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Dual-layered Nanowire-Polythiophene Nanocomposite

for Organic-based Thin Film Transistor

Student : Jia-Yuan Wu Advisor : Dr. Chien-Wen Hsieh

Institute of Photonic System
National Chiao Tung University

ABSTRACT

Organic thin film transistors have attracted much attention because of
their novel applications such as flexible displays, electronic papers, smart
cards and RF tags. All these applications can be potentially realized on
large area, flexible, and low-cost substrates at a relatively low process
temperature. Conjugated semiconducting polymers operated by several
solution-based methods have been introduced into the fabrication process.
However, reliable charge carrier transport characteristics of current
solution-processed organic transistors are somehow insufficient for
practical applications. Here we emphasize on the combination of polymer
semiconductors and inorganic nanowires as an active channel medium for
charge transport, with aim of enhancing transistor performance and air
stability. A non-percolating network of drop-casted, random dispersed
intrinsic  silicon nanowires was incorporated into a spin-coated
semiconducting polythiophene polymer, poly(3-hexylthiophene-2,5-diyl),
forming an dual layer structure for the nanocomposite TFTs. Primary
results showed that low density (non-percolated) nanowire networks
could enhance the device mobility of polymer-based TFTs by a factor of 6,
and shows more sustainable in air.
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(Hydrophilic)# 5 = gx -k 44 (Hydrophobic) > # e % & 254 i I % 45 >
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SAM insulator surface treatment
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% 102 r
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’2‘0 o's' CH3'70%\ O\S‘/ _——CWs
s | ey
3 2’

Fig.1-14 HMDS3~SiOy% & h& § 1257 R HI[39]

193 £7t&% & i
7 1%L SR8 & wicfF fbottom contact & iEpE S F A LA 8 € X

%

FHR RGO Uk LT SRR RS B o

LR S LA b2 TRA G F P BAK LS e BEF
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gy 2 RHWA T s o
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.
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Single Layer Film

B o=

PQT Stabilized CNT Pure PQT-12 PQT-CNT Mixture
(a)
Dual Layer Film
PQT Stabilized CNT Pure PQT-12
(®)

Fig.1-18 &3t & /2 [49]
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31 REHF

B

Poly(3-hexylthiophene-2,5-diyl) (P3HT) H (3-¢ *=r&r2) > Uni Region
Bio-Tech(UR)

%R
1,2- Dichlorobenzene 99% #5-= % ¥ > ACROX

i

AW

Octadecyltrichlorosilane 90% i + A= 4 - 7 # = ALDRICH

Cl.
J,SQWNW
CI” ¢ A~ = 51 (53]

Toluene 99.8% 7 * > TEDIA

1-Octanethiol 97% % ‘=4 f% » ACROS ORGAINCS
2-Propanol £ 5 f% > J.T.Balcer

Acetone [ A > J.T.Balcer

Hydrofluoric Acid 48% (HF) & & f& > Uni Region

Si Nanowire # % 3} 4 > Provided by Dr. Ken Ogata, University of

Cambridge
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3-27 ##4E£K (Fig.3-2f)

% B 7 &4 (Thermal coater) %45 £ 6 5 & Cr/Au ¢
5nm/50nm - Z4gi# ¥ 5 Cr:bA s, Au:10A /50 & TR B/ ¢
500um/20pm > 485 & B-FleES B F S4BT E A R TR EHRB o
3-2.8  #cd gl #2(Lift off) (Fig.3-2 g)

Mg TR R~ G IR A AR W A S e
35mins ARg AP E > RFARTERTOEMINS = T &2 ¢t
e g BERLY G TEHY TR L BRAFID R

- KF BAMBAROE % A AR AT EAF5minsc £
2z 3 45 (Hot plate) 60°C & 4c 441 hr -
3-29 & % & mJ2 (Fig.3-2 h)
Penicke o RRE-RIE REZLSZRF LAF PS4
2o AAPERE B BARPMDEHRAPEAT RLE Y B
1-octanethiol 97% 5iF /# » 10 ML ® $7R {e3= 3 210 mins > £ #-A 5 3
»EEiE20 mins > 2T F R R ER R BEMFEFRREKRESL

BT E > BT FERAARET Y - B oo
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3-2.10 ¥ 7% % % (drop-casting)# % 5t &3 7% (Fig.3-21i)

%W""@;" <

Fig.3-1 i % % f inde

M- B EFEALOML B PR 6 G 3 K R 7R
F20 s @ 2 ARBMETT A 0 fes 25K AR - 3 F 12 Single
channel pipette (PZ HTL S.A)) S B~A % iF 3 3 %t s cp A4 + >
W - LR R PRI o ok B R (OM) 8 -k LR R R Y
AB2e U E R N S TR R o g S - AR E AR &K 4
» oF sl g [54] [55] -
3-2.11° RIEAJE (Fig.3-2j)

i * RIEF V83 &%) & ‘u;‘ﬁ“d g §F Ripinkae 53 42%
5 5200Wo 5 #ie * O,50scem > 4 % gl 5180s 3=t o
3-2.12 HFE2 (Fig.3-2]))

#-Fm e » HF(48%) : H,O= 1:40 ;R{-i3%50s H p ehd 3
i SINWsHEfz 7 Eeng i &> % 7 % A L BT 5 Si0 8 4%
éﬁ o
3-213 %%k 4 & A2 (Fig.3-2K)

#10 mL® ¥ #2710 mg octadecyltrichlorosilane 90% 2 fr#53 &
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20 mins > £ B AE e r F @12 hrs > L 2 /) > 0T ¥ 2 BAMR
R BEFNFEIFIRREL R RILCE (WA SRR
Contact angle =108") > £ 2 @ ¥ 2 & & fR it 2 ¥ 4o £#460°C %21 hr o
3-214 mpxEEWE (Fig3-21)

&+ % 4a(Glove Box)p #-= % LA 1+P3HT (Uni Region Bio-Tech)

A F F o fe B kR 518 mg/ml r2spin. coating ™ T AE b iU

frt.
w
(=i
)E_p
|

p e 2k (Self-Assemble Monolayer) 2 % 5 & 2. =i > H
FEf< % (500 rpm, 10S) > % = FE £ 5 (1200 rpm, 60S) - 2. f6 3% 4+ 2
$8 P 2 (Hot plate) + 4e 4 5] 150°C 2 #55 mins» & a9 L' 5 3 8 -
B p (I RE RGP T EEEFME T o b heriR g 18
B RPEERFFFEEALR R SR ?ja’@ﬁi%]x T e et
#i" [56] [57] <
3-2.15 |-V e
OTFT~ £ 2. g in-T B & R(I-V curve)if] £ » 2 # * 518 Agilent
4155C 348 S 4/ 47 & » 5 2 RIB N T it ¥ Drain T B Vp (Gate
TRV : % 58011 2 ﬁ‘%] N2 i lp¥tGate T B Ve (Drain® BVp & 3

PEE) KRB LT -
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3-3 RERRE
£ 2 $#(Mbraun Glove Box)
Lk E F IR RV REMNRE Gk (K F E ¥ <0.1ppm)s &

N g L R K (P3HT) 2 %% 4z (Hot Plate) 4 i3 4 -

# g & &P & (First ten angstroms FTA-1000B Contact Angle

Meter)

B R

B2 5 B F 2 A o R R Rt b

‘Lﬁ

)j‘ A e THER & R fP £ RIS
Mgl M gl BRI E R A e o ded RIE kRS R

LGB b T B BEAT f G b P AR 2

BT B G g a0 e BN & e ) o ALK R0 7Y

o) TR B 8 A

Xk #sst % (Rigaku D/MAX2500 X-Ray Thin-Film

Diffractometer)

Xk ot R A" TR REFRIT > B L FRE T L Lok
o ke %ﬁ LAV R s B RRAL G = B 3 R enskdp o # j\ﬁ’_‘”‘i’ﬁ L

ARG e 304 F 5 o XSk M & & o484 (Grazing incidence

S

X-Ray Diffraction)d 2% £ ik £ 3 * 4 4s (Cu ko » A=1.54A):& 7| & >

4 3°% 30°%F 5 -
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B =+ # BEpksk (Bruker, Innova Atomic Force Microscope)
AFM i 48 d X AR AR D s AT e A o F R A R
kB RPN BERGEE GiE RS Fenitr 4 Fldp

PALRFEEELR BT vy 4§ RFS LT S B

A

TEREL R OF MAKRRFS T T RS A FEFAFFSERE
FEd {7 AL AT BEHEOR I MBAITE A D 2

et T As 1 GBS Ak o

L g 284 157 R (Agilent 4155C  Semiconductor Parameter

Analyzer)
FU#* Agilent4155C L 18 S el {71k = 1UE 454 B iRiE ~

PAm o - SRR AT AR R B ke T OTFT AR in$ix

1o-F 18 T & (Ip-Vos) & W &-h ik 7 & (1p-Ves)Z & 128 B ©
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!
[ kL SR ] [ o ]

| )

X 5k B G gt ARk

[ b2 ] J BT Bsi s

FHAE S MR

40



AR EWT WA B n AP (100) A4 KiaE T b
WRE BEARE - F F  BF T F AP RITERL A
T £ A w % 500um 22 20pum o 45 F 1k S 58 G R PSHT
R AR AR e Figd-1 A1 o 12k B B et (OM) = 357 L

WA 2 F RenA FfF 4o Fig.d-2 S o

« 1
Semiconductor
W

| Source 74, L _ | Drain J

Gate insulator (Si0z2)
Gate (Heavily n-doped si)

Fig.d-1 35~ B

Fig.4-2 OM & 32 2 X s 4 # 35 Scale bar (a) 100um (b)
50pm (c) 20pm (d) 10pm
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FELEIZ AT LR FETHE a,ml?iﬁi%] FIt A B
1% JF 5% % fF (drop-casting)#-2 F R E > F P BRF A2 T rigig?]
Il R ps-Vas 2 lps-Vps s 0 H ¢ Ipg-Vgs o A 1&(Ves) £ +20V
FF 31-40V> @ lps-Vps ¥ P F4E 0V 3[-40V-3d 3 52 £ & %) 5 500um
27 20pm © Fig.4-3 4 # 2 5K T H 8 5§ PSHT 4442 ey o1 df 4+ 7
Fig.4-4 R -2 4 > 3 ;q‘ffs‘%wﬂﬂi%]ﬂzé' Roodiod RRVERIZ FAR

K e N=0.4 (N/10x10pm*)4p o & 2 & M AT e = 7 #B 2 § o

(a) IDS'VGS (b) Ips-Vbs

10° ds{-5) —Vg(0)
—Vds(-10) -1.0x10% 4 ——Vg(-5)

—Vds(-15) —Vg(-10)

10* 4 —— Vds{-20) ——Vg(-15)

—— Vids{-25) 4 -\ g(-20)

Vds(-30) -80x10" 4 ——vg(-25)

7 — Vds{-35) ——Vg(-30)

10 —— Vds{-40) ——Vg(-35)

- —Vg(-40)
-6.0x10"

o -
L ot <
3 "%
hd S
= 4.0x10” 4
10°%
10" 4 -2.0x10” 4
10 T T T T T T T T T T 1 0.0 4
- 7 | T T T T T T 1
20 10 0 -10 -20 -30 -40 0 5 -0 -5 20 25 30 35 -40
Ves (V) V, (V)

Fig4-3 OTFT =i fjg % s 5 N=0 (N/10x10pm’)2 T 1.5 31 o 4t

(a) IDS'VGS (b) IDS'VDS » W/L :500um/20um
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2 ABAR S 0.410x10pm” 2§ X CEI

(@) Ips-Vas (b) Ips-Vos

5 1
10 szz_%) -6.0x10° 4 — Vg0
——vges

Vds(-15) — Vgg-%)

10° xgzzgg; -5.0x10° - - w;ﬁ;

X — Vgt

Vids(-30) —— Vg(-25)

107 Vds(-35) s oengs —— Vg(-30)

Vds(-40) 40110 —— Vg(-35)

— Vg(-40)

< 10° < 3.0x10°
n w0
-Q ~.Q

10° 2.0x10° 4

107 5 -1.0x10°

10 M T T T T T 1 0.0

20 10 0 10 20 30 40 0 5 10 15 20 25 30 35 40
VGS (V) VDS (V)

Fig.4-4 UWTiﬁaﬁﬁﬁﬁﬁNﬂA@MMwmﬂiiﬁﬁmﬁ

%ﬂ(a) los-Ves (b) Ips-Vps WI/L =500um/20um

St 2 RO BEF R O S A e o BT R B (Hysteresis)« gk ¥ :x
£ > 4o Fig4-5 2 Fig.4-6 #77 + Fig.4-5 % 1t i % 3 % N=0'2 N=0.4
(N/10x10pm’)** Vps = -40V 2 lpg-Ves b &2 & o SR fp BT g
TR E AR T BB A NS0ARTE Rl A B & R
H- S AT RBFFFRETEZNSFLIAFLSCE - KEFTRB

A PRI FHRT AR Z

s

MBLGE 2 ATIEAR T e E IR
ﬁﬁm?%%ﬁﬁw%ﬁj’?E&ﬁ¢iw®%%¥i£f’“%
MARS T LRGSR ORI R £
Br oty § TETHIT PRER U SRR T R
JmH #(Trapping) shB2 55 F1Mt e R R K w 2w ca e T i 5 3T o

BF I R B :c L cFig4-6 5 2 F &% A N=0~0.4 (N/10x10um?)>* Vpg
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= 40V 2_ lps-Ves & & > Bl? F m A B 5 EF e Lo 0 ¥ f I

RMACH TR B T OARIRIT o

RAEFRERA L 04/10x10pm* 2. T ik v 5 (Vps=-40V)

1E-5 : : : : . 0.0030
—s—0  Nws/10x10um’
. y
—o— 0.4 Nws/10x10um I 0.0025
1E-64  —e—0 Nws/10x10um?
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oruard L 0.0020
1E-7 4 Der )
- ‘ <
§ 0.0015 o
- —
=~ 1E-8 4 »
Q
Lo.ooto =
1E-9 4
L 0.0005
1E-10 ~frecosergprerroy 0.0000

20 10

Fig4-5 ‘v fmz tamerz fampa s N=0.4 (N/10x10um?) > Vps

=40V 2. § MdE e A > W/L =500um/20pum

PRFARBR 2 lps-Ves T SL 8 (Vps= -40V)

Density (N/10x10pm>
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Table4-1 OTFT ~# 42 k2 KRB AR T HERZ

¥ (Vps = -40V) » W/L =500pm/20pm

BEPTIS

NWs Average Mobility On/off V: S.S

density (Max Mobility) Ratio V) (V/decade)
(N/10x10um?) (cm?/Vs)

N=0 7.21x10-(7.31x107) 1.46 x10* 3.5 2.7
N=0.05 7.61x10-(7.65x107) 1.75x10% 3 3.3
N=0.1 1.08x10-2(1.11x10?) 3.21x104 0.7 3.12
N=0.15 1.25x10-2(1.27x10?) 1.65x10* -6.9 242
N=0.2 1.91x10-2(1.95x10) 1.32x10% -7.2 2.23
N=0.25 2.29x1072(2.42x102) 1.95x10* -7.6 243
N=0.3 2.49x102(2.55x102) 1.86 x10* -7.1 2.56
N=0.4 4.51x102(4.71x102) 3.17x104 -8.2 3.16
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Table4-2 OTFT A &2 ¥ ®BA 5 0.3/10x10pm’ 7 b P& F 7 £

B2 % 1 58 (Vps = -40V)

Measure Mobility On/off V: S.S
time (cm?/Vs) Ratio (V) (V/decade)
0 hour 2.55x107 1.91x10% -6.81 2.85
About 160 hours 1.83x10-? 8.12x10? -1.5 10.6
About 330 hours 1.74x10-? 6.42x10° -0.5 12.6
About 500 hours 1.62x10-? 4.57x10° -0.35 11.3
About 1000 hours 1.13x10-? 2.82x10! 2.1 22.7
About 1200 hours 0.91x10- 2.54x10! 3.8 25.1
About 1500 hours 0.53x10- 2.23x10! 15.6 31.2
About 1700 hours N N 3 3
(heated) 1.01x10- 1.07 x10- -2.75 15.8
About 1900 hours 0.47x10- 1.01x10° 1.58 21.7
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2d . SING=nA (4-1)

a
Ay = oo GE R (k)RR BE (42)

Scherrer equation: [58]

0.941

FWHM (20) = ——
D ) COSE

Dy #s 2= -] (4-3)
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NWs 26 Peak d- FWHM | Dy | Mobility

density (deg.) | intensity | spacing (rad) (nm) | (em?/Vs)
(N/10x10um?) (a.u.) (A)

N=0 5.61 1998 15.73 0.0116 | 1247 |7.31x10°
N=0.05 5.63 1315 15.67 0.0121 11.97 | 7.65x10°
N=0.15 5.54 1560 15.93 0.0116 | 1247 |1.27x10°
N=0.2 5.61 1654 15.73 0.0117 | 12.39 |1.95x10°
N=0.25 5.63 1711 15.67 0.0121 11.97 |2.42x10°
N=0.35 5.64 1861 15.65 0.0122 | 11.88 |3.91x10°
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