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¥ < 4§ & ;. High reflectance coatings were produced on LED sapphire substrate to enhance the
reflective efficiency in LED. The coating layers were divided into single layer coating and multilayer
coatings. On single layer coating, Ti, Cr, Al,O3, AuSn were used. On multilayer coatings, Ti/Ag/AuSn,
Cr/Ag/AuSn and Al,Os/Ag/AuSn were used. In this study, the adhesion strength between coating layers
was also measured by simple lap test and tensile test. Experimental results show that single layer
coating using Ag has the best performance in reflectance. While, multi-layer coatings using
Al,O3/Ag/AuSn structure have the best effect of reflectance improvement. On adhesion strength
measurement in single layer coating, the highest adhesion strength can be found on sapphire/Al,O3
structure which the adhesion strength can be measured to be 74MPa. On the other hand in multi-layer
coatings, the highest adhesion strength can be found on sapphire/Cr/Ag/AuSn structure which the
adhesion strength can be measured to be 101MPa.

Keywords: High reflectance coating, Sapphire substrate, Adhesion strength
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Atomic Structure of Hydrous Ruthenium Oxide Coating on
Carbon-Nanotube for Supercapacitor

Yuli Lin" and H.-S Huang

Abstract. In this study, hydrous ruthenium oxide with carbon
nanotube additives was deposited on Ti substrate by cathodic
deposition method. Combination of amorphous and
nanocrystalline structure of hydrous ruthenium oxide was
investigated by high resolution electron microscopy. It was
found that thin hydrous ruthenium oxide coating layer can be
deposited on CNT substrate. The thickness of the coating layer
was found less than 10nm. The capacitance was found
increased when the deposition time was increased. The
maximum capacitance of hydrous ruthenium oxide coating was
measured to be 718.8F/g.

Background

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
(Electrochemical Capacitors) have many advantages using in
electrical devices for their larger electrical capacity, high
power density and long cycle life [1].

Supercapacitor 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,(OH),) 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].

All authors are with the Institute of Engineering Science, Chung Hua
University, Hsinchu, Taiwan

*Contacting Author: Yuli Lin is with the Institute of Engineering Science and
Department of Mechanical Engineering, Chung Hua University, Hsinchu,
Taiwan (phone: +886 3-5185494; email:yulilin@chu.edu.tw).

Current Results

Hydrous ruthenium oxide with carbon nanotube 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 adding carbon nanotube is to
increase the effective area of hydrous ruthenium oxide coatings.
The concentration of carbon nanotube added in the deposition
process is 0.05wt%. The time of specimens which were
immersed into the deposition bath varied from 5 minutes to 60
minutes. The electrical capacity characteristics of coating were
examined by cyclic voltammetry. The microstructure of
hydrous ruthenium oxide coating was also observed by high
resolution electron microscopy.

Figure 1(a), (b) show the atomic structure of hydrous
ruthenium oxide coating on CNT substrate with 5 minutes of
deposition period. Combination of amorphous and
nanocrystalline structure of hydrous ruthenium oxide can be
investigated. Nanosized particles (about 2 nm) which can be
identified as RuO, and Ru were observed on this specimen.
The capacitance of this specimen was measured to be 213.8F/g.

Figure 2(a), (b) demonstrate the atomic structure of hydrous
ruthenium oxide coating on CNT substrate with 10 minutes of
deposition period. Nanoparticles embedded in amorphous
phase can be observed on this specimen. The capacitance of
this specimen was measured to be 411.3F/g. Combination of
RuO, and Ru particles can also be observed. Figure 3(a), (b)
reveal the atomic structure of hydrous ruthenium oxide coating
on CNT substrate with 15 minutes of deposition period.
Combination of amorphous and nanocrystalline structure of
hydrous ruthenium oxide was also investigated. RuO, particles
were found at this specimen.

Figure 4(a), (b) show the atomic structure of hydrous
ruthenium oxide coating on CNT substrate with 30 minutes of
deposition period. The capacitance of this specimen was
measured to be 713.7F/g. Addition to amorphous structure,
RuO, nanosized particles (about 2 nm) was the only particles to
be observed on this specimen. Figure 5(a), (b) reveal the
atomic structure of hydrous ruthenium oxide coating on CNT
substrate with 60 minutes of deposition period. The
capacitance of this specimen was measured to be 718.8F/g. It
was found that more uniform hydrous ruthenium oxide layer
was coated on CNT substrate. The thickness of the coated layer
was found less than 10nm. Combination of amorphous and
nanocrystalline structure of hydrous ruthenium oxide was also
investigated. Nanosized particles (about 2 nm) which can be
identified as RuO, were observed on this specimen.
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Figure 6 illustrates the distribution of measured capacitance
with various deposition periods. The measured capacitance of
hydrous ruthenium oxide on CNT substrate was 213.8F/g for
specimen with 5 minutes of deposition period. However, the
capacitance was increased to 718.8F/g when the deposition
period was increased to 60 minutes.
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on CNT substrate with 5 minutes of deposition period, (a)

HRTEM image of specimen and (b) higher magnification of
HRTEM image form (a).

Figure 2. Atomic structure of hydrous ruthenium oxide coating
on CNT substrate with 10 minutes of deposition period, (a)
HRTEM image of specimen and (b) higher magnification of
HRTEM image form (a).

Figure 3. Atomic structure of hydrous ruthenium oxide coating
on CNT substrate with 15 minutes of deposition period, (a)
HRTEM image of specimen and (b) higher magnification of
HRTEM image form (a).
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Figure 4. Atomic structure of hydrous ruthenium oxide coating
on CNT substrate with 30 minutes of deposition period, (a)
HRTEM image of specimen and (b) higher magnification of
HRTEM image form (a).
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Figure 5. Atomic structure of hydrous ruthenium oxide coating
on CNT substrate with 60 minutes of deposition period, (a)
HRTEM image of specimen and (b) higher magnification of
HRTEM image form (a).
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Figure 6. The distribution of measured capacitance with
various deposition periods.
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Junction Temperature of High-Power LED
Packages with Diamond film

Cheng-Yi Hsu' and Yuli Lin""

Abstract. A simple, fast, and reliable characterization of thermal
properties method to determine junction temperature (Tj) in high
power GaN-based light emitting diodes (LED) was presented in this
study. Thermal characteristics of high power Light-emitting-diode
have been analyzed by using a three-dimensional thermal conduction
model. Maximum operation temperature has also been calculated. The
induced thermal behaviours of the best package processes for LED
device with diamond film were investigated by finite element analysis
(FEA) and by experimental measurement.The large change of forward
operation voltage with temperature in light emitting diodes is
advantageously used to measure junction temperature. Using this
method, junction temperatures (Tj) of a LED under various structures
and chip mounting methods were measured. It was found that the
junction temperature can be reduced considerably by diamond film
substrates. For diamond film substrates LED, as much as two-fold
reduction in junction temperature can be achieved compared to other
structures. In this study, we will report how we can achieve the
junction temperature had to decrease about 10 percent for more than
1.5W- power dissipation for Imm square die. It was found that the
thermal resistance using diamond film structure is measured to

be 17°C/W which is the lowest than other structures.

Background

High-power Light Emitting Diode (LED) can be potentially
used for general lighting to alleviate the global warming
problem. However, the LED associated with high cost, high
junction temperature, low luminous efficiency, and low
reliability have to be resolved before becoming realized. The
increase in the light-output efficiencies of LED is the main
cause of such a marked transition. Accordingly, many
researchers are developing LED technology with a view to
general lighting applications. However, depending on the
power conversion efficiency, some of the input energy
becomes photons, which are immediately emitted out of the
device, while the rest remains in the device as heat, which
increases the junction temperature. Since an LED is a
semiconductor device, many of its properties strongly depend
on thermal temperature [1~11].

As the junction temperature is increased, both the operating
voltage and the wavelength changed, and the reliability and
output efficiency are degraded. Thus, the problem of heat flow
in an LED is inevitable in high-power applications.

All authors are with the Institute of Engineering Science, Chung Hua
University, Hsinchu, Taiwan
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Department of Mechanical Engineering, Chung Hua University, Hsinchu,
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Current Results

In order to evaluate what is the better way for packaging LED
device with diamond film. The samples utilized in this work
are diamond film on silicon wafer. The thickness of diamond
film is 20pum after remove silicon wafer. Figure 1(a) and (b)
shows the SEM images of diamond films. In this study, we
established three kinds of model structures. Table 1 shows the
physical parameters of the model used. In our models, normal
GaN /Sapphire blue high power LED was used. The samples
utilized in this work are 40 mil blue GaN LED chips which
were obtained from an LED manufacturer. Figure 2(a) shows
the conventional configuration of GaN LED structure. The
thicknesses of the nitride film and sapphire substrate are 5 and
90 pm, respectively. A thin semi-transparent oxidized ITO
layer was coated on top of the p-type layer to enhance the
spreading of the current structure. Figure 2(b) shows the high
power LED chips mounted onto heat sink using silver epoxy
without encapsulates. The heat sink used in this study is
diamond film which has a high thermal conductivity. The heat
sink was then mounted onto Cu substrate using silver epoxy.
The Cu substrate with an area of 10X 10 cm2 and a height of
0.2 cm was used. In this study, the LED chip was also
considered for evaluation of the influence on thermal
conductivity for diamond film during package process. In
addition, a sliding boundary condition instead of fixed-end
boundary was set on the bottom surface of the package
substrate for model the substrate handling on the heating
dissipation stage by diamond film.

From the simulation result, it was found that the junction
temperature had the reduction of 10.7% using diamond film on
top of Cu substrate. The simulation result was confirmed by
experiments which shows that a reduction of 11.5% in junction
temperature measurement using diamond film on top of Cu
substrate. Table 2 demonstrates all the experimental measured
in this study for various mode structures. It was found that the
thermal resistance using diamond film structure is measured to
be 17°C/W which is the lowest than other structures. Figure 3(a)
~ (b) shows the measurement of the junction temperature and
thermal resistance vs. different structures under various powers
conditions. The LED using diamond film structure not only has
the lowest junction temperature but also had the lowest thermal
resistance than other structures under various powers. Figure
3(c) shows the comparison of the simulation and experimental
results in junction temperature measurement with different
structure at 1W. It was found that a good agreement between
the experimental result and the simulation data on various
structures.


mailto:yulilin@chu.edu.tw

References

[11 Nie-Chuan CHEN, Chih-Min LIN, Yen-Kai YANG, Chi SHEN, Tong-
Wen WANGH, and Meng-Chyi WU1,“Measurement of Junction

Temperature in a Nitride Light-Emitting Diode,” Jpn. J. Appl. Phys., Vol.

47, No. 12 (2008)

[2] Qian Cheng,“Thermal Management of High-power,” 1-4244-1392-
3/07/$25.00 (©2007 IEEE

[31 Joseph Bielecki, Ahmad Sameh Jwania, Fadi El Khatib, Thomas
Poorman ,“Thermal Considerations for LED Components in an
Automotive Lamp,”1-4244-0959-4/07/$25.00 ©2007 IEEE

[4] R.Huber, “Thermal Management of SMT LED.” Osram Opto
Semiconductors (8/02).

[51 R.H.Homg,l,a_C.C. Chiang,2 H. Y. Hsiao,2 X. Zheng,2 D. S.
Wuu,2,b and H. I. Lin3, “Improved thermal management of
GaN/sapphire light-emitting diodes embedded in reflective heat
spreaders,” Appl. Phys. Lett. 93, 111907 2008

[6] M. Shatalov and A. Chitnisa P. Yadav, Md. F. Hasan, and J. Khan V.
Adivarahan, H. P. Maruska, W. H. Sun, and M. Asif Khanb, “Thermal
analysis of flip-chip packaged 280 nm nitride-based deep ultraviolet
light-emitting diodes,” Appl. Phys. Lett. 86, 201109 ~2005!

[71  Schang-jing Hon, Cheng Ta Kuo, T.P. Chen, M.H. Hsieh , “High power
GaN LED chip with low thermal resistance ,”Proc. of SPIE Vol. 6894,
689411, (2008)

[8] M.Y. Tsai*, C. H. Chen, and C. S. Kang , “Thermal Analyses and
Measurements of Low-Cost COP Package for High-Power LED, “978-1-
4244-2231-9/08/$25.00 ©2008 IEEE

[91 M. Arik, C. Becker, S. Weaver, and J. Petroski, “Thermal Management
of LED: Package to System,” Proc. Of SPIE, 2004.

[11]

M. W. Shin, “Thermal Design of High-power LED Package and
System,” Proc. of SPIE, 2006.
J.P. You, Y. He and F.G. Shi, “Thermal Management of High Power

LED: Impact of Die Attach Materials,” IMPACT 2007, Taipei, Taiwan,

2007.

Fig. 1. SEM images of Diamond structure :( a) low magnification

and (b) higher magnification of (a).

Table 1 The physical parameters of the model

Material Mode 1 Structure Mode 2 Structure Mode 3 Structure
GaN Imm*1Imm* 5 |GaN Imm*1mm* 5 |GaN Imm*Imm*
LED Hm Hm Suem
Dimensions :
. . Sapphire
LxWxH Sapphire Sapphire L Lmm*0 1
Imm*Imm*90 b m  |Imm*Imm*90 v m m
Adhesion . . .
Material Silver epoxy Sum  |[Silver epoxy Sum |Silver epoxy 5H m
High thermal
conductivity
Material Diamond Film . Graphite Film
(Heat Sink)  |[Imm*Imm*20 # m NoHcatSinlcUsed Imm*Imm*3mm
Dimensions
LxWxH
Adhesion . . .
Material Silver epoxy Sum  |[Silver epoxy Sum |Silver epoxy 5H m
Board
Material Cu 100mm x 80 mm  |Cu 100mm x 80 mm |Cu 100mm x 80
X3 mm x3 mm mm x3 mm
LxWxH

o
P-electrode
P-pad

P-type nitride

(b)

Ag Epoxy

= Active layer - =

[ Nepaa

N-type nitride

]
I
A\

Sapphire Substrate

)

Fig. 2. Configurations of GaN LED structure: (a) conventional structure and (b)
mount on high thermal conductivity material (heat sink) adhesion Cu plate.

Table 2 The experimental results for various mode structures

Rth(‘C/W) | Tj(’C) | Rth(‘C/W) | Tj(C)
Struct
Type ructure @IW @IW | @l5sW | @lsw
LED on
Mode 1 Diamond Film 19.7 423 17.0 452
Mode 2 LED 24.2 47.8 20.9 51.1
LED on
Mode 3 Graphite Film 34.0 589 33.1 70.7
75
-~ —=—1.5W
o
T 65 [V
é 551
e
g
S 451
35
LED on Diamond Film LED LED on Graphite Film
@) Structure
40.0
% —— W
o = 1.5W
3 30.0 A
=
Z
éw) /
é 20.0
=
10.0
LED on Diamond Film LED LED on Graphite Film
(b) Structure
75
_ —=— Simulation Temperature (C) @ 1W
i/ 651 —— Measurement Temperature (C) @1W
g 5519
&
35
LED on Diamond Film LED LED on Graphite Film
(C) Structure

Fig 3. Measurement curves of the (a) junction temperature and (b) thermal
resistance vs. different structure under various powers (1W, 1.5W) and (c)
junction temperature vs. different structure in the simulation and experiment
data under various powers (1W)
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