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Qur mission

To contribute to solving global issues such as,
“Energy”, “Water”, “Food”, “Environment”,
and “Health” and to realize sustainable society.

2/55



Qur-group members

Faculty _
Prof. Hiroshi Amano PI?/ID. Cg:\dldates
Assoc. Prof. Yoshio Honda ~ 'V'@r¢ LIsson 13 MC Students

Kohel Yamashita

Oh-Byung Jung 5 Undergraduate Students
Maki Kushimoto

Assist. Prof. Deki Manato

Post Doctoral Fellow

Kaddour Lekhal Seungﬁ Lee 3 Secretaries
Si-Young Bae Sun Zheng
Hojun Lee

Kentaro Nagamatsu

Atsushi Tanaka Barry Ousmane 1

36 people

3/55



Post Doctoral Fellow

Dr. Kaddour Lekhal, Alegrila
PhD at Blaise Pascal University

il —,_,_“ C— World’s longest GaN
" _ nanowire

4/55



Light Emitting Diode (LED)

Electronic Devices

Silicon [111) and {D01)

Growth of High-Aspect Ration GaN Nanowires

Device schematic of horizontal GaN NWs-HEMT
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Post Doctoral Fellow

v" Ga-polar NR LEDs
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PhD Candidate

~ Representative of Guinean students at the third
International Conference on Quality Assurance in
Higher Education in Africa and the capacity
building workshop held respectively in Dakar and
St. Louis (Senegal) by UNESCO Bamako Cluster
Office in collaboration with partners in 2008.

Mr. Barry Ousmane 1
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Achievement as a MC student at TUT

coidipong Sehofttk t & i 0

T ."J"!ﬂlfuﬁ SLEY COMLeCR (Tat] L - -

1:J.f!-ﬂ.l"m.:'-|5|:l Ty P =100 rim KD raim 800 nm Uv "lu"IE!b|E rﬂ‘f
/Infrared

A=Al g Ga, ., N 400 nm
B ] D D [ A
L a—11 —
- . L1

-l oG8, M 1500 nm

AlM 100 nm

Si signal processor
o

i Back-illuminated UV-Visible light multi-band image sensor.
Back-illuminated AlGaN Schottky barrier diode (SBD)

Flame detector (UV light)
www.directindustry.com
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History of blue LEDs
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In this presentation, | would like to explain how “the
seed” of blue light emitting diode, that is “Nitride
Semiconductors”, have been developed and handed
over by many researchers.

| also would like to show some perspective of the new
development and applications of nitride-based light
emitting devices.
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History-of artificial lighting

Quantum mechanics based
solid state lighting -

1938 Fluorescent lamp

| (Long history, 1901 Peter Cooper Hewitt, USA,
1927 Edmund Germer, 1938 Germany, George
Innman, USA)

3'd generation

1962 Commercial LED

(Long history, Henry J. Round
1907, Nick Holionyak Jr., USA)
4t generation

Energy transfer
(Quantum mechanics)

1878 incandescent lamp

(Long history, Joseph Swan, UK,
Thomas Edison, USA) (early stage of quantum mechanics)
2"d generation

Blackbody emission

~19C fire . .
Chemical reaction
1st generation

Luciaball, Dec.13, 2014 at Stockholm

http://www.gijyutu.com/kyouzai/mokei/ohki2/light.htm
http://kagakukan.toshiba.co.jp/history/1goki/1940fluorescent.html
http://www.pawanavi.com/topics/2002/11/06/
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Overview of development of LEDS

ACARICL AR T« 27 LAOMTRER 1058 E

1968 RCA LCD

10°
10* =
10* | —
Cost/Im =
£ 102 -10x/decade = Flux/lamp
= W0 L= +20x/decade
v+ 4! : S, a
= Conventional 111-V B, —
= “The alloy road” i - L5 .
S 1 e
g 2 L
< 107 e
E 102 | iy x
102 ,,f'/
iy Qafst: GapsLll | GaAlas | GaAlinP
1960 1970 1980 1990 2000 2010 2020
T R. Haitz and J. Y. Tsao, phys. stat. sol. (a)208(2011)17
1971 J. Pankove, GaN MIS blue LED
1962 N. Holonyak Jr., GaAsP red LD

1952 H. Welker, GaAs, GaP
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GaN research:in 1950's -1970’s “Seed”

Uber die Kantenemission und andere Emissionen des GalN

Von H. G. Grimueiss und H. KoeLsaxs ZEITSCHRIFT FUR
Aus .1]:'r.| I:'Il.l.l.I[l-v]'.".r-l:i'lIII:I-:‘*-lul:lI'\l.r.!I'HIIJF:II Aachen und I::m-:rh-'l'u.q.rl NATU RFORSCHUNG A 14(1959)264
(&, Natwrforschg. 10 &, 268—271 [1939] ; elngegangen am 18, Derember 1958) ﬁ

: H.G. Crimmeiss, H. Koelmans & I.B. Maak, German patent, DBP 1 077 330 (1960). I

i
_ ! M
Low-Temperature Luminescence of GalN : J
i -
bl UELS AND B, MONEMAR 1 A
. o B. Mowman i |
wstilule of Technology, Depariment of Solid-State Plysics, Lund, Swed ] —— _____..---/"’J ||

(Received 11 March 1970) P 1. Tyl phosmisomrncs s, o Heoed €%
wl LK, | The sy guded b Seigirateid |10 romes

Professor Monemar

J. Appl. Phys., 41(1%))4054- at Lund University,

Dr. Grimmeiss ét

Lund University, Dec. 14,2014
iec'dl;é 2014 Lund Institute of Technology or Lunds Tekniska Hogskola (LTH)
ge
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First GaN blue LED “Germination”

Au

T i il e " i— -

CERAMIC

o LLE 7T '
e iva
‘E:F"F“HliE’ ‘// ,]‘\l
& A a First GaN LED (MIS type)
- 0 Efficiency : 105~3x 10

L;:

J. I. Pankove, E. A. Miller, D. Richman and J. E. Berkeyheiser: J.Lumin. 4 (1971) 63.

http://www.colorado.edu/memorybox
/Jacquespankove.html

Dr. Kayann Short = Farrand Academic
Program, University of Colorado at
Boulder = 303-492-1267

= shortk@colorado.edu
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GaN blue LED

research in 1970's “Endurance”

[Violet luminescence of Mg-doped GaN @

iH.P. Maruska,D.A. Stevenson, J. |. Pankove
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http://Www.sslighti‘ﬁgl]'.';letllightimes/features/maruska_bIue_Ied_history.pdf
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Oki Electric
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\ Stanford University and RCA j
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- __I.._ Sappbies: | 30071

FHI. 3. Btrwcbare of the alectrolumineacent devica,

G. Jacob and D. Bois, Appl.

Phys. Lett., 30 (1%77) 412.
Philips

\
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Matsushita Research
Institute, Tokyo

@ 8 (Panasonic)

_Y. Ohki, Y. Toyoda, H. Kobayashi and

i_L.Akasaki! Intl. GaAs Symp., 479-484 (1981)

\ =

May 1981, New York




Why it was so-difficult to grow high-quality GaN ?

4 )
E— Diamond | GaN
uG cr);; a 52 000 atm ya> ¥ 45,0000 atm
Fow 1,200°C g 2,530°C
\ & J. Karpinski and S. Porowski, JCG, 66(1984)1. )
/ [00011’ 2.9 N GaN Lattice mismatch
: 0.3185 —0.2747
Thin film (0001)‘ Cplan 03185 . 02747 ~ +16%
growth AL 02747 7m |
ﬂ ﬁ £ In general, lattice mismatch
fooor) g .'_r Sapphire should be <1%.

\-

s T8

g /
: .

16/55



Why | was interested in blue LEDs?

31 1975 Micro-soft by Bill Gates, Paul Allen
1976 Apple I by Steve Jobs, Stephen Wozniak

3
Doug Wilson/Corbis

1970 B 1950 ) 1990
GaN1 ED
1981

by MBE and HVPE N Uni
1967 Vapour-grown AIN agoya univ.
Matsushita Research Institute, Tokyo

1982 Undergraduate

1% _ | Braun
e
rde ] A Graduation Research ttubez_arle
Isamu Akasaki “Nitride- ”? 00 bIg
|. Akasaki and M. Hashimoto 1995 Meijo Univ. Nitride-Based Blue LED
Solid State Commun. (Prof. Emeritus Nagoya Univ.)
5(1967)851.

If | can achieve
blue LEDs,
| will change
the world !

http://www.mct.ne.jp/users/

fjv/pc/pc8001.htm http://upload.wikimedia.org/wik

ipedia’lcommons/7/7e/Apple_I1_I
MG_4212.jpg
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Change of growth-method from HVPE to MOVPE

GaCl + NH; = GaN + H, + HCI

Ga source Substrate

SiH,Cl,,H |
S : N
Ho = 2 8l = /¥
NH,,H, | Heater | H I{ndimiun. {
850 °C ~1000 °C | Exhaust

Courtesy of Dr. Usui, Furukawa

cooled

» Multi zone temperature control
e Bi-product NH,CI
* High growth rate >50 um/hr

S. A. Safvietal., J. Electrochem.

Soc., 144(1997)1789.
HVPE: Halogen transport VPE o (1997)

MOVPE: Metalorganic VPE »  Single temperature

control
« Low growth rate

18/55 ~ a few um/hr



Funding situation of our lab. in mid 80’s

Support by MEXT and JST
S g1
A I
? S 9
S '.4' °
. 100,000 '
Ysﬁ lE
\’ =
1I985 I 1990 I 1995 I 2000

(.

IV|easur|ng Susceptor
temperature using pyrometer
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Reform of the MOVPE reactor by students

High speed gas flow ~5 [m/s]
(conventional ~ 0.2[m/s])

| NH3 +H
|
( +H>
Hf'tleTiﬂg*' HE l ‘____]. TME}ETM;&} 1
|| DELIVERY
I deli tube } TUBE
flow of I_..-*i-""* r""l-""gfﬂ'l" TME - | a
ambient gas —SUBSTRATE
o - o
T #f[at IEIIIH:I Fﬁ_ SUSCEPTOR
| o u“-.
19 o Tl RF COIL
Ny o | o
2 "2 i
| H. Amano et al., Appl.
! Phys. Lett., 48(1986)353.
e
MHhJ}tsttlJCt HU
. Hashimoto et al., J. Cryst, | -
Growth, 68(1984)163. + EXHAUST
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Learn by trial and error

-

.

M ne © | have tried more than
] 1,500 times, but |
Random nucleation could not grow high-

guality GaN film.

\
-/
\Aﬂve growth

@

oor coalescence
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Low-temperature-deposited buffer layer

Temﬁ). Old oscillator did not February 1985
work well. GaN growth
1,000°C g
I remembered
the discussion iIn
~600 °C

Deposition of AIN at
low temp.

>Time

I knew that the substrate temperature should be higher than
1200°C for the epitaxial growth of AIN.
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Low-temperature-deposited AIN buffer layer

’____-

Conventional 1985 | T buffer

/After the first success in Feb. 1985,
| learned how to measure crystalline
quality by X-ray rocking curve,
luminescence property by
photoluminescence, electrical property
Kby Hall effect measurement, etc., etc.

L

Sapphire

e

Sapphire

[
[
[
- |
(b)  Tum l

[:> H. Amano et al., App. Phys.
w/o LT buffer

Lett., 48 (1986) 353.

15t journal paper for doctor thesis
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Seeking p-GaN by Zn doping 1985-1988

Split of neutral acceptor bound excition emission
at 4.2 K by uniaxial anisotropy

K = r —

LT PL measurement @ TG e

T, y g U(ﬁ Small scooter
L] | A .

o \ || »._UI'L\. i|!|- | J Three days a WQEI(@ ~-:<::|
: SJ ' 1N A s

i
e
-
=
Wil BalE
s -
e 1

J Iﬂl N b | Fh__ one year MOVPE @ Nagoya Univ.
T vty ? o SRb 3 i e
S .,,-r‘.:"-*--:: | S TORE
s [
& [ —
= T
: i,
3‘Eﬂ ﬂl1 :III ’

£, (%]

JAPAKESE JOURNAL OF APPLIED PHYSICS
You, 27, Mo, B, AucusT, 1988, pp. LI384-L 1386

2"d journal paper for doctor thesis
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Low energy electron beam irradiation (LEEBI)

— 1
3 He-Cd Laser : R
m 'ﬁ'EH : L-,-LI'.JI'r...'..
> with EB irr. 1 wiaty o
- £ c
oL / ol
l.lz.l 05 - b1 l.,:'..
- GaN:Zn cla S
- without EB irr. 'i"'. y
r ] [ T ]
m ¥ g -h:'II\.!;'\- TG
0 | n z
390 445 500 R YH-TA. CEP i o =
WAVELENGTH ( nm ) 1385
OF AHOMAABHOA EHHETHEE KATOOOAKMMHECUEHUHHA B Gak I3
FIGURE 3 nghly resistive r |3 -:-. apuw, K Ofiiars, W. . Yerwepusosa . M. B. dyswis, C. H. Moo
FL spectra of Zn-doped GaN with and without EB The anomalous kinetics of cathode luminescence in GaN:Zn
irradiation excited by 325m of He-Cd laser G. V. Saparin et al., Moskovskii Universitet, Vestnik, Seriia 3 - Fizika,
Astronomiia (ISSN 0579-9392), vol. 24, May-June 1983, p. 56-59. In
H. Amano et al., J. Lumin. 41&42 (1988) 121. Russian
[ During my internship at NTT, 1988 ] 1983

...S0, | could not finish Doctor thesis in three years.
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Selection of best dopant

Mok &= W &

Selection of the dopant :
Activation energy of acceptor in GaP

Zn : higher X | e /-

Mg: Lower O £~ )

| - m/Zn
— Mg

J. C. Phillips, oL ﬂ'ﬁﬂ
“Bonds and Bands in Semiconductors” i

B2 GaPORFFTre7 =gty —izgt+3
hOMME. PRI ECRE LN AT S Ge BT L
WL DRSS - oMo 2w T o 4f0RiciER
[F=sBLUHSHRE= A5 — Egyi2 P.J.Dean gz £ 5.
J Appl. Phys. &1 3474 (1970) ]
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P-type GaN:Mg by LEEBI “Flowering”

PHOTON ENERGY (eV)
a5 A0 2.5 Q5masdiv

'E? ! ‘RT ta)| fie
[El:' 1y 10 i,
BV A div

(b)

e, l |
350  &00 450 500 550
WAVELENGTH (nm)

50um

EL INTENSITY ( arb. units )

(a) w LEEBI

H. Amano et al., Jpn. J. Appl. Phys. (b) wo LEES!

28 (1989) L2112.
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Thermal annealing and the mechanism

1992 Thermal annealing
IE akamura e 'rar'Jpn J. Appl. Phys. 31(1992)1258.

Thermal annealing

S Nakamura et al, Jpn. J. Appl. Phys. 31 (1992) L139.
‘ Van Vechten et al., Jpn. J. Appl. Phys. 31 (1992) 3662.

Hydrogen passivation

Hesdstiviey | Ll-cm)

et 0 L Ll -

Terrgeralie (L)

Lattice location of hydrogen in Mg doped GaN

'r"|' R '."‘.-:n|le-r E- r Myars, A F. W r_|]1| J. G Elll:ur C. H. Seager. and J. Han
T il Liilwor e, A TR I '- w Ny R T

JAppI Phys, 90(2001)108
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Good fortune that we missed -InGaN-

#N BRI
N ERAOR IR

1 1 °F ) i %K

M H
T MG - TR - HMOMO W FE
H2-1 ERPrESE
®W2-1 HE&S
- AlKAsTyN -
TMADIST) 2 0coials
Hy 3 1ain
HH, 2 limim
HESE B40T
[ LT 2 8~ 4 Oger
i M =43 - InNW -
BATE TR TFEN 2% 7 TRW We used hvdroqen T-:'”'J“'m} ;ﬂ::::_:-n
B4 aom m o as the carrier gas. N 1.E vl
MREEE EBOO~]000T
1] 20=80uin



1989 International Conference on GaAs and Related Compounds

1989 a2

b} WV /I =B0000 (o) WV Flll =165000

Inst. Phys. Conf. Ser. No 106 : Chapter 3
Paper Presented at Int. Symp. GaAs and Related Compounds, Karuizawa, Japan, 1989

Wide-gap semiconductor (In,Ga)N
Ul I N

|_T. Matsuo a|*H. Tanaka, T. Sasaki and A. Katsui

NN BN B .
NTT OPTO-ELECTRONICS LABORATPRIES Tokai, Ibaraki, 319-11 JAPAN
*NTT APPLIED ELECTRONICS LAABOTATORIES Musashino, Tokyo, 180 JAPAN

2 CH?STAL(::?E“H . al cold and bubbling gases were purified ni The flow They used nItI’O(]en
Films were grown by MOVPE in a vertical co mm;mwﬁ BOUrCEs i
wall reactor. The source gases were trimethylin-  was varied from 2,000 to 20,000, and the growth as the carrier gas.

dium (TMI), triethylgallium (TEG), trimethylalu- temperature was varied from 500 to 800° C. The re-
minum (TMA) and purified ammonia. Both carrier  actor pressure was held at 76 Torr.
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Blue luminescence at room temperature

1 1 T I I
s = {3.}
2 -
- £ T
- g r t
— a -
‘é} Eﬂl_
i g L
E g | =]
J o \j\
(18
] }Il . i : I
i i) &0 ] E)
. I — — |
400 Ed0 600 700 Wavelength (nm)

WAVELENGTH (nml
Fig. 3. Room-temperature PL spectra of the InGaN films grown on

FIG. 3. Photoluminescence spectra of Dng g Oag s GaM films under the same growth conditions exeept for the InGah
growth temperature. The growth temperatures of InGaMN were (a)

8230°C and (b) 780°C.

S. Nakamura and T. Mukal
Jpn. J. Appl. Phys., 31(1992)L.1457.

N. Yoshimoto et al.,
Appl. Phys. Lett., 59(1991)2251.
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World's first-:commercialization “Fruition”

P-Electrode

P-GaN Layer N-Electrode

N-InGaN Layer |—4 S. Nakamura et al., Jpn. J. Appl. Phys.,
N-GaN Layer 32 (1993) L8.

GaN Buffer Layer

Sapphire Substrate

1993 World'’s first commercialization of
InGaN-based LEDs
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How our lives change:with the emergence of blue LEDs ?

GAME BOY GAME BOY COLOR mova P Digital mova F502i HYPER
1989 Released 1998 Released 1991 Released 1999 Released
Photo : Nintendo Co., Ltd. Photo : Nintendo Co., Ltd. Website : DOCOMO CS Tohoku, INC. Website : DOCOMO CS Tohoku, INC.
Quoted from the history Quoted from the history
of the mobile phone of the mobile phone
http://www.docomo-cs- http:/iwww.docomo-cs-
tohoku.co.jp/museum/tanmatsu/p.html tohoku.co.jp/museum/tanmatsu/f502i.html

Copyright ©: The Nobel Foundation
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Increase of smartphone addiction ?

http://gajethouse.blog3.fc2.com/blog-entry-791.html

P W e— b | ) -
¥ ! i i i
& o S

http://blogs.yahoo.co.jp/fpdx http://dankai-hiroba.cocolog-
w092/61943354.html nifty.com/blog/2007/07/post_5274.html
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White LEDs~Contribution to society”

Isamu Akasaki

1967 Powdered AIN

1981 Nagoya Univ.

~ 1992- Meijo Univ.

b (Prof. Emeritus Nagoya Univ.)

Shuji Nakamiura
(Nichia, now UCSB)

= 11

Smartphone

Three primary colors

1989-1993 : LT GaN

Wide-gap GaN p-type by thermal annealing
InGaN/GaN DH

Nichia

1985 LT buffer (MC, aged 24)

. 1987 JST
1989 P-type GaN (Research Associate, aged 28)

1995 Commercialization
Blue LED

Hiroshi Amano
1988 RA, Nagoya

1989 Dr. of Eng., Nagoya Univ.
1992-2010 Meijo Univ.

2010 Nagoya Univ.

Toyoda Gosei

© iitatebot
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How InGaN LEDs contribute to saving energy

2014.5.23

Electricity generation in Japan _ _ _
The Federation of Electric Power Companies of Japan

{ i)
12000
10,305
" n:::} “:: 1.0 ET:: §.585 BA0H
10000 |-
— o =i 18 — o
20 = 13 o L Th I
oo || 87 L = "ns 11 erma
183 ! -
avco |- {o8n| [E3%| || imal  lma S8 l 883
s N . -
32 &2
4000 | gy 258 45 53 53 49 o
3000 FLLE
i W08 s o wan e 7ma e 03
#3300 TWh wil |l |, lle~Nuclear
0 i i i
004 005 J004 3007 Jord FO0 Fatllil : Fitlll (R
e4p
!Nuclear Coal "LNG ' Oil ~Hydro mGeothermal and new energy‘
D oo answsenc. Tawcaies tomraesc. Great East Japan Earthquake
i omane March 11, 2011
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How InGaN LEDs contribute to saving energy

Table ES. 1 Total US. LED Forecawt Resulis

Cumulative

2010
{201 0-2030)

Baieline site electricity

coniumption {TY¥Wh)

Resxlentm] 173 142 1358 146 153 3,105
Commmercml 346 115 321 320 ilé 6 BiG
[ trml a8 44 o 41 a5 a7

LED marketl s hare (% ol lm-hr)

Resdental 2.1
Conmnercnl - 3.0 278% | 525% | 4%

Imdustrml 8.6% 30 59.2% 2. 3%

Ohntdoor Siat ] -
le r]ﬂ.'lt'ping'; (T¥Vh) TOtaI CO nsu m ptlon

—— L Lo [ e M 4973 TWh

Conmnercial - L] 38 73 111 02

Industrml 0 i B 11 B

Chatdoor Statcnary - 7 30 54 13 673

Sile r:lrc1|:1n!_1. savings (9%) 3304 L L3 o 5. 8% T 297/4273~7%
Ressleniml 5. 1% i7.3% 56.T% 66 e 13 5%

Conunercal - 1.5%% 11. ™% 21.9% 35.0% 13.3%

Industral 5% T 4% 18_3% 29 4% 9. 3%

Chatdoor Statsuary 6. 23 % 40 My 51. 7% L,

U.S. DOE Energy Savings Potential of Solid-State Lighting in General Illumination Applications, Jan.2012
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Forecast of ratio of LED lighting in Japan

x 1000 mmm | ED lighting =a0ther lighting == LED ratio
30,0040 I

25,000 - | B0.0

20,0040
600

l-'.“““ b w '
1N
10,000 == | W

oy
1 200

5,000 F--

Data from Fuji Chimera Research Institute, Inc.,
2014 LED Related Market Survey

In Japan, we can reduce total electricity consumption
by about 7% (=1T JP Yen) by 2020.
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For the.children living on Earth

s | R
. | lj
¢ 32 .' E , !
;.' v I ¥ ‘T:cl.
e .y e .
""Mongolia Ger"* by Japanese Wikipedia t ‘ : e ...-;-

%“Mr.Luvsannyam Gantumur, =
Minister for Education andScience of Mongolia

.

o T il
_r'
:




How long did it take from the first findings to contribute to mankind ?

25 il g B 4848 (Japan Science and Technology Agency:JST)
RiTHRZFEBEIEBEAIVL(GaN) FERENLEFT 1A —F OB ERAT
(FTEMORKTHKAE . FFE L5, RLEEXREHIR) . AREELX . EHEAHKERS
#1) 1987448 ~199043H

LEDE & T 3 -
CEIEBER HakXI~LsD L LT |

= e 32 A

LEDEHRMLF- LEDFH AL 1=
MEDA—D HEHERER)

HEeLEDHE %
(ERFAD L =0

B AE A==t

http://www.jst.go.jp/itaku/result/ef-1.pdf

28 years from the start of JST support
44 years from Pankove LED
56 years from Grimmeiss paper
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Challenge to-DUV region for water purification

—_—_—_—_—_—__N

#WATER! - SCARCE

POPUILATION
OF EUHOPE

2
Auic = 3x a, XC PEDPL
6 m? SACTENS T
@ C{Diamomi)

i
NIKKISO

55
Z
: 4L http://blogs.unicef.org/2014/03/20/world-water-day-2014-the-
I.E ______________ \ forgotten-768-million/ /
a 3 - s - - S S e e e e e e e
[ Ny ~JGaP - s
s 2 % > -

T p—

! High frequency and high power HEMT
InN & http://www.sei.co.jp/newsletter/2010/09/6a.html

nq ~
35 40 45 50 55 60 65
Cubic Lattice Constant [A]  *+ AE Violet LDs for Blu-ray Disc
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People who-cannot access to safe water

~ 0.77 Billion people

| 7 Unicef

Drinking water coverage 2012 World Health Organization,

Progress on Drinking Water and Sanitation
2014 Update

2.6 Billion people

Sanitation facility coverage 2012
http://www.unicef.org/gambia/Progress_on_drinking_water_and_sanitation 2014 update.pdf
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Our development of AlGaN based DUV LEDs

NEDO JSPS, MEXT

Sep.1997-Mar.2000 with Osaka Gas:A. Hirano 2003-2005 Grant-in-Aid for Scientific Research (A)

Sep. 2001-Mar.2004 with ASU:F. Ponce, Univ. Bristol: D. Cherns - rant-in-Aid tfor Scientific Research on Priority Area
Sep.2002-Mar.2006 with Osaka Gas: A. Hirano, Kyosemi: H. Tomosawa 2008-2012 Knowledge Cluster

Sep.2004-Mar.2006 2013-2015 Grant-in-Aid for Specially Promoted Area
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3509

@ Nikkiso

Z@G

2012 2015

AlGaN Growth by MOVPE

RT, Pulse Duty 0.1%
current injection: 200mA |

Intensity[a.u.]

] uv Craftry Applications
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1510 UV I_D ! -
gllo'l Meijo Univ. _E :
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S0 L P iter Uiss | Norier ASU A —
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80 160 240 320 400 480

Osaka Gas, Kyosemi

Time(s)

Flame sensor, Osaka Gas
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Our development of AlGaN based DUV LEDs

L L e o

T T

k

DUV-LED Sterilization DUV-LED array module

NIKKISO
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Other applications of group Il nitrides

45/55



Why nitrides are so attractive for power device applications?

ADVANTAGEOUS IN
POWER-SUPPLY CIRCUITS |

HIGH OPERATING TEMPERATURE
DUE TO LARGE BANDGAP AND
HIGH POTENTIAL BARRIER

' ADVANTAGEDOUS IMN
AF CIRCUITS

HIGH MAXIMLIN
OSCILLATION FREQUENCY
DUE TO HIGH ELECTRIC
FIELD SATURATION SPEED
AND LOW PARASITIC
CAPALIATY

| ADVANTAGEOUS IN
POWER-SUPPLY CIRCLITS

HIGH BREAKDOWN STREMGTH
DUE TO LARGE BANDGAP

ADVANTAGEOUS IN
| POWER-SUPPLY CIRCUITS

HIGH MAXIMUM CURRENT
DUE TO HIGH CARRIER
DENSITY AND HIGH

ELECTRON MOBILITY

ADVANTAGEOUS IN

SUPERIOR NOISE FACTOR
DUE TO LOW CARRIER SCATTERING
AMND LOW RF LOSSES

http://www.edn.com/Pdf/ViewPdf?contentltemI|d=4409627
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Energy savings:with GaN-based power devices

Role of Power Devices Highest efficiency power devices can be expected by using
(A==t e Gaflo —
@ : = nSwitching loss
Loss (Heat) 8 80 mTransmission loss
5w o
d
§ 4 S 60
A I e 5% Loss =0.75% Loss
o
& -
Inverte g
—==| (Sibased IGBT) '3”.
] By :
o
|
g o0
3 Giz Si 4H-SiC GaN  (Mmaterials)
L .. By replacing Si-based IGBT to WBG devices,
E o) - = =
100~ sheen i | e 9.8% of total electricity consumption can be
s ST saved.
g l0- : e Super downsizing of power circuits is possible by
o S \ using GaN-based devices. Y
v _'1 10 00 http://electronicdesign.com/power/optimize-power-scheme-

Frequency [GHz) - i -ti
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Why nitrides are-so attractive ? Energy harvesting

.| G g

£ (O Dimnesnel
z
E @Zns
& ﬁm ................... Q0. .......
2 @Znse
E @InTe  @GaP Vis
1 ilm*"‘“w .................
Qe
TR
s vgullapd me
Cost JPY/KWh NEDO
50
A4~
40+ TAIFRWh_
2.35eV (InGaN) 2.25eV (InGaN) | Ll
(A_:527nm) (A_:551nm) )
L 30+ I -
1.86eV 1.86eV 1.75eV 34 168,71 ~
L ZZOFMNN
ﬁ P':.] El F j-:_,?,.,:ﬁl'_ 1
—_ . 52~
I LGP fidh AL
10, FEL YR
3 cells InGaN top 4 cells InGaN top 4 cells 10 4 N mm—— |
7: 36% (1sun) 7: 38.2% (1sun)
: 45% (1000sun) :47.4% (1000sun) 77 : 43.5% (1sun) ;
. 533% (1 Ooosun) * PV Biomass \Water Wind Geothermal LNG

48/55



Achievements of our students
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Semi polar(1-101) GaN on (001) Si

{1-101}

PL intensity (a.u.) =

0.0 0 H 60 80 100
Excitation intensity IIMWI-:nf‘]

(0) L — ' >
4 v [
et ks gming
_%:1-- — A6
g W -— Maki Kushimoto
5 - warslengi fnam )y .
5 ‘mﬁhh] Laser on (001) Si
400 410 420 430 440

wavelength (nm)
M. Kushimoto et al., Appl. Phys.
Exp., 8 (2015) 022702.

« Chip to chip optical interconnection in Si LSI
 Last one mile POF for low cost 4K and 8K TV
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+c oriented-GaN nanorod on (111) Si

460 nm distance

S0 nam

B. O. Jung et al., CrystEngComm., 16(2014)2014.
ByungOh Jung

e Solar cells
» Long wavelength light emitting devices
51/55 e Super junction vertical power devices




C Constant (Angstrom)

P-type .GaN-by Mg ion implantation
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Mechanical-stack multi junction PV cell

2.35eV (InGaN) 2.25eV (InGaN)
(A: ~527nm) (A ~551nm)

1.86eV 1.75eV

AA=AILRZH

A IES 3ES LInGaNiES ES LInGaNES
%iﬁ% vﬂg Voc: 4.63V (F1-FE2EIDEER)
Jsg:14 mA/cm? Jgc:9.54 mA/cm? Voo: 444V )
7 : 36% (1sun) n: 38.2% (1sun) Jsg:11.15mA/cm
- 45% (1000sun) - 47.4% (1000sun) 1: 43.5% (1sun)
: 53.3% (1000sun)
Seunga Lee Mechanical Stack PV cells
Non polar simulation
Iny Ga,y ,N/GaN 100QWs Iny, ¢Ga, 4,N/In, ,Ga, gN 100QWs
V,.(V) 1.83 V,.(V) 1.57
A e e Jsc (MA/cm?) 31.56
CE (%) 24.61 CE (%) 29.82
Fill factor (%) 81 Fill factor (%) 90.48
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