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A Study on New Application Level Link Aggregation by Overlaying Network
Concept Implementation on Android Terminals
-A New Application Level Link Aggregation with Roaming on Android Terminals-
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1-24-2 Nishishinjuku, Shinjuku, Tokyo, 163-8677 Japan
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ABSTRACT: Link aggregation bundles multiple physical links on a single virtual link, enabling very high-speed and
large-capacity data communications. It also enables redundant communications. Several link aggregation methods have been
proposed. These methods utilize transport layer link aggregation.

Link aggregation enables very high-speed and large-capacity data communications by aggregating multiple physical links on
a single virtual link. It also enables redundant communications. Several link aggregation methods have been proposed. These
methods utilize transport layer link aggregation.

In this report, a new application level link aggregation is proposed and implemented on Android OS, which is one of the
popular OSs for mobile devices such as smartphones and tablet PCs. The proposed application level link aggregation method is
verified with use of an implemented terminal. Rroaming scheme for the link aggregation is also proposed for terminal movement

from an access network to another access network. It also verifies the scalability of the proposed link aggregation scheme by using

multiple terminals.

1. INTRODUCTION

Link aggregation has been studied to realize high-speed and
large-capacity data communications [1], [2]. Link aggregation
provides a single logical link by bundling multiple physical links. It
enlarges the bandwidth of a logical link being not limited to a
physical link bandwidth. The upper limit of bandwidth of a logical
link is approximately given by the total sum of those of physical
links. Link aggregation provides communication redundancy. More
specifically, if packets are lost on a physical link, they are
retransmitted on another physical link, and therefore transmission of
packets can be guaranteed.
Link aggregation has been proposed for various communication
systems. For Ethernet, IEEE802.3ad is specified [1]. A multi-link
radio system with link aggregated MIMO (Multi-Input Multi-output)
transmission has beenproposed [2]. The cognitive layer link

aggregation [3],

and M/TCP (Multi Path / Transmission Control Protocol) in transport
layer are proposed [4]. In these methods, link aggregation is achieved
in transport or lower layers. Therefore, they require modifications of
the existing transport or lower layer functions and are not easy to be
implemented. These existing methods are limited to wired link
aggregation or wireless link aggregation [5].

In this report, we propose a new link aggregation method on
application layer, which enables link aggregation for wireless and/or
wired links by adopting the overlay network concept. The proposed
link aggregation is done in application layer and requires no
modifications in the existing transport or lower layers. We propose a
roaming scheme for terminal movement from an access network to
another access network. As a preliminary experiment, link
aggregation by using multiple Android terminals are verified by

controlling a number of available links.

2 PROPOSED ROAMING OF APPLICATION -LEVEL
LINK AGGREGATION

11



2.1 Architecture
The configuration of the proposed roaming scheme is shown in
Figure 1. When a client starts link aggregation communication, a
client can access Base Station A, and Access Point B. The client is
assumed to be located in the overlapping area of a base station and
access point coverages to be able to use multiple access systems. The
protocol stack of the proposed link aggregation scheme using two
physical links is shown in Figure 2. The server sends data, and the
client performs data restoration. Two TCP connections are
independently established by the application.
The proposed link aggregation scheme includes four functions;
(1) dynamic link control function which switches from/to link
aggregation mode communication to/from a single link
communication mode, (2) dynamic data distribution balancing
function which determines appropriate data distribution ratio
between two links by observing throughputs, (3) dynamic
distribution ratio control function which controls distribution ratio to
adapt temporal link throughput variation during data transfer, and (4)

roaming function to adapt client movement from an access network

to another access network.

2.2 Dynamic link control function

The following description is for aggregation of two physical
links. The client sends test data to measure link throughputs along
with available links when it tries to establish new connection on each
link. It determines whether link aggregation mode or a single link

mode is adopted based on the measured throughputs.

2.3 Dynamic link control function

The following description is for aggregation of two physical
links. The client sends test data to measure link throughputs along
with available links when it tries to establish a new connection on
each link. It determines whether link aggregation mode or a single

link mode is adopted based on the measured throughputs.

2.4 Dynamic distribution balancing ratio control function

In case that link aggregation is adopted, data distribution ratio

12
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Figure 2 Protocol stack of the proposed link aggregation

between links is determined. The client notifies the ratio to the
distribution server. The distribution ratio is determined to maximize
the overall throughput using link aggregation. When the throughput
change is detected, the distribution ratio is dynamically updated to
adapt the throughput variation. Thus, the overall throughput is
maintained to be maximal. If the overall throughput of link
aggregation mode becomes inefficient as compared with the
throughput of a single link mode, this function switches to a single
link mode from link aggregation mode.

During the data transfer, the throughput of each link is measured
by observing the data receiving rate through each link at the client.
By using the measured throughputs, the function continues to update
the distribution ratio for link aggregation mode, and also judges if
the link aggregation mode is maintained or is switched to single link
mode. In case of switching to single link mode, the dynamic link
control function observes link performance and tries to switch back

to link aggregation mode based on the measured performance. The
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performance observation is done by sending test data along with the
associated links. If the throughput of each link varies continuously
during link aggregation mode, this function updates the distribution
ratio repeatedly from the measured throughput of each link and
notifies updated ratio to the delivery server.

The distribution ratio is determined based on measured throughput of
each link. The distribution ratio is given by the following.
Distribution ratio for link 7 is applied throughput of link 7/ divided by
a sum of throughputs of aggregated links.

The distribution ratio between two links is given by the following,
assuming the throughputs of link A, and B are a, and f3, respectively.
Data ratio applied to link A is given by a/(a + B) and data ratio

applied to link B is given by B/(a + B).

2.5 Dynamic distribution ratio control function

The determined distribution ratio is send to the distribution
server to notify the ratio via each data link. This is for redundant
distribution ratio notification. After the distribution server is notified
of the distribution ratio, the server distributes data to each link
following the notified distribution ratio. If the throughput varies
during the data transfer, the distribution ratio is dynamically updated
to adapt the throughput variation. There is a time difference in the
client between timings of data reception completion of associated
links. Therefore, the distribution ratio is updated when the varied
throughput is measured to be greater than or equal to the specified

threshold.Roaming function

If link 3 is detected by the client, link 3 throughput is estimated
based on the detected RSSI of AP. If the estimated throughput is
higher than the prescribed threshold for link aggregation, link
3 is established and the throughput is measured. An example of
the relationship between RSSI and throughput for IEEE802.11b is
shown in Figure 3 [6]. The link aggregation decision is made by two
steps. The first decision is based on the estimated throughput through
the relationship between RSSI and the throughput as in Figure 3. If
the estimated throughput is higher than the prescribed threshold,

then the second step follows. The second step is the throughput
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Figure 4 Flow chart of the proposed roaming scheme

measurement by using the test data. If the measured throughput is
again higher than the prescribed threshold, then the link aggregation
is achieved. Flow chart of the proposed roaming scheme is shown in

Figure 4.



3 SEQUENCE OF APPLICATION-LEVEL LINK
AGGREGATION

3.1 Link aggregation communication sequence

The proposed link aggregation sequence is shown in Figure 5,
where link 1 and link 2 are aggregated, as an example.
(1) Link aggregation request reception phase

Main thread of a distribution server (Server Main thread; SM
thread) awaits a link aggregation request from a client. Client A
launches the application and generates a main thread in client A
(Client Main thread; CM thread), and sends a link aggregation
request to a distribution server.

(2) Link aggregation thread generation phase

The distribution server generates a link aggregation thread
(Server Link Aggregation thread; SLA thread) for client A when it
receives a link aggregation request from client A. SLA thread has
dynamic link control, dynamic distribution balancing ratio control,
and dynamic distribution ratio control functions.

SM thread notifies address and port number of SLA thread for
client A to client A. Client A notifies IP addresses of each link, the
number of available links, and requested file ID to SLA thread for
client A when it receives the notification from the distribution server.

SLA thread and CM thread generate link threads based on the
notification about the number of available NICs and IP addresses of
each link for client A, and IP addresses and port numbers for client A
in the distribution server. As many link threads are generated as the
number of available links for the link aggregation. The data is
transferred through those link threads.

(3) Link establishment and throughput measurement phase

The link thread of each link for client A establishes TCP
connection. The link threads in the distribution server send the
throughput measurement packets. Client A notifies the distribution
server of the throughput of each link which is obtained with
measurement packets.

(4) Communication phase
SLA thread determines the distribution ratio between two links

based on the notification of throughput of each link from client A.
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Table 1 Experimental equipment
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Virtualization Soft ware

Virtualbox 4.1.6
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The variation of throughput during communication is measured
by the effective throughput of received data through each link in
client A. Distribution ratio of between two links is dynamically
updated by being notified of throughput of each link from client A.

SLA thread distributes the data to each link threads according to
the distribution ratio. Each link thread send distributed data packets
to each link.

If the client A receives the prescribed data size from the distribution
server, received data packets are aligned by using sequence numbers,
and the original data is recovered.

The link aggregation communication phase is repeated until the
data transfer completes.

(5) Communication completion phase

When the data transfer completes, SLA thread sends transfer
completion notification to each link thread in the distribution server.
Each link thread in the distribution server releases TCP connection
when it receives the notification of transfer completion from the
distribution server. Each link thread for client A sends reception
completion notification to CM thread after verifying TCP
connections release, and CM thread sends reception completion
notification to the user of client A when it receives the notification of

the reception completion. The communication is completes.

3.2 A new link detection sequence

The proposed roaming scheme sequence is shown in Figure 6,
where two links are aggregated and roaming is requested from AP2
to AP3.
(1) New link detection and throughput estimation phase

CM thread detects AP of a new link 3 and estimates throughput
of link 3 based on the measured RSSI.
(2) Anew link establishment phase

If the estimated link 3 throughput surpasses the link aggregation
threshold, CM thread sends IP address and port number of NIC of
link3 to establish link 3 connection.
(3) Link throughput measurement phase

SLA thread and CM thread create each Link3 thread. Link 3

connection between these link 3 threads is established and the
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effective throughput is measured by client A. The measured
throughput is notified to SM thread in the distribution server.

(4) A new link aggregation phase

If the measured throughput surpasses the link aggregation threshold,
SLA thread notify termination of link 2 thread to CM thread. Link
aggregation using link 3 starts after link 2 thread is terminated.

4 MULTIPLE TERMINAL LINK AGGREGATION
EXPERIMENTS

4.1 Experimental configuration

To verify the proposed link aggregation as a preliminary
experiment, link aggregation experiments were conducted by
building experimental networks with the implemented system. Two
kinds of networks are setup; one is for link aggregation of single
terminal, and the other is link aggregation of multiple terminals for
scalability feasibility. Download test data size is 300MB. Two
wireless links used IEEE802.11g and IEEE802.11n. The channels
were chosen to avoid the interference between both links. The
equipment used in the experiments is summarized in Table 1. The
configurations of the link aggregation of individual terminal and link
aggregation of multiple terminals experiments are shown in Figure 7
and 8, respectively.

When the disconnected link recovers, link aggregation mode
adapts the link recovery. This experiment was conducted by single
and multiple terminal link aggregation experiment. [IEEE802.11n link
was disconnected for single terminal link aggregation. IEEE802.11n
link for client A, IEEE802.11g link for client B were disconnected
for multiple terminals link aggregation. Disconnection happened in
fifteen seconds after link aggregation mode started and the link was

reconnected after ten seconds.

4.2 Experimental results

The experimental results on the throughput of single terminal
link aggregation are shown in Figure 9. The throughput of a new
connection and disconnection link management for single terminal

link aggregation are shown in Figure 10.



These experiments verified that the data transfer on each link
ended at almost same instant. This means that data distribution ratio
control was achieved properly. Switching to link aggregation mode
from single link mode was successfully verified when the
disconnected link recovered and became available after fifteen
seconds.In the experimental results of multiple terminal link
aggregation as shown in Figure 11, throughput of each client verified

that the data transfer on each link ended at almost same instance.

5 CONCLUSION

In this report, we revied our proposed roaming scheme
for application level link aggregation. Preliminary
experiments verified the scalability of the proposed link
aggregation by using multiple terminals. Implementation and

evaluation of proposed roaming scheme are for future study.
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Isolation and Characterization of the Snake Venom Protein that Affects the Growth, Differentiation and
Function of mammalian Cells.

Yongchol Shin and Yasutada Imamura, Department of Applied Chemistry, Kogakuin University:
Hideko Atoda, Department of biology, Meiji Pharmaceutical University:

Katsue Inoue, Department of Clinical and Laboratory Medicine, Yamanashi University

ABSTRACT : The snake venom proteins that inhibit binding of human fibrosarcoma
cell(HT-1080) to collagens and fibronectin were purified from the crude venoms of Naja
atra (Taiwan cobra) and Ovophis okinavensis (Hime habu) by column chromatography.
Determined N-terminal amino acid sequence of one of purified proteins from the venom of
Naja atra is identical with Cardiotoxin-4. The molecular weight of the venom protein
measured by mass spectrometry well coincides with that of Cardiotoxin-4. Therefore, the
purified venom protein is identified as Cardiotoxin-4, that has hemolysis activity. The
Cardiotoxin-4 inhibits binding of HT-1080 as well as other tumor cells to type IV collagen
more effectively than type I collagen or fibronectin. 100 kDa protein from the venom of
Ovophis okinavensis inhibits binding of HT-1080 to fibronectin specifically, not to Type I
collagen.
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Dynamic Generation of Electromagnetic Wave Strength Map for Tele-Operated Rescue Robot

Yasushi Hada, Department of Mechanical Systems Engineering, Kogakuin University

Koichi Gyoda, Department of Communications Engineering, Shibaura Institute of Technology

ABSTRACT : When the tele-operated mobile robot went over its communication range accidentally,

the operation would be suspended. We named this kind of trouble “the distress of mobile robot”. In

order to prevent the distress of mobile robot, it is necessary to estimate communications conditions

around the robot by means of radio wave propagation simulation. The simulation consists of a

combination of environmental shape measurement and radio propagation simulation using the shape.

In this paper, we describe the trial simulation using ray-tracing method for outdoor environment.

Key Words: tele-operated mobile robot, wireless communication, network
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Recovery of radioactive substances and long-term stable immobilization using phosphate glass anomaly

Toshinori Okura, Department of Environmental and Energy Chemistry,
Faculty of Engineering, Kogakuin University

Naoya Yoshida, Department of Environmental and Energy Chemistry,
Faculty of Engineering, Kogakuin University

Toshiya Watanabe, Research Center for Advanced Science and Technology,
The University of Tokyo

ABSTRACT : Radioactive substances leaked by an accident of the nuclear power plant which
occurred in March in 2011. Techniques for recovering the radioactive substances have been required.

We studied adsorption methods as a technique of collection, and vitrification methods of iodine for

safekeeping. In this study, lodine-adsorption on magnesium compounds was evaluated, and fixation

of iodine into glass was tried. The resultant lodine-adsorbed magnesium compounds could be vitrified

into phosphate glass.

1. TL&IZ

201 13 ADKEAARRERIZE Y FAE LR
FHHBIZ LD, T ETEIREIY A 7 L O Tl ER
PRIV EW O EBEHIN T eholca v, &
VUL, A NurF ULl EORREOBREERA A
K& W, BHICREBE L., Zhic kv e efiEe
LT, ZhSDOEREDNE IR 2O REBH S
Melpol, MERIIRKELS DT TZODOEMNL 72
Do IO OB, MH L CTH MRS WY 23R
F<ERTHZLTHY . ROBEBIIZENEZLRIZE
HHRETL2ZETHD, ZOMED D HLEE (B
L) (B LU, AR LV —F T E TIThh
TE ISR O B T ABALEAN 206 L TR
DRENGEHRENATETHLIEEZEZ DN, D
AT AEUCEEHTIC D72 2 B I TR IR B T 5 % T
SNTAHAZEDRMEEINTND

ARFZECIE, 3 UHE, t/WA =L S VNN
SEOMPEWEE X —7 v b L, 3 v EREMERE
EETDHIENRMOLNTWHEME~ 7 %2 U MZHEE

L7V, B2, 7 3¥ U L3 VEBIEAT T AT
MAEFRELT—EDHAETMAL &Y VR B
EREEN D BEER T A ) s b &, MiEN
WA RTERERVIAD DL Z L &, KIS NV—TT
LML TWD Y, ZoBEKLEFAL, aUvRL
B ULA ANBYFULEY TR Y LMEEY TR
FH.EIN LY UEBE Y 5 A2 AW EMRENR T 5
AEEEDOERNTE DO TIERVNEZ X T, Lo
T, ABFETIE, g UHR, BV UL AbhrrFUL
D~ 737 MEAWIT L DR R BRI OV TE
ERMEZFH R L, ZOBRZERBELT 7 AL L
TR ZITH) —EO T ut 2D E L L,

2. =B

2.1 AIFREI—HTybELEIRTRIIL
LEMICLBEIREVA S XELRE
AT, v 72U MEEMITL DI VHEOR
AEVEREREAN & LT, JIS IHMEREBRE O W EMEE (]
) EFIRA L. w7320 MEEHO 3 U SRR EMERERT
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TO0.05mol/L I VHREREL, T ~—TEED~ I X
VU LMEEWEREA - L, WEIE, THER
26 3R T2 W AR I L 72, AR AR IL A I
BLOELDBEC XV IEME LB (3 0% -~y
U 2MEEY) I BEL T2, 3BEL 724 0.10 mol/L
FARBET N U AERERAOCEE L, HEEND
SUREHRE, ABEMEELYT- V03 vEREE
RO, WAEFERMEMER Lz, Fio, mOBEEZO
GUFE -~ 732U LMEEHmO X FRET (XRD) JIE %
1TV, SR ORE 21T - 72,

BT AECICHND RS T ADOER, BT T A
BEALAF 2T 72, U B, b~ 7 XU L% %
FUBFE L. Mg0:P,0,=40:60 (E/LtL) b X HicE
— B —NTEHEHBEFERZRA, e ST, v bt
— A —F AT LR BIRE - BkE{Tok, +
DITEE A SHEEBTALIF LB L, EX
S (= 7 VIF) T 1 IREREMROBE. 1250°CC 1 RE[RIVAfb
SH, ATFULAREFAVCTAA L, BT X % /Eil
L7-e BEH T RAZEFR 5~20masshDE] Ta v HE -~
Ixvy LMeEmE A, e TIRE, 1250C, 454y
DEMETHERMESE, 2T L 2AREANTT L 2AK
L. Bt Z A QLT G URET T R LKL 21E
WUz, 2, WHEREEITo Y T LT
i, TV ABWRIEICL ORI T AOERET o7, 3
U FE(LH T AZOWT, XRD JIE., =R LF—5H
X BT (EDX) . 36 K OMEBUK I 2~ 2 b VHIE &
1To7,

2.2 VYL RAMAVFYULES—HFy bk
ELERITRDODLEEMICEZEMELUAH
S AE1LnE

YU A A RarFULAOEITE L OO &
LT, b~ x>y aZEANniREIcBTs2EYY
L A rFULOEINESR, T AE(CLHE LT
S, BYWA, A brUFTAD 10 mM K 100ml
ZESRIL, UUBRIC LY pH2. 0 ICFREE%, Bk~ 7 %
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L. A, 0EFROBA S XM a~ NTT7 4
—(IOMEIC L BRBRELNE LI, /2. T
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IMEAMCEZ BB OVTHRF 2T 72,

B UL AR UFULOTT AEHEFR LW
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FEALEE 40:60~60:40 TIER L 72, 7 7 A/ERIC 1T EA @l
amiEE v, JREHEZIRE . 300°C TREED %, 1250°C
T1HMOLEMLTIAE@L, 777 74 MR — RICi L

WA 0 Y = 7 MFZEEREE (H25)

LT 2kt &% 7-, XRD 38X O EDX Zofr. £7=. it
KRR D 7= 6, MCC %38 LT JIS R 3502 1230z
it KB 21T - 7=,
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3.1 IITRIOLELEYMDIAVEREMERELE
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Table 1 7 XU MMEEWMD 3 U FWEVERE

oI HEREB(M2 / g) ATFRBHEEEE (mg / g)
UC 95M 35 1491
. UC 95HK 6 1761
BIETTHLIL NCossT 205 2230
UCM 150 180 2199
s o [uBE 98% - -
RTRIILDYH UBE 9958 - -
2000 76 1086
BHEERBII AT Shoa 333 2147
. UD 650 29.30 -
KEIETT RO DL UD 653 3160
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ERLL 7B LT 7 2. WTFhba vHE-~ 7 xvy
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HRE LR oTz, RINE 20mass% TITER B IE L
TEE oty F7-, EDX RNZ—umblda vwHET
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WRLOWBTERBLTNDEB 2 bND, Fig. 2128
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Growth of High-quality In-based Nitride Semiconductors and Development of Device Fabrication Processes

— Structural Evaluation of GaInN Films and Development to Devise Fabrication —

Tomohiro Yamaguchi, Department of Information & Communication Engineering, Kogakuin University

Tohru Honda Department of Information & Communication Engineering, Kogakuin University

Masataka Higashiwaki, National Institute of Information and Communications Technology

Tsutomu Araki, Department of Electrical & Electronic Engineering, Ritsumeikan University

ABSTRACT : The reproducible growth of thick GalnN films with a flat surface has been realized using
the developed droplet elimination by radical-beam irradiation (DERI) method, which we proposed for

the growth of high-quality InN films, by radio-frequency plasma-assisted molecular beam epitaxy
(RF-MBE). The thick GalnN films grown by DERI method had no structural and In-compositional
changes (or fluctuations) both in the growth direction and in the growth plane. A pn-GalnN diode

using GalnN film was also fabricated. When the carriers were injected into the pn-InGaN diode with

In-composition of 18 % by applying forward bias, a clear blue-green emission with a wavelength of

500 nm was observed. In addition, a slight output power was obtained when the light was irradiated

using a solar simulator.

1. [ZFLE®IC

AIN, GaN, InN B L RZN 5 DR B 78 D E(L)
WARMEHL, ~FAOFKNKF A4 — F (LED: Light
Emitting Diode) , A A Y6, F ¥k L — ¥ ¥ 1 4 — R (LD
Laser Diode) 72 EDFNT A AR~ L BB I, £
ERBICKESEHML CEL, /2. AlGaN A EIOH
u%%ﬂt@%fﬁ IR T S A A S REIR A B
FANCIRGT, BUE TIXESESNH LED 2 EB S & 588 L
LT#%%%f;b\i&u%?%ct )L LTWD,

2002 4, InN DN R¥ ¥ v TRIEROPEMETH 5
1.9 eV XV IED I/ W0H 0.65 eV TH D Z & By
) & TLk, InN B XU In #K O GalnN %1% U

LT HRMEET In RE(LY ERT, RIMETE TN
A ARHBFENRY T ARGEMAOMEE L THER X
NDHEIWrolz, LU D In RE(LY I8 KT
BV InN O TRBERE, mWEROLERRIER EORE
BI7eRIE Y 12XV, Ga REAWHEERC Al RELW
KL A, BRERERESD 2 RN CTH D
T ERMBLEN TS, B A TO In RE(LW 8RO E
FAF A ZWISHERIT. TV E T Thy . £
N EO R EIZ WO TIIR I R R E i ok
TEEEIZH D LWV 2D,

Fx it 2O In REYHERO & BB R EROT
HORERRERMTOBMA, BLO, ZoMEEAWE=T
WA ZABUET 0B ADBEEZK DL, 201244 ALY
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3 EMORAEERFT e Y =7 MIEE AKX — F SHT,
WHEEE L, & In RIEMRAR BN OBRICE R EZ Y T
W EAT o 1o, AEEL, BAE L 72 GalnN RO EMEHT
21795 & & HIZ, A GalnN [lE W 2T 34 ADREE
1Tol=DTHET S,

2. GalnN EEOREF%

GalnN EfEIX, 5 F BTt % % — (MBE: Molecular
Beam Epitaxy) %V, 13 8D Ga & In, BL, 15
WD R A IR ERIC LT3 5 2 i L v UET 2,
BRI 7 iRIR SR RIS 15 R & 13 BR D JREHILRG
Thsd VI LORERIEFICEETH D, Z Ol
ZEIPOFHMER ITH 202, miE InN ZRET
L51200H LWFEL LTHAPEEL TWD DERI

(Droplet Elimination by Radical-beam Irradiation) % > %
GaInN fKEIZGH &¥72, DERI 0 1 >OR#IT, K
i E 7 % Bl P (RHEED: Reflection High-energy
Electron Diffraction) ¥ <2 HRAE © 72 & DZ DB
BERNWCE=XV 7 3T5ZLEELT, RERFORH
e VI HHIEZROBRS 2 &N TEHZETH D,
DERI X, QA X LY v FRE Tt 2 (MRGP:
Metal-Rich Growth Process), 8L, @ Fa vy 7L v b
%=~ 1+ % (DEP: Droplet Elimination Process) @ 2 -
O7ukt AL 725, K112 GalnN EBEKREDZHO
DERI D 7 1+ 21X P 2774, MRGP TlZ. GalnN
% V/I<l (N*/(Ga+In)<1) @%#Tfﬁi‘zﬁ%ﬁ 2. 1272
L. GalnN & &#1T5 72 . N¥/Ga>1 O &A% B0
THMERDD, ALY /?x{fF'Fﬂ:'C GalnN £ %
179 & Ga DMESERMICH EHPICE VAT, In BHERE
ElCHEE SN LB/ 5 Y, &IZ, DEP Tid, Ga
L NI OREITH, Z OO Ga DG EIT. MRGP
BED N*/Ga gt & —EIC2 D & 9 ICHlE T 2 LER D
b5, TOEXIICTHIELITEY, NHITRTOD Ga &K
JE L. R E e o fe NSRS R EICIHET D In & DK
IEERBZT, BESND GalnN O In MERITHAR Sz
Ga & N*DHDOAIC LV IREIND, fEF & LT, MRGP
L DEP [T In MR & D720 GalnN 3 E S h
LRI ND, £, Ga & N*OMAR L Ol fE X
RRVEL INDH DD, Ga, In, N*H TORE 72 V/II
WEHIEIIE SN D 2 & e D,

Z® MRGP & DEP ##ViRJZ Lizky, K2R
F L 912, XREHT (XRD: X-ray diffraction) Il E CH#IE2
THIRY *ﬁ TEED 2 WE S 1 pm Bh E o> B R
GalnN # kT2 Z LN TX %,

3. DERI &S GalnN [E0 & R4

MRGP & DEP % #: VK3 Z &2 X Y EK GalnN % #
B4 %, Wik i%iEE 7 BEM8ERE (TEM: Transmission
Electron Microscopy) fitif. I8 L, A —¥ = &4l

WAV 7 1Y =7 MFRREE (H25)

In droplet
DEP

Fig. 1 Schematic diagram of growth model of thick
GalnN film using advanced DERI. ?

Intersity (a.u)

8 3 R BB B AL
26(deg)

~1.1um

InGaN

Fig. 2 Results of thick GagslnezN film with a
thickness of approximately 1.1 pm. (a) XRD 26-0
profile and (b) cross sectional SEM image.



& (AES: Auger Electron Microscopy) fff &V, #:ViK
LSRR % S 8 O T a0 FHRTER 2> & O 72 72852 D
FAFIIMR SN o Te, ARERIT. MEEOREE
NSRS N TND D OTHBRIAX 2\,

3, FH 7L (JEX 500 nm T In #HAL 20%D
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Fig. 3 Surface morphology of Gaonslng 2N film with a
thickness of approximately 500 nm measured by
SEM.

In Lot

Fig. 4 Results of EDX measurements in Gaog.slng=N
film with a thickness of approximately 500 nm.
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4. pn-GalnN XEEEMBHEHEDOIIaL—2ay

THVE THE STV D Z W8 BB 2 -2 K
P O IE IS, A eR <R E (MOCVD: Metal
Organic Chemical Vapor Deposition) %% v CHIE
SN, n-GaN ki In FROEV GalnN J#FEC 11
EERE SE, p-GaN THAZE L ORI EAETH -T2,
BT, 4 %R DO EHHZE O GalnN KGEMOHLED A3
IND IR, TOEABEILEDLL R,
UE, MOCVD ETlidERED GalnN #8UYET 2% Z &2
R 7D T 5D, Fox OREENT AR L2 ERRE
GalnN (2 & 0 ®ERIBE & 72 > 7= pn-GalnN &2 L 0 |
EOREDOHIINENIFEFTE DO RFEITo 7,

¥R 2 L—#IZi STR #:0 SCSim % AV #4 72 In
HHLRZ T3 % pn-GalnN 748 & #2416 0 K by e 4k o
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FHERLIORTLEBY TH S,

B 512, kkx 72 In fHAKICHS % pn-GalnN K5 EH
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MR EE L T DI04, N Xy v TR NSL 2B T
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FELAL 50 %fEE C—FBRE L 0| TRRELFEITED
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Table 1 Simulated condition.
GaInN @ In #A% 10~70 [%]
n-GalnN DOJE & 70 [nm]
p-GalnN DOJE & 70 [nm]

BT IR 1 x 1018 [/cm3]
HBENE 100 [em2/Vs]

EFLRE 1 x 1018 [/cm3]
EFLBENE 5 [cm2/Vs]
EF DFHfm 1 [ns]
EFLD FH 1 [ns]

HRNL 7 P 109 [/cm?]
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Fig. 5 Simulated results (Voc, Isc and efficiency) of
pn-GalnN solar cell as function of In composition .
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18 %, GaN THuE(Zx3 % GalnN OFEMZRITH 17 %
ThHHZENRREDL b,
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Fig. 6 Fabrication process of pn-GalnN diode.
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Fig. 7 Reciprocal space map of pn-GalnN film grown

on GaN/sapphire template obtained by XRD

measurement.
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Fig. 8 Emission photo and spectrum obtained from
pn-GalnN diode with In composition of 18 %, where
forward bias was applied.
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Fig. 9 [I-V characteristics obtained in pn-GalnN

diode with In composition of 18 %.

Table 2 Characteristics of pn-GalnN solar cell.

FREEE Isc 1.46 [pAl
BRI E Voc 0.3 [V]
i 1 FF 0.28

DTN TIEDH DN ELHINBF LN TS Z LRG0
ST, LLARRL, YIalb—a VRN OHIFFS
NIEPBITIZEENL DR H - 7=,
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