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()
(a) Reflective image and (b)
micro-PL image at the peak wavelength of 430
nm.

CWB6  Tig, 3.

half maximum (FWHM) is 290 meV. The PL,
intensity of InGaN QD structure is smaller
than that of GaN emission peak at 363 nm,
because the volume of InGaN QD structure is
much less than that of GaN layer in this
sample.

The micro-PL intensily images were taken at
room lemperature, using a conventional optical
microscope.’ The samples were excited uni-
formly by a mercury lomp with the peak wave-
length of 365 nm, and the excitation density was
1 Wiem?®, The emission passed through a band-
pass-filter with the band width of 5 nm and was
detected by an clectrically-cooled charge coupled
device (CCDY camera, The spatial resolution was
as high as 150 nm. Figure 3 shows the reflective
image and micro-PL intensity image at the wave-
length of 430 nm.

In Fig. 3(b), the strong emission was ob-
served only from the top of the structure. The
FWIIM is comparable to the spatial resolution
(150 nm). This fact indicates that the localized
states were realized on the top of the hexagonal
pyramids and these localized states are due to
InGaN QD structure.

1 summary, we have fabricated InGaN QD
structure by SAG technique. The micro-PIL in-
tensily images shaw the emission arca is ouly
the top of the structure, therefore, InGaN QD
structure is formed on the top of the hexagonal
pyramids.
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Oxidation enhanced optical response on
gallium nitride
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The wide bandgap HI-V nitrides have been long
recognized as a material systern of outstanding
opto-electronic propertics compared with those
of group IV and TI-VI materials. Rapid develop-
ment in the epitaxial growth, doping control, and
device processing on group III nitride has
brought in a plethora of research activily ranging
from material properly investigation to device
application, Although much attention has been
emphasized on the device application, little has
been devoted to the issues of surface passivation
on GaN. Due to the lack of native oxidation tech-
niques on GalN, common practice has pursued
the use of silicon oxide (812, or silicon nitride
(Si,N,) as the diefectric coating in the processing
of GalN-based emitters and detectors. Recent in-
vestigation, however, reveals that the deposited
$i0, layer can result in a significant degradation
of the pholo-luminescence (PL) intensity due to
the incorporation of oxygen as non-radiative re-
combination centers in GaN.' In comparison,
deposition of $i, N, has found no improvement
on the PL performance at all. Gallium oxide,
charactetized by the low refvactive index and
high static dielecttic constant, has therefore be-
come a promising candidale for resolving the
issues of surface passivalion on GaN.

To date, there has been little success in the
development of native oxidation techniques on
111V nitrides. Direct oxidation of GaN in dry air
hasbeen investigated bul reveals a sow oxidation
rate of 20 nn/hr at 900°C.2 There are, however,
concerns regarcing the high temperature treat-
ment due to the surface degradation issues, In
this wark, we report a use of photo-chemistry to
cnable a wer oxidation process of GaN in phos-
phorus acid (1,PO,) solutions at room tem-
perature. We thereby are able to teveal a
reaction-rate limited oxidation process and ob-
serve enhancement in the PL and photo-current
(PC) response on GaN for the first time. We
attribute the latter to the surface passivation ef-
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CWB7 Fig. 1. SEM micrograph of photo-
oxidized GaN samples with oxide layer thickness
of (a) 100 nm and (b) 450 nm.
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CWB7 Fig.2. 'limcdependence of the photo-
grown oxide at pH =~ 3.5. Inset shows the pH
dependence of the normalized photo-oxidation
rate in aqueous H,PO, solutions.

fects affiliated with a good thin film quality of
gallium oxide formed on GaN.

"I'he photo-chemistry process in GaNN is that
the ultraviolet {(UV)-excited hot carricrs at the
GaN/electrolyte interface have excess energy Lo
access the TT/H, and OH /0, redox levels in
waler and enhance the oxidative dissolution of
(GaN.? Tn the experiments, the galvanic cell was
formed by immersing a GaN working elec-
trode and a platinum {P't) counter electrode in
the electrolyte and was illuminated with a 254
nm mereury line source of 10 mW/em®. The
cxperiments were carried out in agueous
1L,PO, solutions at room teinperature with no
bias applied between the GaN sample and the
Pt counter electrode.

Shown in Fig. Lave the SEM nyicrographs of
the oxidized GaN samples at pH = 3.5 with an
oxide layer thickness of (a) 100 vm and (b) 450
i, respectively. We note the thin-oxidized
sample A has a purple-bluish color and reveals
fine grain crystaltites as shown in Fig. 1(a). A
quantitative LDX analysis on the transparent-
looking, mirror-like oxidized surface of
sample b in Fig. 1(b) reveals a normalized
alomic ratio of O: Ga = 58.85%:40.23% which
suggests the compasition of the oxide is likely
to be Ga, O, This is supported by a subsequent
dissolution of the oxide layer in a 2 M potas-
sium hydroxide (KOI1) solution. Had gallium
hydroxide formed in the oxidation process, it
would be insoluble in the alkaline solution.*

Shown in Fig. 2 is the oxidation ratc analysis
of the photo-grown oxide in a Hy,PO, electro-
lyte of pH = 3.5. The lincar time dependence
indicates a reaction-rate limited process has
talen place, and the slope reveals a oxidation
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CWB7 lig. 3. The measured room tempera-
ture (a} PL, and (b) PC responsc from the as-
grown and photo-oxidized GaN sample A,



rate of 224 am/hr. We note the UV-assisted
wed oxidation rate of GaN at room tempera-
ture is one order of magnitude higher than
previously reported in the high temperature
treatment.? Also shown in Vig, 2 is the pH
dependence of the normalized UV-assisted wet
oxidation rate of GalN inaqueous L1,P0), sofu-
tions. The observalion of a peak reaclion rate
indicates a hydration action sach that both ol
the salute (11;PO,) and the solvent (free water
molccules) play an important role in the
phato-oxidation process.® inally shown in
I4g. 3 arc the (a) PL, and (b) PG response on
the 100 nm oxidized GalN sample A and the
as-grown GaN surfaces, respeclively. Since the
Fresnel loss due to the oplical reflection at the
GaN/air interface is no more than 20%, the
threefold enhancement in the PL and PC opti-
cal respouse on the oxidized GaN samples are
ascribed to an efficient surface passivation ef-
fect. This process will be valuable to the appli-
calion of nitride-based opto-eleclronic de-
vices,

In summary, we report a UV-enhanced,
reaction-rate limited wet oxidation process on
GalN al room lemperature. A peak oxidation
rate as high as 224 nm/hr can be achieved in
aqueous H,PO, solution at pIl = 3.5, lin-
hancementin the PLand PCresponse from the
oxidized GaN surface suggests an ctficient sur-
face passivation effect due to the photo-
oxidation process on GaN.
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Optical parametric chirped pulse
ampiification

T.N. Ross, . Matousck, J.1. Collier, Central
Laser Facility, Rutherford Appleton Lab.,
Chilton Dideot, Oxon. OX11 OQX, UK;
L-mail: in.ross@rlac.uk

Optical parametric amplifiers alveady have
widespread use in applications vequiring
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pulses with broad tunability andfor short pulse
duration. Ilowever a new scheme!? known as
optical parametric chivped pulse amplitication
{OPCPA) because il uses an optical parametric
amplifier (OPA) as a chirped pulse amplificr
(CPA), ofters further exciting possibilities for
the generation of greatly increased pulse power
and [ocused intensity.

A key feature of the CPA technique in this
context is the ability to use narrow bundwidth
(and hence long duration} pump pulses, which
can be obtained from a variely of cxisting la-
sers. The OPCPA allows efficient transier of
cnergy from a nurrow to a broad bandwidih
pulse which is subsequently compressed Lo re-
alise a large increase in pulse power,

The properties of the QOPCIPA are well suited
to this technique, Gain bandwidths well in ex-
cess of those of conventional amplitiers are
possible? ® and can lead to sub-5 fs pulses.
High coergy is available using large non-linear
crystals such as KDP, which can be grown to
sizes capable of being used with encrgics of
several hundred joules, A CPA system must
minimise the residual spectral (or temporal)
phase. In an OPCPA this phase can arise lrom
the optical parametric process and from the
more usual effects due to GV1Y and B-integral.
‘I'heory and modeling show that the phase due
to the intrinsic process docs not pose a scrious
limitation. fo addition, because the OPA can
be operated at very high gain coellicient, the
path lengths ave short (for example 7 cm for a
gain of 10'') and lead to only small amounts of
GVD and B-integral, The small path lengths
and an almost complete absence of thermal
effects also lead to high optical quality of the
amplified bean, and this is maintained even in
the presence of pump beam aberrations.

Designs using Nd:glass, lodine and Nd:
YAG pump lsers show promising possibili-
Lies. Tlighest powers of 10 PW and intensilies
of 10** W/cm® are predicted using a Nd:glass
laser, For an todine laser a peak power of 4 PW
and a power enhancement of 1000 are pro-
jected, while in a more modest but widely ap-
plicable arrangement the “regencrative ampli-
fier replacement” offers enhanced bandwidth,
better contrast and greater simplicity.

I'he latter is being implemented within a
targe Nidliglass CPA system and preliminary
results are promising.® An intermediate energy
scheme, designed to check nich of the physics
required for operating at the 100 J level, was
tested and gave good agreement with the mod-
clling, "Uhis schenie amplified 0.0 nJ chirped
pulses to a [ully saturated level of 0.5 ] and
recompressed them to 300 fs,
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Optical parametric amplification of
broadband chirped pulses at 1 micron
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In the past few years, people recognized it Is
possible to amphily broadband optical pulses
throughy optical parametric process with a few
of well-developed nonlinear crystals. However
direct amptification of the femtosecond pulscs
is limited by their pulse duration and associ-
ated nonlinear cffects. We present here both
simulation and experimental studies on a
stable high gain OPCIA (optical parametric
chirped-pulse amplilication)'? system which
inay be used as a preamyplifier to replace the
carrent complicated regenerative system and
multi-pass ‘Uisapphire amplifiers especially
working at 1 pa.

Since the previous analytical analysis?
docs’t apply in case of pump depletion, a
program was cspecially developed to simulate
the OPCPA process, including pulse temporal
and spectral characteristics. This program
played an indispensable role in our study and
yiclded consistent results with experiments, as
shown in following (igurces,

The experimental sctup consists of a stable
diode-pumped Nd:glass temlosecond laser,
grating stretcher, pump laser and a double-
stage OPA. Fenmitosceond pulses are temporally
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upon (a) input signal intensity; (b) pumyp inten-
sity; and {<} double stage OPCPA gain depen-
dence upon pump intensity, Curves arve simula-
tions, circles and diamonds are experimental
data. ls: inpul signal iutensity, lp: pump intensity,
Fs: input signal coergy.




