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High Responsivity Organic Phototransistors
for Underwater Visible Light Communications

Lee Jeong Min

Abstract

The technology of underwater communications can greatly enhance
human’s ability to study, monitor, and explore the ocean, as well as to
realize smart aqua farm, defense systems, and underwater drone.
Among underwater communication technology, underwater optical
communi cation has the advantage of being able to communicate faster
than RF communication or acoustic communication. To send data at a
speedier rate, high performance photodetectors are required in
receiver model. In addition, photodetector should exhibit high photo—

responsivity with blue/cyan—blue light irradiation.

In this study, we fabricated High performance organic phototransistors
(OPTs) based on N—type non—fullerene small molecule acceptor IT—
4F and P-type polymer donor PTOZ. Bulk—heterojunction IT-—
4F:PTOZ2 has wide absorption spectrum in the range of 450nm—550nm
wavelength. From the electrical characterization of the OPTs devices

with BHJ photoactive layer, it showed high photo—responsivity>1A/W,



large photo—sensitivity >10® even under very weak incident light.

BHJ photoactive layer can absorb a wide spectrum of visible—light to
produce exciton, and efficient dissociation of exciton occurs at the
interface between donor and acceptor. The result of this study showed
the possibility of being applied to various optical sensor such as low—
cost image sensors and optical communication modules through various

printing processes.
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RF
communcatiion

énefits \

* High bandwidths (~100Mb/s)

* Immune to acoustic noise

» Prefers shallow water

Limitations

* Limited range through water
because of the absorption
from sea water

» Short mastery with high
speed communcation

Acoustic
communication

Qnefits

* Proven technology

Limitations

water/air boundary

delay.

- J

N

* Long Range ( ~20km)

+ Strong reflections through

* Very low communication
speed and communication

N

Optical

communication

@nefits

(~1Gb/s)

» Low cost

Limitations
* Very short range

from Seawater

A

N

» Ultra-high bandwidths

* Immune to acoustic noise

» Absorption and Scattering

S

Y

Figure 1. Benefits and limitations of each communication technology
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Figure 2. Charge transport process
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Figure 6. Vacuum probe station in our lab
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o TEEJIAAES AVFH 54 37}

PTO2 =4 =49 Hlgo] 5oy 54 949 FFE7F sojdrty
= FEs A5 AEed FHORE lste] M3t ol WIAlQAR
g vk weEkA AR XE EAAAEY A7H EAS
F7tst7] $18ke] Probe station “gW]e} 3D Z#E Fu|Z A4 A&
A1E AHEEk] A=A 9 Y AS Flsith RERA] 2AF Ajde

Zolg} ¥olt 747 sum, Imm ol E£FE WAl §o] FEE 05wk

Figure 10 o oJ4lEl-21 ] &3 vl B2 A&Tdy 29348

vebide, =3 A3 IT-4FPTO2 9 wurs X 2AH9

- 33 -



Ao Ass ®ojFErl. 1 IT4F ¢

“q

545 dEhH,

AJ (ambipolar)

t}. IT-4F:PTO2 7}

=
RUN

2:19] v &ofA o]=%7} 0.0026cm?/Vs ZA 714 =

A 1] (On/off ratio) 7}

Sol s s

o Blgo]

=4 PTOZ

B

L
a-

aed

488nm o FF 0.2mW 2 FEE 71zl #HolA tholerE A&

= W, IT-

B
fife)

O
o

el

]_

ilf

wal

4F PTO2

—

OFF AdlelA 1, o 74 2

Aol

tal Adgske] AletA = &

el =A xs

SREN

doll =

24

Aol A e}

£ -4l

o) A] £o]

g7 =l

T2 @

3t
H H

o]%x%

SIS

BabA #e

o

S
=

d

97t @ olfold F AFe WA

2

3o
=

g

Hol 887mA/W 2| 7} =&

2:1 BlgelA

A

ol

i
o

ol
o

- 34 -



EWA2EE W ok
Mo AT B SHEA
SRER-CE

~
Q
~

Abs(1 ) [A]

~
(*))
-~

Abs(1) [A]

10°*
10*
107

10*

at vV, =10V & 50V

V. V]

n

-60

-40 -20

V. V]

O 5 2~ =]
Yo Jkg-3k = glojof g2 =, 0.2mW ¢
= Hol= Ay 75 FAEA " 7Hs
30.008 Gats Bias
3
40.006
1 g
J0.004 ,S-f
_0
1 K
J0.002 @
;
30.000
60 0 10 20 30 40 50 60
vV, V]
0.0016
Gats Bas
0.5 - cnmm-10 v

1 1 1 1 1 1

0

-10 -20 -30 -40 -50 -60
v, [Vl

Figure 9. Transfer curve and Output curve of (a) pristine IT—4F,

(b) pristine PTO2

35



Abs(l) [A]

(b)

Abs(l) [A]

Abs(l,) [A]

20 30 40 SO0 60
Vv, V]

20 30 40 50 60
vV, V]

0.0040 8
10° | at Vg = +10V & +5| bsiadey
{0.0035 T
—30
{0.0030 6 —wv
—50
1 0.0025 Sp——sv
& a
Joow2og <
a sl
looots = -°
E 2[
Jooo1o & ;
4 0.0005 ol
- 4 0.0000 a
P M i o 0 10
60 40 20 0 20 40 6
Vv, V]
8
. atv,=+10v &-sov - {0.006 offnug
10° 7 —10 V
™ a—20 V
0.005 —10
6} mm——toV
—C0 V
0.004 5 | m—c0 v
o
0.003 < at
s
° L
0.002 § - &
2k
0.001
1L
o - {0.000 ol
60 -40 20 0 20 40 60 —
g 0 10
o V]
., 0.0040 . Gab Bisc
107 { atv =+10V & +50V —10
{0.003s L
10° —30
] 10.0030 Seiey
10 1o.0025 Se{r———,. ¥
a &
107 {0.0020 ' g 4t
10° 40.0015 ;" - 3L
10"} {0.0010 § 2|
10 } { 0.0005 1L
{ 0.0000
10" L. L N o X
60 -40 20 0 20 40 60

Vg[V]

0 10

20 30 40 50 60
Vy V]

Figure 10. Transfer curve and Output curve of blended device (a)2:1
blended, (b)1:1 blended, (c)1:2 blended (Acceptor:Donor, wt%)

36



~
]
~

Drain current(A)

~
(g)
~r

Drain current(A)

1E4
(@ ™ (b)
1E-5 3 1E-6 1
iE-G{ €7
< <
3 7 ¥ s
& &
s S8 { 7 5
o 9 O 1E9
£ iE-sF £
S S S 1E10}
{ ! Vd=10v V=10 \
B T 1En E 1WA, iy
—Light —Lig fy
1E-12 L L L L : n — 1E-12 L L L L M | Jﬂ
10 0 10 20 30 40 50 60 60 - 40 30 -20 -10 0 0
Gate Voltage(V) Gate voltage(V)
Figure 11. Transfer curve under dark state /light state (a) pristine IT—4F
(b) pristine PTO2
1ES5 (b) 1ES5
1E-6 1E-6 |
1E-7 1E-7 L
<
1E-8 *é 1E8 |
1E-9 3 1E9]
c
T
1E-10 | \ ! G 1E10f \ /
~
N\, = =
1E-11 | o Va=10¥ 1€ L A vd=10v
g Y
= | ight state - = Light state
1E-12 L L ! nd 1 1E-12 L L L 1a L
60 -40 20 0 20 40 60 -60 40 20 0 20 40 60
Gate voltage{V) Gate voltage(V)
1E-5
1E-6
1E7
1E-8
1E9
1E-10 | \ /
\ / vd=10v
1E-11 ¢ \ll U - Dark state
Y' —— Lig ht state
1E-12 L L L A 2‘0 1 L

-60 -40 -20 0
Gate voltage(V)

40 60

Figure 12. Transfer curve under dark state /light state (a) 2:1 blended, (b)
1:1 blended, (c) 1:2 blended (Acceptor:Donor, wt%) at Vq=10V

- 37 -



1000

0.01
~—@— Flold-effeot Moblilty
—=Photorecponcivity
3
E 4 800 %
E 1E-3
% 4 600
% 1E-4
!
- 4 400
’ e L] h g A
21 11 2

Mixtrue Ratio (Acceptor: Donor)
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Ratio
Acceptor/Donor Ratio 2:1 1:1 1:2
Field-Effect Mobility(cm/Vs),Sat. 0.0026(£0.003) | 0.0010(£0.007) | 0.0003(£0.0001)
Threshold Voltage(V) 8.88 17.49 18.85
On/Off current ratio 4.4x10° 3.3x10° 1.2x10°
Photosensitivity 6440 978 543
Photoresponsivity(mA/W),max 887 516 419

Table 1. Fundamental device parameters of OPTs using IT—4F and PTO2
blend semiconductors with different bled ratio; 2:1, 1:1, and 1:2 wt%
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