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28 SUMMARY:
29  Anodization parameters for growth of the aluminum-oxide dielectric layer of zinc-oxide thin-film
30 transistors (TFTs) are varied to determine the effects on the electrical parameter responses.
31  Analysis of variance (ANOVA) is applied to a Plackett-Burman design of experiments (DOE) to
32  determine the manufacturing conditions that result in optimized device performance.
33
34  ABSTRACT:
35 Aluminum-oxide (Al,O3) is a low cost, easily processable and high dielectric constant insulating
36 material that is particularly appropriate for use as the dielectric layer of thin-film transistors
37  (TFTs). Growth of aluminum-oxide layers from anodization of metallic aluminum films is greatly
38 advantageous when compared to sophisticated processes such as atomic layer deposition (ALD)
39 ordeposition methods that demand relatively high temperatures (above 300 °C) such as aqueous
40 combustion or spray-pyrolysis. However, the electrical properties of the transistors are highly
41 dependent on the presence of defects and localized states at the semiconductor/dielectric
42  interface, which are strongly affected by the manufacturing parameters of the anodized dielectric
43  layer. To determine how several fabrication parameters influence the device performance
44  without performing all possible combination of factors, we used a reduced factorial analysis
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based on a Plackett-Burman design of experiments (DOE). The choice of this DOE permits the use
of only 12 experimental runs of combinations of factors (instead of all 256 possibilities) to obtain
the optimized device performance. The ranking of the factors by the effect on device responses
such as the TFT mobility is possible by applying analysis of variance (ANOVA) to the obtained
results.

INTRODUCTION:

Flexible, printed and large area electronics represent an emerging market that is expected to
attract billions of dollars in investments in upcoming years. To achieve the hardware
requirements for the new generation of smartphones, flat panel displays and internet-of-things
(loT) devices, there is a huge demand for materials that are lightweight, flexible and with optical
transmittance in the visible spectrum without sacrificing speed and high performance. A key
point is to find alternatives to amorphous silicon (a-Si) as the active material of the thin-film
transistors (TFTs) used in the drive circuits of most of the current active-matrix displays (AMDs).
a-Si has low compatibility to flexible and transparent substrates, presents limitations to large-
area processing, and has a carrier mobility of about 1 cm?2-V-1:s1, which cannot meet the needs
of resolution and refresh rate for next generation displays. Semiconducting metal oxides (SMOs)
such as zinc oxide (Zn0O)'3, indium zinc oxide (1Z0)** and indium gallium zinc oxide (IGZ0)®” are
good candidates to replace a-Si as the active layer of TFTs because they are highly transparent in
the visible spectrum, are compatible to flexible substrates and large area deposition and can
achieve mobilities as high as 80 cm?-V1-s'1. Moreover, SMOs can be processed in a variety of
methods: RF sputtering® , pulsed laser deposition (PLD)8, chemical vapor deposition (CVD)?,
atomic layer deposition (ALD)!°, spin-coating!, ink-jet printing!? and spray-pyrolysis*3.

However, few challenges such as the control of intrinsic defects, air/UV stimulated instabilities
and formation of semiconductor/dielectric interface localized states still need to be overcome to
enable the large-scale manufacturing of circuits comprising SMO-based TFTs. Among the desired
characteristics of high performance TFTs, one can mention the low power consumption, low
operation voltage, low gate leakage current, threshold voltage stability and wideband frequency
operation, which are extremely dependent on the gate dielectrics (and the
semiconductor/insulator interface as well). In this sense, high-k dielectric materials'41® are
particularly interesting since they provide large values of capacitance per unit area and low
leakage currents using relatively thin films. Aluminum oxide (Al>Os) is a promising material for
the TFT dielectric layer since it presents a high dielectric constant (from 8 up to 12), high dielectric
strength, high electrical resistivity, high thermal stability and can be processed as extremely thin
and uniform films by several different deposition/growth techniques!>*’=21, Additionally,
aluminum is the third most abundant element in the Earth’s crust, what means that it is easily
available and relatively cheap compared to other elements used to produce high-k dielectrics.

Although deposition/growth of Al,Os3 thin (below 100 nm) films can be successfully attained by
techniques such as RF magnetron sputtering, chemical vapor deposition (CVD), atomic layer
deposition (ALD), the growth by anodization of a thin metallic Al layer?”1821-26 js particularly
interesting for flexible electronics owing to its simplicity, low cost, low temperature, and film
thickness control in nanometric scale. Besides, anodization has a great potential for roll-to-roll
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(R2R) processing, which can be easily adapted from processing techniques already being used at
industrial level, permitting quick manufacturing upscaling.

Al>O3 growth by anodization of metallic Al can be described by the following equations
2Al +3/20, — Al,04 (1)
2Al + 3H,0 - Al,05 + 3H, (2)

where the oxygen is provided by the dissolved oxygen in the electrolyte solution or by the
adsorbed molecules at the film surface, whereas the water molecules are promptly available
from the electrolyte solution. The anodized film roughness (which affects the TFT mobility due
to carrier scattering at the semiconductor/dielectric interface) and the density of localized states
at the semiconductor/dielectric interface (which affects the TFT threshold voltage and electrical
hysteresis) are strongly dependent on anodization process parameters, to name a few: the water
content, the temperature and the pH of the electrolyte?#?’. Other factors related to the Al layer
deposition (like evaporation rate and metal thickness) or to post-anodization processes (like
annealing) can also influence the electrical performance of fabricated TFTs. The effect of these
multiple factors on response parameters can be studied by varying each factor individually while
keeping all other factors constant, which is an extremely time-consuming and inefficient task.
Design of experiments (DOE), on the other hand, is a statistical method based on the
simultaneous variation of multiple parameters, which permits the identification of the most
significant factors on a system/device performance response by using a relatively reduced
number of experiments?,

Recently, we have used multivariate analysis based on a Plackett-Burman?® DOE to analyze the
effects of Al,03 anodization parameters on the performance of sputtered ZnO TFTs!2. The results
were used to find the most significant factors for several different response parameters and
applied to the optimization of the device performance changing only parameters related to the
anodization process of the dielectric layer.

The current work presents the whole protocol for manufacturing TFTs using anodized Al;Os films
as gate dielectrics, as well a detailed description for the study of the influence of the multiple
anodization parameters on the device electrical performance by using a Plackett-Burman DOE.
The significance of the effects on TFT response parameters such as the carrier mobility is
determined by performing analysis of variance (ANOVA) to the results obtained from the
experiments.

PROTOCOL:

The protocol described in the present work is separated into: i) preparation of the electrolytic
solution for anodization; ii) substrate cleaning and preparation; iii) anodization process; iv)
deposition of the TFT active layer and drain/source electrodes; v) TFT electrical characterization
and analysis and vi) application of ANOVA to determine the significance of the manufacturing
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factors in the TFT mobility.
1. Preparation of the electrolytic solution for anodization

1.1.  Perform all the procedures of the protocol inside a cleanroom or a laminar flow cabinet,
to avoid dust or contaminants during the sample preparation.

1.2.  Prepare two solutions of tartaric acid (0.1 M) in different water/ethylene glycol volume
ratios (16% and 30%), which will be used as the anodization electrolytic solution. Use the water
content in the electrolytic solution as fabrication parameter of the anodized layer.

1.3.  In a 150 mL beaker, dissolve 1.5 g of tartaric acid into 16 mL of deionized water and 84
mL of ethylene glycol to obtain a 16% water electrolyte stock solution. For a 30% water
electrolyte stock solution, use 1.5 g of tartaric acid, 30 mL of deionized water and 70 mL of
ethylene glycol. Stir both solutions using a magnetic bar for 30 min.

1.4. Separate about 10-20 mL of ammonium hydroxide (NH4OH) solution (as purchased, 28 —
30% NHs in volume) in a 20 mL beaker to make the rough adjustment of the pH of the electrolytic

solution.

1.5. Prepare 80 mL of a diluted solution (about 2% in volume) from the original NH4OH
solution to make the fine control of the pH of the electrolytic solution.

1.6. Separate the electrolyte solution into a 150 mL beaker to adjust the pH of the solution.

1.7. Measure the pH of the electrolytic solution using a bench pH meter. Start pipetting the
more concentrated NH4OH until the pH is close to the desired pH (5 or 6).

1.8.  Pipette the more diluted NH4OH solution into the electrolytic solution until the pH is set
in the desired value. Prepare the electrolyte solutions at pH values of 5 and 6 to study the effect
on the anodization process.

2. Substrate cleaning and preparation

2.1. Use 20 mm x 25 mm glass slides (1.1 mm thick) as substrates.

2.2.  Sonicate the glass slides in a heated (60 °C) alkaline detergent solution (5% in deionized
water) for 15 min. Rinse abundantly in deionized water and dry in clean dry air (CDA) or nitrogen.

2.3.  Sonicate the glass slides in acetone (ACS reagent grade or superior) for 5 min. Dry the
substrates in CDA or nitrogen.

2.4.  Sonicate the glass slides in isopropanol (ACS reagent grade or superior) for 5 min. Dry the
substrates in CDA or nitrogen.
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2.5. Insert the substrates into the chamber of a plasma cleaner, close the lid and evacuate the
chamber using a vacuum pump.

2.6.  When the vacuum is achieved, switch on the RF generator at medium power (10.5 W) for
5 min. After plasma cleaning, the substrates are ready for aluminum gate deposition.

3. Aluminum gate electrode evaporation

3.1. Insert the glass slides into mechanical shadow masks to deposit an aluminum stripe of 25
x 3 mm. This aluminum stripe will be used as the TFT gate electrode and the aluminum oxide
layer formed by anodization will be the TFT dielectric layer. Example of shadow mask design for
the gate electrode is presented in the supplementary files.

3.2. Place the substrates with the shadow mask inside the chamber of the thermal
evaporating chamber for the aluminum layer deposition. Shut the chamber. Start the chamber
evacuation procedure. Wait until the chamber pressure is below 2.0 x 10® mbar to start the
thermal evaporation.

3.3. Deposit the aluminum layer. Use two different thicknesses (60 nm and 200 nm) to
evaluate the effect on the dielectric layer. Use two different evaporation rates 5 A/s and 15 A/s
to study the influence of the Al evaporation rate.

3.4. Remove the samples from the evaporation chamber after aluminum evaporation.

3.5. Remove the glass slides with the aluminum stripe from the masks and check if the
aluminum layer was properly deposited. The electrode is ready for the anodization process.

4, Anodization process of the aluminum layer

4.1.  Attach two alligator clip connectors in a plastic lid that fits on top of the beaker. This lid
can be 3-D printed.

4.2. Connect one of the clip connectors to the aluminum strip of a glass slide and the other to
a gold-plated stainless-steel sheet (0.8 mm thick, 20 x 25 mm). Face both electrodes towards

each other with a separating distance of about 2 cm.

4.3. Use approximately 150 mL of the electrolytic solution (after pH adjustment) in a 150 mL
beaker. Use a small magnetic bar to stir the solution during the anodization procedure.

4.4. Place the beaker on top of a magnetic stirrer with heating. Adjust the temperature to the
desired value (40 °C and 60 °C were used in the current paper).

4,5. Immerse the electrodes in the electrolytic solution by covering the beaker with the plastic
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lid attached to the clip connectors.

4.6. Connect the aluminum electrode to the positive output and the golden-plated stainless-
steel electrode to the negative output of a current/voltage source and measuring unit (SMU).

4.7. Calculate the submerged area of the aluminum electrode and apply a constant current
equivalent to the desired current density (we used two values 0.45 mA/cm? and 0.65 mA/cm?)
and monitor the linear increase of the voltage until the pre-set final value (we used V=30V and
Ve=40V).

4.8. After the final voltage is achieved, switch the SMU from the current source to the voltage
source and apply a constant voltage (equal to the final voltage) during a time long enough to the
current decrease next to zero (about 5 min). Use a script in Python 2.7 to automatically control
the SMU during anodization process. A copy of this script is available in the supplementary files
section.

4.9. Remove the electrodes from the electrolytic solution, rinse abundantly with deionized
water, dry with CDA or nitrogen and store the Al/Al,Os glass substrates until use.

4.10. To observe the effect of annealing on the dielectric layer, anneal the substrates in an oven
at 150 °Cfor 1 h.

5. Deposition of the ZnO Active layer

5.1. Insert the substrates with the anodized aluminum oxide layer in appropriate mechanical
shadow masks for active layer deposition.

5.2.  Place the substrates with the masks inside the chamber of the sputtering system. Use a
ZnO (99.9%) sputtering target. Close the chamber and start the evacuating procedure.

5.3.  Adjust the Ar pressure to 1.2 x 10 Torr and the RF power to 75 W and start the ZnO
deposition. Control the deposition rate at 0.5 A/s. Stop the ZnO deposition when the active layer
thickness achieves 40 nm.

5.4. Open the chamber and remove the samples.
6. Drain and source electrodes deposition

6.1. Insertthe samples with the sputtered ZnO layer in appropriate mechanical shadow masks
for TFT source/drain electrodes deposition. An appropriate drain and source electrode spacing is
100 um, with a lateral overlapping of 5 mm. A template of the drain/source mask design is
supplied with the supplementary files. In such a configuration, notice that both drain and source
electrodes are identical and can be interchangeable without change on the device operation.
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6.2. Place the samples attached to the shadow masks inside the chamber of the thermal
evaporating system and start the procedure for aluminum evaporation.

6.3. Deposit a 100 nm Al layer at a deposition rate of 5 A/s to obtain the drain/source
electrodes on top of the active layer, finishing the TFT manufacture procedure.

6.4. Remove the TFTs from the evaporation chamber, check the quality of the deposited
electrodes and store them protected from light until use.

7. TFT electrical characterization

7.1.  Place the TFTs on a semiconductor probe station or custom sample holder. Connect the
gate, drain and source electrodes using spring-probe connectors for electrical contacts.

7.2. Connect the probes to a two-channel source-measuring unit (recommended Keithley
2612B or similar). Connect the gate electrode to the “high” output/input of channel 1 and the
drain (or source) electrode to the “high” output/input of channel 2. Short the “low” output/input
terminals of both channels and the source (or drain) electrode, which remained disconnected.

7.3.  Obtain characteristic TFT curves. Obtain the output curve by applying constant voltage
bias at the gate (V) and sweeping the drain-source voltage (Vps) and recording the drain-source
current (/Ips). Obtain the transfer curve by recording the drain-source current (/ps) while sweeping
the gate voltage (V) and maintaining the drain-source voltage (Vps) constant.

7.4.  Plot the square root of the drain current versus the gate voltage ((/os)*/? vs. V) and obtain
the carrier mobility in the saturation regime (us) from the curve slope and the threshold voltage
from the x-axis intercept of the linear portion of the curve.

7.5. If wanted, determine other performance parameters from the transistors curves as
described elsewhere?,

8. ANOVA and influence of design factors on device performance

8.1. Use a software to set a design of experiment (DOE) based on a Placket-Burman matrix
considering 8 fabrication factors. We used Chemoface, which is a free, user-friendly software
developed by Federal University of Lavras (UFLA), Brazil3°,

8.2. Use as factors the anodization parameters: i) the thickness of the Al layer; ii) the Al
evaporation rate; iii) the water content in the electrolytic solution; iv) the temperature of the
electrolyte; v) the pH of the electrolytic solution; vi) the current density during anodization; vii)
the annealing temperature and viii) the final voltage of anodization.

8.3.  For each factor, consider two levels, as given by Table 1.
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8.4. Assemble the Plackett-Burman design table aided by the DOE software as given by Table
2.

8.5.  Prepare the TFTs varying the fabrication parameter according to the 12 generated “runs”
from Table 2. Each run provides a representative variation of the fabrication factors without the
need to perform all 256 (28) possible combinations for a two-level, eight-parameters experiment.

8.6. Feed the DOE table from the software with the performance data from TFT
characterization (e.g., TFT mobility in saturation) following the manufacturing directions of each
run.

8.7. Add as many replicates from different devices using the same fabrication factors to
increase the number of degrees of freedom for the analysis.

8.8.  Perform ANOVA from the data and analyze the output to determine which anodizing
parameters influence most the TFT performance.

REPRESENTATIVE RESULTS:

Eight different aluminum oxide layer manufacture parameters were used as the fabrication
factors which we used to analyze the influence on the TFT performance. These factors are
enumerated in Table 1, where the corresponding “low” (-1) and “high” (+1) values for the two-
level factorial DOE are presented.

For simplicity, each manufacturing factor was named by a capital letter (A, B, C, etc.) and the
corresponding “low” or “high” level represented by -1 and +1, respectively. The Placket-Burman
DOE matrix considering eight factors varying in two levels results 12 experimental runs, with the
combination of levels given by Table 2.

Each experimental run from Table 2 defines the fabrication conditions used to produce the Al;03
layer used as the dielectric layer of a set of transistors with similar expected characteristics. Each
set of transistors was electrically characterized by the TFT output and transfer curves. To obtain
the mobility in the TFT saturation regime, we use the relationship between the channel current
(Ip) and the gate voltage:

wC;  (Vg—Vip)?
L 2

Ip = (4)

where w is the channel width, L, the channel length, and C;, the dielectric layer capacitance per
unit area. The transfer curve for a TFT built according to manufacturing parameters given by run
#3 from Table 2 is shown in Figure 1. The IpY/2 vs. Vs curve is also depicted in Figure 1, allowing
the evaluation of the TFT mobility (i) from the slope of the curve and the threshold voltage (Vi)
from the extrapolation of the linear region to the horizontal axis.

The values for the mobility for all built transistors according to the 12 runs parameters were
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computed in a table and used to feed input of the PB DOE assembled using the DOE/ANOVA
analysis software (Chemoface). For each set of fabrication parameters, 6 replicated TFTs were
built, resulting in 72 devices. By performing ANOVA, it is possible to rank the most significant
factors, which can be graphically expressed using a Pareto chart of effects as shown in Figure 2a.
Figure 2 presents the results from the analysis considering the TFT mobility as the response
parameter. Similar analysis can be done for different device response parameters (on/off ratio,
Vi, etc.). Figure 2b shows the table of effects and corresponding factor significance. The results
demonstrate that the most significant factor for the TFT mobility is the final voltage (H) used
during the anodization process. The final voltage is directly proportional to the dielectric layer
thickness. The growth ratio is about 1.2 nm/V, which results, for example, in a 48 nm thick layer
when using a final voltage of 40 V. Other significant factors were (in the following order): the Al
evaporation rate (factor B), the thickness of the Al layer (factor A), the water content in the
electrolyte (factor C) and the pH of the electrolyte (factor E). Moreover, all significant factors
were found to be “negative”, which means that the TFT mobility decreases as the factor is
changed from the “low” (-1) level to the “high” (+1) level given by Table 1. The significance of the
manufacturing factors can be used as a direction to obtain optimized TFT performance for a
particular response parameter (TFT mobility, in the current case).

Figure 1: Transfer curve obtained from a TFT manufactured according to Run #3. The slope of
the (Ips)¥? vs. Vs allows the determination of the TFT mobility and the intercept with the x-axis,
the threshold voltage (Vin).

Figure 2: (a) Pareto chart of effects on the TFT mobility. (b) Table of effects and corresponding
factor significance.

Table 1: Manufacturing parameters of the aluminum oxide TFT dielectric layer. Each factor has
a corresponding “low” (-1) or “high” (+1) value.

Table 2: Plackett-Burman (PB) design of experiment matrix

DISCUSSION:

The anodization process used to obtain the dielectric has a strong influence on the performance
of the TFTs fabricated, keeping constant all geometrical parameters and the fabrication
parameters of the active. For the TFT mobility, which is one of the most important performance
parameters for TFTs, it can vary more than 2 orders of magnitude by changing the manufacturing
factors in the range given by Table I. Therefore, the careful control of the anodization parameters
is of great importance when fabricating devices comprising anodized Al,O3 gate dielectrics. The
presence of localized states due to charges/dipoles at the semiconductor/dielectric layer is one
of the most significant causes of change in the device performance, especially for TFT mobility.
Substrate cleaning is very important to avoid spurious variation of electrical parameters from
device characterization. Use of alkaline residue-free detergent, use of deionized water for
abundantly rinsing the substrates, use of analytical pure acetone and isopropanol for substrate
cleaning and plasma cleaning are of extreme importance to assure the cleaning of the substrates
and the reproducibility of the process. Rinsing and drying the substrates after the growth of the
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anodized layer have also be undertaken with extreme care. Control of the pH of the electrolyte,
of the temperature of the electrolyte and stirring the electrolyte solution during anodization are
also sources of random variation of the results. Contamination by dust also needs to be avoided
by performing all steps inside a clean-room or a laminar flow cabinet. The type of acid used in
the electrolyte also affects strongly the anodization process, however, because the effect of such
factor cannot be properly quantified in a DOE, we used only tartaric acid, which results in good
results for anodization.

The use of ANOVA to determine the significance of each manufacturing factor is an extremely
powerful tool for device performance optimization. However, to obtain reliable results, it is
essential to guarantee that the variance in the analyzed response parameter is due to factor
variation and not by miscarried experimental procedure. A key point is to make as many
replicates of each experimental run as possible. Although this increases the number of
experiments that need to be performed, it increases the analysis reliability by increasing the
number of degrees of freedom of the experimental design. A good strategy which was adopted
in the current procedure was to produce 2 samples with 3 TFTs each. Therefore, the experimental
run was repeated just once, but we had 6 replicated results from different devices. This also
allowed to evaluate the variance for TFTs from the same substrate (same dielectric and
semiconducting layers) and for TFTs from different substrates (different dielectric and
semiconducting layers but fabricated according to the same procedure). If the variance for
devices fabricated according to the similar manufacturing factors is low compared to the variance
due to substantial changes in the manufacturing factors, the reproducibility of the process is
acceptable.

As stressed before, Plackett-Burman design of experiments is very convenient for experiments
with a high number of factors, since it permits a considerable reduction in the number of
experiments. For 8 experimental factors, the number of experiments compared to a full-factorial
design is reduced from 256 (28) to only 12. However, this reduction has the cost that the
interaction between the factors cannot be evaluated. Therefore, for systems which the influence
of the cross-factors is expected to be relevant, PBD is not the best option. A possibility is to use
a PBD to screen the most significant factors and, in a second moment, to use a full-factorial design
for the most significant factors from the PBD to determine the influence of the factor
interactions.

The use of the experimental design software Chemoface3® in the analysis is optional and the
results should not be dependent of it. All the calculations needed to determine the effects of the
factors on the system response can be performed manually (extremely time-consuming), by a
custom computer-aid script, or by other professional software such as Minitab or Design-Expert.
However, Chemoface is a user-friendly and cost-free interface which is available for download
without any restriction.

The current work demonstrates feasibility of manufacturing thin-film transistors comprising
Al,O3 dielectric layer grown by anodization of metallic aluminum. This process can be easily
extended to flexible substrates, allowing mass production of flexible electronic circuits. The use
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of Plackett-Burman design of experiments combined to ANOVA is a quick and powerful method
to screen the influence of manufacturing factors in the device response, permitting the TFT
performance optimization.
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Table 1

Click here to access/download;Table;Table1_Jove.xlsx %

Table 1: Manufacturing parameters of the aluminum oxide TFT dielectric layer.
Each factor has a corresponding “low” (-1) or “high” (+1) value.

Factors Unit “Low” value (-1) “High” value (+1)
A Thickness of Al-layer nm 60 200
B Al evaporation rate A /s 5 15
C H,0 content % 16 30
D Temperature of electrolyte C 40 60
E pH of the electrolytic solution - 6 5
F Current density mA/cm? 0.45 0.65
G Annealing C No thermal treatment | Annealed at 150 °C
H Final voltage \" 30 40
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Table 2 Click here to access/download;Table;Table2_Jove.xlsx X

Table 2: Plackett-Burman (PB) design of experiment matrix.

Run A B C D E F G
1 -1 -1 -1 -1 -1 -1 -1
2 1 -1 1 1 -1 1 1
3 -1 -1 -1 1 -1 1 1
4 1 -1 -1 -1 1 -1 1
5 1 1 -1 1 1 1 -1
6 -1 1 -1 1 1 -1 1
7 1 1 1 -1 -1 -1 1
8 -1 -1 1 -1 1 1 -1
9 1 -1 1 1 1 -1 -1
10 1 1 -1 -1 -1 1 -1
11 -1 1 1 -1 1 1 1
12 -1 1 1 1 -1 -1 -1
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Table of Materials

Name of Material/Equipment

Acetone

Aluminum (Al) Wire Evaporation

Ammonium hydroxide solution

Chemoface - Software to set a design of
experiment (DOE)

Cleaning detergent

Ethylene glycol

Isopropanol

Glass substrates

L-(+)-Tartaric acid

Mechanical shadow mask for deposition of the
sputtered ZnO active layer

Mechanical shadow mask for TFT gate electrode

Mechanical shadow mask for TFT source/drain
electrodes
Plasma cleaner

Sputter coating system

Stiring plate
Thermal evaporator
Two-channel source-measuring unit

Two-channel source-measuring unit
Ultrasonic bath
Zinc Oxide (ZnO) Sputtering Targets

Click here to access/download;Table of Materials;JoVE-Table-of-Materials 16.12.19.xlsx %

Company

LabSynth

Kurt J. Lesker Company
Sigma Aldrich

Federal University of Lavras

(UFLA), Brazil
Sigma Aldrich
Sigma Aldrich
LabSynth

Sigma Aldrich
Sigma Aldrich
Lasertools, Brazil

Lasertools, Brazil
Lasertools, Brazil

MTI
HHV

Sun Valley
HHV
Keithley

Keithley
Soni-tech
Kurt J. Lesker Company

Catalog Number
A1017
EVMAL40060
338818

Alconox
102466

A1078
CLS294775X50
T109

custom mask

custom mask
custom mask

PDC-32G
Auto 500

MS300
Auto 306
2410

2612B
Soni-top 402A
EJTZNOX304A3


https://www.editorialmanager.com/jove/download.aspx?id=1190971&guid=6444d3bd-6880-4fb4-ab55-80954092aca5&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1190971&guid=6444d3bd-6880-4fb4-ab55-80954092aca5&scheme=1

Comments/Description

ACS reagent grade

1.5 mm (0.060") Dia.; 1lb; 99.99%

ACS reagent, 28.0-30.0% NH3 basis

Free software developed by Federal University of Lavras (UFLA), Brazil - http://www.ufla.br/chemoface/

Alkaline detergent for substrate cleaning
ReagentPlus, 299%

ACS reagent grade

Corning microscope slides, plain

299.5%

10 mm x 10 mm square.

25 mm long stripe, 3 mm wide.
100 um stripes, separated by 100 um gap, overlapping of 5 mm

Campact plasma cleaner with vacuum pump

RF sputtering system with thickness and deposition rate control

Stiring plate with heating control
it has a high precision sensor for measure the thickness and rate of deposition of thin films
Keithley model 2410 or similar/for anodization process

Dual channel source-measure unit (SMU) for TFT measurements
Ultrasonic bath with heating control
3.0" Dia. x 0.250" Thick; 99.9%
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Rio Claro, March 30" 2020

Nam Nguyen, Ph.D.
Manager of Review/JOVE

Dear Dr. Nguyen,

Please consider the reviewed versions of the manuscript and the video entitled “The
Effect of Anodization Parameters on the Aluminum Oxide Dielectric Layer of Thin Film
Transistors”, authored by Tiago C. Carneiro, Dinesh Kumar, Neri Alves, Jeff Kettle and
Lucas Fugikawa-Santos, for publication in Journal of Visualized Experiments.

We believe that we attended all the required changes, as commented bellow.

We hope that the manuscript will accomplish the necessary requirements for
publication in your journal.

Sincerely,

Lucas Fugikawa-Santos, PhD

Sao Paulo State University - UNESP
Campus of Rio Claro

Av. 24-A, 1515,

Physics Department

13506-900

Rio Claro, SP, Brazil
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Comments on the reviews:

Editorial comments:

1. Audio Track Quality:

a. @11:26-11:51 Previous note: Dr. Jeff Kettle is out of sync- meaning his audio does not
match his video (movement of his lips.) The video is early / the audio is late. This will need to
be fixed.

Video and audio were synchronized.

b. @11:51 The second clip of Jeff Kettle is okay

2. On-Screen Text:

a. @04:14 Lower text has an extra space after "Remove the"

Extra space deleted.

b. @04:20 Lower text has an extra space after "abundantly the"

Extra space deleted.

c. @04:26 Lower text has an extra space after "Dry the"

Extra space deleted.

d. @04:44 Lower text has an extra space after "Dry the"

Extra space deleted.

e. @04:53 Lower text has an extra space after "Remove the"

Extra space deleted.

f. @05:02 Lower text has an extra space after "Dry the"

Extra space deleted.

g. @05:08 Lower text has an extra space after "Load the"

Extra space deleted.

h. 08:39 Please hold on this chapter title for at least another second. It disappears before we
can fully read it

Exposure time of the title was increased 1.25 s.

3. One minor inconsistency-the first sonication (in the detergent, step 2.2.2) is for 10 minutes
in the manuscript but 15 minutes in the video.

We changed in the manuscript for 15 min.
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Script in Python for control of anodization

Click here to access/download

Supplemental Coding Files
Keithley_2400_AI203_growth.py
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ARTICLE AND VIDEO LICENSE AGREEMENT - UK

Title of Article: Effect of anodization parameters on the properties of aluminum oxide used as dielectric layer of

thin-film transistors

Author(s):

Tiago C. Gomes, Dinesh Kumar, Neri Alves, Jeff Kettle and Lucas Fugikawa-Santos

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
QStandard Access

Item 2: Please select one of the following items:

D Open Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: "Agreement" means this Article and
Video License Agreement; "Article" means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; "Author"
means the author who is a signatory to this Agreement;
"Collective Work" means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
"CRC License" means the Creative Commons Attribution 3.0
Agreement (also known as CC-BY), the terms and conditions
of which can be found at:
http://creativecommons.org/licenses/by/3.0/us/lega|c0de

"Derivative Work" means a work based upon the
Materials or upon the Materials and other pre-existing
works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound  recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; "Institution” means the
institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; "JOVE" means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; "Materials" means the Article
and / or the Video; "Parties" means the Author and JOVE;
"Video" means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2 Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and (c) to license others to do
any or all of the above. The foregoing rights may be
exercised in all media and formats, whether now known or
hereafter devised, and include the right to make such
modifications as are technically necessary to exercise the
rights in other media and formats. If the "Open Access" box
has been checked in Item 1 above, JOVE and the Author
hereby grant to the public all such rights in the Article as
provided in, but subject to all limitations and requirements
set forth in, the CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
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Author shall, with respect to the Article, retain the
non-exclusive right to use all or part of the Article for the
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Institution's website or the Author's personal website, in
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Article is included. All non-copyright intellectual property
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6. Grant of Rights in Video - Open Access. This
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Author hereby grants to JoVE, subject to Section 7 below,
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other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
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discretion andwithout giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney's
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney's fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author's or the Author's institution's
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contaminationdue to
the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
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decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shallinclude JoVE's attorney's fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
Jo VE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Lucas Fugikawa-Santos
Department: i ) : )
Physics Department - Institute of Geosciences and Exact Sciences
Institution: Séo Paulo State University - UNESP
Title: Dr.
Signature: "7@'4[ g /_A?;/@:/, Date: (16.09.2019

T

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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