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We hawe observe cohereh acoustic-phono oscillation in InGaN/GaN multiple-quantm wells.
With femtosecod pulse excitation photogeneratk carries scre@ out the strained-induced
piezoelectr field and initiate the coheret acoustic-phono oscillation The resultel modulation of
the piezoelectic field will then cau® large opticd propery oscillation through the
guantum-confing Stak effect © 199 American Institute of Physics [S0003-695(99)01335-2

Progres in femtosecod lases and ultrafag spectros-
copy technoloy has enable us to generag and directly ob-
sene the coheren oscillation of phonam modest~’ Oscilla-
tion change in opticd propertis hawe been observe in
GaAs!? Ge? ard anumbe of othe materials’® In semicon-
ductors carrieis can be excited by ultrashot punmp pulses in
a spatid area much large than 1 lattice unit cel ard the
excited carrig populatiors (with wave vecta q=0) are
couplal to the correspondig opticalphona modes (also
with q=0).° Besides being incoherenty populateg sone of
thes opticd phonm modes can behawe like classic oscil-
lators and hawe nonzep time-dependendisplacementThis
is differert from spontaneosiemissia of phononswhich is
an incoheren proces tha populate the phona modes with
the expectatio value of ead mode being zera The corre-
spondirg modulatia of the materia dielectrc constantdue
to coherem oscillation of opticd phononscould then be ob-
serval by changes in the intensities of transmitte or re-
flected probe light pulses.

For acoustt phonons it is much harde to selectively
excite a specift acoustt phona mode by q=0 carriess in
bulk materials With the aid of laser-inducd grating tech-
niques coheremn acoustt waves of a few MHz to 30 GHz
can be induced throudh periodic opticd fields photothermal
gratings or the photon-excitd periodic carria distribution,
all with nonzeo correspondig wave vectors®® Similar tech-
nigues can be applied to high-frequeng acoustt wave gen-
eratim by using a multilayer structuré® or a repeated
nanostructuré! where large wave vectors can be achieved.
With the acoustt wave reflection on the bounday of a thin
fine structure opticd reflectian oscillatiors correspondig to
the round-trp time hawe also bee previousy observed’ and
coheremn acoustic-phono oscillatiors correspondig to
spherich acoustt modes in quantun dots were also
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reported” Semiconducto superlattice exhibit zore folding

of the acoustt branche within the mini-Brillouin zore due
to the artificial periodicity, also enablirg the observatio of

coherem oscillation of the zone-foldel acoustt phonors in

AlAs/GaAs superlattices®* However the observe reflec-
tion modulation AR/R is extremey small on the orde of

10™°, sud tha a step-and-repeéadetectio schene with a
fag scannig time delay is requiral to maintan a signal-to-
noise ratio of bette than 10 ° in femtosecod pump-and-
probe systems* The coheren phonm excitatian is probably
due to photoexcitel carriers-induce stres in the well

layers’® ard the detectim is basel on refractive index
changs cause by acoustt deformation potentid—exciton
coupling*

In this letter, we demonstrat tha in multiple-quantum
wells (MQWSs) with strain-induced piezoelectric-fieldstrong
coherem acoustic-phono oscillation can be easily generated
ard the large modulatel absorptim in probel pulses with
AT/T on the orde of 10”2 can thus be observed The oscil-
lation frequeng can be tuned by changirg the periad width
of the multiple-quantm wells.

The experimers were performeal at room temperature
on 14 periods of InGaN/GaN MQWs. The recert demonstra-
tion of high-brightnes light-emitting ard lase diodes with
InGaN MQWs as active regions® has establishd the I11-V
nitrides as key materias for optoelectronis operatirg in the
green-W/ wavelengh range Becaus of the large piezoelec-
tric constarsg along the [0001] orientation in growp Il ni-
trides a high strain-inducd piezoelectr field is expected
(on the orde of MV/cm) and would play an importart rolein
the opticd properties of (000))-oriented INnGaN quantum
wells (QWs) due to the quantum-confingé Stak effect
(QCSB.!® Even thouch the critical thicknes of InGaN/GaN
is usually thinne than the heterojunctio overlaye thickness
ard the den® threadiry defecs provide stran relief mecha-
nisms the heterojunctio overlayes are though to be par-
tially strainel to an unknown degree The InGaN/GaN
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FIG. 1. Measure transiet transmissia change vs proke delay for 62/43 A
InGaN/GaN MQW. The dotted line is a convolution fit using a positive
cosire oscillation with a periad of 1.5 ps.

MQWSs were grown on c-plare sapphie using atmospheric-
pressue metd—organt chemical-vapodeposition After an-

nealirg the substrag at 1050 °C, a 19-nm-thik GaN nucle-
ation layer was depositel at 525°C. The temperatug was
then raisel to 1080°C to grow GaN of 2.5 um thickness.
The 14 periods of InGaN/Ga& MQWSs were then grown on

this thick GaN layer at a temperatue of 790°C. After the

MQW growth a 12-nm-thidk Al ;Ga, JN was grown at low

pressureThe temperatue was then raised to 10680 °C to fin-

ish a0.1-um-cap Ah 1Ga N layer. The barrig widths of all

sampls were held at 43 A while the well widths were varied

from 12 to 62 A. The crystd structue was wurzite. The In

compositian in the MQWSs was determine to be arourd 6%

by x-ray diffraction. The room-temperat@ photolumines-
cene study and absorptim measuremestindicated tha the

bard gaps of the MQWSs were betwea 390 ard 430 nm for

12-62 A well-width MQWs. The room-temperatw band-
gap energy of bulk Ga\ was 365 nm.

The experimerg were performel using a standard
single-colo femtosecod transmissia punmp—proke tech-
nigue with a Kerr-lers Mode-lockel Ti:sapphie laser The
lase outpu pulses from the femtosecod mode-locked
Ti:sapphie lase were frequeny doubled in aBBO crystd to
reat the band-ga enery of the InGaN/GaN MQWSs. The
frequency-doublé pulses had a pulse width of 180 fs at a
wavelengh of 390 nm measurd by a two-photon
absorption-typ pump—probe autocorrelatio in a bulk GaN
thin film.1” The femtosecod UV punp pulses photoexcite
carriess in the MQWs. During the relaxation processs of
electrors and holes due to the periodic distribution of the
photoexcité carrier population carriess are easily couplel to
the selective acoustic-phonoe mode with wave vecta q cor-
respondig to the invers periad width with q=2=/a, where
a is the MQW periad width. Coherem oscillation of this
couplad phona mode was impulsively induced by carrier
screenig of the piezoelectre field in the QW by photoex-
cited carriers ard the inducel coheren oscillation with non-
zewo time-dependendisplacemen will thus modulae the
strain-inducd piezoelectrt field and resuls in transmission
changs through the QCSE With a new equilibrium position
due to screenig of photoexcite carriers a cosine-lile oscil-
lation shoutl be expected.

Figure 1shows the measurd probe transmissia change
as afunction of probe delay for a62 A well-width MWQ for
a pump wavelengh of 3% nm. After the punyp excited car-
riers in the quantum wells and causé transmissia increases
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FIG. 2. Normalizel transien transmissia change vs probe delay for dif-
ferert MQWs. Traces are vertically displacel for clarity.

at zem time delay, a clea cosine-like transmissia oscilla-
tion was observed The observe oscillation frequeny was
found to be independen of pump/prole photoenerg and
punp fluence We attribute this large oscillation to coherent
longitudind—acoustt (LA) phona oscillation in the QW
growth direction (c axis). The observe oscillation period
was 1.5 ps correspondig to afrequeny of 0.67 THz. The
phag componenof the cosire argumenwas always close to
zerqg with atime delay less than the pulse width, suggesting
that the excitatin of the oscillation was displacivé and the
systen was unde a new equilibrium position due to carrier
screenig after photoexcitation® The correspondig pump
fluene and generatd carrig densiy were 160 wJ cm 2 and
1.1x 10%cm ?/per-well. When the pumped carriers
screend the tensile-strai (in the ¢ axis) -inducal piezoelec-
tric field and cau® the opposie charge ions to oscillate
awgy from or toward ead other, the piezoelectrt field will
be increasd or reduca with a modulatel quantum-confined
Stak effect The electrai—hole wave-functio overlg will
thus be modulatel and reflectel in probe transmission
changesThis conforms to the observe cosire oscillation on
top of the transmissio chang backgrouud observe in Fig.
1. For the trace of Fig. 1, the totd transmissia changes
AT/T is on the orde of 10" 1. Large transmissia modula-
tion due to cohereh acoustic-phonio oscillation on the order
of 1072 was easiy observe with a generatd two-
dimension&carrig densiy of 1x10%2cm 2 per well.

With differert periodic distributiors of the photoexcited
carri population carriess are couplal to the selective
acoustic-phone mode with wave vecta q correspondig to
the invere periad width with q=2m/a, where a is the
MQW periad width. Figure 2 shows the normalizel probe
transmissio changs as afunction of probe delay for differ-
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FIG. 3. Measured angula frequeng of oscillation vs carrig wave vecta for
differert MQWs. The dashe line correspond to a sourd velocity of 6800
m/s.

ert MQWSs with phota energis abowe the quantum-well
bard gap The oscillation frequeny varies from 1.23 THz
for aQW periad of 55 A (12 A well) to 0.67 THz for a QW
period of 105 A (62 A well). Figure 3 plots the observed
acoustic-phono angula frequeng versts the excited pho-
non wave vector, which is a function of periad width. A
linear relation is observed The slope of the linear relation
correspond to a sourd velocity of 6800 m/s for the LA
mock in the [0001] direction in wurzite GaN. Our measured
value agres well with the previousy obtainel LA mode
c-axis sourd velocity of 6620+ 220m/s, which is derived
from the resuls of an elastt stiffness constam c33 computa-
tion at room temperatue using the mean-squaxr displace-
mert of GaN measurd by an x-ray method*® assumig a
densiy of 6.0% g/cnt. This suppors our hypothess tha the
observe oscillation is due to cohereh acoustic-phonio os-
cillation in the GaN MQW.

In summary we hawe observe cohereh acoustic-
phona oscillation in InGaN/GaN multiple-quantm wells.
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This oscillation is induced by the coupling betwea the pe-
riodic carrig population and the correspondig acoustic-
phonm mode After femtosecod pulse excitation photoge-
nerated carriers will screen out the strain-induced
piezoelectrt field ard initiate this coherem acoustic-phonon
oscillation The resultig modulation of the piezoelectric
field will then cau® large opticd propery oscillation
throuch the quantum-confing Stak effect Transmission
change on the orde of 102 can thus be easiy observed.
Our work opers the way to the studies of the properties of
acoustt phonors ard their interactiors with surroundirg car-
riers in semiconductors.
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