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Absract: Herein, we report the manufacture of high-performance, ambipolar organic field-effect transistors (OFETs) and
complementary-like electronic circuitry based on a blended, polymeric, semiconducting film. Relatively high and well-
balanced electron and hole mobilities were achieved by incorporating a small amount of ionic additives. The equivalent
P-channel and N-channel properties of the ambipolar OFETs enabled the manufacture of complementary-like inverter
circuits with a near-idea switching point, high gain, and good noise margins, via a ssmple blanket spin-coating process
with no additional patterning of each active P-type and N-type semiconductor layer.
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2.1 OFET device fabrication

a2 18 Top-gate/bottom-contact +x2] OFET
ALY BAlzo|th, =2 OFET AXHe] AA/T ol
AT AR fsll A 2E|A0en 542 ol&st
o &4 71 Hol 15 nm F719 F(Au) A=t 4
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4-dihexadecyl-4H-cyclopental1,2-b:5,4-b']dithiop
hen-2-yl)-alt-[1,2,5]thiadiazolo-[3,4-c]pyridine]
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0]3% 150, 200, 250°C 27104 o3 (annealing)S =

NP

CH;
+ H,C—lI\"—CH3 .
CH;

PCDTPT

Tetramethylammonium lodide (NMe,l)

(b) Al (gate) '
e é,{"y PMMA

> (gate dielectric)

PCDTPT + NMe,|

(semiconductor) Au (source)

Au (drain)
Glass (s“berate)

Fig. 1. (8 Chemical structures of PCDTPT ambipolar polymer
semiconductor and NMeyl ionic additive. (b) Top-gate/bottom-contact
OFET device dructure with gold (Au) source/drain eectrodes and
PMMA polymer gate didlectric.
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2.2 CMOS-like inverter fabrication
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2.3 Characterization of OFET devices
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SHE| T 9HE AU LEhts 90t Bk (8
TG/BC OFET 4AAt= & 4AF £x0f H]
dast Artet F3o FYol shsat, JEiﬂ
9ol PHE A4y WANZ A w&
wEol gojy, T3t HeARlel Aole
self-encapsulation &1 5o 2]}
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£Ale] ¢34 Astols S BAjstdch 13 29
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7]5

R 0 2

(a) Pristine PCDTPT (b)  PCDTPT + NMe,l (2.5 wt.%)

10* 0.03 10* 0.03
P-type atV,=-10V &-60V P-type atV,=-10V & -60V

Sart(l,) [A™]

20 4'0 60
v, IVl

A

Fig. 2. Transfer characteristics of ambipolar OFETs using (a, ¢)
prisine PCDTPT and (b, d) 2.5 wt.% NMeyl-incorporated PCDTPT
in (& b) P-channd region a V4=-10 V and -60 V, (c, d) N-channd
region a Vq=+10 V and +60 V. Channd width and length, didlectric
capacitance of the ambipolar OFETs is 1 mm, 10 um, 6.2 nF cm?,
respectively.
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LZAE A0 ARG AL HEE 251 Wl
2ZH 2R 459 Fas sl "o 2 Aok
T 50 wt.% o]4t9] NMed 31Fe 2.5 wt.%o] H]s]
Zta® Aol o]k S WoFglon, 10 wt.% o]4t
oM ol A7 gl &% YhEA(pristine
PCDTPT)ETH 22 Zats Yepdoh ol2fst Zif=
29 o4 F7IAl= PCDTPT iLgAF ¥af R
EAiste 220 22 Astols EYRS AAATIL
AHE O] HiE 2 AT B ARIRE W) o]

=2 O O

ol=7%
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2 o 4o rlo ox X ol rif
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Table 1. Fundamental device parameters of ambipolar OFETs based on pristine PCDTPT and NMeyl-incorporated PCDTPT.

Thermal P-channel N-channel
Semiconductor  annealing Saturation mobility Threshold voltage Saturation mobility Threshold voltage
temp. [em?Vs] [V] [em?/Vs] [\

- 150°C 0.78 (£0.47) 271 (+2.44) 0.41 (+0.16) 319 (x19)
Rl 200°C 1.19 (x0.19) 32,2 (+0.78) 0.89 (+0.16) 350 (+1.0)
250°C 2,60 (£0.30) 349 (+2.60) 1.90 (0.32) 37.0 (0.75)
SCOTPT 150°C 0.66 (+0.15) 281 (+10) 0.53 (+0.24) 387 (+15)
+ NMeyl 200°C 3.0 (+2.70) -36.6 (+5.0) 2,05 (+1.20) 37.3 (+30)
(25 Wt.%) 250°C 0.54 (+0.33) -24.6 (+3.60) 046 (+0.23) 286 (+2.0)
- 150°C 0.43 (+0.20) 265 (+1.60) 0.29 (+0.08) 355 (+0.11)
+ NMeyl 200°C 0.84 (+0.40) -31.7 (+0.50) 0.75 (+0.50) 342 (+1.10)
(5.0 wt.%) 250°C 2.0 (+0.60) -300 (+2.50) 0.93 (+0.05) 35.4 (+1.90)
- 150°C 0.17 (+0.02) 253 (+0.30) 0.16 (+0.02) 36.6 (+0.20)
+ NMeyl 200°C 0.35 (+0.03) 28,7 (x0.11) 0.30 (+0.05) 356 (+350)
(10.0 wt.%) 250°C 0.26 (+0.11) -27.3 (£1.50) 0.36 (:0.10) 33.1 (£0.37)
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[ P-Channel
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Fig. 3. (8 Charge carier mobilities and (b) corresponding threshold
voltege & saturation region a8 Vq=160 V for OFET devices with
increesing concentration of NMeyl ionic additives in PCDTPT.

Aol 1At o] A% Fx27F AlRrEY] mEoltt. o]

749 ol A7AI7F 7FAA(plasticizer)Q} v 235 o

g2 sl Fol AZA AbsEol & o dEs] sAY
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ZIRFEA] 9ef of EA1E ol e 239 H0, 4F
45

I B RS0l ol=d A7l 9
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3.2 CMOS-like 2IH{E{ &% &4

ol AVIAE Z8dl dsE TR PCDTPT
SHEAlS ol 8s] ChEt AEAL Axt U A
2t MRSt 4A AR 4 9tk 33 4% 25
wt.%2] NMeqE ZA7FAIZ1 PCDTPT =4 4t
o] 83l BArst vt el A ZA glo] T
o2 A&gE CMOS-like #£29] AW{E E/do|ct. <l
B Ax 2ol 7P 71EAoln Fe3t Axfol,
03 1o gAY AEE AE HETIE 7152 28
shch. gubslo® A|AbEls CMOS QIHE = P& 1l N¥
& REOA FAEH: F 7o) EMAIAE(pull-up E

|

ﬁa
=)
%)

Output Voltage [V]
50 -50

(a) -850 ———— (
V,p = -50V
>, 40 = 140 =
) ) 5
% =0y % ) {-30 %
; 201 ; 2
=S =S 12
S 10l =1 =)
) o 0
o o v oy o
0 -10 -20 -30 -40 -50 0 -10 -20 -30 -40 -50
Input Voltage [V] Input Voltage [V]
() 60—+
s0l Vop =-50V ] <0V
40| - PCDTPT
£ 30 N-Channel
ol r Pull-Up TR
O ( p TR)
20 Vour
10+ P-Channel
| (Pull-Down TR)

0
0 -10 -20 -30 -40 -50

Input Voltage [V]

Fg 4. OMCSlike inveter characteridtics besad on 25 wt.% NMedl-
incorporated  PCDTPT avbipolar semiconductor. () Voltage trander
cuves and () corresponding gains & vaious supplied hias (VDD). (b)
Noise margins & high levd (NMH) ad low levd (NML) & VDD =-50
V. (d) Schemetic configuration of corresponding OMOS like inverter drcuit.

AR AEQ} pull-down EA|AE)Z g7} N,
ol & EHXAEQ ArEA(complementary) on &
off FAtoll oJsli o|FZIt}t. wetA QIWEE 45k
ERAAHO olz=ot FEAYA met AR 54,
% 2% &%, o]5(gain), F5 %#(noise margin,
NM) 5ol 2. oAl AHE = 35 AU (Vo)
ol 1/2 RP/gollA Aol LAY, ot dVour/dViv
02 FAEE =& o]lE it high-levelwt low-level
DO S o19E F85] A & ok 3]

ol AIINE A7t PCDTPT AA= ©F 3.0
cm?V's™ (-36.6 V)@ 2.05 cm?V's™ (37.3 V)]
1 FARY] ol E(FEAA)E 7L Q7] TiZel vl
wd= olF= PP Ng OFET=Z /g€ QIHH ﬂi—
AqA 4 ot 28 4(a)ofli= QIHE AAR] RAAY
(input voltage, V)oll & EZHAU(output voltage,
Vour) S4S LERS, Vip=-30~-50 V ZZ0A] A1
A9l Z-shape®] =g WALl ofst A% 542
&0 2930l dojut= AJR(inverting point, Viny)
-50 VO] Vpp ZZ0|A oF -21 VEA °F -4 V A
H+)0] YO o5 e 2 4 9lom, of P
OFET®] o]£%7} Ng®CI: 22 =7 U] o
olc}. IRk ool A9l%] AMQl -25 Ve 2 A}

l‘-|D ogk I-H o &
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