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Abstract

In this work, the optical properties of freestanding GaN single crystalline substrate grown by hydride
vapor phase epitaxy (HVPE) were investigated. The low temperature PL spectrum in freestanding GaN
consists of free and bound exciton emissions, and a deep DAP recombination around at 1.8 eV. The
optically-pumped stimulated emission in freestanding GaN substrate was observed at room temperature.
At the maximum power density of 2 MW/crnZ, the peak energy and FWHM of stimulated emission were
3.318 eV and 8 meV, respectively. The excitation power dependence on the integrated emission intensity

indicates the threshold pumping power density of 0.4 MW/cm?.
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Fig. 1. XRD pattern of freestanding GaN.
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Fig. 2. PL spectrum measured at 10 K.
aE 2. 10 K &9 A" PL 2d9EH,

786

3

Mo

Hae MAZL 6 meVolUt olE FA EUd
&utg o 7|&pe] e 93 WG (Hoe2AM WA
GaN7|% #o) homoepitaxy® GaNelA #IIE L
2% duxg dx@gd P A7AE
2lgle] GaNollAd FA Zdo] 4" 7R}
ZHEY BFo] 3470 eV EZoAH RHuFHY}P
B8, GaNe9| A4 A g 4L FHY Aloly
AAREFLe 22 eV BIdA Ao
FEHD Jou)” B AgeAE 18 eV B2oA

[o)
Be

LHERETE GaNellAl 22 eV F29 A2 FHE
#gAHste ddo dside 2 A7 AAHD
AA g, GaNellAl 1.8 eV F29 &3 HAL

w3 A ¢k @x] Khasanov §°] N, P, Cd
2 Mg 59 28 4AE ol FYAZ GaNel
sl 1.7 eV ¥29 43S @ n, 29248
#do] de Ao FAFALY B AFA
Az GaNeE ZAY 4FEE7F vz3dy wE
HVPEH o2 XA AR AR A g o]
EAQTE Ao2 Ai4HH, o2 Ustd 18 eV
B AL FHo g FFo] YEld Ao
AR} GaN 7igeld #AY 18 ev TF
w37 9% dFr FA WY F
glen % dE" ook W, AH9 FHe] A

(o

nro.
=

<o)

qde

A= =]

AY BeEol A7tE A 327 eV 2ol
g 2AET 41 Ut =us o4y A

(DAP)S] AZFel 9% 237 T Bad oy
Tgol Arslol uerath® Ty, & AYelA
A% GaN 924 71BANE 327 eV B2olA

Eolg We BIY + YUT. YA 7
padAe  erA @A w@e  gatd

Lorentzian®+& o] 43t curve-fitting3t A&
a9 39 veldicl ozl 3 Bz odrzt
#d PL 2¥9EHL2 A A2 F FEH e <
T Utk L (peak 2) XY 9 18meV &
ARl A et THL (peak 1) 4 A AE o]
TE4E d712e #EE AFAF ¥ AHold, L
Ho} 57 meV =& ojuizl ZolAq vehd wge
ZAFaAzia A9 Ao % (peak 3) Aolth
g A GaNe ozl AL 3502 eVZ W
Afraz|a Al AR ¢ 24 mev7t "ot
300 K¢ &xoA 7] FU=E ¥ B
W3 ~9EHE 439 a9 49 YR
WEFE GaNe oA 2ol sfFales 34 evel
A FEA JdElgen, oy Busrl Wisidn
o] Wy Fa 9 WA Eo) WHHA e 2

Ll
B:3



PL Intensity (arb. units)

T T T T

PLat 10K

IRy
3.48 3.50 352

Photon Energy (eV)

Fig. 3. Lorentzian curve fit on the excitonic
emission in PL spectrum.
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Fig. 4. Surface emission spectra from GaN at

300 K.
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Fig. 5. Edge emission spectra from GaN at 300 K.
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Fig. 6. Incident optical power density vs. inte-
grated emission intensity.
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