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Carrier confinement effect-driven channel design and 

achievement of robust electrical/photo stability and high mobility 

in oxide thin-film transistors 

Cheol Hyoun Ahn, Hyung Koun Cho,* and Hyoungsub Kim 

Oxide thin-film transistors (TFTs) with high electrical performance, high electrical/photo stability, and low process 

temperature capabilities are required to realize next-generation display application. However, commercial available oxide-

based TFTs shows a high degree of instability under simultaneous photo-illumination and bias stress conditions, which is 

related to hole trapping, ambient interactions, and photo-ionization of oxygen vacancy defects. This study the realization 

of high performance, electrical/photo stable oxide-based TFTs fabricated at low process temperatures (~200 oC) using 

carrier confinement effect-driven ZnO/Al2O3 superlattice channel structure. ZnO/Al2O3 superlattice structures drive high 

mobility (>25 cm2/Vs) by enhancing electrical conductivity along the planar direction. Also, carrier confinement effect-

driven channel structure promoted recombination events between photo-ionized oxygen vacancies and the photo-

charged electrons due to effective carrier confinement, resulting in extremely high stability (∆Vth ≤ -0.7 V)  under negative 

gate bias temperature illumination stress conditions, even at low process temperatures. Our channel design is a promising 

approach for producing highly photo-stable TFTs for the next-generation displays. 

Introduction 

Transparent/flexible electronics have received a great deal of 

interest recently due to their broad range of applications in 

information displays/storage, physical/chemical/bio-sensors, 

lighting, photovoltaics, and batteries.1-5 Traditionally used Si-based 

devices have reached technical limits for use as an active 

semiconductor layer in some field, because of their narrow band-

gap, rigidity, brittleness, and high processing temperature. 

Alternatively, organic semiconductors have been suggested as 

appropriate materials due to their low cost, inherently low 

temperature, and mechanical flexibility. However, they have some 

considerable weaknesses with respect to their use in 

transparent/flexible electronics including low thermal/chemical 

stability and low mobility.1,6,7 On the other hand, the oxide-based 

semiconductors have gained special attention as a promising 

alternative material to amorphous Si and organic semiconductors 

because of their high mobility, low production cost, low 

temperature processing capability, and transparency in the visible 

region (Eg > 3.2 eV).1,8,9 In particular, multicomponent oxide 

semiconductors, such as InZnO,10 InGaZnO,1 and ZnSnO,11 have 

been studied as a channel layer of thin-film transistors (TFTs) for 

next-generation displays. Oxide-based TFTs have been applied as 

switching/driving devices in active-matrix backplanes for many 

prototype displays,12 such as organic light emitting diodes, liquid 

crystal displays, and e-paper. In addition, Salvatore et al.13 recently 

reported the feasibility of extremely flexible and transparent 

electronics using oxide semiconductors. Nevertheless, the long-

term instability of oxide-based TFTs is still one of the most critical 

issues under various operating conditions such as bias,14-16 

temperature,17 and illumination stress.18-20 

The electrical degradation of oxide TFT devices is attributed to 

the sub-gap density of states in oxide semiconductor layers, which 

is mainly related to oxygen vacancies with the smallest formation 

energy.21,22 Many research groups have suggested various origins 

for the instability of oxide TFTs under various stress 

conditions.20,22,23 Oxygen vacancy (VO) related defects have an 

energy level near 1 eV above the valence band, and can be 

activated even under visible light (≥ 2 eV). The photo-ionization 

process of oxygen vacancies (VO) into VO
+/VO

2+ by visible light 

donates one/two free electrons to the channel layer. Thus, large 

oxide TFT instability has been observed under a negative gate bias 

illumination temperature stress (NBITS). Moreover, the photo-

induced current makes the oxide semiconductors conductive 

several days after turning off the light. As a result, many studies 

have been devoted to suppressing oxygen vacancies by the 

incorporation of metal cations (stabilizer) with a high oxygen-

bonding ability in oxide semiconductors, and the optimization of 

growth conditions and post-annealing methods.24-28 Although these 

efforts provide improved stability with reduced VO, the resulting 

TFTs inevitably suffer from reduced field effect mobility (���). 
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Currently, the main research on the oxide TFTs is focused on 

achieving good mobility/stability at lower process temperatures for 

flexible/transparent applications. The design of artificially 

controlled channel layers, such as bi-/multi-layers29-31 and 

superlattice structures,32 has provided new potential for 

simultaneously obtaining high mobility and high stability. Since the 

trade-off between electrical mobility and photo-stability is 

unavoidable, several groups have attempted to develop photo-

stable channels using a bi-layer structure, including a high 

conducting layer (In-Zn-O In-Sn-O) and a relatively stable additional 

layer. Recently, we firstly proposed a ZnO/Al2O3 superlattice 

channel consisting of a semiconductor and insulator and obtained 

high mobility.32 In this structure, the electrons were effectively 

confined in the potential well of ZnO due to the high conduction 

band offset (∆�� = 1.71	~	2.46) between ZnO (the well layer) and 

Al2O3 (the barrier layer). Thus, the stacked superlattice film is 

expected to induce charge transport along the in-plane direction 

due to the quasi-two-dimensional nature of the charges confined in 

the well layer.  

Here, we report a carrier confinement effect driven-channel 

design by depositing different Al2O3 barrier thicknesses, and we 

achieve robust electrical and photo stability as well as high mobility 

in oxide TFTs. In particular, the maximum process temperature used 

in this experiment is quite low (200 oC), compared to other chemical 

vapor deposition or sputtering processes requiring high-

temperature post-thermal annealing. Superlattice TFTs show a ���  

of > 25 cm2/Vs, which is the highest value reported for binary ZnO 

transistors fabricated at ≤ 200 oC to the best of our knowledge. Also, 

superlattice TFTs with suitable barrier thickness exhibit excellent 

robust electrical and photo stability under NBITS along with high 

��� . In this work, we illustrate the mechanism of high performance 

in oxide TFTs with a well-designed superlattice channel. 

 

Experimental 

The ZnO/Al2O3 superlattice films were deposited by atomic 

layer deposition (ALD) at 150 oC. High-purity diethylzinc (DEZn), 

trimethylaluminium (TMA), and deionized water were used as 

precursors for zinc, aluminum, and oxygen, respectively. The 

temperatures of the cooling circulators for DEZn, TMA, and 

deionized water were 10 oC. These precursors were injected directly 

into the reaction chamber using nitrogen carrier gas with a flow 

rate of 100 sccm, which was also used as a purging gas. One cycle 

for film deposition consisted of exposure to DEZn (or TMA) (0.1 s), a 

10 s purge, exposure to H2O (0.1 s), and a 10 s purge. The growth 

rates of the ZnO and Al2O3 layers were ~ 1.5 Å/cycle and ~ 1.0 

Å/cycle, respectively. The ZnO/Al2O3 superlattice channels were 

composed of Al2O3/ZnO/Al2O3/ZnO/Al2O3/ZnO/Al2O3, as shown in 

Fig. 1 (a). In the superlattice structure, the thickness of the ZnO 

layer was ~ 50 Å, and the Al2O3 layers had the thickness of 13 ~ 108 

Å . The ZnO/Al2O3 superlattice channels deposited on SiO2/Si 

substrate by ALD were defined by conventional lithography and a 

wet etching process using H3PO4. Then, the source and drain 

regions were formed by depositing Ti (30 nm)/Au (70 nm) bi-layer 

electrodes with an e-beam evaporator. The width/length of the 

channel was 500 μm/50 μm. TFT devices were annealed at 200 oC in 

an O2 atmosphere for 2 hours. To analyse charge transport along 

the out-of-plane direction of the superlattice, the ITO/glass and the 

top-contact metal (Ti/Au) were used as the bottom and the top 

electrodes, respectively, as shown in Fig. 1(a). The in-plane current 

flow in the superlattice was characterized on the patterned 

superlattice films with vertical current blocking layer (Al2O3 = 20 

nm). Here, two Ti/Au electrodes were deposited on superlattice 

with shadow mask by e-beam evaporator. 

The electrical properties of the superlattice films and TFT 

devices were measured using an HP4145B semiconductor 

parameter analyzer. The field effect mobility (��� ) in the TFT 

devices was determined by the maximum transconductance at a 

drain voltage of 0.1 V. The sub-threshold-swing (SS) was extracted 

from the equation, SS = (���/�������), in the linear region. The 

threshold voltage (Vth) was determined as the gate voltage at a 

drain current of L/W×10 nA. For light illumination, a 150 W Xe arc 

lamp and a monochromator were used. The optical power of the 

monochromatic light was calibrated using a UV-enhanced Si 

detector and was controlled to be 0.1 mW/cm2 in the green 

wavelength (2.25 eV). 

 

Results and discussion 

Electrical properties of ZnO/Al2O3 superlattice 

Figure 1 shows the J-V curves along the in-plane and the out-of-

plane directions as a function of Al2O3 thickness in the ZnO/Al2O3 

superlattices. These current densities have quite different barrier 

thickness dependency with respect to the current direction. The 

planar current density continuously increases with barrier 

thickness, but the vertical current density exhibits an inverse trend. 

From a quantum mechanical point of view, the increase in the 

barrier thickness induces an enhancement in electron carrier 

confinement inside each narrow band gap well due to the loose 

overlap between the adjacent electron wave functions in the well 

and the large barrier height in the conduction band, as shown in the 

schematic diagram of Fig. 1(b). Also, if the barrier width in the 

conduction band is sufficiently narrow, electrons under an applied 

bias can tunnel through an insulating barrier directly despite the 

high barrier height, indicating field-emission-type current flow. 

Thus, a slight reduction in the vertical current level is observed up 

to a barrier thickness of 36 Å [Fig. 1(d)]. On the contrary, the planar 

current density is continuously enhanced with increasing Al2O3 

barrier thickness due to the strong carrier confinement of electrons, 

as shown in Fig. 1(c). If the wave functions of electrons are wider 

than the barrier width, it might be pssible for the electrons appears 

in the both sides of the barrier. Otherwise, these electrons are 

strongly localized in a well region and carrier transport is primarily 

via two-dimensional (2D)-like lateral components, as indicated by 

arrows in Fig. 1(b). The current path of an electron along the in-

plane direction will be affected by both well and barrier layers due 

to the overlapping electron wave functions. Thus, the current flow 

behavior observed in the ZnO/Al2O3 superlattice along the planar 
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direction can be explained by stronger carrier confinement with 

increasing barrier thickness. On the other hand, the vertical current 

density along the out-of-plane direction is related to the probability 

of quantum tunneling, as indicated by arrows in Fig. 1(b). 

 

Thin-film transistor using ZnO/Al2O3 superlattice channels 

Oxide TFTs were fabricated using these ZnO/Al2O3 

superlattices as channel layers, and Figs. 2(a) and (b) are transfer 

curves and figures-of-merit, respectively, for ZnO/Al2O3 superlattice 

TFTs with varying barrier thickness. The threshold voltage (Vth) was 

determined as the gate voltage at a drain current of L/W×10 nA. 

The field effect mobility (μ��)	of the TFT devuces was calculated 

from tramsfer curve measured at a drain voltage of 0.1 V by the 

following equation, 

 

μ�� = (L!"/W!"	)[1/((C' ∙ V*+	)]((dI*+)/(dV/+	))														(1) 
 

Despite its ultra-thin barrier, the filed effect mobility (μ��)	of the 

superlattice TFT with the smallest barrier thickness of 13 Å is 6.5 

cm2/Vs, which is higher than that of the single ZnO channel (~ 4 

cm2/Vs).32 As shown in Figs. 2(a) and (b), the on-current and 

mobility of the ZnO/Al2O3 superlattice TFTs are considerably 

enhanced by increasing barrier thickness (≥ 72 Å), although the 

current density out-of-plane in the superlattice structure is reduced. 

Interestingly, these on-current levels show similar trends with 

current flow along the in-plane direction in the ZnO/Al2O3 

superlattices showing the dominant electron confinement in the 

well layers. Superlattice TFTs have shown average μ�� values of 

28±3 cm2/Vs for a barrier thickness of 36 Å and 35±3 cm2/Vs for a 

barrier thickness of 72 Å, despite the low process temperature of 

200 oC. This indicates that the on-current and μ��  in the 

superlattice TFTs are mostly determined by the electrical 

conductivity along the 2D-like planar direction in the conducting 

well layers with a narrow band gap. However, the superlattice TFT 

with a barrier thickness of 108 Å  does not show typical I-V 

performance due to significantly reduced tunneling transport along 

the vertical direction, as shown figure 2(a). In addition, the off-

current level (Ioff) of the superlattice TFTs rises with the increaing 

barrier thickness together with a negative shift in the Vth. These 

results on μ��, Vth, and Ioff are attributed to an increase in mobile 

carrier density along the in-plane direction of the superlattice 

channels. 

Figures 3(a) and (b) show the out-put curves of the ZnO/Al2O3 

superlattice TFTs as a function of Al2O3 thickness. The superlattice 

TFTs with relatively thin Al2O3 barrier thickness (13~36 Å) exhibited 

general transistor characteristics. However, abnormal out-put 

behavior is observed in superlattice TFTs with barrier thicknesses of 

72 and 108 Å. Here, a negative differential resistance (NDR) is 

detected in the out-put curves under different gate voltages, as 

shown in Fig. 3(b). Recently, it was reported that GaAs/AlGaAs 

based field-effect transistors show an N-shaped NDR characteristic 

by real space transfer behavior, where the electrons have sufficient 

energy to overcome the band offset in the conduction band by 

application of a large gate bias parallel the layer interface. 33,34  As a 

result, some electrons were injected into the adjacent barrier layers 

with low conductivity, and the contribution of electrical conduction 

along the well layers was reduced, inducing an N-shaped NDR in the 

I-V output characteristics. Thus, the NDR behavior is observed for 

lower drain voltages with increasing gate bias. However, the drain 

voltage showing the NDR characteristic in our ZnO/Al2O3 

superlattice TFTs is independent of gate voltage, and also exhibits 

interesting multi-NDR properties, as shown in Fig. 3(b). Moreover, 

the band offset in the ZnO/Al2O3 may not be negligible, and thus a 

real space transition is unexpected. 

Alternatively, another mechanism for NDR phenomena 

observed at low bias was suggested in high quality, epitaxially 

grown ZnO/MgZnO heterostructures,35 and GaAs/AsGaAs36 or 

InP/InGaAs37 superlattice structures, where the NDR occurs due to 

resonant tunneling process. Also, a-Si:H/a-SiC:H quantum well 

structures38 and Si nanocrystals embedded in an amorphous Al2O3 

film39 showed the NDR characteristics by resonant tunneling. When 

the energy levels between quantized states in the conduction band 

of the wells match each other, it is expected that the tunneling 

probability is sharply increased by the resonance of the wave 

function. Figures 3(c) and (d) shows dID/dVd versus VD data obtained 

from the out-put curves of the superlattice TFTs with barrier 

thicknesses of 36 Å and 72 Å, respectively. Two NDR regions are 

observed at drain voltage of 1~3.4 V and 16.4~24.9 V for a barrier 

thickness of 72 Å . In addition, the NDR characteristic was 

strengthened with an increase of gate voltage. In the bottom-gate 

TFT devices with top-contact, the current path of electrons along 

the out-of-plane direction was affected by both drain and gate 

voltages due to the formation of a vertical field. Consequently, the 

NDR characteristics in ZnO/Al2O3 superlattice TFTs are attributed to 

resonant tunneling. On the contrary, the NDR characteristic is 

indistinguishable in the output curves of superlattice TFTs with thin 

barrier thickness, as shown figure 3. The carriers in well layers with 

a thin Al2O3 barrier layer can easily migrate due to direct tunneling 

by a strong overlap between the adjacent electron wave functions 

in the well. Therefore, it could be difficult for superlattice TFTs with 

thin Al2O3 barrier layer to exhibit the NDR characteristic due to non-

resonance tunneling transport. 

 

Photo-bias stability of ZnO/Al2O3 superlattice TFTs. 

To realize the robust channel structure with retaining its high 

μ�� , temperature stress (TS) and NBITS tests for comparative 

analysis of device stability were conducted for the ZnO/Al2O3 

superlattice TFTs with different barrier thicknesses. First, the 

instability of the temperature stress on the transfer characteristics 

of superlattice TFTs was examined. Figure 4 shows the variation of 

the transfer curves of the superlattice TFTs as a function of 

measurement temperature. Generally, the Vth of TFT devices was 

negatively shifted with increasing temperature, which was 

attributed to the generation of thermally activated free carriers 

from deep level trap sites.17,40,41 The ZnO/Al2O3 superlattice TFTs 

similarly show low Vth shift (≤ 1.1 V) in the TS test, despite different 

barrier thickness, as shown in Fig. 4. This assumed that the total 

charge trap density of the ZnO/Al2O3 superlattice TFTs is irrelevant 

to the barrier thickness.  

The NBITS tests were also conducted for comparative 

instability analysis of the superlattice TFTs with different barrier 

thicknesses. The stress condition of gate bias was normalized as 
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Vstr-Vth= -30 V was applied to TFT devices at 60 oC for 2 hours. A 

green light (2.25 eV) with a power density of 0.1 mW/cm2 was 

simultaneously illuminated in the TFT devices. The variation of Vth 

shift for the superlattice TFTs is shown as a function of stress time 

in Figs. 5(a)-(d). Surprisingly, the ∆Vth of the superlattice TFTs under 

NBITS was considerably reduced with increasing barrier thickness, 

while the superlattice TFT with a thin barrier (13 Å) show huge Vth 

shift. The superlattice TFT with a barrier thickness of 36 Å exhibits 

highly robust electrical stability, with ∆Vth below -0.7 V and no 

change in the SS values for 2 hours, despite simultaneous 

temperature, illumination, and bias stress. Generally, ZnO 

semiconductors are very sensitive to light illumination above 2 eV 

and produce high photo-current, since the existing defect levels 

related to oxygen vacancies are located about 1 eV above the 

valence band.21 The photosensitivity (P) in our TFT devices is 

compared by using the following expression, 

 

P = I1"/I*+,3456 = (I*+,'789':4;'<: − I*+,3456)/I*+,3456												(2) 
 

Where I*+,'7789':4;'<: and I*+,3456 are the drain current under the 

illumination and the dark, respectively, at a fixed gate bias of 30 V. 

As shown in Fig. 5(e), the ZnO/Al2O3 superlattice TFT with a barrier 

thickness of 36 Å  demonstrate suitable NBITS stress without 

significant photosensitivity. This indicates that the formation of 

photo-generated carriers in the ZnO/Al2O3 superlattice can be 

extremely suppressed with increasing barrier thickness. 

Plausible mechanisms proposed for the negative Vth shift of 

oxide TFTs under NBITS are to i) charge trapping/injection of holes 

in the gate-interface or within the dielectric layer,14,15 ii) photo-

desorption of ionized oxygen molecules adsorbed on the surface of 

back channel,16 and iii) transition of neutral oxygen [VO] to 

[VO
1+/VO

2+] charged states by photo-illumination.20 The sub-gap 

states in the ZnO-based semiconductors originated from oxygen 

vacancies (VO), according to first principle calculations21 and various 

experimental analyses. 42-44 The VO in the ZnO layers can be photo-

exited into VO
1+/VO

2+ energy levels under a photon energy above ~ 2 

eV, and they thereby donate one/two carrier electrons for electrical 

conduction. These ionized oxygen vacancies can easily migrate to 

the gate insulator/semi-conductor interface by means of the gate 

field, and the photo-generated electrons can freely contribute to 

charge carriers, as shown in Fig. 6(a). Thus, the huge negative Vth 

shift of the oxide TFT has been explained based on the energy level 

transition of neutral oxygen defects. In the previous study,32 we 

reported that the ZnO/Al2O3 superlattice TFTs exhibited higher 

stability under positive/negative gate bias stress than the single ZnO 

TFT due to the low defect density in the superlattice channel. Also, 

entire surface of the channel structure is finished with the Al2O3 

layer suppress the backchannel effect. Thus, hole trapping at the 

gate dielectric interface or photo-desorption of oxygen molecules at 

the back surface can be dismissed as the origin for Vth variation 

induced by NBITS in the ZnO/Al2O3 superlattice TFTs with different 

barrier thicknesses.  

The TFT with a barrier thickness of 13 Å exhibits at substantial 

degradation of SS from 0.27 to 3.92 V/dec. during 2 hour NBITS test. 

The SS is used as a reference value to evaluate device stability, 

which is related to the total charge trap density in the bulk channel 

layer or at the interface between the channel and dielectric layers. 

Therefore, it is expected that the degraded SS under NBITS is mainly 

attributed to the defects photo-generated in the ZnO well layers. 

On the other hand, the photo-ionized oxygen vacancies can be 

neutralized to VO again by a recombination process with the photo-

generated electron or intrinsic electrons, as per the following 

equations: 

 

V> + hv → V>
CD + e		or		V>

HD + 2e		(Photo − activation)											(3) 
 

V>
CD + e = V>		or	V>

HD + 2e = V>		(Recombination)																				(4) 
 

Thus, in order to achieve improved mobility and photo-stability in 

the oxide TFT devices, two viewpoints can be considered: i) the 

suppression of oxygen-related defect density and ii) the fast 

relaxation of ionized-defect states produced in oxide layers by 

illumination. Unfortunately, the oxide TFTs incorporating stabilizers 

such as Hf and Zr were aoosicated with reduced mobility,25,28 which 

may be ascribed to the increased carrier scattering by adding 

impurities and the reduced effective carrier density. If fast 

recombination of photo-activated charges can occur in the oxide 

layers, it is expected that the NBITS related photo-stability of oxide-

based TFTs can be significantly improved. It is well known that the 

photo-ionized oxygen vacancies in the oxide layers remained as 

unoccupied states by virtue of lowering of the Fermi level by an 

applied negative gate bias. Then, these ionized-oxygen vacncies 

were rapidly separated from the photo-generated electrons and 

moved to the gate dielectric/channel interface by a negative gate 

field. As a result, the accumulation of photo-ionized oxygen 

vacancies with positive charge near the interface caused downward 

band bending [Fig. 6(a)], and led to the enormous negative shift in 

Vth position, as shown in Figs. 5(a) and (b). Unfortunately, this 

process suppresses the frequency of recombination events 

between positive VO
2+ ions and negatively charged electrons due to 

charge separation by negative gate bias, even after turning off the 

light, resulting in delayed recovery. Recently, Jeon et. al.45 reported 

that the photo-degraded oxide TFTs under NBITS could be promptly 

recovered by promoting the recombination rate between electron 

and ionized oxygen vacancies, where a positive gate pulse induced 

upward band banding. This approach could be applied to optical 

sensors for contact-free interactive displays or remote control of 

touch using  oxide-based TFT devices. Consequently, this implies 

that the channel structure, which induces frequent recombination 

events in the oxide semiconductors, can be considered one of the 

key concepts to achieve robust photo-stability of oxide TFTs. For the 

channel design of the ZnO/Al2O3 superlattice, the barrier layer with 

a wide band gap will obstruct the migration of photo-ionized 

oxygen vacancy defects to the gate dielectric interface, as shown in 

Figs. 6(b) and (c). Also, the charged electrons in the conduction 

band experience an identical situation. Thus, the photo-ionized 

oxygen vacancies will be distributed evenly in all of the well layers 

even under a negative gate field if the barrier layers are of suitable 

thickness. As explained, the tunneling of photo-generated charged 

carriers along the vertical direction in the ZnO/Al2O3 superlattice 

will be suppressed by an increase in barrier thickness due to 

effective carrier confinement, as shown in Fig. 6(c). As a result, the 

recombination probability between photo-ionized oxygen vacancies 

and charged electrons (intrinsic or photo-generated electrons) can 
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be considerably promoted by increasing barrier thickness, resulting 

in robust photo-stability under NBITS testing, as shown in Figs. 5(c) 

and 6. Hence, the ZnO/Al2O3 superlattice channel with well-defined 

interfaces and appropriate thickness can achieve a good μ�� value 

and a great enhancement in photo/electrical stability at the same 

time. 

 

Conclusions 

In conclusion, we have proposed an oxide channel 

structure that results in great enhancement of photo/electrical 

stability as well as a high field effect mobility (>25 cm2/Vs), 

where the channel layers consisted of a ZnO/Al2O3 superlattice 

with well-defined interfaces grown by ALD. To survey the 

confinement effect of the charged carriers in the superlattice 

with a large band offset, the barrier Al2O3 layers with different 

thicknesses were deposited with the same ZnO thickness. The 

field effect mobility and threshold voltage of the superlattice 

TFTs strongly depended on electrical conductivity along the 

2D-like planar direction due to the confinement of carriers 

along the vertical direction, resulting in a high mobility of >25 

cm2/Vs in the samples with barrier thicknesses of 36 Å and 72 

Å . In addition, the increase in barrier thickness in the 

superlattice accompanied a great enhancement in 

electrical/photo stability under NBITS, which was attributed to 

increased recombination events between photo-ionized 

oxygen vacancies and charged electrons due to effective 

carrier confinement. 
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Figure 1 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. (a) Schematic diagram of the TFT structure and ZnO/Al2O3 superlattice structure indicating the measurement directions of J-V 
curves (in-plane and out-of-plane). (b) Overlap between the adjacent electron wave functions depending on Al2O3 thickness. (c) The in-
plane and (d) the out-of-plane J-V curves depending on Al2O3 thickness within the superlattices.
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Figure 2 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. (a) Transfer curves and (b) figures of merit for the  ZnO/Al2O3 superlattice TFTs measured at a fixed drain voltage (0.1 V) as a 
function of barrier thickness.

Page 8 of 13Journal of Materials Chemistry C



Journal of Materials Chemistry C  ARTICLE 

This journal is © The Royal Society of Chemistry 2015 Journal of Materials Chemistry C, 2015, 00, 1-3 | 9 

Please do not adjust margins 

Please do not adjust margins 

Figure 3 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Out-put curves for the ZnO/Al2O3 superlattice TFTs with various barrier thicknesses: (a) 13	Å, 36	Å, and (b) 72	Å, 108	Å. 
The dID/dVD Vs. VD obtained from out-put curves of the superlattice TFTs with different barrier thicknesses : (c) 36	Å and (d) 72 
Å. 
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Figure 4 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. I-V curves showing the shift of transfer curve of ZnO/Al2O3 superlattice TFTs measured at a drain voltage of 10 V with 
various barrier thicknesses as a function of measurement temperature: (a) 13 Å , (b) 18 Å, and (c) 36 Å.
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Figure 5 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Variation of transfer curves for the superlattice TFT devices measured at a drain voltage of 10 V with different barrier thicknesses 
under NBITS Test at 60 oC: barrier thickness of (a) 13 Å , (b) 18 Å, and (c) 36 Å. (d) Summary of Vth shift of the superlattice TFTs induced by 
NBITS depending on barrier thickness. (e) Photosensitivity of the superlattice TFTs measured at a fixed gate voltage (+ 30 V).
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Figure 6 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 6. (a) Schematic diagram showing the suggested origin of instability in oxide-based TFTs under a negative gate illumination 
stress : (i) trapping of the hole, (ii) transition of a neutral oxygen vacancy (VO) to a charged state (VO

+/VO
2+) with a generated 

electron by illumination, and (iii) photo-desorption behavior of absorbed oxygen molecules at back channel regions. Schematic 
band diagrams to explain the different instability results observed in samples with various barrier thicknesses: (b) dark conditions 
and (c) NBITS conditions.
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The performance of the carrier confinement effect-driven ZnO/Al2O3 superlattice  thin-film 

transistor strongly depended on electrical conductivity along the two-dimensional-like planar 

direction due to the confinement of carriers along the vertical direction. Also, carrier 

confinement effect-driven channel promoted recombination events between photo-ionized 

oxygen vacancies and the photo-charge electrons, resulting in extremely high stability under 

negative gate bias temperature illumination stress conditions. 
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