ResearchGate

See discussions, stats, and author profiles for this publication at:

Boosting the mobility and bias stability of oxide-
based thin-film transistors with ultra-thin
nanocrystalline InSnO:Zr layer

ARTICLE /7 APPLIED PHYSICS LETTERS - JANUARY 2015

Impact Factor: 3.52 - DOI: 10.1063/1.4906159

DOWNLOADS VIEWS
44 45

7 AUTHORS, INCLUDING:

i Sungkyunkwan University O Sungkyunkwan University
30 PUBLICATIONS 44 CITATIONS 34 PUBLICATIONS 43 CITATIONS
SEE PROFILE SEE PROFILE
.‘ b
R ] . . .
iy Center for Research and Advanced Studies of... Sungkyunkwan University
128 PUBLICATIONS 717 CITATIONS 245 PUBLICATIONS 1,035 CITATIONS
SEE PROFILE SEE PROFILE

Available from: Shahzada Qamar Hussain
Retrieved on: 20 July 2015


http://www.researchgate.net/publication/271524073_Boosting_the_mobility_and_bias_stability_of_oxide-based_thin-film_transistors_with_ultra-thin_nanocrystalline_InSnOZr_layer?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_2
http://www.researchgate.net/publication/271524073_Boosting_the_mobility_and_bias_stability_of_oxide-based_thin-film_transistors_with_ultra-thin_nanocrystalline_InSnOZr_layer?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_3
http://www.researchgate.net/?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_1
http://www.researchgate.net/profile/Shahzada_Hussain?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Shahzada_Hussain?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Sungkyunkwan_University?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Shahzada_Hussain?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Nagarajan_Balaji?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Nagarajan_Balaji?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Sungkyunkwan_University?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Nagarajan_Balaji?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Velumani_S?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Velumani_S?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Center_for_Research_and_Advanced_Studies_of_the_National_Polytechnic_Institute?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Velumani_S?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_7
http://www.researchgate.net/profile/Junsin_Yi?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_4
http://www.researchgate.net/profile/Junsin_Yi?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_5
http://www.researchgate.net/institution/Sungkyunkwan_University?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_6
http://www.researchgate.net/profile/Junsin_Yi?enrichId=rgreq-ecebe874-99d9-4ae9-a967-e7d66739a10a&enrichSource=Y292ZXJQYWdlOzI3MTUyNDA3MztBUzoxOTEyOTgyMzk1NTc2MzdAMTQyMjYyMDQ2MzAwMw%3D%3D&el=1_x_7

AlP | e ™

Boosting the mobility and bias stability of oxide-based thin-film transistors with ultra-
thin nanocrystalline InNSnO:Zr layer
Jayapal Raja, Kyungsoo Jang, Shahzada Qamar Hussain, Nagarajan Balaji, Somenath Chatterjee, S Velumani,

A

and Junsin Yi

Citation: Applied Physics Letters 106, 033501 (2015); doi: 10.1063/1.4906159

View online: http://dx.doi.org/10.1063/1.4906159

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/106/3?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Top-gate zinc tin oxide thin-film transistors with high bias and environmental stress stability
Appl. Phys. Lett. 104, 251603 (2014); 10.1063/1.4885362

Solution-processed zinc-indium-tin oxide thin-film transistors for flat-panel displays
Appl. Phys. Lett. 103, 072110 (2013); 10.1063/1.4818724

Performance tuning of InGaZnO thin-film transistors with a SninGaZnO electron barrier layer
Appl. Phys. Lett. 102, 092108 (2013); 10.1063/1.4795127

Improvement in both mobility and bias stability of ZnSnO transistors by inserting ultra-thin InSnO layer at the gate
insulator/channel interface
Appl. Phys. Lett. 99, 122102 (2011); 10.1063/1.3643054

Dual in-plane-gate oxide-based thin-film transistors with tunable threshold voltage
Appl. Phys. Lett. 99, 113504 (2011); 10.1063/1.3636404

High-Voltage Amplifiers ENABLING RESEARCH AND
-Voltage Range from £50V to +60kV ” T INNOVATION IN DIELECTRICS,

- Current to 25A i : ELECTROSTATICS,
Electrostatic Voltmeters ' MATERIALS, PLASMAS AND PIEZOS

- Contacting & Non-contacting .
@) www.trekinc.com

- Sensitive to 1mV
TREK, INC. 190 Walnut Street, Lockport, NY 14094 USA « Toll Free in USA 1-800-FOR-TREK - (1):716-438-7555 * (f):716-201-1804 » sales@trekinc.com

» Measure to 20kV


http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1801869040/x01/AIP-PT/TREK_APLArticleDL_012115/Trek-BannerAd-APLdownloads-01-21-2015.jpg/6c527a6a713149424c326b414477302f?x
http://scitation.aip.org/search?value1=Jayapal+Raja&option1=author
http://scitation.aip.org/search?value1=Kyungsoo+Jang&option1=author
http://scitation.aip.org/search?value1=Shahzada+Qamar+Hussain&option1=author
http://scitation.aip.org/search?value1=Nagarajan+Balaji&option1=author
http://scitation.aip.org/search?value1=Somenath+Chatterjee&option1=author
http://scitation.aip.org/search?value1=S+Velumani&option1=author
http://scitation.aip.org/search?value1=Junsin+Yi&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.4906159
http://scitation.aip.org/content/aip/journal/apl/106/3?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/104/25/10.1063/1.4885362?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/103/7/10.1063/1.4818724?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/102/9/10.1063/1.4795127?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/99/12/10.1063/1.3643054?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/99/12/10.1063/1.3643054?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/99/11/10.1063/1.3636404?ver=pdfcov

APPLIED PHYSICS LETTERS 106, 033501 (2015)

@ CrossMark
&click for update

Boosting the mobility and bias stability of oxide-based thin-film transistors
with ultra-thin nanocrystalline INSnO:Zr layer

Jayapal Raja,! Kyungsoo Jang,' Shahzada Qamar Hussain,>® Nagarajan Balaji,?
Somenath Chatterjee,®® S Velumani,'* and Junsin Yi'"

College of Information and Communication Engineering, Sungkyunkwan University, Suwon 440-746,
South Korea

*Department of Energy Science, Sungkyunkwan University, Suwon 440-746, South Korea
3Department of Electronics and Communication Engineering, Sikkim Manipal Institute of Technology,
Sikkim Manipal University, Sikkim 737136, India

“Department of Electrical Engineering (SEES), CINVESTAV-IPN, Col. San Pedro Zacatenco,

Mexico City 07360, Mexico

(Received 22 September 2014; accepted 6 January 2015; published online 20 January 2015)

Extensive attention on high-definition flat panel displays is the driving force to fabricate high-
performance thin-film transistors (TFTs). A hybrid oxide TFTs fabricated using an interfacial layer of
nanocrystalline Zr-doped InSnO (n¢c-ITO:Zr) and an amorphous InSnZnO films as an active channel
is reported here. Due to the presence of nc-ITO:Zr layer, an improvement of the field-effect mobility
(86.4 cm?/V -s) and threshold voltage (0.43 V) values for TFTs are observed. Positive gate bias stress
study indicates the role of nc-ITO:Zr layer in fabricated TFTs through the suppression of charge trap-

ping capability between the channel and insulating layer. © 2015 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4906159]

Amorphous silicon (a-Si) based thin-film transistors
(TFTs), used in pixel-driving circuits to convert digital infor-
mation into a visible image, have reached their performance
limit in terms of enhancement of the display resolution and
refresh rates. Nowadays, amorphous multi-component oxide-
semiconductors are one of the building blocks of such active
matrix flat-panel displays." In particular, the ZnO-based TFTs,
including InGaZnO,2’3 ZnSnO,4 HﬂnZnO,5 and InSnZnO
(ITZO)*” have drawn considerable attention, due to their
excellent sub-threshold swing (SS < 0.4 V/dec), better field-
effect mobility (upg ~ 10-25 cm?/V-s), and higher on/off cur-
rent ratio (Ion/ofr > 107), compared with a-Si based TFTs. For
large-size, high frame rate (>240Hz) 3D and/or super hi-
vision (7680 x 4320) active-matrix organic light-emitting
diode (AM-OLED) displays, the mobility requirement is gen-
erally predicted to be over 30 cm?/V-s,? including the superior
gate bias stability during device operation. Achieving both
improvements simultaneously for ZnO-based devices are still
challenge, because of gate bias-induced instabilities,>® which
could be realized as a change in threshold voltage (Vr), and/
or Ugg, and SS. Huh et al. observed that the Ga-rich InGaZnO
TFT lead to a better gate bias stability, but had a lower upg.>
The highest ppg of 160cm?/V-s has reported in the Al/Ca-
capped a-IGZO TFTs.” However, these oxide TFTs with a
Ca diffusion normally suffer from an unacceptably large Vr
(—25 V) and unstable electrical performances.

To address these issues, we introduced an ITO:Zr con-
ducting oxide layers in our TFT devices. In this work, we
have fabricated a high performance amorphous and crystal-
line phase metal-oxide hybrid TFTs, using combination of a-
ITZO/nc-1TO:Zr thin films. The nc-ITO:Zr film can act as a

9S. Q. Hussain and S. Chatterjee contributed equally to this work.
® Author to whom correspondence should be addressed. Electronic mail:
yi@yurim.skku.ac.kr. Tel.: +82-31-290-7139.
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mobility booster, and also improve the positive gate bias sta-
bility of the fabricated TFT devices. The ITO:Zr film is a
highly degenerate n-type semiconductor, with a free carrier
density (Ny) of >10°°cm ™, and a preferential crystal orienta-
tion,'” which lead to considerably efficient charge transport in
the film. Moreover, it has been reported that ITO:Zr film has
good chemical and thermal stability.'” For a good quality of
TFT devices, one can obtain the smallest SS (0.272 V/dec),
highest upg (~86.4 cm?/V-s), and lowest V1 (0.43 V) values,
which can be achieved, through controlling the Ny and grain
size (Gg) of the nc-ITO:Zr film by optimizing the deposition
temperature. We demonstrate the influence of the nc-ITO:Zr
interfacial layer on the electrical properties and gate bias sta-
bility of our hybrid TFT devices.

The bottom-gate structure a-ITZO/nc-1TO:Zr TFT devi-
ces (illustrated in the inset of Fig. 1) were fabricated on a
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FIG. 1. Transfer characteristics of a-ITZO/ITO:Zr TFT devices with differ-
ent Ty of ITO:Zr interfacial layer. In inset, schematic structure of these
hybrid devices is shown.

© 2015 AIP Publishing LLC
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TABLE I. Device parameters extracted from the transfer curves of a-ITZO/
ITO:Zr TFTs with different T, of ITO:Zr interfacial layer.

T, Control 50°C 200°C 350°C
Ton/ofe 225x 10" 561x10" 883 %10 1.40 x 107
Vi (V) 1.05 0.84 0.43 1.37
SS (V/dec) 0.274 0.275 0.272 0.281
sips (cm?/V.s) 35.3 60.3 86.4 15.6

thermally grown SiO,/p™ " Si substrates. Heavily doped Si and
100-nm-thick SiO, were used as a gate electrode and insulator
layer, respectively. The 4-nm-thick ITO:Zr thin film (as an
interfacial layer) was deposited onto SiO,/Si substrates using
RF magnetron sputtering through a shadow mask for channel
definition. The sputtering was carried out in Ar ambient with a
working pressure of 1.5 x 107> Torr. During deposition, the
substrate temperature (Ts) was varying from 50 to 350 °C. The
RF power of the In,O3:Sn0,:ZrO, target (90:9.8:0.2 wt. %)
was fixed at 120 W. Subsequently, a 26-nm-thick a-ITZO film
was deposited on an ITO:Zr/SiO,/Si substrate using a target of
In,03:5n0,:Zn0 (30:35:35 at. %) with a power of 80 W using
DC magnetron sputtering at room temperature. The working
pressure was maintained at 5 x 10> Torr using a gas mixture
of Ar/O, = 14/6 (sccm/sccm) in the chamber. Finally, the sam-
ples were annealed in air for 1h at 300°C. A 30-nm-thick a-
ITZO TFTs (device A or control device) without interfacial
layer were also prepared for comparison. Finally, a 150-nm-
thick Al source/drain (S/D) electrodes were thermally evapo-
rated on top of the channel layer through a shadow mask. The
channel width (W) and length (L) of our TFTs were 200 um
and 200 um, respectively.

The structural, surface morphological, and elemental
analyses were carried out using X-ray diffraction (XRD,
Bruker D8 Discovery), atomic force microscopy (AFM, SPA-
300HV), and X-ray photoelectron spectroscopy (XPS, ESCA
2000, VG Microtech), respectively. The electrical characteris-
tics of fabricated TFT devices were done by ELECS EL420C
semiconductor parameter analyzer in a dark box.

(222)(400)

(@)

Intensity (a. u.)

20 30 40 50 60
2 Theta (deg.)
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Figure 1 presents a comparison of the transfer characteris-
tics for TFT devices with a-ITZO (device A/control), and with
an interfacial layer of ITO:Zr in between the a-ITZO and SiO,
layer for different Ts. The optimum hybrid TFT device, which
was fabricated at Ty of 200°C (device B), is shown as the
best device performance (high prg of 86.4cm?/V-s, low Vr of
043V, and high I, ¢ ratio of 8.83 x 107 compared to
others. The values of pigg, Vr, and I, for the control single-
layer a-ITZO TFT are obtained 35.3 cm2N~s, 1.05V, and
2.25 % 107, respectively, as shown in Table I. We observed
that the drain-current (I4) exhibits a three-fold increment
from 2.67 to 9.18 pA at fixed drain voltage (Vg4s=3V), for
the fabricated device B, as compared with the control device.
This is beneficial for operating a high-speed pixel circuits for
large-sized 3D AM-OLED displays. In addition, the interfa-
cial ITO:Zr layer are not influencing any additional defects in
hybrid TFTs, as we can confirm from less change in SS val-
ues. Table I summarizes the device parameters extracted from
the transfer curves, as shown in Fig. 1.

The improvement of parameter values in TFT devices
with interfacial ITO:Zr films are confirmed by electrical,
structural, and surface morphological studies. In order to study
the microstructure of the interfacial ITO:Zr thin films, the
XRD (shown in Fig. 2(a)), characterization was performed.
The crystal quality of the ITO:Zr film grown at 200°C is
highly crystalline, with (400) preferred orientation, mixed
with a small amount of the (222) phase. This result is consist-
ent with Zhang et al.'® and Raoufi er al.'' The (400) phase
contributes to the oxygen deficiency (Vo) state in the film,
which influencing the mobility. Furthermore, the average G
of the films at Ty=150, 200, and 350°C was estimated by
Scherrer’s equation' along the full width half maxima of the
(222) and (400) diffraction peaks, which are 28, 37, and
51 nm, respectively. Our results are consistent with previous
report on InSnZrO."> XRD investigations revealed that the
ITO:Zr film structure (phase transitions: amorphous — nano-
crystalline — polycrystalline) varies with increasing of Ti.
Generally, low temperature deposited film has the probability

FIG. 2. (a) XRD patterns of ITO:Zr
thin films at various T,. (b) SEM and
(c) AFM of ITO:Zr film deposited T;
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to form amorphous phase with small nucleus grains. The free
electron moves faster in well-ordered crystalline phase rather
than amorphous phase.'* In contrast, at higher T, (350 °C), the
matrix vibration of the multi-component oxide films is accel-
erated, leading to polycrystalline (pc) structure with large
columnar grains,'®'* which is also confirmed (depicted in
Fig. 2(b)) in scanning electron microscopic image (SEM,
Hitachi S-4800).

The influence of T, on the surface roughness of ITO:Zr
film (5 um x5 um) was investigated by AFM. The surface
roughness plays an important role in the electrical perform-
ance of the TFT devices,®!> and it has been found that the
interfacial layers with a rough surface lead to worst overall
device performance. The calculated root-mean square rough-
ness (R, increases with T, and was found to be 0.38,
0.54, and 1.52 nm for T, of 50, 200, and 350 °C, respectively,
which is consistent with the XRD (Fig. 2(a)) and XPS (Fig.
3(a)) results. The G¢ and R, of ITO:Zr films are varying
with T, which gives an evidence of improvement in film
crystallization. However, at higher Ty (350°C) causes the
surface of film to become rougher (R,,s=1.52nm) with
larger grains (51 nm), which is not suitable for TFT applica-
tion. As a result, at T of 350°C (device C) the inferior de-
vice performances (low pupg of ~16 cm?/V's, high V of
1.34V, and low I,y0¢ of 1.40 X 107), which may be due to
the presence of scattering centers™'> and charge trap sites in
between a-ITZO and SiO,. Bae et al. reported a highest sur-
face roughness of ZnO channel yields, the worst TFT device
characteristics.'” Similarly, Fujii et al. have also reported
that high pressure (1.0 MPa) annealed IGZO film shows

Appl. Phys. Lett. 106, 033501 (2015)

higher film roughness, which deteriorates the TFT
performances.'®

Further, the variation of resistivity (p) and Ny of ITO:Zr
films grown on glass as a function of T was studied using
Hall measurement (Ecopia HMS-3000). Fig. 2(d) shows that
the Ny is varied from 8.05 x 10*° to 1.01 x 10*'em ™ with
the change of T from 50 to 200°C. The p of the film is
found to decrease with increasing Ty and reach about
1.53 x 107* Q cm at 350°C. This increase in electrical con-
ductivity is due to the increase in Ng. The Ny increases with
Ts may be due to the diffusion of Sn and Zr atoms into In-
cation sites in the In,O; matrix'” and the generation of Vq.
However, at higher T (350 °C), the Ny of film were slightly
decreasing (9.21 x 10°°cm ) related with reducing Vq. The
population of Vg substitution of Sn and Zr atoms into the
In,O3; matrix are confirmed from XPS spectra of the Ols
peak in ITO:Zr films (in Fig. 3(b)). Gaussian fitting was used
for the de-convolution of the Ols peaks at 530.2 =0.1eV
(Oy), 531.7 £0.1eV (Op), and 533.1 £0.2eV (Oyy), respec-
tively.'® The Vo of the films at different T, =50, 100, 200,
300, and 350°C were estimated by the ratio of peak area
(On/O1 + Oyy), which are 21.11%, 21.89%, 23.17%, 23.91%,
and 23.24%, respectively. It is to be noted that the increase
in Vg can be implied by the enhancement of the (400) peak.
The core level of the Ols region and In/Sn ratio for various
T, (50, 200, and 350°C) are plotted in Figs. 3(a) and 3(b),
respectively. It is observed that the In/Sn ratio is increased
with increasing T. In addition, the lowering binding energy
of the Ols peak of higher Ty (>300°C) films suggests that
the microstructural changes (to form polycrystalline) due to
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the random distribution of particles (see Fig. 2(c)), which is
an evidence for the decreases in the Ny and V.

Furthermore, we noted that the interfacial film not only
acts as an electron enhancement layer but also as a capping
layer to improve the positive gate bias stress (PGBS) stabil-
ity. A gate bias stress of +15V at V4, =3V was applied to
the fabricated TFT devices for a period of 10*s to evaluate
the device stability. Figs. 3(c), 3(d), and 3(e) show the evolu-
tion of the transfer characteristics for device A, device B,
and device C TFTs, respectively. A typical positive Vr shift
(AVr) of transfer curves are observed, which may be due to
field-induced electron-trapping® and without a change in the
SS. Compared to device A (AVy=3.81V, with little change
in upg), the better stability of the TFT device is achieved in
device B (AVy=0.51V, with no change in ugg), which may
be attributed to minimize the charge trapping due to the
introduction of nc-ITO:Zr interfacial layer. The electron
trapping is dominant in device A, due to the excess oxygen
in active layer. The electrical stability of oxide based TFTs
with excess oxygen'??? in their active layers degrades due to
the defects in the channel/gate insulator interface and/or
acceptor-like defects in the bulk of channel layer. However,
the stability of device C is worse (AVy=6.62V, with huge
change in ppg) due to the induced charge trapping by inser-
tion of pc-ITO:Zr layer. The measured AVt values are well
matched with the stretched-exponential model,?' which orig-
inates from the charge being trapped at the channel/insulator
interface or getting injected into the insulator (excluded insu-
lator influences, as the high quality SiO, is used to fabricate
the TFTs). The obtained charge trapping times (t) are
1.24 x 10%s, 5.61 x 10*s, and 3.65 x 10°s for device A, de-
vice B, and device C, respectively, which are consistent with
a previous report by Lopes er al.?' A higher 7 value suggests
that the trapping of fewer electrons during the gate bias stress
which leads to a more stable device performance. The excess
of oxygen in a-ITZO channel layer induced charge trapping
during the PGBS, which may be resisted, due to insertion of
the (oxygen free) nc-ITO:Zr layer. The Zr ions act as strong
oxygen binders (higher bonding energy =776.1kJ mol™")
compared to Zn in the ITO:Zr layer,22 which might be the
reason to improve stability in the hybrid TFT devices.

In summary, a comparison on electrical performance of a-
ITZO TFTs with and without nc-ITO:Zr interfacial layer is dis-
cussed here. Optimization of the substrate temperature during
processing for the nc-ITO:Zr layer to fabricate the TFTs is
shown based on structural and electrical studies. With an
ITO:Zr thin film G of ~37 nm and Ny of 1.01 x 10*'cm >, the
best device performance (upg = 86.4 cm?/V-s and Vp =043 V)
is achieved, compared to those (upg=35.3 cm?/V-s and
Vr=1.05V) of the control TFT. Such a-ITZO/nc-ITO:Zr

Appl. Phys. Lett. 106, 033501 (2015)

hybrid TFT devices may be a promising approach for making
super hi-vision display panels.
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