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Why improving «speed»

Wang et al., TLIST, 2013
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Further advantages if
done with scalable and

high-throughput printing
processes
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Transconductance
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Transconductance vs. f

@POLIMI

>

. [ [}
lld'l'ld

Drain Current @

Gate Voltage

%

AC Drain Current
Amplitude

Frequency




it

@POLIMI

ISTITUTO ITALIANO DI TECNOLOGIA
CENTER FOR NANO SCIENCE AND TECHNOLOGY

Transit time
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Measurement of f
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Effect of Capacitances
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Frequency of Transition f

@POLIMI

;%C;‘ i ‘gmvgs‘=‘j2ﬂfcgvgs‘
fr = Im Im
=

2ty 2w (Cgs + Cga)

IEC [dB]

frequency

M. Caironi et al., Semicond. Sci. Technol. 26 (2011) 034006
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Frequency of Transition f-
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f+ for all printed OFET
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S. Mandal et al., Organic Electronics 20 (2015) 132-141
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Challenges towards printed high-speed circuits
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Organic Semiconductors Mobility
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A. Luzio et al. Scientific Reports 3 (2013) 3425
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Film formation (spin-coating)

Y (nm)
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Film formation (spin-coating)
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Film formation (spin-coating)
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Bucella et al., Nature Communications, 6 (2015) 8394
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OFETs characterization
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Macro-aligned nano-fibrils
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Macro-aligned nano-fibrils
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Bucella et al., Nature Communications, 6 (2015) 8394



ISTITUTO ITALIANO DI TECNOLOGIA
CENTER FOR NANO SCIENCE AND TECHNOLOGY

z
3
(@]
a
®

Printing Techniques Patterning Resolution
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printing, low viscosity ink, slow speed
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Ink-jet printing of narrow linewidths
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Self-Aligned Printing (SAP)
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Single-droplet Contacts -
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Drying Time of Ink is a Critical Factor

60 s (a) p4o s (b) !Poo s ©F

~Extra force exerted by evaporation
of the solvent

.Reliable dewetting, tolerant to
surface defects

Process window >> 10 uym
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Fully Solution Processed SAP FET
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Glass




ISTITUTO ITALIANO DI TECNOLOGIA
CENTER FOR NANO SCIENCE AND TECHNOLOGY

Direct-writing of submicron channels
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100X objective

Power =2 mW

A =515nm

250 fs, 500 kHz
‘ S. Bucella et al., Organic Electronics, 14 (2013) 2249
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Effect of Contact Resistance
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Rule of Thumb for y,,,
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Iyeqr = I Rep, + R,

Lyin = Re = Rep

u [em?/Vs]

Natali, Caironi, Adv. Mater. 24 (2012) 1357
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Laser-ablated Semi-transparent electrodes
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Doping as a way to control injection and
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uni-/ambi-polar transport
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Effect of Doping
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ngh Supply Voltage
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Low Voltage OFETs with Hybrid Nanodielectrics
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A. Luzio, et al. Adv. Funct. Mater. 24 (2014) 1790
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Printable dielectrics
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In = dv,

gm « C',,Voq = const
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Issue with downscaling
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How to reduce Overlap Capacitance:
1. Split Gate
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Jun Takeya et al., Adv. Mater. 2014 DOI: 10.1002/adma.201304976
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Split gate via lithograpyhy
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Jun Takeya et al., Adv. Mater. 2014 DOI: 10.1002/adma.201304976
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How to reduce Overlap Capacitance:
2. Self-Aligned Gate

a) b) Gate
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Y.Y.Noh et al, Nat. Nanotechnol. 2 (2007) 784-789
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f~ of solution processed OFETs
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Y.Y.Noh et al, Nat. Nanotechnol. 2 (2007) 784
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OFET f;: record values

3
10°} |
Solution-processed
, Arakawa Polymers _
10°F  Japan i Our work
p— . -
N o o Subramanlan/
L 1 Takeya A% |
E 10 ¢ Japan ‘ :
Tl
~ N
. 100 | Small molecules
Sirringhaus
M 1 U.K 1 .& 1
R TR N R
S R P
ch"q- v?o ,e‘cf’ «-QQ}Q,C"V \/QQ)
@ "2
N

SCALABLE PRINTING and DIRECT-WRITING




ISTITUTO ITALIANO DI TECNOLOGIA
CENTER FOR NANO SCIENCE AND TECHNOLOGY

erspective?

Polymers
10— 25-6m?/Vs
1| Polymer Semiconductors
10 : @ P-type (holes)

i —@— N-type (electrons)
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Best Reported Mobility [cm?*/Vs]

S

substrate

10?| I L
10_3 ' Y I \N\_ s
107} fr Hefr Vop
5 _ 5H, 7 T ~
10°} b 2L(L + 2xoy)
10" 985 1090 1995 2000 2005 2010 2015
Year
fr[MHz]
L [um]  x,y[pum] 1cm?/Vs 5cm?/Vs 10 cm?/Vs
2 2 9.58 47.9 95.8
1 2 22.8 114 228
1 1 38.3 192 383
0.5 1 91.3 457 913
0.5 0.5 153 767 1533




ISTITUTO ITALIANO DI TECNOLOGIA
CENTER FOR NANO SCIENCE AND TECHNOLOGY

@POLIMI

Thank you for
your kind
attention

Edited by
Mario Caironi and Yong-Young Noh

Large Area and
Flexible Electronics

......

-
-
""""

-
-----

March 2015



