-
™
<
[
-l
wd
=
™

NCTIONAL
MATERIALS M“‘"‘ 0”5
www.afm-journal.de .
www.MaterialsViews.com

Efficient Charge Injection in Organic Field-Effect Transistors
Enabled by Low-Temperature Atomic Layer Deposition of
Ultrathin VO, Interlayer
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Charge injection at metal/organic interface is a critical issue for organic dﬂ es, be T res gm
electronic devices in general as poor charge injection would cause high l r,ré ql dﬂ es, 9 gr w;vl& r;«|* 4 ¢
contact resistance and severely limit the performance of organic devices. In éj- sev Ci'v‘ pede fe 4 ¢
this work, a new approach is presented to enhance the charge injection by ,< tn atgeln @i @ d kg e
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using atomic layer deposition (ALD) to prepare an ultrathin vanadium oxide dc:' vy g pecd ¥ p gahmf
(VO,) layer as an efficient hole injection interlayer for organic field-effect uﬁ)uf it HrrE & 5 ‘ﬁj f 5
transistors (OFETs). Since organic materials are generally delicate, a gentle flﬁ %gt rs ( FE g). ] i g frcg st
low-temperature ALD process is necessary for compatibility. Therefore, a _ dé t S der foe d_? dén _g
new low-temperature ALD process is developed for VO, at 50 °C using a Leham el e, LB 0 FE s, ® d

highly volatile vanadium precursor of tetrakis(dimethylamino)vanadium and
non-oxidizing water as the oxygen source. The process is able to prepare
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highly smooth, uniform, and conformal VO, thin films with precise control FE s, o erea Jgs r»'n c@
of film thickness. With this ALD process, it is further demonstrated that the & ;E A ccdcd 'H
ALD VO, interlayer is able to remarkably reduce the interface contact resist- ‘V“ ‘I L‘ ® ‘) I e
ance, and, therefore, significantly enhance the device performance of OFETs. - : lln -é ; ;"rﬁ: : ” —,z ¢
v A
Multiple combinations of the metal/VO,/organic interface (i.e., Cu/VO,/ ( Cr‘zu 19) J: IECJ' e :rf;:‘:h T;np 1 zr ;
pentacene, Au/VO, /pentacene, and Au/VO,/BOPAnt) are examined, and 1]' % d jgcr ‘.{ﬁ J g. “"I'C_kg_h .
the results uniformly show the effectiveness of reducing the contact resist- ted v, Ger fﬁa & 'idpv}'c ‘]iq cd
ance in all cases, which, therefore, highlights the broad promise of this ALD at jm* e/ g It Jn e VF“Q“
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Figure 3. a) Schematic illustration of the bottom-gate/top-contact structure of the Cu/VO,/pentacene OFET device. Output characteristics of Cu/VO,/
pentacene OFETs b) without VO, (i.e., 0 cycles) and with c) 20, d) 40, e) 60, or f) 80 ALD cycles of VO,, where Vg was varied from 0 to —60 V, in steps
of —10 V. g) Comparison of the associated transfer characteristics (Vp = —60 V). h) Variation of the field-effect mobility (urg) obtained in the saturation
region (Vp = —60 V), and the low-field mobility (4o) and contact resistance (R;) extracted by YFM.
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4. Experimental Section

Atomic Layer Deposition of VO,: VO, thin films were deposited in
a home-built tubular ALD reactor at 50 °C. V(dma), and H,O vapor
were used as the vanadium precursor and oxygen source, respectively.
Both of V(dma), and H,O were kept at room temperature in glass
containers, respectively. During the deposition, V(dma), was delivered
into the deposition chamber with the assist of purified N, gas (through
a Gatekeeper inert gas purifier) as the carrier gas, whereas for the H,O
vapor, it was first delivered into a =5 mL gas trap, and then delivered
into the deposition chamber. Thermal oxide wafers (i.e., Si wafers with
300 nm thermally grown SiO, on top) were used as the substrates for
studying the deposition behavior. Prior to the deposition, the wafers
were treated with UV/ozone for 10 min.

Characterizations of VO, Thin Films: Film thickness was measured
by X-ray reflectometry (Bruker, D8 Advance). RBS was employed to
determine the stoichiometry of the VO, films deposited on glassy
carbon substrates. The RBS experiments were performed in the Heavy
lon Institute at Peking University, using 2.022 MeV helium ions as the
incident ions and collecting the back-scattered signals at the scattering
angle of 165°. XPS (Thermo Scientific, Escalab 250Xi) was used to
analyze the chemical composition of the deposited films. AFM (Bruker,
MultiMode 8) and SEM (Zeiss, SUPRA55) were used to examine the
surface morphology and the film conformality, respectively.

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Fabrication of OFET Devices: OFETs were fabricated with bottom-gate/
top-contact configuration on SiO,/p*-Si (100) substrates, where the p*-Si
and the thermally grown SiO, (250 nm or 300 nm) served as the gate and
the dielectric, respectively. The SiO,/Si substrates were first sequentially
ultrasonicated in acetone, isopropanol, and deionized water for 10 min each,
and then treated with UV/ozone for 15 min. The SiO,/Si substrates were then
immersed in 0.1 mol L™ octyltrichlorosilane (OTS) in toluene for 15 min at
60 °C. The OTS-treated substrates were immediately transferred into the
vacuum chamber (base pressure 2x10~ Pa) for the thermal evaporation
of =70 nm pentacene or BOPANt as the organic semiconducting layer. The
evaporation rate was maintained at 0.3-0.5 A s™.. On top of the organic layer
(pentacene or BOPANt), an ultrathin VO, layer was deposited by the ALD
process as above. The total cycles for ALD VO, were systematically varied, in
order to study the thickness dependence of VO, for the device performance.
After the ALD of VO,, =50 nm of source/drain contact metal (Cu or Au) was
finally evaporated through a shadow mask. The channel length and width of
the OFET devices were 100 pm and 1000 um, respectively.

Characterizations of OFET Devices: Output and transfer characteristics
of the OFET devices were measured in dark, by Keithley 4200-SCS
semiconductor parameter analyzer equipped with a standard probe
station. To study the device shelf lifetime, the fabricated OFET devices
were stored in a dark box at room temperature with 25% humidity.

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.
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