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For GaN/AIN superlatticespne hasa quite different physical situation comparecdto the caseof
GaAs/AlAs superlatticesfirst, the layersare mutually straineddue to differentlattice constantsand
thereis aninternalrelaxationof the atomiclayersat theinterfaces secondthe opticalphononbranches
partially overlap,andthird, the commonanionis the lightestatom. Therefore the useof IR reflectance
or Ramarspectroscopfor thecharacterizatioof thenitride heterostructuresecessitatetheknovledge
of the specialvibrationalpropertiesof the nitride superlatticesndtheir straindependence.

We investigatethe straininfluenceon the structural,dielectric, and lattice-dynamicapropertiesof
short-periodsaN/AIN superlatticedy meanof first-principlescalculations We consideboththe cubic
[001] andhexagonal[0001] structuresWithin theframawork of the density-functionlatheory thelocal-
densityapproximationand a plane-vave pseudopotentiainethod,the effect of the Ga3d electronsis
also taken into account. The dielectric and vibrational propertiesare determinedusing the density-
functional perturbationtheory To study the strain influence,we assumepseudomorphicallystrained
layersandconsiderthreedifferentin-planelattice constantsorrespondindo bulk AIN, bulk GaN,and
anelasticallyrelaxed averagevalue.

For a given primitive cell of the superlattice the internal degreesof freedomconnectedwith the
relaxationof the atomsnearthe GaN/AIN interfacearetreatedby total enegy minimizationto obtain
the relaxed structure utilizing the Hellmann-Fgnmanforcesfor the atomicdisplacementsWe obtain
geometricalarrangementghat differ from the onespredictedby macroscopielasticity theory From
total enegy calculationdor strainedstructuressuperlatticeandbulk materialsaswell asternarymixed
crystals,we obtainthe formation enthally which allows to determinethe stability of the superlattice
structureswith differentorderingof thelayers.

Dueto the strain-inducedhift of thebulk phonondispersionsthepartialoverlapof theLO branches
of GaN andAIN is enhancedor the superlatticesgiving an enepetically separatedegion of all LO
modes.In agreementvith thepictureof foldedphononsthereexist LO modeghatexhibit displacements
of the nitrogenatomsonly. The TO modesregion s split into confinedAIN andGaN phononswith an
interfacemodereachingnto thegap.Becaus®f theoppositestrainbehaiour of thetransersalacoustic
phononstheir branchoverlapis reducedand TA modesconfinedto the AIN layersoccur

With increasingin-planelattice constantthe optical modesandthe folded LA modesdecreasén
frequeng, whereaghefolded TA modesshift to higherfrequenciesThisis completelyanalogougo the
behaiour of thebulk materialsunderbiaxial strain. For someadjacentacoustiomodesof differentkind
thepossibilityof areversedorderof LA andTA modess implied underdifferentstrainsituations.There
is a slight reductionof the gapbetweerthe TO modes,andin the cubic structureghe dowvnshift of the
LO modesis morepronouncedhanthatof the TO phonons.

Our particularinterestconcerngheangulardependencef theT"-point phononmodeswhich helpsto
characteriz¢heinfluenceof theinterfaces.All transwersalphononssplitinto adispersionlesganswersal
and an angulardependenmodewith a mixed polarization,with the exceptionof an IR-actve mode
which exhibits angulardispersiordespiteof its TO nature.Theangulardispersiorof theinterfacemode
in theTO-gapregionis nearlyindependentf strain. Thevariationof theangulardependencwith strain,
i. e. thefrequeny differencefor verticalandin-planepropagationis strongelin the superlatticebased
oncubiccrystalsandmostpronouncedor thelR-active modeghighestLO modeandcorresponding O
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mode).This is dueto avariationof the dynamicaldipole momentP accompaying thevibration. In the
compressie caseof the AIN in-planelattice constantthis variationis large andthe splitting betweerthe
TO andthe LO modedependsstronglyon the angle,giving a pronouncedangulardispersiorof the LO
mode. For the tensileGaN in-planelattice constantthe dynamicalpolarizationis nearly constantand
the LO modeshaws significantlylessdispersion.

Thesimilaritiesanddifferencego the caseof superlatticesvith thicker materiallayersarediscussed
in termsof the macroscopidielectriccontinuummodel.
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Angular dispersionof the I'-point phononmodesof a "cubic” (tetragonalYGaN)(AIN) »
[001] superlattice. © denotesthe angle betweenthe c-axis of the superlatticeand the
phononpropagatiordirectiond. Thelabeling”P” refersto the dynamicaldipole moment,
P=yN_, zB.0, (N: numberof atomsin the primitive cell, ZB: tensorof the Born effective
chage, U,: vibration amplitude). The part of the superlattice(GaN or AIN) whereeach
vibrationdominatess indicated.For © approachin@(’, the dispersie GaN-confinedrO
modeinvolves both Ga and Al vibrationsandis polarizedin z direction, i.e. the atomic
displacementarealongthe c-axis.



