1
st

x10-8 (A) 
f 

ID,max 

20th x10-

8 (A) g 

ΔID,max/ID,max1
st 

% h 

Ion/Ioff 1
st 

(log10)
i 

Ion/Ioff 20th 

(log10)
 j 

PMMA 1 20 30 10.6 11.7 1.1 1.8 1.5 -17.84 2 5 

PMMA 2 26 24 10.3 12.2 1.9 2.6 2.2 -12.46 2 4 

PMMA 3 28 36 10.4 11.6 1.1 2.3 1.9 -13.91 3 4 

PS 1 24 16 9.2 9.6 0.4 17.5 14.5 -17.17 2 3 

PS 2 40 48 10.1 10.2 0.1 1.4 1.2 -18.62 2 2 

PS 3 50 56 9.7 9.9 0.1 1.5 1.1 -27.47 2 2 

PMMA 1 -36 -52 10.5 11.6 1.1 -1.30 -0.24 -81.4 2 5 

PMMA 2 -32 -42 10.0 12.0 2.0 -2.19 -0.40 -81.5 2 4 

PMMA 3 -34 -50 11.0 12.3 1.3 -0.50 -0.03 -94.7 2 2 

PS 1 -30 -24 8.6 9.7 1.1 -62.40 -19.98 -68.0 2 3 

PS 2 -42 -56 10.2 10.5 0.3 -5.18 -0.97 -81.3 2 2 

PS 3 -54 -60 10.2 10.9 0.7 -0.85 -0.05 -94.4 2 2 

Table S3. TFT performance indicators under dynamic bias stress tests for ambipolar switching operation taken from 

forward ID-VGS trace with VDS held at ±60 V, a Von at 1st cycle. b Von at 20th cycle. c Subthreshold slope in 1st cycle. d S 

in 20th cycle. e Change in S. f IDS,max 1
st cycle collected when VGS= 80 V for electron (VGS= -80 V for hole). g ID,max 

20th cycle collected when VGS= 80 V for electron (VGS= -80 V for hole). h Change in ID,max from 1st to 20th switching 

cycle collected when VGS= 80 V for electron (VGS = -80 V for hole). i Ion/Ioff at 1st cycle. j Ion/Ioff at 20th cycle.  

  

7. Transistor Electrical characterization 

The electrical characterization of OTFTs was recorded by means of a Keithley 2636A source 

measure unit (SMU). For each of the device measured firstly the n-type channel was probed 

followed by the p-type channel by collecting the transfer characteristic curves ID-VGS followed by 

the output curves (ID vs. VDS). Triaxial cable shielding was utilized to minimize signal losses. To 
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ensure reasonable uniformity during electrical characterization from one batch to another all 

measurements were carried out in the dark inside a N2 filled glovebox. Table S4 collects the 

yield among the total number of devices measure of different channel lengths (L) characterized 

while Table 5 reports the measured VT and VON values which appear in Fig. 4 in the main text.  

 

Dielectric in OTFT Out of 16 yield (%)

PMMA1 13 81.25
PMMA2 14 87.5
PMMA3 13 81.25

PS1 10 62.5
PS2 16 100
PS3 11 68.75  

Table S4. Yield of the devices after electrical characterization. 

 

Polymer dielectric VT,e- ± σ  (V) VON,e- ± σ (V)  VT,h+ ± σ (V)  VON,h+ ± σ (V) 

PMMA1 24.2 ± 5.6 27.5 ± 9.8 -38.9 ± 6.4 -41.5 ± 8.1 

PMMA2 28.6 ± 1.0 36 ± 5.2 -31.7 ± 5.3 -36 ± 4.9 

PMMA3 33.5 ± 4.0 38.7 ± 4.6 -35.1 ± 9.4 -38 ± 7.2 

PS1 34.7 ± 16 .2 52 ± 2.8 -42.7 ± 3.9 -37 ± 9.9 

PS2 41.9 ± 3.4 39 ± 2.6 -42.2 ± 6.0 -28 ± 4 

PS3 39.8 ± 4.3 40 ± 9.1 -33.4 ± 6.9 -28.5 ± 10.1 

Table S5. Threshold and turn-on voltage of the devices operating in n and p-channel mode  

 

8. References and notes 

[1] D. K. Owens, R. C. Wendt, J. Appl. Polym. Sci. 1969, 13, 1741. 
[2] I. Hill, A. Kahn, Z. Soos, R. Pascal Jr, Chem. Phys. Lett. 2000, 327, 181. 
 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C
This journal is © The Royal Society of Chemistry 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


