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Novel polymer semiconductor films and related field effect transistor devices

YE Jianchun', ZHOU Lizhao®’, LI Wenwu?’, OU-YANG Wei'
(1. Engineering Research Center for Nanophotonics and Advanced Instrument, Ministry of Education,
School of Physics and Electronic Science, East China Normal University, Shanghai 200062, China;
2. Key Laboratory of Polar Materials and Devicesn, Ministry of Education, School of Physics and Electronic
Science, East China Normal University, Shanghai 200241)

Abstract: Thin films using a novel organic polymer semiconductor (DPPTTT(poly(3,6-di(2-thien-5-y1)-2,5-
di(2-octyldodecyl)-pyrrolo[3,4-c|pyrrole-1,4-dione) thieno [3,2-b] thiophene)) were prepared by a solution
process and characterized through different techniques. It was found that the thickness, surface roughness,
and Raman peak strength of the semiconductor films changed with the solution concentration and rotation
rate. The polymer semiconductor was used to prepare the active layer for p-type organic field effect
transistors; with these, the influence of channel length on critical transistor parameters (i.e., carrier
mobility and threshold voltage) was studied. It was found that the effective carrier mobility was the highest
at 0.12 cm’/Vs when the channel length was reduced to 50 pm. With a decrease in channel length, both
carrier mobility and threshold voltage tended to increase, which was contrary to the short channel effect.
This paper may provide new perspectives for better understanding the physics of field effect transistor

devices.
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J5. B 2R AMENT S0, VR AL )2 2 10 B8 AT 20 min DBk 25 T GESR B3 A0 A HLAY I

PASERNEER, BLE 5 mg/mL F1 10 mg/mL PIAHER EE Y DPPTTT K, 76 I T I A #E i
Fiwg P I 5], S5, R85 No/Ar WFEF T, DL VEIS W aE 7 VE RIS, 8k A B 2L — R
SR DPPTTT W, HAETFEM T ET 150 °C BB B K 30 min PAIE 21 S 44 3
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F6 58 L. e e X AR 2] DPPTTT # i 17 SEM(Scanning Electron Microscope), AFM( Atomic
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1, L5 R R SRR R0 S5 4 =X 00 1A 1. 15 B AR AR, 153 3 TR [ E 1 B (L = 50~300 pm) 45
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Fig. 1  The schemed structure of the device and the constitutional molecular structure of DPPTTT, the channel
width (W) is 1 000 pm and the channel length (L) is 50~300 pm
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a) AR E A 10 mg/mL, §553 K
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2 AT ZZECR 20 A P AR R SEM K (
2 000 r/min; (b) #EMIKE R 10 mg/mL, %1_#7 4 000 r/min
Fig. 2 SEM top views of organic semiconductor thin films with various deposition parameters
(a) Solution concentration of 10 mg/mL, rotation rate of 2 000 r/min;

a .
(b) solution concentration of 10 mg/mL, rotation rate of 4 000 r/min
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Kl 3 BCB MBRAUARRE T2 S8 T8 21 00A Pl AR AFM [&: (a) $% 3% 2 000 r/min ) BCB #%; (b)
AR B R 10 mg/mL, ## K 2 000 r/min; (c) #f 5 WEE R 10 mg/mL, £33 K 4 000 r/min;(d) £ 5 #E R 5 mg/mL
¥R 2 000 r/min; (e) FESHE N 5 mg/mL, ¥4 4 000 r/min; (f) FEMAHRE R 5 mg/mL, §33# 4 8 000 r/min
Fig. 3 AFM graphs of BCB thin films and DPPTTT thin films with various parameters:
(a) BCB thin film made by 2 000 r/min;

(b) solution concentration of 10 mg/mL, rotation rate of 2 000 r/min

(¢) solution concentration of 10 mg/mL, rotation rate of 4 000 r/min;

(d) solution concentration of 5 mg/mL, rotation rate of 2 000 r/min;

(e) solution concentration of 5 mg/mL, rotation rate of 4 000 r/min;

(f ) solution concentration of 5 mg/mL, rotation rate of 8 000 r/min

Pl 4 JIT 718 SR AN (] VR0 T R 3 45 2 Y DPPTTT i 50 AR G AEURE B2 1) oA MIAD 4 _Iu%tﬂ
TEREH D 4 000 r/min B SRR, P VB0 HE 6T FREAR X RELRE JE2 1% 52 0 LU S Ay 52 M) 22K T 24 5 i
4000 r/min i, 5 S5 FEAF X AEL R J3E F4) 2 ) B9 8 G 2 ) S K
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2.1.2  HRER
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Fig. 4 Roughness of DPPTTT thin films deposited by various solution concentrations and rotation rates
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K5 AR TZESECT R 00A YL S A B AT SEM [&: (a) BN 10mg/mL, $3# Hh
2 000 r/min; (b) FEFLIREE N 10 mg/mL, #5384 2 000 r/min; (c) FE A E A 5meg/mL, #3344 2 000 r/min
Fig. 5 SEM side views of organic semiconductor thin films with various deposition parameters: (a) solution
concentration of 10 mg/mL, rotation rate of 2 000 r/min; (b) solution concentration of 10 mg/mL, rotation rate of
4 000 r/min; (c) solution concentration of 5 mg/mL, rotation rate of 2 000 r/min
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Fig. 6  The thickness of DPPTTT thin films with respective to various concentrations and rotation rates
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Fig. 7 Raman spectrum of Si/SiO,, BCB thin film, and DPPTTT thin films with various deposition parameters

BeAh, I 7 ik o] LAZR Y, DPPTTT AR B RFE S S 06 A 5 B2 -5 M AY ) o T 22 R %), H
S A% U i o 5 R B 1) PR S A O (ULIRT 5 FAIR] 6), RO RS AR IS A5 F) 4 2 DA i . S [R) 2 0 8
P I R A G R LR 1
#®1 TESHTEZH DPPTTIT EEMNNESMNBMASIERE
Tab. 1  Raman shift and peak intensity of DPPTTT thin films with various deposition parameters

B R A /om! Far 2 U i P
DPPTTT-10 mg/mL-BCB-2 000 r/min 1550 1034
DPPTTT-10 mg/mL-BCB-4 000 r/min 1547 1455
DPPTTT-5 mg/mL-2 000 r/min 1 546 425
DPPTTT-5 mg/mL-4 000 r/min 1549 287

DPPTTT-5 mg/mL-8 000 r/min 1 545 243
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Fig. 8 Transfer characteristics of devices with various channel lengths from 50 to 300 pm: (a) absolute drain
current in logarithmic scale versus gate voltage; (b) square root of drain current
(V/Ips) versus gate voltage
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Fig. 9 Field effect mobility (u pp) and threshold voltage (V' y;,) as a relationship of channel length (L); the
channel width (W) is 1 000 pm and the channel length (L) is 50~300 pm
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Fig. 10  Subthreshold swing (S5S) and interface trap density N as a function of channel length,
the channel length L is from 50 pm to 300 pm.
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