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BILAEMNS, EREHEREEZL (19406T5)

A view of the city of Kagoshima and Mt. Sakurajima in the early 1940s.

B% (Phenomenon)  # ¥ (Material)

1964  REBRILIF LY 2EDHAL BEEDuL R | RIEERRSERBK

First meeting with i Light emissi 2Zn(Cd)S-based
polycrystalline, powder
|
1960  FINT=OLDRMTE 242 v LR Kbt
Ge f# ¥5 5
Succeeded in vapor-phase epitaxial growth  No light emission Sigle civatai 08
of Ge

.
[ xarmuana
Single crystal GaAs, GaAsP, GaP,
| GaN, which emit light

1964  H-VELSH¥FHAELRARTOH TR
Started to work on crystal growth of Il -V

and
of light-emitting devices

1973 GaNR pnESICLAHBRAFTERDT

Decided to focus on the research and development of GaN-based light-emitting devices

using a p-n junction : something that no one had yet realized

Fig. 1

Fig. 2

[A] THRALF—F oS :26BFAE LLE (48577 A—ML BUIF)
Energy gap (Eg) :>2.6eV (<485 nm)

[B] TRLF—/UFfE EESEBE
Energy band structure : Direct transition

{&E&## Conduction band B Direct Indirect
(Al &F Electron (el
% : : CB.
S i E B 3 =,€ Bluelight | | &8
s I |, — L "R 5 X 2
sx % RABRE § | -3
A } € ¥|lp i % :
¥
8 g A Hole ; g Gan si
= % F# valence band A FbcmigAs

ICCE T BE

#2 = W EE) Wave number

.3

I
Q

O mRHERS @ pniE&
High-quality single crystal

p-n junction

Electron energy

—HENHOHE

4 Eg: T L¥—¥vuT Energy gap
GaN pniZE& B &7/ SfR GaN p-n junction blue LED

[1] : HELEDA#E Promising materials for blue LEDs (1970s-1980s)

6H SiC 3.1eV | ZBZnSe 2.7eV | WGaN 3.4eV
(BAr 1) (L LdE) (FEEHVIL)
R R
Crystal growth A ( % ) B »
pn &S
p-n junction @ * =
SR AR Indirect @ Direct @ Direct
Emission efficiency i d A(x) # © # ©
BRI © x ©
Mechanical properties
(MIDOLBTE)
(Processing) 4 @ =
{EPmREYE
Chemical stability @ A @
f
Thermal conductivity @ o o
GaN#ZES Chose GaN (1973

Fig. 5

Fig. 4

IEAFIvILEER. TEAF—

Epitaxial growth, Epitaxy

epi (upon ) taxis ( arrangement ) (1928)
REIEZFS— ATOIESFD—
Homoepitaxy Heteroepitaxy
(EfEEAR(THRR EADRR) (RAERIR(THEER L~ORR)
T
T el ...
! frest - y | =
A GaAs ? a-AlLO,
t

(Theuerer, Si/Si, 1961)

Fig. 6
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GaNZHELEDD I ~1980

Brief history of research and development of GaN-based LEDs (~1980)

1969 GaNO#EFMRE

Single-crystalline GaN by H.P.Maruska and J.J. Tietjen
1971 GaNOMISEEFELED

GaN MIS LED by J.1.Pankove et al.
1971  MOVPE GaN

MOVPE growth of GaN by H.M.Manasevit et al.
1970s- JLSRutU R, BIRELE OHE
1980s  Study of luminescence and physical properties

by B.Monemar, J.I.Pankove and many researchers

1973 GaNBiZBita

Akasaki started to work on GaN

Fig. 7

R BRARE----I1Z5I58% 1978

Decided to go back to the starting point : Crystal Growth

[ PRUEHDEBIL, R EOM LD ]

To realize p-type conduction , it is essential to grow high-quality GaN

(1) REOMO, Y797, Evk BEOESR
5 )
EACESHOKR — 2
Poor-quality with rough and cracked surface Specular surface free of
cracks and pits

(2) BEREHOHBAEHTHE
Eﬂ)rjiﬁﬁa)ﬁ@b'f* ?eq‘r;ﬂigqﬁﬁ
PREEEFARE?

Difficulty in conductivity control

BREHOHES
<10'*~10'%cm
High-quality single crystal

Fig. 9

° > — o s
BETESXIr— ATOIESFD—
Homoepitaxy Heteroepitaxy
T REE
L attice defects
T
L/
GaN
A GaAs a Mismatch
: ..... s T s | 16%
c Y7747
A GaAs, f : a-ALO,
f ' I

Bh— (BFH) L Bh— (VFH): X
REIRILY—

Does not exist Interfacial free energy ~ Large

* NAFSAFTRERE (HVPE) ZICkSHEBLEDBRR
* EREKE (as-grown FRERE)
GaN blue LED with the first n+ cathgde by HVPE in 1978

- | ST

@® O 1978 . ' J Fountain display using

Y. Ohki, Y. Toyoda, H. Kobayashi and |. Akasaki: tricolor LEDs
Intl. Symp. GaAs and Rel. Compds. (Now. ISCS). (1981) 1981

GaNDRTU v ILEREE
Recognized the great potential of GaN (1978)

Fig. 8

[2] : GaND#ER K% Crystal growth methods for GaN
MBE

Ga(g)+N(g)=GaN(s) &1l
Ga(g)+NHy(g)=GaN(s)+ & H,(g) (BFK)

Prone to nitrogen deficiency
HVPE [2v—] @t [1y—=]) [50-150.mn]

GaCl(g)+NH,(g)=GaN(s)+HCI(g)+H,(g) (% B REHY)
Susceptible to reverse reactions
H.P.Maruska and J.J.Tietjen : Appl. Phys. Lett. 15 (1969) 327

Ga(CH,);(9)+NH;(9)=GaN(s)+3CH,(g) (#75 FIRIG4L)
Minimal reverse reactions

H.M.Manasevit et al : J.Electrochem.Soc. 118 (1971) 1864

MOVPE;£%#£% Chose to adopt MOVPE (1979)

Fig. 10

Fig. 11

Fig. 12
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