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TABLE IV. The calculated Franck-Condon shifts for P and As
impurities in GaN given by the LDA method.

Defect EL. (eV) ERZ! (eV)
10} GaN: P 1 Py 0.08 0.06
- Asy 0.11 0.09
€(1/0)56,10.22 (GaNP),
0.0
L ©) €(1/0)5¢,10.41 (GaNAs), 3
L (+/0) = 0.22 eV
(++/+) = 0.09 eV €(11/1)5€,10.09 (GaNP),
10 : ' : : €(11/1)5€,10.24 (GaNAs).

The recent photoluminescence experiments for P-
implanted GaN by Jadwisienczak and LozykoWSkjive the
PL line atEp 52.917 eV, in good agreement with the results
10} GaN: As 1 by Pankove and Hutchbyand Metcalfeet al1® Jadwisienc-
zak and LozykowsRP have further determined the zero-
phonon line to be aE,p 53.2709 eV. The exciton binding
energy according to Eq2) is thusE,5Eya2 Ezp 50.232
eV, assumingd= .5 3.503 eV as the band gap in their wurtz-

DEFECT TOTAL ENERGY (eV)

0.0 | ite samples. According to Eq¢5) and (7) we can identify
L @ the (1./0) ionization energy in our calculations &g. There-
(+0) = 0.41 eV fore our resuItEb50..22 eV[Eq. (13)] is in excellent agree-
ment with the experimental valug,50.232 eV.
(++/+) = 0.24 €V The calculated values for the Franck-Condon shifts are
_ , ‘ , ‘ , , . X m
95 T e 15 20 25 30 shown in Table IV. Comparison d& ¢ in the case of GaNP

ELECTRON FERMI ENERGY €, (eV) to the eXperimental shift between the PL and Z(BLBS e\)}
shows that the calculated values are considerably smaller. On

FIG. 5. Total energies ofa) GaNP and(b) GaNAs defect in  the other hand, the small Franck-Condon shifts are consistent
0,1, and 11 charge states as a function of the electron Fermiwith the relatively small atomic relaxation differences be-
energy. The ionization levels are depicted with solid dots. tween the neutral and positive charge states described in
material?® The results showed that the deep states possessgél ble 1l
very dominantly a valence band character with very little
overlap with the conduction band states. This suggests that V. CONCLUSIONS
the positiongwith respect tce,) of the single-particle levels
found in our LDA calculations are little affected by the ac- fi
tual underestimate in the band gap value, and thus this bal
gap underestimation is not the principal factor in the differ-
ence between LDA and EPM results.

The self-consistent plane-wave pseudopotential calcula-
ns verify the exceptional behavior of isovalent P and As
purities in GaN: both substitutional impurities are found to
induce deep levels in the band gap in contrast with all other

Tumi he ch d def find . it conventional 11I-V systems. The defect levels are triply de-
urning to the charged defects, we find a minor sp Ittlnggeneratetz-like orbitals primarily localized at the substitu-

(a few meV in the threefold degenerate level in the singly oo atom. The calculated total energies are used to esti-

positive charge state, where an electron is removed from thg, ;e 76r6-phonon line and impurity-bound exciton binding
defect level(Fig. 3). Furthermore, the single-particle levels epergies associated with the photoluminescence measure-
move cloger to the valence_band e.dge. as th? oceupancy flants The calculated exciton binding enefgp50.22 eV

the level is reduced, reflecting a diminished interelectroniq . < np is in excellent agreement with the available ex-
Coulomb repulsion. perimental dat&,50.232 eV.

C. Transition energies: theory and experiment
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