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H ydrogenic Donor Im purity States
in a CylindricalW urtzite GaN Quantum Dot

ZHENG Dongm e} WANG Zong-chj XAO Rong-hui
(D @arment of P hy sics and E lectran echan il E ng ineering, Sanming University Sanm ing 365004 China)

Abstract Based on the franew ork of effectivem ass approxmatbn and variational approach the b nd ng ener
gy of ahydwgenic donor inpurity state is nvestigated heoretically as finctons of the mpurity position and the
quantum dot size by empbyng a trial wavefunctbn wih two varatbnal parameter for a cylndrical wurtzite
GaN /AlGai_ N quantum dot(QD) with fnite potential barriers The numerical resulis show that the donor
bnding enewgy of he hydrogenic mpurity is hehly dependent on the mpurity position and QD size W hen the
buil- n electric fiel is ignored or considered the donor bind ng energy has amaxinum value w ith moving the
mpurity position abng the grow th direction The donor bind ng energy ncreases firstl, reachs a maxmum
valig then decreaseswih mncreasng the height and the radius ofQDs The strong buil-in eleciric field ur
duces an asynm etricald istrbutbn of hie donor b nd ng energy w ith respect to the center of the QD. In particur
lar we find that the donor bnding energy is insensitive to the dot heightwhen the mpurity is beated near the
top boundary(zo=L/2 z=L/4) of theWZ GaN /AlGa_ N QD. And we canpare the above resulis w ith pre
vious caleulation results usng different rialwavefuncton The present results usng two variatbnal paran eler
wavefinction is better than the results given by prevbus two-parameter wavefunction A good agreem ent be
ween he present resulis using o variational parameterw avefunction and the results of he wavefunctbn w ith
one variational paran eter is found U sng the binding enewgy obtained fran the present calculatbng we further
calcuhte the virial theoren number as a functbn of the quantum dot radiis Our present result conciles w ith
he previous finding sowemay say that the present trial w avefunction w ith wo variatbnal paraneter can describe

better he internalmotion ofhydrogenic donor mpurity state i the cylndricalw urtzite QD.
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