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Part I. High-mobility n-type polymer, NDI
1. Design rationales

2. Performance

3. Printing

Part Il. Polyera CMOS material porforlio

1. Small molecule n-type, mobility ~2 cm  2/Vs
2. Polymeric p-type, mobility ~1cm ?/Vs

3. Low band-gap solar cell polymer, PCE: 6%



Motivations for n-type Polymers

CMOS for RFID Display backplane
1. More efficient 1. Integrate drivers
2. Faster 2. High mobility

3. Easier to design
4. More reliable
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Design Rationales for n-type Polymeric
Semiconductors

Energy level
Regioregularity
Solubility



Energy Level

Polyera
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Gp I’ OI yefa Regioregularity

Regioisomers in monomer?
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2,6-Disubstituted NDI compounds
are synthetically available.
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It is difficult to separate 2,6-disubstituted
and 2,7-disubstituted PDI compounds.



Solubility
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Solubility

Twisting of backbone

TIFDMT

Orientation of alkyl chain

Konarka low band-gap NDI



Polyera n-type Polymer, Activink N2200
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2,6-Disubstituted NDI compounds
are synthetically available.
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It is difficult to separate 2,6-disubstituted
and 2,7-disubstituted PDI compounds.
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Top-Gate Performance
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Why Activink N2200 Works Well?

Energy level, -4.0eV
Regioregularity

Solubility



Device Performance NDI vs PDI

Bottom-gate
SiO2

Top-gate LE03

1.E04 0.4 cm?/Vs

Au 1E05 | ——nDI20D)T2
1.E-06 { —=— PDI(20D)T2
. . < LE07
Polymer dielectrics % LE06 |
1.E09 § 0.01 cm?/Vs
1.E-10
AU NDI or PDI Au e ]
1E12 ‘ ‘ ‘
Glass substrate -20 o2 40 60




Stability of N2200 Top-Gate Devices
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With Different Top-Gate Dielectrics

On glass
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Performance of Activink N2200 is relatively insensit  ive to k of the dielectrics



Activink N2200 Amorphous?

XRD of N2200

A. T,=110°C © 04 } _____ D2200_________ ]
S0} T PMMA ____ 1
e i |
&E’, 0.0} PD=2.9-55
B. 1.=150°C 0 200 400 600 800 10001200
Mw (KDa)
Co4 D2200.. }..
C. 1,=210°C NE 0.2 }L _________________ JrPI\/II\/IA ’:
% 0 i M,, = 220-290 KDa]

2.53.03.54.04.55.05.5 6.0
PD

Amorphous materials give robust processing and easy scale-up



Printing of Activink N2200

Gravure Printing
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Printed Invertors in Ambient
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140
135

w w
o o1

=

Output Voltage (V)

P FPDNDN
O 010 01 O Ol

35
30r
S 25t

0O 10 20 30 40
Input Voltage (V)

N

Q. 2.
4‘ |\.>
o
<

=
2.
n

Output Voltage (V)
=

L

Jo 16 20
1 v, v

O 10 20 0 10 20
Input Voltage (V)

PMMA

60F
50+
40+
.%30_
O 20t
10t

0O 10 20 30 40

Input Voltage (V)



Bottom-Gate vs Top-Gate
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Summary for Activink N2200

Activink N2200 offers high mobility, good stability, and gre at
solubility, allowing for high  -performance printed transistors

NDI vs PDI
Relatively insensitive to k of the dielectrics
Mostly amorphous, offering easiness of scale  -up and process
High -performance printed invertors were demonstrated
N2200 in top -gate >> in bottom -gate
Limitation of N2200
1. Mobility < 1

2. On the edge of air sensitive
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Polyera Activink ™ “CMOS” Materials Platform

4 N

Activink ™ P semiconductors

Activink T™M N semiconductors

Activink ™ D Dielectrics

\ )

Polymer, mobility ~ 1 cm 2/Vs
Air stable

Polymer, N2200, < 1 cm 2/Vs
Small molecule, N1500, ~ 2 cm 2/Vs

Match with our semiconductors
Low leakage, hysterisis



Performance of Activink ™ N1500
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Activink N1500 Inkjet Printing

X' ~150 mm
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P-type polymer performance,
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6% organic solar cell

Current Density [mA/cm 7]
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Polyera New Low-Bandgap Polymers for OPV
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PCE ~ 6.0 %, Jsc ~ 11-13 mA/cm2, Voc = 740-760mV, FF=60-70%

v T v T v T v T v
200 400 600 800 1000

!
1200



Materials Development Process

1. Materials Design |:> . Materials formulation - 3. Materials interfacing
- And processing ~ And integration

and Synthesis
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