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development of current injected organic semiconductor lasers with microcavities
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In order to realize current injected organic semiconductor lasers, we develop the
formation processes of double-hetero structures and improvements of electro-luminescence properties in
thiophene/phenzlene co-oligomers (TPCO% crystalline organic semiconductor system. To form the multi-layer
structures with organic single crystalline properties, we develop the slide boat method, which is
utilized in inorganic semiconductor systems and explore the condition for the single crystalline
double-hetero structure formation in TPCO semiconductors. We have evaluated the condition for making the
crystalline film formation by using the laser spectroscoEy and succeeded the optical pumped lasing in the
double-hetero structures. We also adopted the doping technique to form the pn junction of organic
semiconductors and succeeded the low resistivity film formation by using the deposition method in TPCO
organic semiconductors.




) (TPCO)

(LET)
1cm?Vvist

FET

10kA

LET

In-v

2%

"n-v

FET

100V

LD

EL

1 TPCO
2
TPCO
2,5-bis(4-bi-phenylyl)thiophene(BP1T)
BP1T
1
BP1T
TPCO
1

1,4-bis{ 5-[4-(trifluoromethyl) phenyl] thiophen-2-
yl}benzene (AC5-CF3)

BP1T

ITO

"n-v

TPCO



@

2
3
50um
BPIT pr2T  ACS-CF,
TPCOFES T L
AT O R

2
ITO
p
BPIT 2 i
55" -bis(4-biphenylyl)-2,2" -bithiophene
(BP2T) 3 n AC5-CF3
3
Mg/Ag EL
500ppm
0.1mm/s 10mm
100 3
1
i BP2T

TPCO

3
1 TPCO

BP1T 334
BP2T 358

AC5-CFs 277

BP1T
BP2T BP1T
BP2T
1

()

heater

moving  substrate
speed=170um/s
T(BP1T)=285C
T(sub)=220C

3 BP1T

3-6
3,4 BP1T 5,6
BP1T/BP2T/ACS5-CFs

2 (

1kHz, ~200fs



EMISSION INTENSITY

3.12eV)

4 400pJcm-2

2.38eV(521nm) BP1T
01  2.67eV(465nm)

02 2.50eV(495nm)

4000 [T
' ' ; BPI1T ]
3500 F1—320pJem™ [ R
3000 | 4000 em” ]
2500 [ _SIOchm_Z
2000
1500 /
1000 //f” ‘\\
500 /
o
1.8 2 22 24 26 28
PHOTON ENERGY (eV)
4 BP1T
BP2T, AC5-CFs
ITO
5 BP1T/BP2T/AC5-CF;
3
6
2.23eV(555nm)  BP2T
01 2.36eV (526nm) 02
2.19eV(565nm)
02
BP2T
BP2T
BP2T

660 pJom

—
10pm

BP2T ACS-CF,

gk,

moving
speed=170um/s
T(BP1T)=260°C, T(BP2T)=350C
T(AC5-CF3)=300°C, T(sub)=240°C

5
BP1T/BP2T/AC5-CR;

BPIT

double hetero
crystalline

e

substrate

1400 ——T——T
— 410uTem™ 3layers

.. 1200 | plem” A B
E 660pJecm ™
“2 1000 [
é —830pJem™ }
E 800 ,\
% 600
Z /\
‘é’ 400 / t
= 200 i/ k

I N~k T xx._

1.6 18 2 22 24 26 28
PHOTON ENERGY (eV)
6 BP1T/BP2T/AC5-CF;
BP1T
BP1T
AC5-CFR;
10mm

(3)EL



TPCO p n

ITO MoO; 2%
p BPLT 50nm BPLT
AC5-CF; 150nm
CsCOs 2% n AC5-CF;
50nm Mg/Ag
BPLT  AC5-CF, 200nm
EL -V
7
0.05 prerrrrrrrr—ry
0.04 F —
0.03 p 20f5 B EOERIERA.L,
< omf .
0.01 |-
0
_0-01 1 l 1 1 l

0 5 100 15 20 25 30

. YY)
p-BP1T=M00;-2% doping

n-AC5-CF;=Cs,CO;-2% doping
ITO/p-BP1T(50nm)/BP1T(150nm)
ACS5-CF;(150nm)/n-AC5-CF;(50nm)/Mg/Ag
ITO/BP1T(200nm)/
AC5-CF;(200nm)/Mg/Ag

7 TPCO EL -V

20
EL

EL

EL

1/1000

RSAFR—E]
ISEBHEE

EL

1/1000 EL
3x10%cm?
1/1000
EL
10
EL

10 EL

15

, Optica pumped lasing in
solution processed perovskite
semiconducting materials.  Self-assembled
microdisk lasing, JAPANESE JOURNAL
OF APPLIED PHYSICS 55  pp.
04ES02-1-5, 2016, ,
http://doi.org/10.7567/JJAP.55.04ES02

, Improved electroluminescence with
reversed bilayers of thiophene/phenylene
co-oligomer derivatives, JAPANESE
JOURNAL OF APPLIED PHYSICS, 55,
pp.03DC13-1-5, 2016, http://doi.org/
10.7567/JJAP55.03DC13

, Vertica
cavity lasing from melt-grown crystals of
cyano-substituted thiophene/phenylene
co-oligomer, APPLIED PHYSICS
LETTERS 107 pp.163303-1-5, 2015,
http://dx.doi.org/10.1063/1.4934588



10.

11

12.

13.

Effects of pn Doping in
Thiophene/Phenylene Co-oligomers Thin
Films, MOLECULAR CRYSTALS AND
LIQUID CRYSTALS 620 pp.153-158
2015, http://dx.doi.org/10.1080/
15421406.2015.1095439

TPCO
486

RTM-15-73 pp.7-11 2015

Nguyen Van Cao .

486
RTM-15-72 pp.1-5 2015
468

RTM-14-48 pp.3-6, 2014
Opticaly pumped lasing from
single-crystal cavity of p-phenylene
oligomer, Advances in Natural Sciences:
Nanoscience and Nanotechnology, 5,
pp045013-1-4, 2014,  http://dx.doi.org/
10.1088/2043-6262/5/4/045013
Large gain for crystalline thin
films of thiophene/phenylene co-oligomer by
photo-pumping with femtosecond laser
pulses, JOURNAL OF LUMINESCENCE,
155, pp.338-342, 2014, http://dx.doi.org/
10.1016/j.jlumin.2014.06.049
Crystallization  of
thiophene/phenylene  co-oligomers by
dropping of their solutions into poor solvents,
THIN SOLID FILMS, 554, pp.89-94, 2014,
http://dx.doi.org/ 10.1016/j.tsf.2013.08.024
, Processing condition
dependence of time-resolved
photoluminescence in thiophene/phenylene
co-oligomer  microcavities, JAPANESE
JOURNAL OF APPLIED PHYSICS, 53,
pp.01ADO07-1-4, 2013, http://dx.doi.org/
10.7567/JJAP53.01ADO07
o ( / )
EL
447
RTM-13-36 pp.13-16,
2013
Fabry—Perot modes and
optical waveguide effects in individual
thiophene/phenylene co-oligomer
nanoneedle crystals, APPLIED PHYSICS
LETTERS, 103, pp.023304-1-4, 2013,
http://dx.doi.org/10.1063/1.4813554

30

10.

11.

12.

13.

14.

TPCO

, 2016/03/20
TPCO
, 2016/03/20
2016/03/20
Optically Pumped Lasing of
Perovskite ~ Semiconducting  materials:

Solution Processed Microcavity, Green
Photonics Workshop on Exciton-Polaritons

and their laser applications 2015/10/2
Optical Pumped Lasing in
Solution Proccessed Perovskite

Semiconducting Materials: Self Assembled
Microdisk Lasing, SSDM2015 2015/09/29

2015/09/14

2015/03/12
, Effects of pn Doping in
Thiophene/Phenylene Co-oligomers Thin
Films, KJF-ICOMEP 2014/09/22
p-sexiphenyl

2014/09/19
2014/09/19
2014/03/18
TPCO
EUPS DFT
2014/03/18
( / )

2013/09/18

Preparation  of
Thiophen/Phenylene Co-Oligomer Crystals
from Dropping of Their Solution into Poor
Solvents, 2013/08/11

https://unit.aist.go.jp/esprit/group/opsd.html

()

SASAKI, Fumio

90222009



