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The study on the epitaxial growth of AIN by HVPE

JI YOUNG KIM

Department of Semiconductors Physics
Graduate School of

Korea Maritime & Ocean University

Abstract

AIN 1s promising among the IlI-nitride semiconductor for the buffer
layer and the UV emitting diode as the template substrate due to its
lattice constants close to that of GaN and 6.2eV large bandgap energy.
AIN also has the high applicability with the high thermal conductivity
and chemical stability for the power electronic device. In particular, the
thick AIN epilayers can be used to grow the homo epitaxy layer as the
free—-standing substrate. For growing the thick AIN epilayer, it 1s
essential to find the growth method with high growth rate like HVPE.

In this study, AIN epilayers were grown on the Z2inch sapphire
substrate using the horizontal HVPE. The temperature of the source
zone and the growth zone of HVPE were set at 950C and 11457,
respectively. The carrier gas was N2 and the growth time was 60min.
The gaseous metal chlorides, which is reaction of metallic aluminum
with HCl gas was used for III group source and V group source was
NH3 gas. N2 gas was flowed for a stable growth atmosphere. The

source boat was graphite in order to use the RF induction heating



method.

The surface and cross—section images of AIN epilayers on sapphire
substrate were observed by SEM. To analysis the components of AIN
epilayers, we used EDS, which is attached to SEM. AFM was employed
to observe the surface morphology of AIN epilayers. The RMS
roughness was 294nm. The structural characteristics of AIN epilayers
were studied by XRD using the FWHM and Z2theta peak. The FWHM
values of (002) and (102) were 0.27° and 1.16°, respectively. The
lattice constants can be calculated with Bragg's formula and XRD
results. We compared the calculated lattice constants and FTIR
measurement. From these results, it was found that there is a strain in
AIN epilayers.

Based on the study with the proper growth condition and V/III ratio, it
1s 1mportant to find the solutions for the high—quality AIN epilayers
using HVPE. As a result we should improve the potential that HVPE
with high growth rate can become a new AIN crystal growth method
because the high—quality epilayers affect the performance and lifetime

of device.
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EII-1. AIN9 7]E EA]

Molecular formula AIN
Crystal structure Wurtzite
Lattice constant a=3111A, ¢ = 4.979A
Molar mass 40.9882 g/mol
Appearance White to pale—-yellow solid
Density 3.26 g/cm’
Melting point 22007TC
Boiling point 25177TC
Band gap 6.2eV (direct)
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59 dAarre) g AS [48-50]

Crystal Thermal Coefficient of thermal

structure conductivity(RT) | expansion (RT-100TC)
Diamond Diamond 2000 W/m‘K 0.8 *107%/C
BN Zincblende 1300 W/m'K —2.7 %107%/C
BeO Wurtzite 370 W/m'K 5.4 x1079/K
AIN Wurtzite 320 W/m'K 2.65 *107%/K
Al;03 Corundun 35 W/m'K 5.5 *107%/K
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Material AIN AlsO3 BeO SiC SiO9
Density
3 3.26 3.9 2.9 3.2 2.1
(g/cm”)
Bending
strength 280-350 | 240-250 | 170-230 500 67
(N/mm?)
Melting
_ 2400 2030 2530 2700 1750
point ()

20



5o] &&H Utk Wang®| -9l

AAdAe o] H %2 deep native defect, 18] il

b ogkol AAl 2EbA7] wiol

[©]

AIN®] A%

T
T

AYar Qo] MIS T+%9

1.3 #7]
2w RFZAHE |

o

AR =(0.6eV)E 7HAL S17]

S
T

ol
HH

8.5 (static)
0.6

4.77 (high frequency)
135 (electron)
14 (hole)
3.3 (electron)
0.3 (hole)

’d [54-56]

E

=

EII-4. AINY #1714

Dielectric constant
Electron affinity (eV)
Mobility (cm?/V-s)
Diffusion coefficient (cm?/s)




70
i

X
o
_IO

T
T

coefficient)

3le] AINS| =

LHER

recombination

(radiative

AIN¢]

S
=

=
=

el

ol

0.4x10 Yem?/s2 a8 gt} A<

AF29o| 4 epitaxial

e = A

ol

=1 3=43
b |

1.9-2.1, ¥[34

[e)
wperel 44

layert}) @244 A-$ 2.1-2.2, v}2A

o] /\g

o] A9

Al

T
T

X

22



o

2.1 W33

0.56 eVolA 6.2 eVl o]

=0
=

v 7))

W= 7ol 1

A=

_(H

I AINE 2

1

SO ZA

il

1L

2|7} 2 AINAQ 3}

2N 0]
—

ol

SRR

% 9

o ol ¥4

= [1-V

Eis

Aol M A

=y

~
110

of Fz Abstolol: 44E VITO Bo| AHgE

o] Aol 9l
fohot ol Qe FAe) g

5]

=
T

=Rk
s

=
7

b o =
A3

o
=

T
T

TR

BN
o A

A7 (critical thickness)#}al

=
=

)

0

38

S X
=

F2 Abgtololz] @ 9e] GaN

ol vl gel A= =

Hjn
B

B

1t AlZ N

o
v

SO®E XA

2 717 AINo] ¥

)

of el

o

=

Aol M AdgE B

ﬂvﬂo

el =

At

st = vhopxd

=
=

SHl= WSt I el GaN

2+7g gt

0

s}
oH

jse]

&

|5 o=2X 22k

S

=
=

o7 A3FA T

o 714

of Zd=z AEHY] W&

o

o 3 =

ol

ol

0

GaN/sapphire®]

e

OHN-2S HHZF {59

o} [63-66].
AN el wheh e o),

=
T

23



ANsmin) —7m "

o ! "4

RN poon’t
(Gl islnd

ANSmin)  fgerad rowth ~ GaNistand “hexagonal colurm”
+(@NSmin) == b ﬂ@ &

=

o T
ANSTin)  conleseence ~ IDgrpwih
+ G 10min)

= Ay,

ANSTin) s 2D growth !
+ (N Glmin) 0

fooon

with buffer layer(2D growth) without buer layer(3D growth)

IYI-2. AINHHZ 5o w2 GaN/sapphire A% 29 [67, 68]

24



7] GaN& o]

N

ﬂ
o
ﬁo
)

ox

SEES

T
T

ol

25



2.2 @3- LED

o2

5 T

S

=
6}

LEDTFA L 7}

ull Al
- 1

[m}
g

o|
Ton
Ho

3z
=

% H2

el

ArLA o2 400nm ©|8

=y

i
244

A3}to} bulk AINE 7jwto]

N

sHAI Rk AINS

3 oF

AstE 19

3

&A= sapphire”]#3}2]

n

i

Aolgtar o AFEkar xpA

Qo e

A=
=

QAL o] ol 47

ZltigE [69, 70].

!

ay!
;OE
3r

T

1

713 A=A 9

26



2.3 AIN DUV LED
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RII-5. 7|12 UV lamp® UV LEDO] H]xL

Conventional UV lamp

UV LED

Size

heavy, complex

compact, simple

Life time (hr) 2000-10000 10000-50000
Energy consumption high low
Heat generation high low

Emission wavelength

multiple peaks

single UV band

Warm-up

long

none

Harmful substance

Hg, Xe

none
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3. HVPE
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