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Forbidden
Energy Gap
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. oot

Valence Band Valence Band
(fully occupied) (fully occupied)

@® : thermally produced conduction electrons or holes




p-nIEE M LD ILHET

<mmmmm Electric current

il

EFEEFLMp-NESICASBE
e +p* == hv = LEg

v=CclA D oXDREIE A~ helEy



(@ V=0
n—type A=

p—type

IINE—SYT  phpTa L)L
(I*»#—@E)//



N NZya BIINATOESFERL—T— (1970)

n-Ga, ,ALLAs p-GaAs p-Ga, Al As Ga, ,ALLAs

M/_/—
—/W
s :
eoee—e /
@ ln:> hv ©

VA ILIXIXXX]

GaAs active layer




AT AN, AREFEHETLIEEITEHEOSWAZ 717
/;fcf-ﬂ = i Il-}'*-fj('jf, FLFDBITROECE T L, 725 v FEWRE
'uJJJJ,”ﬂH IR E s ne D SR ST W E T
Lfiﬂ L 25y KOBR TR LA LELnT, 17 74 50
Az LA s N TEIERICERSINEI EIZT D EFT,

g %

ATuFTA T v A

ZILFE—FT7ALs3(SI)

To—=F YL T v AR

TILFE—FT774/:(GI)

ATV TA Ty g AR
ST IWE—FT7AL,5(SM)




LR—h iR M

[1] 20DHEDHREFETHRDE R HGE

HEZRAE L



hFHEZ |SADMOCVYDETE|>=F LD (Jpn. J. Appl. Phys. 1996)
(BEIEZEIE, HUCHUA/N\—NSHIE)

a4

MQW = Mullti Quantum Well ( )

p-elecirode

p-lral

peAdn. ez G

p-{zaM

n-4A Il sanaM

In{za™ MOV
n-CzaMN n-electrode

m=Adiiz(ranssN <

Y el ——

CzalN bufTer Iagarl

A=face sapphire substrate







IHEDGaND
MOCVDJE

= & < L



GaN @ LED, LD DBAH E | ;
DS [ Progress in Research on GaN

[EEN
o
o
o

o |. Akasaki (Nagoya Univ.)
(FRIEF &)

1t cold-buffer technique,
1986

7+ p-GaN crystal, 1989

 blue LED and LD
- (S.Nakamura et al.)

Breakthroug

© S. Nakamura (Nichia)
(FRED) :
cold buffer techni

1tdeveloped two-flow MOCVD (LAkasaki et al)
method |, 199:!. - progress in crystal growth
(Metal Organic Chemical ! - by MBE |
Vapor Deposition) -

=
o
L]

Number of Papers Published / Year

i . !
1t good n-GaN crystal 1980 1990

1t first commercial LD, 1996 Year
- after I. Akasaki, Oyo Buturi, 73, 1060 (2004)




etc.

IC etc.



0 LED, LD etc.

o , , Photodiode, CCD camer a,
o) Electro-optic Modulator, Acousto-optic M odulator

@ IC,

o Display Electrochromic LED GaN W=D EL

TV (2007)



FAE MEEFDILHEE

Primary Processes

o) Linear Responses
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Reflection
Polarization-Rotation (Ellipsometry)

Scattering (Diffraction)
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o Photoemission, Photoconduction, Photovoltaic
Photoacoustic, Photocalorimetric effect, etc.
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Energy bands and Fermi level in a tunnel diode.
(@) Equilibrium; () small forward wvoltage; (¢) larger
forward voltage, preventing tunneling; (d) reverse bias,
allowing tunneling in opposite direction.

F. J. Blatt “Physics of Electronic Conduction in Solids’ (McGraw-Hill) &Y.
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Normal rectifier Current-voltage characteristic
characteristic of a tunnel diode. (From L. V. Azaroff
0 ' ' L and J. J. Brophy, “FElectronic Processes

0 V; 0.1 Vv, 0.2 in Materials,”” p. 285, McGraw-Hiil Book

Forward bias, volts Company, New York, 1963.)

F. J. Blatt “Physics of Electronic Conduction in Solids” (McGraw-Hill) &U).
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CCD = Charge Coupled Device
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(Lambert’'s law)
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(@) cyclotron resonance ( )

(b) lattice vibration ( )
(c) band-to-band ( ), exciton ( = )
(d) impurity-to-band ( )
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Photon Energy (eV)
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(left circular
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