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Fabrication of light—emitting electrochemical cells (LECs) having screen-printed electrodes

Hyeonseok Lee

Dept. of LED Convergence Engineering, Specialized Graduate School Science and
Technology Convergence

Pukyong National University

Abstract

Since organic light emitting diode (OLED) technology has been applied to display panel and
successfully commercialized, large—area flexible lighting is highlighted for the next
application of OLED technology. However, for the fabrication of large—area display panel the
more complex and multi-stacked structure of OLED for more efficient charge-injection
process increased the fabrication cost and thus make an implantation of OLED technology to
the large—area flexible lighting required to the low-cost fabrication process somewhat
challenging. Light-emitting electrochemical cells (LECs) are electrochemically luminescent
devices through the oxidation-reduction reaction of mobile ions in their active layer
sandwiched the top and bottom electrodes. Aside from the mobile ions, their structure is very
similar to that of the OLED but they have many advantages over the OLED. In particular, their
simple structure without buffer layers for charge injection and independent performance on
the thickness of the active layer allow the LECs to use relatively inexpensive large—area
printing processes for their fabrication.

In this study, we have investigated the electrical and optical properties of the LECs having
screen-printed electrodes. For the experiment, the active layer is composed of an ionic

transition metal complex, Ru(bpy)s(PFe)2 ((Tris(2,2'-bipyridine)ruthenium(Il)
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hexafluorophosphate)), and an electrolyte material to assist in the redox reaction, ionic liquid
EMIM-TFSI(1-Ethyl-3-methyl Imidazolium bis)Imide) at a ratio of 1:16 wt%. Importantly, the
electrodes were prepared by using screen printing process and thermal evaporation to
compare the electrical property. According to the result of a series of electrical property
measurements, the resistivity value of the screen-printed electrode is about 6.68x10'Qm,
and it was confirmed that the screen printed electrodes have sufficient electric property to
fabricate the LEC devices in terms of turn—on voltages and J-V characteristics, although the
screen printed electrodes have relatively higher resistance value than that of the

conventionally evaporated metal electrodes.
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29 4% Ag 3$9YE nano particle ©] H7}H Ag & A3t} Sample # 3 9 45

Ag 3-9-H & Flake type & A3}l Resin & polyester & AR&3FSATH
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Powder Resin Solvent Additive Resistivity
temperature
72.5%
Sample#1 8.7% ~ 2.57x10°
(Ag:38.6% Mcf- 18.8% - 300°C
(FTL-631LS) (Epoxy) Qm
30:24.2 Sn0O,:9.8%)
Sample#2 2.1% ~ 6.24x107
83% 12.38% 21% 300°C
(FTL-991M) (Epoxy) Qm
Sample#3 4.1% ~ 6.28x1077
83.4% 10.6% 1.9% 300°C
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Print Conditions

Printed speed 12cm/s

Filling speed 10cm/s

Printing distance 230mm

Printing pressure 0.35Mpa

Distance between the substrate 1.8mm
Squeegee angle 20°
Scraper angle 15°

Table 2. Screen printing conditions

Figure 12. Tiger-5335MV-1S model
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2. Reference &#+ A&
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Figure 17. Principles of Scanning Electron Microscope(SEM)
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Y. A7]14 EA(Electrical Characterization)
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Figure 18. Vacuum probe station in our lab and Kethley Source-Measure Unit
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Figure 19. (a)M6100 IVL system and (b)Schematic illustration of Zig size
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Figure 20. Impedance Analyzer
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Figure 21. Nyquist plot
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CDL
Ra
Re
Ra = uncompensated resstance

Re = polarization resistance
Cow = double layer capacitance

Figure 22. Equivalent Circuit for a Single Electrochemical Cell
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1. 21" A=9] Resolution

Figure 23~25 & 24¥ A9 Resolution & HolFE= ALK O 2 U E v~ Qho
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7}. Screen printed Ag paste # 1
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Figure 23. Resolution of electrodes printed with Sample # 1 Paste
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T}. Screen printed Ag paste # 3
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Figure 25. Resolution of electrode printed with Sample # 3 Paste
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7}. Screen printed Ag paste # 1

0.40 .
g 0.35 | 1
M T
T EEEBEE Q =
SEEEEEHE i
o S staneoiny 5 g o)
rTrJ| - IIIIIIIII o g OAS igmsxm 1
Z mEii ---'TIIIIIII -~ S oof § o 75mm |
5 3: mmmmunn i 0.05 - 9 ilg’g:m ]
ez T : opol g5 g S
s .. T¢ R "l 0.0 0.2 W'dto': 0.6 0.8
& = [IIITTTTTTIIEEEEI dth (mm)
o H"'T o p=r~ 2.57x10¢ 0rm.
. 3
| 14+ Area
il UL 3 —@—0.00156
gt 12} —9-000234
Width increase (0.05 ~ 1 mm) c gy
8 1O 900046 i
Thickness e g™ |
% 6| /°/; |
& == —
.
j &

L L h L L L
2 4 6 8 10 12 14 16

Length (mm)

Figure 26. Electrical characteristics with increasing length and width of electrodes printed with

Sample # 1 paste and Thickness of Electrode

- 30 -



L}. Screen printed Ag paste # 2
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Figure 27. Electrical characteristics with increasing length and width of electrodes printed with

Sample # 2 paste and Thickness of Electrode
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t}. Screen printed Ag paste # 3
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Figure 28. Electrical characteristics with increasing length and width of electrodes printed with

Sample # 3 paste and Thickness of Electrode
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3. LEC &219] A7]1% &4
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- Electrode thickness : 100nm

@ Ag{Evaporation} ’/

10"
102, i
@ |
107 Y
10%L o g-0-0°"%
01 1 10
Voltage (V)
Sample2 Ag electrode
- Printing speed : 12cm/s
- Printing pressure : 0.35Mpa
- Electrode thickness : 5mm
10" '
—a@— Ag{Sample # 2)
10% ¢ M f
107 i
J
10% ¢ K
10% 1 e ¥
0.1 1 10

Voltage (V)

Current density (mA/mm?)

Current density (mA/mm?)

Sample # 1 Ag electrode

10°:

- Printing speed : 12cm/s
- Printing pressure : 0.35Mpa

- Electrode thickness : 5mm

~@- Ag{Sample # 1}

-
@

a
Pe—

0.1 1 10

Voltage (V)

Sample3 Ag electrode

- Printing speed : 12cm/s
- Printing pressure : 0.35Mpa

- Electrode thickness : 5mm

107 L ~o—Ag(sampie #3) M
#
1 0*2 3{0
i ?
10° ¢ b
j?
@
104 L . %
0/0

'5 H i

10 01 1 10

Voltage (V)

Figure 29. Electrical characteristics of each device
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Figure 30. The light emission of the LEC having each electrode
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Figure 32. Impedance measurement of fabricated LEC device

- 39 -



V. 4

A4 OLED 7]<

HJAYUSS 2% LEC ¢

FAe 7ML 7] wEel, LEC

1
s

7}

olzt 7] th= .

Al

K

glofe] el s 2

ST
=

Aee s

718k LEC 24%}¢]

=]
=

%HL

s}

Z}-

Aol = Ruthenium

=

A AAE A o

Fof A H gkt

S

sheieh.

s

o =x
=2 ~1°0

F A A =2 Resolution

Paste & =3¢

40um, Sample # 3 <

1
1

=74 A3 Sample # 1 Paste ¢ A2 30um, Sample # 2

10~20um 2

1
T

e <l et

[e:
A

3

3}o]
1 =

e R

el
=

30um

AeZ Q&) 717 A Alole w7}

o
3T

ol Ao A Paste ¢

239

1=

o

3hof

4 B4 Y

7ok 7]

=
T

SRR

7ol Y F

3

A= DA 3

Sample ¥& 7.8um, 3.5um,

A=

& 7} Sample & ~ 2.57x107°Qm,

2

A

Y

]

H

Borth Al WAE Thermal

[e)
e

1
s

717

6.24x107'Qm, ~ 6.28x107°Qm <&

1
s

o5

Evaporation

jpuze)

il

A

ERE

=35,

ERE

229

LEC

R8s

3k J-V Curve

A4 245 fA

B

A

23}

=

—_
1o

E

b gojA|u

=

.o
=S

o] A$ %7] Current ¢ 9o] Evaporated ¥ A

=
=

X

- 40 -



7
p

)

==
i)

0
i:’
el

Ah3}-gh

a4

S
vl

17] 3}

1

s

vhel T 7}

W], Sample # 3

LEC 24} v)ie
e ARG A

[e)

=

=

AL

1

s

[e)

‘:T

A
Aol 749 Evaporated ¥

7HA

I3

[e)

o7}

1

Foll M o

A
B E]®] E3}3l Resin 9

[e)

T

o] A
3% (351.7 Cd/mH7F 7F4 =4 vghom,

=

j
v}z
= O

LEC &=}

1

ATt Evapoated ® A=

717

PN
T

[els
=
R e}
=t

Fe e 24

]

-

%

S
vl

o

st WA )

AL

3
18 A

-

d

s

o
=
j

Al

A

% 714

Sample # 1 ¢} # 2 9] Paste & 4w d=FS 71H
=1

Q14 H=<¢ annealing #7golA 300CE L

A 2FEl LEC
=7kt

Paste & <13
4.’1

S
vl

el

jpuze)

il

;Oﬁ
3 0

543}

]
&

A2 AW

vk
=

o
=

Atelol-E<c=

a3
=

epee] 7] wZel Ag Az

d

&

S

27pel
Thermal

1

. S Bk

717

s

g9 A
wh ol

=
=

%

Vs

ZVAA Ha, a2 2

A}
Thermal Evaporated

1

=

=

=k 18y, Sample # 3

)

R
1
&=

7HA]
}

L
A

&

LEC %=}

Hol= Zlow
- 41 -

18] =2 capacitance

7713t

€]

[e)

=

o

o WA e

bl
4

o

T

°©

34

O

[

S
A

ow FZHt)
Anr o

Al

ol F 709 half circle ©] dAJo] ¥ i Evaporated ¥

Frhe] half circle
}+= half circle ¢ <

=gkl o

Paste

}ol Nyquist
[e)

FA171+=

°©

o

S
Ao
<

[e)
Evaporation o=

A

o
745
=
Ag

-



=
=

43 Ag Paste

7 %
ZS|

1
s

o, olejg A

[e;
%0

H

el
mr

T

%

el

e, #7}e)

7F LEC &S Abg3hs

- 42 -



i
ki
a
=

[1] &5 = gAY Afolyx], dyx2ad A%, 7 A9y gule] FoAdA A A=, IRS
Global (2013)

[2] Sebastian B. Meier, Daniel Tordera, Antonio Pertegas, Cristina Roldan-Carmona Enrique

Ort1 and Henk J. Bolink, Elsevier Ltd 1369-7021, 217-223 (2014)

[3] Shi Tang, Ludvig Edman, Springer International Publishing Switzerland, 374:40, 375-395
(2016)

[4] Seok Hwan Kong, Ji-Eun Park, Taemin Kiml and Ik-Soo Shin, Polymer Science and
Technology Vol. 26, No. 6, 498 (2015)

[6]R. D. Costa, E. Orti, H. J. Bolink, F. Monti, G. Accorsi, N. Armaroli, Angew Chem IntEd
Engl, 51(33), 8178-8211 (2012)

[6] Andreas Sandstrcm and Ludvig Edman, Energy Technol, 3, 329-339 (2015)

[7] Mattias Lindh, Department of Physics, Umea University Licentiate Thesis, 978-91-7601-
390-8, (2016)

[8] Jiang Liu, Jorge Oliva, Kwing Tong, Fangchao Zhao, Dustin Chen & Qibing Pei, Scientific
Reports, 7:1524, 1-8 (2016)

- 43 -



[9] Z. Shu, O. Pabst, E. Beckert, R. Eberhardt, A. Tiinnermann, Elsevier Ltd, 2214-7853,
733-738 (2016)

[10] E. Mattias Lindh , Andreas Sandstrom , and Ludvig Edman, Wiley-VCH Verlag GmbH &
Co. KGaA, Weinheim, No. 20, 4148-4153(2014)

[11] Pei, Qibing, et al, Science, 269.5227, 1086-1088(1995)

[12] http://m.blog.naver.com/PostList.nhn?blogld=atfrontier, [¢] &-< 3 H ~] Nyquist plot

[13] AA+, AAY, Korean Industrial Chemistry News, Vol.12, No.6, 39-46 (2009)

[14] 8, “71 A ANE33H, pp. 165-166 (2014)

[15] G8, “AQAAE st ~7381¢04)” pp. 25-35 (2014)

[16] o]&F, o] A, “FH3, FL%AL, pp. 58-59 (2005)

- 44 -



	Ⅰ. 서 론
	Ⅱ. 이 론
	1. 전기화학발광 셀 (LECs)
	가. LEC소자의 장점 및 구조
	나. LEC 메커니즘
	다. LEC 효율

	2. 스크린 인쇄 기술

	Ⅲ. 실험 및 측정
	1. LEC 소자 제작
	가. 전이금속 착화합물(iTMC) 기반의 발광체 및 이온성 액체(Ionic liquid)
	나. 기판 처리
	다. Silver Paste의 조성
	라. 스크린 인쇄
	마. 인쇄된 전극 Cutting
	바. 전극 압착
	사. 전극 사이 발광 Solution 제작

	2. Reference 소자 제작
	3. 측정 방법
	가. 인쇄된 전극 두께 측정(SEM : Scanning Electron Microscope)
	나. 전기적 특성(Electrical Characterization)
	다. 광학적 특성(Optical Characterization)
	라. 임피던스 측정(Impedance Analysis)
	마. 나이퀴스트 선도(Nyquist plot)


	Ⅳ. 결과 및 고찰
	1. 인쇄된 전극의 Resolution
	가. Screen printed Ag paste # 1
	나. Screen printed Ag paste # 2
	다. Screen printed Ag paste # 3

	2. 인쇄된 전극의 전기적 특성과 두께
	가. Screen printed Ag paste # 1
	나. Screen printed Ag paste # 2
	다. Screen printed Ag paste # 3

	3. LEC소자의 전기적 특성
	4. LEC소자의 광학적 특성
	5. 전기화학 임피던스 측정(Electrochemical Impedance Spectroscopy, EIS)

	Ⅴ. 결론
	참고문헌


<startpage>12
Ⅰ. 서 론 1
Ⅱ. 이 론 4
 1. 전기화학발광 셀 (LECs) 4
  가. LEC소자의 장점 및 구조 4
  나. LEC 메커니즘 6
  다. LEC 효율 9
 2. 스크린 인쇄 기술 10
Ⅲ. 실험 및 측정 13
 1. LEC 소자 제작 13
  가. 전이금속 착화합물(iTMC) 기반의 발광체 및 이온성 액체(Ionic liquid) 13
  나. 기판 처리 15
  다. Silver Paste의 조성 16
  라. 스크린 인쇄 16
  마. 인쇄된 전극 Cutting 18
  바. 전극 압착 18
  사. 전극 사이 발광 Solution 제작 19
 2. Reference 소자 제작 20
 3. 측정 방법 21
  가. 인쇄된 전극 두께 측정(SEM : Scanning Electron Microscope) 21
  나. 전기적 특성(Electrical Characterization) 22
  다. 광학적 특성(Optical Characterization) 22
  라. 임피던스 측정(Impedance Analysis) 23
  마. 나이퀴스트 선도(Nyquist plot) 24
Ⅳ. 결과 및 고찰 26
 1. 인쇄된 전극의 Resolution 26
  가. Screen printed Ag paste # 1 26
  나. Screen printed Ag paste # 2 27
  다. Screen printed Ag paste # 3 28
 2. 인쇄된 전극의 전기적 특성과 두께 29
  가. Screen printed Ag paste # 1 30
  나. Screen printed Ag paste # 2 31
  다. Screen printed Ag paste # 3 32
 3. LEC소자의 전기적 특성 33
 4. LEC소자의 광학적 특성 35
 5. 전기화학 임피던스 측정(Electrochemical Impedance Spectroscopy, EIS) 38
Ⅴ. 결론 40
참고문헌 43
</body>

