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ƪƷƼƜƛƟƅƹƋƞƺơƋƔ
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ƨƹƉƒƩƸ•ƪƷƼƜƛƟ�¯ƅƹƋƞƺơƋƔ'ī

These	applications	

RFID
Tags

Wireless Power
Sheets

Memories

Biosensors

E-papers

OLED
Displays

Flexible & Printed Devices 
Emerging or Next Generation

Applications & Markets

Bendable 
sensors

(PolyIC)

(Univ. of Tokyo)

(Yamagata Univ.)

(Yamagata Univ.)

(Yamagata Univ.)
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6+µůĪċw

Advantages in Production: 
l High material utilization
l Low power consumption
l High throughput & low cost
l New applications

Lower capital 
investment 
in plant &
equipment

Photoresist 
Removal

Create Vacuum

Metal Deposition

Photoresist Coating

Break vacuum

UV Exposure

Pre-Baking

Developing

Post-Baking

Cleaning

Printing

Sintering

Etching

Cleaning

Surface Treatment

Products

Products

Photolithography Printing

Process Flow
Examples for 

Metal Electrode
Pattering
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nÞã]ů<Żòŵ

Materials
Development
•• Organic 

Semiconductors
•• Nanoparticle metal 

inks
•• Solution 

Dielectrics

OTFT Device 
Development
•• Fully printed
•• Ultra thin substrates
•• P-type
•• N-type

Printing Process 
Integration
•• Screen Printing
•• Nozzle printing
•• Ink Jet Printing
•• Proprietary Methods

Printable Circuit 
Prototyping
•• Inverter Circuits
•• NOR/ NAND Circuits
•• Ring Oscillators
•• Basic Sensors
•• OTFT Arrays

Applications 
Development
•• Stretchable Sensors
•• Bio-sensors
•• RFID Tags
•• Flexible displays

T1�
T2�

T3�

T4�

T5�

T6�

4500 µm�

S� D�
Dielectric �

Substrate�
G�

Substrate�

nÞã]ŰƪƷƼƜƛƟƅƹƋƞƺơƋƔů �İÖŚź�Ċ~ĆřŹű
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n Low-temperature sintering
n Alcohol-based solvent
n Simple synthesis (Low cost)

20nm

TEM Image

Ag Nanoparticle

Stabilizer Shell
(Amine derivatives)Ag Ink

ĬƠƣéXƂƼƋ

Rgíbĸ �ůİÖ

Solvent Sintering
Process 

Yamagata University holds 
the basic patent

Key Advantagesǆ

Uniform particle size

doVYÌYĨ ¨8ź
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�ůĬƠƣéXƂƼƋūů³ğ

n Our Ag ink can be sintered at low temperatures and 
achieved very low resistivity 

6 µWcm at 100�
28 µWcm at 40�

50 100 150100

101

102

Sintering temperature[�]

R
es
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tiv

ity
[�
�
�

cm
]

	����0.1mol%Oleic acid
NPS-JL
JAGLT

DICƂƼƋ
Our Ink 
Ink-A
Ink-B

0.1mol%

100nm
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�ČPO�¯4b�ůİÖ

DTBDT-C6*
dithieno[2,3-d;2’,3’-d’]benzo-
[1,2-b;4,5-b’]dithiophene

* ¢Ɨƽūů!AÞã

Adv. Mater. 21. 213(2009).
P. Cao and  K. Mullen et al. 

Highly crystalline

High purity

S
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d-spacing 17.8 Å

HOMO = 5.4 eV
Stable in air

Thin film

Yamagata University
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PO�¯TFTůP�Éw

Top-contact bottom-gate

On/off ratio = 107

Mobility = 3.0 cm2/Vs
S

D

Highly crystalline 
(Dispensor printing)

-40 -20 0 20 40
10-12
10-11
10-10
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10-8
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10-6
10-5
10-4
10-3

0

0.005

0.01

0.015

|I D
S|

 [A
]

VGS [V]
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1/
2  [A
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2 ]

L/W = 50/980 µm

VDS = - 40V

Au Au

Substrate
Gate Dielectric

DTBDT

DEVICE µ (cm2/Vs) On/off 
ratio

TCBG 2.4 107

BCBG 2.1 106

BCTG 3.0 107
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�ČNO�¯4b�ůİÖ

LUMO = 4.3 eV
Stable in air

SolventǆEthyl salicylate

Benzobisthiadiazole (BBT):
a strong electron acceptor moiety

d = 2 nm
ƶƱƶ®ģ

X = m-OCF3  

d

* ZĨĀÏūů!AÞã
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NO�¯TFTůP�Éw

TU-1

On/off ratio = 107

Mobility = 0.63 cm2/Vs

Au Au

Substrate
Gate Dielectric

TU-1
Highly crystalline 

(drop casting)

DEVICE µ (cm2/Vs) On/Off 
ratio

TCBG 0.63 107

BCBG 0.31 106

BCTG 0.45 105

-10 0 10 20 30 40
10-11
10-10
10-9
10-8
10-7
10-6
10-5
10-4

0
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 [A
]

VGS [V]

VDS=40[V]

Top-contact bottom-gate

L/W = 44/1460 µm
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ƂƼƋƓƄƛƞµů·Ð

Ag Ink: Our Ink
Underlayer:         
Crosslinked-PVP
Drop spacing: 25µm
Pitch: 300µm

FUJIFILM 
DMP-2831

�LĈļſCF4ƪƶƕƮ$ÌŤżşūŪÁŽw
ƾĈļƅƢƸƊƽƿſ*s

Ag

Head

Substrate

Under layer
on Substrate

Ink cartridge

Inkjet head

ƝƓƘƸƇƼƝƮƼƟµ
ƾ6+Çś�ċƿ
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ƂƼƋƓƄƛƞµŪozţŦ6+Ĭĩõ

74.7 µm

181 µm

66nm

26.5 µm

24.6 µm

362nm

25.1 µm

23.9 µm

307nm

25.1 µm

22.6 µm

314nm

q = 41Ņ q = 62Ņ q = 81Ņ q = 98Ņ( WCA )

Dot

Line

Cross
-section

Coffee stain effect Bulging Uniform fine patterns

Finest line

Water contact angle
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Ʊƛƒƴĩõů�Ò

Line widthǆ 25 µm
Thicknessǆ 500 nm
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Sintering condition
for 30min

at 120�
9 µWcm

Finely-pattered lines with low resistivity 
were obtained with our silver nanoparticle ink

Finely Patterned Ag Mesh
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m
)

0
0

A related venture business 
be launched within one year.

Line width: 25 µm
Pitch: 300 µm

Cross-
section
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ĬƠƣéXƂƼƋů�Ãz

Xe ƶƼƪ

Ă8Þã|ūů!AÞã

STROBODRIBERƾESD-Z5815ƿ

Light Source: Xe flush
Pulse width: 0.8 ms

0
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Light Energy ƾJ/cm2ƿ
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ƿ

ĬƠƣéXăþ

P£

�Ś0.8msů�Ä`ŮŹŨũ5.4µWcm
ů���Ĭăþſ�ĊŪŜż

5.4µWcm
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ĭƠƣéXĸ¬ůÃzµů³ğ

Ãzµ ķI´ Ãz�ı
ƨƁƸư
P ĦÐ

�½Ĩ TFTvÐ ÎÏw

Å V´őåï 30 min Ň  � Ő ŏ

ƮƂƋƺ¶ V´ 15min Ň  � ŏ Ň

IR/Å V´ 15 min � Ĉļ Ň œ

ƪƶƕƮ Üäőħ�ƈƔ 10 min œ Ĉļ Ň ŏ

ƹƽƑƽ V´ 1 s œ Ä`Ĩ� Ő Ň

� V´ 1 msec œ ĸ¬ Ő œ

ƘƋƞƘƂưſÝö3Ťż�Ū
�Ãz~ĆŰ��

Ãzµů³ğ
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ƔƋƷƽƼ6+µůĤ3

Mesh

y�,

Frame

Screen Structure

Squeegee
ScreenFrame

Stage

SubstrateInk

Ink

Screen Printer

Opening of Printing Plate

MeshǆST640CAL
Mesh numberǆ640

ƔƋƷƽƼƱƛƒƴİ=ĨſġţũƂƼƋ
ƾƭƽƔƞƿśP£ŲRgšŽż

100 μ
Ǌ

Ag paste
Ag paste: NPS (Harima Chem.)
Viscosity: 76Pas

Yamagata University
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ƔƋƷƽƼ6+µŪozţŦtðĬĩõ

L/S=20/20µm L/S=30/30µm

200 220 240 260 280
0

5

10

15

20

Re
si

st
iv

ity

�µW
·c

m

�

Sintering temperature �°C �

Patterns

L/S = 60/40 μm

8 µWcm
(@230�)

ĈļśĻiN
ƾƱƛƒƴÕƿ
þ7ǆ 3µm

n L/S=20µmŰ\Ê>ý
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ƌƶƧƀƇƨƖƛƞ6+µůĤ3

Doctor 
blade

Blanket
cylinder

Gravure Offset Printer
( Komura Tech.)

Substrate

Transfer Printing

Plate
cylinder

Ag Paste: GOAGT (DIC)

Blanket cylinder
ƾƩƶƼƍƛƞüƿ

ƒƷƎƼƏư

ƒƷƎƼƏưĈļŪů�ÆŮŹŻ
ƒƷƎƼƏưŚźů-Ķś>ý

Ink (Paste)

Yamagata University
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10μm�10μm�

ƌƶƧƀƇƨƖƛƞµŪozţŦtðĬĩõ

n M�ŭðõ(20µm)ś\Ê>ý
n ƚƲƢƸį10µmŰ\Ê>ý

ŀtĮ30�

140 160 180 200100

101
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Temperature [°C]

Re
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st
iv
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W
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]

10 µWcm
(Ǉ200�ƿ

L/S = 20/15 µm L/S = 20/10 µm 

õhǆ 30µm
þ7ǆ 2 µm
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%Ç;ĝ6+µůĤ3

MHI

Ink

BlanketAg Ink Printing plate Substrate 

Printing

Ag nanoparticle ink (DIC: RATG-24)
Viscosity: 1.5 mPas
Sintering at 180�

L / S = 5 / 5 µm

�êmŮ_v

Yamagata University
Research Center for Organic Electronics

ĘÝƚƲƢƸĸ¬ůoz

L = 2 µm

n ƨƆƞƷƗƌƶƨƁƽµūAæůëm

n ƐƩƯƋƺƼůƚƲƢƸƾĸ¬ıĳƿś�Ċ>ý

S D

S D

0 nm

170 nm

L = 0.6 µm

Photolithography
Pattering (Au)

S D D

SDĸ¬
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Screen

Slit
Coater

6+µůŴūŶ

Resolution

Th
ic

kn
es

s

Gravure Offset

10 µm

1 µm

100 nm

10 µm100 µm

Reverse Offset

Ink-Jet

1 µm

Thin and
High resolution

6+~ĆůšźŭżĽ�ū
ÐĠŮŹż�ŗ'ŞśĪċ
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�ļŲůĸXHĚ6+~Ćů®ç
3D-Printed Electronics (3D-PE)

ƩƶƼƍƛƞ

�ļ�

ƌƶƧƀƇƨƖƛƞ~Ćſ
ƬƽƔūţŦ�~Ć

6+ĸ¬

}µ

ÿ1ěŲůvÐ

ŤųũſĞŝđżŧŞŪ��

4Ëļ� ±eļ�

6+Ĭĩõ

Ļiļ�ŲŷÚ�6+oz

http://tokitolabo.yz.yamagata-u.ac.jp/html/3D-PE/index.html

ƎƼƗƽƸĨů
ƘƛƚƦƢƸ
ƻƂƳƽƤƽƢƔ
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ƪƶƔƚƛƋ�ļŲůĬĩõů6+

ƪƶƔƚƛƋ�ļŲtðĩõ

ƾĩõh20umƿ ĬƠƣéXƂƼƋ�ÐƾDICĊƿ

l ƩƶƼƍƛƞİÖ
l 6+ĉ÷ůëmC�

ēĿ

n �ļ6+~ĆŰr¡ůƨƆƞƷƗŪŰ_vŪŜŭŗ~Ć
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 6+µŪů�¯ƞƶƼƓƔƘ�Ċ

ň Planarization Layer  (Spin-coating)

Ŋ Gate Dielectric  (Spin-coating)

ŋ Source, Drain Electrodes  (Ink-jet printing)

Ō Surface Treatment with SAM  (Immersion)

ō Bank Structure  (Dispenser)

Ŏ Organic Semiconductor  (Dispenser) 

ŉ Gate electrode  (Ink-jet printing) 

NPS-JL (Harima)

JAGLT (DIC)

S1200(Merck), New OSCs

C-PVP

PFBT

PEN (125µm)

(@120�)

(@140�)

(@120�)

(@100�)

(@120�)Teflon (Aldrich)

C-PVP (Aldrich)

Bottom-gate bottom-contact

K. Fukuda, et al.,
Appl. Mater. & Inter., 5, 3916(2013)

Parylene-C (RT)

Yamagata University
Research Center for Organic Electronics

-20-10010
10-13
10-12
10-11
10-10
10-9
10-8
10-7
10-6
10-5

VGS [V]

I D
S 

[A
]

VDS = -20 V

W/L = 960/90 µm

-20-10010
10-13
10-12
10-11
10-10
10-9
10-8
10-7
10-6
10-5

VGS [V]

I D
S 

[A
]

VDS = -20 V

W/L = 960/90 µm
100 devices

6+O�¯ƞƶƼƓƔƘƀƹƂů�Ċ

1T-1C
30 x 30 pixels

OSC: DTBDT-C6
SD: Ag nanoparticle 
G: Ag nanoparticle
GD: Parylene-C (560nm)

PEN film (125 µm)

W =  960 µm  
L = 90 µm

n Very good and uniform TFT performances 
on a plastic film

Flexible and Printed

Mobility:
> 1 cm2/Vs
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 6+O�CMOSHĚ

Excellent switching 
characteristics

Pseudo-CMOS Inverter

0 10 200

10

20

Vin [V]

V o
ut

 [V
]

0 10 200

10

20

30

40

Vin [V]

G
ai

n

VDD=20 V

15 V

10 V
7.5 V

5 V

VDD=20 V

15 V

10 V

7.5 V

5 V

VSS= - VDD

M1

M2

MUP

MDP2000 µm

Gain = 35 (@20V)

Huang et al., Trans. Electron 
Devices, 58, 141 (2011). 

OSC: PB16TTT

VDD

VIN

VOUT

VSS

M1

M2

MUP

MDP

Y. Takeda, S. Tokito, et al., 
Organic Electronics, 14, 3362(2013).

Only p-type TFTs

Pseudo-CMOS Inverter Circuit

Yamagata University
Research Center for Organic Electronics

 6+ORSƨƷƛƪƨƺƛƪHĚ
VDD

VSS

VOut

5 mm

12 Transistors

T1 T2 T3 T4 T5 T6

NANDņ10 V

Delay time: 3.5 ms

Reset

Set

!

"#$#% 

&#%

!'

R S Q

0 0 -
0 1 1
1 0 0
1 1 hold

Truth table

0 0.1 0.2
0

20

40

60

80

100

120

Vi
nA

,V
in

B,
Vo

ut
 [V

]

Time [s]

VDD = 20 V

n Good response characteristics 
following the truth table

Q

Q

OSC: S1200
(Merck)
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Vļâ•ĘăO�¯ƞƶƼƓƔƘHĚ
P£ƾ�Lƿů7ŵŰžťŚŁFƶƛƪůǂǁ'ů1

K. Fukuda, S. Tokito, et al., 
Nature Commun. 5, 4147 (2014).

S1200

Thickness : ~ 1µm

200mm x 200mm

200 x 200mm

Mobility ~ 1.0 cm2/Vs
On/off ratio ~ 107

De-bonding

Yamagata University
Research Center for Organic Electronics
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6+ƪƺƖƔŃĢ3Ųů�{

R2RƪƺƖƔůb�
ƹƽƑƽ
ƾ364nm)

�ºĨ
ĎºĨ

ƂƼƋ

ƫƛƟ

Rg

�LƾĈļƿǆ
Ď�*s �ůİÖ
�Ä`ŮŹżĎº3

L/S = 20 µmſĥztðĩõ

�~Ć

Yamagata University
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İÖĉ÷ůď

�ÓƞƛƪƋƶƔů��ů~Ć

• ƮƔƋƹƔĹ�¯
•  ļRgĉ÷
• ƂƼƋƓƄƛƞĉ÷
• �Æ¯

J"ů �őƝƥƂƔő
ƪƺƖƔ~Ćſĵâţ
ũőŃëmĵâHĚ�
Ċ~Ćſ\Ê

�ĨáYÛ
JĴáYƂƣƬƽƒƵƼ�Â	«ƾH25ƿ

¢ƹƅƼƓơƀƷƼƌū!A



Yamagata University
Research Center for Organic Electronics

�¯ƞƶƼƓƔƘOƥƂƇƖƼƐvÐ

ƃƅƀƶƩƸƥƂƇƖƼƐů\Ê

Yamagata University
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