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Improving the Carrier Mobility of Pentacene Thin Film Transistors by Surface Treatment

of Polysilsesquioxane Gate Dielectric Layers
by

Daisuke MicHiura*, Yoshio Nakanara*, Kazuyuki Uno* and Ichiro Tanaka*

We improved the carrier mobility of the pentacene thin film transistors (TFT), which were fabricated with
polysilsesquioxane (PSQ) gate dielectric layers, from 0.082 to 0.31 em’V's! by treating the PSQ surface with
ultra-violet irradiation (UV)/O5 and 1,1,1,3,3,3-hexamethyldisilazane (HMDS). It was found that the PSQ layers were
flattened by the UV/O; treatment, and the PSQ surface became hydrophilic at the same time because the organic
functional groups on the PSQ surface were changed to hydroxyl groups. The grains of the pentacene films deposited on
the UV/O;-treated PSQ surfaces were found to be as large as a few microns. However, the carrier mobility of the
pentacene TFTs was not so much improved as expected from the largely grown pentacene grains probably because the
hydroxyl groups scattered the charged carriers. In addition, the off-current of the pentacene TFTs increased by 4 orders
of magnitude. It is thus considered that the hydroxyl groups also worked as hopping sites for the increased off-current
which flew without the gate voltage. On the other hand, the carrier mobility of the pentacene TFTs fabricated with the
PSQ dielectric layers of which surfaces were treated with UV/O3; and HMDS became ~4 times larger than that without
any surface treatment of the PSQ layers, and also the off-current decreased by 3 orders of magnitude because the

hydroxyl groups were changed with silyl groups by the HMDS treatment.
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Fig. 1 The molecular structures of (a) PSQ, (b) the PSQ used in
this study.

T RSB CER28E3H17H  Received Mar. 17,2016 ©2016 The Society of Materials Science, Japan

*  FIHRILRSE AT AT T640-8510 Fnak Lz

Faculty of Systems Engineering, Wakayama University, Sakaedani, Wakayama 640-8510.



RV VN ZFAFH 07— MEEBEORMUIIZ L2 X 22 VEilE b5 vV 24 0F v ) 7 &SR E 653

HlZ Lo THEEZRIHCTE 2 L WO RN H 5.

PSQ 1Z 120°C FEEDINBENC & %V L LV EA B ATRET
b BB IRE-IRFE —EE A A AT A AR e
ATDHZEICL T, EIMUUVBIRICL DT U VE
HAHEIEDLIENTED. AW TIE, Fig 1OIZR LT
MBI AT VIR LE 3 A2 7 Vnxv T LEed: 10O
BIETHT S PSQ &2 Z TET D4 — iz T
WHIREEIT > 72, ZORER, PSQ 7 — MkEOLKE
Z UV/O3 EA~FHAF LY T H L (HMDS) TALELT 5
ZLICEST, RUZY TET OF v U 7BENE 21k 1
SHBHZENTE.

2 ZEBRAE
Fig. 2ICAMFZE CIERL U 7=~ # & U TRT O 2 7R
J°. PSQITE )0 T HmAI30000 b D& L.
T, KO TAEAICHA NI AFr LT XU N T
7V L—hk (TMPTA) L BB O m L v 7L a—LE
JAFNTZ—F LT T — | (PGMEA)Z (K%L : 40
BIETRAL, TZICEGHEAE LTI-E Fr¥ v
Ju~FIUNT 2= R EIwL%IN A, & 5HIT33
wt.%DPSQ A IEME S BT ER A T L7z, WiTn -Sikk
WaET7 & b CRERES L%k, BRI ARET

LNy 77— 7 yEBRIZRL, #KTY A LT,

eV TIER 2200 UV/I0, 7 U —=v 27 Lz, D,
PSQIRIE 2 /0.2 umdD 7 ()L 4 —Z 5@ L TR B2
TL, 307000 pmTAE L a— Lz, 2Dt%, &

FFEFAR T To0r SRR & B L CPSQAE EHA S H -,

Z DS OIREE 120 mW/em?, LR I13365 nm Th
STe. ZOIFETHER L 72 PSQHME AR O fEIZ 13591.0 pm
T, WHRIIH10M Qem ! ThH o 7=,

w2, Z O PSQ MBI 185nm #5 L Of 254 nm @
SRR A KA T 20 MY T, UVIO LA T -7, &
DIZEDH, PSQ #utxlEa HMDS XS FITK 16
M < 2 & CTHMDS BLZ T 572, 26 ORELEE
DONREHERRT D72, PSQ kKD K i = % /L ¥ —Hl
&, 77— U ZEEARIEHEFT-IR), 36 L OUs1-[# 7
TISEEAFM)IZ L 2 K217 o 72,

f5t\V T PSQ #ERRIR EICE & 30 nm DL Z b LR A
BLZEHKHE Lin. RENOBEZEEITN 10 PaTHY, 4
L—hI01A/ Thotz., SHIZEFOD RIZ, Y—A- KL
A VEME LTES 50 nm O&HERE, XXV~ AT %

Pentacene

PSQ

n*-Si substrate

Fig. 2 Schematic illustration of the fabricated pentacene TFT
with PSQ gate dielectric layers.
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Fig. 3 The model for UV/O; and HMDS treatment of the PSQ
surfaces.
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Fig. 4 FT-IR spectra of the PSQ dielectric layer before and
after UV/Os; treatment.
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Fig. 5 AFM images of (a) untreated, (b) UV/Os treated and (c)
UV/Os, and HMDS treated PSQ dielectric layer.
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Fig. 6 AFM images of the pentacene layers deposited on (a)
untreated, (b) UV/O; treated, and (c), UV/O; and HMDS
treated PSQ dielectric layers.
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Fig. 7 Transfer characteristics of the pentacene TFT
using (a) the untreated, (b) UV/O; treated, and
(c) UV/O; and HMDS treated PSQ dielectric
layer.

Tl EFEZLND.  Fig. 1O RImERMETY Fig
TN THA 7 ERA 3 T 2R LT o8, Zi
b FeXFvERBD Lzl SIck32 1 Ths &L
L.

4 #%
PSQ #afE A2 A=~ Z 2 TET D% v U 7B
AWEET L0, PSQ MO KE A UV/O; B LD
HMDS TR 5 HiE A aT L7z UV/O; /LB L v PSQ
Mo gem o P | B L7223, B R EmnET
THERAETFAX—NENLIZ. ZhiCko Tk
WD 7 LA VISR EL 2o, TFT OX v U 7H)
XTI @< b$, HoTH 7 ERDKIFICHIMN
L7=. £ZC, HMDS iz k>, & FafxiEas v
VLVRICER LT Z A4 7 ERIZEAD L, TFT OF v
U7 BEINE RO O L TR 4 fFICm S5
ZEMTET.

il

Table 1 The surface roughness and energy of the PSQ layers and
the performance of the pentacene TFTs.

PSQ dielectric layer pentacene TFT
roughness RMS surface energy u
(nm) (mJ/m’) (em’V's™

Vi (V)

untreated PSQ 0.42 +£0.02 25.2+0.7 0.082+0.026 -29.6+5.4

UV/O; treated PSQ 0.31+0.02 42.8+0.7 0.14+0.09 -28.4+18.2

UV/O; and HMDS

reated PSO 0.31+0.01 21.7+1.2 031+0.18 -302x49
Z2 & X #
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