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Abstract

Cubic GaN layers were grown on AlGaAs (001) substrates by
hydride vapor phase epitaxy (HVPE) method. Nitridation treatment
on the surface of AlGaAs substrate is carried out using ammonia gas
before the initial stage of GaN crystal growth, and its effect on the
resulting crystal quality is investigated. It was found growth
parameter such as nitridation temperature of AlGaAs substrate, low
temperature GaN buffer layer and interlayer growth condition, V/III
ratio and thickness of GaN layer to be critical determinants for the

growth of cubic GaN layer.



Nitridation treatment by ammonia gas forms Nitrided layer on
AlGaAs substrate surface. The nitrided AlGaAs layer acts as a buffer
layer which relaxes strain from difference in lattice constant
between AlGaAs and GaN. .

In this study, we used multi—buffer (first and second mid—
temperature GaN : MT—GaN) layers to obtain cubic GaN films. The
first MT—GaN layers were grown at moderate temperature to
prevent substrate from thermal etch during high temperature growth.
The second MT—GaN layers were used to reduce the hexagonal GaN
incorporation in the cubic GaN films. It is demonstrated that a multi
buffer layer structure in place of the conventional single buffer layer
structure can effectively suppress the hexagonal GaN incorporation.
These methods enable us to grow cubic GaN layers on AlGaAs (001)
substrates at high temperature (1050 °C).

Surface morphologies and chemical constituents of nitrided
AlGaAs layers were characterized with scanning electron
microscopy (SEM) and Energy Dispersive X—ray (EDX). For the
optical and crystalline characterization of the GaN films, X-ray
diffraction (XRD), SEM, Photoluminescence (PL)

cathodoluminescence (CL), were carried out.



From the above results, we suggest that HVPE method could be

possibly used in the growth of cubic GaN.
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Maruska$} Tietjien®] HA Ga2 boatell ¥o] HCI¥ HEE3dto] A=
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IIT nitrides

Wavelength (nm)

Color

AIN

GaN

Inp2GagsN

Ingp.45GagssN

Ing7GagpsN

InN

200 = 300
300 - 400
400 = 450
450 - 490
490 - 560
560 =590
590 - 630
> 630

Mid—ultraviolet
Near—ultraviolet
Violet
Blue
Green
Yellow
Orange

Red




FE1-2 GaN 7ol ARg-H = ofe] 714 7|2 vl

Coefficient of

Lattice Lattice
Substrate Symmetry thermal )
parameters mismatch
expansion
a= 3.189A | 559 x 10 °K™!
Wurtzite GaN | Hexagonal P
c=5.185A | 3.17 x 10 K
Zincblende GaN Cubic a= 4.52A
a= 3.112A | 4.2 x 10 °K™!
Wurtzite AIN Hexagonal P 2.4%
c=4.982A | 5.3 x 10 "K
a= 4.758A | 7.5 x 10 °K™!
a — Al,O3 Hexagonal i P 16.09%
c=12.99A | 857 X 10 "K
Si Cubic a= 5.430A | 359 x 10 °K! 17.7%
GaAs Cubic a= 5.653A | 6.00 x 10 °K™! 20.9%
a= 3.08A
6H-SiC Hexagonal 3.4%
c=15.12A
3C-SiC Cubic a= 4.36A 3.5%
InP Cubic a= 5.869A 45 x 10 "K! 22.99%
GaP Cubic a=5.451A | 4.65 x 10 °K! 17.1%
MgO Cubic a= 4.216A | 4.65 x 10 "K! 6.73%
a= 3.252A | 2.9 x 10 °K™!
7Zn0O Hexagonal 61 1.9%
c=5.213A | 4.75 X 10 K
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2.1 GaN¢ &4
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E 2-1 1=V 3hgha o] kel 54
Properties InN GaN AIN
Bandgap(eV) at RT 1.9 3.4 6.2
Band transition type Direct Direct Direct
Crystal structure Diamond Zincblende Zincblende
Lattice parameters (A) a=3.547 a=3.189 a=3.112
c=5.760 c=5.185 c=4.982
Melting Point (C) 1373 2791 3273
molecular weight 28.09 144.63 100.695
Density (g/cm) 2.32002 5.3176 4.138
Thermal expansion dala Ada/a=6 Ada/a=5.5
coefficient (107% /K) =3.59 Adc/c=3.17
Thermal
1.5 0.5 0.8
conductivity (W/cmK)
Electron mobility,
R 1400 8500 350
RT (emV ™ 's™ )
Hole mobility, RT
R 600 400 100
(ewV s )
Break—down field
5 0.3 0.4 -
(10°V/cm)
Saturated electron drift
velocity 1 2 -
(10" cm/s)
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19 2-3 Hydride Vapor Phase Epitaxy (HVPE)
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2.2.2 A% 7l&

GaN A3 Al 71832 AR EdX]o st AHE HAaA717] 8l
A k&= (buffer layer), ELO(epitaxial lateral overgrowth),

PE (pendep epitaxy) % B2 Aol A5 it

2.2.2.1 Buffer layer (&=1H)

A% oA HF E7rES AL GaN A4 H 2 AARA
2t (lattice mismatch) ¥} @375~ (thermal expansion coefficient) &
M= ARE e Blolth ey, SkollA 7]t uiel ol dAA7A
+ bulk GaNOZHFE dojxi= GaN7z|Fo] §17] wfjie] FAkgh x4
54& 7 ARE Agdel Frh (0001) W Apztolefel GaN=
16.09%, Sidki= 17.7% GaAs¥+= 20.9%, 3C—SiCe+= 3.5%9] lattice
mismatchs UEbATE SiCeke] FAeke] 7H¢ A7) shA 24 %43
7HAAQ S-S 1H]E w Abgtelojrt 7R A ekst GaNel 7| A 5o
of. 28 Abgfolof o] A GaNeol= 16.09%°] 43s] & AT
(lattice mismatch) & 7FA 22 o]& <l A7|= ATdE%  (defect
density) & &°l= Zlo] &€t olfsh Aol s ke Zlo] H

HZolth, Akasakiol 93] AHe =¥ HYFTS A3 UL E Folal 4
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A <

<— Al,Os
(a) AIN buffer layer
(ARG
(b) Nucleation of GaN
YV
<— GaN

(c) Geometric selection

RA47 %44 w4A

(d) Island arowth

Ao LD

< trapezoid crystal

(e) Lateral growth

sound zone

semi—sound zone

T\ faulted zone
AIN

(f) Uniform growth

% 2-6 GaNe| AF=EA
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ol g AtrhelE Ao AFEA sl Atttes Aol Wie] ol F

oA (HAH HEd GaNE d=tt

2.2.2.2 ELO (epitaxial lateral overgrowth)

Ao A e MHFe s S8l cracke WS AlofshHA
Aol A& e A& d& F Avae sty GaN 24 Fole F
d10% ~10/ ar &) AR AT EAEL o] FAIE dAsty] Y8l ol
€% 7]%o] ELO (epitaxial lateral overgrowth)2} &&= WHolt}
[36,37]. o] WA= 7] 9o AA3S GaN flo SiO, &> A8
&8 maskE F/4dskal MOCVDR &< HVPEW S °] &3 AHS &l
AAetet, A4 AAEE Fk window FES vUEe] AFAT
o] IthE AW mask FES ST sl DA Go] o] Fo
Az AA4d3%s aA =4 + vk XA 34 59 FrradEiy

SiOy mask$]el AAst GaNo|M+= AWPOZHE $Ho| fajA Ay

Mo cFol 27 71&ol4 i Aol FHA B window FEFE
sWow AgEol A71: GaNel FAleli 27 7ozl 2oz A

71+ dislocation®] Wo] A E Tty B ¥ ot SiO, maskE A&l
] W maskE AFE-3H stress®] &3l7F HA A o] Fojx FHL] A

8 gggol deld & otk ATARE Qrk #E Abstolo], SiC %
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3. 4

i

3.1 GaN A%

2 AFes 388 FZ2ZA multi zone furnaceE A3 HVPE
AU E o]g3dte] AlGaAs (001) 71 919 c—GaNE Akt A+
g olalsty] flste]l AEE 16718 Fulshala, At Ao weh A7)
7R 27ste] 3 3-1o debdth A9 A4S 71 A, d3kA
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o

Jdo
A
=
b
o
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ek 771 AlAe 259 290714 wl's 587, ofAMl=
5% &<t AlFH3stal DI water® cleaning & & Ny,& o]&3sto] 7%
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Abstebs A AT fF71 A V8 AdHe] Yol vtAs EFRTE
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GaN A% 3 37 fH o dEANE 9] Y&l NHz;E 700 CT7HA

3.2 ¥4 Iy
A3t Ael® AlGaAs (001)°] 7x2 wghs #str] fls F3 o
1] 7 (Optical Microscope) ¥ SEM, EDX #4& o] &350, ofA
At v7kA] W3k @lel tiste] Jgst S8 GaN+= SEM, XRD, PL,

CLES ol g3l T4 543 315 54 2vingict

Tx9 H7F WHOEE SEM (scanning electron microscopy),
TEM (tunneling electron microscopy), XRD (X-ray diffraction),

AFM-STM (atomic force microscopy —scanning tunneling

rJ

microscopy) =°] F2 Alg€¥1 ¢low, MBE Ho=z AF A

_11)1'
m?i'

%)= RHEED %°| AF&3¥ 3, Columnar, FEAFo]aAre] A
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W 9F" S T FE SEM & o]&sliA H7isa wAlgh
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XU ZE AFM-STM o], g AARFxE7Ee g
S ol mlola® F29 7}, screw dislocation, edge dislocation,

mixed dislocation, 2 Z}% @AYl tsiE TEM o] AFE-HH, ¢ 59
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717l A Aesks 71E7], ERE & Eddte A4

H7l= XRD o] o8 H7E ar gt

3.2.2 J83 54 HI}

3.2.2.1 PL

9+ He—Cd #olAe 325nm IS FPo= AR o]
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dolA e Ho =32 100mW ©]|il, attenuator = #|o]A 29 A7|E

o

ZA3er. o] wf #HolA A7l Ho 468.8MW/cro]th. o] Hl
focusing AW=(L1)=ZE HFAZ S sample ° FAFSIATH Als+=

T2l vacuum grease & ©]8-3o] H2A| H o

ftlo
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o

Fa A3 AFE A7) 9J8iA lock—in amplifier & AFE-33
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1o

PL A5 & #olA7t Alxe “Amrt WA= 2 lock—in amplifier 2
reference A% 2+ chopper & F34+5 AFE-31S]

Al2E &3to] AtaE s Ao sh3loEnk Yo = Flo] oy} Ao =
e 2= collimate f=(L2) 2 HFAI By v A=03)=2 A3
stod 3 7] (spectrometer) & YA F L. ©AstE H o] A7]= PM
tube detector® 1 M71& S 3}%th PM tube ZH-E ¢ 2%+ Lock—
in Amplifierell 4] S3%3F3l3L, Autoscan systemolA YXd 2s= WA

o,

32

&to] PCollA 24s}

3.2.2.2 CL

CL 542 o7] olyAel gsia W& WE AXth= HelA = PLO]

Y
=L
okl
0%

1} EL (electroluminescence) & Atk & 4= A A

2 WEo] Ut Hlgolut Fu Feof 9lofA] 2zte] of7] w e ekgrel
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Aerldts #HA = HUE Fo% ARE AFsIE sHARE
Sanning Electron Microscopy (SEM)ol &2txo] vluja] & o2 53]
5o FA Al BAS B F Atk "Wl 53] A4 Ado] ol
S M-V F A3kz wb=Ae] Aol 3lofM CL 54 <9 <

4ol AA A = Aol FACIH. CL 54 A9 7FEs2 1

(=}

kV olm W& diFE= 60 pA= kST
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4.1 cubic GaN AA el v|X= ITF

4.1.1 AlGaAs 71%9] A3} A&

MOCVDE o] &3te] A2 GaN &535& gt 3t 48 34

M= AlGaAs 718 §loll o2l A4 HES Fall c—
GaNE 7] 93t A% A NH; 97104 255 Wgsio] 23 A
g st [39-411. A3 A= 550 C, 600 C, 650 T, 700 TeIA
203 A2 sklal, =& bYsrE HY] A= Ny 7FAE AlS S3th

Zpzhe] 2 Wske] disl P shA] Al Al 258 ~ 35
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)
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9 4-2 &% W3l 93t Nitrided layer

(a)600 T (b)650 C (c)700 C
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Al (%) | Ga (%) N (%) As (%)
ref 13.7 11 - 26.4
550 C 13.28 15.43 2.18 -
600 C 15.69 17.59 35.82 1.1
650 C 18.76 43.52 47.16 2.6
700 C 20.43 20.43 37.09 1.2
E 4-1 2% ¥ste] g A3k A2 ¥ AlGaAs 7o 19 A
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He As A8 4 Q. a9 4-1(d & 750 TolA A3} AHelst A
22 ¥Woly FwWoA thermal etching¥ XWo] HAAE= 2o A

7} wrAEte]l @Al 700 C olstelA A3 s skt A3
o] 938 AlGaAs? W3le] tls] EDX, SEMS o]43le] el A2z}

TZE A3 A3 A3 A7 BgeolA AlGaAso] EA5E Asvl &&

L

o] HWA No| Al &=+ Ga¥} ®Fg3dlo] ¢k Nitrided & FAdsH 2o
2 Rolw, A3 AHg 2% F7Fl 28] Nitrided =2 F77F (a) 40
nm, (b) 270 nm, (c) 5000 nm=Z S7FsHS 18 4-29 & 4-1 Z3A
lsklal, 550C oA A3t Ae2lst A|£2] Nitrided ¥ SEMoZ 3

23 4= glolth. o] & Nitrided 28 GaN %7] A so=w 243
o], GaN

¥ GaN A2 Azt Agsk 4719 AEE dAHKHoR 12

(1050 C)elA GaNE dA&stRdr F7= 50 meolvh. $9 GaN 4%

Al Z3EAIZY, V/II ratios> 1L 3k3leh ol 5 GaN<e] 3387

i
o

= Hlwskr] 918 AL (300K) oA PL& S4 sttt

|

19 4-3L 2y B 550 C, 600 T, 700 T2 Azl A3 A
3 A|Z 52 band—edge "= (emission) peak? 3#o] 363.8 nm
(3.4 eV) AT YELT. o7& AFE GaN7F h—GaN +Z2E& 7=

Aoz HAXY, 18 650 TolA A3t A3k Al5+& 363 nmollA]
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743t peakd} 384.7 nm (3.22 eV)olA <kl peako] TEEEH o=
c—GaNo] Ade Zo=z A7te}[42-45]. o|HH F0S peako] &

He= AE h—GaNg ¢c—GaN7F &35 o] (mixing) A &¥ A
o7 Azttt XRD S lA 4709 Al EF h—GaN@| peak®t ¥
Z H3 c—GaN2 54 peakt HAHA gty FWHM>
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FH GaNo] A® A5 4/Me Fetdn s &2 2y xwel 4 9 3
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PL intensity [arb. units]

7500 | T T T T T T T T T T — ]
r P :3638nm ]
7000 |- ;T ——550°C | ]
——600°C | T
650 °C |
——700°C | ]

450 500 550 600

Wavelength [nm]

P1 [nm] P2 [nm] P1 FWHM [meV]
550 363.0 - 155
600 362.6 385.4 174
650 362.3 384.7 141
700 363.8 - 134

19 4-3 A3} A % WAste] & 9k GaNeo PL A3}
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B FH GaNel FehA SAS Avny] fs A2 (300K) oA

9 4-128 RY 37 AR FEHCE T
S48 peaks #RH=H 4749 92 365 nm (3.4 eV), 390 nm
(3.2 eV)olt}. ¢tollA et 5Eo] h—GaNg ¢c—GaN9 peako]™ PL
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T T T T T T T T
35000 - P,:390.Lnm 7
—— 20 min
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_ 30000 |- ——60min| |
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_I .
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P1 P2 Peak Energy [eV] | FWHM [nm]
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(3) 8 GaN S4del V/IIratio® d&F= Lotr”] S8 & 3te A3}
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