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Fabrication of high mobility OFET device using Viologen based N-type dopant

Dong-Hyeon Lee

Dept. of Graphic Arts Engineering, Graduate school,

Pukyung National University

Abstract

Recently, a lot of studies have been conducted to improve the performance of
an Organic Field Effect Transistor (OFET) device."!! For example, One of them is
about controlling a molecular structure through organic synthesis. Another one is
that by using an additive, it induces a charge carrier; 'a doping effect' and
improves the crystallinity of the thin film by controlling the molecular
arrangement of it. In this study, we conducted a study to develop a high
performance OFET device by using an additive that inducing N—type doping. In
particular, we investigated the effect of viologen with strong N - type doping on
the performance improvement of N — type organic semiconductor transistors by

various actions such as the generation of free electrons and the plasticizer effect.
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Figure 2. Schematic diagrams of OFET
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Figure 3. (a) Schematic and (b) Operation mechanism of OFET
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Figure 13. KEITHLEY probe station in our lab
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Y. AAFA (XRD: X-ray Diffraction)

X-ray © =2 =3 HE 2 Fol ¥ dS doTA HH HdAr|ve

P
o,
=
E
0Q
o
=
)
=
=
=
2
10
I
o
=)
iy
o,
>
il
10
i
o,
oF
-/
N
alk
[N
AL
rlr
(o
>
o~
Y
o
N
s
2

A% G A9 X-18 ool YAAoR EASW X-4e AR Al o
). Figure 14. ol 4 9AHE X4 1.2 ¢ shgo] Az F5ul7t 519 kel 714

aytol] o8] ZalA A ¥ ZF=(ntensity)”} IA YERIT]

2dsin® = nA

X
Lo
hincs
>
N
=
=)
1}
ol
5
T
==

N =X-H9 g d= 94 4 6 = X-

- 22 -
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25 H d & 57T F Utk 284 BF A B w3 5 28 T x=
Algel FFo wel ZdEkA yely= Z=(ntensity, Peak) = E#o| 7[A]&= 1179
Frolth. BE9 XRD += X-ray generator(X-A1 2A7]), Goniometer(Z}= 205 4),
Detector(X-41 A|7] =4), Control/Data Processing Unit, Computer(AH¢] AAF &-=])=2
T/45ol Atk 71E9 XRD = FUste Zkeol w52 AxoA X-A& &5
HH Almo 48 948 4 IA W Out-plane 3ol 1 94 dHolHE 4 F

o ==
s =

rx
1S/

4

i, GIXRD & 4 @2 A==2aX-A& xolFe] Al87} Q& L

2 2k o|n| X9} In-plane WEe| Ho|HE A4S 4 Stk o] )

- 23 -



o}, 94 718 dnu)7Z (AFM: Atomic Force Microscope)
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Figure 15. Schematic of Atomic Force Microscope
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g2t ZJA AR} 3 (UPS: Ultraviolet Photoelectron Spectroscopy)
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A & FAT S 7IEATALAT L QMl2eteE FHE o]&ste] 10~20 eV
Aol = Ao g He ARESte] AR89 JFdAH(valence electron) G99

A4E BEES sl APl A Felshs AxEe] A F At A
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PHOTOELECTRON
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Figure 16. Schematic of photoelectron emission''"!
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Iv. 23 o u3

1. §7] A7 &% EAA2H (OFEDS d714 54 37}

2
)

2 A= v A A (Amorphous) FEIY 7] WHEA] 22 & o] &3sle 7]
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Oft

3 EAAsE A4S As] 24F 54 @b sk @8 54 54

fol
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N

A3 Saturation P9 Lol i1 Ho Drain current & ¢ 4 2w Transfer
curve 9 ASE o] A ZAA A9 A EE F9 v E(Parameter)E -3

T7F Ad+=d olsE=(Mobility, ), 8 A (Threshold voltage, V), HAH](On/off
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swing < <dwul} w27 ON/OFF ol ol& 4 Ad=AE 9u|dit. o] &%}
AErl= 2 FA7F 295 F2 AAYS Yulstar £ dYd Subthreshold

swing & FAF FEEE o 249S oudt duHer FuEns 100 o4l

S

o] %3l Subthreshold swing & 1 ©o|3}9] e o £2 ATS 7HHva €3 &
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AAg a8l yM] (Width), Y Zo]  (Channel Length), %9
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Figure 17. Output curve of (a—d) N2200 (0, 0.5, 1.0, 2.0 wt%)
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Figure 19. P-type Output curve of (a-c) DPPT-TT (0, 0.5, 1.0 wt%),
P-type Transfer curve of (d-f) DPPT-TT (0, 0.5, 1.0 wt%)
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Figure 20. N-type Output curve of (a-c) DPPT-TT (0, 0.5, 1.0 wt%),
N-type Transfer curve of (d-f) DPPT-TT (0, 0.5, 1.0 wt%)
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10pum R e Vth [V] S5 [V/dec] Rat?;éziﬁ]
N2200 ©Hs 0.35 £ 0.03 19.5 2.2 21 x 107
MN2200 - BV(0.5 wi%s) 042 = 0.04 13.9 41 1.3 x 10*
MN2200 - BV(1.0 wits) 075 £ 016 a7 127 1.6 % 10°
MN2200 - BV(2.0 wida) 0.85 + 0.08 6.0 135 1.1 % 10°

Table 1. Electrical characteristic of N2200 + BV weight ratio

Mobility(sat) on/Off

10um_P type [em? AV.s] Vith [V] SS [V/dec] Ratio(lyy jof)
DPPT-TT ©rS 0.77 + 0.03 -56.2 15 x 107
DPPT-TT : BV(0.5 wi%) 0.35 + 0.05 -53.8 1.0 x 107
DPPT-TT : BV(1.0 wt%) 0.17 % 001 -51.6 35 x 107

Table 2. P-type Electrical characteristic of DPPT-TT + BV weight ratio

Mobility(sat) On/Off

10um_N type [emZ AV.s] i 55 Mprec] Ratio(Iya oft)
DPPT-TT THS 0.25 £ 0.01 377 9.4 x 10°
DPPT-TT : BV(0.5 Wi%) 0.36 + 0.08 225 27 x 10
DRRT-TT - BV(1.0 wi%) 0.5 + 0.06 307 16 x 10°

Table 3. N-type Electrical characteristic of DPPT-TT + BV weight ratio

(a) ., , __ (b

T T T T T 0.8 T T
s _
os| -
07 b -
051 4
= % ) e { £
E £ 3
= 07r . § . ] =
5 osf {15 =
2 £ o4r 1 2
[Ul) L
05| ] 0af 1 ozl .
0a} 1 0z -
T
33 1 1 1 1 51 1 1 1 DE 1 1 1
BVOwt% BVOSwte BY10wi% BV 20wk BVOwt¥% BVO0.Swtd BY 10wtk BVOwit% BV0.5w% BV 10wt

Figure 21. Charge carrier mobility distribution of (a) N2200 and (b) DPPT-TT
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2. CMOS Inverter 714 EA H7}

DPPT-TT @ ambipolar 4 ERAMS 0|83 Figure 4. o Ygd CMOS

Inverter A2A2 A& st] A7]A EAL geolstdu 9 3etv e (Parameter)$!

ul

Inverting A% [Vinv] ¥ Gain gk, 28]a 22 A9k, #A At ztzbo Aol &2 &4 (High,
Low Noise margin[N/M] & 33 tHVop=-50 V). BV $F&Fo] 0 wt% AAFe] 4%
Vinv ©] -18 V 2 thAh P-type EA4o] N-type EA KX} 7435t N-type 2A7F 4
AAE AL st & 93l Gain #2 48.4, High N/M = 344 %, Low N/M =
43.2 %= A &&S 1T 4 AT 0.5 wte FEFo]l M7t Inverter AAE
OFET £&#¢} uF37}A 2 N-doping @42 & 218 Viny 0] -25 V & 5713 A5 Ko}
N-type 5A4°] Zafizitt= A& &0 = UL Gain = 45.6, High N/M = 37.6 %,
Low N/M = 45.2 % ¢ &&% 7Ptk 1.0 wt% &9 225 =7 © N-type 40|
Al -28 V o Viy &2 0.5 wt®et & Aol $IXIRF Gain = 38.2 High N/M =

31.6 %, Low N/M = 38.8 % 2% Viw = A3 & T8 EA L ZAdE AS

il

Hol 0.5 wt%? 3steFollA DPPT-TT inverter 2~A7}F 243 Ambipolar &2 %A T

$5E 4 Ueths A9 S908 4 g9t
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Figure 22. CMOS Inverter (a,c,e) transfer characteristic and (b,c,f) Voltage gain of

DPPT-TT (0, 0.5, 1.0 wt%)
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Channel length = 10pm

Widtgn;c:;"‘:ﬂos 2 Invertln[%]voltage Gain mgg:]gir:%:]? kﬂo::gl;l:(l;?
DPET-TT HH5 -19 £ 1 -32.8 34.8% 42 5%
DPPT-TT : BV(0.5 wid%) 25 £ 17 -46.2 38.1% 46.5%
DPPT-TT : BV(1.0 wig) -267 15 -499 34.3% 42 8%

Table 4. The performance of the DPPT-TT+ BV wt% CMOS Inverter device

Imierting waltage [%]

20 [ 1 . ] 1
BY O wih BY 0.5 wi BY 1.0 wi

Figure 23. Inverting voltage distribution of DPPT-TT+ BV wt% inverter device



3. Morphology 43 234 H7}
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e

Figure 24. AFM images of (a—d) N2200 (0, 0.5, 1.0, 2.0 wt%),
(e-f) DPPT-TT (0, 0.5, 1.0 wt%)
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Figure 25. (a—c)2D GIXRD Images and (d-e)1D GIXRD patterns of Pristine N2200,
N2200+BV0.5 wt%, N2200+BV1.0 wt%
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Figure 26. (a—c)2D GIXRD Images and (d-e)1D GIXRD patterns of Pristine DPPT-TT,
DPPT-TT+BVO0.5 wt%, DPPT-TT+BV1.0 wt%
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