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Organic Electronics Overview CDT

* OTFT research started to develop materials & devices into new areas

* Sumitomo Chemical & CDT jointly developing high performance, solution
processable semiconductor materials for OTFT devices

* OTFT programme encompasses both materials & device platform
development

Polymer OLED Organic Transistors

Gate
insulator

Cathode

JN

Source
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OTFT Requirements

* OTFTs offer the potential to reduce cost of
manufacturing displays & circuits via solution
processing

e Current TFT technologies:
* a-Si: Scaled to Gen 8+ A mobility 0.5 - 1cm?Vv1st
* LTPS: Superior mobility A issues with uniformity
* Device performance requirements:
» Mobility >0.5cm2V-istwi t hnm@hafnel length
* On/off current ratio 210°

» Material processing requirements:

* Low temperature processing (T max 100°C, no
annealing)

« Compatible with an array of deposition techniques
* Air stablility preferable:

Dielectric

Source

* Processable in air y Drain
 Devices operational in air 0SC
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OTFT Development

Semiconductor Material

Development

1st Generation:
* Amorphous material
* Mobility 10-2cm?V-1s-1

~¥

2"d Generation Materials with a
higher mobility have been developed

Novel solution processable
semiconductor:

* Crystalline material

* Mobility up to 2.5cm?Vv-1s-1
* Stable to air processing

* No annealing required

o /
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* SD electrodes: Low contact
K resistance /

OTFT Device Platform
Development

Interfaces are important for high
performance devices:

* Metal : Semiconductor
* Semiconductor : Channel

Low contact resistance must be
realised for high mobility devices at
short channel length

¥

Complementary solution processable
surface treatments for interface
control:

* Channel region: Morphology
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OTFT Architecture C D|T

Top gate, bottom contact architecture

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

Solution based processes used for depositing OSC & dielectric layers

No annealing required T solvent removal only (T max used 100°C)

/ CDT OTFT \

Semiconductor Material

Aluminium Gate
Electrode

/ Fluoropolymer

* Soluble in a wide range of
Dielectric (350nm)

solvents: xylene, tetralin...

* Orthogonal solvent

* Crystalline material
system to OSC

* Mobility up to 2.5cm?V-1s-1
* Transparent in visible j

* Ensures high
integrity interface
\ with OSC )

Source/Drain Electrodes:
Gold or Silver

Channel Length Range:
5to 100pum
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OTFT Characterisation

OTFT devices measured in air without
encapsulation.

Bespoke system developed for high
throughput automated testing.

Several hundred devices are measured
in a single batch.

Enables averaging of data A decisions
based on statistical data rather than
peak values.

Mobility (cm?V-1s?)
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Key parameters analysed| | - -
* Mobility EE
« On/Off current ratio || =
« Contact resistance
« Threshold voltage k-
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OTFT Characterisation

OTFT devices measured in air without
encapsulation.

Bespoke system developed for high
throughput automated testing.

Several hundred devices are measured
in a single batch.

Enables averaging of data A decisions
based on statistical data rather than
peak values.

Mobility (cm2V-1s1)
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On/Off current ratio
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Overview of Semiconductor Materials
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A Limiting Factor: Contact ] -
Resistance C D T

* Contact resistance (R,) has a major impact on OTFT device performance

» Contact resistance is independent of channel length

* R, reduction is crucial for devices with high mobility semiconductors

Gate

Consequently, high R results in a low device

OSC prem

|

Vs is at a raised
potential wrtt o
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4 )

If Rc is high, then Rc is dominant to the total
channel resistance when L (Rchannel) is small:
[ 2XRc + Rchannel |

\_ mobility in short channel TFTs

Gate

Vd is at a lowered
potential wrt to Vdo

OSC
| Drain |

Rc results in a reduced gate-
source bias to that applied to
the device contacts
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A Limiting Factor: Contact [
Resistance C D T

* Contact resistance (R,) has a major impact on OTFT device performance.

« Contact resistance is independent of channel length.

* R, reduction is crucial for devices

with high mobility semiconductors.

-

Gate

OEIOM RC_ B R Channel J8 RC | \

~N

If Rc is high, then Rc is dominant to the total
channel resistance when L (Rchannel) is small:
[ 2XRc + Rchannel |

Consequently, high R results in a low device
mobility in short channel TFTs

Source

N
7

|

potential wrtt o

Rc results in a reduced gate-

Vd is at a lowered
Vs is at a raised potential wrt to Vdo

Device mobility

N

5 100

source bias to that applied to Channel Length, L (um)
the device contacts
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OTFT Device Platform Development

» OTFT platform development includes
work on Rc reduction

* Reduced charge injection barrier at
metal:semiconductor interface via
work function shift

© CDT 2011

OTFT Device Platform

Development

Work function modification of SD
. electrodes
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OTFT Device Platform Development

» OTFT platform development includes
work on Rc reduction

* Reduced charge injection barrier at
metal:semiconductor interface via
work function shift

© CDT 2011
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OTFT Device Platform

Development

Work function modification of SD
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OTFT Device Platform Development v DT

OTFT platform development includes
work on Rc reduction

Reduced charge injection barrier at
metal:semiconductor interface via
work function shift

Control of interface at the channel by
polarity modification. Apolar surface
A lower off current levels

Reduced density of crystal nucleation
centres in channel region A larger
domains A higher mobility

Combined channel & electrode
pre-treatments result in optimised
interfaces:

* Low contact resistance
* Control of OSC morphology

© CDT 2011
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OTFT Device Platform Development  (C D T

OTFT platform development includes OTFT Device Platform

work on Rc reduction

Reduced charge injection barrier at
metal:semiconductor interface via
work function shift

Cl

Control of interface at the channel by mij‘c'

polarity modification. Apolar surface Phenethyl-
A lower off current levels trichlorosilane

Reduced density of crystal nucleation
centres in channel region A larger
domains A higher mobility

Combined channel & electrode

pre-treatments result in optimised

interfaces: V. Low crystal nucleation
i density on phenyl SAM
¢ Low contact resistance treated substrate

« Control of OSC morphology \

Development

Surface polarity control
of channel region & OSC
morphology
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Semiconductor Material
Development

15tGen
Amorphous

2"d Gen
Crystalline

© CDT 2011

¢ 1St Generation:
« Amorphous material

* Mobility 102 cm?V-1s-1

\ 4

» 2nd Generation:
e Crystalline material

* Soluble in wide range of organic
solvents: O-Xylene, Tetralin etc

* Mobility of 0.1 to 2.5 cm?V-1st
(depending on channel length & s/d
contacts)

* Low process temperature (100°C or
less - for solvent removal)

* Transparent in visible range

« Bandgap of 3.2eV
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1st Generation Material C v DT

* Amorphous material exhibiting mobility of 0.02cm?V-1s-1

* Mobility independent of channel length:

= Contact resistance low proportion to total channel resistance
* High uniformity in mobility:

* Standard deviation <8% of average mobility

Maximum
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2nd Generation Material C ' D|T

* Mobility of up to 1cm?V-1s-1at long channel length
* Strong channel length dependence A Rc =50kWem

* Standard deviation ~20% of average mobility

Maximum
Mobility

1 - Average Mobility
EB: St. Dev
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On/Off Current Ratio C D“T

* On/off current ratios of 10° to 10° in saturation regime [ Vgs +20A -40V ]
¢ Channel width = 2mm ; Off current levels 10-1°A

* Very low hysteresis upon gate bias sweeping
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Device Fabrication in Air C v DT

* Material is stable to air processing

* No requirement for dry air / nitrogen environment

* |dentical device performance obtained as compared to glovebox conditions
* High on/off current ratios of 106

» Stable off current levels of 10-19A (W=2mm)
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Improved Device Performance CDT

* Device improvements focussed to increase mobility for short channel devices
\/ Low contact resistance 5S0kWem A 4kWem

\/ Low spread in mobility:
« Standard deviation <7% for short channel devices
« Comparable to 1st generation material

\/ Devices fabricated in air. Upper process temp 100°C.
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Storage in Air

* Devices characterised after storage in air

* No encapsulation of devices

* Consistent performance:
* Mobility, on/off current ratio, low hysteresis.
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Silver S/D Electrode Devices

* Material compatible with silver s/d electrodes

* Greater channel length dependence on mobility:
* L=5um: 0.3 ; L=10um: 0.5cm?V-1s1

* Higher contact resistance than for gold contacts:
* Gold: 4kWem A Silver: 7.5kWem
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Silver S/D Electrode Devices

* Devices fabricated & characterised in air

* On/Off current ratios of 10°

* Low hysteresis upon gate bias sweeping
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