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Comment on “Electronic structure of the N-V center in diamond: Theory”
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It is argued that the model advanced by Lenef and R&ys. Rev. B63, 13 441(1996)] for the nitrogen-
vacancy center in diamond, exhibiting the 1.945-eV luminescence is incorrect. Lenef and Rand argue that the
electronic ground state consists of two electrons occupgingtates localized on N and C, respectively, and
are decoupled from the other three electrons occupying gap states. This model is inconsistent with experiments
and other theoretical works. The existence of a Jahn-Teller state 46 abrove the excited state of the defect
is also in conflict with previous experimen{§0163-1827)02147-4

Recently, Lenef and RandlR) [Phys. Rev. B5313441 thea, andt, levels arising from the four C or Si radicals.
(1996] have analyzed the electronic structure of theThis has led to a successful description of vacancy-defect
1.945-eV nitrogen-vacandN-V] optical defect in diamond states in a great many cases. For example, the J-T effects
with a simple molecular-orbital prescription. They arguedarising from theaZ?t3 configuration of the neutral vacancy
that the five electrons associated with N and the three @xplains both qualitatively and semiquantitatively the prop-
radicals fall into two noninteracting groups containing two erties of the GR1 centérwhereas theS=3/2 state ofV~
and three electrons, arfé) the group of three electrons does naturally arises from the configuratiaft}'’.* This model
not participate in the magnetic or optical properties of therequires that the neutr&-N defect contains five electrons in
trigonal defectyb) the S=1 ground state associated with the a configuration derived from levels of the vacancy.
ground state of the transition arises from the two-electron (2) The trigonal symmetry caused by N in the\Neefect
configurationu'v' of the neutral N-V center, where ther  splits t, level into a N-relateda, level lying beneath the
andv are orbitals witha; symmetry localized on N and C, C-relatede level with a single electron in the latter. This
respectivelyjc) the optical excited state arises from the pro-defect withS=1/2, as noted by LR, could not explain the
motion of the electron in the orbital to an emptye level. ~ S=1 ground state associated with the 1.945-eV transition.
The transition(in absorption is then 3A;—3E; and (d) the ~ However,[N-V] " in the configuratiore'" has a®A, ground
46-cm™ ! splitting in the excited®E state is due to a Jahn- state(confirmed byab initio calculations) that is again con-
Teller (J-T) effect and there are smaller splittings attributedsistent with magnetic resonance experimérit$he [N-V] -
to strain and spin-spin coupling. model associates the 1.945-eV transition in absorption with

We believe that this model is inconsistent with the generathe promotion of an electron from tleg to e level leading to
understanding of vacancy-related centers and with a number 3A,—3E transition consistent with uniaxial stress data.
of theoretical and experimental studies and can be refuteddence the final state has exactly the same symmetry as con-
We argue that the 1.945-eV optical centefNsV] ~, whose  sidered by LR although the ground state®&, rather than
composition was originally suggested by Davies and Hamer®A,. Their difference lies in whether the final state hasean
and charge state by Loubser and van \fyk. level containing a single hole or a single electron and it is

(1) Our understanding of vacancy-derived defects in dianecessary for the photon-echo experimetat distinguish
mond and silicon comes from occupation and splittings ofthese.
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(3) It is known from magnetic resonance experiménts are linear in the applied stress and perturbations of up to 100
that the ground state has very little spin density at and neatm ™! were recorded. The existence of Anvibronic state
the N nucleus. The isotropic and anisotropic hyperfine datanly 46 cm ! above theE state would have been detected in
indicate less than 0.2% spin density on N. The value of they gross nonlinearity in the shift rates of components observed
quadrupole coupling constant also implies very weak localin the [001] or [110] stress directiongdepending on thé\;
ization on the N atorfi.All this is consistent with the par- or A, character of the statd. Transitions involving theA
tially occupiede levels arising from the three C radicals vibronic level would also be induced by the interaction, in-
having little overlap with N. On the other hand, the LR creasing from zero intensity at zero stress to becoming equal
model requires a single occupancy of theorbital related to  in intensity to the zero-phonon component at the stresses
N and the implied N hyperfine and quadrupole interactionssed in the experiment. Furthermore, the mirror image of the
conflict with experiment. absorption and luminescence band shapes confirm the unim-

(4) Further support for th¢N-V]~ model comes from portance of J-T effects. This must cast doubt on the interpre-
recent observatiofion heavily irradiated diamonds, which tation of the photon-echo experimént.
have been interpreted in terms of a conversior] V] ~ (7) LR incorrectly state that Davies and Harhdismissed
defects into neutral N+ ones with a consequent drop in the the possibility of a J-T effect. In fact, Ref. 1 reported stress-
intensity of the 1.945-eV transition in favor of a 2.156-eV induced dichroism in the luminescence bands, which allowed
optical line due to arfE— 2A, transition. This transition is them to estimate thaho more than 10%of the vibronic
entirely consisterf with the excitation of the neutral N-  coupling was caused by a J-T effect. In this measurement,

center as ira}'e' —aje'’. they made a small correction for the depolarization effects
(5) LR rule out the assignment to the chargedV] ™ caused by random stresses in the crystal.
defect by referencing an earlier stuthywhich they claimed To summarize, the LR model is wholly inconsistent with

showed that annealing irradiated type Ib diamonds at 150Ghe hyperfine data discussed abd8g the effects of further
°C led to the diffusion of substitutional N atoms to stable N-irradiation(4), and previous results on the absence of impor-
V defects resulting in the creation of H3 centers. This is dant J-T effect46). On the other hand, tH&N-V] ~ model is
misunderstanding of this work, which suggested instead thatonsistent withall the experiments and theoretical calcula-
N-V diffuses to N, and we cannot understand how this couldions performed to date. In conclusion, we see no reason why
exclude the possibility that the 1.945-eV centefNsV] . the assignment of the 1.945-eV optical transitiofXeV] ~

(6) There is no evidence from uniaxial stress measureshould be modified in the light of the photon-echo experi-
ments on the 1.945-eV optical line for a J-T derived state 48nents, even less for believing in a two-electron model of the
cm ™! above the excited state. Indeed, the stress studies offect, and in the existence of a J-T state 46 ¢rabove the
Davies and Hamérshow splittings of the 1.945-eV line that E excited state.

1G. Davies and M. F. Hamer, Proc. R. Soc. London, SeB48 6X.-F. He, N. B. Manson, and P. T. H. Fisk, Phys. ReviB 8816

285(1976. (1993.
2J. H. N. Loubser and J. A. van WyRiamond Researckindus- "A. Lenef, S. W. Brown, D. A. Redman, S. C. Rand, J. Shigley,
trial Diamond Information Bureau, London, 197%ol. 77, p. and E. Fritsch, Phys. Rev. B3, 13 427(1996.
11. 80. D. Tucker, M. E. Newton, and J. M. Baker, Phys. Re\o®
3A. M. Stoneham,Defects in Solids(Oxford University Press, 15 586(1994).
London, 1975 _ oy Mita, Phys. Rev. B53, 11 360(1996.
4S. J. Breuer and P. R. Briddon, Phys. Rev5B 6984(1995. 10G_ Davies. J. Phys. @2, 2551(1979.

5J. Goss, R. Jones, S. J. Breuer, P. R. Briddon, and8rd) Phys. 17 Gollins. J Phys. A3, 2641(1980
Rev. Lett.77, 3041 (1996. ' o '



