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A Market outlook: flexible electronics
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A Modeling strategies for oxide transistors

A Artificial neural networks for IGZO TFTs

A Compact models for IGZO TFTs

A Thinfilm circuitry with oxide transistors
A Design and layout strategies, implementation of PDK in Cadence
A Examples of digital and analog blocks and integration-ay xlosimetry and smart packagin
A The challenges of miniaturization

A A glimpse of the future on oxide electronics
A Sustainable materials and processes
A Oxide nanostructures, hybrid materials and nanodevices
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Market outlook: flexible €lectronites

Asia Pacific flexible electronics market by application, 202924 (USD Million)

30000 source: Grand View Research (2016)
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A Global flexible electronics market expected to reach USD 87.21 billion by 2024.
A Differentiating factors to rigid: ruggedness, portability, ligigight, and lowcost of production.
A Tremendous potential in entertainment and gaming industry: ability to curve, roll, flex, confor
and fold, enabling a new intuitive user interface.
-
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The suceess:stonyf abladdaTEFTs

IEEE Spectrum, Vol.54, 7, 2017: Plotting a Moore's law for flexible electronics

GENERATIONS OF MOORE'S LAW-
LIKE DOUBLING NEEDED BEFORE
THIK-FILM TRANSISTORS ARE AS
DENSEL) 'S
FASTES!

GENERATIONS OF MOORE'S LAW-
LIKEDOUBLING NEEDED BEFORE
THIN-FILM TRANSISTORS ARE AS
DENSELY PACKED AS TODAY'S
FASTEST GPUs AND FPGAs

TFT integration starts being
o | compared to MOS!
PLOTTINGAMOORE'S 2 oivinatn s Jiizimiicizese A Logic with 100k TFTs pertm

LAW FOR FLEXIBLE i - :
FECTRONICS  citt. A High freq, low power
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Procesdlow @ CGENVMAenablingoXxide electronics

TFT models, PD¥
implementation

Conductors,
semiconductors,

insulators

Physical and solution
processing routes
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Multiple material
combinations & device
structures
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Analog and digital
blocks, system
integration
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Physical or empirical models, DRC,
LVS, RCX verifications in Cadence
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IGZOTFFTshthehehallengescetigeitingoadood
processaand devicet stalbility @ el

Getting a reproducible/uniform oxide TFT process at T<180 C is quite challenging!
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And naturally, at lowl’ TFT stability gets degraded as well...
P. Barquinha et al., Transparent Oxide Electronics, Wiley 2012 P. Barquinha et al., SID Digesg@2 (2010)
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|GZOTFFTshitheh ehallengescetigeitingoadyood
processaandidevicet stalbilitg @ el

Going lowT requires understanding effect of composition and (pégirocessing
conditions in detail
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P. Barquinha et al., ESSL 11, H248 (2008)
P. Barquinha et al., JES 156, H824 (2009) A.. Olziersky et al., Materials Chemistry and Physics, 131, 512 (201
I
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Theright materials&processe working togetherx

TFTs with good electrical and mechanical performance

Based on simple device structure and lely largearea compatible processing

IGZOTFTon PEN @ T=15C: 25TFTd9rom 9 different substrates 3 different batches

5 mask process, staggered bottom gate, top contact
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