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The Prevention, MIZENBOUSHI, Method for Quality
Problems.

* Tatsuhiko Yoshimura
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Accuracy Improvement of Brake Hose Routing
Simulation

Mitsugu Ono * , Yukio Aono * -Takayoshi Iwata*3

Abstract

Brake hose has flexibility for complicated
relative motions by bounding of tire and steering.

Although the brake hose routing simulation
has been conducted by CAE, it is sometimes not
CAE accurate enough to cover three dimensional
behavior.

This report shows that it is now possible to
have more accurate simulation of the routing by
giving the nonlinear characteristics to physical
properties of hose.

1 Mitsugu Ono
*2 Yukio Aono
*3  Takayoshi Iwata
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Development of LED Photo-Deodorizing Air Purifier

Toshio Takahashi* ,Takao Mukogawa* ,Kazuhiro Sakai*

LED
LED

LED

1 Toshio Takahashi

*2

Takao Mukogawa

"3 Kazuhiro Sakai
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Abstract

In recent years, environmental awareness and
health consciousness have been on the rise.
With this has come a growing demand for clean
air which is free from dust, odors, exhaust fumes,
cigarette smoke, pollen and other particles. To
meet this demand, we have developed the LED
Photo-Deodorizing Air Purifier, which utilizes a
combination of a newly developed purple LED
and a photo-catalyst.

Conventional automotive air purifiers are
equipped with a deodorization filter for removing
odors. The deodorizer used is an activated
carbon. Its deodorizing speed is fast and cost is
low. However it is not effective in absorbing
certain elements. Debris fill micro-porous
spaces in the activated carbon, and shorten the
life of the filter.

Our LED Photo-Deodorizing Air Purifier
provides a solution to these problems. Its
performance is a drastic improvement from the
conventional product due to improvement of the
decomposition-deodorizing performance of the
combined LED and photo-catalyst.



55 LED

LED
LED
LED
LED
LED Light Emitting Diode
LED
LED
LED GaN LED
380nm
LED
LED
3
LED
12
" \
08
05 [1\
04 [ 1\
0 [ 1N\

320 340 360 380 400 420 440

— LED

LED

NO

LED

LED

55



Vol.44 No.2 (2002)

56

LED 10 , , ,
%ﬁ;‘::‘
LED \

1

min
LED —— - |
LED
LED

LED

35

30 —— g

25 —

20

ESR Electron Spin Resonance 15 4I;<|
10

LED

ppm

LED

Co,

| S e e dbf] s [ £ 1000
- \ 800
- | | _ 600
400
200

p

0 100 200 300 400 500
NO ppm

LED
LED

56



57

LED

LED
10 =s—
1} S
\
L .
S -
1
_ +LED
o +LED

LED

57

Multi-Blade
Roof Radial fan

Dust filter LED

Roof lining

LED

LED

Grille

6.8mm

Photocatalyst



Vol.44 No.2 (2002) 58

10 20ppm

11

JEM1467

(ppm)

(ppm)

)

10 — ————

20

15 [\,

10
\\\‘
~

0 10 20

LED

(ppm)

(ppm)

2m

10

1m? 3
50%
LED
4
LED
LED
3
LED
JEM1467
1995 7
|
A
W\
\\
\ \
\\
10 20 30 (LED )
N02 AEEER

58




59

*

* 6

Self-separation of Freestanding GaN from Sapphire
Substrates by Hydride Vapor Phase Epitaxy

Seiji Nagai *1, Akira Kojima *2, Shiro Yamasaki *3 , Masayoshi Koike*4

Kazuyoshi Tomita*5, Tetsu Kachi *6

GaN GaN

GaN

GaN

23 mm x 22 mm

100-500y m
106 cm? ~107 cm™2

1 Seiji Nagai

2 Akira Kojima

*3  Shiro Yamasaki

“4  Masayoshi Koike
*5  Kazuyoshi Tomita
*6  Tetsu Kachi

GaN
GaN

LED

Abstract

Freestanding GaN wafers were produced by a
newly developed self-separation method. Thick
GaN layers were grown using hydride vapor
phase epitaxy on a sapphire substrate with GaN
seeds. The separation of the thick GaN layers
took place during the growth sequence at the
interface of GalN/sapphire, because of thermal
stress and lattice mismatch between GaN and
sapphire. The size of the freestanding GaN
wafers was 23 mm x 22 mm. The threading
dislocation density at the top surface was 106 cm™2
~107cm2,
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Introduction

Nitride
potential materials for high efficient optical

compound semiconductors are
devices in the ultraviolet to red spectral region.
Excellent uniform epitaxial layers of GaN and
nitride alloys were grown on sapphire substrates
using low-temperature AIN buffer layer by
metalorganic vapor phase epitaxy (MOVPE). ¥
One of the problems hindering progress in III-
nitride devices is the lack of nitride substrates on
which lattice-matched group III-nitrides can be
grown. Usually, GaN epitaxial layers have been
grown on sapphire substrates or SiC substrates.
However, the difference of lattice constant and
thermal expansion coefficient between these
and GaN bring about
deterioration of device performance,

foreign substrates
such as
lifetime.

Homogeneous GaN epitaxial growth on GaN
substrates will improve the performances of
nitride light emitting devices compared to ones
on sapphire substrates. Recently, there are
several attempts to produce GaN substrates by
from substrates.??
Currently the largest freestanding GaN
substrate has been obtained by the laser lift-off
method.? In addition, there are other techniques
such as using NdGaOs ¢ ? or GaAs ® as

substrates.

separation sapphire

We have newly developed a self-separation
method of freestanding GaN from sapphire
substrates. Thick GaN layers have been grown
on particular sapphire substrates by hydride
vapor phase epitaxy (HVPE). The sapphire
substrates have stripe shaped GaN seeds as
shown in Fig. 1. The thick GaN layers separate
from the sapphire substrates at the interface
between GaN epitaxial layers and sapphire
substrates during the growth sequence. The self-
separation could be caused by thermal stress and
lattice mismatch between GaN and sapphire. The
narrow structure of the seeds makes the self-
separation easy.
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Experimental

The GaN seed layer and the AIN buffer layer
were grown on (11-20) sapphire substrates with
a horizontal metal-organic vapor phase epitaxy
system under atmospheric pressure. The source
gases are trimethylgallium, trimethylaluminium
and ammonia (NH3).

Each seed layer consisted of a GaN layer
grown on an AIN buffer layer. Next, GaN seeds
were formed by photolithography and reactive
ion beam etching. The etching depth was
extended into the sapphire substrate through the
exposed GaN seed layer and the AIN buffer layer.
After the masked material was removed, the
particular GaN seeds remained on the sapphire
substrates as shown in Fig. 1.

On the base substrate with the GaN seeds, a

GaN seed

/ AIN buffer

SE=E= V=N ==

Sapphire Substrate

Fig. 1. Schematic diagram of substrate
structure with GaN seeds

thick GaN layer was grown by conventional
HVPE method under atmospheric pressure. Ga
metal and NH3 gas were used as the gallium and
nitrogen sources, respectively. The Ga metal
reacts with hydrogen chloride, forming GaCl.
The GaCl was reacted with NHz to form GaN.
Hydrogen gas was used as the carrier gas. The
thick GaN layers separated spontaneously from
the sapphire substrates during the growth
sequence.
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GaN

Result and Discussion

The morphology and defect microstructure
were investigated using Normarski interference
microscopy, scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and
cathodoluminescence (CL).

Freestanding GaN wafers were successively
grown as shown in Fig. 2. The size of the GaN
wafer was 23mm x 22mm. The thickness of GaN

I.-:,__.-;; H

.1.- 218 8 _ e

- —|-|

S ey

Fig. 2. Optical photograph of freestanding

GaN wafers separated from sapphire

substrates. Note grid elements are 1 mm x 1

mm

Fig. 3. Optical surface micrographs of
GaN wafer
substrate

separated from sapphire
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wafers was 100 mm — 500 mm. Low magnification
Normarski interference micrographs of the top
surface are shown in Fig. 3. The surface is
specular.

Figure 4(a) and 4(b) show cross-sectional TEM
images of a GaN. Threading dislocations are not
observed near the top surface in cross-sectional
TEM image (Fig. 4(a)). The threading dislocation
density was estimated to less than 107 cm2 from
the TEM image. On the other hand, figure 4(b)
shows many threading dislocations that are not

the of the
interface. threading

straight near seed region

GaN/sapphire Many
dislocations bend towards a lateral direction. The
threading dislocation density was determined to

about 10% cm2 from the TEM image.

(a)

Seed region

(b)

Fig. 4. Cross-sectional TEM images; (a) top
surface region of a freestanding GaN wafer,
and (b) bottom near the seed region of
GaN/sapphire interface of a freestanding
GaN wafer
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bottom
interface S

SR A NS

Fig. 5 Cross-sectional CL images from the top

surface region to the bottom interface, including
the seed region of GaN/sapphire interface of a

freestanding GaN wafer
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To investigate the behavior of the threading
dislocations between the top surface and
bottom in the GaN
performed  cross-sectional CL  of the

surface layers, we
freestanding GaN. Figure 5 shows cross-
sectional CL images from the top surface region
to the bottom interface, including the seed
region at the GaN/sapphire interface of a
The
dislocations appear as dark spots and lines. In

freestanding GaN wafer. threading
Fig. 6, variation of the dislocation density that
was determined from this CL images is shown
as a function of the distance from the top
surface. The threading dislocation density does
almost not change except in the facet growth
region near the bottom. From these results, the
reduction of threading dislocation density at
the top surface region is believed to be due to
dislocation bending at the early growth stage
in GaN wafers.

We have also obtained GaN wafers of lower
threading dislocation density, which is 1 x 108
cm2, from plan-view TEM observation.

top bottom
'4_ surface interface ~P
= 107
€
o i
> 108
% : |/'___|_/O_|\./l_l
3 107 1
c
3e]
o 106 |
O]
ke
S 105 \ ' ' ' \ .

distance from the top surface

Fig. 6. Variation of dislocation density
versus distance from the top surface by
cross-sectional CL images
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GaN

Conclusion

In conclusion, high quality freestanding GaN
wafers have been successfully produced by the
novel self-separation method. The thick GaN
layer was grown on a sapphire substrate with a
narrow structure of GaN seeds. The separation of
the thick GaN layer took place during the growth
process at the interface of GaN/sapphire, because
of the lattice mismatch and the thermal stress
between GaN and sapphire. The dislocation
density of GaN wafers was about 108 cm2 ~107
cm2,

Acknowledgments The authors
would like to acknowledge Professors 1.
Akasaki and H. Amano of Meijo University
for helpful suggestions and encouragement.
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High Humidity Resistance Clear Paint for Real Wood
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Curtain Airbag for Mini-Ban
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Bent TPO/PP Inner Weather Strip
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