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Abstract
Hydrous ruthenium oxide was deposited on Ti substrate utilizing cathodic deposition method. The electric
capacity characteristics of the deposits were examined by cyclic voltammetry. The surface morphology of coatings
was examined by SEM. A coating layer of hydrous ruthenium oxides with carbon nano-tube produced through
cathodic deposition was found to be faster and effectively than any other methods. The measured capacitance of
hydrous ruthenium oxides coating can be reached to 590F/g. However, the capactance can be increased to
718.8F/g when carbon nanotube was dispersed by using the ultrasonic vibration and surface-active agent added in

the deposition bath.

Key word: supercapacitor, hydrous ruthenium oxides, cathodic deposition, cyclic voltammetric,carbon nano-tube.
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Abstract. The effect of high reflectance metallic thin films of reference mirror layers is investigated
using three different thin film structures on sapphire substrate: the sapphire/Ti/Ag/AuSn,
sapphire/Cr/Ag/AuSn, and sapphire/Al,O3/Ag/AuSn structures. Various coating thickness was
deposited on sapphire substrate. The experimental results indicate that the Ti and Cr buffer layer are
not very effective on the enhancement of reflectance on the Ag layer. Results show that the
reflectance properties of the mirror layer can be improved significantly by using Al,O3/Ag coating.
In a buffer layer solution, the reflectance of reference mirror layer can have about 200% of

improvement with the Al,O3 buffer layer comparing to that using Ti and Cr as the buffer layer.

1. Introduction

The silver (Ag) metal has been used widely as a reference mirror for the optospectrum meter

because of its excellent optical film characteristics; it has a very high reflectance and low



transmittance on glass substrate [1]. For optospectrum meter measurements, a film type of Ag layer
is preferred because it is simple in structure and durable for most mirrors. The required durability of
this mirror is achieved by forming a thick Ag layer on the surface of glass [2—4]. For microscopic
applications, a thin film type of Ag reference mirror layers is preferred because the well-developed
technologies of semiconductor processes can be applied to fabricate a miniaturized LED (light
emitting diode). Usually, the thin film of Ag reference mirror layers is fabricated on top of a Ti
layer, which is formed by oxidizing the glass substrate. Much effort has been given to find a
structure that is suitable for fabrication of a durable, stable, and reproducible thin film of Ag
reference mirror layers. Among them, Lung-Chien Chen [5] reported the most impressive

achievement of durability in a sapphire substrate solution. They used multilayers of SiO,/Ti(:

Bragg reflector to achieve the long durability. However, the structure of SiO, /Ti1(: Bragg

reflector with 400-700nm of thickness is more dielectric layer. On sapphire substrate, the best
mirror material will be the Ag metal which not only have high reflectance for a large spectral range
but also can prevent dissolution of Ag and Al,Oj3 in a solution of high adhesion. Therefore, a silver
layer was intercalated between the buffer layers and the passivation layer. One problem associated
with using Ag reference mirror layer with a buffer layer is that the buffer layer needs good adhesion
to both sapphire substrate and Ag layer. Another problem is that the Ag layer is easy affected on
process temperature. This is the reason that passivation layer is needed. When the thickness of
sapphire substrate is decreased to 90 um by grind and polish, the backside surface of sapphire

substrate is roughening. Therefore, the effect of reflectance and transmittance of Ti and Cr and



Al,Os buffer layers on the physical and optical properties of the thin film Ag reference mirror layer
is needed to investigate. In this study, we design three thin film reference mirror layers structures:
(a) Sapphire/Ti/Ag/AuSn, (b) Sapphire/Cr/Ag/AuSn and (c) Sapphire/Al,O3/Ag/AuSn structures for

investigating the output stability and insensitivity of these reference mirror structures.

2. Experimental Procedure

An environmentally stable silver material having very high reflection values over a large spectral
range is potentially utilized on sapphire substrate for LED applications. In this study, we designed
three coating layers on sapphire substrate: sapphire/Ti/Ag/AuSn, sapphire/Cr/Ag/AuSn, and
sapphire/Al,O3/Ag/AuSn. The first layer is coated as a buffer layer using materials of Ti, Cr and
Al,O3 using e-gun deposition with the deposition rate of approximately 0.2nm/sec. for 150 and 300
seconds. The second layer is the mirror layer using material of Ag using with the deposition rate of
approximately 0.5nm/sec. for 200, 1000 and 2000 seconds. The third layer is coated as the
passivation layer using material of AuSn with the deposition rate of approximately 0.5nm/sec. for
6000 seconds. The optical properties of our reference mirror layer structures were measured by
Hitachi U-4100 optospectrum meter. The microstructure of the reference mirror structures was
observed by scanning electron microscopy (SEM). Adhesion of reference mirror structures was also

measured by lap shear method.

3. Results and discussion

3.1 Microstructure and adhesion of designed reference mirror structures



Fig. 2. shows the represented microstructure of sapphire/Ti/Ag/AuSn, sapphire/Cr/Ag/AuSn, and

sapphire /Al,O3;/Ag/AuSn. Since the thickness of the first buffer layer is very thin, the

microstructure is hard to investigate. The second coated layer is the Ag reference mirror layer with

the thickness of about 100nm, 450nm and 900nm corresponding to sapphire/Ti/Ag/AuSn,

sapphire/Cr/Ag/AuSn, and sapphire/Al,O3/Ag/AuSn structures, respectively. The thickness of Ag

layer is a litter thinner than it was set on E-gun deposition processes. The third layer is the AuSn

passivation layer with the thickness of about 3000nm. For the adhesion test, it was found that the

specimen of Sapphire/Cr/Ag/AuSn structure has the best adhesion among all the specimens. The

maximum adhesion strength can be reached to about S0MPa. The fracture was observed at the

interface between sapphire and Ag coating layers, indicating the adhesion of sapphire/Cr interface

was poor. The maximum adhesion strength was measured about 30MPa on sapphire/Ti/Ag/AuSn

structure. The fracture was observed at the interface between sapphire and Ag coating layers on this

specimen. On the other hand, the measured adhesion strength of sapphire/Al,O3/Ag/AuSn can be

reached to about 1 1MPA. The fracture was observed at the interface between Al,O3 and Ag coating

layers, indicating the adhesion of sapphire/Al,O3 had better adhesion than Al,Os/Ag interface.

3.2. Optical properties of designed reference mirror structures

The results of the reflectance and transmittance measurement for sapphire/Ti/Ag/AuSn,

sapphire/Cr/Ag/AuSn, and sapphire/Al,O3/Ag/AuSn structures were shown in Table 2. These

reflectance data had measured based on Al mirror after calibration on Hitachi U-4100 optospectrum



meter. On the other hand, the transmittance data had measured based on air after calibration on

Hitachi U-4100 optospectrum meter. The results demonstrate that low reflectance and low

transmittance on both single Ti, Cr coated layer on sapphire substrate. The measured value of

reflectance is about 14% to 25% on wavelength 460nm. The Al,Os coated layer on sapphire shows

low reflectance as well (about 10% on wavelength 460nm). Although Ag single layer coated on

sapphire shows better reflectance (about 47% to 52% on wavelength 460nm), the Ag coating layer

was found easily peeled off indicating that adhesion between Ag and sapphire was poor. On

multilayered structures, it can be found that low reflectance and no transmittance on sapphire/Ti/Ag

/AuSn structure with various thickness of coating material. The measured value of reflectance is

about 18% to 22% on wavelength 460nm. The value of transmittance is about 0% on wavelength

300 to 1600nm. On sapphire/Cr/Ag/AuSn structure, similar results can be investigated. The

measured value of reflectance is about 20% to 27% on wavelength 460nm. The value of

transmittance is about 0% on wavelength 300nm to 1600nm. On sapphire/Al,O3/Ag/AuSn structure,

the value of reflectance is about 41% to 48% on wavelength 460nm and the value of transmittance

is about 0% on wavelength 300nm to 1600nm. Among those structures, it was found that

sapphire/Al,03/Ag/AuSn structure has the best reflectance. The designed reflectance of reference

mirror structure can have about 200% of improvement with the Al,O3 buffer layer comparing to

that using Ti and Cr as the buffer layer. Fig.3 shows the reflectance profiles for the (a)

sapphire/Ti/Ag/AuSn, (b) sapphire/Cr/Ag/AuSn, and (c) sapphire/Al,O3/Ag/AuSn structures with

specimen symbols defined in Table 2.



4. Summary

1. Single layer using Ag metal was found having the best reflectance than other material on
sapphire backside. The reflectance is increased with increasing the thickness of Ag coating layer.
However, the adhesion of Ag single layer was found easily peeled off from the sapphire
substrate.

2. On multilayer structures, it was found that the structure of sapphire/Al,O3/Ag/AuSn structure has
the best reflectance than sapphire/Ti/Ag/AuSn and sapphire/Cr/Ag/AuSn structures. The
reflectance of designed sapphire/Al,O3/Ag/AuSn structure can have about 200% of improvement

comparing to other two structures.
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Fig. 1. A schematic diagram of the designed reference mirror structures: (a) three layers of
coating at the backside of sapphire substrate and (b) the experimental setup for optospectrum meter

measurement.

Fig.2. Represented microstructure of the designed reference mirror structures of (a)
sapphire/Ti/Ag/AuSn, (b) sapphire /Cr/Ag/AuSn, and (¢) sapphire/Al,O3/Ag/AuSn structures.



Table 2. Measured reflectance and transmittance values

with various coating materials and coating thickness.

Hitachi U-4100

Reflectance

Transmittance

Symbol |Wavelength @ 460 (nm) (%) (%)
Cal. Calibration using Al mirror 99.9
Cal. Calibration in air 99.9
Sub. | sapphire substrate 13.1 91.3

sapphire/Ti 30nm 14.2 21.9
sapphire/Ti 60nm 22.1 9.4
sapphire/Cr 30nm 20.7 7.1
sapphire/Cr 60nm 24.9 1.5
sapphire/AI203 30nm 10.9 86.8
sapphire/AlI203 60nm 10.3 87.9
sapphire/Ag100nm 47 0
sapphire/Ag500nm 48.1 0
sapphire/Ag1000nm 51.6 0
sapphire/AuSn 3000nm 30.1 0
Al sapphire/Ti 30nm/Ag 100nm /AuSn 3000nm 18.9 0
A2 sapphire/Ti 30nm/Ag 500nm /AuSn 3000nm 18.8 0
A3 sapphire/Ti 30nm/Ag 1000nm /AuSn 3000nm 18.8 0
Ad sapphire/Ti 60nm/Ag 100nm /AuSn 3000nm 21 0
A5 sapphire/Ti 60nm/Ag 500nm/AuSn 3000nm 21 0
A6 sapphire/Ti 60nm/Ag 1000nm/AuSn 3000nm 22.4 0
Bl sapphire/Cr 30nm/Ag 100nm/ AuSn 3000nm 26.2 0
B2 sapphire/Cr 30nm/Ag 500nm/ AuSn 3000nm 20.3 0
B3 sapphire/Cr 30nm/Ag 1000nm/ AuSn 3000nm 23.6 0
B4 sapphire/Cr 60nm/Ag 100nm/ AuSn 3000nm 23.7 0
B5 sapphire/Cr 60nm/Ag 500nm/ AuSn 3000nm 27.1 0
B6 sapphire/Cr 60nm/Ag 1000nm/ AuSn 3000nm 23.6 0
C1l sapphire/ Al,O3 30nm/Ag 100nm/ AuSn 3000nm 41.5 0
C2 sapphire/ Al,O3 30nm/Ag 500nm/ AuSn 3000nm 453 0
C3 sapphire/ Al,O3 30nm/Ag 1000nm/ AuSn 3000nm 44.6 0
C4 sapphire/ Al,O3 60nm/Ag 100nm/ AuSn 3000nm 459 0
C5 sapphire/ Al,O3 60nm/Ag 500nm/ AuSn 3000nm 46.7 0
C6 sapphire/ Al,O3; 60nm/Ag 1000nm/ AuSn 3000nm 48.4 0
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Fig.3. Reflectance profiles for the (a) sapphire/Ti/Ag/AuSn, (b) sapphire/Cr/Ag/AuSn, and (c)
sapphire/ Al,O3/Ag/AuSn structures with specimen symbols defined in Table 2.
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Abstract. In this study, hydrous ruthenium oxide was deposited on titanium(Ti) and carbon
nanotube(CNT) substrate by cathodic deposition method. Combination of amorphous and
nanocrystalline structure of hydrous ruthenium oxide was investigated by HRTEM for hydrous
ruthenium oxide coating on Ti substrate and CNT substrate. The capacitance was found keeping
nearly constant through charge/discharge processes for the coating on Ti substrate during
charge/discharge processes. On the other hand, thin and uniform layer of hydrous ruthenium oxide
coating can be deposited on CNT substrate. The thickness of the coating layer was found less than
10nm. The consumption of coating was found very effective for the hydrous ruthenium oxide
coating on CNT substrate after 10° charge and discharge cycles. The capacitance was found

decreasing tremedenously through charge/discharge processes for the coating on CNT substrate.



1.Introduction

Nowadays, capacitor has been extensively used for offering the function of equalizing distribution
of power. However, the capacitor used today could only provide limited density of power which
was not suitable for those electrical appliances needing high-density of power to start.
Supercapacitors have many advantages using in electrical devices for their larger electrical capacity,
high power density and long cycle life [1]. While, how to manufacture a supercapacitor which is
thin, light and elaborate is still a task.

Supercapacitor (Electrochemical Capacitor) is a kind of storage of electricity between secondary
battery and capacitor. Comparing with secondary battery, supercapacitor does not only have higher
density of power but also can be recharged many times. It also has larger density of energy, offering
higher transient power and higher reliability. In general, supercapacitors can be classified into two
categories, namely, pseudo-capacitors [2] and double-layer capacitors [3]. The former stores
electrical charges in electrode surface by faradic reaction. While, in the latter, electrical charges are
stored at the double-layer formed at electrode/electrolyte interface. Various methods have been
utilized to manufacture electrode including cyclic voltammetric method [4], sol-gel method [5],
cathodic deposition method [6] and etc. Hydrous ruthenium oxides were found to be a superior
material for supercapacitor, which can offer higher capacity of electric charge than any other
materials. Utilizing hydrous ruthenium oxide (RuO,xH,0) as a supercapacitor material, the H"
transits easily in itself, and Ru*" could increase the capacity. Ruthenium not only has several

different oxide forms; but also could go on oxidation reduction itself [7].



2.Experimental Procedure

In this study, hydrous ruthenium oxide with and without dispersed Carbon Nanotube (CNT)
additives was deposited on Ti substrate by cathodic deposition method. Ti substrate was first
cleaned thoroughly by acetone and followed by chemical etching of 5%HF for 5 minutes and
50%HCI for 15 minutes. The purpose of acid etching is to increase the adhesion between the
coating layer and the Ti substrate. Carbon Nanotube has been dispersed by ultrasonic method to
avoid agglomeration during deposition processes. The concentration of CNT added in the
deposition process was 0.05 wt%. Two kinds of specimens were prepared in this study, hydrous
ruthenium oxide was coated on Ti substrate on one specimen, and hydrous ruthenium oxide was
coated on both Ti and CNT substrate on the other specimen. The time of specimens which were
immersed into the deposition bath is 60 minutes. The electrical capacity characteristics of specimen
were examined by cyclic voltammetry. Because of the hydrous ruthenium oxide is amorphous or
nanocrystalline structure, the microstructure of hydrous ruthenium oxide coating is best elucidated
by high resolution transmission electron microscopy (HRTEM). In this study, specimens were also
tested through charge/discharge cycles for 10° times at 1000 mV/s on 0.5M H,SO, to examine the

effect on the microstructure as well as the capacitance.

3. Results and Discussion
3.1Microstructural investigation of hydrous ruthenium oxide coating

Figure 1(a),(b) and 2(a),(b) show the HRTEM images of hydrous ruthenium oxide coating on Ti



substrate before and after charge/discharge processes, respectively. Nanosized particles (about 2 nm)
embedded in an amorphous phase can be observed both on specimens before and after
charge/discharge processes. It is well known that the content of water molecules per RuO2 on
hydrous ruthenium oxide affect the capacitance of coating [8-9]. The results from measured
capacitance and EDX suggest that our coating have the approximate formula of RuO,-H,O for
coating on Ti substrate both on specimens before and after charge/discharge conditions. Figure
3(a),(b) reveals the nanostructure of hydrous ruthenium oxide coating on CNT substrate before
charge/discharge processes. Uniform hydrous ruthenium oxide layer can be coated on CNT
substrate. The thickness of the coated layer was found less than 10nm. The hydrous ruthenium
oxide layer consists of nanosized particles whose size is about 3-5 nm. Amorphous phase can also
be observed on this specimen. Besides, it can be clearly observed in Figure 4(a) and (b) that the
thickness of coated layer was found decreasing after charge/discharge processes indicating the
consumption of coating was found very effective for the coating on CNT substrate after 10° charge
/discharge cycles. The results from measured capacitance and EDX demonstrate that our coating
have the approximate formula of RuO,-H,O for coating on CNT substrate before charge/discharge
processes. However, the structure of hydrous ruthenium oxide on CNT substrate after
charge/discharge processes could be changed to anhydrous RuO; or hydrous RuO, with very few
water content.

3.2Capacitance Characterization during charge/discharge processes

The capacitance of specimen of hydrous ruthenium oxide without adding CNT before



charge/discharge cycle was measured to be 363F/g. The capacitance was decreased to 331F/g after
10° charge/discharge cycles indicating more stable characteristics during charge/discharge processes
on the specimen without adding CNT. On the other hand, the capacitance of specimen of hydrous
ruthenium oxide with adding CNT before charge/discharge cycle was measured to be 681F/g.  The
capacitance was decreased to 257F/g after 10° charge/discharge cycles. Although the measured
capacitance can be increased with adding CNT on the deposition processes, it was found that the
capacitance was dropped tremendously after charge/discharge processes. The decrease on
capacitance could be due to: (a) parts of the hydrous ruthenium coating on CNT substrate were
detached from hydrous ruthenium coating on Ti substrate during charge/discharge processes or (b)
structure of hydrous ruthenium oxide could be changed to anhydrous RuO, or hydrous RuO, with

very few water content.

4. Summary

1. Nanosized particles embedded in an amorphous phase can be observed both on specimens before
and after charge/discharge processes for hydrous ruthenium coating on Ti and CNT substrate.

2. Uniform hydrous ruthenium oxide layer can be coated on CNT substrate. Nanosized particles
embedded in an amorphous phase can also be observed both on specimens before and after
charge/discharge processes for hydrous ruthenium coating on CNT substrate..

3. The capacitance was found keeping nearly constant through charge/discharge processes for the

coating on Ti substrate. On the other hand, the capacitance was found decreasing tremedenously



through charge/discharge processes for the coating on CNT substrate.
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Figure 1. HRTEM images of RuO;-xH,0 on Ti substrate before charge/discharge cycles, (a)
lower magnification and (b) higher magnification form (a).

Figure 2. HRTEM images of RuO»-xH,O on Ti substrate after 10° cycles of
charge/discharge, (a) lower magnification and (b) higher magnification form (a).
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Figure 3. HRTEM images of RuO,-xH,0O on CNT subatrate before charge/discharge cycles,
(a) lower magnification and (b) higher magnification form (a).
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Figure 4. HRTEM images of RuO-xH,O on CNT subatrate after 10° cycles of charge/
discharge, (a) lower magnification and (b) higher magnification form (a).



