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Organic Electronics at CDT Limited 

Organic Photovoltaic (2001) and Organic TFT (2006) activities started to build on P-

OLED know how into new areas. 

OTFT activity focuses on device development for Active Matrix P-OLED driving. 

Polymer OLED Organic Photovoltaic Organic Transistors 
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OTFT Requirements for OLED Backplanes 

OTFTs offer the potential to reduce cost of OLED backplanes 

due to common platform in fabrication methods. 

Current TFT technologies: 

a-Si: Scaled to Gen 8+ , low mobility. 

LTPS: Superior mobility & stability ï issues with uniformity. 
 

Device performance requirements: 

Mobility: >0.5cm2/Vs with Ò10 Õm channel. 

Contact resistance: <1kWcm. 

On/Off current ratio: ²105. 

Sub-threshold slope: <1V/decade preferred. 

Process requirements: 

Low cost: Scope to develop novel solution processing and 

patterning processes 

Thermal stability: Device integration (low temperature 

planarisation, OLED fabrication, etc...) 

Air stability: Preferred for ease of fabrication (OLEDs 

require encapsulation) 

Uniformity: Consistent performance required over large 

area (control of OSC morphology) 

Substrate 

Drain 

Source 

OSC 

Dielectric 

Gate 
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Drive for Short Channel Length 

Channel lengths of 10µm and lower are 

required for backplane applications 

 

Substrate 

L 

w 

Current scales as W/L in ideal case. 

 

Smaller L gives higher current for given 

OSC & channel width 

Achieving good TFT performance at short 

channels is critical 

150µm 

50µm 

For high resolution and high aperture 

ratio, displays require small OTFTs 
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OTFT Materials & Architecture 

Focus on top gate OTFT architecture (compatible for large area 

photolithography). 
 

Lower RC (greater injection area) than bottom gate bottom contact devices 
 

Solution based processes used for depositing OSC & dielectric layers 
 

No annealing required ï solvent removal only (T max used 100oC). 
 

Dielectric 

Glass substrate 

Aluminum Gate 

Channel length 

5 to 200µm 

Gold 

Source & Drain 

Fluoropolymer Gate 

Dielectric  (250nm) 

Fluorosolvent: 

ñorthogonalò to OSC 

Maintains good 

interface with OSC 

Low-k. 

ñEncapsulates OSCò 

TIPS Pentacene 

Si

Si

ñOpen sourceò 

    structure 

Well studied 

    in literature 

Mobility of  

    > 1.8 cm2/Vs 

    obtained at CDT 
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CDT OTFTs: High Throughput Testing 

OLED experience applied to develop equipment and analytical software for 

high throughput automated OTFT testing. 
 

Typically more than 300 devices measured in a single experiment. 
 

Contact resistance extrapolated for all devices. 

Other Comparisons 

include: 

ÅThreshold voltage 

ÅOn/off ratio 

ÅGate leakage 

current 
 

Automated electrical 

parameter analysis 
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A Limiting Factor: Contact Resistance 

Contact resistance (Rc) has a major impact on OTFT device performance. 
 

Contact resistance is independent of channel length. 
 

For high mobility semiconductors, Rc reduction is crucial to obtain high 

performance short channel devices  

Ą avoid bias being dropped across contact resistance rather than channel 

Ą enhanced current for a given applied s/d bias 
 

Rd Rs 

Vg 

Vsô 
Vs Vd 

Vdô 

Vgs=Vgsô-IsdRs 
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Origins of Contact Resistance 

Oxide layer Contamination layer 

Surface Contamination 

Oxide layer will grow on metal  

Residues from photoresist processes etc 

Geometric 

Top gate, bottom contact has greater area 

for injection 

Top Gate 

S 

G 

Bottom Gate 

S 

G 

Morphology 

Voids lead to poor contact 

Crystal orientation important 

Electronic 

S 

LUMO 

HOMO 

WF 

Electronic 

barriers to 

injection into air 

stable, deep 

HOMO OSC 



© CDT 2011             11 ITC 2011 ï Solution Processed OTFTs 

Contents 

OTFT Requirements for OLED Backplanes 

Summary 

Optimisation of OTFTs with TIPS Pentacene 

OTFT Results with Proprietary OSCs: 

Morphology Aspects 

Importance of Contact Resistance 



© CDT 2011             12 ITC 2011 ï Solution Processed OTFTs 

Substrate Cleaning I: Effect on RC 

and Short Channel Mobility 

UV-Ozone and Oxygen Plasma assessed as substrate pre-cleaning 

processes for Au Source/Drain contacts 

Both processes result in a reduced RC 

Relative increase of short channel mobilities, correlated with the 

reduction in RC 

Short channel mobility as a 

fraction of large channel mobility: 

Relative increase as RC is reduced  UV Ozone O2 Plasma 
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Substrate Cleaning II: Impact on 

Off Current Levels 

UV-ozone / Oxygen plasma efficient at reducing RC & 

producing high short channel mobility 

ébut high off-currents and shallow turn-on 

Hypothesis: 

UV-ozone creates polar/ionic species that 

contribute to a back channel leakage (doping) 

Increased off current in short channel devices. 

Higher off 

current  levels 

as compared to 

long channel 

device 

Vds -3V 

Vds -40V 

Vds -3V 

Vds -40V 

L = 200µm 

L = 10µm 
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Surface Polarity Control 

SAM applied to glass substrate AFTER the Oxygen Plasma / UV-ozone 

treatment: 

Phenyl-terminated organosilane 

Polar groups removed / capped with phenyl-terminated SAM 

Controlled surface chemistry and contact angle of the channel region 

 

O 

H 

O 

H 

O 

H 

Original polar species 

on glass replaced 

with phenyl-

terminated SAMs 

O O O 

Si 

+ 3 HCl 

(washed away in 

rinse step using 

toluene) 

Polar species in 

channel region on 

UV-ozone exposed 

substrates 

R-COO- / H+ 

Channel SAM 

applied from toluene 

solution: 

 

 

 

Reduces polarity of 

surface. 

Allows for wetting of OSC 

solution. 
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OTFTs with Channel-SAM: Effect on 

Off Current Level For L=10um 

m=0.03 cm2/Vs 

O2 Plasma / UV Ozone + 

Channel SAM 

m=0.27cm2/Vs 

O2 Plasma / UV Ozone 

Vds -3V 

Vds -40V 

Vds -3V 

Vds -40V 

Significant improvements to on/off ratio & mobility with channel treatments: 

 

Improved On-

Off current 

ratios 

& Mobility 

Low Rc due to SD Cleaning (High Wf) 

BUT 

Polar surface in channel  

Ą High Off Current Levels 

High density of crystal nucleation centres 

Ą Many domain boundaries - Lower mobility 

Low Rc due to SD Cleaning 

AND 

Apolar channel region Ą 

Lower Off Current Levels 

Low density of crystal nucleation centres 

Ą Few domain boundaries - Higher mobility 
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Engineering the Source: OSC Interface 

Modify the work function of the S/D contacts by adsorption of molecules 

with large permanent dipole moments 

For most p-channel OSCs require negative surface charges on the 

SD contacts to increase SD work function 

Reduces the barrier for hole injection 

 

 

SH 

+
 

- 

Au 

S 

+
 

- 

Pentafluorothiophenol 

F 

SH 

5.1eV 5.7eV 

Photoelectron Yield Spectroscopy Data: 

HOMO 

EF 

Source OSC 

Eb 

EVac 

+ - 
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Source/Drain and Channel SAMs for 

TIPS Pentacene Devices 

SD SAM: Reduced RC & improved short channel mobility 

Channel SAM: Reduced off current level; improved subthreshold slope 

Combined SAM 

Channel SAM Only 

No SAM 

S S 
F 

F 

F 

F 

F F 

F 

F 

F 

F 
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F 
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F F 

F 
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SD SAM Only 

Average Saturation Mobility 
Combined SAM 

 

L=10µm: 
 

Average Mobility 
 

0.86 cm2V-1s-1 
 

RC = 2.5 kWcm 

 

No SAM 
 

L=10µm: 
 

Average Mobility 
 

0.05 cm2V-1s-1 
 

RC = 8.2 kWcm 
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Source/Drain and Channel SAMs for 

TIPS Pentacene Devices 

Average Saturation Mobility 

Combined SAM 
 

For L=10µm: 
 

RCONTACT / RCHANNEL TOTAL 
 

39%  

Channel SAM Only 
 

For L=10µm: 
 

RCONTACT / RCHANNEL TOTAL 
 

79%  

 

For short channel length devices, Rc can be the largest component of the 

total channel resistance, leading to a lower extracted mobility. 

Combined SAM 
 

For L=200µm: 
 

RCONTACT / RCHANNEL TOTAL 
 

3.3%  

Channel SAM Only 
 

For L=200µm: 
 

RCONTACT / RCHANNEL TOTAL 
 

8.2%  

 
RCHANNEL TOTAL  = RCONTACT + RCHANNEL 

Electrode SAM 

Ą more than just 

reduced  Rc  ? 
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Source/Drain and Channel SAMs for 

TIPS Pentacene Devices 

Average Saturation Mobility 

Combined SAM 
 

For L=10µm: 
 

RCONTACT / RCHANNEL TOTAL 
 

39%  

Channel SAM Only 
 

For L=10µm: 
 

RCONTACT / RCHANNEL TOTAL 
 

79%  

 

For short channel length devices, Rc can be the largest component of the 

total channel resistance, leading to a lower extracted mobility. 

RCHANNEL TOTAL  = RCONTACT + RCHANNEL 

Crystal nucleation from 

contacts extending across 

channel 

TIPS Pentacene film on 

combined SAM surface 

L=200µm 
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TIPS Pentacene Nucleation From SD 

High density of 

nucleation sites 

for crystallisation 

Crystal domains ñfan outò 

from the electrodes due to 

very low density of nucleation 

centres on glass. 

50 µm channel 

length device 

Phenyl terminated channel SAM results in very low density of crystal nucleation centres 

Pentafluorobenzene terminated source-drain contacts yield strong crystal nucleation 

Lead-outs to 

probe pads 


