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I-V Characteristics of a 4.5 kV Rectifier
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32 classes

Crystal structure scheme

All crystalline materials are electrostrictive
(strain proportional to the
square of the field)

Pyroelectric = Ferroelectric

11 classes 21 classes

No center
Center of symmetry of symmetry
1 class 20 classes

Piezoelectric
(strain proportional
to applied field)

Nonpiezoelectric

10 classes 10 classes

Nonpyroelectric Pyroelectric
(spontaneous

polarization)

Ferroelectric
nonferroelectric (direction of Ps
can be switched)
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c-Plane

a-Plane

c— plane(0001) a— plane(1120)
r—plane(1102)  m- plane(1010)

n—plane(1123)  s— plane(1011)
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Substrate: y-LiAIO,(100):
[010]: @,jp10, ® Cgan  — 0.3%

[001]: Cjjpi0, ® 2 Bgan—> 1.7%

!

GaN5LIAIO2(100)#} I fa ks KA tb 5
WEARKRED, NEig A5 5E3

[001] || GaN[1120]

[010] || GaN[0001] | FRERIGaNI £t .

Substrate Symmetry a(A) f(%) a (105K~ price
y-LiAlO,(100) tetragonal 5.1687/6.2679 -0.3/-1.7 500
Al;O5(0001)  hexagonal 4.758 -14 150
6H-SiC(0001)  wurtzite 3.08123 —3.3 1000
1000

0 O ) LS ] |

4H-5iC(0001)  wurtzite 3.07902 —34
Si(111) cubic 3.8396 +20.4 3.569 20
GaN(0001) hexagonal 3.1876 0 5.59
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The m-plane GaN films and InGaN/GaN multiple-quantum-

well light-emitting diodes materials were grown on
(100)LiA1O, by LP-MOCVD using TMG, TMIn and NH,
as Ga , In and N source respectively,nitrogen and hydrogen
as carrier gas.

DANGER
Ebwtic:

shech mk
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The samples were evaluated by means of
X-ray diffraction (XRD)
Polarized Raman scattering

Atomic force microscope (AFM)

Optical absorption and reflection
Photoluminescence

Electroluminescence

I-V measurement.
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Results and discussion




1 Nonpolar m-plane GaN on LiAIO,

2 InGaN/GaN heterostructures on LIAIO,

3 InGaN/GaN multiple quantum wells LEDs
on LIAIO,
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Nonpolar m-plane GaN on
LIAIO2 (100) substrates
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The effect of growth condition on the
phase purity of GaN epilayer

—— Nitridation of LAO substrate

N Buffer growth temperature
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The effect of the Nitridation of LAO substrate on
the Phase Purity of GaN Epilayer

(b) Without Nitridation LAO(200)
Growth condition:

ST (a) Nitridation, 850°C,150s,
(a)Nitridaﬁgr'l\'(oooz) /LAO(ZOO) 850°C N2 2400s

(b) Without nitridation,
850°C, 2400s.

N
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N
2

‘0
c
(0]
—
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O
e
X

30 32 34 36 38
20 (degree)
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The nitridation of LAO 1s inclined to
the formation of C-plane GaN and 1s
harmful to phase purity of m-plane GaN

The nitridation of the LAQO substrate
leads to the reconstruction of the surface

and to the formation of a thin layer of C-
plane AIN.
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The Effect of Buffer Growth Temperature
on The Phase Purity of GaN Epilayer

LiA1O ,(200)
GaN(1100)

GaN(0002)

n
E
<

N—r
>

=
)
c
©
&
<

(@)
o
X

33 34 35
0-20 scan (degree)
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LiAIO,(200)
LiAIO,(200)

GaN (0002)

XRD Intensity (a.u.)

=
=
©
—
>
=
n
c
(O]
)
=
(|
o
X

30 31 32 33 34 35 36 37 38 30 31 32 33 4 35 36 37 38
20/degree 20/degree

T, =1050°C, t=2400s T, =1050°C, t=2400s

Results indicates that we obtain pure M-plane GaN film on LAO (100)
with nucleation at 850 oC
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we conclude that growth at relatively higher

buffer temperature can avoid c-phase GaN
J formmg and be in favor of fabricating single-

=
=
Z

~
&

1 50.00 80.00

20(degrees)
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The effect of carrier gas on the quality of
GaN epilayer

T<=10500C

N, and H, as carrier gas
respectively

Intensity (a.u.)

(a) N, as carrier gas, FWHM=1.12°

(b) H, as carrier gas, FWHM=0.66°

155 16.0 16.5 17.0

® scan (degree)

The rocking curve of GaN epilayer with vary carrier gas
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, Optimizing growth condition: LP-MOCVD

® Two-step growth method
® T =850°C~900°C, N,
® T.=1050°C, H,

= ® Without Nitridation (LAO)
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100, 0 rm

RO, 0 rm

RMS roughness about 7nm.

Figure 3 2X2 1 m? AFM surface micrographs of GaN grown on LAO
(T=850°C, T5;=1050°C)
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Williamson-Hall plot
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Polarized Raman spectra of m-GaN

E,(high) is not observable,
e confirming that the GaN film is
z-{0001) a good single crystal

Intensity(a.u.)

E,(high) locates at 574cm-’,
blue-shifted 5cm-, indicating

that compressive strain existing
in the GaN film

600

Raman shift (cm'l)

(peaks with * come from LAOsubstrate)
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PL spectra of M-planeGaN
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nonpolar m-plane InGaN/GaN

heterostructures
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The effect of the TMI and growth temperature
on In-content in InGaN grown on LAO

Growth Temperature (°C)
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' 1 1 ' 1 ' 1 1 ' 1 ' 1
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L |
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The X-ray diffraction patterns of InGaN/GaN
hetrostructure grown on the LAO substrate.

GaN (1100)

InGaN (1100)

\ LAO(200)

28 30 32 34 36

-
=
©

~—"
>

5=
(%)
c
)

]

S

o

o

X

20/degree

14:47:25



PL spectra of InGaN/GaN MQWs grown on LAO
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Ti/ ~

SiO
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Chip size

80um X80um.
200um X 200um
400um X400um-.
800um X 800um

14:47:25

% Schematic digram of InGaN/GaN MQWs LED

-

—Ni/A

Ni/Au

LAO (100)

N-GaN: 1.2um
InGaN/GaN MQW P=5
P-GaN: 200nm

N type contact, Ti/Al

P type contact ,Ti/Au
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Ni/Au
Ti/Al

14:47:25



-H-_.rfﬂ-__ . _
'_- - ;igil

|
& Comparison of EL spectrum to PL spectrum
QE_‘F'.

— EL 35mA

I2.O 2.5 3.0 3.5I
Energy (eV)

Normalize intensity (a.u.)

14:47:25



14:47:25

g
=
cu

N
>

=
7
-
1\

=
1=

1

L

400 450 500 550 600 650 700

Wavelength (nm)

absence of
polarization induced
electric fields in the m-
ERERVERIT RIS



0% for [>25mA

0

('n"e)Aysusjul indino Jybi
- o

600
o0

500
Wavelength (nm)
10 20 30 40

Current (mA)

14:47:25



1‘&“{. SHTmIEAERE
a1 Vl":l:' HY v A

14:47:25



GaN/Al1GaN/GaN p3&MIS—HFET

F T GaN/A1GaN/GaN W 5+ 52 45 P BY & BB AR 14 380 bz Xt
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% 3=1E: Mater.Res.Sci.Proc. Vol.622,T2.9-34922(2001)
Appl.Phys.Lett. 79(21)3530(2001)
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Al ,GaysN (15nm)

Aly,GaygN (15)

GaN (500)

AIN buffer (150) AIN buffer (150)

Si (111) Si(111)

substrate substrate

(a) monolayer (b) multilayer
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