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Abstract—High-performance flexible InGaZnO (IGZO)-based 
Schottky diodes are fabricated on polyethylene-terephthalate 
(PET) and polyimide (PI) substrates at room temperature without 
any thermal treatment. The diode performance improves 
significantly by either oxygen plasma or UV-ozone treatment on 
Pd anode. X-ray photoelectron spectroscopy indicates that the 
both treatments lead to Pd surface oxidation. The oxygen plasma 
treatment results in more complete oxidation, and thus ensures 
better oxygen stoichiometry at the Schottky interface and a higher 
anode work function. This leads to high performance with on/off 
ratios of 7.3 × 106 and 2.6 × 104, barrier heights of 0.79 and 0.76 
eV, and ideality factors of 1.22 and 1.19 on PET and PI, 
respectively. Interestingly, these flexible diodes show improved 
performance after storing in ambient air for two years, and fittings 
on the reverse currents indicate an improved barrier uniformity. 
The flexible diode on PET after a two-year storage achieves a high 
on/off ratio of 2.0 ×107, a large barrier height of 0.80 eV, a close to 

unity ideality factor of 1.09, a high breakdown voltage of -7.5 V, 
and robust performance upon outward or inward bending, which 
is, to the best of our knowledge, the highest performance in 
reported flexible diodes to date. 

 
Index Terms—InGaZnO (IGZO), Schottky diode, flexible, 

oxidation treatment. 

I. INTRODUCTION 

EMICONDUCTOR devices and circuits on flexible 
substrates are highly desirable in applications such as 

flexible displays, lighting, radio-frequency identification tags, 
electronic skins, and wearable electronics [1]-[3]. Oxide 
semiconductors are considered as one of the most suitable 
candidates for flexible electronics because of their high carrier 
mobility (~1-100 cm2/Vs) compared to amorphous silicon and 
organic semiconductors, large-area and low-temperature 
processibility, and good transparency in the visible light region 
[4]-[6]. To date, flexible oxide semiconductor thin-film 
transistors, one of the essential elements for flexible circuits, 
have been extensively studied and even started to be 
commercialized as the backplane driver of displays [7], [8]. 
Flexible diodes based on oxide semiconductors [9]-[16], on the 
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other hand, have not been paid much attention despite being 
another fundamental block in various circuits such as logic 
gates, resistive random-access memory, radio-frequency 
identification tags, etc. [17]-[19]. Overall, two major challenges 
remain for flexible Schottky diodes, namely large ideality 
factors and high reverse currents both resulting in low 
rectification ratios and low breakdown voltages. Various efforts 
have been made to improve the quality of oxide semiconductor 
Schottky contacts. It was reported that annealing in oxygen gas 
at 200 oC could increase the rectification ratio of IGZO 
Schottky diodes due to the reduction of interface states density 
[9], [20]-[22]. However, such annealing treatment is not 
suitable for many plastic substrates with a low glass transition 
temperature, e.g., polyethylene-terephthalate (PET). Annealing 
may also introduce stress and interface trap states at the 
heterojunctions and thus result in degradation of the device 
performance [23], [24]. Another method to avoid oxygen 
vacancies at the Schottky interface is by deposition of oxide 
layers [16], [25], [26] or applying oxidation treatment on the 
Schottky anode [22], [24]. Introducing sputtered oxide layers 
such as Ru-Si-O [16], AgOx [25] or PtOx [26], at IGZO 
Schottky interface have successfully achieved large Schottky 
barrier heights (ΦB) of 0.90 ~ 1.00 eV. However, it leads to 
relatively large ideality factors (n) of 1.32~1.97, probably due 
to the interface defects induced by ion bombardment during the 
sputtering deposition. Oxygen plasma or UV-ozone treatment 
on some Schottky anode metals (Pd, Au) prior to the deposition 
of oxide semiconductor has been reported to enhance the 
interface oxygen stoichiometry and Schottky barrier height, 
however, annealing is commonly required to achieve high 
performance [22], [24], [27]. 

In this work, by a combination of efficient oxygen plasma 
treatment on Pd anode and IGZO sputtering with low oxygen 
partial pressure, high performance flexible diodes were 
achieved without annealing. These flexible diodes have 
achieved n of 1.22 and 1.19, ΦB of 0.79 and 0.76 eV, and high 
on/off ratio (Ion/off) of 7.3 × 106 and 2.6 × 104 at ± 1 V, on PET 
and PI, respectively. Interestingly, after storing in ambient air 
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for two years, these flexible diodes show not only no 
performance degradation but in the contrary significant 
improvement. The diodes on PET show the best performance 
with the lowest n of 1.09, highest Ion/off of 2.0 × 107, and largest 
ΦB of 0.80 eV.  

II. EXPERIMENTAL SECTION 

A. Rigid and Flexible Devices Fabrication 

Rigid SiO2/Si, and flexible PET and PI were used as the 
substrates. SiO2/Si substrates were sequentially cleaned in an 
ultrasonic bath of decon, de-ionized water, acetone, and ethanol, 
and dried by N2. The cleaned SiO2/Si were then annealed at 300 
oC for 30 min to remove moistures and organic adsorbate [28]. 
The PET and PI were ultrasonically cleaned in acetone and 
ethanol subsequently, and then dried by N2 without any thermal 
treatment. A 3-nm-thick Ti layer was deposited on the rigid or 
flexible substrates for better adhesion. A 47-nm-thick Pd layer 
was deposited as Schottky contact, and then treated by either 
UV-ozone (PDC 32 G) or oxygen plasma (ProCleanerTM). The 
oxygen plasma treatment was performed at a power of 100 W 
and a radio-frequency of 13.56 MHz. A 100-nm-thick IGZO 
layer was deposited by RF magnetron sputtering at room 
temperature with an InGaZnO4 ceramic target with a RF 
sputtering power of 70 W and an oxygen partial pressure 
[oxygen/(oxygen + argon)] of 2.5%. Finally, Ti (40 nm)/Au (40 
nm) was deposited as the ohmic contact through a shadow mask. 
All the metals were deposited by electron-beam evaporation. 
All the diodes have an active area of 9.5 × 10-4 cm2. The cross 
section structure of the rigid diodes is shown in the inset of Fig. 
1(a). The flexible diodes have the same device structure as the 
rigid diodes.  

B. Device Characterization 

The electrical characteristics of these diodes were analyzed 
by current density-voltage (J-V) and capacity-voltage (C-V) 
measurements using a source measure unit (Agilent 2902B) and 
an LCR meter (Agilent E4980A, 1 MHz), respectively, at room 
temperature. The composition of Pd surface was determined by 
X-ray photoelectron spectroscopy (XPS, ESCALAB 250).  The 
surface roughness was analyzed by atomic force microscope 
(AFM, Dimension FastScanTM). 

III. RESULTS AND DISCUSSIONS 

A. Effect of oxidation treatments on the diode performance 

It is reported that high Schottky barrier can be achieved by 
sputtering IGZO layers with relatively high oxygen partial 
pressure of 20 % to ensure high oxygen stoichiometry in the 
Schottky interface [22], [24]. However, such high oxygen 
partial pressure can induce high interface trap density [29] and 
degrade the diode performance (e.g. large n, large barrier 
inhomogeneity, etc.). Therefore, annealing is commonly 
required to reduce interface trap density [22], [24]. In this work, 
by applying efficient oxygen plasma treatment on Pd anode and 
deposition of IGZO with low oxygen partial pressure of 2.5 %, 
high performance IGZO diodes with low interface trap density 
were achieved without annealing, as we discuss infra. 

IGZO/Pd diodes on SiO2/Si are fabricated to study the effects 
of oxidation treatments on device performance. Fig. 1(a)-(c) 
show the J-V curves of the diodes, which can be analyzed by a 
thermionic emission model given by [30], 
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where JS is the saturation current density, A* is the effective 
Richardson constant which is 41 Acm-2K-2 for IGZO [10], [31], 

T is the temperature, q is the elementary charge, B,JV is the 
effective barrier height determined by J-V characteristics, k is 
the Boltzmann constant, and RS is the series resistance. 

The optimized treatment time of oxygen plasma and UV-
ozone treatments are studied, as shown in Fig. 1(a) and (b). It 
should be noticed that prolonged treatments than the optimized 
time (10 min for oxygen plasma treatment and 30 min for UV-
Ozone treatment) led to no performance enhancement but 
degradation with increased n, as shown in Fig. 1(a) and (b), 
most probably due to increase of interface subgap trap density.  

The B,JV values are 0.73, 0.84 and 0.88 eV for untreated, 
UV-ozone treated, and oxygen plasma treated diodes with the 
optimized parameters, respectively, as extracted from the J-V 
curves by Equations (1) and (2). Notably, with oxidation 
treatment, the barrier height increases significantly, which 
results in an improvement of Ion/off by one to two orders of 
magnitude. This is attributed to the chemical modification 
(oxidation) of Pd and the removal of surface contaminants such 
as hydrocarbons, which can restrain the oxygen deficiency in 
IGZO and increase the work function of Pd surface [24], [27], 
[32]. The improved interface is also evidenced by the near unity 
n of ~ 1.1 for oxidation treated devices, in contrast to the n of 
1.28 for untreated device. On the other hand, at an applied 

Fig. 1. J-V characteristics of the diode with UV-Ozone (a) or oxygen plasma 
(b) treatment on anode Pd at different time. J-V (c) and C-V (d) characteristics 
of untreated, UV-ozone treated, and oxygen plasma treated IGZO/Pd diodes
with the optimized parameters on SiO2/Si substrates. The optimal oxygen 
plasma treated data are reproduced with permission [28]. Inset shows the cross 
section of the diodes. 
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voltage of 1 V, the on-current density (Jon) is found almost 
identical for the three diodes, corresponding to a similar 

resistance RS of 45 ~ 64 mcm2 extracted from the dV/dJ at 1 
V. This is due to that the IGZO layers in all three samples were 
deposited under the same condition, and thus it is expected that 
both the doping concentration of the IGZO and the ohmic 
contact resistance with Ti should be the same in all three 
devices. In contrast, the off-current density (Joff) exhibits 
pronounced process dependence, as shown in Fig. 1(c). 
Oxidation treatments enhance the Schottky barrier height by 
110 ~ 150 meV, which could partly explain the reduced Joff. The 

oxygen plasma treated diode exhibits the highest B,JV and Ion/off 
of 0.88 eV and 7.2 × 107, respectively, as shown in Table I, 
indicating that the oxygen plasma treatment may produce more 
complete oxidation of Pd and better stoichiometry at the 
interface than UV-ozone treatment. This is, to the best of our 
knowledge, the highest Ion/off for rigid Schottky diodes in which 
IGZO is not thermally annealed.  

After oxidation treatment, both Joff and n decrease 
substantially. In order to understand such behavior, C-V 
measurements are performed, and the results are plotted in Fig. 
1(d). The capacitance of Schottky junction is given by [30],  
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where A is the active area of the diode, s is the static dielectric 

constant of the semiconductor, 0 is the dielectric constant of 
vacuum, Ndepl is the background doping density in the depletion 
region, and Vbi is the built-in potential. The A2/C2-V 
curvesillustrate that oxidation treatments can effectively 
enlarge the Vbi of diodes. The qVbi values extracted from 
Equation (3) are 0.29, 0.43, and 0.51 eV, for untreated, UV-
ozone treated, and oxygen plasma treated samples, respectively. 
The barrier height can be evaluated by the C-V measurements 
by  fcbiCVB, E-EqVΦ  , where the last term describes the 

energy difference between the conduction band minimum and 
Fermi level. The Ec-Ef values can be evaluated by 

)( ecfc /NNkTlnE -E  , where Nc is the conduction band 

density of states and is 5.2  1018 cm-3 for IGZO, and Ne is the 
free charge concentration which can be estimated from RS [31]. 
The Ec-Ef values are evaluated to be 0.21, 0.22 and 0.23 eV for 
untreated, UV-ozone treated, and oxygen plasma treated diodes, 

respectively, corresponding to the B,CV of 0.50, 0.65, and 0.74 

eV, respectively. B, JV is the effective barrier height, and is 
rather sensitive to the barrier inhomogeneities. In contrast, C-V 
measurements give the mean barrier height which is usually 
larger than ΦB,JV for single crystalline semiconductors with 
extremely low trap state densities [33], [34]. However, 
amorphous IGZO have much more traps which can cause an 
extra capacitance and thus reduced Vbi during the C-V 
measurements, due to the response of traps to the applied 
frequencies [35]. Thus, ΦB,CV is smaller than ΦB,JV for these 
IGZO diodes, as well as in other reported IGZO Schottky 
diodes [9], [21], [22]. The J-V and C-V results demonstrate that 
both oxidation treatments enhance both the Schottky barrier 
height and the barrier uniformity, and the oxygen plasma 

treatment leads to a higher B and better n than the UV-zone 
treatment. 

As the results show that oxygen plasma treated diode has 
better performance, we have investigated on the oxidation of Pd 
under oxygen plasma (10 min) or UV-ozone (30 min) treatment 
by XPS. The untreated Pd shows only two Pd0 peaks: 3d5/2 and 
3d3/2 centered at 335.6 and 340.9 eV [24], [27], respectively, as 
shown in Fig. 2(a). The oxidation treated samples show clear 
evidence of Pd oxidation as the presence of Pd2+ peaks: 3d5/2

 

and 3d3/2 centered at ~337 and ~342 eV, respectively, as shown 
in Fig. 2(b) and (c). The ratio of PdO extracted from the XPS 
peaks for the oxygen plasma treated sample is 63.6 %, while 
that for the UV-ozone treated sample is 54.3 %. The results 
hence demonstrate that Pd can be oxidized to PdO by both 
oxygen plasma and UV-ozone treatment, and the oxygen 
plasma treatment in this experiment results in more complete  
Pd oxidation. The XPS results are consistent with the J-V 
characteristics of the diodes. The results thus suggest that the 
oxidation treatment improved oxygen stoichiometry at the 
IGZO/Pd interface and enhanced the work function of the Pd 
anode. 

B. High performance flexible Schottky didoes 

Based on the optimized oxygen plasma treatment process 
parameters, high performance flexible IGZO diodes on PET 
and PI have been fabricated without any thermal treatment. The 
J-V curves of the as-deposited diode on PET and the diode 
being kept in ambient air for 12 and 25 months are shown in 
Fig. 3(a), and the diode performance parameters are shown in 
Table II. The mean effective barrier height exhibits negligible 
changes. Jon increases with the storage time. Ion/off changed from 
7.3 × 106 to 2.7 × 106 and 2.0 × 107, and n improved from 1.22 
to 1.12 and 1.09 after being kept in ambient air for 12 and 25 
months, respectively. Fig. 3(b) shows the J-V characteristics of 
the as-deposited diode on PI with the storage time. The as-
deposited diode shows high reverse current which depends 
strongly on the applied bias, and this could be attributed to the 
image force lowering and barrier inhomogenities [36]. After 

TABLE I 
CHARACTERISTICS OF RIGID SCHOTTKY DIODES FROM IV AND CV 

MEASUREMENTS 

Treatments Untreated UV-ozone treated Oxygen plasma treated a 

Rs (mΩcm2) 45 51 64 
n 1.28 1.10 1.09 

Ion/off 8.0×105 9.4×106 7.2×107 
B,JV (eV) 0.73 0.84 0.88 

B,CV (eV) 0.50 0.65 0.74 
qVbi (eV) 0.29 0.43 0.51 

aThe optimal oxygen plasma treated data are reproduced with permission
[28]. 

Fig. 2.  XPS spectra of (a) untreated, (b) UV-ozone treated and (c) oxygen 
plasma treated Pd samples with fittings. 
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leaving the diode on PI in ambient air for 12 and 25 months, the 
diode also exhibits appreciable improvement with better n, 

B,JV and Ion/off. The Jon is slightly increased with the storage 
time, and the Joff is decreased by one order of magnitude a year 
later and remained unchanged until two years later. The n 
improves from 1.19 to 1.12 and 1.11, and the Ion/off increased 
from 2.6 × 104 to 7.9 × 105 and 1.3 × 106, after being kept in 
ambient air for 12 and 25 months, respectively, indicating 
higher Schottky interface quality. The detailed parameters are 
shown in Table II. The improved performances are suggested 
to be due to the improved barrier homogeneity probably caused 
by the release of interface stresses. The results illustrate that 
these flexible IGZO-based Schottky diodes can hold or even 
improve the diode performance when they are exposed to 
ambient air for long time, providing positive implications for 
real applications. Compared with the rigid diode, the flexible 
diodes show slightly degraded performances, and this is mainly 
due to the flexible substrates have larger surface roughness, as 
revealed by AFM measurements and shown in Fig. 4. However, 
although the flexible diodes have rougher IGZO/Pd interfaces, 
they still show relatively high performances without any 
thermal treatment, because that the oxidation of Pd at the 
Schottky interface guarantees a relatively high ΦB and small n. 
To the best of our knowledge, the flexible diode on PET in this 
work exhibits the best overall performance with the largest ΦB. 

JV of 0.80 eV, highest Ion/off of 2.0 × 107, which is 1~2 orders 

higher than the reported maximum value, and lowest n of 1.09, 
among the reported flexible Schottky diodes to date, as shown 
in Table III, and even better than many rigid IGZO Schottky 
diodes [24], [31].  

To evaluate the susceptibility of the diode performance to 
bending, the diodes were outward and inward bent with the 
radius of 50 mm as shown in the inset of Fig. 3(c). The diodes 
bared tensile and compressive stresses during outward and 
inward bending, respectively. The J-V characteristics of the 
diodes are nearly consistent during outward and inward bending, 
and can recover to the initial state after several bending circles, 
as shown in Fig. 3(c) and (d), indicating that these diodes work 
well under the tensile and compressive stresses. To study the 
device uniformity, 10 diodes randomly selected on PET or PI 
substrates were tested, as shown in Fig. 3(e) and (f). and the 
results show that these flexible diodes have high uniformity.  

C. Reverse current mechanism of flexible diodes. 

In order to understand the improvements in Joff and n of the 
diodes after being kept in air for 12 and 25 months, the reverse 
current has been analyzed according to the image force 
lowering model and the barrier inhomogeneity model [36]-[38]. 
As shown in Fig. 5, the diodes showed non-ideal reverse 
characteristics, i.e., a flat reverse current equaling to Js [30], 
especially for the diode on PI. Such a non-ideal reverse current 
is always seen in the reported oxide semiconductor-based 
Schottky diodes, but it is hardly discussed [10]-[12], [24], [26]. 
At the Schottky junction, the electrons in the IGZO and the 
induced charges on the Pd surface create an electrical field at 
the IGZO/Pd interface, resulting in a lower barrier height, and 

TABLE II 
CHARACTERISTICS OF FLEXIBLE SCHOTTKY DIODES FROM IV 

MEASUREMENTS AND REVERSE CURRENT FITTINGS 

 As-deposited 12 months 25 months 

Substrates PET PI PET PI PET PI 

Rs (mΩcm2) 20 29 23 29 12 21 
n 1.22 1.19 1.12 1.12 1.09 1.11 

Ion/off 7.3×106 2.6×104 2.7×106 7.9×105 2.0×107 1.3×106 
B,JV (ev) 0.79 0.76 0.77 0.77 0.80 0.78 

B (ev) 0.85 0.80 0.83 0.82 0.87 0.82 
Ndepl (×1017 cm-3) 5.13 5.85 9.20 6.45 12.0 8.25 
 (×10-4 cm2/3V1/3) 1.46 1.86 1.28 1.46 1.11 1.37 

r (nm) 15 22 12 15 10 14 

Schottky barrier height (B), background doping density (Ndepl), region 
parameter (), and effective radius of low barrier height (r) by simulation. 

Fig. 4. AFM images and RMS surface roughnesses of a) SiO2/Si, b) PET, c) 
PI substrates, and Pd thin films on d) SiO2/Si, e) PET, and f) PI substrates. 

Fig. 3.  Stability of the IGZO/Pd flexible Schottky diodes on PET (a) and PI
(b). J-V characteristics measured before bending, under outward or inward 
bending, and after removal of bending (recovery) for the diodes on PET (c) 
and PI (d). J-V curves uniformity of the diodes on PET (e) and PI (f). The inset 
of Fig. 3(c) is a photo showing the diodes attached to a plastic pipe for bending
test. 
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this is known as “image force lowering” [30]. At reverse biases, 
the applied voltage further lowers the barrier, which is 
described by [30], 
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where |IR| is the absolute reverse current, VR is the reverse 

applied voltage, and  is the energy caused by image force 
lowering. In Fig. 5, the fittings based on image force lowering 
are in good agreement with the experimental results at low 

reverse biases. The obtained values of B and Ndepl are shown 
in Table II. However, the fittings show large deviation at high 
reverse biases, implying that the image force lowering is not the 
only factor affecting the reverse current. 

Tung proposed that in addition to the image force lowering, 
Schottky barrier inhomogeneities also affect the reverse current 
[37]. Such model assumes that there are small patches with the 

barrier heights lower by value of qV than the mean barrier 
height, distributed at the Schottky interface [38]. The carrier 
conduction path prefers the patches with low barrier heights 
than high barrier height patches. Each low barrier region results 
in a saddle point in the conduction band of IGZO at some 
distance away from the Schottky interface, and it is suggested 
that the electron transport is mainly determined by the potential 
at such saddle point [37], [38]. The reverse biases can further 
lower the potential at the saddle points, resulting in a clearly 
increased IR depending on VR [37], [38]. By assuming a circular 
geometry of the patches, the leakage current caused by the 
barrier inhomogeneity is given by [37], 
















 









 

nkT

qV
exp1

kT

Φ
expTAAI Reff

effpatch
2                                  (6) 

2/3

2/3)( 














depl

0s

RB

eff
N

εε

qV-Φ9q

4kTγ
A

                                                      (7) 

1/3








 


0s

RBdepl

Βeff
εε

)qV(ΦN
γΦΦ

                                                     (8) 

where Ipatch is the reverse current through the patch with a lower 
barrier height, Aeff is the effective are of the patch, Φeff is the 

effective barrier height at reverse biases, and  is used to 

describe the barrier uniformity, given by  = 3(Vr2/4)1/3, where 
r is the effective radius of the patch. By using this model, Ipatch 
can be extracted from the difference of the experimental result 
and the calculated image force lowering current. In Fig. 5, the 
final fittings are in good agreement with the reverse currents. 
Fig. 5(a) shows the reverse current characteristics of the as-
deposited diode on PET and the diode being kept in ambient air 

after 12 and 25 months. The fitting shows that  = 1.46 × 10-4, 
1.28 × 10-4, and 1.11 × 10-4 cm2/3V1/3 for the as-deposited diode, 
and the diode keeping in ambient air for 12 and 25 months, 

respectively. By assuming an appropriate V = 0.2 V [38], it is 
found that the effective radius of the patch decreases from 15 to 
12 and 10 nm after being kept in ambient air for 12 and 25 
months, respectively. For the diode on PI, as shown in Fig. 5(b), 
the effective radius of the patch decreases from 22 nm for the 
as-deposited diode to 15 and 14 nm for the diode after keeping 
in ambient air for 12 and 25 months, respectively. These results 
indicate improved barrier uniformity by storage in ambient air 
for more than two years, which is in accordance with the 
improved n from 1.22 and 1.19 to 1.09 and 1.11 for diodes on 
PET and PI, respectively. The improvement is most likely due 
to a slow filling up of oxygen vacancies in the IGZO film and 
partiality in the region close to the Schottky interface. 

D. The breakdown voltage 

These flexible diodes show relatively low reverse current 
density which is even improved after being kept in ambient air 
for more than two years. The low reverse current could result in 
a high reverse breakdown voltage, VBR. VBR is a key parameter 
for Schottky diodes because that the diodes are usually subject  
to a much higher reverse bias than the forward voltage in many 
applications [31]. We have investigated the breakdown 
behavior of these flexible diodes under reverse biases as shown 
in Fig. 6(a). Ten diodes on PET, randomly selected in an area 

of 1.5 cm  1.5 cm, show relatively high VBR of 7.5  0.7 V, 

while the diodes on PI show slightly lower VBR of 4.5  0.3 V, 
as shown in Fig. 6(a) and (b). The higher VBR of diodes on PET 
than those on PI is originated from the better Schottky interface 

quality with better n, lower Joff, larger B, and better Schottky 

TABLE III 
SUMMARY OF FLEXIBLE SCHOTTKY JUNCTIONS TO OXIDE SEMICONDUCTORS 

REPORTED IN THE LITERATURE. 

Substrate Schottky junction ФB (eV) n Ion/off 
aPI (ref.9) IGZO/Pt ~0.8 ~1.2 ~ 3 × 105 (±1 V) 

PET (ref.9) IGZO/Pt -- -- ~ 103 (±1 V) 

PET (ref.10) IGZO/Pt 0.51 2.1 ~ 103 (±1 V) 

COC (ref.11) IGZO/PEDOT:PSS -- ~ 1.4 ~5×105 (±1 V) 

Paper (ref.12) IGZO/Ru-Si-O 0.79 2.13 8.4×105 (±2V) 

PEN (ref.13) n-IGZO/P-Cu2O -- 1.4 3.4×104 (±1.2 V) 

PS(ref.14) ZnO/Au -- 3.04 >103 (±3 V) 

PI (ref.39) n-IGZO/P-NiO -- ~3.2 ~104 (±2.5 V) 

PET (ref. 40) ZnO/Ag 0.54 2.8 ~102 (±1 V) 

PET (our work) IGZO/Pd 0.80 1.09 2.0×107 (±1 V) 

PI (our work) IGZO/Pd 0.78 1.11 1.3×106 (±1 V) 

Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS), 
Cyclic olefin copolymer (COC), Polyethylene Naphthalate (PEN), Polystryene
(PS). aThe diodes were annealed in O2 (1 atm) at 200 oC for 1 h. 

Fig. 5.  |IR|-|VR| characteristics for the as-deposited diodes and the same diodes 
kept in ambient air for 12 and 25 months on PET (a) and PI (b). 
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barrier homogeneity. It is worthy noted that the diodes on PET 
even have higher VBR than those of diodes on rigid glass with 

the same IGZO thickness (100 nm, 6.2  0.7 V) [31], as shown 
in Fig. 6(a) and (b), and those of rigid diodes with the same 
IGZO thickness based on the reported empirical linear 
dependence of VBR on IGZO thickness [24], [31]. Our results 
thus indicate that with the optimized treatment, the flexible 
IGZO/Pd Schottky contacts can reach ultrahigh quality 
comparable or even better than the rigid ones. These results are 
highly inspiring for the real applications of flexible diodes. 

IV. CONCLUSION 

In summary, based on the synergic optimization of Pd anode 
treatments and IGZO deposition, high performance flexible 
IGZO-based Schottky diodes have been achieved without any 
thermal treatment. The J-V, C-V, and XPS characterizations all 
indicated greater improved Schottky interface by using the 
oxygen plasma treatment than the UV-ozone treatment, due to 
a more completed Pd oxidation. These flexible diodes show 
high stability upon tensile and compressive stresses, 
comparable breakdown behavior as their rigid counterpart, and 
even improved performance after keeping in ambient air for up 
to 25 months due to improved barrier uniformity. The barrier 
height inhomogeneity of these flexible diodes has been 
evaluated by reverse current simulations, and the results explain 
well the aging performance improvement. The optimized 
flexible diodes on PET show very high performance with a near 
unity ideality factor of 1.09, high barrier height of 0.8 eV, high 

rectification ratio of 2.0  107, and breakdown voltage of ~7.5 
V, and to the best of our knowledge, this is the best overall 
performance among the flexible diodes reported to date.  
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